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Foreword

This book requires ro jntroduction to most Toent-
genolopists. They recefyed its previous editions fas acably and quote them frequently.
Many incernists, cardiologists, thoracic surgeons, and physiologists as well as
roentgenologists ta w hom the original volume was not available repeatediy expressed
a desite to study the entire text if it could be made available i English, To sarisfy
these requests the author consented to this transhation which, we hope, accurately
presents the views of the author. Interpolations and annotations which mar many
translations have been studiously avoided, The author selected 2n internist with a
specaal nterest in cardiology rather than a roentgenologist as @ translator in the
hope chat the final texe might more nearly meer the requirements of the varous
related medieal and surgical specialues. Fortunately this addrtsonal safeguard proved
unnecessary.

e have called this the first Amertcan edinion Four years have elapsed since the
appearance of the last Geerman edition, During this inrerval considerable progress has
been made in the roentgen diagnasis of diseases of the heart and grear vessels. The
contributions made by angiocardiography, aortography, electrokymography, and
romography partly reflect these advances Dcvelopments i eardiac surgery have

posed new questi Cardia¢ catheterizanion, measuremeny of pressures in the
duffesent chambers of the heart, and the analysis of blood gases indicare progress in
mrtimately relared fields and now form an ind ble part of card: ular roent-

genology. Additional information has been obtained about pulmonary artersovenous
shunts ind new conceptions have developed concerning the effects of systolic and
diastolic overload on the single chambers of the hearr. The incluston of many of these
topics in the present volume suggested the propriety of designating 1t as the first
Amenican ediuon although it is based essentally on the German edition of early 1949,
‘To incarporate these advances, revisions have been necessary, parncularly m the
sections on congeneal matformations of the heart and great vessels, Many new
il had to be introduced. For absorbing this ipated addrtional
expense, our thanks are due to Mr. Henry M Strarton of Grune & Stratron who
made this posstble. Many of the older illustrations are not tonal reproductions of
films; that 13, the heart appears in black instead of 1n white. The opposite pracrice 1s
now standard. Apart from the impracticability of impossibiity of locaung the original
matersals, new reproductions would have increased costs to a point where the
translation would not be generaily avaitable.
The shape of the heart, roentgenologically considered, 1s the morphologic
expression of ws function, and deviationy from its normal function may result
lrerations of 15 form. G v, gen findings must be integrated with the
normal and pathologic function and with the chmical phenomena presented by the
v
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FORCWORD vil

The Editorial Staff ot Grune & Stratton rendered invaluable assistance, Although
several roenegenologists read and eniticized my translation, { am particulardy grateful
to Dr. Frank J. Borrelli, Dirceror of the Department of Roentgenology, The New
York Medical College, Flower and Fifth Avenue Hospitals, and Dr. Rito V. Grieco
of the same department for detecting many minor errors of transhation. Miss
Natahie Pearlstcin of the Art Department of the same institution made drawings of
some congenital malformations from the onginal sketches of Professor Zdansky.
Far the index, which 1s more detailed than the original, I am indebted to Dr., Arthur
J- Grossman, Department of Medicine, The New York Medical College, Flower
and Fifth Avenue Hospitals. Miss Margarer C.Wheeler prepared the manuscript in
its inittal as well as final stages *

The translator was exceedingly fortunate in having the unsunung aid of Dr.
David Scherf, Associate Professor of Medicine, The New York Medical College,
Flower and Fifth Avenue Hospirals. Having been mtimarely and equally associated
with Professor Zdansky and the translator for 2 period now reaching over thirty
years, he was thoroughly familiar with the 1deas of Professor Zdanshy. If the
translation more nearly approaches the true sense of the original in many places, this
may be credited to 1ts careful study by our murval friend, Dr. David Schetf For this
the author and translator are decply prateful 1f, despre all these precautions, efrors
have occurred they are the responsibility of the translater.

Lim J. Boyd
New York
Apnil, 1953



vi FOREWORD

circulatory organs. To this cxtent, one may be justified in speaking of a functional
rocnegen diagnosis of the heart and circulation, One should, however, fully appreciate
that the roentgenogram 1s able to reveal only coarse morphologic changes and that
these alterations often are not pathognomonic for a single discase. Ambiguity of
roentgen findings 1s smevitable because the possibilities of cardiac reaction are com-
paratively hmited 1n contrast to the multiplicy of abnormal dynamic conditions
within the heare and myocardum, pathologic situations in the systemic and pul-
monary circulanion, and disturbances in vasomotor regulation,

For these reasons, mterpretation of roentgen findings is possible only in con-
junction with the dara provided by physical, Jab y, and electr graph
cvammation  Correlated 1n this way, roentgen examunanion provides highly impor-
tant insight into the funcrional and anatomc status of the heart.

An indispensible prerequisite for understanding roentgen findings is a thorough
knowledge of the normal anatormc relations of the heart and other mediastinal
organs. Accordingly, considerable space has been allotted to the roentgen anatomy
of the medistinum in this volume. The same situation prevails in respeet to a host of
other subjects, as exemplified by the influence of age, sex, body habutus, position of
the body and the diaphragm, the effect of respiration, of the mrroduction and loss of
flurds, of cardrac rate, and other factors.

Perhaps allusion to two other subjects may be permussible. Parucular care has
been paid to fluoroscopy of the heart and aorta which, when pamstakimg, richly
rewards the examiner. Therein the author reflects, in the opinion of the translator,
the dictum of Wenckebach: “sometimes a moving picture shows more than a post
card.” The second subject would appear to be partculacly timely and informative-
the influence of single strenuous as well as long continued efforts upon the hearr from
the roentgenologic standpoint, The observations should prove very informative for
those who deal with athletes as well as those advancing expert opimions in connection
with civilian or military claims

“The section on hypertrophy and dilatation of the various chambers of the heart
should prove very informative to many readers. It bridges the transicion from the
sections on the normal heart to those dealing with abnormaliies

Naturally, most of the volume 15 devoted 1o the roentgen diagnosis of diseases of
the heart and great vessels, Since these sections are, i the opinton of the translator,
equally comprehensive and authoritative, reference to them may be ormtted 1n this
foreword,

It has been impossible 1 a book of this scope to cite the enure literature mn detail.
In the bibliography, an attempt has been made to select the most important sources
and those contarng furcher references. In this way, the book retamns the character
of a text book as well as that of a reference book. An endeavor has been made 1o

bring the bibliography up to the end of 1952
The translator 15 deeply grateful for the assistance of many individuals, all of
\whom cannot be mentioned m this place. Among them are the following: Professor
Zdansky permitted the translation to be made and offered many suggestions to
1 trust no serious errors escaped our combined scrutiny; the consent and
f Springer Verlag (Wien), publishers qf the ?ngmal, should be men-
kindly gave permission to include four color plates,

improve it,
cooperation of erlag
tioned. Thieme Verlag (Leipzig)
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~——Chapter One
General Technic of

Examination

1. Fluoroscopy, Orthodiagraphy, and Teleroentgenography

The essential part of the roentgenologic exam-
nation of the heart and great vessels 15 painstaking fluotoscopy, When conducted
many planes, fluoroscopy alone gives a plastic conception of the size and shape of
the heart and 1ts parts, reveals the relative position of abnormal structures to the
heart and grear vessels, and permits recognition of pulsations and movements which
are vitally important in interpreting the morphologic findings.

It 15 advisable to begin examination with the pavent standing or siting There are
several reasons why the erect position 1s ordinanily preferred. It 1s much easier to
rotate an upright patient around his long axis. The difference m brightness between
the medrastinum and lung fields 1s greater in upnight than in recumbent patients
because the lungs expand better, moreaver, in the dorsal recumbent pasttion, pleurat
effustons, so often present, spread over the postenior parts of the pleural cavities,
rendering the lung fields somewhat dark. The ercct posimon favors descent of the
diaphragm, whereby the cardiac shadow is demarcated more sharply from the
abdommal shadow Finally, many cardiac panents are able to stand or sit for a
short time but cannot Le flat

On the other hand, fluoroscopy i the horizontal position is necessary 11 many
patients and for the solutton of special problems Some patients are unable to stand
or sit, determmanon of cardiac size or of aortic dtameter under optimal stanic con-
drtions of filling should be undertaken m recumbent patients and wich vertical passage
of the ray. To test lateral mobility of the heart, fluoroscopy should be done with the
patient 1n the night and left lateral positions Finally, a lateral view or the antero-
posterior cardiac diameter of the recumbent patient with the ray projected from
nght to left may be of interest.

Fluoroscopy in different planes and positions selected according to the special
features of each case and the parnicular problem, plus careful observation of the
pulsations and the course of respiratory movements, provides, in most cases, the
insight 1nto the morphology and dynamics of the heart and circulation obranable by
roentgen exammation Only m a few patients and for spectal dragnosuc reasons
are films required, or do kymographic or cinematographic records seem desirable.

1






GENERAL TECHNIC OF EXAMINATION 3

The cotrect picture of the greatest expanse of the chest drgans is obtained only
by parallel projection (fig. 2) and this 1s most neatly approximated by orthodiag-
raphy or teleroentgenography. .

Cardac orthodiagraphy 15 the graphic registration of the parallel projection of
the heatt. The resultant orthodragram represents the greatest expanse of the heart
1n the direction paralle] to the planc of projection.

Originally, Moritz constructed an orthodiagraph for the heart with the tube
and screen firmly connected (fig. 3). At the site of the central ray there was a small
aperture which appeared as a black dot on the illummated screen. If the screen and
tube were moved so that the dot indicating the central ray travelled along the

|

Fic 2 ~—Companson of central and of parallel projection, d = true largest diameter of the
heart, &’ = diameter of the cardiac shadow with central projection,

stthouette of the cardiovascular shadow, the contour could be marked, pont by
pont, directly on the skin of the subject through the aperture or, even better, on a
sheet of paper behind the screen

G Schwarz grearly sunphified the techme. With his method, no special con-
trivance 1s necessary as long as the movements of screen and tube are independent
of each other. Orthodiagraphy can be performed with any apparatus sausfying this
condition, The basic principle 18 as follows: a small central beam 15 cut out of the
dnergent rays emerging from the tube by narrowing the diaphragm, and the borders
of the cardiovascular shadow are registered with this beam (fig. 4)

With the sutter properly closed, a small ighe field, 3 to 4 em 1 width, appears
on the screen, produced by rays around the central ray. The center of this field on
the screcn corresponds to the central ray, With this beam, composed of almost
parallel rays, the silhouette of the cardiovascular shadow is recorded. The screen,
held verucal m front of the chest, 1s locked and the tube 1s shifted so that the center
of the light field passes along the edges of the cardwovascular shadow. To provide



2 ROENTGLN DIAGNOSIS OF THL HEART AND GRLCAT VESSLLS

For permanent records, for precisc measurements and for exact comparisons,
neither fluoroscopy nor copics of the outlmes of the cardiovascular borders under
ordinary conditions of fluoroscopy sufficc, this also holds for flms obtamed with
the technic for routine radiography of the lungs With the customary target distances
of fluoroscopy and ordinary telerocntgenography of the lungs, rays penctrate the
body divergently, according to the laws of central ray projection, the 1mage of the
cardiovascular complex and thoracic walls projected on the screen or film s mag-
nified. The picture is by no means a stmple lincar enlargement of parallel projection
since different intrathoracic structures, according to their lateral expanse and their

Fic 1 ~Central projection of two cross-sections of the same thorax. Owing to differing sizes
of single parts and their varying distances from the plane of projection, the extent of magaification
iffers.

distances from the tube on one hand, and the plane of projection on fhe other,
experi varying ifi M , rays pef the body diverg; ntly
do not pass tangential to the pomnts most lateral on the cardiac sun:facc but to points
near the posterior cardiac wall, therefore the latter exert a determining mfuence on
the form in the roentgen prcture (fig. 1).

With” a structure as irregular n contour as the cardiovascular complex js,
mathematical constructions of the parailel projection from the picture of the centra]
ray are not accurate; accyracy can be achieved by the equation o= Ba/fb only with
bidimensional or regular objects. In this formuls, O is the teue size of the objece,
B, the size of the object 1mage, a, :I‘m rarger-object dl.stance; b, thg target-sereen
distance. At best, this formula is applicable 1o derermming the true diameter of the

anrta.



GENERAL TFCHNIC OF EXAMINATION 5

The mamtenance of identical condutions, as far as possible, in the preparation of
orthodiag 15 unconditionally indispensible if they are to be compared.

“The following points should be observed:

1. Orthodiagrams must always be recorded with the body 1n the same position;
the given patient must always be erect or recumbent, for cardiac size and shape
depend 1o 2 great extent on the position of the body (p 90). Smce roentgen exam-
snation of the heart, as a rule, is conducted with the patient upnight, it is well to
secure orthodiagrams also 1 this position (vertical occhodiagram), For special
reasons and in some paticnts it may be desirable or even necessary to outhne the
cardiac silhouctte in the recumbent posion (horizontal orthodiagram). To deaide,
however, whether and to what extent the heart has changed its size and shape dunng
the period of observation, it 15 absolutely necessary 1o retain the erect or horizontal
poswion for this particular patient.

2. All orthodiagrams must be recorded 1n the same phase and, as far as possible,
with the same depth of respiration. Respiration exerts iderable influence on
the size and shape of the cardiovascular complex. As a rule, the expiratory phase
of ordinary quiet breathing is preferred. The extreme phases of respirauion are
smtentionally avoided since breaths differ greatly in depth in patients with normal
hearts and even more when airculatory disease is present.

Since, with quiet breathing, cxpiration normally causes lateral spread of the
mediastinal shadow, the orthodiagram recorded at this time represents the widest

d 1 shadow obrainable during quiet

3 The pulsations along the borders of the mediasunal shadow require con-
sideration. The rhythmic - and outward movements make 1t necessary to record
the sndividual points always in the same phase of mouon Those points along the
borders of the mediastinal shadow are noted where the pulsations reach the most
fateral pont (Moritz). Consequently, the arc of the left ventrcle is recorded at
the end of diastole and the left border of the vascular shadow at the height of systole.
On the other hand, the nght cardiac border is determined 1n diastole or in systole,
depending on whether and 1o what extent 1t shows ventncular or atria) pulsations.
Since, under these circumstances, all marginal points of the shadow are not recorded
in an identical phase of the cardiac cycle, the resultant figure has a size and shape
which does not correspond to reality at any given moment; this constitutes the chief
difference from an instantaneous teleroentgenogram.

While this procedure may seem somewhat complicated at firse, actually it
greatly sumplifies registration. Thus, m orthodiagraphy, it 13 not necessary to
determine whether a marginal point just recorded atcained it lateral point of reversal
under the influence of respiration, of systole, or of diastole; rather, one registers
each pomt at the moment the maximum lateral distance is reached.

4 Although the orthodiagram 1s, to a certan extent, mechanical registration,
it demands thought and judgment. Gross mistakes are avoided only when the record
is made after careful prelmumary fluoroscopy. Aoreover, at frequent ntervals
duning registravon the shutter must be partly opened momentarily to remain
ortented. This is particularly necessary when the fung fields and hilar shadows ate
abnormally dark, when large hearts extend far to the left, and especially to outline
the cardiac apex which mav be difficolt 1o see even when the heart is normal {p




4 ROENTGLN DIAGNOSIS OF THE HEART AND GREAT VESSELS

the orthodiagraphic silhouctte of the cardiovascular complex, the margmal points
are marked with a glass peneil on the screen as they appear in the center of the ight
field

Some contend that this procedure 1s less exact than ordinary orthodiagraphy.
We do not share this opinton beeause the physieal presumptions of the Schwarz
method are correct. The subjective factor in precise focussing of the cardiac sil-
houette 1n the central ray 1s also unavoidable in the orthodiagraphy of Moritz. The
notion that the method 15 conducive to hasuness and carclessness 1s hardly a vald

9
3
WIWI””M ;
i
Fic 3 Fic. 4
Fio. 3 —Dragram of the Monitz orthodiagraph R = tube, S = screen, P = paper.
h of orthodusgraphy by the Schwarz method R = tube,

Fic 4
B = tube shutter, BRE = diaphragm and rube control, S = screen, Sb = screen image, O =
orthodragram

objection against the procedure itself for strict observance of rules and exact work
are prerequisites of every medical act; maccuracies arising from disregard of these
essentials should not be charged against the method Naturally, training 1s necessary
to secure satsfactory results but this holds equally for all orthodiagraphic records.

The mavimal margin of error which we calculate(.i with orthodiagraphy after
the Schwarz method does not exceed that of the onginal orthodiagraph (Dietlen,
Hammer). This amounts approvimately to +3 mm. for the transverse diameter of
the heart when one method 15 used immediately aftcr.xhc oxhef‘ without the subject
performing any physical exertion 1n the mterim This condition must be fulfilled

because the actual size of the heart varies.



GENERAL TECHNIC OF EXAMINATION 7

The rules of orthodiagraphy must be followed closely in teleroentgenography.
The films must always be raken with the body in the same position, in the same
phase of respiration, and, when possible, at the same time of day and when fasung.
The position of the tube must akways be the same 1n respect to the body and to the
film; it 15 best to focus on the spinous process of the sixth thoracic vertebra and on
the center of the film To av o1d small distortions, lead markers on the front and back
of the chest are brought mto line. Although it might seem advisable to take the film
i decep inspiration to secure better contrast, this should be avoided owing to the
danger of mvoluntarily inducing a Valsalsa expeniment, it 1s berter to suspend
resptration for the period of exposure when the patient has been breathing quietly
{Dietlen, Groedel, Hammer, Assmann).

Even when all these precautions are taken, teleroentgenography possesses a
real source of error arising from pulsations of the carduc shadow. To eliminate
themn, devices hai e been contrived to send the current through the tube by mechanical
or electrical transmussion of the pulse wave (Eijkman, Weber, v. Flischer, Huts-
mans, Cottenot, Strauss, Ludwig) or by the action current of the heart (Bergk
and Chantraine, Hirsch and Schwarzschild). Greater exactitude is obtained since
the filmis always synchromized with the same phase of the cardrac cycle.

‘The advantages and disadvantages of orthodiagraphy versus releroentgenography
have often been weighed agamst each other. Teleroentgenography mimmizes sub-
jective error and spares the nvestigator from unduly prolonged exposure to roentgen
rays. Enurely apart from the greater expense of teleroentgenography, it 15 indis-
putable that careful orthodiagraphy by an experienced observer is more exact for
the determination of the absolute size of the heart Even when the target-film distance
15 as great as 2 to 2.5 meters the rays still pass through the body with appreciable
divergence, consequently they enlarge and distort the image of the cardiovascular
complex. The transverse diameter in a cardiac teleroentgenogram of an obese
indtvidual 1n whom the heart-film distance 1s relatively great or when the heart 1s
enlarged, may appear several centimeters greater than m an orthodiagram (Ham-
mer) Furthermore, demarcation of the cardiac apex is much more difficult with
teleroentgenograms than with fluoroscopy or orthodiagraphy Consequently Moritz
and Dietlen were probably correct 1n constantly advocating orthodiagraphy. More-
over Groedel, Hammer, Assmann, Eyster, and Arkussky expressly state that
orthodiagraphy 15 preferable to telercentgenography when accurare comparanve
measurements are required for mvesngations of the influence of various agents on
cardrac size

1L Plastic Reconstruction of the Heart by Means of X-rays

Early attempts were made to reconstruct the heart in 1ts natural size and shape
by means of w-rays. The plastic model of this Lind, produced by Moz, naturally
was very smperfect for 1t was constructed sumply from a sagittal and frontal ortho-
diagram Palmier: was the first to develop a relatvely sumple method making 1t
possible to reconstruct the heart from a series of selected projections.
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22) To autline the cardiac apex 1t 15 advantageous to have the patient breathe
decply scveral umes while the shutter 1s partly open, usually this creates greater
contrast betwcen the border of the heart and the lung ficlds, lightened by inspira-
tion, on the one hand, and by the dark albdommal shadew, on the other. As stated
carhier, the orthodiagram 1s not recorded durng deep snspiration nor with the
shutter open, but 1n the expiratory phase of quiet resprration with the shutter drawn
closely.

5. Spcenal artention should be devoted to pamstaking avoudance of shgh,
umintentional rotation of the patient around his long aws as well as to a varying
forward or backward mchnation of the upper pare of the body, even slight changes
of posture profoundly mnfluence the projected image. The ease with which this can
be chminated by having the patient recumbent constitutes the special advantage of
this positton (Mornz) Undesirable postural alterations of erect patients can, how-
ever, be reduced to a mimmum, by msisting that both scapulac and borth heels con-
stantly touch the wall of the fluoroscope, as a further safeguard, lead markers may
be attached to the antenor and posterior chest walls to ensure exact reproduction of
the position (Schwarz, Waeiss). e attach to lead crosses by adhesive, onc over the
spine of the fitth or sixth thoracic vertebra and the other over the sternum, When
the tube focus centers on the posterior marker, the transverse and 1erucal hmbs of
both markers comeide cxactly. This makes 1t casy to recognize and to correct
lateral rotation and different inclmacions of the body. Spectal contrivances for
holding erect patients, as desised by Moritz, can be elminated by following these
instructions

6 To compare cardiac size exactly, the orthodiagram should be recorded as
far as possible at the same tume of day, perhaps n the morming before breakfase,
and afier rest. Differences m the filling of the stomach and bowcl may exert con-
siderable mnfluence on the position of the diaphragm and exertion or excitement can
alter cardiac size.

With dextrosmistral passage of the ray, great atrention must be paid to the proper
posttion, the least rotation around the long avs of the body causcs great crrors In
the correct position with exact frontal passage of the ray, the sternal shadow 1s
smallest, most intense, and sharply demarcated on both sides Lead markers on the
anterior and posterior chest greatly facihitate coreect posture in this posttion, they
ensure the same mnchnation of the upper part of the body as with dorsoventral passage
of the ray, an important factor in calculanons of cardiac volume (p. 75)

Every orthodiagram should snclude a sketch of the contours of both clavicles,
the domes of the diaphragm, the costophrenic angles and, somctimes, the spinal
column as well. Like the mediastmal shadow, they are all recorded 1 expiration
These outlmes serve mamly as pomts of orrentation for the recognition of displace-
ments within the thorax. If the clavicles on two orthodiagrams are superimposed,

the presence and extent of alterations of diaph atic level 1s hately appar-
ent, changes of this level strongly influence cardiac position and shape

“Teleroentgenography of the heart was introduced by Kohler and Albers-
Schonberg in an attempt to reduce the error of central projection as far as possible
by creasing the target-film distance to 2 meters ot more.
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1I1. Roentgenkymography of the Heart and Great Vessels

Roentgenkymography describes the cardiac movements demonstrable by x-ray.
In principle, the outlines of the cardiac shadow are projected through one or more
shts cut into 2 holder impervious to x-rays By moving the film in a direction per-
pendicular to the shts, the marginal movements of the cardac shadow are recorded
on the film 2s a curve.

By wirtue of this principle the possibihues as well as the himitations of the
method become apparent.

Undoubtedly graphic registration of movements is vastly superior to the simple
observation in fluoroscopy, one can detect small or valanile excursions mvinible to
our eyes. On the other hand, the movements exceuted by the borders of the cardiac
shadow do not necessanty correspond in space to movements of superficial pomnts of
the heart. Actually tndimensional motements are shownt in bidimensional projec-
non. Consequently motements ar other than a nghr angle to the path of projection
are reduced and 1n extreme cases, especally when they run parallel to this path,
may be completely erased.

During 1ts action the heart undergoes many alteranons of shape and position.
Consequently pulsations at the edges of the cardiac shadow do not correspond to
real volumetric changes of the cardiac scgments formng the borders at that moment
In drawing attenuion to the mterference (Hechmann) between changes of volume
and of posteron, recorded as movements at the edge of the cardiac shadow, Ludwig
and Hechmana show ed that these are Hlably fied, reduced,
abohshed, or cven reversed through mterference so that double norches and other
deformations of the curve can appear.

As a result of these pulsatoty transformations and posiuonal changes of the
heart, the same margmal point of the cardiac shadow, the movement of which 15
observed or recorded, may be evohed sequentially by different points on the cardiac
surface.

These brief remarks should suffice to indicate that nesther kymographuc records
nor excursions percewved fluorescopically, necessarily correspond to acrual move-
ments of ponts on the cardiac surface

Kymographic records have another source of error mtnnsic in the procedure,
The recorded cuns es correspond to actual excutsions of a given marginal pome only
when the edge of the carthac shadow 13 perpendicular to the stit of the kymograph
H the edge of the shadow moves obliquely to the shr, the curve no longer exactly
reproduces the excursions of a defimre marginal pownt; other pownts move into

the opening of the sht and participate in the registranon (Zdansky and Ellinger,
Cignohni)

These facts saddle genk graphy with y great
resteaint i snterpretanion In a careful analysis, Ludwig denied that roentgenkymog-
raphy was an exact method of functional mvestgauon, Actually, its corves must
always meet the test of other more precise observations on man and ammals, con-
tradicuions ansing must be assigned to mperfections mtrnsie o roentgenclogic
observations of motion in general and to roentgenkymography in particular, At most
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Palmiery’s procedure had two steps.

1. Films of the heart m selected diamerers were obtained, as many as were
feasible, with a constant focal distance; the angle about which the subjeet was
rotated around hus long ais on the revolving chair was noted exactly for each fitm,

2. A plasuc model of the hearr was then prepared. ar first, sihouertes of the
cardiac shadow were cut from cardboard from each film taken at a different angle;
i place of the heart a block of clay was rotated around 1ts long axts, onc end of a
wire was fixed at the target of the x-ray tube, n place of the film one of the above
menuoned sithoucttes was placed, likewsse at the same distance. If the wire was
maved along the edge of the paper cut-out 1t cut a form from the clay block corre-
sponding to the one existng at the moment As the block rotated cach time at an
angle corresponding to a given phasc a plastic model of the heare gradually emerged.
Simce the wire was fixed at the site of the target and ran along the successive sil-
houertes, the model carved was formed by rays runming tangennial ro the heart and
reproduced 1ts true size and shape.

Brodnow altered dus method by construcung fus model from several tele-
I3 ams, the silt of the individual pcrures were cut from plaseer of
pans by 3 saw. The axis of the saw corresponded to the central ray A small hight,
fixed on the side opposite the film permutted one to follow the contours of the
cardiovascular shadow. The resultant model was somewhar larger than the heart
because the error of central projection with 2 meter teleroentgenography was not
completely elimmared

Lysholm as well as Berg and Schatzhi reported a one-step method Its principal
differcnee consisted i joinmg the x-ray tube and cutring wire m such a way that the
wire cut the cardiac form directly from the clay or plasticene duning fluoroscopy
as one moved the cenrral ray along the silhovette. Since the tables on which the
pattent and the clay block were rotated turned synchronously, the wire gradually
carved a plasuc model from the block Fundamenually, the methods differ only
m that with one the sithouettes are provided by telefluoroscopy (Lyshoim) and in

the other by orthodiagraphy (Berg and Schatzla).

These plastic models have only didactic value The beaunful models prepared by
Belsks for the American Heart Association prove this. For practical chnieal purposes
the technic has httle application The proced: are $O HMEC g that their

mploy for d P 15 ly hmited, this 1s parcicularly erue
when the model 1s cut directly during fluoroscopy The methods of Palmien and of
Brednow have the advantage of requining only a short tume to secure the films for
preparmg the model, conscguently errors from possible alteration of cardiac size
during preparation of the modef are greatly reduced

Plastic models more nearly approxmmate the ideal of volume(rlc determmauons
of the living heart than calculations of cardiac size from onc projection or another.
Accurate demarcation of the heare from the great vessels and from the hver narurally

s not possible 1n a cardiac model. Nevertheless Palmiers emphasizes that the plastc
method provides a »ay for determining accurately the postrion of the cardiac apex
Plastic models made no 1mportant contribution to the precsse analysis of the

vascular complex,
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111 Roentgenkymography of the Heart and Great Vessels

Roentgenkymography deseribes the cardiac movements demonstrable by x-ray.
In principle, the outhnes of the cardiac shadow are projected through one or more
shts cut into a holder impervious to x-rays. By moving the film in a direction per-
pendicular to the slits, the margmal mos ements of the cardiae shadow are recorded
on the film as a curve

By wirtue of this principle the possitabities as well as the fimiations of the
method become apparent.

Undoubredly graphic semstration of movements 1s vastly superior to the simple
obsetvation in fluoroscopy, one can detect small or volaule excursions mvisible 1o
our eyes. On the other hand, the movements executed by the borders of the cardiae
shadow do not neeessarily correspond 1n space to movements of superficial points of
the heart, Actually tdimensional movements are shown 1n bhidimensional projec-
won Consequently movements at other than a nght angle to the path of proweeuon
are reduced and m excreme cases, espectally when they run paraliel to this path,
may be completely erased.

Duning xts action the heart undergoes many alterauons of shape and position.
Consequemly pulsations at the edges of the cardac shadow do not correspond 1o
real volumetric changes of the cardiac segments forming the borders at thar moment
In drawing attention ta the mterference (Hechminn) between changes of volume
and of position, recorded as movements at the edge of the cardiac shadow, Ludwig
and Hechmann showed that these movements are uncontrollably magnified, reduced,
abolished, or even reversed through interference so thar double notches and other
defarmations of the curve can appear,

As a result of these pulsatory transformations and posinonal changes of the
heart, the same margmal pome of the cardiac shadow, the movement of which 1s
ohserved or recorded, may be evoked sequentially by different points on the cardiac
surface

These brief remarks should suffice 1o ndicate that nesther kymographic records
nor excursions percewved fluoroscopically, necessanly correspond to actual mave-
ments of points on the cardiac surface,

Kymograpbic records have another source of error mtmnsic 1 the procedure
The recorded curves correspond to actual excursions of a given marginal pomnt only
when the edge of the cardmc shadow 1s perpendicular to the shit of the kymograph.
If the edge of the shadow moves obliquely to the slit, the curve no longer exactly
reproduces the excursions of a defimte marginal pownt, other pomnts move imto
the opemng of the sfit and parncipare i he registranion (Zdansky and Elinger,
Cignolim)

These faces saddle roentgenkymography with uncertanty, necessitatng great
resteamnt 1 wterpretation. In a careful analysis, Ludwig denied that roentgenh ymog-
raphy was an exact method of functional mvestuganon. Actually, 115 curves must
always meet the test of other more precisc observations on man and ammals, con-
tradictions ansing must be assigned o imperfections intnnsic to roentgenologic
observanons of motion in general and to roentgenkymography in parucular, At most
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one may trust roentgenkymography when it confirms well-founded cxpectations
and previous experience.

We cannot concur with the statement often expressed that kymography regu-
Iarly assists i the diagnosis of some conducrion disturbances and cardiac arrhyth-
mias. A false premise 15 mvolved when roentgenologic methods are advocated to
obtain facts available from thoroughly venified methods by whose very nature more

s —

Fic $ —*“Step kymogram " Registration of palsations on a moving film with a stattonary gerd
(From Pl Stumpf, Rontgenkymographische Bewegungslehre )

exact results are secured Such efforts are economtcally unsound and serve neither
science nor the patient. Rather, they tend to bring roentgenology mto disrepute, The
diagnostic achievements of roentgenology 1n its own field arc so enormous and
uncontested that there 1s no reason for dabbling outside 1ts own frontiers when other
adequate, established methods exast. .

These statements are not intended to imply that kymography lacks value and
sigmficance 1n some problems, provided that the results are critically analyzed,
unfortunately this attitude has not always prevailed in the literature which has

St proportions
gm‘l‘{’r(:e:\otg:nksmggraphy was originally announced by Sabat 1n 191':. Independ-
ently, 1t was first employed for registratron of cardiac movements by Gott anq
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Rosenthal, Subsequently Beeker, Crane, Rnox, Chamberlain and Dock, Stenstrom
and Westermark as well as Laurelt and Sundberg utilized it for the same purpose.
Then, Hirzenberger and Resch further developed it for registration of diaphrag-
mane movements, Jts employment became widespread, however, after Stumpf as
well as Scherf and Zdansky uscd it for systematic invesnigation of the heare.
Considerable hrerature resvlted from the discovery of surface kymography by
Stumpf. A multiple shr gnd is interposed betw cen the heart and film so that many
adpcent scctrons of the cardiovascular shadow can be simultancously kymographed.

Fic 6 Fi, 7

Fic 6-—"Surfacc hymogram™ Repistration of the pulsauons on a stationary film with 2
moving gnd

Fic 7 —Kymogeam of the nght atrium and the left ventncle (long steip recording by Zdansky
and THinger)

The fitm may advance over the stationary grid (step kymogram, fig. §), or the mov~
g gnd may pass over the immotnle film (surface hymogram, fig. 6). By these
simple methods the reciprocal ume relations of movements are determuned from

@ of the card, tar shadow, previously, onty single sections
could be registered The movements of the grid of the surface hymogram at an
optional speed create an illusion of motion (Stumpf) and undoubtedly this has ment
i the dlustracve mechod of teaching Opposed to these advantages, the curves with
both types of ky are short, d, and reveal only a few derals.
Consequently, n thewr investigations Zdanshy and Elbnger retamed, with slighe
modifications, the classieal long stip records (fig. 7)7 on the other hand Crgnolini
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as well as Delherm and hus coworhers constructed devices which made it possible to
focus selected portions of both cardiac contours in a system of mterchangeable shits
50 that movements 1n a section of mnterest could be recorded on long films (fig. 8).

Electrohymography represents another method for registening the pulsations of
the cardiovascular shadow, Ongnally, in 1936, Hechmann employed 2 photoclectric
cell whose current was supplied to a recording device through an amplifying tube;
1w registered 1n a curvilinear manner the differences m translucency which dev eloped

on the screen from pul of the heart. Subscquently, photoclectric registration

Fic 8 —Kymogram of the cardiovascular shadow (long stip recording with muluple she
method of Cignolint).
of the pulsations found wider acceptance, at first through the work of Lian and
Minot but parucularly as the result of improved technic by Henny and Boone as well
as Lusada and Fleischner, For the analysis of the resultant curves, simulraneous
registration of the phonocardiogram proves most suitable .

Although fundamentally mechanical and electrical kymographic registranon of

movements of the cardiac borders must lead to the same results, electrokymography
T - [ S Yewe 1 be

and 1t 15 essentially cheaper i operation and cost than mechanical roentgenkymog-
raphy. “Phase kymography” recently introduced by Heckmann seems to open new

ostic possibuities.
dng"ll'hc rcls)uks obtaned by roentgenkymography are discussed 1n the ndu idual
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1V. Angiocardiography

By means of angiocardiography the cardiae cavites and the great intrathoracic
vessels can be roentgenologically demonstrated. In combination with the electro-
cardiogram (Sussman and Grishman, Lind and Wegelus) and pamcu\arly in the
form of cincangiocardiography (Janker) it affords an incomparable insight into the
inner dynamics of the heart (p. 62). Tt reveals the functional alweranon of the size,
shape and reciprocal spatnal relations of single cardtac chambers during cardiac
activity (Zdansky, Lind and Wegels).

After Forssmann (1929), Moniz, Carvatho, and Lima (1931) as well as Cas-
tellanos, Pereira, and Garcia (1927) attempred contrast filling of the heart and
pulmonary vessels in Yving people more or less successfully, angiocardiography
was developed mto 1 routing method of great diagnostic value by Robb and Stein-
berg (1936-37). This became possible when opacifying agents became avalable
which were relanvely despite high and the mjection of large
amounts, At present, Diodrast or Ureselectan B (Neo lopax, Perabrodil, Joduron,
or Umbradil) is employed i a2 70 or 75 per cent solutiot, respecuvely, Nevertheless,
all these high molecular and hypertorie iodme preparations are not completcly
tanocuous. lntravenous mjection may result in a fall of blood pressure with an
increased pulse pressure amphitude, an increase of venous pressure, change of carduac
rate, archythmi, tocal vascular spasm, reduction of tonus in vessels supplying large
areds, 3 sense of oppression, cough, headache and nausea as well as a transient
uarticaria, loss of c fsull, and put y edema In
recent years, fatalities after angmcardlo’graphy m the Umted States, Canada, Great
Brstain, and Sweden have averaged 0.38 per cent (Dotter and Steinberg) Death may
oceur 1 munutes, houcs, ot even after a few days. These disastrous tesults have
oceurred chiefly m patients with cardiac decompensauon and severe cyanosts or on
reinjection of che contrast material ac short inters als in the progress of an exammnaton

Consequentdly, individuals wich large hearts and congestuive heart fatiure must
be excluded from angiocardiographic exammation, the miecuon should not be re-
peated on the same day, prior to the imjection 2 drops of the agent should be msulled
1o the conpunctval sic and 1 to 2 ce. iyjected § Ly mn order 10 ftain
whether there 1s hypersensitivity to the agent, children and very excited adults
should recetve sedatives in advance As far as possible mdviduals with alfergy
should not be subjected to exammatien.

For preparation of the patient, barbnturates orally or rectally admmstered, as
well as a mixture of methadon, epliedrine, and scopolamune subcutaneously are
avalable General anesthessa 15 necessary only with very restless patients.

The amount of contrast agent imjected must be sufficiently large to sccure a good
demonstration of the cardiac cavities bur not so grear that the danger of mnury
exists. We give approximately 1 ce. per Kg. body weight In childeen of 2 to 3
years we use 15 to 25 cc., from 4 to 14 years 25 10 40 cc in children over 14 up
10 50cc,andin adults 50to 70 cc. For aortography 1010 20 cc. suffices.

1€ these precawsions ave taken, p My no senous ned are d
Wegelus had no setious complications i about 250 cases and Zdanshy nene in
almost 100 Nevertheless, angiocardiography should be undertaken only when all
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other diagnostic measures have been exhausted and when one must decide, whether
to operate and what surgical operation should be undertaken.

To protect the investigator from undesirable radiation, Morgan devised an
injector whose pston 1s pressed by air pressure, a protective screen, through which
the arm of the panient 1s thrust, also suffices.

To demonstrate the cardiac eavities, the cubital vein 1s exposed and the contrast
agent 1s injected through an ateached, wide cannula within | to 2 sceonds. The firse
film should be taken after the mjection of the first § cc. For aorrography a catheter 1s
advanced through the exposed right brachial artery to the middle of the ascending
aorta, the imjection 1s made by means of a pressure syninge

TG 9 Fic 10

Fic 9 —Angiacardiogram of the right heart and pulmonary artery with its branches in ¢he lefe
anterior oblique position

G 10 —Angiocardiogram of the left heart and aorta with 1ts brachiocephalic branches in the
left anterior oblique pasttion

We undertake the examinauon basically m recumbent patients w ith passage of
the ray opumal for the individual case.

To demonstrate the ventricles, sagitral passage of the ray and the lefe anterior
oblique position 1s recommended. In the latter, the position of the ventricular sep~
tum, the trunk of the pulmonary artery, the left pulmonary artery, and the course of
the thoracic aorta are well represented Figures 34 and 35 illustrate the contrast-
filled night (dextrogram) and left (levogram) heart with sagial projection and
figures 9 and 10, the left anterior oblique position

It has proven very advantageous to secure synchronous rocntgenograms in two
planes at right angles to each other (Chamberlain and coworkers, Axén and Lind).
Fredzell and coworkers combine this techmc w 1th direct senal roentgenography
which permits an exact analysss of the normal and pathologic heart. Itas parucularly

worthwhile to obramn the proper electrocardiogram with the film (Sussmann and
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Gnishman, Morgan, fand and Wegelius, Dotter and Stcinberg) because unaware-
ness of the phase of the cardiac eycle in which the film was obrained may lead to
sertous mistakes. Thus, systolic narrowing of the outflow tract of the right ventricle
occasionally has simulated a stenosis of the pulmonary infundibulum (F. }. Hodges).
Wich crneangiocardiography (Janker), this danger docs not exst, fos then the dy-
nammcs of the heart are reproduced continually in the fitm,
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other dragnostic measures have been exhausted and when one must decide, whether
10 operare and what surgical operation should be undertaken,

To protect the investgator from undesirable radiation, Morgan devised an
injcctor whose piston 1s pressed by air pressure, a protective screen, through which
the arm of the patient 1s thrust, also suffices

To demonstrate the cardiae cavities, the cubital vemn is exposed and the contrast
agent 15 injected through an atrached, wide cannula within 1 to 2 seconds. The first
film should be tahen after the injection of the first § ec. For aortography a catheter 1s
advanced through the exposed night brachial artery to the middle of the ascending
aorta, the injection 1s made by means of a pressure syrmge

T'e 9

Fie 9 —Angiocardiogram of the night heart and pulmonary artery with s branches in the lefe
antetior oblique position

Fic 10 —Angiocardiogeam of the [cft heart and aorta with 1ts brachiocephalic branches m the
left anterjor oblique position

We undertake the cxammaton basically 1n recumbent patients with passage of
the ray opumal for the individual case.

To demonstrate the venericles, sagittal passage of the ray and the left anterior
oblique position 15 recommended. In the latter, the posiion of the ventricular sep.
cum, the trunk of the pulmonary artery, the left pulmonary artery, and the course of
the thoracic aorta are well represented. Figures 34 and 35 ilustrate the contrast-
filled night (dextrogram) and feft (levogram) hearr with sagural projection and
figures 9 and 10, the left anterior oblique position

It has proven very advantageous to secure synchronous TOCNIEENORIAMS 1n rwo
planes at nght angles to each other (Chamberlain and cow orkers, Axén and Lind),
Fredzell and coworkers combimne this techmc with direct serial roentgenography
which permits an exact analysts of the normal and pathologic heart. Tt s parccularly
worthwhile to obrain the proper electrocardiogram with the film (Sussmann and
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from the left or right in front to the right or left behind, respectively, the views are
called the second posterior and the first posterior obliques,

Holzknecht, Kraus, v, Criegern, Moritz, Ricder, Rosenthal, Th, and F. Groedel,
Schwarz, de 1a Camp, Weinberger, Dictien, and Assmann in particular made out-
standing contributions to the interpretation of the normal roentgenogram of the
heart in different positions.

1. The Anterior View of the Feart in the Erect FPosition (Figure I22 and b)

Fluoroscopic examination begins in the anterior poswion with dorsoventral
passage of the ray. In this position the mediastinal shadow (Holzknecht) is almost
homogeneous, this shadaw is located between the tung ficlds and is formed by the
meduastinal organs and structures, the spine and the sternum. Of these, the trachea
descends as a transtucent band in the midiine of the neck or somew hat to the right
and it can be followed to the low et borders of the clavicles. The deeper parts of the
trachea, the bifurcation and the two main bronchi can be recognized, under the nsual

ditions o py and in teler g only in thm subjects and m
children. The right mam bronchus n parucular often 15 visible as a clear band
descending obliquely from the midline above to the right cardiovascular angle, Ad-
joining its nght border, frequently one sees 2 spindle-shaped shadow, the size of
a pumphin seed (fig. 13) which corresponds 1o the azygos vein (Busi, Ottonello),
1t emerges from behind at the nght tracheobronchial angle to pass toward the supe-
rior vena cava, \When venous pressure increases, owing to night heart failure or
from inflow stasis in constrictive penicarditis, the azygos shadow occasionally
enlarges considerably (Dunien and Lequime). Cephalad, it continues in a finear
shadow adjacent to the nght wall of the trachea and produced by the medastinal
pleura seen on edge,

In children, Fancons and Wechster described two medially convex, thin stripes runming cranto-
caudad within the clear tracheal band and often nearly touching each other 1n the midline Danelivs
recognized them as the shadows of the night and lefe vertebromediastinal pleura which arc almost
n the midhne behind the esophagus, 3¢ this place the plearal caviies are almost in contace (fig 13)

In this position the vertebral column is almost invarably visible as a dark
median shadow In addition to serving as an imporrant Jandmark it should be ob-
served carefully since o shight curvature, easily overlooked during a casual physical
or roemgenologic examination may explim some alterations of shape (Roesler) of
the cardiac shadow (p. 252) or an otherwise mexplicable or even misleading in-
spiratory mediastinal wandering (Zdanshy) (p. 252).

As a rule, the night border of the mediastinal shadow 15 composed of two con-
vex arcs They are about equal in length, The lower arc 1s rounder, more opague,
and projects beyond the night vertebral border about twice as far as the upper,
flatrer, more translncent are which may ascend almost in 2 straight hine. Real devia-
tions in the length and extension of the arcs to the right often depend upon patho-
logic alterations of the heart or the vessels, providing there is no thoracic deformicy
and no shrinking or space-occupying process in the lungs or pleura.

The lower arc, the nght cardiac border, is formed largely by the nght stnum,



——Chapter Two
The Normal Heart

L The Roentgenogram of the Normal Heart

To obtam a plastic 1image of the shape of the heart and the
size of ns single scctions, fluoroscopy m differing positions 1s necessary (Holz-
knecht, Weinberger). In 1909 Hoffmann suggested d the different posi
by the number of degrecs through which a patient was rotated to the right about his
long aus, starting with dorsoventral passage of the ray to reach the particular post-
tion (fig 11) In position 90 for cxample, the rays penctrate transthoracic from nght

Posterior view

1350
First postemor
Second posterior oblique view
oblique view

o200
Left
lateral view

270°

latern) view

45¢

3150
First on right anterior Second or left anterior
oblique view obhque view

08
Anterior view

Fic. 11.—Passage of ray in different typical positions of fluoroscopy

to left. At present, the positions are usually called anterior or posterior, right or left
lateral depending upon w hether the breast, back, the night or left side of the patent
1s turned toward the screen. In addition, fluoroscopy in oblique positions (Holz-
knecht) has special importance. In the first or right antenior oblique (fencing) posi-
tion the rays pass through the body from left behind to the right in frone. The
second or left anterior oblique (boxing) position is secured by rotation to the righe
¢ the rays pass from the right behind to the left i front. When rays penetrare

so tha
16



THL NORMAL HEART

T
Fic. 120 — Anstomuc analysis of the Smrenor Yiew

1V brachiocephalica (mnominate vem)

dext.

2. V cava supenor

3V thoracica longitudinalis dext (VY
azygos)

4, Right pulmonary artery

§ Right pulmonary veins

6 Rught atnum

7. Projection of thcuspid osaum

8 FRaght ventnele

9. V. hepatica dexe

10
1"
12
13
14
15
16
17
18
19
20

Aoruc arch

Lig artenosum

Left pulmonary artery
Truak of pulmonary artery
Left pulmonary verns
Projcetion of pulmenary ostiom
Left aterum

Projection of aortic ostium
Projection of mtral ostium
Lefe ventrcle

Fat pad
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Fic 122 —Antenor view.

1n the supradraphragmatic scction, however, the nght ventricle may form some of
the edge

Opinions on whether, and to what extent, the right ventricle contributes to the
formation of the nght cardiac border were and sull are not n full agreement.
According to F. M. Groedel, de la Camp, Zchbe, A5§mann, Dretlen, and Vaquez
and Bordet as well as Laubry and his coworkers, the right ventricle does not reach
the night cardiac border. Assmann, chrlen, and Vaquez and Bordet allow an excep-
tion- if the heart 1s perpendicular, owing to 2 low diaphragm, the night ventricle can
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secn on the diaphragmatic boundary of the dextrogram, medial to the right costo-
duphragmaue angle.

“The right cardiac border joins with the nght dome of the diaphragm at a sharp
angle, the right cardiodiaphragmatic angle. Frequently this angle is brdged by 2
pale shadow which extends laterad and downward; this shadow, which 15 not -
varably present, may first appear or may become mote apparent with inspiratory
descent of the diaphragm The shadow 15 created by the right hepatc vein, for the
upper edge of its onifice 1n the mferior vena cava usually projects above the draphragm
(Hasse, Elias and Feller, Hitzenberger). It should not be confused with adhesions
which are common m the cardiodiaphragmatic angle; the vein can be disunguished
easily since normally the median section of the diaphragm bends caudad without
tundrance dunng wmspiration whereas 1t is delayed and becomes stretched when it is
fixed by adh i the cardiodiaph ic angle. Rarely, 3 similar shadow may
be created by a collection of fat betw cen the parsceal leaf of the pericardrum and the
medusunal pleura (Assmann, Hermhaser, Kavtz and Pioner).

wlarly n elderly d with 2 Tow and a median
heare and not rarely even in chiddren—a shadow runs obhquely upward and outward within the
nght border of the heart, 1t continucs in a vascular shadow mnming honzennally or downward
within the base of the night lung field T corresponds to the nght lower venous infundibulem of
the feft ateium snto winch the corresponding puln onary veins empty

‘The edge of the shghtly convex or perpendicular shadow nising above the night
cardiac border, represents the nght boundary of the vascular band, As a rule, st 15
formed by the right edge of the superior vena cava or, more rarely, by the ascending
aorta (Holzhnecht, v. Teubern, Frik, Delherm and Chaperon). Cephalad, this arc
yoms 2 hghter shadow bending concavely which can be followed up to the clavicles,
1t represents the nghe border of the V. brachiocephalica (anonyma) dextra, Since
the night vascular border 15 ysually convex and frequently shows, on the screen, a
disunct outward systolic pulsanion, many have suggested that ar this place the
ascending orta rather than the supertor vena cava forms the edge Catheterization
of the supenior vena cava in fving subjects by Forssmann and angiocardiography,
however, clearly reveal that the superior vena cava tends to project farther to the
night than the ascending aorta in both living subjects as well as 1n cadavers More-
over, not rarely, the ascending aorta 1s noted as a darker band within the nght
vascular border and is seen to bend median at the level of the bifurcanon. The con-
vex course of the caval shadow ta the righe, commonly observed, depends upon the
clase application of the thm-walled vem under low tenston to the taut thick-walled
ascending aorta which 1s under tugh pressure, as the aorta curves convexly to the
night, the vein follows s course An outward systolic pulsation of the right border
of the vascular shadow, 1f seen, does not prove that the aorta projects beyond the
superior vena cava {p. 60)

Although 1n most cases the superior vena cava undoubtedly forms the right border
of the vascular shadow, as panents grow older the aorta, owmg to widemng and
elongation, 15 more likely to project beyond the ven (Schwarz, Vaquez and Bordet,
Rasler, Holzmann, Laubry and others).

The Ieft border of the mediastinal shadow has two strong convex arcs between
which there 15 an imdentation cafled the cardiac waist.
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appear on the right cardiac border in the supradiaphragmatic area (fig. 54). Under
these circumstances, the heart rotates around a verucal and sagiteal axis so that its
ventral and diaphragmaune borders are situated more to the right (Schwarz). On the
contrary, Holzmann maintained that even normally the night ventricle occasionally
contributes to the right border for a short distance. In this opinion he has the support
of some anatomusts (Ticdemann, Merkel, Rauber-Kopsch, Schulrze-Lubarsch,

Fic 13 —Course of the costo- and the vertcbromediastinal folds of reflection of the pleural
cavities At the level of the upper thoracic segments, the pleural cavities approach each other
behund the csophagus so closely that they are separated only by the reduplication of the pleura
(dotted lines)* The V thoracica longitudinalis dextra (azygos vein) 1s embedded in the right
trachcobronchual angle, In the roentgenogram it often appears as a shadow with the shape of 2
pumpkin sced.

1. Fold of reversal of the nght vertcbro- 6 Fold of reversal of the lefi versebro-
mediastmal pleura mediastinal pleura
2 Fold of reversal of the nght costo- 7. Fold of reversal of the left costomedi-

medrastinal pleura asunal pleara
3 Azygos vein 8 Fold of reversal of the left vertchromeds-

4 Fold of reversal of the nght vertcbro-  astmnal pleura

mediastinal pleura
5 Fold of reversal of the nght costo-

mediastinal pleara

Tandler). Laubry and coworkers, however, never saw the night ventricle extend as
far as the nght cardiac border when contrast agents were injected 1nto the cadaver
heart without opening the thorax, this does not preclude the possibility that the

outer wall of the night ventricle can contribute to the formation of the right cardrac

border
In the angiocardiogram as well, the nght ventricle does not attan the right

cardiac border with normal position of the diaphragm and particularly 1n the recum-
bent position Thus, the indentation of the atrioventricular junction is almost always
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seen on the diaphragmatic boundary of the dextrogram, medial to the right costo-
draphragmatic angle.

“The nght cardiac border joins with the right dome of the diaphtagm at a sharp
angle, the right cardiodraphragmatic angle. Froquently this angle is bridged by 2
pale shadow which extends laterad and downward; this shadow, which is not in-
variably present, may first appear or may become more apparent with snspiratory
descent of the diaphragm. The shadow is created by the right hepatic vein, for the
upper edge of 1ts onfice m the mfcnor 1 ena cava usually projects above the diaphragm
(Hassc, Flias and Feller, Hitzenberger). It should not be confused with adhesions
which are common in the cardiodiaphragmatic angle; the vein can be distingwshed
asily since normally the median section of the diaphragm bends caudad withoue
hindrance durmng mspiration whereas 1t 1s delay ed and becomes stretched when itis

fixed by adh n the cardiodiaph auc angle. Rarely, 2 simular shadow may
be ereated by a collection of far betw cen the panieral leaf of the pericardium and the

d 1 pleura (As: Herrmh Kautz and Pinner).
latly 1n eMerly d individuals with a low diaph and 3 median

heart and not rarely even in children—a shadow runs obhquely npward and outward wichin the
right border of the heart, 1t continues in a vascular shadow runming horizontally or downward
within the base of the right Tung field It corresponds fo the nght lower venous mfundibutum of
the left atram into which the corresponding puln nnaty veins empty

The edge of the shghtly convex or perpendicular shadow nising above the nght
cardiac border, represents the night boundary of the vascular band. As a rule, it 1s
formed by the nght edge of the superior vena cava or, more rarely, by the ascending
aorea (Holzknecht, v, Teubern, Frik, Detherm and Chaperon). Cephalad, this arc
jomns a hghter shadow hending concavely which can be followed up to the clavicles;
1t represents the nght border of the V. brachiocephalica (anonyma) dextra. Since
the nght vascular border 1s usually convex and frequently shows, on the screen, a
disunct outward systohc pulsation, many have suggested that at this place the
ascending aorta rather than the superior vena cava forms the edge. Catheterization
of the supertor vena cava in hivmg subjects by Forssmann and angiocardiography,
however, clearly reveal that the superior vena cava tends to project farther to the
night than the ascending aorta in both living subjects as well as in cadavers. More-
over, not rarely, the ascending aorta 15 noted as a darker band withim the nghe
vascular border and 15 scen to bend median at the level of the lhfurcauon. The con-
vex course of the caval shadow to the nght, commonly observed, depends upon the
close application of the thin-walled vemn under low tension to the taut thick-walled
ascending aorta which ts under hugh pressure, as the aorta curves convexly to the
night, the vein follow s 1ts course. An outward systolic pulsanon of the night border
of the vascular shadow. 1f seen, does not prove that the aorra projects beyond the
superior vena cava {p. 60).

Although 1n most cases the superior vena cava undoubitedly forms the right border
of the vascular shadow, as patients grow older the aorta, owing to wideming and
elongation, 18 more lrkely to project beyond the vein (Schwarz, Vaguez and Border,
Rosler, Holzmann, Laubry and others),

The left border of the mediastinal shadow has two steong convex ares berween
which there 15 an mdentation cafled the cardiac waist,
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The cardrac waist varies greatly in depth This depends partly upon individual
varations in the heart and great vessels and partly upon variable positional relations
encountered by the heart i the thorax. Thus, elevanion of the draphragm may deepen
the waist or make 1t shallow depending upon whether the heart becomes oblique or
deformed by compression (p. 98); a shght right-convex scoliosis of the spinc to
the right (p. 252) may rotate the heare 1o the left while descent of the diaphragm with
the heart, becoming perpendicular (p 100), may spread the waist,

The small arc often conspicuous above the cardiac waist and just below the
clavicular shadows is the aortic knob. It 1s formed by the distal part of the aortic
arch which has an almost sagitral course 1n contrast to the somew hat oblique path
of the morc provimal, pretracheal part, for this rcason 1t has been called the “sagitral
seetion™ of the aortic arch (v. Jagi® and Kreuzfuchs) (p. 365). The sagral course of
this part explans 1ts relanvely grear density. Moreover, the knob corresponds to
the left border of the aorta mn the region of the isthmus. This 1s important in measure-
ments of aortic diameter.

¥rom the most lateral point of the aortic knob, the pale shadow of the descend-
ng aorta passes caudad, normally as a straight line conserging slightly on the spine.
Often a large part of 1t 1s visible i the cardiac waist and it can be followed down-
ward for a variable distance 1n the cardiac shadow

From the upper edge of the aortic knab, the left border of the upper mediastinum
rises obliquely m a lateral-concave direction, usually to vanish in the sternal end of
the clavicle. Often 1t ts seen to continue to the apex of the left lung, this 1s the shadow
of the left subclavian artery (Assmann) Particularly in young people, as the edge of
the shadow descends into the pulmonary arc (sec below), 1t cuts across the aortic
knob as if to remove a sector from it. This line indicates the course of the left
anterior medaastinal plesra which descends on edge from the left subclavian artery
to the pul y artery and 1s indented by the aortic arch which projects to the left.

The lowermost arc of the left edge of the mediastinal shadow 1s the left ventricu-
Jar arc. It 1s formed by the anterior wall of the left ventricle which immediately
adjoins the ventricular septum and befongs to the outflow tract of the left ventricle

It 1s the longest and most rounded arc m the anterior 1mage of the cardiovascular
shadow. Its curve 1s somew hat parabolic (Schwarz) and its caudal end plunges into
the abdominal shadow when the diaphragm 1s at 2 normal Jevel or elevated To under-
stand pathologic changes, one must remember the relation of the nghe ventricle to
the left cardiac border. The anterior longitudinal suleus which indicates the boundary
between the left and nght ventricles, runs close to, but somewhat steeper than, the
left edge of the cardiac shadow. Near the base of the heart the right ventricle almost
reaches the left cardiac border so that its outflow tract 1s separated from the left
ventricle only by a short distance and 1t 15 separated from the left border of the heart
by the small cupola of the left atnal appendage (see below). In many normal
subjects 1t scems that the night ventricle with its pulmonary conus could form the
border above the left ventricular arc.

Above the diaphragm the left ventricular arc turns sharply median to form the
roentgenologic cardiac apex which usually 15 projected into the abdomimal shadow,

Motz and Dietden behieved that the cardrac apex could be outhned more often m recumbent
patients than in erect ones We believe, however, tha the recnmbent posiion offers no advantage
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1n this respect although 1t must be conceded that when patients stand, the cardiac apex 1s often
cffaced by 2 large gastnc gas bubble On the other hand, on fying, the heart smks even more deeply
1nto the diaphragm 50 that delincation of the apex ¢an be more difficult than im upright patients. For
casy demarcanion of the apex, Huismans recommended the cxamination when fasting or after gastne
Tavage so that the diaphragm can descend as far as possible and the apex project freely. On the other
hand, inflatron of the stomach (Achehis) by an effervescent pawder occasionally aids in outhning
the apex but 1t may also have the opposite effect when the elevared diaphragm effaces st (Hammer),
Apart from some mstances of very large hearts and when 2 left hydrothorax cxsts, 1t 1s ordmarily
possible, 1n our expenience, to locate the cardiac apex. To faciitate this, the patient should rake
several deep breaths, this causes the apex to shift somew hat making st vinble, since the eye 15 more
seasitve to movement Palmien advises a searchin the night antenor obligue position €51 the place
where the left lower cardiac border bends and to record it in the saguttal orthodiagram Thus, the
sute whete the lefe cardhac border turns towatd the diaphragm to form the apex should be ascer-
tained more precisely by diagraphy than by simple fl py 1n the sagittal posinon

When the heare 1s pendulous (fig. 53) the cardrac apex hes abov¢ the diaphrag~
matic shadow so that onc can sce between them, even the diaphragmaue surface of
the heare, formed by the nght ventricle, can be followed into the vertebral shadow
and someumes even to the nght cardiac border.

In general, the roentgenologic cardiac apex is more rounded than in the cadaver
heart Dietlen artributed this to the fact that in iving subjects and in the postero-
anterior position. the cardiac apex seems foreshortened ow ing to the obligue position
of the heart, actually 1t may be more blunt than after death when this 15 accenruared
by contraction and rigor mortis.

“The anatomic cardiac apex s formed by the left venncle, Whether this sima-
tion also prevails for the roentgenologic cardsac apex was the basis of a discussion
betw cen Dietlen and Zehbe The former belicyed thar the nght ventnicle contributed
as much 1f not more to the apex while the latter held that the lefe ventricle alone
forms the roentgenologic apey, the nght ventricle merely mfuencing 1ts position
The mvestiganons of Arkussky as well as those of Laubry and coworkers with
cadaver heares filled with contrast agents and with angiocardiography 1n hiving
subjects have actually shown that the roentgenologic eardiac apex of the anterior
view normally 15 formed by the left ventncle, the level of which extends farther
down and 1o the left than that of the right senmcle.

“The palpable apical impulse corresponds 1o the roengenclogic apex in only one
third of the cases (Dietlen), usually the former bes 1 to 2 cm. above and mesial 1o
it (Schwarz, Dietlen, Sahli). This 1s explaned by the fact thar the cardiac apex
which s superimposed by lung contributes less to the apical smpulse than the antenor
ventticular wall; the latter bulges during the peniod of contraction (systolie cardiac
bulge) Only when the thora 1s natrow may the apical impulse be located lateral
o the left cardiac border (Dietlen). When cardiac action 15 excited by exertion,
mental excitement, or thyrotoucosts, the pulsation of the chest wall may evtend
far beyond the heart to the left despite a thorax of normal size (Morntz).

Ordimarily the diaphragmanc border of the heart cannot be disungwished against
the abdominal shadow when the fevel of the diaphragt 1s normal, ar nmes, however,
a distincuon can be made m a2 child or a slender adult with 2 pendulous hearr, A
flat, cavdal-convex curve, drawn from the cardiac apex to the nght cardiodiaphrag-
manc angle, approumates the course of the diaphragmauc border fairly well
{Monitz). This can be convinaingty demonstrated when the gas-filled colon happens
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to be interposed between the biver and diaphragm (fig. 48) or a pncumoperitoncum
(fig 14) allows onc to recognize the Jow er himit of the central diaphragmauc tendon
and conscquently of the heart

The left cardiophrente angle, lihe the right, 1s often hlled by a pale shadow which
descends laterad. Somictimes chts shadow appears only 1 nspuration and when
stretched by mspiratory descent of the diaphragm. It s straight or shghrly concave
but 1n deep inspiration 1ts edge may also be laterally comvex (fig 15) Occastonally
1t shows pulsations synchronous with, but smaller than, those of the left ventricle
Schwarz called this shadow a **fat pad.” It represents a collection of fat and con-

Fic 14 —Visibility of the diaphragmanc boundary of heart with pnenmoperitonenm

1 Ste of reflection of diaphragmatic 6 Fat pad
pleura into the mediastinal pleara 7 Lefc draphragm

2 V. hepatica dextra and cava inferior 8. Peumopentoneum

3 Right daphragm 9 Spleen

4 Pncumoperitonenm 10 Lig coronarium hepatis

5. Liver

nectuive tssuc betw een the divergmg leaves of the parietal perscardium and medias-
tinal pleura (Assmann), usually it extends from the antertor chest wall to the velum
of the phremic nerve, a fold in the mediastinal pleura m which the phrenic nerve
runs (Laurell). The fat pad 1s more common and often larger 1 obese indwiduals
than m thin ones Posnible with adh i the cardiodiaph

angle 15 easily avoided since the fat pad does not mterfere with draphragmatic move-
ments during deep mspiration. 1f the border of the shadow 15 1rregular and pleural
adhesions are noted elscwhere on the left side, adhesions may actually be present
(Pape). A physiologic fat pad can create difficultics in distinguishing the limyr of the
apex and cause ¢rrors il measurement of the longitudinal and transverse diameters of
the heart unless a careful search with the shutter closely drawn 1s made to separate
the more strongly pulsatng, denser cardiac apex within the pale shadow  Finally,
a fat pad may at times simulate an aneurysm of the cardiac apex (p. 236) when 1ts
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edge is lateral-conucx, this situation occurs, as we have :lrcadynq:ed. not rarcly in
deep insprration (Zdanshy). Lakewse atel is 1n the cardiopt angle occasior
ally assurncs the shape of a fat pad (Pape)

Usually the cardiac w aist can e resolved into two ares The lower one tends to
be so small and flac that its differenniation from the left ventneular arc 15 often
uncerean It 1s formed by the left auricular appendage, which, to varymng degrees in
drfferent individuals, here extends above the left ventricle from behind and even
appeats an the left cardiac border, If Lavbry and cow orhers never found a normal

Fic. 13 Fic 16

Fic 15 —Far pad with comvex border Film in deep msprration (copy of Rlm).

Fia 16.—Postrron of right aterum and right ventacle, s well as the course of both Vv cavae
and the pulmonary arreries {Schemate deawing afrer filling cadaver heart with contrast matenal,
after Laubry, Coteenot, Routier, and Herm de Balsac) Ves = superior veny cava, Vet = jnfertor
vema cava, Ad = nght stem, Vd = nghr ventncle, Ap = pulmonary arrery, Apd = nght
pulmonary afery, Aps = left pulmonary artery

left atnum, filled with contrast matersal after death, contributng to the contour,
perhaps blood clots were present between the atrial trabeculze This may have
prevented complete fitling by opaque modia and made rocntgenologic demonsera-
tion of the auricular appendage impossible. As previously mentioned, the conus
pulmonalis, which almost reaches the Jeft border of the heart, somettmes actually
— 2 Ve <

i ems am3 -

. ,
the lett border of the trunk ot the pulmonary artery which anses from the conus
cranizd and posteriotly to dwide mto two nmamn branches below the aoruic arch
The site of dwvision 15 not demonstrable n the posteroanterior position It 1s pro-
jected almost into the upper end of the pulmonary arc.
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to be interposed betwcen the hiver and diaphragm (fig. 48) ora peritoncum
(fig. 14) allows onc to recognize the lower limit of the central diaphragmatic tendon
and consequently of the heart.

“The Jeft cardiophrenic angle, hike the night, 1s often filled by a pale shadow which
descends laterad. Somcumes this shadow appears only mn snsprration and when
stretched by mspiratory descent of the duaphragm. It 1s straight or shightly concave
but 1n deep nspiration 1ts edge may alse be laterally convex (fig 15). Occastonally
1t shows pulsations synchronous with, bur smallcr than, those of the left ventricle.
Schwarz called this shadow 2 *“fat pad,” It represents a collecnion of fat and con-

Fic 14 —Visibility of the diaphragmanic boundary of heart with pneumoperitonenm

1. Site of reflection of diaphragmatic 6 Fat pad
pleura into the mediastinal pleura 7. Left draphragm
2 V. hepatica dextra and cava mferior 8. Pneumoperitoneum
3. Righ diaphragm 9 Spleen
4 Pneumoperitoneum 10 Lig coronanum hepaus
S. Liver

nective tissue between the diverging leaves of the parietal pericardium and medias-
unal pleura (Assmann), usually it extends from the antersor chest wall to the velum
of the phrenic nerve, a fold m the mediastunal pleura i which the phremic nerve
runs (Laurcll). The fat pad 1s more common and often larger 1n obese mdividuals
than 1 thin ones. Possible fi with adh m the diodraphragmauc
angle 15 easily avoided since the far pad does not interfere with diaphragmatic move-
ments during deep insprration !f the border of the shadow is irregular and pleural
adhesions are noted clsewhere on the left side, adhesions may actually be present
(Pape). A physiologic fat pad can create difficultics distinguishing the linit of the
apex and Cause erTors 1n measurement of the longttudinal and transverse drameters of
the heart unless a careful scarch with the shutter closely drawn 1s made to separate
the more strongly pulsating, denser cardiac apex within the pale shadow, Finally,
a fat pad may at umes simulate an aneurysm of the cardiac apex (p. 236) when 1rs
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the cardiac shadow; consequently they are not visible in most anterior views. The
relations of the pulmonary vems are apparent 1 figure 17 which was drawn by
Laubry and coworkers,

The view cxpressed long aga by Holzhnecht has been confirmed, namely, the
hilar shadow s and “lung markings™ owe their appearance, for pracucal purposes, to
the vessels. Carcful inspection of them 1s an essenual pare of every roentgen study

Fia 17 —Course of the pulmonaty vems and position of the left atrium and left venencle
(Schematic drawing after filling cadaver heart with contrast matenal, after Laubry, Cottenor,
Routier, and Heim de Balsac) As = lefe atnum, Vs = left ventncle, Aa = ascending aorta,
Ad = descending aorta

of the heart because no other procedure affords a better msighe 1nto the blood and
flud content of the pulmonary circulation.

3. The Raght Antertor Oblique Vievs i the Erect Posinion (Figure 19 and b)

With rotation of the patient to the left as origmally recommended by Holz-
knecht and von Criegern, the left atrium and ventricle progressively vamsh while
the right ventncle, approachmg the antenor chest wall, progressively contributes
more to the left border of the cardiac shadow With rotauon of about 45 degrees
(posiuion 315) a farge part of the left border 1s formed by the right ventrcle, near
the diaphragm, how ever, a section of the left ventricle 1s occasionally percepuble as
a shallow curve. At the upper end of the nght ventricular arc, the conus pulmonalis,
merging with the beginnmg of the trunk of the pulmonary artery, protrudes hke 2
flat knob.

The night atnum which formed most of the nght border m the posteroanterior
position 15, by thus time, projected largely imto the cardiac shadow, but as a flat
convex arc it sull contributes extensively to the caudal nght cardiac border. With
mcreasmg rotavion to the left, however, 1t gradually disappears, replaced by the
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The left branch of the pulmonary attery may be considered a direct continuanion of the trunk
(fig 16) 1t procceds at first almost 1n the same plane, dorsad and cephalad, snon to bend over the
root of the lung to the left, there st ¢rosses the left man bironchus to pass over it at the postertor
border of the upper Jobie bronchus The angle of its slope, directed obliquely to the left, 15 subject to
great indrdual varanons In chuldren it procecds almost transversely (Krevzfuchs), while m
adults 1ts course 1s more in a2 dorsoventral plane Consequently in children the left branch of the
pulmonary artery often appears below the aortic knob like a comma, 10 adults, on the contrary,
the left branch 1s often projected into the puimonary trunk so that only 1its smalter branches are
seen almost sn the cardiac waist and pethaps cven partly covered by it The oblique course of the
lefr pulmonary artery corresponds almost exactly to that of the zortic arch to which it 13 bound by
the short Lag Botalli (hreuzfuchs) Naturally there are exceptions for an oblique course of the left
pulmonary artery may be assoctated with a sagitral course of the distal aortic arch when the Lig
Boralll 15 long

The night pulmonary artery 1s definately longer than the lefe Below the arch of the aorta it
bends to the nghe and almost h Ily nan direction or descends 2 lntle
behind the ascending aorta and supertor yena cava to the root of the lung The night branch also
1s somewhar lower than the lefe Thercfore it 1s somewhat below the right man and upper lobe
bronchus whereas the left branch—as alrcady mentioned—proceeds cramad to the left mam
bronchus to reach the posterior border of the upper lobe bronchas

Both branches of the pulmonary artery subdivide into superior and intermedrate trunks just
before entertng the lung (Herrnherser and Kubat) The supersor trunks ascend to sapply the upper
lobes The mtermediate trunk, as a direct continuation of the main branch, provides branches to
the rest of the lung, 1t 15 locared at the lateral border of the large broncht which run downward

Assmann at first potnted out that the branches of the pulmonary artery form the
major constituents of the hular shadows which he on each side of the cardiovascular
shadow. The pulmonary vems, the bronchopulmomry lymph nodes and connecuve
ussue have subord A phy m hving subjects has con-
firmed this statement (Eg.\s Moniz, Lopo de Carvalho and Almeida Lima, Lopo de
Carvalho and Egas Momz, Conte and Costa, Ravina, Robb and Stetnberg).

Owing 1o the course of the two branches of the pulmonary artery, the left hilar
shadow 1s somew hat hugher than the right By and large both look hke commas with
therr curves lateral and comvex, both have branches above, below, and lateral, cor-
responding not only to the branches of the arteries but to the veins as well. Positive
differentiation of the artenal from venous branches 1s possible only o 2 lmited
extent

On the right and left an upper and lower group of pulmonary veins are dis-
tinguished anatomically On both sides the mam branches of the upper group pass
1m front of the artenies from the lateral and upper parts of the lungs toward the heart
and then bend dorsad under the pulmonary artery toward the left acrium m which

they empty Consequently the “antler-like™ (Laubry) vemns lie betw een the branches
of the superior trunk of the pulmonary artery which ascend laterally and cannot be
defimtely disunguished from them The large vens are located ac the lower border
of the mtermedsate trunk and umte with them to form a band represenung the union
of the mediastinal and hilar shadows The large branches of the lower group of

ulmomry vems are situated more caudad and behind the pulmonary artery. Their

ln e Al and bas on marre o tha Taome and nrarsad o~ o1 oo

- 1
border (Assmann) The large venous trunks of this group tend to be projected 1nto
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Holzhnecht's space contains shadows of various posterior meduastinal struc-
tures, mcluding the descending aorta, the esophagus, and lymph nodes. In the
retrovasal space, almost parallel to the vertebral shadow, one sees the clear band of
the trachca, a finger in width, soon divide into two branches. The clear band of the
nght man bronchus represents an almost straight continuation of the trachea;
gradually 1t fades into the blurred shadows of the vessels of the night lung. The left
main beonchus descends concavely and to the left almost paralle to the left side of
the vascular band and finally fades into the darkness of the cardiovascular shadow,
nevertheless the left upper lobe bronchus, nising obliquely, can usually be recognized.

The angutus of the Jeft scapula 15 projected in the upper retrovasal space, in
the middle pare, single large branches of the night pulmonary vessels produce
shadows; in the lower section some of the right breast shadow appears in women.

All these shadows blur the edge of the posterior cardiac wall and the vascular
shadow against the posterior mediastinum more than one mught anticipate. In
muscular as well as obese indniduals great difficulties arise. When the lungs are
dark and hilar shadows are enlarged owing to pulmonary congestion or when a
pleural effusion happens to exist, demarcarion of the posterior cardiac wall may be
impossible

Fortunately we possess threc measures to facilitate visualization of the posterior
cardiac wall even under adverse eircumstances (1) The Frik mancuver, (2) Deep
inspiration, and (3) Filling the esophagus with barium.

1. Fnk's maneuver ehminates the disturbing shadow of the left scapula from the
retrovasal space. The patient places his left hand on the occiput, or he may move us
teft forearm forward and hift it with nght-angled flexion of the elbow so thar the
abducted upper arm is almost hori i and 15 1 ly rotated mward,
then the shadow of the scapula moves our of the retrovasal space above the vascular
band into the left lung ficld.

2. Inspiratory descent of the diapl leads to el the msp y
lifung of the heart with the anterior chest wall, ro wideming of the posterior medias-
unum, the retrocardiac space increases 1n length and breadth (fig 20). Since the
lungs fill with air and the postenor mediastum simultaneously broadens, trans-
parency of the space often permuts satisfactory visualizatron of the posterior cardiac
wall even under adverse circumstances,

3. If difficulties sull persist, 1t 15 advisable to visualize the position of the pos-
terior cardiac wall indirectly by filling the esophagus with barum (fig. 21) (Schwarz,
Assmann, Gibert). The basis for success with this procedure is the close topographic
connection between the heart and the esophagus. Only the upper thoracic esophagus
lies directly in fromt of the spine, below the Wifurcauon 1t moves forward as the
descending aorta, coming from the left, 15 interposed. Consequently, the esophagus
steadily approaches the posterior cardiac wall until they are 1n contact for 2 to 4
cm If the esophagus 15 filled with barium, it 15 seen behund the heart, descendimg 1n a
straight line or a shghtly ventrad-concave curve; occasionally it shows a flat m-
dentation (Conrads) and often a dorsally directed, transmutted systolic pulsation
results from 1ts close apphcation to the posterior cardiac wall. If the latter en-
croaches unduly on the posterior medasunum, perhaps from an enlarged left
atrium, dorsal disp} of the esophagus (A Gabert) can be demon-
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posterior wall of the left atrium, With rotanion of about 60 degrees (position 30?)
this forms most of the right cardiac border cxcepe for a small supradiaphragmatic
secuion (figs. 18, 192 and b, stem 9). The special adsantage of this position is the
opportumty afforded to judge the sizc of the left atrium.

To the nght and above, the cardiac shadow cxtends into the vascular band
Below, 1t 15 broadly applied to and 1s indistnguishable from the abdominal shadow.

In thus rotation to the left the spine 1s projected out of the cardiac shadow to dfc
nght and one may sce between 1t and the heart, The clear field berween them is

!

Fic 18 —With rotation to the left of about 60 degrees, the left atrium forms the border over 2
consderable area on the right side LV = left acnum, LK = left ventricle, RV = nght atnum,
RK = rght vemncle, KS = Jar seprom, S = esoph  deseending sorta (Hori=
zontal section through the thorax at the lovel of the cighth thoracie vertebrs, after Pernkopf)

Holzknecht's space, the caudal scction 1s called the retrocardiac and the cephalad
portion the retrovasal space (Groedel and Arnsperger) Ths field 15 bounded on
the night by the shadow of the spine, below by the diaphragm, and on the left by
the cardiovascular shadow

The night border of the cardiac shadow 1s formed, as already mentioned, mamly
by the left atrium, this describes a flat convex arc which caudad bends more notice-
ably to the Jeft to join the diaphragm at a sharp angle. This angle is bridged by a pale
shadow which rises obliquely and corresponds to ¥hc posterior border of the supra-
diaphragmatic section of the inferior vena cava. This vessel becomes more prominent
with spiratory descent of the diaphragm (fig 19b, 1em 11).
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L. V. brachiocephahica dext
3 Ant border of sup venz 2%

3, Trache2

4 V' thoracica longumhmhs dext (V'

. azygos)
s Supertor vena cavd

s Rught pulmonary arteeY

7. Descending 30rT2

§ Lef pulmonary veis
9. Left atniem

10 Rught atnum

11. Infenor vens €av2

12V brachiocephalica s

13 Aornc ard

14 Lefe medtastmal pleara

15 Left polmonaty actery

16 Trunk of pulmonary artery
17 Left upper lobe ‘bronchus

18 Projection of pulmonaty ostiom
19 Projection of aortic ostum
20 Projection of ncuspid OSEUT
21 Projection of mtral ostum
22. Right ventricle

23, Lefc ventricle
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strated (p. 162). Reference will be himited here to the fact that cardiac elevation by
the diaphragm may make the posterior surface of the heart rounder and may lead
to a circumseribed postersor displacement of the esophagus (fig. 22). This dorsal
displacement can, how ever, be ¢l d by abolishing diaph tc elevation with

[— R .

Fic. 19a —Right antcrior oblique wiew.

deep insprration, then, as mspirauion stretches the posterior cardiac surface, the

hagus also stretches.
eso‘i’asi‘mg upward from the cardiac shadow is the vascular band, about one and
alf fingers m breadth and converging on the spinal shadow. Its demarcation

oneh ed by Frik’s mancuver. Tn the formation of thys

requires special care and 15 facthiran
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cephalic vessels (Frik), Somectimes 2 thin, sharply defined hine spans the anterior
edge of the vascular band; this hne (fig. 19b, stem 14) is formed by thay porrion of
the left medastinal pleura which is seen end-on proceeding o the left costomedias-
tnal sius (Zdansky). Since, m thus region, variable amounts of fat are deposited
between the great vessels and the pencardium on one side and the mediasunal
pleura on the other, one mzy be able to see between the bandhke pleura and the
mediastinal shadows. The presence of this pleural shadow and the breadth of the
cleat space joimng 1t to the vascular band narurally depends upon the course of the
pleura and the amount of mediastmal fat, consequently 1t 1s ofren missed or 15 per-
ceptible only in very defimte planes. If the mediasunal pleura 1s scarred, the line
can be thick.

Fre. 21 Fie 22
Fi6, 23.~Normal conrse of esophagns 1n the nght antersor cbhigue position.
Fie. 22-C d posterior dispk of esophagus from carduc elevation by high
diaphragm {orthodagram drawn with beary hne) Stretching of “postenot cardiac wall and dis-
of outward esophageat bend 1 deep drawn 1 thia o).

The night border of the vascular band, {acing the retrovasal space 1s much more
difficult 1o define than the Jeft Ttis formed below by the supenor vena cava, above
by the nght brachiocephalic (nnominate) vein wiuch s to the nght On fitms,
this boundary 1s usually subdivided mto tno flac concave ares, in uxeaposition just
above the Wifurcauon (fig. 192 and b) Ac tlus place 2 short pointed appendage
dirccted to the right indicates the onfice of the azygos ven n the superior vena cava
(fig. 19b, item 4),

With fess rotanan the shadows of the superior 1 ema cava and the nght imnormnate
vein project to the nght of the clear tracheal band, with greater rotanon, on the
ather hand, they are projected mto this band (fig. 23). At all evemts, owing to the
effacing effect of the traches and adjounng left main bronchus, the vascular hmd is
divided longitadinally 1nto a nghe, narrow er, hght secuion and a lefr, broader, darker
one (Friky. If the rachea produces a strong effacing effect, it may be difficult to
tecogmize the posterior border of the vascular band With good films, howeser,
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band, the ascending aorta, the pulmonary artery, and ‘the superior vena cava par-
ucipate. The descending aorra does not contribute in this position smee it is pro-
jected toward the night with rotation of about 60 degrees, then 1ts dorsal porton 1s
located 1n the spinal shadow and the ventral i retrovasal space Deep inspiration
defines 1t more clearly m the retrovasal space as a pale shadow projecting to the
left of the spinc (Frik).

The ascending aorta does not overlap the descending in this position although this
almost happens with somew hat slighter rotation, perhaps at about 30 degrecs.

With rotatton to the left amounung to about 60 degrees, normally the aoruc

Fic 20 —~Widening and cl of the dtac space mn decp msp (——
medum breathing, - _._._ deep mspiration )

1 V. brachiocephalica dext (V' anonyma 3. Onfice of azygos vetn 1 the superior
dexe vena cava

2 V. cava supenor

arch can be defined only as far as the clear tracheal band (see below) which shines
through it, providmg the aorta 1s not abnormally wide or thick.

+ Near the bottom of the vascular band, just above the base of the heart, there1s a
round or oval shadow corresponding to the cross sectton of the left pulmonary
artery where 1t bends over to the hilus (Frik). With good views the cross section of
the vessels appears distinctly embedded 1n the angle formed by the upper lobe
bronchus and the main bronchus (fig. 19b, 1wem 15).

Below this scction of the pulmonary artery but within the cardiac shadow there
are one or more particularly dense shadows which emerge with offshoots on all
sides- the left pulmonary veins and their branches (Assmann}.

Atove the flat bulge of the conus and the pulmonary artery, the left border of
ascular band proceeds at first for a short distance straight up 1 a direction
convergent on the spine and then bends concavely to the left and outward. The
short section, almost straight or shghtly convex to r_hc left, 15 the anterior wall of
the aorta; the adjotning concave section, however, is formed by the left brachio-

the v
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taining where the distance seems smatlest (de Abreu) Apart from the facr that this
measurement, 1n a strict sensc, no fonger concens the ascending aorta bur s already
m the domain of the aortic arch, there are certam difficulues n secunng it Farst,
the point on the left vascular border Jocated at the heighe of the left tracheobronchal
angle need not correspond to one on the aorta exactly opposite the angle (Assmann),
second, the left border of the vascular shadow at thus level often 15 no longer formed
by the sorta but rather by the trunks of the brachiocephalic vessels.

3. The Left Anterior Oblque View in the Erect Postmon (Tiqure 25a and b

The left antenor oblique (boxing) position 15 employed almost cxclusnelv for
exammng the aorta and bath ventricles, With proper roranion of the pauent to the

Fio 24 —~With rotavion to nght to about 40 degrees, the ventricnlar sgprum courses approxi-
mately in the projection path of the ray so that boch halves of the heart exxend almost equally o fefe
aad righe I this position, the left heart 1s partly prosected into the vertebral shadow. LY = left
atoum, LK = lefe venrricle. RV = nght atmom, RK = nght venmncle, XS = vencrecalar
sepram, 8 = esaphagus, A = Jescending aorra (Horizontal section throvgh the chest at the
level of che exghth thoracic vertebra, after Pernkopf')

night, sn this position, the ventnealar seprum follows the central beam of the X-ray
m such a way that the two halves of the hearr are dvided about equally to nght and

left and their s1zes can be compared (fig. 24) (O'Kane, Andrew and Warren, Nemet
and Schwedel, Fray).

Natarally the ventricular septam wself always remains invisible sa that ¢ possess no proof
thac aca cectan angle of rotanan 1t acaually proceeds evactly in the path of the ray The angle which
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this can usually be accomplished by follow ing Fik’s suggestion- seck the uppermost
end of the right border of the vascular band; this 1s formed by the right innominate
vemn at the level of the nght clavicle, use this as a guide and follow it downward
(fig. 192 and b)

Lippmann and Quiring as well as Vaquez and Bordet mistakenly considered the righ, partly
effaced portion of the vascular band as a part of the supenior vena cava whach projects beyond the
shadow of the ascending aorta posteriorly and to the right Consequently they regarded the junction
between the light and dark parts of the vascular band as the posterior wall of the aorta and accord-
1ngly based thetr measurement of the diameter of the ascending aortz in the right anterior oblique
position on a rotation of 30 to 40 degrees

From this discussion ¢ 15 evident that the darker part of the vascular band
opposite the spine 1s not the aorta but the section of the band which 1s not effaced

Fic 23 —With greater rotation to the left, the nght 1nnomumate vein and the posterior wall of
the superior vena cava can be projected mnto the clear band of the trachea

!V aponyma dext 4 Onfice of VV azygos in V' cava sup

2. Posterior wall of trachea 5. Ant boundary of descending aorta

3 Posterior boundary of V cava sup 6 Postertor wall of heart

by the clear trachea and the left main bronchus On the whole, the right posterior
border of the ascending aorta 15 not exactly perceptible unless the vessel 1s patho-
logically dilated or thick There is also no guarantee that the section of supersor
vena cava which projects beyond the aorta corresponds precisely to the portion of
the band which 1s effaced by the trachea and the left mamn bronchus. Therefore, exact
measurement of the diameter of the ascending aorta 1n the right antertor oblique
position 1s not possible at any angle of rotation (p 363).

According to Assmann and de Abreu the diameter of the aorta 1s most nearly
obtamned by making the measurement higher, the distance from the left tracheo-
bronchral angle, which 1s usually easy to see, to the anterior border of the vascular
band 15 used (fig 260); the degree of rotation of the paticent 1s determined by ascer-



‘THE NORMAL HEART 33

taining where the distance sccms smallest (de Abreu). Apart from the face that this
measurement, 1n a Strict sense, no longer concerns the ascending aorta but 1s already
1 the domain of the aortic arch, there are certam difficulties in secuning it. First,
the potnt on the left vascular border located at the height of the left tracheobronchial
angle need not correspond to one on the aorta exactly apposite the angle (Assmaan),
second, the left border of the vascular shadow at this level often 1s no longer formed
by the aorta but rather by the trunks of the brachiocephalic vessels.

3 The Left Anterior Obhique View wn the Erect Posttion (Figure 252 and b)

The left anterior oblique (boung) position 15 employed almost exclusively for
examming the aorta and both ventricles With proper rotation of the patient to the

atrum, LK = lefe ventncle, RV = nght atnum, RK = night ventricle, KS = ventricular
scprum, S = esophagus, A = d sorta (H 1 scction through the chest at the
level of the eighth thoraic vertebra, after Pernkopf )

right, 1n thus position, the ventricular septum follows the central beam of the x-ray
n such a way that the two halves of the heart are divided abour equally to nght and
left and their sizes can be compared (fig 24) (O’Kane, Andrew and Warren, Nemer
and Schw edel, Fray).

Naturally the venteicular scptum itself always remamns mvisble so that we possess no proof
that at 2 certai angle of rotation it actually proceeds exactly 1n the path of the ray. The angle which
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1t forms with the frontat planc vanies from case to case, It changes with the position of the heart 1n
the thoracic cage and with the size of the two ventricles, a transserse position of the heart from an
clevated diaphragmn 15 connecred with 2 rotation to the left, a perpendicular position by vietue of
diaphragmatic descent rotates the heart to the right with resuleane change in the seprum. Assmann
fiest drew attention to rotation of the heart to the left as the resule of right ventricalar hy pertrophy
(p 143) Later Kirch and ns coworhers suceeeded in analyzing more exactly the cardiae roration
resultng from alterations of the chambers They found that widening of the outflow tract of the
right ventricle led to a rotation of the heart to the left while dilatation of the mflow tract opposed
this rotatien and might even reverse ¢ 1n ammal expeniments Dring found an analogous situation
for the left ventricle a rotation of the heart to the nght with widening of the outflow tract of the

teft ventncle d hed or letely disapp d with pred dilatation of the inflow tract.
All these d partly hac and parly may also alter the angle which the
ventticular septum forms with the frontal plane 1 different ways, accordingly we possess no
! F for ly di the of the icular seprum

nor can this be sccured with reconstructions (O'Kane, Andrew and Warren, Fray). Such recon-
ly a de, for the lar seprum does not proceed 1n 2 single

plane but 1s more or less bent

For practical purposes, however, one may assume that rotation of the patient
about 40 degrees to the nght brings the septum approvimately into the path of the
ray This subject will be discussed 1n greater detail in connecuon with pathologic
alterations of the single cardiac chambers.

To examne 1 the left anterior oblique position at first the patient is rotared
about 40 degrees to the night (Position 40) (fig. 25a and b). The night ventricle,
which did not contribute to the night border of the cardiac shadow at all or formed
only a short scction as a shallow notch just above the cardiodiaphragmatic angle in
the anterior view, now becomes increasingly apparent above the diaphragm, on
the other hand, the night atrium and 1ts appendix now parucipate only in the cramad
portion of the nght border The junction between the right atrium and ventricle 1s
often visible as a shallow notch or indentation which corresponds to the coronary
sulcus Often this 15 apparent only duning deep inspiration when the atrium becomes
rounder owng to the mspiratory nflnx of blood Usually the contours of the nght
atrium and ventricle are combined mto a flat convex are which inclines obliquely to
the diaphragm In women this 1s often supenimposed to a considerable extent by the
anterior border of the left breast, making demarcation difficult.

On the left border of the cardiac shadow the left atrium forms an increasingly
large upper section unul, with rotation to the nght of about 40 degrees 1t constitutes
about the upper half, the lower half 1s formed by the left ventricle. Occasionally
a little notch or indentation marks the atnoventricular junction The arc of the left
cardiac border becomes apparent below the bifurcation in the retrocardiac space as
the bifurcation emerges out of the maze of pulmonary vessel shadows; then it
descends fairly obhquely and convexly to the left, to bend sharply to the night
above the left diaphragm. Its lower end forms a pointed angle with the diaphragm
and the vertex of this angle normally lies a few centimeters to the night of an imagin-

ary perpendicular dropped from 1ts upper end

The left border of the cardiac shadow 1s much rounder than the nghe. Both
borders descend together and vanish in the abdominal shadow. With deep inspira-
tion and descent of the diaphragm, the bndge joing the cardiac and abdormmnal
shadow becomes increasingly marrower. In protic patients the cardiac shadow may
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be hfted completely away from the abdominal; then one sees the two cardize borders
jom in an oveud globe (fig. 25). The sofe connection now custing between the
cardiac and abdommat shadows 15 the mnferior vena cava whose shadow 1s approxi-
mately the width of 2 thumb, Somewhat to the Icft of the rounded fower pole of the
cardiac shadow, the Jeft and nght ventricles join m the remon of the cardac apex.
‘The appromate position of the apex 1 patients whose cardiac shadow sinks to a
considerable extent into the abdomina! shadow, may be assumed to lic where the
Tines meet when the courses of the two cardiac borders are prolonged.

In this position naturally the heart appears smore or less shortened according to
1ts angle of inchinaton 1 the heart is transverse, owing to a high duaphragm, the
organ seems globular; s its posstion s perpendicular owing to diaph deseent,
an oval or pear shape is assumed

With thus rotation the spine is projected out of the cardrovascular shadow to
the Jeft alchough the left border of the heart tends to be projected intto the verecbral
shadow with a flat segment cut off; then the retrocardtac field 1s bisected 1nto a
large area at the level of the bifurcation and a smaller clear triangle above the
draphragm. Only with small and median placed hearts or with very deep mspiratton
are the cardiac and spinal shadows entircly separate.

With further rotation to the right the cardiovascular shadow moves farther out
of the spinat shadow and the retrocardiac field becomes progressively wider. Ar a
rotation of 60 degrees or more the left atrum forms more and more of the border
above the ventricle, Now, n the atnial domamn strhangly large systolic pulsatsons
are flung dorsad, and gradually mesge below with the powerful, steady, systolic,
ventrally directed pulsations of the ventricle, the two types altemate with each other
‘The flapping pulsations belong to the Jefr atrium and result from its brsk fillmg
starang with ventncular systole (Zdanshy and Clinger).

The sharp angle formed by the left cardiac border and the diaphragm ts filled by
one, two, or three oblique shados s which may be followed upward for a vauable
distance anto the cardiac shadow (figs 26-28). Therr sndividual anatomc basis 15
uncertam and therr position and number vary individually according to the angle of
rotanion and the level of the draphragm In thin individuals with a low diaphragm
and wich deep mspiranion, the line located farthest to the right, without doubr, 15
often the postenior wall of the inferior vena cava (fig. 26), this can be demonstrated
convnengly by the snd of p penstoneum O Ily the vein can be
follow ed vpward toward the vnsculat band to pravide 2 good idea of the course of
the caval axis. If diaphragmatic posttion 1s normal, however, the postertor caval
wall 1s not visible at this place, The anatomie basis for the other shadow or shadows
m the cardsodsaphragmatic angle 15 uncertain. Presumably the folds of reflection of
the medrastmal plenra and perhaps the Lig putmonalia also play a role

In the angle berw een the nghr cardiac border and the diaphragm usually a hnear
shadow ascends soward the heart Somettmes this corresponds to the nght anterior
border of the nfertor vena cava when one can sce beeween the heart and the dia-
phmgm owing to the low position of the latter. But when the cardtac shadow dips
into the abdominal shadow, as 1s usually the case, the reflection of the diaphragmatic
pleura into the mediastnat produces the shadow Often this can be followed up

wnto the cardiac shadow from which it curs off 2 smalt s entral segment of less density
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(fig 26a and b). This clear ventral zone is produced by the air-containing lung
interposed between the heart and the nighe anterior chest wall in the right costo-
mediastinal angle Cephalad, the shadow edge merges directly with the right border
of the vascular band or procceds upward just within 1ts right edge. Often it con-

o S

I e soy

[

Fic 252 —Lefr anterior oblique view.

tnues as a linear streak bridgmg the right border of the vascular shadow which
executes a gentle concave curve to the night (Zdansky). This shadow corresponds
to a part of the right ventral mediasunal pleura which 1s scen on-end Its course

{evelop of the night d angle, which varies,

depends upon the
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and naturally changes with the angle of rotation. At the level of junction of manu-
brium and corpus sterny, the stripe continues 10 an S-shape which 15 visible to the
left above through the clear tracheal band as far as the end of the left clavicle (fig.
26a and b). This linc ndicates the transition of the left costal pleura, receding from
the anterior chest wall, into the mediastinal pleura. The 1dea that this line 15 the
direct continuation of the right ventral mediastinal pleura depends upon the close
approach of both pleural cavities to each other near the retrosternal “anterior weak
area” (Brauver) where they are almost in contact behind the manubrium

Fic 262 —Left anterior obliquc postion Rotation to right about 40 degrees

Naturally the shadows show considerable differences from case to case since the
extent of each pleural space and the sies of costomediastinal reflection normally vary
greatly, further complexities are created by acquired alterations of the pleura and
lungs The possibility of demonstrating various pleural shadows depends, to a high
degree, upon the plane of projection (figs 26 to 28) Consequently some of the
shadows described are not perceptible in a gven case

The dark vascular band rises obliquely crantad from the cardiac shadow (fig.
252 and b). It 15 composed primanly of the ascending aorta, the superior vena cava,
and the night pulmonary artery Its breadth and definition vary greatly with the
degree of rotauon (figs. 26-28) FEven shghe rotanon out of the dorsoventral
passage of the ray suffices to hide the superor vena cava behind the broader aorta
(Reich) The right border of the vascular band 15 formed by the section of ascending
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aorea which hes directly abouve the right udge of the cardiac shadow and rises ob-
taely as a straight bine or 35 2 cune, shighely concave to the right, converging on
the vertebral shadow, Farsher cephalad the righe vascular band bends concavely to
the right through the sternal shadow toward the medial end of the right clavicle:
che basis of this part is the snnomsmase vein,

The left boundary of the vascular band is formed by the clear tracheal band, a

Fig, 26b,~Lefe anteror obhique posttron, Rotation to night about 40 degrees
! On-end transition of the left costal 6. Lefc subclavean artery
pleura mto the medustina) pleura 7. “Aorue trangle™

2 Left meduastinat pleura 8. Posterior border of the descending

3, Rughe bilas aorta
4 Right mediastinal plevea 9 Antenor border of she descending anrta
§ Right pulmonary veins 19, Infersor vens cava

finger 1n width, and the right mata bronchus. The clear tracheal band descends from
the neek at the right of the spinc, nearly pespendiculaly or cutved shghely convex to
the right; on the way 1t lights up all vascular shadows (see below). Near the level
of the fifth thoracic vertebrs 1t divides mto two elear bands, the majn bronchi, In
most cases the bifurcarion 15 readily seen. The nght bronchus 15 an almost straght
continuation of the trachea and is the 2ctual left boundary of the vascular band, it
can be folloved to a carble depth in the cardize shadow. Qccasionally, in some
positions and with certam planes of projection which vary from case to case, the
clear band of the rght upper lobe bronchus branches at a sharp angle to the righe
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above and cuts across the dark vascular band (figs. 26 and 28). The tapering rigt
lower lobe bronchus usually slopes more or less obliquely to the right a few cent
meters below the bifurcation, to end suddenly at an acute angle within the cardia
shadow (figs. 26 and 28). The slope and tapering are brought abour by an intens
oblong shadow, the upper pole of which extends to the vascular band, the lower t
the cardiac shadow and then fades on all sides nto branches. In the center of th
shadow , with a rotation of 40 to 60 degreces, an oval dark nucleus may project Ink
the clear bronchial band to produce its slope This nucleus 1 the right pulmonaty

Fic 272 —Left anterior oblique posinon Rotation to right about S0 degrees The width of
the vascular band in this postion corresponds to the ascending aorta

arcery and its branches at the nght hilus. C ly, Frik s dly correct
in staung that the left hmit of the vascular shadow agamst the nghe bronchial
band is normally formed by the night pulmonary artery and not by the ascending
aorta, contrary to the statement of Reich (figs 25 and 26) In addition, the section of
the right cardrac border opposite this slope, where one measures the aortic diameter
in Rech’s procedure 1s not usually the aorta at all but the nght atrum, obvicusly
measurement of the diameter of the ascending aorta at this level 1s not free from
Oble;-t}:g::remnrks are not mtended to 1mply that this d|.;\mercr carmot be deter-
muned at this place under some cireumstances They arc valid, 1n gencral, only when

lense aortic shadow the slope of
the aorta s notmal. With a wide and consequently d p
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the nght bronchus 15 actually formed by the posterior wall of the aorta and the
opposite place on the nght cardiac border by the anterior aortic wall, then the
diameter can actually be measured at this level.

Under all circumstances, however, the conditions are more favorable in the
portion of the ascending aorta which projects just above the night pulmonary artery.
Tt 15 true that the width of the vascular band changes considerably at this level

Fi6 27b —Left anterior oblique position Rotation to right about 50 degrees The width of the
vascular band in this posttion cotresponds to the ascending aorta

I. On-end transmon of the left costal 5. Art carotss communts sim, snd Are. sub-
pleusa sato the medrastal pleura clavsa s

2 Aatertor border of ascending aorta 6 “Aortic tnangle”

3. Rughe hulos 7. Aoruc arch

4. Right pulmonary veins 8 Anterior border of descending aorta

depending upon the amount of rotation 1o the right (figs. 26 to 28) The less the
rotatton 15, the smaller the vascular band becomes since a part 1s progressively
effaced by the clear trachea (fig, 26), with further rotation to the right, the band
widens as the ascending aorta 15 detached more and more to the nght from the
trachea (fig 28), finally 1t separates completely. Moreover, 1t should be clear that
the width of the vascular band at this place corresponds to the aortic diameter only
when 1ts shadow at this place just touches the light tracheal band This happens
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only at a definite angle of rotation which vanies individually and must be determined
10 cach case. To find this, 1t 1s bese to turn the pauent slow ly to the night unul the
vascular band 1s at the level of the trachcobronchial angle or just bencath 11, with
parallel edges on both sides (figs. 27 and 261), and stands sharply against the cleat
trachea This locates a plane where the shadow of the ascending aorta and the clear
band of the right bronchus are no longer projected into cach other but together so
that they just touch.

It must be acknowledged that demarcation of the posterior wall of the ascending
aorta at this level may cncounter overwhelming difficulties owing to powerful

Fic, 282.~Left anterior oblique position Rotation to righe about 60 degrees.

lac develop obesity, pul Yy on, pleural scars, or pulmonary
fibrosts, 1 thin individuals and emphysematous patients, the lungs may be so radio-
lucent that they shine through parts of the aorta precluding definite delineation
Lven under otherwise normal conditions, however, the demarcation 1s hardly refiable
as one wll reabize by recalling that the contrast of the ascending sorta against the
right main bronchus does not depfnd upon their close relations but is subject to
haphazard summations and subtractions of shadow s of different densities. Moreover,
the right border of the vascular band at this level often 0 longf:x corresponds to
the anterior wall of the ascending aorta but to the smnominate vein, this is cvident
since the edge of the shadow no longer parallels the posterior wall of the ascending
aorta but extends to the nght and concasely toward the sternal end of the right

clavicle.




THE NORMAL HEART 45

The proxmal division and vestex of the aortic arch are not conclusn ely demon-
strable, The first forms 2 mass of shadows with the ngh brachiocephatic vessels
passing towasd the neck, the fatser is traversed by the clear mchc-::l band which
shies through it so that ts upper boundacy 1s pereeptible only at times as a pale
crantoconvex curve With greater regularny the upper border of the dustal aortic
arch can be demarcated beyond the trachea. Below it completes 3 translucent -

Fi 28b —Left antertor oblhique posizion, Rotation to tight abour 60 degeecs.

1 On-end transition of the left costal into & “Aocruc teangle”
the medhastinal plenra 7. Aortic arch
2. Roghe hnlus § Posterior border of the descending
3. Right pulmonary vens aorta
4. Mammary fold (%) 9 Left pulmonary vemn
5. Ast carons communts sin and Art sub- 10 Venz cava inferior
clavia sm.

angle, the left side of which 15 the spine, and the nght a flar shadow, concave to
the left, descending obhquely from the lefr above (figs 25 ro 28). The litter cor-
responds to the subclavian fold of the left mediastinal pleurs 1t which the left sub-
clavian artery runs Thes triangle, the breadth of which vanies according to the
amount of rotation, was named the “aoruc triangle” by Parlonson and Bedford It
corsresponds to 2 sinus of the left pleural cavity toward the mediastinam which
extends in front of the spine and behmd the brachrocephalic vessels, air passages,
and esophagus almost to the midhine (fig 13) Here 1t almost contaces the corre-
sponding pouch into the righe pleural caviey (Dancls) The transparency of this
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only at a defintte angle of rotation which vanies individually and must be determmed
in each case. To find thas, 1t 15 best to turn the patent slowly to the righe until the
vascular band 1s at the level of the tracheobronchial angle or just beneath 1t, with
parallel edges on both sides (figs 27 and 261), and stands sharply agawnst the clear
trachea. This locates a plane where the shadow of the ascending aorta and the clear
band of the night bronchus are no longer projected mto each other but together so
that they just touch

It must be acknowledged that demarcation of the posterior wall of the ascending
aorra at this level may encounter overwhelming difficulttes owing to powerful

Fic, 28a.—Left anterior oblique position Rotation to right abour 60 degrees.

lar develop obesity, pul y congestion, pleural scars, or pulmonary
fibrosis, m thin ndividuals and emphysematous patients, the lungs may be so radio-
Iucent that they shine through parts of the aorta precluding deﬁpx(e dehneation
Even under otherw 1se normal conditsons, however, the demarcation is hardly relable
as one will realize by recalling thar the contrast of the ascending aorta against the
night main bronchus does not depend upon their close relations but 15 subject to
haphazard summatons and subtractions of shadows of different densines. Moreover,
the night border of the vascular band at this level often no long§r corresponds to
the anterior wall of the ascending aorta but to the nnominate vein, this 1s evident
since the edge of the shadow no longer parallels the posterior wall of the ascending
aorta but extends to the right and concavely toward the sternal end of the nght

clavicle.
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“The proximal division and vertex of the aortse arch are not conclusively demon-
serable The first forms a mass of shadows with the right brachiocephalic vessels
passing toward the neck, the latter 1s traversed by the clear tracheal band which
shines through it so that 1ts upper boundary 1s pereepuible only at imes as a pale
cranioconvex curve, With greater regularity the upper border of the distal sortic
arch can be demarcated beyond the trachea. Below it completes a translucent trt-

Fig 28b —Left antertor oblique position Rotation to right about 60 degrees

1 On-end transition of the left costal mto 6. “Aortic tnangle™
the meduastinal pleura 7 Aortic arch
2, Rught hulus 8 Posterior border of the descending
3. Roght pulmonary veins aora
4. Mammary fold (*) 9 Left pulmonary vem
5. Art. carotts communis s and Art sub- 10, Vena cava inferior
clavia sin.

angle, the lef side of which 15 the spine, and the night a flat shadow, concave to
the left, descending obliquely from the left above (figs 25 to 28) The latter cor-
responds to the subclavian fold of the lefc medrastinal pleura m which the left sub-
clavian artery runs This triangle, the breadth of which varies according to the
amount of rotation, was named the “aortic triangle” by Parkinson and Bedford Tt
cotresponds to a sinus of the left pleural cavity toward the mediastinum which
extends in front of the spme and behind the brachtocephalic vessels, air passages,
and esophagus almost to the midline (fig. 13) Here 1t almost contacts the corre-
sponding pouch into the night plearal cavity (Danchus). The transparency of this
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trangle, so stnking to the eye, is casily explaned; at this place the posterior
mediastinum represents only a reduphcavion of the pleura separated by a litle
connective tissue, the “dorsal mesentery” of the esophagus (sec p. 20) (Pratje).

Sometimes when the rays pass in a certan plane a second shadow runs in a
craniocaudal direction 1n the clear trachcal band It also parallels the subclavian
shadow mentioned above but rests on the aortic arch with a flar curve, concave to
the nght It indicates the course of the left common caroud artery (figs 27 and 28).

The contours of the tast two branches of the aortic arch mentioned above create
a biconcave dark band which merges with the shadow of the aortic arch (Zdansky).

In some films a lincar shadow begins below the left clavicle to cut downward
across the trachea to the right and extend toward the left border of the manubrium
(fig 28). This linc corresponds to the mammary fold of the mediastinal pleura in
which the left Vasa mammana runs (Zdansky).

The inner border of the aoruic arch cannot be defined unless the aorta 1s patho-
logscally wide or its wall 1s caletfied. Therefore, measurement of the aortic diameter
1s not normally possible m this region, contrary to the suggestion of Parkinson and
Bedford Naturally the conditions are different when the aorta 1s dilated or calaified

The descending aorta can be outhined to some extent, but this differs indis1dually
and depends to a considerable degree on the angle of rotation By shadow analysis
one may differentiate the ascending aorta within the spinc as a darker shadow
flatly curved to the left (fig. 28). Much more rarely the ventral border 1s demonstra-
ble as a pale shadow located at the right of the spine with 1ts free right border usually
just below the clear left bronchus (figs 26 and 28) If parts of the anterior and pos-
terior walls, lying opposite each other, are visible, 1t 15 possible to determmne the
drameter of the descending aorta, this, however, 1s rare with a normal aorta

Tt should be evident from this discussion that n the left anterior oblique view of
the aortic loop, onc may recogmize the anterior wall of the ascending portion, the
upper limt of the distal poction of the arch, and pacts of the postertor wall of the
descending vessel with considerable regulanity On the other hand, the mner wall
of the aortic loop normally can be defined, at most, at the level of the right tracheo-
bronchral angle and sometimes m the region of the descending aorra The face that
the outer border of the aorta can be demonstrated relatively well has great value 1n
roentgenologic evaluation for 1t gives a good 1dea of 1ts course, span and the curva-
ture of 1ts divisions.

Normally the trunk of the pulmonary artery cannot be seen The left pulmonary
artery, which proceeds dorsad and almost sagittal to bend over the left mai bronchus

to the root of the lung (p 25), 15 frequently visible In thin idividuals and par-
ucularly when the vessel 1s dilated 1t can be recogmzed as 2 band, a finger in width,
arching upward to the left, to cross over the clear left mam bronchus below the
aortic arch and finally to fade into the vertebral shadow (figs. 25 and 300)

Occasionally onc can recogmze the Ligamentum arteriosum Botaili bndging
the shadows of the aortic arch and the left pulmonary artery (fig 330)

Usually the imtial poruon of the right pulmonar)f artery cannot be outlined
although 1ts division in the root of the right lung ordinarily 1s casily seen, The latter,

as mentioned above, 15 projected into the left portion of the vascular band to form 1ts
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tefk border where the vascular band passes out of the cardiac shadow. With a rotanion
of about 30 o 45 degrees the arcery appears as an oblong shadow which shows
hranches on all sides but particularly above and below (figs. 25 to 28). Here the
right hilar shadow confronts us, shining through the cardiovascular shadows, Witha
rotation of 50 to 60 degrees, a dark, round ar oval center can aften be recognized
within the hilar shadow, corresponding 1o the cross secuon of the nght pulmonary
artery immediately before 1ts division into farge branches.

Tn the center of the cardiac shadow wself, directly below the arez i which the
right pulmonary artery subdndes and usually combined with it, one or two dark,
round or ablong areas from which dendnitic projections extend in all directions may
be seen {figs. 25 to 28). These arc the right pulmonary vemns which—usually
disided into two groups—empty mto the attum (Assmann).

Of the left puimonary vems only a few branches directed to the left are visible.

+ The Left Lateral View sn the Erect Position (Figtere 29)

With rransverse dextro-simstraf projecnion the degree of inclmanion of the heart
from the tnck-abore to the front-below s disunet,

Between the heart and the antenor chest wall ene sces the clear retrosternal
field corresponding to the anterior medimstinum It has the shape of 2 small mangle
with the apex downuward, Below the artachment of the fourth nb, approxumately,
the cardiac shadow no longer can be distinguished from the sternum. Often, how-
ever, just above the diaphragm, the heart agam retreats somewhat so that a second
smatler clear triangle develops; its apex s directed upward,

Palmiert and Raster emphasized that to the left of the midline the heatt may project ventrad
beyond the posterior surface of the sternum when it 13 sauated 1n the curvature of the left anterior
chesc wall Since 1n 2 fateral view some of the antenor cardiac wall may be projected ma the
shadaw of the stecnum (fig 29 1t may not be correct, without further considerarion, to focare the
ancenor hearr surface on the postenor aspect of the sternum

In saspiration the retrosternat field becomes broader and highter since the heart
foltow s 1nspiratory elevaton of the antenior chest waf) imperfectly, Consequently
the chest wall may separate from the heart enough for one to see between them
Since the retrosternal field often fails to expand, thus face alone does ot mean that
local adhestons exist The demarcauion of the retrosternal ficld 1s often difficult 1n
women since the breast shadows are projected mto st In panents with emphysema
the field is vsually wide and may even extend ta the diaphragm

The right border of the carduac shadow s formed by the flat, convex arc of the
anterior right ventncular watl to which the flat bulge of the conus and the pulmonary
artery is jomed sbove Then the antertor wall of the ascending aorta ascends to the
feft almost 1n a strasght bne

Berween the cardiac and vertebral shadows is the retrocardiac space, normally
1t is rather smalt and dark but greater breadth and radialucency 1s attamned in
protic rdividuals and paucnts with emphysema. In young patients, demarcation of
the cardiac shadow from the posterior medsastinum wsually offers no problem, m
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stout and muscular mdividuals, however, and with discases of the heart and lungs,
disunction ts often impossible.

The left border of the cardiac shadow 1s formed largely by the left atrum
(Assmann, Gabert). The left ventricle may participate 1n this border but only m
the lowcrmost section and at a sharp angle where the border joms the diaphragm
which descends posteriorly Since the angle 1s regularly bridged by the pale, obliquely
nising supradiaphragmatic section of the inferior vena cava (usually curved shightly
concave to the left) the left ventricle does not normally form thus border with frontal
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Fic. 29 —Left lateral view.
1. Retrosternal field 6 Aortic arch
2. Pulmonary artery 7 Antenor wall of descending aorra
3. Sternum 8. Retrocardiac field
4. Right ventncle 9 Left atrum
5. Trachea 10. Inferior vena cava

passage of the ray (Gaber) Only w hen this chamber is dilated or hypertrophied,
m deepest mspiration or with marked emphysema, does the left ventricle appeat
above the shadow of the mferior vena cava (Assmann).

“The left Jateral view s employed pnmanly to determine the antero-posterior
diameter of the heart and to imestgate the anterior mediastinum

5. The Right Lateral, the Postertor, and the Rught and Left Posterior Qblique Views m
the Erect Position

s m these positions reveal only slhight differences from those with

Exammation:
viations are merely the result of central pro-

opposite projecton. The trifling de
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jecuon With orthodiagraphic projection identical pictures are secured. Conse-
quently, no special discussion of these positions scems necessary.

On the other hand, investigations of the cardiovasculir complex n the dorsal
recumbent position as well as in the right and left lateral recumbent posttions with
dorsor entral projection is important,

8. The Anterior View of the Heart tn the Dorsal Recumbent Position

Apart from an increase in size (p 90f7) the cardiac shape changes its configura-
tion m the dorsal recumbent position (Moritz). This transformation (fig. 30) 1s
brought about mainly by altered spatial relations. Elevation of the diaphragm short-
ens the thoracic cavity and pushes the heart upward. Owing to 1ts oblique axis and

/;7}~\.\

Fic 30 —Alteration of cardiovascular shadow by change from erect to dorsal recumbent posi-

tiom, (.

Ercct posttion, —__ Dorsal recumbent position.)

the relative fixation between the two venae cavae, the heart becomes oblique.
whereby the left cardiac border tends to bend laterad somew hat more than the right
Elevation of the pulmonary artery makes the cardiac waist less differentiated and
more curved. Somenimes the pulmonary arc also bulges. The old debate as to whether
the cardiac apex 1s defined better in the recumbent patient than m gn erect one cannot
be settled for all cases Certainly demarcation 1s more exact in the recumbent posttion
than when 2 large gas bubble obscures the apex of the erect patient Apart from this,
examination with the patient recumbent offers no advantage mn this respect

The aortic knob appears 2 litle igher and approaches the clavicular shadow
Conscquendy the vascular band 1s shorter and broader since both borders bend
laterad, the superior vena caval shadow 1n particalar appears more clearly and usu-
ally rises in a straight lime

The poorer atrangement of the cardiac shadow resulting from the darker lung
felds plus the difficulty of rotating the patient m the recumbent position make it
less surtable for the analysis of the cardiac shadow than the erect posture. On the
other hand 1t 15 more satisfactory for determmations of cardrac size.
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7. The Anterior View of the Heart n the Right and Left Lateral Recumbent Positions

The cardiac shadow cxperiences very stnkimg aleerations in the right and left
lateral recumbent positions. These changes nvolving position as well as shape are
essennially effects of gravity, Owing to gravity the mediastmum sinks to the side
on which the patient reclines. Consequently the diaphragm on this stde ascends into

B U —

Fic 31.—R b4 d of
tion. () Rught latera) position, () left lareral pos

and al of cardiac shape from respira-
tron {__average breaching, . ... deep

the thoracic cavity while the dome on the upper side descends and flattens (fig.

31aand b).

‘The descent and fl ing of the upper drapt ic dome 1s produced by the

reduction of intra-abdormnal pressure on this side, condinoned by gravity, and by
the pull exerted by the heare sinking into the lower side; the elevation of the lower
dome of the draphragm 15 explained by the i intra-abd
this half and to relaxation resulung from descent of the heart.

| pressure on
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The alterations of diaphragmanc support maturally assist in transforming the
shape of the heart, the nature and extent of which 13 influenced by the suspensory
and fixation apparatus of the heart and by cardiac plastieity, this vanes individually.

In the righe lateral position {fig. 31a) the heart as a whole sinks o the nght and
in addition it rotates like a2 “swinging door™ (Determann) around the caval axis to
the right. This displacement makes the left cardiae border more tense so that the
cardiac waist becomes more shaflow while the night cardiac border 1s pushed up by
the clevared right dome of the diaphragm and projects more roundly mto the lung
field

In the left Jateral posibon (fig 31b) the apex of the heart sinks to the left and
rotates to the night from clevation of the left duaphragm, the heart is hifted so that ns
waist deepens and its feft border projects farther into the left fung field n keeping
with a lateral shuft of the entire heart The right cardiac border, lying near the caval
axis, alters its posiion and shape relatively lietle 1 companison to these features
the erecr position, and 1s projected largely into the vertebral shadow, the result s
merely a shght flatterung of the arc of the righe atrrum and often greater exposure of
the right hepane vein in the nght cardiodiaphragmauc angle.

The extent of lateral cardiac shuft varies decidedly m different mdividuals On
the basts of extensie studies with pereussion and palpauon Determann concluded
thar, generally speahing, cardiac mobility 1s greater 1n women than in men, in young
children less than 1n older ones and adults, and that 1t agan decreases at more ad-
vanced ages. He found the extent of mobility determined by the stabihiy of the
cennective tissue and vascular suspensory apparatus, by spatal mtrathoracic con-
ditions, and by pulmonary and diaphragmauc resistance. A phant suspensory ap-
paratus, a relaxed abdoninal wall, emaciation (Rumpf) and descent of the daphragm
favor cardiac shift n the night and Icft lateral posstons (“wandenng heare”),
elevation of the diaphragm, good nutrivion, firm connective tissue and great vessels
as well as increased pul Y 1 pul y passive ) oppose
cardiac mobitity. By extensive roentgenologic studies Zdansky confirmed the clieal
findings of Determann whose resufts were also substantiated by Goldscherder

The highest degree of lateral cardiac mobility 1s found in asthenc indviduals
with construtionally fax muscles and a flacaid vascular and conncctive tissue ap-
paratus, mn emacated subjects disappearance of fat also contributes to poor support
of the abdominal and chest organs, after several pregnancics or shorely post partum,
weak abdomimal walls permit marked displacement of the abdomimal viscera and of
the diaphragm and, thereby, lessen cardiac support, Hnally, considerable lateral
mobiliry 15 alsa encountered when tonus of sheletat musculature ss reduced

The lateral shafe which amounts to 1 5 to 3 0 cm. according to chimcal reports

(Determann, Gerhardt, Hoffmann and Goldscheider) may reach 5 ¢cm n these
cases. Shufts of 8 to 9 cm , reported as mavmat vatues on the basis of displacement of
the apical mpulse and of cardiac duliness, were never observed fluoroscoprcally by
Zdansky,

Abnormally shght or even absent lateral mobulity of the cardie shadow s

d with ef of the diaph large hearts, acute and chrome pui-
monary congestion from heart disease, extreme emphysema, extensive plepral ad-
hesions, hydrothora, hydropericardwm, and dral adh (Zdansky).
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7. The Antertor View of the Heart 1 the Right and Left Lateral Recumbent Posttions

The cardiac shadow experiences very striking alterations in the nighe and left
lateral recumbent positions These changes mvolving position as well as shape arc
essennally cffects of gravity Owing to gravity the mediastinum sinks to the side
on which the patient reclines Consequently the diaphragm on this side ascends nto

Fie 31 —R y of med: and al of cardiac shape from respira-
won. (@) Rught lateral position, (£) lefc lareral position. (—_average breaching, deep
inspiration.)

the thoracic cavity while the dome on the upper side descends and flattens (fig.
312 and b).

The descent and of the upper dome 15 produced by the
reduction of intra-abdominal pressure on this side, c'ondmoncd by gravity, and by
the pull exerred by the heart sinking into the lower sxdg; the elevation of the lower
dome of the draph is explamed by the d intra-abd | pressure on
¢his half and to relaxation resulang from descent of the heart.
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1L Pulsations of the Cardiovascular Shadow

Observation of the cardiovascular pulsanions 15 an importany fearure of every
roentgenologic examinanon of the heart. ’

With the unaided eyc only coarse movements are pereaved. Far therr finer
analysis, films in various phases or graphic registration of their course 1s necessary.
Eijhman, Weber, v, Dlischer, Th. and F. Groedel, Huismans, Correnot, McPhedran
and Wey}, Hiesch and Schiwarzschild, Ludwag, and Eggl, among others, rendered 2
great service in devising apparatus which made st possible 1o obtmin records at
opuonal phases of cardiac acnvity or, at least, to permit the subseguent arrange-
ment of the views obtamed m accordance with definte phases, Then, 1t became
feasible to undertake an exact analyss of the alreranions of cardiovascular size and
shape dunng pulsauons, More recemly rocntgen cnematography, introduced by
Kastle, Rieder, and Rosenthl his developed further 1 the hands of Chamberlain and
Dock, Janher, Reynolds, and others, to open a vast field. Parncularly by indirect
rocntgen cinematography, moving pctures of fluoroscopic tmages have made 1t
possible 1o explain the anatomic features of some pathologic hearts and ! d
congenttal anomaties. Finally curvilinear remstranion of movements bv roentgen
kymography (p. 9) has made some contribution to the analysis of cardiovascular
mosements

1. Pulsanons of the Left Yentnieular Are

I we consider a first the palsations of the left ventricular arc on the fuoroscopte
screen, we recogmze that the medial movement. corresponding to the brevity of the
systolic phase, evolves much fastcr than the diastohe lareral movement The pulsa-
tions are almost comy ergent toward the center of the cardiac shadow  Usually, how-
ever, they are farger near the apex than ar the base (Huismans, Schwarz, Dictlen,
Laurell), This difference m the breadth of excursions 1s very striking i pendutous
heatts in which the apex often excentes systolic pulsanons of astomshing size,
directed roward the base (p. 103)

In many cases, however, the pulsattons mn the upper part of the left ventcular
arc are larger than those of the apex

On the basis of sutface kymographic stodses, Stumpf dsstnguishes pulsation type 1 and 1,
depcnding on whether the apex of pacts near the base of the left ventricle show the fargest excursion
of the visible pulsations In general, type 1 18 less common than type 1 but becomes more froquent
with inereasing age Even 1n young panents it should be found m 60 per cent of the series cantatas
chase wueh obfigue hearts Marcovcr, 1t appears mote commonlv 10 heasts above average in size
and with 4 slow rate (under 70 per minute)

Soampf 15 inclined to conneet these two types of visible pulsanons 1 some cases with different
anatomue states of single sections of the ventricular wall Thus, rype (L1s alleged to occur when there
35 3 “specaal strengeh of the muscles of the outfiow tract and weakness of the apieal seetion ™ Since,
however, they a1 also obscrved m paticnts 10 whom there 15 no reason to suspeet that che myo-
cardium 15 pathologic in any respect, Stumpf assumes other reasons for ats appearance Since hearts
displaying type I pulsatiaas may show type | during exeraomal tachycardia with expiratory
elevation of the diaphragm 1 the left Jateral posnon and smce m youtbfal mndrviduals type H can
be replaced by type U after exertion, Stompf assumes that 3 vanable posstson of the hear, the
function of different grous of muscles, and the anatomic structure of the heare mav determne the
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‘With decp respirauon one can observe the movements of the diaphragm and
mediasunum. These are essentially different from those noted i the erect position
(ﬁg.. 31a and b). The herudiaphragm of the upper side, already flattened in quiet
respiration, becomes more tense with deep nspiration so that it becomes even
flatter without, however, much additional descent, somctimes 1t even rises as the
lateral chest wall 1s hfted i inspiration The clevated hermdraphragm on the lower
side executes, on the contrary, a very large movement caudad. Comncrdent with this
displacement of both diaphragmatic domes, the medtastinal shadow swings so that
both of 1ts borders shiftt toward the upper side. Thus respiratory mediastinal wander-
ing (Holzknecht and Hofbauer) shows a smaller excursion m the region of the
vascular band than 1n the heart for the following reason inspiratory contraction of
the upper hemidiaphragm draws the central tendon toward the upper side, the con-
traction of the powerful lumbar sections of both hemidiaphragms draws it caudad
and toward the rmdline. Consequently the heart also moves toward the mudposition,
at the height of deep mspiration 1t attamns approximately the position held m the
erect posture

The impression of wandering 1s hesghtened by the fact that the markedly rounded
lower border of the heart deformed from the damming of blood, stretches and flattens
1n nspiration, consequently 1t withdraws farther from the lower chest wall than
corresponds to the extent of the total cardiac shuft within the thorax. Accordingly,
mspiratory shift of the adjacent cardiac border should not be considered entirely an
expression of mediasumal wandering but partly the result of flattening and downward
pull In exammning for respiratory medastinal shift in the two lateral positions, less
attention should be paid to the movement of the lower border of the heart than of the
upper

The greatest mspiratory shift 1s usually executed by the left cardrac border 1
the left lateral position since it represents the most mobile part. The smallest move-
ments are executed by the night cardiac border m the left lateral position since the
adjoimng fixed caval axis allows relanvely httle change 1n position. With corres-
ponding depth of respiration, the extent of mediastinal wandering m both lateral
positions depends upon the degree of Jateral cardiac mobihity. A hearr fived within
the thorax also loses respiratory mobility Therefore Zdansky recommended
observing respiratory shift as a test of passive cardiac mobility (p 337) Ths
requires none of the laborious linear measurements of posttional alterations of the
heart which are assocrated with various sources of error. Only the presence or
absence of motion 1s utilized and 1s readily percetved since the eye s extremely
sensitve to movement

In 1ts wandering the cardiovascular complex changes shape (fig. 31a and b) and
this may be considered a return, more or less complete, to 1ts form 1n the erect
position 3

The greater the lateral shift of the heart 15 and the more that spanal relavions in
the thorax are altered m Jateral positions, the more evtensively the cardiovascular
provided that condstions are otherwise the same The plasticaty
reat sigmficance, a thm-walled heart, poorly filled with blood,
hich 1s well filled, thick-walled, or even

complex changes,
of the heart has gi
changes 1ts shape much more than one w!

hypertrophied.
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combination of systolie rotation of the entiee heart, of pulsatory volume atterations
of the left ventricle and left 2trinm and changes of cardiac farm duning a cycle
Kymographie analys:s of the excurstons of the left s entricular are (Zdansky and
Elinger) has shown that these are not absolutely equal in all parts alchough they
show extensive agreement with the Straub curves of ventnicular volume over wide
sections. At first one recogmzes in the hymogram (fig. 7, &, 32) the tonger, flac
increase of the diastolic ounward movement Immediately before the systolic dechne,
2 small plarean (VS-SO) usually corresponds to the presphygmic tension period,
that is, to the beginning of systole Sometimes it show s 2 shight ascene which Wester-
mark believes1s duc to raising of the heart (Ludsig) The shorter and more obhque
descent of the cone corresponding to the ejection phase shows a constant notch,
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of semilunar valves
1 Al empeying 6 Rocntgenhymogram of oght acram
2 Al filling (Zdanshy and Ellinger)
3 Ventrieulae duscole 7 Rocncgenkymogram of left venmele
+ Vemreuhar systole (Zdanshy and Ellinger)
5. Esophages) cardiogram (Edens) 8 Ventncwar volume curve (Straub)

an cxpression of the so-called minal osaillanon, finally i ends i a4 small crest (S5)
which marks a shight increase of ventricular volume from the closure of the sem-
tunar valves. The brief valley in the curve corresponds 10 the isometnic period when
all valves are closed The diastolic nse shows small irregulanues and moreover, a
steeper part which indicates sudden enlargement of the ventricle from the mnflux of
amial blood as well as 3 flartening or indentation which may be, perhaps, an mtrnsic
oscillation of the ventticular wall resuleing from the mrush of blood, there 1s a final
oblique nise to the diastohic crest Almost all good long kymograms reveal these
detarls which, by agreement with Stravb’s curves of venmcular volume (fig. 32),
show that they represent primarify a cnrve of vensncular filing  Kymographic
mvestigations by Cignoling, Delherm and cotaborators, Stumpf, by Cortenor and
Hein de Balsac, and Westermark as well as the electrokymographic findings of
Lwisada and Fletschner, of Deutsch and coworkers have confirmed, with mmnor
deviatians, the reports of Zdansky and Ellinger,
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appearance of both types of pulsation Type II s also found often with left heart hypertrophy
and with athletic hearts, perfectly capable of function, and indeed with greater froquency when the
heart1s enlarged Remdel) show ed that when these hearrs were subjected 1o excresse tests (bending
the knees, running) type Il tended to be transformed into type I e concluded that diminuuve
pulsations in the pares near the apex were conditioned by the following situation - at rest the sectrons
near the base participated chiefly in systohe emptying while the region near the apex stowed away
the augmented amount of residual blood Only wich exercise was the residual blood expelled from
the sections of the ventricles near the apet by more powerful contractions mn this area, hence the
increase of pul neartheapex A fype I} in exercise would then imply a deficient
capacity for contraction of the ventricle and permit, with plaustbality, an mference of myocardial
wsufficiency On the other hand, Remndell ke Stumpf ascribes no pathologic sigmficance to
transient type I

The breadeh of pulsations of the left ventricular arc 1s reported very differently
and usually too high since ordinanly the statements nvolve fluoroscopic obscrva-
tions with short distance examination or measurements with a short target-film
distance, thar 1s, with central projection Stumpf determined hymographically the
maumal, mimmal, and average breadth of excursions of the left cardiac border for
different ages, weights, herghts and chest circumferences The values found were
remarkably high although the curves were obtained with a long target-film distance
In orthodiagraphy one is surprised at how small the excurstons actually are when the
pulsations are very strihing on the screen, In the middle of the left ventricular arc,
with an average rate and moderate depth of respiration, they do not cxceed 2 1o 3
mm. With bradycardia (Hoffmann, Dietlen), in some valvular lesions and con-
genttal anomaltes, m thyrotoxicosis (Moritz), with reduced nflow nto the heart
{Laurell), with ¢ horax and d they can be much larger,
with left ventnicular failure and higher grades of tachycardia they may be smaller
The breadth of visible excursions often depends strongly on resprration (Dictlen)
and this 15 particularly distnct with marked respiratory arrhyrhma. The pro-
longed diastolic filling period of the heart during expiratory bradycardia increases
the stroke volume and conscquently the breadth of left ventricular excursions while
the shortening associated with inspiratory acceleration has the opposite effect
Moreover, msprratory tension of the pericardium may contribute to the reduction of
excursions. Sometimes, however, in inspiration the pulsations enlarge (Stumpf.
Westermark).

In fluoroscopic observations onc often gams the mmpression that the mward
systolic movement of the left ventricular arc 1s not simultancous 1n all parts Some
authors beheve that this movement proceeds as a sort of contraction wave from the
cardiac base to the apex (Schwarz, von Criegern, Dretlen, Bayhiss and Starhng),
others doubt the existence of such a course (Vaquez and Border, Laurell), still others
saw, on the contrary, systolic mward movements which started earlier at the apex
than at the base of the left ventnicle (Gotr). On the basis of precise electrokymo-
graphic registration 1t was actually demonstrated thar in Some cases a contraction
wave scemed to proceed toward (he‘c?rdlac bmic (En‘gs(m{!:,‘ ‘kjc{lberg, Per‘sson and

ther it i; determined by the 1ndividvally GUICTENt sU IEUMIKALLY COMPlCALEU
rai
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combination of systolic rotation of the entirce heart, of pulsatory volume alterations
of the lefr v entricle and eft arnum and changes of cardiac form duning a eyele
Kymographic analysis of the excursions of the feft ventnicular are (Zdanshy and
Elbnger) has shown thar these are not absolutely equat i all parts although they
show extensive agreement with the Strauh cunves of ventricular solume over wide
sccuions. At first ene recognizes in the kymogram (fig 7, 8, 32) the ltonger, flac
increasc of the diastohic ourw ard movement Immediately before dhe svseatie dectine,
a small plarcan (VS-SO) usually corresponds to the presphypmic tension period,
that is, 10 the beginning of systole. Somenmes it shows 2 shght ascent which Weseee-
smark belies os s due 10 raising of the heare (Ludwig) The sharter and more oblque
descent of the cutrve corresponding to the election phase shows & constant notch,
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16 32.—Coatrast of typrcal yentricutar and atrial Lymograms o enc hand and the ventricutar
volume cutve and esophageal cardiogram on the other AV:S = clasuee of atrioventricular vatves,
AV = opemng of atrioventzicular valves, 5 = closure of semiunar vabes, SO = opening
of sermianar vafves,

t. Atral empeving 6 Rocnrgenhymogram  of nght  atrum
2 Awal flling (Zdanshy and Litnger)

3. Ventricular duastole 7 Rocnrgenhymogram  of left venmicle
4 Vertneular sysrole (@danshy and Llgery

5. Esophageal cacdiogram (Edens) 8 Ventncular votume eneve (Seraub)

3n expression of the so-called minal osoillanon, finally 1t ends m a small crest (SS)
which marks a shight increase of sentricular volume from the closure of the semu-
tunar valves The brief valley 1n the curve corresponds to the somettic period « hen
all valves are closed. The diastolic mise shows small wregulacicies and moreover, 2
steeper pare which mdicates sudden enfargement of the venericle from the nflux of
atrial blood as well as a flatterung or indentaton wluch may be, pethaps, an mronsic
oscrlation of the vertricutar wall resutting from the wneush of blood, there 15 a final
obligue r1se to the diastobe crest. Almost all good fong hymograms reveal these
detnls which, by agreement with Straub's curves of ventncular volume (fig 32,
}ho\\ that they represent pumanly a curve of ventncular filhng Kymographic
invesuganions by Cignohini, Delherm and collaborators, Stumpf, by Cottenor and
Heim de Balsac, and \Westermark as well a5 the electrohymographic findings of
Luisada and Fleschner, of Deutsch and coworkers have confirmed, with munor
deviations, the reports of Zdansky and Elmger



56 ROLNTGEN DIAGNOSIS OF THE {IEART AND GREAT VESSELS

Excursions of the left ventricular arc naturally are not determined exclusively
by fluctations of left ventricular volume. Undoubtedly they arc also mfluenced by
alteration of mght ventricular volume, by rotation and transformanion of the heart
duning 1ts activity and they are modificd 1n vanous uncontroliable ways. Finally,
all those hmitations which are valid when concl brained from roentgenhymo-
graphic size of excursions arc applied to the true size of excursions and movements of
superficial pomnts of the heare (p 9fT), should be recalled, then it should be clear
that the kymogram can show only approximately parallel fluctuations of ventricular
volume. It should also be clear that the kymogram at various places along the left
ventricular are shows diffcrent depths of excursions and also qualitative differences,
thus, the systolic trough or the diastolic crest 1s sharper or flatter and details are
evident 1n one place while they are missed 1n others Actually, under normal con-
ditions, a reversal of the direction of the excursion can occasionally be demonstrated
n parts of the ventricular arc near the base an outward movement during systole
and an mward movement during diastole Zdansky and Ellinger interpreted these
mcidental systolic lateral moyements as an expression of systolic cardiac bulge or
Iifong of the apex by Ludwig's Jever movement. Fingerhuth and Bichenbach
occasionally observed a reversal of ventricular pulsations which they ascribed
to posinonal changes of the heart from respiration Reindell interpreted this reversal
of apical pulsations as a resule of a pendulum movement of the heart directed to the
left predominating over the movement of systolic contraction along the left cardiac
border. Thus does not, however, fully explamn the phenomenon i all cases, therefore
Reindell had recourse to additional hypotheses, the validity of which require further
confirmation He found such lateral systolic movements frequently in the lower left
cardrac border 1n trained athletes. In these individuals these pulsations vanished with
exertion and gave way to normal systolic mward movements, On the other hand,
when such pulsations are produced by myomalacia at the cardiac apex, they should
be more distinct in an exercise test

These observations indicate that 1t 15 improper on the basis of the peesence of
lateral systolic movements of parts of the left ventricular arc near the apex ro con-
clude without further ado that this section 15 abnormally distensible or that local

passive dilatation has been produced by a myocardsal infarct (Stumpf) or the pres-
ence of a completely unestablished “‘apical atony” (Bohme)

The breadth of excursions n a ventricular kymogram consequently 1s not @
relable measure for the stroke volume of the left ventricle The stroke volume does
not depend to 2 great extent upon the pulsations of the lateral ventricular wall but
much more on the cxcursions of the atrioventnicular septum (Schwarz, Sundberg,
Laurelf), the latter are not suscepuible to direct roentgenologic obscrvation. The
following observation suggests how listle rehance can be placed upon conclusions
about stroke volume based upon the pulsations of the left ventricular arc prcclscl)'r

Sy i 1 K

- e

‘(};‘:‘ 's;'s-;ohc shift of the atrioventricular scprum toward the cardiac apex 1s hampered
he lateral wall of the ventricle together with the cardiac apex must

and therefore t
10 turn move toward the atroventr 1cular seprum. Moreover the tonus of the myo-
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cardium, the height of ntrathoracic pressure and the inclasticity of the pencardium
may influence the breadth of excursions and the course of visible and recordable
pulsations,

There are also factors which confer different characteristics on the vistble pul
sattons so that “strong and weal™ types (v. Cricgern), *'stroke and pump” move
ments (Schwarz) and “‘exarted, powerful and weak action” type (Dietlen) are men-
nened. To these peculiarines of pulsations which contain some subjective features
and hence are not suscepuible to complete separation we shall return in connection
with the conditions and diseases m which they arc encountered. They differ not
only by varymng breadth of the excursion but also in the course of their - and
outward movements,

Finally it 1s obvious that a farge heart will show smatier pulsations than a smatler
heart with the same strohe volume.

These remarks do not deny that, ceterss partbus, the breaddh of the excursion of
the left ventricular atc paratlels the stroke volume of this ventricle So many ather
factors nfluence the size of the visible pulsanions, however, that extreme reserve is
in order in evalmaung the pulsatory movements in terms of strake volume

2. Pulsations of the Aortic Knob

The pulsations of the aortic knob are opposite those of the left ventricular are
(figs. 5, 6, 8 and 33) The former, as typical artenal pulsations, are recogtuzed by a
brisk systolic outward and a slow disstolic mward movement Therr kymographic
registration yields essentially a pressure curve of the aoruc lumen (Stumpf, Ferzer,
Schulling, Zdansky and Elhnger, Cignolim, and others) According to Srumpf and
Fiirst, the size of the excursion amounts to about 2 mm with an average level of
the diaphragm and a 2 meter target-film distance, With increased stroke volume of
the heart they defiutely enlarge There 15, however, no strict parallelism wich the
stroke volume of the heart or blood pressure amplitude because pulsations of the
aortic kaob are mose or less magmfied by the toral shift upsward, to the left and back-
ward, which the aortic arch expenences with every systole {(Vaquez and Bordet,
Dietlen, Zdansky and Elbnger). This stuft whuch has been recorded hymographi-
cally on the ascending aorta (Bickenbach) 15 a normal event, 1t should not be con-
sidered a s1gn of abnormal thickness or nigidity of the aorta as has been repeatedly
reported A good idea of how much the aortic arch shufts 1s provided when the
esophagus is filled with barum Then, the section of esophagus which crosses the
aorusc arch executes a movement to the left each ume the ortic knob moves laterally
m systole. Since the esophagus and aoruc arch are i close apposition at the site of
crossing one may assume that this systolic shife of the esophagus practically cor-
responds to the shuft of the arch (Zdansky and Ellinger). Weltz has shown that this
may vary greatly, Elevanon of the diaphragm and elongation of the aorta may
enlarge 1t while descent of the diaphragm tends to dimmish aortic shift and conse-
quently reduces demonstrable pulsations of the knoh

~ No reliable conceprion of the actal size of the pulsatory variauons of aoruc
diameter can be obtained from the width of excursions of the knob. Only simul-
tancous kymographic registration of the shift of the barmum-filled esophagus shows
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this. The difference between the breadth of excursions of the aortic knob and the
aortic bed of the esophagus alone gives approximately the actual size of the pulsatory
variations of aortic dtameter (Zdansky and Ellinger).

With this procedure the pulsatory alterations of aortic width show, on one hand,
no strict parallehsm with the stroke volume, nor on the other, with blood pressure

phrude This 15 explaned by the nfl of the and functional status
of the aoruc wall Thickening and nigidity of the aorra as well as a hypertonic
ortentation of 1ts muscular clements tends to reduce the width of aortic pulsations

Roentgenkymogram of the left ventricle Rocntgenkymogram of the zortic knob

Ventricular dastole

Ventricular systofe Jension

Ventricular diastole

Ventricular systole’

Fi6. 33.—Contrast of ventricular and aorue kymograms S-0) = opentng of semilunar valves

while"a hypotonie status tends to enlarge 1t (Zdansky). Welrz did not consider the
dependence of this width on the tonus and muscular elements of the aorta in hus
cniicism of our findings which, therefore, need nor be regarded as implaustble.

3. Pulsations of the Pulmonary Arc

Naturally the pulsations of the pulmonary arc are directed ke those of the aortic
knob afthough normally they are smaller Aforeover, they certamly should not be
considered a true expression of an alteration of width of the vessel since the pul-
monary artery 15 shifted by the pulsauion of the ventricle and the closcly adjorning
aorta.

4. Pulsations of the Left Atrum

Betsw cen the pulmonary arc and the arc of the left ventricle 1s a ficld, the ana-
tomic “substrare” of which probably 1s not uniform, m some cases it 1s formed by
the left atrium and 1n others by the pulmonary conus. Often this section secms 1m-
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mobile to the unaided eye (Vaquez and Bordet). Possibly the atrium, distended
systolically, appears in the space Jeft open by the contracting ventrcle (Bohme),
so that the mward mosement developing from ventricular contraction s balanced
by the appearance of the enlarging atrium. Frequently, however, lateral pulsations
are distinct, they alternate with those of the left ventricular arc and are smaller than
those of the adjacent pulmonary arc Assmann and Dietlen believe a presystohc
ndentation occastonally 1s detectable. Whether this observation 1s reliable, however,
remains dubous, for one will recall how shght 2 reducrion of volume 1s produced by
presystolic atrial contraction. Kymographic records of the excursions of the left
arrial arc (Stumpf and Fetzer) revealed single clements of atral activaty only on
some occasions, for example, sometimes there was an outward movement n the
period of rension or an mnward one at the beginning of ventricular drastole, other-
wise the pulsations of the adjacent left ventricle or pulmonary artery often exerted
2 domnating influence on movements n this section Delherm was unable to record
any characteristic pulsations. Kottgen believed an inward movement of the upper
part could be scen durmg atnal systole Recently Fabicius found that median as well
as lateral excursions might appear at the moment of ventricular contraction, he
concluded that the atrium evecutes no intrinsic contractions but merely served as a
complementary space to ventricular contractions

5. Pulsations of the Right Cardiac Border

Pulsations of the nghe border of the heart have always aroused specral interest
With the unaided eye 1t was believed that 1n some cases 4 systolic mward move-
ment could be observed over 1ts entire extent, synchronous and 1n unison with move-
ments of the left ventricular arc In other cases, again, the nght cardiac border
bends laterad with each systole so that the entire cardiac shadow seems to oscillate
(Th and F Grocdel) Finally, with each systole, outward hightming-like movements
often follow cach other m the cephalic part of the nght border, they have been
designated “double beat” and correctly considered an expression of atrial acuvity
(Dretlen, Assmann) Likewise a presystolic twitch has been reported (Arnsperger,
Groedel). In the caudal part, pulsations gencrally are quicter than in the cramal
section and show more or less an outspoken sventricular character Recurrently this
has been submutted as evidence that the section of right border near the diaphragm
1s formed by the right ventricle Assmann and Laurell stress, however, that this
conclusion 1s not compulsory simce the section of atrum adjacent to the atrioventricu-
lar septum 15 affectcd by ventricular pulsarions and accordingly may exhibic features
of ventricular contraction Therefore one must anuctpate a very gradual transinon of
atnal pulsations into ventricular ones

Kymographic registration of the pulsations (Zdansky and Ellinger) confirmed
this Ina vast majority of cascs the pulsations of the cephalic parts of the night border
did not represent pure volume curves of the atrium for they were influenced to 2
variable extent by the ventricular pulsations A very constant feature of the curves
(figs 7and 32) 1sa morc or Jcss sharp rise m the presphygmic period of tension and a
steep fall at the beginnng of the diastolic outward movement of the left ventncular
ate. The nise corresponds to the begmning of atrial filing, the fall to the emptying
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of the atrium in ventricular diastole. It is notew orthy, how ever, that this fall 15 not
maintained throughout diastole, rather it 1s soon interrupted by a new nse. Un-
doubtedly this is a result of the ventricle widening 1 diastole and pressing the atnum
laterad. Only m presystole the slope shows a small notch which is considered 2n
expresston of presystolic atrial contraction. In the systolic filling phase the slope is
not uniform but rather shows two mndentations (= and 8) which probably result
from suction on the armoventrcular septum bending 1t toward the apey during
systole This suction (Remn) was observed 1n kymograms by Bohme who mtro-
duced opaque matenal directly mnto the two cavae. He observed an intermitrent
advance of blood containing the opaque agent toward the heart with each systole

This form of atmal curve explains the visual impression of the “double beat”
on the right cardiac wall, as well as Groedel's pendulum movement of the heatt
The “double beat” 1s observed when the phase of systolic atral fithng finds strong
expression n the pulsations of the night cardiac border. Actually this phase
shows two peaks: the first 15 the sudden begmnning of filling during the pertod of
tension, the second, the maimum of right atrial filling ymmediately before the
atrioventricular valves open, 15 designated AV-0. The mpression of 3 pendatum
movement of the heart 1s created when the phase of sudden diastolic emptyng of
the right atrium appears distinctly on the night cardiac border.

The closer one approaches to the cardiodiaphragmatic angle, the more sentricu-
lar pulsations tend to dominate the kymogram; finally no atrial pulsations are seef,
or only some minor evidence of them remains, like the brief fall as the right atrum
begins to empty Such residual traces of atrial pulsations are no longer discemed
on the screen or n compressed curves of the surface kymogram bue they may be
preserved 1n long stnip, detail-rich tracings.

When the entire night cardrac border seems to perform ventricular pulsations,
prectse hymographic registration usually reveals elements of atrial pulsations in the
cephalic pare,

Actually atrial and ventricular pulsations gradually merge. No sharp differentia-
tion can be made Reports concermng the frequency and extent of paructpation 0
the night ventricle n the formation of the nght cardrac border (Arendt and Bav-
mann, Wilke, Fetzer) have not given these facts sufficient consideration.

6. Pulsations of the Right Side of the Vascular Band

The pulsauons of the nght border of the vascular band are usually complex.
Often the typical undulaung pulsations of the superior vena cava are seen even on
the screen. Kymographic registration yields curves closely resembling Wencke-
Coar ary SR
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raphy reveals that these lateral movements tend to occur earlier than those of the

aortic knob, the left ventricle, becorming larger as 1t fills, nises with a jerk at the
moment of tension and lifts the ascending aorta to the nght (Wehz); consequently

the inward diastolic movement of the nght vascular border is premacurely blocked

and it even moves outward before systole.
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Even purc arterial pulsations are not conclusive evidence that the aorta actually
forms the right vascular border, the venous pulsations can be completely super-
imposed by pulsations from the aorra

7. Pulsationt of Pulmanary Structures Adyorning the Heart

The hilar and tung shadows adjacent to the heart and great vessels show trans-
mitted pulsations, They move 1n the same direction as the pulsations of the adjortung
mediastinal shadow but become progressnely smatler as the distance from the heare
and prear vessels increases Most stniking arc the pulsations of the teft hitus which s
correspondingly displaced with each systolic latcral movement of the pulmonary arc
and the gorte knobd (fig §)

These rransmitted pulsanons differ from svstolic intrmsic putsations of the hrlar
shadows and of the large perthilar vessels which normally can be detected only by
roentgenkymography or by 2 comparison of films made m systole and dastole

(Cottenot). On the screen they are distinct only when abnormally increased, this
happens, for example, when the pressure amphtude a the pulmonary arrery -
creases as the result of 2 patent ductus Botalh, 2 sepral defect, pulmonary regurgia-
uon, thyrotoucosis, or nght ventncular hypertrophy (murral valve disease, em-
physema), Intrinsic pulsations are charactenzed by systolic increase and darhentng
of the hilar shadows, elongation and expansion of the vascufar strands, and systohc
enlargement of the vessel’s cross secnion in the ymmediare vicimity of the hutuses

8. Pulsations of the Cardwovascular Shadow sn Qbligue Posiuons

In the feft antenior oblique posttion oppositely and upwardly directed systolie
pulsations are seen in the region of the two ventricles, that 1s, i the daphragmanc
pants of both cardiac borders. In the upper Jeft cardsac contour these pulsations are
gradually yransformed into a roling systobe pulsauon directed dorsad In hymo-
grams, Zdanshy and Filinger d them as atrial pul showing tt gt

with esopt i card In contrast to the hymogram of the righe
atrium, the left atrnial curve has a sharper and tugher nise which mught be contected
with the flow of blood o the smaller lefe arrum (Zdansky and Dlhinger), this s
distended more beiskly and serongly than che larger night atrum (Straub) Lakewise
i the cephalic secuon of the nght cardiac border, atrial pulsanons often are per-
cepuible. No sharp disunction of ventncular from atnal pulsanons 1s possible,
however, on either the nght or left border of the cardiac shadow, the pulsauions
merge into each other

In the nght antenior oblique position, pulsations of the lefr atrum are easdy
rTecognized on the posterior cardiac wall These pulsations are, of course, influenced
by the excursions of the atrtoventricalar seprum Mrke those of the nght cardiac
border (p. 59). The pulsations of the postersor border of the heart are rendered
cleatcr when the esophagus 1s filled with barm, then pulsations of the postertor
surfice of the heart are transmtred to the adjacent esophagus  This makes possible
the dmg of the esophageat card

In both oblugue positions the ascending aorta palsates disunctly and shafts m toto
Bickenbach made rocntgenk ymograms of the aotta m the obhque posinons in order
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to determune the stroke volume with Bromser's method; naturally this procedure
scems questionable considering that unequivocal demarcation of the aorta is fre-
quently difficule in oblique positions.

IIL. The Dynamics of the Heart in the Roentgen Image

Essentially more preeise information on the inner dynamics of the heart than 1s
provided by fluoroscopic observation or kymographic registration of the cardio-
vascular pulsations 1s yielded by senal- (Lind and Wegelius) and cincangiocardiog-
raphy (Janker). They afford incomparable 1nsight into the course and extent of
the movements which take place within the heart during a cardiac cycle Since they
reveal the changes n size, form, and reciprocal relanions of single scctions of the
heart, they disclose the mechanism and dynamices of the pump and suction action of
the heart better than any other method of mvestigation (Bohme).

In order to show the reciprocal relations and transformations of the nght and
left hearts during the eardiac cycle, Zdansky superimposed the dextro-and levograms
obtamned with posteroanterior projection cach time n the proper phases At the
height of systole (fig 34a) both ventricles show maximal narrowing and in the apical
portion they are scalloped and wavy from the protrusion of the papillary muscles.
In thus projection the night ventricle seems definitely smaller than the left and cet-
tamly smaller than 1t actually 1s because its Jumen 15 reduced i systole to a small
shell-shaped cleft which embraces the left ventricle from the right in front, and con-
sequently 1t 1s penetrated almost on end with dorsoventral projection. The atria are
maximally dilated and onc perceives their great capacity Between the night atnum
and the narrowly contracted, steeply nising outflow tract of the nght ventricle a
deep constriction 15 seen, corresponding to the crista suprayentricularis This massive
saddle-shaped bridge of nissuc at the base of the right ventricle cuts i decply m
systole and contributes very definitely to narrowing of the nghe ventricle w hereby
the closely contracted conus pulmonahs shifts to the Jeft

At the herght of drastole (fig 34b) the engorged ventricles appear smooth and
regular since the papillary muscles are now surraunded on all sides by blood con-
caiming opaque matecial. The auriculzr sppendzges are redaced by coneraction, the
right one 1s, on the whole, not defineable while the left lies like a small pennant
on the basc of the left ventricle The decp notch of the crista supraventriculans
which was scen between the nght atrium and the conus pulmonalis in systole, has
completely vamushed 1n the diastole of this partcular case and the outflow tract of
the night ventricle, becoming wide i diastole, now bends far to the nght nearly to
the superior vena cava This remarkable wandering of the conus and ostum pul-
monale to the left during systole and to the right during diastole, which 15 angmented
by systolic rotation of the whole heart (Janker), naturally also carries the trunk of
the pulmonary artery w 1th 1t with the following result. the reciprocal rclat.lon of the

pulmonary artery to the aortic root 1s altered m such a way that the torsion of the

great vessels around each other increases m systole and decreases in diastole.
Morcover the lateral excursions of the conus pulmonalis proceed opposite to

the apical sccrion of the nght ventricle, that 15, durning systole m the apical part of
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Fiz 34 —Projecoons of the dexumerzn (tloe) o kewneram Gedy m ce amtenee vow.
() At the bers'r of sysole. (£} At the begir of dastole. (Repriceed from  Zdamsky, E. 2o
Rértzernlogic der Dyramik dos Herzems. Foruschorte aof dem Gebter der Réntresstritlen
vermmigt o Réergenprams 75 190, 1951.)
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to determine the stroke volume with Bromser's method, naturally this procedure
seems questionable considering that unequivocal demarcation of the aorta 15 fre-
quently difficult 1n oblique positions.

HIL The Dynamics of the Heart in the Roentgen Image

Essentially more precise mformation on the mner dynamics of the heart than is
provided by fluoroscopic observation or kymographic registration of the cardio-
vascular pulsations 1s yiclded by senal- (Lind and Wegelis) and cineangiocardiog-
raphy (Janker) They afford incomparable msight to the course and extent of
the movements which take place within the heart durmg a cardiac cycle Since they
reveal the changes 1 size, form, and reciprocal relations of single sections of the
heart, they disclose the mechamsm and dynamics of the pump and suction action of
the heare better than any other method of mvesuganon {Bohme).

In order to show the reciprocal refations and transformations of the nght and
left hearts duning the cardiac cycle, Zdansky supertmposed the dextro- and levograms
obtained with posteroanterior projection each nme i the proper phases At the
height of systole (fig. 34a) both ventricles show maximal narrow mg and 1 the aprcal
pornion they are scalloped and wavy from the protrusion of the papillary muscles
In this projection the nght ventricle seems defintely smaller than the left and cer-
tanly smaller than it actually 1s because 1ts lumen 1s reduced in systole to a small
shell-shaped cleft which embraces the left ventricle from the righe in front, and con-
sequently it 1s penetrated almost on end with dorsoventral projection The atria are
maximally dilated and one perceives their great capacity Betw cen the right athum
and the narrowly contracted, steeply nsing outflow tract of the nghe ventricle 2
deep constriction is seen, correspondimg to the crista supraventriculans This massive
saddle-shaped bridge of nissue at the base of the righr ventricle cuts m deeply m
systole and contributes very defimitely to narrowing of the right ventercle whereby
the closely contracted conus pulmonalis shifts to the left.

At the height of diastole (fig. 34b) the engorged ventricles appear smooth and
regular since the papillary muscles are now surrounded on all sides by blood con-
tatming opaque material. The auricular appendages are reduced by contraction, the
right one 13, on the whale, not defineable while the left lies like a small pennant
on the base of the left ventricle. The deep notch of the ensta supraventriculans
which was scen between the right atrium and the conus pulmonals m systole, has
completely vanished 1n the diastole of this particular case and the outflow tract o
the nght ventricle, becoming wide 1n diastole, now bends far to che right neatly to

the superior vena cava. This remarkable wandering of the conus and ostwm pul-
monale to the lefc during systole and to the nighe during dastole, which 1s augmented
by systolic rotation of the whole heart (Janker), naturally also carries the trunk of
the pulmonary artery With it with the following resule- the reciprocal relation of the
pulmonary artery to the aortic root 1s altered in such a way that the torsion of the
great vessels around cach other increases in systole and decreases in diastole.

Moreover the lateral excursions of the conus pulmonalis proceed opposite to
the apical section of the right venrricle; that 15, duting systole 1n the apical part of
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Fic 35 —Projections of the dextrogram (bluc) and levogram (red) in the anterior view.
(@) At the beginning of drastole (5) At the begnnmg of expulsion (Reprinted from Zdansky,
E  Zur Rontgenologte der Dynamih des Herzens Fortschritte auf dem Gebier der Rontgen-
strahlen verexugt mit Rontgenpraus 75 180, 1951)
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the heart the left ventricle increasingly appears on the anterior cardiac wall from
the left-behind (Koch) and the night ventricle with its conus approaches the left
cardiac border at the cardiac base.

Apart from this wandering in a honzontal plane, the conus and ostium pal-
monale also show excursions n the cramocaudal dircction since they are drawn
toward the cardrac apex by the systolic contracnon of the ventricle, to bend cramad
again n diastole It 1s clear that the displacement of the pulmonary trunk toward the
apex m systole opposes the pulsations of the pulmonary arc directed craniad and
laterad and caused by the systolic ex and stretching of the pul y artery,
this exemplifies how complex the border pulsations of the cardiovascular shadow
demonstrated m the roentgenkymogram are and the caution necessary mn their
quanurain ¢ and qualitative mrerpretation

The excursions of the atrioventricular plane, so highly sigrificant for the pump
mechamism of the heart are narurally observed best on the nighe heart 1n the sagieeal
cineangiocardiogram. One sees disuncely that the right atrum s actually discended
(fig 34a) as soon as the valve plane bends systolically toward the cardiac spex, this
represents a very impressive picture of the suction action cxerted on the caval blood
by the wandering of the valve plane The heart 1s not only a pressure pump but
suction pump as well (Rein, Bohme)

Cardrac diastole begins very suddenly (fig 35a) and one sees with what remark-
able speed the ventricles fill with rapid reduction of the atria and the aurrcular
appendages although the scalloping of the projecting papillary muscles long remams
visible. From the shortening and changing shape of the aurrcularappendages one gains
the mpression of their active contraction. The deep notch of the erista supraventricu-
lanis 1s distinctly more shallow and smaller The conus pulmonals, already widening
distinetly, begmns to bend to the night. At the lower boundary of the left ventrcle
which belongs to the mflow tract of chis ventricle, one percerves a bulge which s
undoubtedly produced by the brisk surge of blood from the atrium tnto the relaxed
ventricle n the first phase of diastole (“rapid filling™).

Soon after the beginnmg of systolic contraction of the ventricles (fig 35b) the
scalloping of the papillary muscles appears, The conus pulmonalis begins to wander
to the left and scparates from the superior vena cava and the night atnum The
auricular appendages fill The left shows definite differences of 1ts shape i conerast
to that n ventncular diastole. No outpouching of the mflow trace of the lefc
ventnicle like that seen at the beginming of diastole 1s found at any ume during the
ejection period. The pulmonary artery, especially the left, stretches 1 systole so
that the vertex of the left branch appears higher. At the height of systole, however,
the pulmonary artery 1s drawn in by systolic shorteming of the ventricle and this
opposes the nise of the pulmonary arc. .

Thus analysis of the angiocardiogram 1llustrates the dynamics of the heart 1n
an excellent way. Furthermore, 1t shows that no phasc of systole exactly corresponds
to any phase of diastole i respect to the form of the individual c;udmc chamber
although the filing of atnia and ventnicles may correspond approximately to each

other. Rather, the ventricles and atria show a different shape even w 1th the same
content according to the phase of ejection or filling 1n which they are found.

In some respects ical or electrokymographic registration of cardiac pulsa-
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Fia. 38 ~Projectsons of the dextrogram (bine) znd levogram (red) sn the sntenior view.
{0) At she begamng of dustale. (8} At the beginmuag of exputsion (Reprited from Zdansky,
E  Zur Rontgeologie der Dymamik des Hewzens Fortschnine auf dem Gebiet der Rontgen-
strzhlen verpimgt mi Rontgenprazis 75 180, 1951 )
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tions offers more than cincangiocardiography because they ‘permit curvilinear
registration of certan fine movements and their chronologic relations appear more
distnctly and are more susceptible to more precise measurement. Thus, presphygmic
tension nme and the close of the semlunar valves are percerved 1n the ventricular
kymogram but not in the cineangrocardiogram (p. 55). Moreover, the fact that the
contraction of the right ventricle begins up to 0.03 second earlier than that of left ven-
tricle was demonstrated only clectrokymographically (Lwisada and Fleischner).

IV. The S1ze and Shape of the Heart in the Newborn or
Very Young Child

The heart of newborn or very young children (fig 36) shows marked individual
differences and some special features when contrasted with the picture of later
childhood and adults Usually the silhouctte of the infanule heart shows less differ-

Fic 36 —Child's heart Garl, § years old (copy of film).

ennanion, the supracardiac section of the mediasunal shadow 1s relatively broad,
short, and often Jacks contrast to the cardiac shadow, the aornc hnob s flar or
mssing, the cardiac waist may be absent or merely suggested creating the impresston
of a mitral configuration These features are determuned m part by the relative size of
the right heare and the relative width of the pulmonary conus m the early months
and years of life, in part by the spectal spatial conditions n the infantile thorax and
by the size of the thymus

Kreuzfuchs traces the poor development of the aortic knob essenually to the
absence of a sagictal section of the aortic arch i che firse few years of hife, the course
of the arch through the chest 1s more oblique than later. He also accounts for the
different course of the aorta by the right-sided position of the infantile erachea which
allows the arch to pursue that course. Only as the trachea subsequently moves to the
left and approaches the midline 15 the aorta forced to describe an angular ki from
1ts almost froneal pretracheal course nto a sagittal orientation i 1ts distal section

- = . B AN .

- e er chnrenace and rolq-
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t
m;o a transverse position, from the front the heart is oval and 1ts angle ot inclination
1s definitely less than 45 degrecs. Morcover, the relauvely great depth of the thorax

dimimishes the nclination of the heart from above and behind to below and forward,
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the angle at which the diagonal diameter of the lateral view {p. 75) jomns the
horizontal is smaller than in later years. Morcover, the course of the large vessels 15
definitely influcnced by the spatial conditions. The great vessels rise less sharply
from the heart and move dorsad more abruptly. Therefore, in anterior views the
cardiovascular complex is scen 1n projectisic shortening from below, the vascular
band appears squatty and the pulmonary conus fills the cardiac waist more orless
completely,

The thymus s very important m regard to the special form of the cardiovascular
shadow in the early months of life. The gland may sit like a cap over the base of
the heart and atria to simulate decided cardiac enlargement or a pericardial effusion,
or it may surround the great vessels or trachea m 2 eylndrical or bulbous form
(Gravinghoff, Hotz). In this way the supracardiac section of the mediastinal shadow
may be widened, rise hke a column over the heart, or extend as an arch or with

Fic 37.~Cardiovascular shadows m small cluldren with thymic hyperplasta (afeer Hotz)
(o) Nodular type of thymus in a boy 5 weeks old (5) Columnar type of thymus in boy 3 months
old.

Q
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knobs into the Jung fields (fig. 37a and b). Correspondingly, in lateral views a shadow
15 often visible 1 the upper section of the retrosternal space These pretures remain
m the domain of the normal. With the combmation of an enlarged thymus and a
cervical goiter, cardiac enlatgement appears (Hotz) and tends to be definiely
pathologic

On the second day of bfe the cardiovascular shadow becomes smaller (Bell,

Weymuller and Krahulick, Dietlen and Schall), this has been ascribed to a recession
of the phystologic plethora of the newborn or a diminution of the thymus which
swells ac birth,

5 Beginning with the end of the second year the cardiovascular shadow progres-
sively changes its shape, Hecht and Gravinghoff believe thus ceases with the sixth
year This change does not evolve with exact parallelism to the transformation of the
thorat (Gravinghoff) but starts earlier Consequently one may mfer that thymic
regression plavs a major role i this connection. Wath 1ts diminution the aortic knob
ppears with mcreasing regulanity on the Jeft, on the right the transition of the
laterally concave V brachtocephalica (anonyma) dextra 1ato the superior vena cava
appears with increasing regulanty, consequently the vascular band gradually as-
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sumes the typical adult form. In severe gastroententis of the small child the size of
the heart may dimumnish considerably within a few days as the result of great loss of
flud (p. 131) and may approach the adult shape of the cardiac shadow. Particularly
striking 15 the narrowing of the vascular band and the appcarance of the cardiac
waist. Sometimes, however, an adult type of vascular band 1s present even m new-
born, mdeed this may happen despite an abnormally enlarged thymus when the
latter develops most 1n a posterior and longitudinal direction (Gravinghoff)

Besides regression of the thymus, transformation of the thorax plays a large
part 1n the change of the cardiovascular shadow. With growth 1n length, the thorax
progressively flattens since 1ts sternovertcbral diameter increases less than its
transverse ‘The transformation of the conical shorr thorax of a young child into the
longer, flatter thorax of the adult causes the heart to descend from a transverse to an
oblique position and reduces its inchnation from above-posteriorly to below-
anteriorly. With this alteration of position the cardiac waist becomes distinct for
the first ume, the aoruc knob now protrudes and the indentations appear at the
cardiodiaphragmatic angles. In the school age are found all cardiac shapes en-
countered m adults Even someiwhat later, median placed hearts, with more or less
decided orthostatic dimmution of volume are very common. In obese individuals,
transverse hearts are also seen Parucularly i the female, the infantile heart shape
rather often persists into the adult period, a siuation which often may be ascribed,
with some degree of probability, to the infantle, relatively short and deep thorax of
these individuals (p 98)

The relations of the size of the childhood heart are less constant to the different
body measurements than those of adults since cardrac development does not always
proceed apace with the development of other bodily measurements (p. 78, 80)

V. Roentgenologic Measurements of the Heart

Different measurements of the orthodiagram have been reported to represent
cardiac size numenically Many of these measurements were mtroduced by Moritz
and are sull used Measurements are suitable for numertcally definng the size and
toa certain extent the shape of the cardiac shadow more or less accurately.

The measurements of the cardiac shadow (fig 38) are

1. The mud-night and mud-left diamerers (Mr and M1). These are the greatest
horizontal distances of the right and left cardiac borders from the midline The mtd-
left diameter is lower than the right and sometmes 1r runs even below the dome of

the diaphragm since the left cardiac border may proceed laterad even lower, never-
. o St Tl b 1o vhe Jevel of the

ng as the mid-
b ' women 1.2 4

(Bletlen), and for children 1.2 2 (Veith)

The ratio of Mr:MI depends decidedly upon the height of the diaphragm Owing
to the obliquity of the cardiac axis, the mud-left diamerer changes more than the
myd-right from alterations of the diaphragm, with cleyarlon, the ratio of Mr:MI
shifs in the direction of 1:> 2 and with diaphragmatic descent 1: < 2 (fig. 39).
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2. The disgonal diameter or diagonal of the heart (D) (Wenckebach) This
hine joins the 1w o most laterad poines of the cardiac shadow, thus it jomns the laterat
ends of Mr and Mi.

3. The wransverse diameter (Trg) represcnts the sum of the mud-right and mid-
left drameters (Mr + Ml). The transverse diameter has arrracted considerable
artention although it 1s subjeer to great ersors. Montz, as well as Dierlen, Hammer,
Weiss, and others, has shown that Try 15 2 very unrchable measure of cardiac size

Fic 38.~Roentgenalogic measurements of the heart Mr = mid-night distance, A = mid-
Iefe distance, D = duagonal diameter, L = longiudingl duameter (H1), a = angle of cardiae
wnchination, 6Br = upper cardiac breadth, uBr » lower cardiac breadth, HBr == cardrac breadth

staee it depends 1o 3 great extent upon the angle of inchmanon (see below) {fig 39)

e more vertical the heart (the greater s angle of mchinauon), the smaller Mr and
Al and consequently the sum of these distances, becomes, as the heart becomes more
oblique the angle of inclmation decreases and these values mcrease (P 71).

Despite this, Trg has excited grear nterest because 1t is easy to measure and
2grees, i principle, with cardiac breadth as determuned by percussion and with the
anatomic transverse cardc diameter. Moreover, 1 setal INVESUEANons average
values change 1n the same direction a5 alerations average heart stze despite the
sources of esror (Kienbock, Deutsch and Kauf, Rautmann, Gotthardr, and others).
T farge senes the errors are compensated since the deviations above and below are
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cancelled For this rcason only results based upon large series can be evaluated. This
also holds for the diagonal diameter (D} which agrees faicly sell with Try although
naturally 1t 1s somewhat larger.

Because of the various sources of crror, Moritz alw ays considered Trq merely an
aid to prelfmmary orientatton and recommended the following measurements for
more precise investigation of cardrac size

alad
EY

Nr—ed \

53

4 :

o
25

“Transverse heart Obhque heart
o < 45° a = 45°
MrMl=12>2 Mz M = 13bout 2

Vertical heare
a > 450
MrMl=1:<2

Fig. 39.~Dependence of Tra(= Mr + M) and Hh on angle a of nclination of the heart.

4. Longitudinal diameter (L) or cardiac length (Hl). This s the distance fm;n
the right cardiovascular angle to the cardiac apex This measurement 1s sufficiently
exact in most cases. As a rule, location of the nght Fardlomsgular angle offers no
problems but demarcation of the apex sometimes is difficult or xr'npossuble. Th’c l;st
siruation occurs particularly in patients with very large hearts w hich sink decp in the

abdominal shadow.
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Measutement of the 1 dinal & has an ge over thar of the
cransverse diameter in that it is affecred less by the amount of cardiae inclination
towand the horizontal plane. Since, however, the heart alw ays expericnees a definite
projectional shoreerung toward the frontal plane with dorsoventral passage of the
ray, depending upon the degree of irs inclination, the lonptndinal cardiac diamerer
need not equal carduac length

Dietlen combuned measurement of the lonmrudinal diameter wath the transverse
He considered these values most smportant and sufficient for pracucal purposes
Accarding to him they maintain a fairly constant mutual rano Trg L = 1.0°1,1,
Deviations from this ratio should indicate a patholope situation

5. The angle of inchinarion (a) 15 the angle winch the longitudinal diameter of
the cardiac shadow (L) forms with the honzonral. Many consider 1t the most
important characterization of cardiac posmon within the thorax  According to 1ts
size, obhque, transverse, and verncal hearts are disungwished (fig 39) With an
oblique hieart the angle of inchination amounts to about 45 degrees, 1n the transverse
heart it 1s smaller and in the verneal farger than 45 degrees Since the cardiac axis
runs from the right-behind-above to the lefe-below -anterior, s obliquity m space is
only imperfectly charactenszed by the angle of imchnation, 1t 1s merely the inchina-
tion of the heart against the honzontal planc but not agamnst the frontal planc; the
latter can be rccognized only with transverse pissage of the ray

6. The broad dumeter (Br) or cardiac breadth (Hbr) Thus ts the sum af the
greatest chstances {from the longutadinal diamerter (L) to the righe lower and left
upper borders. The upper barder {oBr) 1s easy to measure One drops a perpendicu-
lar from the notch between the lefe cardiac border and the pulmonary arc 1o L
(Monrz), this distance does not always correspond to the Jargest upper breadth
(Assmann) since marked rounding and bulging of the left ventncular arc may place
the upper broad dimenston nearer the apex

The Jower width (uBr) is more difficult to measure since the turn of the nghe
1nto the lower cardiac border s not always readily defined and the right cardio-
duaphragmatic angle need not always correspond to the greatest distance of the lower
botder from L. Often, this is constructed m the region af invistble daphragmatic
border of the heart, as wilt be discussed later, by joming the right cardiodaphrag-
matic angle and the cardiac apex by a flar, caudalconvex line. Smce the lower wadth
f;f the heart depends upon an imaginary hne, cardiac breadth and all measurements

Iving this d are frequently rejecred

The determination of cardiac breadth yields 3 second measurement which 15
fanly independent of the angle of inchination. Narurally this may also change sore-
what when the heart rotates around its fong axts as the diaphragmatic fevef changes
and consequently presents a different breadth in the frongl plane These changes

may, however, be only wnfhng. Montz designated thus measurement as “carciac
slmdcmcsx", itis the ratio of Hi to Hbr and 15 expressed by the quotient Hor/Hl

7. The cardiac rectangle (Fr) 15 the product of the longstudinal diameter and
cardiac width (H) X Hbr) Consequently it represents an oblique rectangie cor-
responding 16 the angle of cardiac inchinanion and wath 1ts corners projecting beyond
the cardiac shadow (fig. 40). Morirz regarded 1t as 2 idumensionat relauve measure
of cardiac swze, The relation berween the cardiac rectangle and cardise sarface,
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measured plammetrically (see below) averages 1.31:1 1 the crect and 1.33 1 m
the horizontal position (Moritz), i other words the cardiac rectangle js, on the
average, once thied larger than the cardiac surface.

Although the sizc of the cardiac shadow 15 more perfectly defined by the longi-
tudinal diameter and breadth than by simple measurement of Try and Hl, the cardiag
rectangle aroused only little terest This depends partly upon the facr that its
determination seems too complicated for routing use, morcover, some object thar
subjective judgments carer too much 1nto the estmation (Qceen, Kirsch, and others),
The actual difficulties in measuring L and Br, indicated above, are always such thay
their general application scems madvisable. On the other hand the experienced

Fic 30 —Cardiac surface (harched), cardiac rectangle (oblique rectangle), 2nd cardiac surface
rectangle (horizontal rectangle)

observer avoids crude errors and makes these measurements only when they can be
done sausfacronly )

Despite every precauttan, cvaluaton of the cardiac rectangle as a relanve
measure of heart size acrually contams all the sources of error mentioned catlicr-
They anse from the dependence of the longirudinal diameter on the inchinavon 10
the frontal plane and of the cardiac breadth upon varyng rotation of the heart about
jts anatomic longitudinal aus Furthermore, this measurement Iihe many orhcri
employs a single projection to measure the size of an wrregular three dimension?

bOd;’ Cardiac herght (HR). This 1s the distance from the nght cardiovascular
angle to a honzontal drawn through the cardiac apex (Kirsch) {hg 40). Tll'tlc
measurement presents no difficulties of the angle and the apex can be dcﬁncd \; ;h‘
As figure 39 shows, the angle of cardiac imchination nfluences cardiac hc‘nghr ¢ 2‘
1n a sense oppositc to the transverse diameter (Try) As the angle of inchnatior

increases, Trg becomes smaller and Hh larger Karsch introduced cardiac height
s
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{Hh) to compensate for those errors m cardiac measurements ansing from a depend-
ence of Try; on the angle of inclmation

9. Cardse surface rectangle (Hfir). This 1s the product of the transverse
diameter of the heart and cardiac hesighe (Tra X HE) Kirsch recommends Hflr
(fig. 40) as a relative measure of cardiac size since this rectangle 15 easier to con-
struct and less subjective, moreover, 1ts arca agrees more closely with cardiac area
than docs the Moritz rectangle.

Actually the simplicity of determination 15 striking and the elimination of cardiac
breadth from the calculation avoids the subjective facror attached to such determina-
tions of surface. The average approumation of the cardiac surface rectangle to
the surface measured plantmetrically 1s for the moment open to doubt In a large
sentes we found the average rano of HAl Hflr = 1 109 while the rano of Hl Hr
was 1:1 37. The following point has great sigmificance 1n the question of which of
the rectangles 1s preferable as the relauye measure of cardiac surface The average
approvimation to the absolure value of cardiac surface means less than the constancy
of the ratio of cardiac area to s1ze Obviously the rato of the Montz rectangle to
the planimetric cardiac surface 1s defimtely more constant than the Kirsch rectangle
In a large serics we calculated the extreme devrations of the rauo Hfl Hr = 1 may
1.39 tomin 1 3% while we found 1n the rano of HA Hilr a much greater deviauon of
I'max 13 tomn 0.93. Accordingly the Morirz rectangle ts the preferable rectangle
as a relatve cardiac measure

10 Cardiac surface (Hfl) Ths 1s the planimetric surface of the sagittal ortho-
diagram (Moritz) * The determination of cardiac 2rea requires some practice and
yields satsfactory results i the hands of those expert m 1t Since cardiac shadows
merge above with the vascular band and below with the abdominal shadow, therr
limies must be drawn (figs 38 and 40). Moritz d the right card ular
angle with the upper end of the left cardiac border by a cramio-convex line, the place
where night cardiac border bends into the lower border is joined to the cardiac apex
through a flar caudo-convex line, separating the cardiac shadow above and below
Owing to these arbitrary supplementations of the limts, measurement of cardiac
surface has received some crincism Otten, Assmann, Kirsch, and others believe
these supplementations are so conjectural and arbitrary that carduac surface should
be measured by a more precise method On the contrary Monitz, Dietlen, Geigel,
Rohrer, Bernuth, Kahlstorf and Zdansky believe that knowledge of the anatorme
relations plus a sensc of proportion permits demarcation of the cardiac surface
above and below and judgment of the actual situation with close approuimation
Such supplementation of the cardrac contours is justified—as Rohrer correctly
stresses—because the caudal and cephalic borders of the heart are always obtamed
in approximately the same way, 1f the objection were sustained, one would be com-
pelled to reject the value of measurements of the directly visible cardiac borders as
relative measures of heart size We concur with Dietlen determunation of cardiac
s1ze has value only when performed by a tramed worker and that objections raised

*In the absence of 2 planimeter the cardiac area can be determined by the method of Gegel
e orthod: 1s fe 1 paper, cut out, and weighed When the weight of
100 ce of millimeter paper is known, the atez of the cardrac surface cut out from the same paper
<an be calculted with sufficient exactitude '
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aganst its universal employment arc vahd because the correct drawing of the neces-
sary supplements requires spectal traming and experience. If these presumptions
are fulfified, cardiac area represents a very important cardiac measurement since it
also opens the possibility of determming cardiac volume by the Rohrer and Kahl-
storf methods (see below),

11. Depth measurcment of the heart, All measures previously mentioned are
based upon the sagittal orthodiagram. Determinations of size based upon these
measurements alone presume that this projection has a fairly fixed relation to its
anteroposterior depth This 1s, however, untrue even for the normal heart and for
hearts umformly enlarged, tw o hearts, equal in volume, may possess very different
depths owing to their different positions in the chese (Kahlstorf, Roesler). Even
with the same spanal conditions, the depth of equally voluminous hears can differ
and change independently of the surface area of the sagittal orthodagram Un-
doubtedly the hearr also suffers from changes in shape which are not conditoned by
spanal intrathoracic relations (Zdansky). Consequently, 1t 1s impossible merely on
the basis of the sagittal projection to form relable conclusions on cardiac size. It is
easy to understand that measurement of the sagittal projection of a pathologic heart
1s even less reliable than of a normal one (Assmann). One need merely recall the
great increase of the depth drameter of the heart with mutral disease and a large left
atrium

Accordingly, to determine cardiac volume, measurements of the heart’s depth
are indispensible. As early as 1904, Moritz studied this problem. In the frontal
orthodiagram he used the greatest thickuess of the heare, that 1s, the length of 2 ine
which generally starts where the cardiac shadow retrears from the antertor chest
wall and ends at the most remote point on the posterior cardiac surface

For volume determinations Rohrer utilized the greatest horizontal a-p drameter
in the frontal orthodiagram (lmax) (fig. 41). This is the longese horzoneal Line
Joming the antersor and posterior borders of the cardiac shadow. When 1t is difficule
to define the posterior border of the beart, the place can be located indirectly by
filling the esophagus with barum One should not distend the esophagus so that it
indents the yielding posterior cardiac wall o make the depth diameter shorter than
1t actually 15 The coat of barum on the esophageal wall should just be visible

(Zdansky).

H. Roesler rejected the Rohrer depth diameter. He stressed that with frontal
passage of the ray, the most ventral point of the heart cannot usually be accurately
located since the heart, bulging into the curvature of the antersor lefe chest wall,
1s projected 1nto the sternum. Consequently the Rohrer depth diamercr may be
smaller than the truc one. To avoud this error Roesler advocates a measure which 1s
almost 1dentical wath that of Moritz,

Assmann described as a measure for the frontal orthodiagram, the dragomal
4 (D) and the absolute depth d (T) (fig. 41). The dragonal drameter
designates nearly the axis of the lateral view and consequently runs from above-
behind to forward-below. Its upper end lies at the junction of the following structures
1n front and above, the cross section of the pulmonary artery, belotr, the somew hat
largee cross section of the upper pulmonary veins, and behind, the longitudinal
dnision of the descending bronchus which divides into numerons branches running
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in the path of the central ray preaisely at this place on the hulus, these are recog-
mzed as clear, round spots. Its lower end kies 1n the angle between the diaphragm
and the chest wall, Although this diagonal does not correspond to any anatomic
cardiac measurement, sull it may serve to obram an idea of cardiac mclination toward
the frontal plane (just as the longitudinal diameter of the sagittal orthodtagram
shows the degree of incltnation toward the sagittal plane). For the obfique heart 1t
amounts to 45 to 50 degrees (Assmann),

Assmann measured depth extension of the heart by drawing two perpendiculars
from the points on the anterior and posterior walls farthest from the diagonal dram-
cter The sum of these perpendiculars, t; and ts, provides the “absolute depth

Fio. 41 ~Depth dimensions of heart D = dragonal diameter of the frontal orthodiagram
according to Assmann. t; + ty e absolute depth diameter according to Assmann lmax e
greatest honizontal depth drameter according to Rohrer

diameter ” The advantage of this measurement (Assmann) over the greatest a-p
diameter (Rohrer) 1s 1ts independence from the angle of cardiac wclmation toward
the frontal plane, Rohrer’s depth diameter 1 a function of this angle of mchination.
How cver, 1t 15 precisely this dependence upon the degree of cardac inclination that
makes Rohrer’s depth d -ptable for volume d of the heart
(see below).

12. The horizontal orthodiagram represents the greatest horizontal cross-section
of the heart (Klason). It 15 constructed according to the model of Palmiers's radio-
plastic method whereby the patient 1s rotated on a swivel chair to obtam gradually
the longitudinal axes falling through the heart around 360 degrees After each rota-
uon through 2 few degrees the lateral contours of the cardiac shadow are recorded on
roenrgen paper from which the picture of the horizontal cross-section 1s gradually
obtaned,

13 Caleulations of cardiac volume The volume of the heart can be derermmned
roentgenologically m rwo ways by a reconstruction of a plastic model and deter-
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munatton of its water-displacement or by calculation from measurements of various
projections of the heart. The methods of plasttc reconstruction were discussed on
page 7 They require specal apparatus and demand so much nime and effort that
they are poorly adapred for serial mvesugations, It 1s much simpler to calculate
cardiac volume from measurements of various cardiac projections. The different
methods of calculation are based upon the principle that besides measuremnents on a
parallel projection (as a rule, the sagittal orthodiagram), a depth diameter 1s included
as the third dimension. One must realize that, at best, this provides only an approxi-
mation since the heart has srregular outhnes with only a partial stmlanty to geo-
metric structures for which these caleulations are mathematically valid Neverthe-
less, long experience has taught us not to share Frik's pessimism, namely, that it 1s
impossible to calculate cardiac volume with sufficient exacutude for practical
purposes

Geigel's determination of cardiac volume was simply ehe first crude approvimation and was
considered as such by him By assumung that the heart 1s approximately spherical, res volume was
This

calculated from Moritz's cardiac surface according to the formula Vol = F¥% x —~
IV

formula which serves better as a three dimensional approuimation than as a precise measure of

cardiac s1ze was employed by Geigel as a relative measute of cardiac size by omitting the constant

and was related to body weight For the moment we shall not go further into this measure

=
but will return to 1t 1n discusstog the relation of cardiac s1z¢ to different dimensions of the body
The formula of Salotn Vol = 2 jb X (a4 b) X (¢ +d) m which a + b indicates cardiac

breadthand ¢ + d, the cardtac length, likewise yields only approximate values

The claim for greatest possible exacurude 1s fulfilled 1n many directions by
Rohrer's calculation He proceeds from the proposition that the volume of a regular
obyect of optional form equals the product from the size of selected parallel pro-
jections and the average linear extent of the direction perpendicular to the first
plane of projection He arrives at 2 simple determination of cardiac volume, 1
which the margin of error 2mounts to 10 to 15 per cent 1 most unfavorable cases
on the basis of expertmenral cardiac models. In the Rohrer formula (Fa X lmax X
063 = J), ] 1s the cardiac volume sought, Fa the planimetric surface as measured by
Moritz (p 73), Imax the greatest honzontal depth diameter (p 75), and 063 2
constant. The product Imax X 0 63 replaces the average linear extent of the sagital
dimension for the lacter has a constant relation to the greatest depth diameter for any
position of a regular object. Rohrer obtamed the factor 0 63 empinically, 1t Ties
approvimately between the factor for a transverse paraboloid and an ellipsord
Subsequently Kahlstorf* arnived at the same formula 1n another way

The reciprocal dependence of cardiac area and the greatest honzontal depth
diameter on the posioon of the heart 1 space makes 1t necessary 1 every volume
dererrmnation to obtain the two values in precisely the same position of the body
To maintain the body m the same position, one should employ the lead crosses

+ Ludwig used the cardiac rectangle in place of the cardiac surface (Fa) i the Rohrer formula
“This requires a substurution of the constant 0 46 for 063 The Ludwig formula1s V = R X Ty
% 046 V15 the cardiac volume, R the cardiac rectangle of Moritz, and I the greatest hortzontal

cardiac diameter of the heart
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deseribed on page 6 With frontal passage of the ray, if the transverse bars of both
crosses hie at exactly the same fevel and perpendicular to the plane of the screen,
the inclinacion of the upper half of the body s preaisely the same as with sageal
passage of the ray and rotation is exactly 90 degrees Only when these precautions
are stnctly followed is the degree of exactitude obtainable within the hautanons of
the Rohrer method secured,

Rocntgenologic caleulanon of cardiac volume ss rechmeally impossible when the
apex cansot be defined and deter of the depth d 1S UNCertain oW Ing to
obesity, pulmonary stasis, a large heart, or when breast shadows are projected into
the anterior medtastinum, Valume determmations should not be attempred in such
cases. Lven i thus himats the applicatnlity of the method, its field of employment 15
still vast beeavse these diffieulnes are unusual in young idividuals who are preciscly
the most suieable for 1 estigations of the physiology of circulanon, mareorer,
respect to athleties and ability ro perform miary senvce, 1t 1s often an cyeellent
yardstich for expressing an cxpert opmion

With proper posing of questions and careful selection of patents or expenmental
subijects, the Rohrer method, 1n our expenence, yrelds excellent results When
properly performed, 1ts superionity over all other methods for deterrmming cardiac
volume rocntgenologically, resides in the fact that it provides with close approvima-
tian, a relable volumetrie measure of cardiac size, 1ts disadvantage 1s that 1t cannot
be used in all cases

When cardiac volume cannot be determined by the Rohrer formuls, Ludwig
caleulates 1, with good approximauon, from the transverse cardiac diameter (T)
and the greatest horizonral depth diameter (Too) Hos formulass Vo= 60 X (T +
Tra} X 700, This formula, whose chief atrraction is its simphatty, yields unduly
small values when there 1s marhed cardiac enlargement Consequently Ludwig
recommends the addinion of 15 per cent when T 4+ T 15 above 25 cm. and 30 per
cent whert 1t 15 over 30 em

A second formuls (Rohrer) reported for determiming cardiac volume caleulates 1t from the
sarface of the sagitral orthoduagram (T2, the surface of the transverse orthodugram (Ft), and

catduac helghe(hy V = £ 2 FE 5 e, brs 3 comstaot, 075 The formala found e scesptace
because the transverse surface 1s determined with great difficulry.

Cignofinn a5 well as Benederts and Bollm unbize as a measwre of cardiac depeh, she breadth
of the carduac shadow 10 the left antensor obhique poution. The Crgnohim formula s

.. 4.5, Dfr
Vol =3 X3 X5

S 1 the cardiae surface and DPr the dimension just incntioned. Benedetn and Bollinr caleulare
the volume according to the formuls Vel = DLo X DLa X DApO i whieh DLo 15 carduac
Tength, DLa eardiac breadth in the snterior view and DApO the breadth of the cardiac shadow
i the left antenor oblique position

V1. Correlative Determinations of Cardiac Size

The main objective of 1 cardiac is 10 answer the
Question of whether the hearr 15 normal, oo large, or too small for the subject
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To answer these questions, cxtensive studies were undertaken to ascertain the rela-
tion of average cardiac size to vartous dimensions, characteristics, and functions of
the body (Morttz, Dictlen, Francke, Claytor and Merill, Otten, Hammer, Groedel,
v. Teubern, Haudek, Veith, Gergel, Kirsch, Rautmann, Hecht, v, Bernuth, Salorti,
Fray, Hodges and Eyster, Benedetti and Bollini, Kahlstorf, Cignobm, Ludwig,
and others) It should be stared i advance that the expectations associated with these
studies were realized only 1 part, not only due to the difficultics of precise roent-
genologic determinations of cardiac size bue also to the impossibility of including all
those factots of body and perspheral circulation which decisively mfluence cardiac
size,

Anatomic studics have shown that the state of the muscles and, thercby, the
weight and to a certain extent even the size of the cadaver heart, depends primarily
upon the condition of skeleral musculature, 1ts extent and type of acuvity, “So all
amimals, man included, that have stronger and more sturdy frame, with large
brawny limbs some distance from the heart, have 2 more thick, powerful, and muscu-
lar hear, as 1s obvious and necessary. On the contrary, those whose strucrure is
more slender and soft, have a more flaceid heart, less massive and weaker, with few
or no fibers internally” (Harvey). This precept enunciated in 1628 implies that the
mass of the heart depends upon body build and more particularly upon the state of
the body musculature. On the basis of exact heart weights, Hirsch reached the same
conclusion Morcover, Kulbs demonstrated that a dog working on a treadmull has 2
larger heart than s control At present we know that cardiac volume, rocnt-
genologically determined, need 1n no way keep strict step with the development of
skeletal musculature since—as v. Weizsacker correctly noted—various working
condittons place different loads on the heart and skeletal muscles (p. 122).

Anatomic cardiac measurements are not i full agreement with the proportions
disclosed by the roentgenogram. Strictly speaking, they are nor comparable to eac.h
other Cardiac size and shape change essentially after death owng to rigor mortis
which emptics most of the content of the left ventricle and some of the right (Roth-
berger, Aschoff, de la Camp), particularly with a large aortic heart there is a rather
amazing reduction 1n size 1n the cadaver as compared to the living heart. While
cadaver heart volume 15 determuned largely by the status of its muscle, the hving
heart size 15, in addition, decidedly nfluenced by 1ts blood content which 1s subject
to great vanations depending upon airculating blood volume, cardiac rate, contraction
force, diastolic myocardial tension, and the resistance against which the heart worhs.

In correlative determmations of cardiac size, every effort should be made to
exclude as far as possible, all intra- and extracardsac factors which mntroduce fluctua-
tions of cardiac filling Naturally this goal 1s never artained. It can be approumated,
however, by making all determinations under standard conditrons and maingaining
them as constant as possible For reasons discussed later, cardiac measurements
should be made at the same time of day, preferably when fasting, with no cxertion
in excess of the individual’s average m the preceding tw enty-four hr{urs (Zdansky).
Owing to static lability of cardiac size (p 94) it would also be desirable to sccure
cardiac measurements in the horizonral posrure {(Moritz, Dietlen). These precau-

tions exclude important factors which could lead to mcalculable alcerattons of cardrac

filling.
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For correlative determinations of cardiac size, two methods, different i princie
ple, arc employed- (1) empirte rabellar arrangement of various cardiac measure-
ments to all values of one or scveral body dimensions with a statement of upper and
fower normal himits, (2) empinc calculations of ratos (average values as well as
their upper and fower normal humits) betw een various cardiac measurements and one
or another body dimension,

Thus, various measurements of the sagirtal orchodwgram (Trye, HI, Hbr,
Hh, Hr, Hfr, Hf) are related to vanous absolute and relative body measurements
(height, weight, chest ar e, transverse d of the thorax, body
rectangle) and occasionally also to age and sex.

The reproducnion of mnumerable pertinent studses and rables would serse no
practical purpose for they have only a heele hustonical mterese.

Al investigations reveal that in adults the average value of different measure~
ments of the sagitral orthodiagram steadily change with height, weight, and chest
citcumference, they mcrease and decrease m the same direction as body measure-
ments. This indicares that duffercnr diameters of the saginral orthodiagram reflect
the true heart size and that the vanous body measurements exere a sumilar smfluence
on average heart mize, The faner 1s explaned by the close connections existing
berween diverse dimensions of a man of normal bwild (Dietlen) When this
harmony 15 disturbed, strict cotrelation berween differenc body measurements
and those of the sagittal orthodiagram are mussed but this does nor neces-
sanly mean that the hearr 1s abnormal Thus, i people of equal weight
but of different heighe, there 1s no corresponding mcrease of single cardiac
measurements with greater height but an almost constant and, pantly, even
decreasing value for Tra, Hi, and Hft (Dietlen). Undoubtediy 1n the subjects
studred, only the shortest groups of individuals were normal m weight and were well
proportioned while those 1n taller groups were somewhat underweight and prouc
and may have had vasomotor mstability and poor musculature, consequently—n
respect to height—the hearts of the latter were relatvely small (p 102) On the
other side, when individuals with a normal cireulation and of the same height are
arranged according to different weights, heart size does not increase 1 accordance
with ncreasing weight since the far deposits, primarily responsible for the excess
weight i the heavier groups, exert only a shght mfluence on cardiac size. Obese
ndividuals with normal circulation have hearts which are relanvely small in relation
to thesr weight while underw eight individuals have hearts too small for their height.
Only when dividuals are normat 10 nutrition and proporcions do herght and weighe
o afmost paraffel The correfation m children 15 more flexible in respect to cardiac
measurements and body measures since i the growing orgamsm the ratio berween
the size of single organs and thetr parts is even more vanable than after growth 15
concluded.

The close relavion, repeatedly confirmed for adules of normal bild, berween the
average value for single measurements of the sagittal orthodiagram and various body
measurements at the moment scemed to provide a reliable answer 10 the
quesuon whether the heart was of normal size or nor, bur this hope
soon was dussipated for the scatter of devianons of values of the sagirral preho-
diagram for vanous body dimensions normally has a remarkable spread around the
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average value. Consequently, no conclusion about the normality of heart size for
the given casc 1s possible. This 15 evident from the following fact: even within a
closely drawn height and weight class, deviations of cardiac measurements spread so
widely that the maxima of one class can greatly exceed the average value 1n the next
igher class (Otten)

This can be explaned largely by the following fact despite a fixed cardiac
volume, single measurcments of the sagittal orthodiagram can differ greatly depend-
ing upon the shape of the heart and its position 1o the thorax so that there is no
measure even partly relable for determiming erue cardac size. The dependence of
measurements of the sagittal orthodiagram on the posttion of the heare in the thorax
was mentioned on page 70.

An advance i this respect was achieved by the cardiac correlation of Raurmann
Actually n this procedure as well, the transverse cardiac diameter alone was con-
sidered. This imperfect defimtion of cardiac size was partly corrected by relanng it
to height, weight, and chest circumference, that s, to the three body measurements
which together determine the size as well as the position of the heare in the thorax.

From approuimately 1800 orthodiagrams of healthy young males obtamed in
the sitting positton, Raurmann calculated the correlation and regression coefficients
for Trn* height, Try chest citcumference, and Tre weight. On the basis of these
calculations he tabulated Trx together with corrections for weight and chest ar-
cumference, (tables 1 to 3)

Tasve | —Tubellar arrangement of the transeerse carduac diamieter (Rautmann)y

Chest Chest
Height Waght  circum- Tra Hewght Weght  circum- Tex
cm Kg ference cm cm Kg frence cm
«m m
150 510 81 0 128 173 67 1 86 8 13 4
151 517 813 128 174 67 8 870 134
152 52 4 81§ 129 175 68 5 873 13 4
153 531 818 129 176 69 2 875 13 4
154 538 820 129 177 69 (878 135
155 545 82 3 129 178 706 88 0 a3 5
156 552 25 130 179 73 88 7 135
157 559 82 8 130 180 720 88 5 13§
158 56 6 830 130 181 727 88 8 136
159 573 8 3 130 182 73 4 890 136
160 580 835 131 183 41 89,3 136
161 58 7 83 8 131 184 748 89§ 3¢
162 59 4 840 131 185 755 89 8 137
163 60 1 843 131 186 762 90 0 137
164 60 8 83 5 132 187 76 9 90 3 137
165 615 84 8 132 188 776 90 5 137
166 622 850 132 189 78 3 90 8 18
167 629 853 132 190 790 910 138
168 63 6 85§ 133 191 97 913 138
169 643 85 8 133 192 80 4 91.5 138
170 650 850 133 193 811 918 139
1”7 65 7 86 3 133 194 81 8 920 rx:
172 66 4 86 5 134 195 825 923 n
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In rable 1, heights from 150 to 190 cm. are arranged for corresponding averages
of weight, chest circumference, and Try. 1f weight of chest circumference deviates
from thesc averages, the value of Try must be increased or diminished by the amount
reported in the correction tables (tables 2 and 3), in this way the predicted value of

TaBtr 2 —~Correction table in regard to merght (Rautmann)

With a deviation of body weight from the average value

About {1 00~ Z 25 Kg alters the Try about 6 T em
225-1375 o2

3 75- 528

5 25- 675

6 75~ 825

825~-975

QTS 2y

1" 25-13 2§

13 25-14 7§

14 75-16 25

16 25-17 75

17 75-19 2§

19 25-20 00

————zc20009
P R R ]

Tasre 3 ~Correction 1n regard 1o chest aurcumference (Rautmann)
With 2 deviavon of chest orrcumference® from the average value
About L 00~ 2 25 cm the Ten chinget about @ Lem,

225-4128 012
4 25- 575 013
575-7 25 04
7 25-9 28 o5
9 25-10 75 006
10 75~12 2§ 07
12 25-14 2§ 08

* The chest aircomfeeence 18 calculated as the average vatue m deepest inspiranion and expira-
tton The measuring band s apphed parallel to the outstrecched arms just below the level of the
upples
Tta 15 obtaincd for the height, weighr, and chest arcumference of the subject
From companson of the Try found with the value caleulated from the three tables,
1t should be possidle to dectde whether the partcular heart 1s normal n s1ze or not.
No deviations of Try up to 0.6 cm of the predicted value should be considered
unconditionally pathologic.

From an empitic formula, Hodges and Eyster calculated the normal value of
Try in situng males by including height, weight, and age

Try (mm) = age (years) X 01094 ~ height {em) X 01931 + weight (Kg)
X 08178 + 95.8625.

1f Try of the particular pauent exceeds by S mm. the predicted value determuned by
this formula there 1s presumed with a 3:1 probatbity that the enfargement is
pathologic

Fnally, Bresemann attempted to caleulate the value of Try from height (L)
weight (P). and chest circumference (C). By comparing Rautmann’s figures, he
concluded that Trn of the male heart s closely approximated by the formula.

1 1 1
T‘“=m1‘+9~51’+§6C+8.3.
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For the female heart, the coefficient employed is 7.8 instead of 8.3 (Maishich and
Bobrezkaja). Values deviating more than 6 mm. above or below the value predicted
by Rautmann of Try are considered abnormal

The same nadequacies mentioned as impainng correlanve cardiac dimensions
also affect those depending upon calcularions of constant numersc ratios (quotients)

Transverse heart Oblique heart
Ten:Tr, = 1. <2 Tra: Tre = 1+about 2
2
P 2
Vertieal heare

Tra Trn=12>2 .
Fic 42.—Groedel's heart-lung ratio Its dependence upon spatial relations mn the chest an
particularly on the level of the diaphragm.

between various measurements of the sagittal orthodiagram and different body
surements, o
meaThe correlation between transverse cardiac dimension and that of Ih; thorax
found widest acceptance. After Kreuzfuchs (1912) related the size of the bc:rtd tl(:
:dth of the thorax by calculating the relation of cardiac bx:ead(h to.rhorac'xc rcah(
i h cgntral projection, Th. and F. Groedel (1915) investigated this relation ortho-
witl Y
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diagraphically. They devised 2 cardiothoracic ratia, Try: Tre in which Try was the
greatest horizontal distance between the lateral mnner borders of the ribs at the level
of the dizphragrmtic domes (fiz. 42}. This ratio is very constant (Th. and F.
Groedel). In children berveen 3 and 10 years 1t amotnts to 1:1.9, in men of 20 to
1:1.92 and at 30 to 1:1.95. In other words, the childhood heart is relanvely broader
t relation to the thorax than the heart of m:ddle 2ge when the rato is approximarely
1:2. Major destations from these figures suzgest enl or zb } semall

of the heart (Groedel). In extensive maternal Hammer's average in healthy males was
1.98 with the rather large deviations of 1.5 to 2.3. On the basis of Hacdel's stodies,
Dietlen caleulated the desianons of the cardiothoracic rano spread from 1.8% o
2.35. In children Kirsch found an average cardicthoracic ratio of 2015 sath average
destations of 1.8 to 2.2 and maumal devianons of 1 74 to 246 On the basis of
personal seodies plus those of Bamberg and Puzzaz and Lange and Feldmarm, Karsch
assumed 2 progressive relative reduction of the transverse cardiac dumeter mn early
chilthaod. His average values were: first months of life, 1.83, fourth to fifth menths.
1.87, cighth ro ninth months, 1.93; beginang of second vezr, 1.94; durd 1o fonrth
vears, 1.99. The values armained by the thurd vear remuined umltered throegh the
entire period of growth and even duriny adult fife. Dinzer (1919) concluded that
the transverse cardiac diameter amornted o 39 10 50 per cent of the ransverse
dizmeter of the thorax with an average of 45 per cent, a value of 50 per cent was
suspect and values higher than this were definitely patholozic.

The tatio of heart and thotacic breadth esidently follow s general laws bor i
individeal cases is less constant than Th. and F. Groede! otigirally assumed. Marked
deviarions from average valves are common m womxn whose tansverse candiac
diamerer 15 often relanvely larye in relation to thoracic width; consequently thewr
ardiochoracic ratios may be remarkably small in the absence of carduc enfarge-
ment. The thorax of mny females 1s relarively deep but parrow 2nd conseqrenthy
approaches the mfannle form. Therefore cardiothoracic ranos are ke those found
in childhood (Groedel, Rirsch).

The valee of tie cardiorhoracic ratio 1s decidedly limred ownz o mfleence by
alterztions of diaphragmanc level (fiz. 42). The transverse carduze drameter (Try),
to 2 great extent, depends on the position of the heart m the thorax (p. 182). A
transverse cardiac position from efesation of the duphragm 15 accompaned by 20
werease of Tra, cardiae obliquury from duphragmane descent by 2 reduenon.
Often chis shufis the cardiothoraace rano. Even of the elevanon of the diaphrgm
(obesiey or space-occupymng abdormmal Jesions) increases Tre as well as Tra, the
fatter ustally increases relsusely more than the former. Thus alters the ravo Tra: Tr,
i the sense dhat 2 normal bt transverse heart seerns enfarged. On the contrary, m
trany peotic individeals with 2 spacious thorax and a relanvely wide, lower thorzac
2pertuze, the Trx of the median placed and vertical beart is proportiomrely smalito
Thy, simulating sn aboormally small organ, then, 3 heart acreally enlarged mav
appear normal in size if the cardiothoraaic quotient alone is coosidered.

_ Owing to this dependence of the cardiodh ratio on duaphrag poution,
[?Kdm calculated (on horizontal orthodiagrams) mdividea) average quetienss for
different caediac positions. His valve was 2 for the obligue, 2.15 for the verdcal,
35 1.9 for the transverse heary; for pendulous hearrs the averaze valze was 2.3,
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For the female heart, the coefficient employed 15 7 § nstead of 8 3 (Masslich and
Bobrezkaja). Values deviating more than 6 mm., above or below the value predicted
by Rautmann of Try are considered abnormal

The same nadequacies menuoned as impairing correlative cardiac dimensions
also affect those depending upon ealculations of constant numersc ratios (quorients)

Transverse heart Obhque heare
Ten: T =1:<2 Tea:Tee = 1 abour 2
Vol
7 4
Verrical heart

Tra TrL=1>2
Fic. 42 —Groedel’s heart-lang ratio. Its dependence upor spatial relanons jn the chest and
particularly on the level of the diaphragm.

between various measurements of the sagmal orthodiagram and different body
foeasurements.

The correlation between transverse cardiac dimension and that of the thorax
found widest acceptance. After Kreuzfuchs (1912) related the size of th'c heare to
width of the thorax by calculating the relation of cardiac bx:eadzh m‘thornclc breadth
with central projection, Th and F. Groedel (1915) investigated this relation ortho-
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In normal heares the rario of OTD: OCS should be 1+2, with maximmal deviations
of 1:2.3 and 1:1.8. The ravo of 1 1.8 or less should be found only with enlarged
hearts.

The depth diameters a and b were constdered measures of right and left ven-
tricular size, Both 2 and b should be about equal ro QT Increascs of erther beyond
this vatue indicate enlargement of the night or left vantricte respeenively.

This farly comphcated reconstrucrion provohes mental reservanons because
Fray obtamed thcm by measuring releroentgenograms which inchudes the errors
assocwsted with every central projection, A second 1mportant source of error 1s the
dependence of the cardiothoracte ratio on the level of the duaphragm and the shape

Fia 43, —~Correlanive deternunations of cardiac size and of the two ventnicles, according to
W, W, Feay.
of the chest, this 1s not ciccumwented any morc than m the Groedel ratio Consc-
quently deviations of values are equally great and the new method has no advantage
over Dietlen's cardiothoracic ratto or the Alstadt modification of Groedel's method

The relation between the transverse cardiac diameter and the width of the
shoulders (bacromial distance) recommended by Tapate 1s also not essenniatly
different, i respect to fundamentals or results, from Groedel's ratto

Somewhat betrer are coreelation quottenes calculated from various cardiae
and body measurcments which define the body more precisely than does che trans-
verse drameter of the lungs In thus conncetton the studres of Moriez and his pupils
deserve emphasts

Considering chat indwidual drfferences 10 development of the far pads widely
parallel body weight without cxertmg noteworthy nflucnce on heart size within
sde lmuts, Motz substitutes the ideal weight for the acrual body weight and
cardiac surface

wdeal werght

height X Chff;oc‘erUmfcreﬂCE The

, 1deal

relates this to carduac surface (HAl) according to the formula

woght 1s caleulated from Bornhardr's formula,
cardiac surface

ideal weight
average 20 1,

quotient thus obtained should be very constant (Moritz) and should
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For the typical transverse female hearr the average value was 1 92, for the verucal
213 and for all female hearts 1,96,

On the bass of extensive personal observations Ludwig denied chat the cardio~
thoracic ratto was useful for measuring cardiac size

Alrstade made 2 vafuable suggestion m individuals with an elevated diaphragm
the transverse cardiac positton should be abolished by deep mspiration, the trans-
verse drameter of the heart 1s determined at a depth of spiration when the angle of
cardiac nclination 15 45 degrees (“normal sttuation of the heare,” Haudek) This
value 15 related to the transverse diameter of the thorax, not 1n nspiration but, as
usval, m average expiration Thus procedure cerrainly yields more comparable and
very useful cardiothoracic ranos Nevertheless the person under investigation
should not involuntanly stran to mamtain deep mspiration since this, as 1s well
known, reduces the size of the heart (p 108)

Recognizing that the transverse diameter of the heart defines cardiac size very
imperfectly, Bamberg and Putzig calculated the ratio of the lung transversal Try
and the “average cardiac diameter’”” which 1s the arithmenic mean of Try, L, and Br.
With releroentgenograms in nurshings this ratto 15 1 85 to 2. Von Bernuth found a
value of 1.93 to 2 5 (average of 2 17) for the same ratio i children over 1 year old,
that 15, the breadth of deviations was very large

H Zondek endeavoured to find the normal cardiac size more precisely by
retaming the transverse cardiac diameter as 2 relauve measure while substituung a
“thoracic mdex™ for the transverse dramcter of the lungs The mdex was calculated
from the thoracic herght (b) and width (2} by the formula 2a-b He arranged the
various “thoracic ndices” according to average values, found emprrically, of the
transverse cardiac drameter Deviations from the predicted values should permit one
to recognize a heart as too large or too small

In recent American hterature exammation m the left anterior oblique posttron
has found special favor smce with roratton to the right of about 40 degrees the ven-
tricular septum runs approvimately m the path of the rays so thar each half of the
heart projects about equally to right and left Fray measured the transverse diameter
of the cardiac shadow and of the thorax in this position and thought he could express
numerically, enlargement of the entire heart or of either half The patienc 1s rotated
to the nght unnl the cardiac shadow 1s smallest With 2 normal position of the
diaphragm this 1s about 40 degrees, with descent or elevation less or more than 40
degrees, respectively The course of the ventricular seprum 15 constructed as
follows (fig. 43) the hortzontal distance from the right anterior bony chest frame-
work to the night tracheobronchial angle 1s measured and the Jtne continued at the
same level posteriorly. This hine passes over the veneral lymit of the jomt of the left
costotransverse process postertorly for the distance C In the same position, the
“thoracic transversal” (OCS) 1s constructed by drawing a hne connecting the night
anterior chest wall and the ventral limut of the left costotransverse process joint at
the cardiac level (?) The thoracic transversal 1s prolonged the length C and at the

middle, the line 15 jomed to the right tracheobronchal angle by 2 seraight hine which
indicates the location of the ventricular seprum From this straight line the longest
dropped to the anterior (a) and postersor (b) Jumits of the cardiac

lines are r
plumb 1 fa -+ bgives the transversal of the cardiac shadow (OTD)

shadow. The sum of
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9 5) whereby values below 8 indicate the heare 15 too small and values over 11, too
large. For crcet women the quotient is smaller, 1t amounts to 7 31 to 10 88 and
averages 8 88 whereby values under 7 should indicate that the heart 1s too small and
values over 11 that 1t 1s too large. Kahlstorf stressed that hearts too large or too
small according to this calculation are encountered without any clinical signs of
arrculatory disturbance or cardiac imparrment In our experience a reliable concep-
ton of the normality of cardtac size 1s obtamned by relating the ideal weight calcu-
lated by the Bornhardt method (p. 85) nstead of the actual werght to cardiac
volume

All thesc ranios have a scattering of deviations about the average which 15 so
broad rhat they are poorly adapted for defimre statements abour the normality of
cardsac size 1 a particular case This 1s mevitable from the fact that one or another
body measurement 1s considered at the moment 1 the various formulas although in
no mstance does 1t alone determine cardiac size nor does 1t change 1 absolute pro-
portion This can be deduced even from the first studics of Dietlen and others

Recently on the basis of detaled mathemanc treatment and extensne personal
mmvestigations, Ludwig evammed the question of corrclative determinations of
cardiac size As the outcome of his studzes, he presents table 4 from which the most
probable prediction (4 11 per cent) of cardiac volume can be determuined fromagiven
weight n kilograms (g), a given thoracic breadth (Tru at the heighe of the right
draphragmatic dome) 1n centimeters (b) and a given thoracic depth (at the same
level) 1n centimeters (1) by the addition of three numbers.

‘TasLE & —Predicted Carduc Volume from Bady Weight and Breadth and Depth of Thorax (Luduig)

. Brcadth of Depth of
Werghe thorax thorax
40 217 20 —41 7 128
45 234 21 —2% 8 146
50 272 22 -7 9 165
55 299 23 +10 10 181
60 326 24 27 1t 201
65 393 25 44 12 220
70 IR0 26 61 13 238
75 407 27 7R 14 256
80 435 28 24 15 275
85 462 29 111 16 293
90 489 10 128 17 3t
95 516 3t 145 18 329
100 543 32 162 19 348

For interpolation one adds § cc for every 1 Kg and 2 cc for every I mm of thoracie breadth or
depth
In a given case, a cardiac volume determined by the Rohrer-Kahlstorf method
which exceeds the predicted value by +11 per cent determined from table 4 means
cardrac enlargement with a probability of 84 per cent
When roentgenologic determination of cardiac volume 1s impossible or 1nevact
owing to difficelt demarcarion of the cardiac apex, Ludwig recommends as a relatve
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On the basis of Hammer’s studies, Moritz later thought ¢ advantageous to relate
the cardiac surface (Hf) or rectangle (Hr) to the body rectangle, hesght X Tryaccord-
cardiac surface X 10 cardiac rectangle X 10
ing to the formula body rectangle or body rectangle
for these quotsents for the erect position are 226 or 300 (Hammer) and for the dorsal
recumbent position 270 or 356 The values in individual cases w ere expressed as per-
centages of these predicted amounts so that deviations & 10 per cent were regarded
as normal and only greater ones were considered indicative of abnormal cardiac
smailness or enlargement.

With cardiac teleroentgenograms and by employing the same dimensions, v.
Bernuth caleulated the correlanive cardiac size 1n children from the age of 1 year
body rectangle
cardrac surface
quotients average 39.3 with deviations of 31 to 47 which 1s regarded as normal;
for body rectangle

cardiac rectangle

Subsequently, Moritz concluded that the use of his body recrangle or Hammer's
had no advantage as a correlate of cardiac size over height and was even inferior.
Accordingly he recommended height as the sole correlate He expressed the correla-
uons of height (K1) and various cardiac measurements as “body-cardiac length,”

« Average values

to puberty according to the formula, + In the crect positton these

the average ts 29.3 with maximal deviations of 23 to 35.

%, and “body-cardiac surface,” f‘_}ile In 100 males and females with healthy hearts,
he calculated the average of these quotients fo obtain normal values A glance at
tus tables shows, however, that the hearts of noncardiac patients show great devia-
tions in average values 5o that no insight 1s gamed m respect to the normahty of
cardiac size.

Definite progress was achieved when cardiac volume, roentgenologically deter-
mined, was considered. At an carly stage, Geigel calculated the volume of the heart

4
(p 76) 1 relation to the nudc weight (G) by the formula V' = F* X Ve

.
through the cardiac quotient HQ = ‘E By disregarding the absolute value, the

P
was eliminated and the reduced cardiac quotient rHQ = 15 was

4
constant
3+/%
ascertamed. For normal individuals this amounts to 14 to 22. Values under 14 1ndicate

the heart 1s too small and those over 22 that 1t 15 too large. Similarly Hecht calcu-
cardiac surface

Jated the relanve cardnac size of children according to the formula waght’

and obtained an average value of 737 with considerable deviations above and below,
these he explained in part by large differences 1n the fat deposits of children.
Kahlstorf advised relating the cardiac volume obraned by him and Rohrer to
h in c .
weight, He calculated the “cardiac quotient” m——g% and finds in
aormal adults, neither obese nor underw exght, that cardiac t:olumc is a hinear func-
tion of body weight. The quotient (Kahlstorf) for erect men is 8.15 to 10.9 (average
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refatively heavy and therefore farger, but by the second year it reaches a weight ratio
which remains farrly constant in fater years (Rocssle and Pouler),

With ercasing age of the child, the average of vanous cardiac measurements
progressively rises corresponding to the greater mass of the ehild’s body (Veuth,
v Bernuth, Otten, Lchmkuhi, Kirsch, Iietlen and Schall) According to v. Bernuth
in afl groups of chuldren, sex differences arc noted, for giels in the prepuberal period
have, at first, smalier cardiac measurements than boys. At the ime of puberal growth
which usually starts carhier 1n gutls, measurements of the male heart semain behind
those of rls bur later ths difference disappears Here again the difference is con-
ditioned by discrepancics 1n body development and 1s not sex-speaific

The roentgenologie studies of Veuth, The Groedel, Bamberg and Putaig, v,
Bernuth, and Kirsch, as well as of Dictien and Schall agree that even in the child
average cardiae measurements merease contmually with heghe butr without 2n
appeeciable sex difference. The particularly wide breadth of vanations i cardiac
measutements of children may be explained—as previously indicated—by the fact
that in the developing arganism, correfations berween cardiac size and the different
body dimensions are not as fixed as 1n adufts Thus, 1t often happens (Rauchfuss)
that there 15 a remporary disproportion between cardiae size (also, 1 the width of
the vascular system) and other developments of the body. Particulaely notew orthy
in this respeet 15 the scattenng of correlative cardiac measurements with respect to
body weight since the focal accumulation of fat m children vaties remarkably with-
out ¢ssentially influencing cardiac size (Bamberg, Putzig).

The heart of the aging organism takes a speenal posiion. The heart increases 1n
weight somew hat near the rurn of the fourth decade into the fifth and then decreases
at more advanced ages (Roessle). This added wesght corresponds to a shght but
distince merease in afl cardiac measurements at this pertod {Dictlen) Dictlen seresses
that this enfargement snvolves pnmanly the mid-left distance (M), for increasing
demands arc placed on the heart through aging of the penipheral circufation, more-
ovet, the development of emphysema frequently leads to ventnicular hypertrophy
and dilatation.

Atrophy and diminunion of cardiac size in old ape has been established anatomic-
ally (Rocsste and Router). Ie 1s found, however, only when the body mass, skeletal
musculature, and far deposits succumb to semie atrophy. Muscular, well noutished
individuals maintam normal cardiac measurements into advanced age. In general,

dimensional afteranons af the heart are onty shghtly imnfluenced by aging

Among the innumerable methods for determiming normal cardiac size, only a
few are sclected for mennan in this place The cnnsmn( wncrease in theyr number,
Ly rself, suggests that all are f: y dcrable progress has
been made steadity  After all, even ac present, cateutations of the normat suil yield
such wide deviattons 1 respect to correlatian, and vanations from the average arc
so great, that 1t 15 tmpossible to deaide whether the heart should be considered
normal, too farge, or too small for the particutar carner These discrepancies occur
not onty with methods which correfate one or another finear measurement of the

sagittal orthodiageam wath this or that bady measurement but also with the best
corrchanve cardiac measurements available, The reasons arc as follows
1. No calculation can place a numeric value upon some smportant factors par-
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Tastr § —Calcuddation of cardiac wolwme from T + Ty,

T+ Tin  Volume m cc T + Tom Volume tn cc

7 520 2% 740
18 380 25 800
19 430 26 860
20 $00 27 920
21 $60 28 980
22 620 29 040
23 680 30 1100

For mterpolation one adds 6 cc for cach 0 1 cm.

volumetric measure the sum of the cardic transversal (T) and the greatest hor-
zontal depth diameter of the heart (Tyon) and reads the absolute volume from table 5.

The cardiac volume of the case under mvestigation as shown by the table 1s
compared to the predicted volume 1n table 4

After further studies Ludwig concluded that body wesght m women (g) 1s
the decistve factor for cardiac volume and that one can calculate this predicted value
by the simple formula V = 5 g 4 150 (£ 12 per cent)

By means of the various correlative determations of heart size reviewed above
Dietlen, Claytor and Meril), Francke, Groedel, Otren, and Ludvwig stadied the
influence of sex on heart size In agrcement with anatomic studies (W Maller,
Roessle and Roulet), all authors found the average value was smaller in the adult
female than in the male. Ludwig’s average showed the female heart about 20 per
cent smaller than that of males This sex difference can undoubtedly be explained by
the fact that ordinarily males work harder phystcally and their skeletal muscles are
more powerfully developed than those of women, far deposits are relatuvely more
developed in women than n men and exert only a shght mfluence on cardiac size
(Dietlen). At this tume, 1t may be recalled that males with light occupations and
weaklings have smaller hearts than those engaged i heavy labor and spores The
heart of 2 woman who works daily and has well developed muscles cquals that ofa
male of the same weight and same muscular development.

Durmng pregnancy the heart enlarges shightly mn proporuon to the increase of
weight (Binhold), this 15 not a dilataton or hypertrophy which exceeds the values
which might be anucipated by the larger body measurements Long ago Dietlen
stared that the cardiac enlargement repeatedly reported on the basis of climeal
and roentgenologic studies was greatly “overemphasized and, for the most parr,
illusory owing to elevation of the heare and 1ts transverse position (Klaften and
Palugyay, Mashch and Bobrezkaja)

Many studies have been made on the influence of age on cardiac size. In muddle
age no effect has been shown, Special situations occur, however, 1n growth and i old

e.
*® ‘Anatomic studies show that the growth of the child heart is not uniform but 1s
accelerated during the first year of hfe and ar puberty. Although preciscly at d‘mfg
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Measurement reveals that not only Trg dimimshes i the erect posture but m
60 per cent of the cases cardiac breadth (Hbr) decreases while length (H) may
remain the same, decrease or occasionally mcreasc. Accordingly, the heart oc-
casionally seems more slender 1n standing than in recumbent individuals.

As a rule cardiac surface arca (Hfl) 1s smaller and this reduction (AMoriez) may
amount to 25 per cent or more Since the reduction 1s not lumted solely to the sagirral
projection of the heart bur also affects its depth dimenston, 1t 1s evident that the heart
normally becomes smaller 1n the erect position (Montz) F. M. Groedel and others
thought the reduction an 1llusion produced by a change of cardiac shape and positton
as the result of abtered spanial condinions They based this upon the observation that
orthostatic reduction of the sagitral 1image tends to be most striking when the

a b

F1o 43 —Alteration of the shape, size, and position of cardiovascular shadow on change from
recumbent (a) to ercce (5) position

diaphragm descends markedly 1n the erect mdividual, then the heart also experi-
ences a very striking change n form and posion This objection was, however,
refuted by the fact that this reduction appears not only in the sagittal view bur also
1 the frontal and, indeed, m both so decidedly that a particularly marked ortho-
static reduction of heart size must occur in these cases

The amount of orthostanc reduction of cardiac size can vary decrdedly Ie
tends to be greater an normal hearts than 1 moderately enlarged ones, when the
heart 15 greatly enlarged 1t 15 often missed entirely (Dietlen) Thus rule has excep-
nions, for hearts dilated as the result of infectious diseases may show very stnlung
orthostatic reducnons even though they are greatly enlarged (Dietien, Zdansky).

The degree of orthostatic reduction of cardrac size 1s determined by the follow-
ing factors (Dietlen)

1. Myocardial thickness. Thin hearts offer less resistance to alterations of their
size than thick-walled ones This 15 one reason why hypertrophied heares, though
markedly dilared, usually show wial or no orthostatic reduction As a matter of

fact, Dietlen proposed this sign precisely for the differential diagnosis of cardiac
hypertrophy and dilatation
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nicipating in cardiac size, on the actual strength of the skeletal muscles, the type and
extent of their actvity, for example,

2 Lven if one succeeded, despite considerable mdrvadual varsatons in cardiac
size as determuned roentgenologically, obviously cardiac size 1s determined not
only by the status of 1ts muscle bur also by 1ts blood content which 15 subject to
decrded fluctuations.

Gerhardr very properly warned aganst the “pscudo-accuracy of numbers”
and Otten believes that alterations i the shape of the cardiac shadow are more 1m-
portant m recogmzing morbid conditions than deviations from statistical predictions
of average valucs, this statement contains many elements of truth

Although roentgenologic measurements usually are not conclusive tm determunt-
g the normality of cardiac size 1n mdividual and borderline cases, nevertheless
they have great practical value They agree remarkably with average predicred
values so that 1t 1s possible to investigate, m 2 large series, and to express mathe-
matically, the regular dependence of cardiac size on various intrinsic and extrmsic
factors This alone justifies the countless efforts which have been made to obtam
correlative cardiac measurements

Even i single cases absolute and correlauve cardiac measurements are not worth-
less smee with their help alterations of cardiac size and 1ts correlations can be
followed m the mdividual subject when the changes appear under the influence
of defimte measurable or even arbitrarily arranged conditions, among these are
work and certam athletic activities. This may have decided importance 1n decisions
about the heart

«

VII. The Heart and Position of the Body

As already mentioned (p 78) roentgenologtc measurements of the heart are
systematically recorded in the supine posttion This standard (Moritz, Dietlen)
1s based upon the knowledge that cardiac size and shape are profoundly mfluenced
by posture To Moritz’s demonstration m 1904 nothing fundamental has been added
about statically conditioned positional changes of size and shape of the cardiac
shadow.

When one rises from the horizontal to the erect posttion, the diaphragm descends
and the heart, resting on 1t, follows the downward movement (fig 44a and b)
Thus, the heart becomes more vertical since the right border can change its posttion
but hittle while the feft border with the apex definitely swings medran and down
Owing to simultaneous rotation of the heart to the right, the left atrium rotates te
the left and somew hat ventrad so that it may project as a flat bulge i the cardiac
watst (Schwarz).

The supracardiac vascular complex moves caudad with the heart as far as 1ts
connection with the cervical fascra and the left mamn bronchus permit Since these
connections limit the descent, the aortic arch 1s subjected to traction by the heart
so that 1ts imbs extend less to the right and left In this way the entice vascular band
becomes smaller and longer so that the aortic knob flattens and moves caudad from

the clavicular shadows
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the abnormal reducnon of ronus in the penpheral vessels and sheleral muscles.
Peripheral vasomotor weahness can be consntutionally conditioned as in many
asthenies, neuronics, and 1 overgrown youths (Kraus, Schuff, Dietlen, Pal), i ¢an
also be reeased by central, praustary, inter-renal, or peripheral reflex mechanisms as
exemplified by tabes or in hypophyseal cachewsa, Addison’s discase, and infectious-
roxic states, Very often reduced vascular tonus 1s associated with lowered tonus of

A A AN BTk S S 47 4

Fia 45 — Marked orthostatic reduction of heart size (a) Male, 32 years ofd, with muluple
sclecosis (5) Asthemc individual, 30 vears old, with pulmonary roberculosss

Casea t Case b

Lyng ’Sul\dmg} Lywg ,Sundmg

Cardiac volume 1n cc , after Rohrer 537 3137 610 483
Circatatng blood valame in liters 52 3§ 4
Blood pressure m mm Hy 105765 § 75/0 1 110/6D } 130/100*
Diameter of aortic arch (Krevafochs) in mm 24 b5} n 23

'

* Despite dintrushed arculating blood volume, blood pressute rose on standing
4 Aommic dameter was not recorded 10 €rect posimon.
Heavy lime vertcal orthodiagram, thin hae hottzoptal orthodiagram

skeletal muscles (Henderson, Berglebock) and this may greatly promore storage of
blood 1 the 2bdomen and in dependent parts.

Finally, when one considers thar the hearr is often definitely thin-walled and
refaxed 1 precisely these cond: , one ds that the dimimished retumn of
blood may be adjusted with speeral ease by 3 corresponding reduction of cardrac size
(Dietlen)  Morcover, a considerable merease of heart rate, orthostatically con-
dnioned, may contribure 1o the reduction of cardic volume.

Moz snempted to define the orthostanc alteranons of cardiac size and shape
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2. Myocardsal ronus, Although this function of the hearr muscle camnor be
measured exactly, ic plays a role m the stability of eardiac size and shape. If one
assumes with Dietlen that a thick (hypertrophic) heart muscle, ceterts paribus, also
has higher tonus, the lesser orthostatic reduction of the hypertrophsc heart can be
concewved as an expression of higher tonus,

3. Heart ratc Acceleration takes place predomtnantly by shortenmg of the
drastolic filling phase and consequently reduces cardac size (Moritz, Dietlen,
Scherf and Zdansky, Mcek) As 15 well known, standing frequently actually in-
creases cardiac rate although normally this 1s not very sigmficant and moves within
limyts madequate to exert any essential effect on diastolic cardiac size, Nesertheless,
orthostauc tachycardia occasionally atrains rates that may reduce cardiac size

4 Flow of blood into the heart. Normally this 15 less in the erect posture than
n the recumbent since on standing some blood 15 retained in the splanchmic field and
1nt dependent parts of the body (Hill, Lindhard, Moritz, Laurell, and others). The
amount of blood so stored may suffice to dimmnish the volume of circolating blood
sigmificanddy

Since so many factors participate 1 the orthostatie reduction of cardiae size it 1s
understandable that the amount of reduction may vary grearly and thar there must
be cases n which 1t may become extremely important owing to spectal simattons of
by summation of several factors Thus, i individuals healthy from the standpornt of
circulation, Zdansky found cardiac volume, calculated by the Rohrer method,
occastonally 200 e less in the erect position than in the recumbent These results are
obtamed particularly m pronc-astheme mdividuals, m “yll-developed grants”
(Kraus), m many overgrown youths, and even in small, thin, delicately butlr people,
especially women

Extreme orthostanc reduction of cardiac size occurs relanvely ofren n mulriple
sclerosis, tabes, thyrotoxicosts, emactation and cachexia as well as i acute cardiac
dilatation due to toxicanfectious states (fig. 452 and b). In all these conditions, when
the patient stands, the strikingly small, median placed heart of more or less mitral
configuration shows fast, Lively pulsations, 1t becomes normal 1 size and shape and
displays quiet, powerful pulsations immedrately when the patient reclines

In all these conditions which stand partly withm normal limts and partly i the
domain of pathology, chinical examination of the erect patient often reveals signs of
arternal anemia like verngo, pallor, headache, fangueability, tachycardia, fall of
blood pressure, and tendency to collapse Corresporiding to these observations,

Laur¢ll and Zdansky demonstrated a considerable reduction of circulatng blood
volume when these pattents stood
This decrease of circulating blood volume has different causes In his classical
studies WWenckebach first showed that the low, flat diaphragm and che relaxed
abdommal wall of the ptotic-asthenic individual supported the circulation poorly
and could create such unfavorable condiions for venous rerurn that relatively large
amounts of blood wete stored in the abdominal viscera and failed to reach the heart
Then, upward displacement of the diaphragm by pressure exerted from below on the
abdommnal wall (Glénard’s maneuver), often sufficed 1 these cases to bring
cardiac size tonormal with disappearance of all ssigns of artersal anema.

More imporrant for the occurrence of defective return of blood to the heart 1s
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discussed the patient should breathe regularly and quictly and shouid not, at least for
twenty-four hours in advance, undertake any exertion inappropriare for the study.

VWhereas im estigazion m the erect position 1s indispensible for exact analysis of
the cardiovascutar compley, the recumbent posture is equally impottane for the most
rehuble determinanions of cardsac size and of acrual aortic diameter. More specifi-
cally, the horizontal position excels alt athers for establishing normal x afues of hearr
size since the results are most constant. Hammer found thar the varations of Trq n
the same indvidual were twice as arge when standing as when sitting and this need
ot depend upon the fact that situng subjects are quieter than standing ones, as he
thought, rather flucruanions of cardiac inflow are much greater when standing than
when stting

With the obvicus supeniority of the honzontal posinon st scems debatable
whether the detecnunatton of notmal values 15, gencrally speahing, necessary or
even justified on upnghe patients.

This swuation exists becavse large series bilance wrepulanittes which emerge
from the intruston of static mfluences. Otherwise 1t is ncomprehensible that cor-
refative determmanions of cardiac size and the invesnganion of the mfluence of differ-
ent physical effects on this size, with few excepnions, reached simufat conclustons
terespectine of whether they were undertaken on standing, sitnng, or recumbent
subects. Nevertheless, this situation prevasls only when the scrtes s large, with
Irrmited studies alt determinations should be made on recurbent subjects despite any
advantage offered by the erect position

Very often 1t may be useful ta determmne candiac size with the patient standing as
well as recumbent (Mortz, Dietlen, Zdansky) beeause « marked orthostatic reduc-
tion of cardiac s1ize and altered shape may have great pracnical and theorenc mrerest,

V1L Influence of Diaphragmatic Level on the Position,
Shape, and Size of the Heart

About one third of the normal oblique heart lies in the nighe half of the thoray
and two thirds 1n the left, the fong axis runs from e nght-posteriorabove to the
left-anterior-below  The duphragmanc aspect of the heare rests on the planum
cardiacum of the diaphragm which descends lihe the long avis of the heart, although
less abruptly, to the Jeft and anteniorly Thus, the heart lies so 1o speak, 1n a groave
formed by the diaphragmatic part of the penicardsum whch 1 fixed to the drapheagm,
and by the sternocostal part of the pericardium which 1s adherent to the anterior
chest wall The active heart can rotate as well as ghde m this groove Naturally
mobility ts hmuted sice the heart 15 enclosed on all sides by the fixed pericacdium
by virtae of which 1t 1s bound to adjacenr organs (lungs, diaphragem, trachea, cervigal
fisca) through the entening and deparung vessels, morcover the heart 15 firmly
fixed near its night posterior border along an almost perpendicular hine runnmng
berween the venae cavae (caval aws) Finally, the medistnal connective tissue and
meduastmal plevra, as well as the elastic pull of the fungs, very effectively aid
stabilizing ¢he posttion of the heart

The diaphragm has great sigmficance n determmng the position of the heart
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numerically by determining “cardiac slenderness,” Hiblr' in the erect and recumbent

HI recumben
positions as well as orthostatic “reduction of cardiac length,” umbens
HI standing

Hbr recumbent
Hbr ercer

“reduction of cardiac breadth,” and “reductton of the cardiac

+» Hr recumbent
Hr erect

He determincd these ratios for 100 males and females, healthy from the stand-
pomnt of circufation and demonstrated that average cardtac slenderness was peactic-
ally the same for both sexes and that the ratio, on transitton from recumbency to
standing, was unaltered or changed msigmificantly i both sexes Furthermore,
mn males as well as females cardiac length, breadth, and the rectangle diminished on
standing and the average reduction was greater in men than 1n women

Motz atrempted to employ these ratios for a numeric conception of anatomic
alterations of the myocardium

As intimated above, the orthostatic reduction i size nvolves not only the
cardiac shadow but also the vascular band The narrowing of the vascular band
depends primarily upon the previously mentioned stretching of the aortic loop,
other words, at first the transformation depends upon the altered spanal situation
In pauents with considerable orthostatc reduction of cardiac size, there 1s an ad-
ditional essential factor, namely, orthostatic narrowing of the aorta as comparauve
measurements of 1ts diameter 1n the recumbent and erect posture show (Zdansky)
Like the reduction of cardiac size, this orthostatic narrowing of the aorta results
from its decreased filing Undoubtedly, reduction of blood pressure also plays a
role and must be considered in measurements of the aorra (p 372)

The same statement probably 15 also valid for the pulmonary artery, although
apparently there are no studies on this score Certamly dimimished filling of the
pulmonary artery participates m the orthostatic reduction of the vascular band
With marked orthostatic reduction of heart size, Laurell saw the vascular lung
markings become less prominent, particularly n the upper ficlds when patients were
erect and he ascribed this to orthostatic reduction of pulmonary vessel contents

These remarks indicate thar orthostatic reduction of the cardiovascular shadow 1<
produced partly by transformation and displacement of the hearr and great vessels
and partly by actual reduction of cardiac size and narrowng of the great vesscls
These reductions 1n volume, differing vastly in extent, always result from a dunm-
1shed blood content, the cause of which 1s less cardac than extracardiac (central and
penipheral vascular regulation, diaphragmatic funcrion, respiration, tonus of skefetal
muscles, and so forth) Since diverse factors regulating the flow of blood 1nto the
heart fluctuate greatly during hfc, indeed from minute to minute, obviously the
amount of orthostatic reducnion of cardrac s1ze can change unpredictably n a given

rectangle,

individual.
Consequently, 1t 1s necessary to stabihize these factors as far as posstble and o

exclude fluctuations 1f numerscal determinations of cardiac size and aortic diameter
are undertaken in respect to their normality. This objective 15 attaned best with

measurements obtained i the recumbent posiion (Moritz), for reasons sull to be
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The heart yields to the diaphragm pressing from below predomunantly by shift
or rotation of its moveable parts and chicfly by compression and deformation of
relaenely fixed pares. Stnce the apical portion of the ventricular cone, directed to
the left-anterior-below , 15 the most mobnfe pare, while the cardiac base, Iyimgabove
on the right, 1s relatively fixed, elevation of the diaphragm causes the heart to rotate
so that the ventricular cone tutns to the left, up, and forward while the base and
right border change relanvely hutle Usually the forward displacement of the apex 1s
slighe and possible only o the extent that the a-p diameter of the thorax mcreases
with clevation of the diaphragm. With the swing just desenibed, the heart rotates
around its long axs to the left 50 that ats antenior surface turns to the left.

The risc and shift of the apex and the left border of the heart 1o the left lengthens
the mid-left distance (MI) On the other hand the md-night distance (Mr) changes
bue hieele stnce the night border hies near the mdhne and 1s fixed along the caval
axis, therefote, the nght cardiac border really changes ns shape only by more

Fig 48 —Upward displacement and transverse posmon of the hearr from elevation of the
diaphragm Woman, 34 years old, wich megacolon By mrerposnon of the gas-filled colon
between the hiver and diaphragm, the duphragmatic border of the heart 13 entrely wsble The
angle of cardiac inclination a = 20 degrees

marked rounding, This unequal mncrease of Mi and M shufts the rato of Mr Mi
sn the direction of 1 >2 (fig 39)

The swing of the cardiac apex just described, with relanvely unaltered position
of the cardiac base, diminsshes the angle of cardiac snehmanon (figs 392 and 48).
The reduction of this angle 15 regarded as a crterton of diaphragmane elevanon
when no other reason for the transverse position (elongation of the aorta, space-
compressing mass of the upper mediastmum lihe a rerrosternal goiter, or large
aortic ancurysm) 1s demonstrable Naturally there 1s no paraliehism between the
amount of diaphragmauc elevation 2nd reduction of the angle of inchination, that s,
of the transverse posicion of the heare (Klaften and Palugyay) smce the central
tendon often changes less than the domes of the duaphragm

Since the left ventngular arc bulges more to the Jeft when the heart becomes
transverse, as 4 rule the cardiac warst 15 deeper This gives the cardiac shadow an
aortic configuranion and may simulate left ventricular enlargement. This 1s one reason
why so often cardiac enlargement and hypertrophy are erroncously assumed to
eust m pregnancy (Dietlen) In the oblique and lateral posions, the posterior
cardiac border extends farther bachward so that the retrocardiac space seems narrow
and the esophagus locally experiences a bachward retrocardiac indentavion (fig
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because 1t serves as a support Owing to this important fanction, the diaphragm
demands special attention The other attachments of the heart are indimdually
rather constant and vary comparatvely hitcle but this does not hold for the diaphragm,
With each respiration and every change of position, this support changes its level
decidedly and often extreme variations result in certam individuals.

Every change of draphragmatic level alters the position and shape of the heart,
naturally this 15 limited by other attachments and 15 directed nto certain paths.
Moreover, 1t 1s essenually affected by the size and the plasticity of the heart and
great vessels. Consequently, the position of the diaphragm must receive careful
consideration 1n every roentgen examination of the heart.

Frc a6 Fic 47

Fic 46 —Normal position of diaphragm The angle of inclinztion & = 45 degrees I'he dome
of the diapheagm 15 under the nmnth nib

Fi 47 —Moderate elevation of duaphragm The angle of cardizc inclination o < 45 degrees
Since the lower ribs are elevated by enlargement of lower thoracic aperture, the reciprocal relations
between the domes of the dizphragm and the lower ribs 1s not altered to the extent that on¢ mngh;
expect with elevation of the diaphragm Consequently the ninth rib 15 projected above the dome t;‘
the diaphragm despite diaphragmatic elevation (Dotted hne  the cardiovascular shadow as we
as the ninth and tenth ribs with normal position of the diaphragm )

Normally, when the ercct pauent breathes quietly, the domes of the diaphragm
are located at the mmnth posterior intercostal spaces with the nght dome 2 ('e\\' sl
lumeters higher than the left (Wenckebach), the upper border of the tenth rib tends
to be just visible 1 the right cardiodiaphragmatic angle (fig 46). With inspiratory
descent of the dtaphragm, more of the tenth r1b may appear. In the horizontal recum-
bent position, on the contrary, the ninth rib vanishes behind the higher contour of
the diaphragm

Greater duaphragmanc elevation like that observed m the last months of preg-
nancy, 1 obesity, abdommal tumors, and ascites may be striling since the dome 13 at
the height of the exghth postersor intercostal space or even higher. §ngh( elevanion 1§
not always as conspicuous and need not essennally change the relation of the dome to
nb segments. This happens when the elevation of the diaphragm and Mdcm{l{‘gh fg‘:hg
lower chest a;')erfure ron‘xt_ef the ribs upward at rhi f""s"", crtebral‘]ou‘_lts' Thro 8! "

[P SO -
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relativedy deep so that a horizontal section resembles a airele (Naumann, Dretlen)
This produces another oricntarion of the heart in the chest Owing o the relatnely
farger depth diameter of the chest with simultancous elevanon of the diaphragm,
the long axis of the heart faits more 1n 2 sagittal plane and the slope from behind and
abore to in frons and below is fess steep (6 49) Accordinghy, with sagral passage
of the ray, one sees a projectional shortening of the heart from befow which con~
trrbutes to disappearance of the cardiac waist. In appropnate cases, by inchining the
upper bady forward (fig. §1a and b), the cardtac swarst actually becomes more pro-
nounced again (Zdansky).

These cxplanations are nor, howcrer, apphicable 1o all cases of mitral con-
figurstion in women foc this form 1s not rare with normal posinon of the draphragm

Fie. 50—~ Alterations nflhc canbiovascular shadow from clevannn of the diaphragm () Adule
l)VC Defe fy from poution of the heart (£ Infantile type

d of the heart and sessels ¢ . normat fevel of
d“P““S“‘- —elevation Dfdrzphugm )

and normal shape of the thorax. Therefore, many consider it 2 constinutional peculiar-
ity of cardrac shape.

Dlevanon of onc half of the draphragm alse changes cardiac positron and shape
a typrcal manner Lievanon of the nght leaf of the diaphragm displaces the cardiac
shadow to the left and flatrens the cardiac warst 1o make mtral configurarion more or
less distinet, The fatrer 15 asenbed 1o Wiung of the nghr heart and rotation ro the
feft causing ourward rotation of the pulmonary artery to the lefr Elevanion of the
teft half of the duaphragm leads to a transverse posiuon of the heart by fting the
apex and ) 0 0TUC T ord of the enure heart to
the right, then, the heart appears median or cx(cm(s more to the night than to the
teft, this 15 called devtroposition (Fig. 52).

3 the elevation of the diaphragm depends upon hemparests of the diaphragm,
with paradoxic mspiratory ascent of the muscle, ono _t{_bm’sz nsprratory shaft
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22) like that often scen with left atrial enlargement. Later on, further reference wll
be made to this point. All these changes of cardiac shape vamsh if deep inspiration
restores the “normal situation” of the heart (Haudek), that 1s, it enlarges the angle
of inclination to about 45 degrecs.

With ascent of the daphragm, the nadirs of the aornic loop (the aortic root and
portal of the aorta through the diaphragm) are elevated, since the vertex of the loop
can move upward only to a himited extent, the ascending and descending himbs of the
aorta scparate to the right and left respectively This widens the vascular band,
accentuates protrusion of the aortic knob, and exposes more of the descending aorta
i the cardiac waist The net resule 1s furcher accentuation of the impression of aortic
configuration and perhaps of some aoruc dilatation,

Elevation of the diaphragm does not always result in aortic configuration, rather
the opposite, a mutral configuration so to speak, may occur This 1s common in

\

Fic 49 —"Tcmale heart ™" In this case the mitral shape of the heart 1s certainly produced, at
least partially, by the decided increase of the depth dizmeter of the chest and the resultant marked
inchnation of the heart in the dorsoventral dicection The inclmation of the diagonal diamerer of
the frontal orthodiagram (Assmann) amounts to less than 45 degrees.

childhood (fig. 36) and mn adult females (fig 49), particularly 1n the late months of
pregnancy Perhaps the mitral configuration i these cases depends, at least in part,
upon pliability of the heart and vessel walls as well as of the connective tissue
apparatus, pecubar to the youthful organism and to many women throughout hfe.
Under these conditions the heart may be pushed up and flattened by the draphragm
pressing from below, then, thinwwalled vessels embedded 1 yielding mediastinal
tissue are able to spread larerally Now, the cardrac and vascular shadows appear
broader, low, mmperfectly scparated and less differentiated The cardiac waist 1s
filled more or less completely and the pulmonary arc can even protrude shghtly
(Reyher, Bamberg and Putzig) This type of deformation which 1s caused by
s mommsem oac-3eMe — e clled the infanule type (fig.

 lateer, deformation takes place

Apart from these prerequisites 1 the ussues for the occurrence of mutral con-
figuration of the child and “female heart,” the shape of the thorax may also cxc;( a
definite effect. While the transverse diameter of the chest 1s esﬁcnnallyv largcr"r 13
the depth diameter in adules, the thorax of a child and of many women is small an
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relanely deep so thar 3 horizontal section resembles a aircle (Nawmann, Dietien)
This produces another oricntation of the heart in rhe chess Owing to the refanvely
latger depth damerer of the chest with simultancous efevanon of the diaphragm,
the long axs of the heart falls more in a sagittal planc and the slope from behind and
above 1o in front and below is less steep (fig 49). Accordingty, with sagteal passage
of the ray, one sces a projectional shortenmg of the heart from below which con-
tributes to disappearance of the cardiac wast, In appropriate cases, by mehimng the
upper body forward (fig. $1a and b), the cardiae waist actually beeomes more pro-
nounced again (Zdansky).

These cxplamations are not, however, applicable 1o alt cases of mitral (on-
figuration in women for this form is not rare with normat position of the diaphragm

F 50~ Alterations of the candiavascular shadow from efevatyon of the duphragm  (0) Adulc

type D ) Iy from posion of the heart (1) Infannle type
D of the heart and vesscls (. .normal fevel of

from
duphragm, ____elevation of diaphtagm )

?nd normat shape of the thorax. Therefore, many consider 1t a consututional pecubar~
ity of cardrac shape.

Elevation of ene half of the duaphragm afso changes cardiac posisson and shape
2 typical manmcr  Llevanion of the nght leaf of the diaphragm displaces the cardiac
shadow to the left and flattens the cardiac watst to make mitral configuration more or
fess distinee. The laster is ascribed to hftmg of the nght heare and rotation to the
Ieft cawsing ourward rotation of the pulmonary artery to the Jeft. Elevatton of the
teft half of the draphragm leads 1o a transverse position of the heart by hifting the
apex and o quently to sortic confi ion or disph: of the entire heart to
the right, then, the heart appears median or extends more to the right than to the
feft, this 15 called dextroposition (fig. 52).

If the elevation of the diaphragm depends upon hesmparesis of the diaphragm,
with paradoxic mspiratory ascent of the muscle, one observes insprratory shife
(wandering) of the cardiac shadow to the side with normat function

X DGSFCI\( of the diaphragm is characterized by Rattemng of the dome and dimin-
tion of its respiratory excursion, Lyen minor grades arc made evident by the appear-
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ance of the tenth or eleventh b above the dome (fig. 53). The twelfth rib becomes
visible only when the diaphragm 1s cvtremely flar and with cocxisting hyphosss, as
ane observes with an emphysematous thorax.

N

Fic. 51 —Matral configuration of child’s heart Thirteen and onc-half year old boy (ortho-
diagram). The mueral d with forward ncl; of the upper part of the
body (a) Upper part of body erect (#) Upper part of body benr forward

With descent of the diaphragm, the hearr as a whole sinks caudad whereby r.he
venericular cone swings downward and mesial and simultaneously rotates around its
long wus to the right Owing to this swing the hearr becomes more oblique; 1ts
angle of mchnation ncreases and in the ercct position this amounts to 52 to 55

Fic 52 —Displacement of the heart to the right

10 2 woman, 69 years old.
degrees, With extreme

Fig. §3 —Diaphragmatic descent. The angle of inchnarion a > 45 dey
dcscclnz of the diaphragm, the cleventh rib can appear above the diaphragm. The diaphragm 15
fattened and frequently shows the notches of its costal attachments
degrees (Haudek) and 1n recumbent patients to 39 to 43 degrees (Dxcrlc?). As “:"h
the transverse position, with an oblique heart the left border changes its posl::{n

re than the right While the left border swings median deaidedly and d.csc ds
o sharply to the diaphragm, the right border, at most, shifts shghtly mu:lrh,
T:’er:chts and elongates. Owing to this elongation the right ventricle can form the
st »

~
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dizphragmatic section of the right border (Assmann), a situation favored both by
the obliquity as well as by rotation to the right. Sometimes a slight notch subdn ides
the right border into two arcs, the upper one corresponds to the righe atrium and the
[ower to the right ventricle (Dietlen) (fig. §4).

Since both cardiac borders move inward, the transverse diameter Trg is dimin-
ished (fig. 39). Since the mid-left distance decreases much more than the mid-right,
M1 approaches the value of Mr; this 15 called median placement. Such hearts are
small, and, since the bulge of the left ventricular arc is reduced, have a shallow waist
which creates an impression of a mitral config “This impression 1s
by the fact that the zortic knob protrudes less to the left as the zortic loop stretches
(p- 357). Often 2 flatconvex arc, bulging mto the cardiac waist, completes its filling
Schwarz interprets this arc as the left atrium rendered more pronunent through

Fic $+.—Vedian placed heart with a flat protrusion of the conus pulmonalis on the left cardiac
border, on the night side the right ventrcle forms much of the cardiac border The notch (arrow)
on the right cardiac border mdicates the atrios entricular uncrion.

cardsac rotation to the right as mentioned above; Dietlen considers 1t the conus
and pulmonary artery. Undoubtedly m many cases it actually represents the conus
of the nght ventnicle (fig 54) and the pulmonary artery. The more distinct appear-
ance and the length of the arc, often striking, certainly depend to some extent, upon
the inward recession of the left ventricular arc and in part on the steeper course of
the conus and pulmonary artery which otherwise seem very short owing to their
dorsad course Whether these conditions should be regarded as a persistence
of *“mfanule relanons” (Bauer and Helm) or a vaguely defined cardiac inferionity
(Kraus}, as Dietlen assumes for higher grades of bulging of the left middle arc, must
be left undecided.

With extreme descent of the diaphragm, the heart loses diaph s
so that a space appears between 1t and the left dtaphragm. These are called “dr
(Kraus) or “pendulous hearts” (Wenckebach) (fig. 55).

There are, however, median placed as well as pendalous hearts even when the
diaphragm 15 not low. It 1s assumed that such hearts, owing to their smallness or the
abnormal brevity of the great vessels (fig. 264), especially of the aorta, stand so high
that they rest imperfectly on the draphragm (hypoplasia cordis et aortac, Kraus)

UppoTt
opped”
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ance of the tenth or eleventh rib above the dome (fig. 53). The twelfth iib becomes
visible only when the diaphragm 1s extremely flar and with coexisting kyphosis, as
one observes with an emphysematous thorax,

A0

Fig. $1.—Mtral configuration of child's heart Thirteen and one-half year old boy (ortho-
diagram). The mitral confs d with forward incl of the upper part of the
body. (2) Upper pare of body erect (5) Upper part of body bent forward

With descent of the diaphragm, the heart as 2 whole sinks caudad whereby the
ventricular cone swings downward and mesial and stmultaneously rotates around its
long axis to the right. Owing to this swing the heart becomes more oblique, 1ts
angle of inclmation increases and in the crect posinon this amounts to 52 to 55

Fig 52 Fic 53
Fic 52.—Displacement of the heart to the night (dextropasition) from relaxatton of diaphragm
in 2 woman, 69 years old
Fic §3.—Duaphragmanic descent The angle of inclination & > 45 degrees. With extreme
descent of the diaphragm, the cleventh b can appear above the diaphragm The draphragm 15
fateened and frequently shows the notches of 1ts costal attachments.

degrees (Haudek) and in recumbent patients to 39 to 43 degrees (Dietlen) As with
the transverse position, With an obhique heart the left border changes 1ts positton
more than the right. While the left border swings median decfdedly and d'escends
more sharply to the diaphragm, the nght border, at most, shifts shightly inw ar:,
strecches, and elongates. Owing to this elongation the right ventricle can form the

e
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exerted on the abdomen (Glénard's maneuver), when a firm binder was apphed to
the abdoorien, or when the patient was examined i the recambent posinon (MWenche-
ach, Kraus, Morscz, Dicdlen, Bjure and Laurell). In the erect posture the volume
of crreutstng blood in these patients was decidedly smaller than in the recumbent
pasicion and even fell to sbnormal levels (Laurel). We have scen the arculating
blood volume decrease 1.5 liters when these patients were studied in the erect
position. fn other words, 1 the upright posttion the heart recen es abnormally small
amounts of blaod and consequently fills imperfecdy. For this reason Wenchebach
made mmproper support of the circulation by the low and flat duphragm primanly
responsible for the abnormally small msprracary reserve, under these conditions
only shight suction 3s exerted so thar inadequate amounts of blood are moved toward
the heart from the abdomnal organs and from the hiver in particular. 1€ onc adds to
tlus, deficient thoracic respiration, commonly present with a flar, nigid, pear-shaped
thorax, the return of blood to the hc.m deﬁmrc]y suffers (Wonckebach and Hof-
baver). Besides these wmp insshed tonus of the splanchme
vessels (Kraus) and of skeletal muscles (Henderson) usually plays a deasive role
Mareover, on standing, an abnormal quantity of blood remains in the abdomal
vessels and in the dependent parts of the body. Consequently, orthostanc reduction
of carchac s1ze s greater wm vasolabile and asthenie indnvidnals (Schiff, Dictlen),
paruicularly in those wich peripheral circalatory weakness of toxic or endocrine
ongm, even when the position of the diaphragm 1s normal. The thin and relaxed
walls of these hearts favor their ability to duminish in size since adapration to lower
filhng pressure proceeds with special case by reduction of the chambers (Dietlen).

The vascular band of these hearts is also consy ly small. M of
the gortic diameter usuatty yiclds abnormally Jow values se that one may wrongly
assume the prescnce of aorta angusta. Reperition of the measurement in the recum-
bent possrion usually reveals, however, that the aorma also widens with enlargement
of the heart and its dimensions may become notmal, thus, the aorta 1s nor actually
narrow but like the heart 1s poorly filled swhen the patient stands (Zdansky) (fig.
453)

The rate of this imperfectly fitled heart 15 usually accelerated and on fluoroscopy
1ts putsations are vely. Dspecially with a pendulous hearr, the apex shows large,
lively systohc pulsanions directed toward the base. The size of these pulsations 1s
partscufarly strihing since the stroke volume of these hearts 1s somew hat dimimished
Laurelt explains tus seemmg contradiction as follows. The movement of the A~V
seprum, dicected toward the apex 10 systale, is hundered and consequently the Jateral
walls and the apical sections of the ventricles make greater excursions agamst the
atnovemsnicular septum from each side. Thus indicates how lirtle the size of cardiac

. visihle i iy, can be employed to evaluate cardiac stroke
vo!ume {Laurelly

Often the physical capacity of individuals with high grade orthestatic cardiac
reduction 15 distinctly reduced Carriers of these hearts suffer from vertgo, mo-
mentary weakness, lassitude, headache, palpitation and a tendency to collapse
{Wenckebach, Kraus, Dxetlen. Laurell, [‘ppmget) Actuatly, however, thcy should
not be connidered “cardiacs "’ Tt 15 equally improper to designate these hearts as
hypoplastic because they are refatively smalf and thin-walled as the resuke of the
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Frequently the median placed heare of the ptotic individual is actaally small. This
smallness can be conststutional (true hypoplastic hearr, Kraus) and usually cor-
responds to slenderness, poor musculature, and, frequently, anemra of 1ts catrier
(Drctlen). In a majority of cases, however, the hearr 15 normal m size but appears
small only because 1t 1s smperfecely filled 1n the ercer position (Wenckebach, Kraus,
Dietlen), (Sce further pages 103f7)

Naturally there are no sharp limits berween the oblique, transverse, and vertical
heart. The same heart may pass from one to the other. A heart designated oblique
in the final months of preghancy may be vertical after dehivery. To some extent one
form may change to another by voluntary cffort Haudek considers the oblique heart
15 2 “normal sttwanion” and recommends correcting the transverse or vertical poss-
tions, when possible, by inspiration or cxpiration to restore normality when analyz-
g the cardiac shadow Altstade aceeprs this suggestion We shall return to this
important and practical potat n the discussion of the pathologic hearr.

The sigmificant akerations of the heart, i respect to the position and shape m
the left and right lateral positions, from diaphragmanic changes and altered static
conditions were mentioned on page 50 Reference should also be made to the chapter
on adhestve pericarditis. .

1X. The Small Heart

Not every heart which appears small on the screen 15 actually small A disunc-
tion must be made berween the apparently small and the actually small heart At
present we know that the hypoplastic hearr, which 15 too small in relation to the
body carrymng it, 1s relanvely rare compared to the mcidence of the apparently small
heart For this reason the latter will be discussed first

In the first place, abnormal smallness of the heart may be an illusion owng to 1ts
posttion 1n the chest. In the preceding section 1t was stated that diaphragmatic
descent in protic individuals may reduce the cardiac shadow because rhf: heart
becomes median or vertical (p 101) Tarly, Dietlen noted thar frequently, in these
vertical hearts, the transverse diameter alonc dimintshes while precise measure-
ments disclose that actual cardiac stze remains entrely normal, even a pendalous
heart by no means need be too small (Wenchebach) Expenence afso teaches thar
such tndividuals may be normal physically and can even meet great demands The
small median hearr 1s simply a partial expression of a definite body bwld, frequently
charactenized by a proportonate height, slenderness, low diaphragm, and offen a
flat chest. It 1s by no means the asthemic habtus of Suller but may also be a racral
type as exemplified by Frisians or Indians (Wenckebach). Thes failed to receve
proper consideratron for a long time and for this reason older reports on the meidence
of constirurionally smal} hearts cannot be evaluared An exhaustive review of the
relevant hterature was published by Dietlen. ’

Naturally in many cases precise measurement of cardiac size actually sbho“e
the heart was abnormally small when studied m rhf: erect patient, It \\ml:ld e[prc;
marure, however, ta assume 1mmediately and for this reason !}m c'::rdmc yp;)p :sals
existed, for the cardiac shadow enlarged at once to normal size when pressure
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cxerted on the abdomen (Glénard’s maneuver), when a firm tinder was apphiud 1o
the atdomen, or when the patsent was ¢xarmned m the recumbent position {Wencke-
bach, Kraus, Moruz, Dietlen, Bjure and Laurclf) Tn the erect posture the volume
of circulating blood 1n these panents was deadedly smafler than in the recumbent
position and even fell to abnormat levels (Laurelty, We have seen the aircutatng
blood volume decrease 1.5 Titers when these patients were stodied i the erect
positton In other words, m the upright position the heart receives abnormally smalf
amoaunts of blood and consequently fills smperfeetly, For this reason Wenckebach
made improper support of the circulanon by the Jow and flat duaphragm primanly
ponsible for the ab iy senadl sy y reserve, under these conditions
only shght sucton 1s exerced so that sadequate atmounts of blood are moved toward
the heart from the abdominal organs and from the liver in particular. 1f one adds o
thus, deficrent thoracic respiration, commonty present with a flat, nigid, pear-shaped
thoray, the rerurn of blood to the heart definnely suffers (Wenchebach and Hof-
bauer) Besides these important mechamsms, diminished tonus of the splanchme
vessels (Kraus) and of skeletal muscles (Henderson) usually plays a decisive rofe,
Moreover, on standing, an abnormal quantity of blood remains in the abdommal
vessels and in the dependent parts of the body G 1y, orth ic red
of cardiac size 13 greater 1 vasolalnle and asthenic indimiduals (Schiff, Dietlen),
particularly in those with peripheral circulatory weakness of rovic or endocrine
arigin, cven when the position of the daphragm s normal. The thin and relaxed
walls of these hearts favor thesr abiliey to dumimsh i size since adaptation to lower
filling pressure proceeds with speaal ease by reduction of the chambers (Dictlen).

The vascular band of these hearts 1s also conspicuously small. Measurement of
the aortic d rer usually yields at Iy low values so that one may wrongly
assume the presence of aorta angusta Repetinon of the measurement 1n the recom-
bent position usually reveals, however, that the aorta also widens with calargement
of the heart and 1ts dimensions may become normal, thus, the aorta 15 not actually
narrow but like the heart 15 poorly filled when the pauent stands (Zdansky) (fig.
45a).

The rate of this imperfectly filled heart 15 usualty accelerated and on fluoroscopy
1ts pul are hively Especially with a pendulous hearr, the apey shows large,
lively systolic pulsanions directed toward the base The size of these pulsations 1s
parncularly strilang sinee the strohe volume of these heatts ts somew hat dirunished.
Laurell explawns this seemung contradicuon as follows  The movement of the A-V
seprum, directed tow 3rd the apex m systole, 1s hindered and consequently the lateral
walls and the apical sections of the ventnicles make greater excursions agamst the
anoventticular seprum from each side This mdicates how hude the size of cardiac
pul visible § {y, can be employed to evaluate cardiac strake
volume {Laurell).

Often the physical capaaty of individuals with high prade orchostatic eardiac
reductron 15 distunctly reduced Carners of these hearts suffer from verngo, mo-
mentary weakness, fassitude, headache, palpitanion and 2 tendency to collapse
{(Meackebnch, Kraus, Dictlen, Laurell, Eppinger). Actually, however, they should
not be considered “cardiacs.” It 1s equally improper to designate these hearts as
hypoplastic because they are rclauvely small and thin-walled as the resalt of the




104 ROENTGEN DIAGNOSIS OF THI {IEART AND GREAT VESSCLS

duminished demands wsually placed upon them by individuals poorly equipped for
physical actvity and with weak muscles. Subsequently, these hearts may regamn
normal size and shape and lose their marked orthostatic reduction when physical
traimng ymproves the state and tonus of skeletal muscle, raises the diaphragm, and
improves peripheral vascular tonus. This increase of size depends primarily upon
better cardrac filling and only secondarily upon an inercase of muscle mass.

One should consider the heart small, hypoplastic, and mferior by virtue of 1ts
anlage only when 1t is small i both the erccr and recumbent positions, that 1s, despite
opumal condiions for filling, the smallness should not depend upon pertpheral
vasomotor weakness or reduction of blood volume from marked dchydration

-
!
;
)

Fic, 55 —Hypoplastic heart Cor pendulum

(diarthea, cachexia) Hearts, too small by virtue of cheir anlage, are much rarer
(Wenckebach, Dietlen) than was formerly assumed. Often they appear as cor
pendutum or a dropped heart (fig §5) Usually they are a single feature of the de-
generative habitus (Kraus) Moreover, they are by no means always median or
vertical since the thorax of these ndividuals 1s often not clongated, on the contrary,
it 15 too short and the central tendon 1s relauvely high, the diaphragm sumply de-
scends less abruptly on all sides These hearts lie abnormally far from the ancerior
chest wall so that with fronal passage of ray, the retrosternal field is broa.d (Kraus).
Often the vascular band is conspreuously short. Measurement of the aortic dxaml:te;
in the recumbent position usually gives low values (1.8 to 2.3 cm for the arch o

adults measured by Kreuzfuchs’ method) with a true hypoplastic heart so that 2
hypoplastic aorta (aorta angusta) must be assumed (Zdansky).
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A true hypoplastic heart alters 1ts size and shape very little during the course
of Life unless it suffers from dilatation (over-cxertion, thyrotoxicosis, ancma,
infection). At most, the hypoplastic heart may become “‘globular” (Kraus), this
happens mainly at more advanced ages, partly owing to left-sided hypertrophy,
pattly from ultng tnto a cransverse position by the atheromatous, elongated aorta.
In the roentgenogram the small cardiac shadow bulges hemispherically to the left
below a2 narrow, often clongated vascular band, the angle of inclination can be
greatly reduced owing to the transverse position {fig. 56).

Kraus thought that the hypoplastic heatt might be too small enly in respecr 1o 2
certait dintenston of the body and later it could attain novmal size Thus assumption
scems to efface the limits berween s hypoplastic heart as determmed by its anlage,
and the heart which 15 too small by virtue of poor development and lesser use of
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Fig, 56 —*“Globular heart™ in an old man with atheromatous clongation of the aorta

Fig  $7—Akerscions of the cardiovascular shadow from deep breathung
expreation, ... .. deep mspitation )

deep

sheletal muscles, i the latter the heart merely appears small owing to madequate
filling. 1f, by physical training, 2 small heart grow s to normal s1ze, one can scarcely
speak of constiutional hypoplasia. At most tius involves an indwvidual in the process
of growing, whose heart, for constiturional reasons, lagged behind peneral growth
and subsequently actained ptoper size. The adult hypoplastic hearr, on the contrary,
should entarge only from dilatanon resuling from myocardial failure aud not by
h growth of its chambers and walls.

Some wniters declare thae no sharp boundary separates the small heart of pronc-
asthenics from the hypoplastic heart of Kraus (Bauer). Certainly 2 defimite decision
n single cases is not always possible. Nevertheless, one may assume with some
probability that a constirutional hiypoplassa of the heart or 20rta 15 present when the
cardiac or zortic shadow, respectvely, remamn small in the horizontal posmon, If,
on the other hand, the small heart and the aorta of 2 prottc mdividual enlarge to
normal in the recumbent posttion, if the heart attains normal size with physicat
trammng and then shows less orthostanc reducton than before (Monz), i our
opinion, a constitutional hypoplasuc heart is not presenr,




106 ROINTGEN DIAGNOSIS OF IHE HIART AND GRIAT VESSLIS

It 15 clear that a constituttonally small heart 1s by far less common than earlier
authors assumed. Rather, 1t usually mvolves 2 situaron i which stanic factors are
able to act upon the heart to 2 greater degree m the sense of orthostatic reduction of
cardiac inflow by virtue of special peripheral condinions.

Dynamc forces may also play a decisne role in reducing the return of blood to
the heart This happens, for example, with defective respiration resulting from
flattening of the diaphragm In monkeys, suitably fastencd to 2 centrifuge, centrifugal
force acting m a crantocaudal direction, such as mught be effective in aviation, can
reduce cardiac size and narrow the great v essels as the result of diminished mflux of
blood (Fischer and Pfeiffer).

X. The Heart and Respiration

In respiration, the heart cxperiences alterations of position, shape, and size

which can be most thoroughly observed rc logically. These depend partly
upon spanal intrathoracic changes and partly on differences n cardiac
fillng

Since the heart is fixed by the pericardium to the diaphragm and rests on 1t, the
heart must definitely change position with respiratory shifting of the diaphragm
These changes are rather msigmbicant when respiration 1s quiet, With deep breath-
ing, however, through mnspiratory descent of the draphragm the heart becomes
vertical and with expiratory elevation of the diaphragm, it 15 displaced upward and
assumes a transverse position (fig 57) Accordingly, the heart as a whole simul-
taneously moves caudad or cramad, respectively, and, furthermore, the parts of the
heart near the diaphragm shift more than those Jocated elsewhere (Moritz) Since
the respiratory excursions of the diaphragmatic domes are essenually wider than
those of the central tendon on which the heart rests, as the domes ascend 1 expira-
won the heart sinks more deeply into abdominal shadow, 1nspiration hifes the heart
out of this shadow so that the apex may appear above the diaphragm Respiratory
shift affects the grear vesscls Icast If the distance betw een the aortic knob and the
clavicles increases 1 inspiration, descent of the aoruic arch s less responsible than
nspiratory elevation of the shoulder girdle (Frik).

Apart from these positional alterarions resulung from altered spanial conditions,
the cardiovascular shadow undergoes various changes in shape These depend in
degree not only upon the extent of diaphragmatic respiratory shift but differ quali-
tatively according to the resistance the heart opposes to transformation. If the cardiac
walls are relatively thin, the vessels delicate, and the mediastinal connectiyvc tissue,
as well as pleura, yielding, deformation of the mediastinum by compresston domi-
nates In expiration, the heart 1s compressed tosome extent ina cramocaudal dircction
Both of 1ts borders, the lcft more than the right, bend outward and become rounder,
the cardiac waist becomes shallow or may cven vamsh so that the cardrac shadow
appears less differentiated, it may ¢ en approumate a mitral configuration The same
picture as ¢chat often found in young women and children wath relanve dmph{ngmznc
elevation can develop (fig. S0b) If the heart muscle 15 powerful and thick, the

vessels thick or nigid, and the mediastinal connectrve tissue and pleura firm, deforma-
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tion of the cardiovascular complex by rotatton and transverse posttion dommates
over compression (fig. 502). Hearrs which are nor easily compressed by expuratory
shortening of the thorax must vield, in some other way to pressure exerted from
below by the diaphragm. Since cephalic mosement of the entire heare 1s possible
only to a fimred extent, a shift can take place only throngh rotation This rotanion is
essentially a swing of the longitudinal cardiac diameter around 2 fulerum locared
near the nght cardiovascular angle which also moves shghdy upward. Simul-
tancously. both limbs of the aotuc arch, the ascending and descending pornions, are
pushed apate so that the vascular band broadens and the aornic knob protrudes farther
to the fefr. The resulrant changes are the same as those otherwise occurning with
draphragmauc elevation, namely, transverse position of the hearr, 2 smaller angle of
snelinagon, predominant incredse of the mid-left distance, greater rounding of the
nght cardiac border, widening of the vasenlar band, increased promncuce of the
aortic hniob, and deepenmg of the cardiac waist, m short, a more ot lessdistneraomne
configurabon,

In inspiration the cardiovascular shadow strerches so that the mud-left distance
decreases decudedly, the mid-right to 3 lesser extent If the cardiac shadow had a
mutral con! owning to comy donng exp a distnct cardiac watst
now appears, 1f a transverse position has piven the cardiac shadow an aoruc con-
figuranion, the cardiac waist becomes shallowt.

As mentioned earlicr, these changes are mummal or absent with quret respira-
tton They can be disregarded for practical purposes (Groedel and Mosntz) With
deep breathing, however, they are very conspicuous  Dietlen carrectly emphasizes
that 1 the erect posture the expiratory changes in cardiac posinen and shape are
more evident than the imspiratory since m this posture the diaphragmisfocated nearer
the mspiratory position from the start On the other hand, when panents are re-
cumbent, the opposite sttuation prevatls. Symlar cond exist with d
descent or elevation, respectively. In the first case the expiratory reserve 15 greater
and expiration affects shape and posttion most, in the second case the msprratory
reserve 18 greater (Haudek) and changes occur mawly in msprratron

The changes of cardiac volume induced by respiration menr specral meanion
Pracnieally, they come under consideration only in deep breathung On the basis of
canematographic observations, Groedel calls them mfling, n his opuion they may
be merely dlusory m a majority of cases, owing to changes of cardiac shape and
posiion. Qestreich and de fa Camp, as well as Monz, beheve that reduction of
cardiac stze (s common with decp mspiration owing to pericardial tension and easter
emptying of the nght heart into the hugs Zantz and Schumberg, Holzhnecht and
Hofbauer, Wenchebach, Eppmger, and Arkusshy, on the contrary, observed
cardac volume increase in insptration and they asenibed this to augmenred cardrac
fillmg a¢ this ume. Subsequently, Motitz noted inspiratory enlargement of the heart
m bronchial asthma; ke placed strong emphasis upon the abnormally high mera-
thoracic pressure, the result of impeded expiration, which, bike 2 Valsalva test (see
below} should produce an expiratary reduction of cardiac volume.

Mare recent invesugations indicate that inspiratory reduction of cardiac volume
scarcely comes under consideration The reduction of heart size tends to be only an
illasion since the heart foses width and stretches from duphragmane descent
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(Grocdel) Certamly cardiac acceleration often accompanying inspiration is not
sufficient to reduce heart volume distincely.

Theorencally the opposite situation should prevail in inspiration, namely, cardiac
enlargement, more blood flows into the heart at this nme. This enlargement is
offser, to be sure, for the lefi heart obtains less blood as more is retsined in the lungs
owing to decreased intrathoracic pressure, On fluaroscopy often the superior vena
cava and the right bordet of the heart actually expand with each deep inspiration as
the result of an augmented mnflux of blood, while the left heart, owng to dimunished
return of blood from the lungs and 1ts vernical position 1n inspiration, moy s median.
In these cascs both cardiac borders move to the right 1n ispiration and return to the
left with succecding expiration. In other words, the cardiac shadow may show a
respiratory pendufum movement (Laurell) as roentgenkymograms suggest (Zdanshy

Lo —

e
,

and Ellinger, Weltz). Often this movement 15 particularly distinct when the patient
smiffs (Zdansky) This “pscudomediastimal wandering” should not be confused with
true wandering which may occur, for example, m bronchial stenosis. The barum
filled esophagus does not participate 1n the movement (Zdansky).

Definite mspiratory cardrac enlargement 15 found only with stenotic breathing,
seth brisk, forced inspiranion s patsents with emphysema (fig 58) and parucularly
w an atrack of bronchial asthma (Moritz). Under these circumstances an unequivocal
expanston of both cardiac borders can suggest real cardiac distension Roentgen-
Lymographic analysis (Zdansky and Cllinger) reveals 2 sudden enlargement of both
halves of the heart m inspiration which gives way to an equally sudden and simul-
raneous reduction it expiration The synchronous alterations of lefr and right heart
volumes strongly implies thar changes of intrathoracic pressure have outstanding
causal sigmificance  Weltz confirmed this.

Most smpressive among respiratory alterations of cardiac volume are those
resulting from suction and pressure (Muller and Valsalva tests). They hn\':‘ been
known for 2 long ume (v. Criegern, Kraus, Moz, Dietlen, de la Camp, Natvig,
Nordenfelt) and were analyzed by rocntgenkymography (Zdansky and Ellinger,
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Ferzer, Nolte, Klaus and Albert, Teschendorf, Moberg, Bordet and Fischgold, and
others) so that their course now 1s clear.

In Muller's test after deep expiratson the mouth and nose are closed and 2 maxi-
mat mspiratory effare is attempted to produce @ considerable reduction of intra-
thoracic pressure. Simuitaneously, with sudden hfting of the ribs and jerky descent
of the diaphragm, both cardiac borders juc out and become more rounded. The
ourward thrust, usually more on the nght than the lefk (Fetzer), ts syncheonous on
both sides with the beat immediately after suction begms Thereby, the dustalic
mward movement of the night cardiac border, indicating the atrrum emprying into
the ventricle (p. 59), may vamsh or may be replaced by a wider lateral movement
as blood shoots into the arnum (Zdansky and Fllinger). The left vemncular arc
which also moves laterad with the first diastole retauns this sugmented mud-left
distance with Teduced pulsanons dunng 1he eptire penod of sucnon, Roenigeno-
graphically, Ferzer recorded a retrograde systolic atral wave on the supesior vena
caval shadow and reduced pulsation of the aortic hnob Furthermore, lung vessel
markings are ntensified as the blood content mcreases, the larter was confirmed by
Plesffer. The shadow of the azygos vem in the right trachobronchial angle may en-
large (Lutz).

‘Undoubtedty the hearr expands ac the begnmng of suction owing to the sudden
influx of blood Since thts expansion persists throughout suction, the heart must
retan more residual blood under the influcnce of lower intrathoracic pressure This
sdea finds support n the observation thar immedsately after suction ends, both cardizc
borders synchronously move median to restore the onginal volume of the heart
after [ to 2 beats

In the Valsalva test, intrathoracic pressure 15 ncreased by the subject exerting
pressure after deep nspiration. When pressure begins the cardiac shadow dimunishes
oa alt sides, as 2 rule, with a sumultancous increase of rate. Finally, the hearr can
become sa stnall that 1t seems to pump empey (Kraus). In these cases blood pressure
rmay decline w00 low for measurcment, with signs of acute cerebral anerma and a
pulseless radial artery. This happens predomnantly m ptouc-asthenic mdivrduals;
Burger calls them syncopotroprc. In one panent Nanvig caleulared that the cardiac
volume was reduced about 390 cc. A transient cardhac enlargement may precede
the reductian, perhaps, a result of smuitaneous expulsion of blood from the large
verms in front of the ventricles nto the right and left heart (Nolre), Usually the
reduction aof heart size 1s serikmg, this mereases from one beat to the nexr (Biirger)
and affects both halves of the heart simuleaneously, Undoubredly the impeded influx
of blood mto the heart and heightened intrathoracic pressure places a load on the
heart and causes 1t to beat empty (Nolte). As long as blood content 15 decreased, the
tular shadows become smaller and markings 1n the lung fields become smal), shore,
and sparse (Plaffer}.

While the cardiac shadow 15 reduced 1n s1ze and visible pulsations become
noticeably smaller, they do mot disappear (Zdansky, Kraus, Nolte). Stumpf ob~
served disapp only m f cases. The al of pul were
studied exactly with roenrgenhymography (Klavs and Albert) (p. 112).

When pressure ends, both borders of the cardiac shadow immediately move
laterad and the ongmal cardiac s1ze 15 restored after two or three beats (de Ja Camp,
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Zdansky and Ellinger, Nolte). Once Zdansky and Ellinger recorded pulsations of an
alternans type on the left ventricular arc in the post-pressure pertod. Occasionally
Nolte observed very large, slow pulsatons during the post pressure bradycardia
(Burger)

The extent of cardiac enlargement 1n the Muller test and of cardiac reduction tn
the Valsalva experiment varies greatly with different individuals. Occastonally the
cardiac shadow even enlarges (paradovic Valsalva effect) duning the entire period of
pressure (v. Criegern, Klaus and Albert) (p 112).

Under the assumption that cardiac volume changed with equal increases or
decreases of intrathoracic pressure, manometrically measured, and that these
depended upon the cardiac status, attempts were made to utilize suction and particu
farly forced respiration as a functional test of the heart (p. 129), to obtasn insight
1nto the state of the myocardium and parucularly 1ts tonus.

XL Is Any Tonus-Function of the Heart Roentgenologically
Demonstrable?

Aleratons i cardiac size and shape m the Muller and Valsalva tests lead
directly to a discussion of the question just posed

Readers, roentgenologically oriented, hearing of cardiac tonus, think particulatly
of the work of Zehbe, Pongs, Plaut, and Dietlen. Zehbe introduced the conception
of cardiac tonus into roentgenology by relating it to varymg consistency of the
myocardium at postmortem, this concept 15 tenable physiologieally. By means of
the roentgen 1mage he distinguished normal, relaxed, and hypertome hearts accord-
ing to the extent that shape and the alteration of the angle of inclnation changed with
deep expiration. The relaxed (hyporonic) heart widened with deep inspiration mto a
shapeless mass like a “Jump of dough™ over the elevated diaphragm while 1ts angle
of mclination became progressively smaller, normotonic hearts showed much less
change while hyperronic hearts showed no change 1n shape or 1n the angle of inclina-
tion and created the 1mpression that the heart bored mro the diaphragm.

Pongs and Plaut confirmed the essentials of these observations and concurred 1
Zehbe's interpretation. Pongs distinguished a “relaxed” and “taut” heart by 2 “plate”
test, as he called it, and by the Valsalva experiment He quotes Zehbe almost ver-
baum when he states that the “relaxed” heart m deep expiration spreads on the
elevated diaphragm (the plate) like “dough.” Another sign of the “relaxed™ heart 1
a marked reduction in size 1n the Valsalva test The “taut” feart, on the conerary,
preserves its shape in deep expiration and shows no noteworthy reduction 1n size
with pressure. .

Dietlen was deeply occupied with the tonus problem and made an cxeensive
report on this question. He concurred with the writers just named in regard to
cardiac tonus as a property of the myocardium “which determines 1ts shape in the
state of relaxation and 1ts stabile form despite opposing mfluences ™ He also con-
stders it reasonable to refer increased labihty of cardiac size and shape to reduced
diastohe tension of the myocardium Since hypertrophied hearts generally preserve

2 more constant form than normal or dilated ones, he ateributes hypertonic properties
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to hypertrophied heares. Dheden jusufies this conclusion by the probabuhity thar,
a prion, a strong hypertraphic myocardm embraces 1s content more strongly
dunng diastolic relaxanion than normal or dilared muscle, Nevertheless, Dietlen
expressly stares that not every drlated heart 1 relaved and hypotonic and that cardiac
relakanion 1s not necessanty combmed with difatarion. Rather, roentgenologic signs
of relasanion are absent 1n many dilared hearts and 1t 18 preasely the small hearts
which are seemmgly relaced. The rypes of cardiac dilatation show ing signs of relaxa-
tton are left undecided although Dietlen behieves thar difarations which are the resule
of acute infecnions and tovie injunes are primanly responsidle.

Obviously views concerning demonstrability of cardiac tonus by x-ray are based
an the observanion that stability of cardiac shape and size quantstariy ely 15 subject 1o
marked diffcrenices and on the idea that preservarion of size and shape 15 determuned
by the starus of myocardtal tension in dsastole (totus). Those premises seemed ro
compel the following conclusion a heart talale 1n respect to size and shape pos-
<esses dess tomus and dess efficency than one which opposes greater resistance to
such changes. Accordingly, Plaur felt justified, merely from the postive outcome of
his rocnegenclogie test of tonus, to tude that the my: fiem 35 d. d or ar
least iferior even in the absence of climeal signs of such damage, Diedlen also
mnclmed to the view that a heart, relaxed on the basis of these zests, should be
considered functionally mferior.

The conception of fessened efficiency in assovianon with reduced stabiliry of
size and shape also scems to find support 1n connection with hearts dilazed by acate
wfections and toxins (Thetden) as well as m those whose carniers, 1 accordance
with their ptotic-asthenic constirution, are luss efficent, these hearts are prone 1o
display labslity of size and shape

Despite cthe truth of the roemgenologic observanons cited, many facts and con-
siderations make 1t dubnous whesher Jabihty of cardiae shape and size can be con-
sidered convincing proof or even an mdication of dirminished tonus and efficsency of
the myocardwm Fiest among the relaxed hearts are the “small” ones (Dietlen).
These “small hearts” are encountered most often i protic-astheme individuals wha
are poorly equipped for physical exertion and are less efficient, bur usually, for
reasons shown on page 102, the heart 15 not actually small but only seems so for
extracardiac reasons {defective diphragmanc function, perspheral vasomotor
weakness, reduced tontus of the sheletal musculature) and, ndced, only when une
properly filled with blood When a heart, subjecred to decreased filing pressure,
becomes parncularly smafl in 2 Valsalva rest and pumps almost empty, when it
spreads broadly on the elevated daphragm n Pong's plate test, relaxation of the
myocardium should nat be made responstble without further consideration Rather,
labihity of cardiac size and shape can be explaned with Jess pulsion by inadeq
filltng which makes the heart more suscepnible to changing merathoracic spatal
and pressure conditions than when normal filling pressure supplies s¢ with normal
volumes of blood (Zdansky) The same holds far the labihity of cardiac size and
shape in infectious discases and toxic states, in endocrine disturbances and some
central and peripheral diseases of the nervous system.

Apart from the factors already mennioned and insolving the peripheral crenla-
uom, labidity of cardiac size and shape can be accenruated m many of these patients
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Zdansky and Ellinger, Noke). Once Zdanshy and Ellinger recorded polsations of an
alternans type on the left ventricular arc in the post-pressure peniod Occasionally
Nolte observed very large, slow pulsations during the post pressure bradycardia
{Burger).

The extent of cardiac enlargement in the Muller test and of cardiac reduction m
the Valsalva experiment varies greatly with different individuals Occastonally the
cardiac shadow even enlarges (paradoxic Valsalva effect) during the entire period of
pressure (v. Criegern, Klaus and Alberr) (p. 112).

Under the assumption that cardiac volume changed with equal mcreases or
decreases of intrathoracic pressure, manometrically measured, and that these
depended upon the cardiac status, attempts were made to unlize suction and particu-
larly forced respiration as a functional test of the heart (p 129), ro obramn msight
mto the state of the myocardium and particularly its tonus.

XI. Is Any Tonus-Function of the Heart Roentgenologically
Demonstrable?

Alterations 1n cardiac size and shape in the Muller and Valsalva tests lead
drrectly to a discussion of the quesuon just posed

Readers, roentgenologically oriented, hearing of cardiac tonus, think particularly
of the work of Zchbe, Pongs, Plaut, and Dietlen Zehbe introduced the conception
of cardiac tonus mto roentgenology by relaung 1t to varymng consistency of the
myocardium at postmortem, this concept 1s tenable physiologically By means of

the roentgen 1mage he distinguished normal, relaxed, and hypertonsc hearts accord-
K S PRI ~f il mnnla nficlinaran chanoed with

of mclination became progressively smaller, normotonic hearts showed much fess
change while hypertonic hearts showed no change i shape or 1n the angle of inclina-
uon and created the mmpression that the heart bored into the diaphragm

Pongs and Plaut confirmed the essentials of these observations and concurred m
Zehbe’s interpretation. Pongs distinguished a *“relaxed” and “raut” heart by 2 “plate”
test, as he called 1t, and by the Valsalva experiment He quotes Zehbe almost ver-
batim when he states that the “relaxed” heart m deep expiration spreads on the
elevated diaphragm (the platc) like “dough.” Another sign of the “‘relaxed” heart 1s
a marked reduction in size i the Valsalva test. The “taut” heart, on the contrary,
preserves its shape in deep expiration and shows ne noteworthy reduction in size
with pressure.

Dietlen was deeply occupied with the tonus problem and made an extensive
report on this question He concurred with the writers just named in regard to
cardiac tonus as 2 property of the myocardium *“which determumes 1ts shape in the
state of relavation and its stabile form despite opposing influences.” He also con-
siders 1t reasonable to refer ncreased lability of cardiac size and shape to reduced
diastolic tension of the myocardium Since hypererophied hearts generally preserve

2 more constant form than normal or dilated ones, he attributes hypertonic properties
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the systohe pressute and volume effimency, 15 wmadequate to explain this gquantita-
tively, It scems to him that adaptation of volume is associated with much greater
difference of presystolic lengeh of fibers than is the mechanism of tension adaptation,
in other words, volume efficiency is assocrated with greater variations of presystolic
ventnicular volume than one should expect according to the Starling-Frank laws

In this conception, decteased tonus does not uncondstionally express diminished
myocardial efficiency for 1 may also be compensatory 1f the heart is to exert a
greater stroke by means of greater relaxation and tension.

The property Hess designates as tonus s the same, at least in pare, as the
“comraction debt” of Stravb, it 15 conceptually different from actual tonus but fads
to separate sharply these two forces from each other and their ¢ffects on the active
heart.

Certainly myocardial tonus can appear only duning dstolte relaxanon n that it
affects the degree of diastolie filling and the course of diastolic mavement, Perhaps,
this provides the possbility of a roentgenologic appreach to the problem of myo-
cardial tonus Reduced tonus would permut grearer diastohic widening, that is, would
onent the heart to large diastolic volumes, the return to normal fonus or to an ab~
normal increase of tonus would act i the opposite ditection, Actually some alrera-
nions of cardrac size have been conmected with alterations of tonus, thus, the farger
heart volume after exertion has been asenibed to 3 compensatory or even decom-
pensatory reduction of tonus (Ravemann, Wilko) and reduction of cardiac size
after work to heightened tonus (Eswig, Schenk, Rautmann) In these volumetric
alterations a vaniety of other factors (volume of circulating blood, fithng pressure,
puise rate) drastically influence the exrent of diastohe filing. Only those changes in
cardiac volume should be interpreted as alterations of myocardial tonus which are
observed under otherwise identical condinons (comstant blood pressure, equal
volumes of cireulating blood, mmute volumes and pulse rates). Apparently such
obsersanions have not been conducted systematncally.

Perchance, the effect of myocardial tanus can be inferred from changes 1 the
visible ventricular pulsations and those recorded by hymograms, One mughe think
that reduced dastolic tension msght make outward diastolic movements of the
ventricular wall more brisk and perhaps also might lead to the appearance of an
abnormal sequence of movements in the diastolic pulsation period. The serihingly

lively, atmost flapping cardiac excursions observed 1n acure and chronic mfectious
diseases, cspectally m endomyocardins, m severe primary and secondary anemias,

after physical exertion, mencal m hyperth dism and after
warm baths, male it lhely thac this “excited carduc action” could depend upon
reduced tonus, but peripheral weakness or dimimshed return of blood to

the heare (Laurell), byperthyroidism, mental excnemenr, work, or warm baths also
accelerate the arculation greatly and increase stroke volume. They may produce
farge and fively pulsauons along the cardiac borders. If it 15 truc that enlargement of
the stroke volume 1s induced by reducing myocardial tonus (Hess, Straub, Raut-
mann), the “‘excited aceion™ of these cases would be closely connected with myo-
cardial tonug

We endeavored to ascertam by means of roentgenkymograms whac aleerations of
ventricutar pul mught bereferred toch of diastohic myocardial tension. We
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by the status of the heart nself, particularly when res walls are thin. If myocardial
thinness were equivalent to low tonus, as Dietlen asserts, this would mean that the
labeliey of size and shape of the small hearts of asthenic individuals actually 15 con=
ditioned, at least 1 part, by reduced cardiac tonus. Nevertheless, 1t 15 doubtful
whether decreased tonus in this sense can be mterpreted as myocardial inferionty
without further qualificarion because the thinness of the wall may merely reflect
the shight demands these ndividuals impose upon their hearts

Thus 1s not ntended to deny that labilty of cardiac s1ze and shape s many tovic-
mfectious states as well as in crculatory disturbances of endocrine and nervous
origin cannot contribute to reduced diastolic myocardial tension Thus scems highly
probable since the heart, as part of the vascular syseem (Rothberger), should
parucipate in a hypotonte orientation of the entire vascufar system

Albere and Klaus believe thar conclusions regarding myocard:al tonus can be
drawn from alterations of cardiac size (deduced from roentgenologic cardiac area)
by a rically d increase of intrath pressure amounting to
20 to 60 mm Hg. They sct up four types of reaction

Type I Relatvely marked reduction of cardiac size with an increase of pressure (20 mm Hz)
and only slight further reduction with 40 mm, Hg 1s found in relanively large heares of young
athleces, s 4 fule, 1t speaks for “moderate to average myocardial tonus but sometimes also oceurs
with a large heart and in Burger’s “syncopotropic type ™

Type Il Relatvely shight reduction of cardiac size with 2 20 mm Hg 1ncrease of pressure but
marked adiitional reducuon with 60 mm Hg 18 found with average and above average hearts and
favor “good dral conus ot hypertrophy™ resp ly and excludes dilatation

Type Il No further cardiac reducuion when pressure increases from 20 to 60 mm Hg, this
ntermediate beeween type I and 1L 1s found with relatively large hearts of well traned athletes
In them 1t represents a “favorable type of reaction ”

Type IV A shght reduction with a pressure of 20 mm Hg and 2n enlargement when pressure
1s tnereased to 60 mm Hg 1s ascribed to copious flux of blood from the abdommal cavicy by

avgmented 1ntra-abdominal pressure

The conclusive nature of these reaction types for varying myocardial tonus 15
Ighly problematic owing to the mterplay of peripheral regulations and the mcalcula-
ble influence of abdominal pressure activated by the Valsalva test. On the basis of
Nordenfelt’s studies, Moberg correctly notes that the effect of abdomunal pressure
may be equal to or greater than crachoracic pressure so that the cardiac volume
reducing effect of the lattec 15 abohished or even over-compensated (paradoxic
Valsalva effect) In other words, absolute certamnty i respect to the cardiac tonus
cannot be gained from the Valsalva test (Frik and Natvig).

Endeavors to mfer cardiac tonus by roentgenologic methods also suffer from the
obscurity surrounding the nature of myocﬂrdml.tonus. Some"consider the very

[ S

Eillmg. Tonus determines the nadir reached by drastolic relaxation and the oenaviot
of tenston during the entire diastolic philst.: as w e_:ll as the veloaity with which the
myocardium again relaxes after the expulsion period (Hess). -
Hess maintains 1t 1s Necessary to assume tonus. In his opiruon, Statling’s :n;
of the heart” which expresses the sumple relanion berw cen presystolic tenston ank
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Zuntz. observed that the cardiac enlargement during work receded within three
scconds

Dc 1a Camp, L. Raab, de Agosuna, Rautmann, and Williamson labetled enlarge-
ment actually a sign of an abnormal or, at least, mfenor heart, These statements
naturally are m disagreement with other findings (Nacolas and Zunrz, Brons and
Ramer) which suggest that the reduction of cardiac size 1s not the sole nor regular
result of a single physical effort. In releroentgenograms raken two to five minutes
after performng exercise (Bruns and Romer), 75 per cent showed a reduction of
heart size, but 7 per cent an enfargement and 18 per cent an osaillanon berween
enlargement and reduction, Rautmann and Duras also observed such flucrmanions.
Soon several simifar reports appeared. In twenty-six marathon runners Achermann
found enlargement 1n s1x but in the others 3 more or less marked reduction of cardiac
size, if one reads the protocols of de fa Camp, m which a reduction 15 considered
merely 2 normal reaction, among the 1ndisiduals reparded as normat from a cardiac
and arrculatory seandpownt, mcreases of cardiac breadth occurred which greatly
exceed the himts of orthodiagraphic error. McCrea, Eyster, and Meck also found
regular reducnon of cardiac size only from moderate effort and bref heavy work,
after long, hard work on a cycle ergometer, the enlargement might persist for five
Tmmutes.

Owng to the prevailing uncerwainty and seeming contradictions, Zdanshy
studied roentgenologically changes of cardsac size and shape after single efforts
(treading a cycle ergometer or chimbing stairs) by untramed subjects, the alterations
of cardiac size were followed for a long ume by calculaung cardiac volume by the
Rohrer techmuc The following results were obtamned

1. Increased cardiac size ymmediately after the exercsse which, under some
condations, lasted for several minutes,

2 Decereased cardiac size immediately after work or after an imual enlarge-
ment, sdentical with the postexernonal reduction demonstrared by Kienboch, Selig
and Beck, and athers,

3, Fluctunnons of cardiac volume usually connected to the phase of reduction
but drately after exercise and exceeding the original
volume of the hezrt

These alterations of cardiac volume were not wdentical i alf individuals, more-
over, their extent, duranion, and even appearance depended upon certam conditions

The mitral mcrease of size consists mamly m cardiac elongation Since increased
penpheral resistance scarcely comes mnto consideration in this phase of effort, the
Targer size of the heart must depend upon augmented influx of blood lasning beyond
the period of exercrse Obviously, in many cases this mflux may oppose the effects of
acceleration and 1ncreased contraction which rend 1o reduce cardiac size so that even
cardiac enfargement may occur. This assumption 1s supported by the fact that the
mimal ncrease of size 1s parncularly common when the study ts uadertaken n an
mdwidual who at rest shows a marked orthostance reduction of cardiac volume In
these cases the cardiac enlargement rather regularly persists for minutes above the
resung value obviously because the heart recerves more blood ewing to deeper
respiration and mcreased tonus of penpheral vessels and skeletal muscles than 1t
does at rest. Hearts without noteworthy orthostatic reduction are well filled even
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Finally, the thin-walled heart of the untramed person, as the result of greater
distensibihity and lesser power of contraction, may dilate relatively more from the
avgmented influx of blood and increased resistence than the thick heart of a tramed
subject (Banbridge), this indicates how complicated the situation 1s and shows
that no absolutely constant change of cardiac size during work should even be
expected

The absence of a constarit relation between changes of cardiac size on the one
hand and of cardiac rate and blood pressure on the other depends (Bruns and Romer)
upon reflex and hormonal mfluences onginanng 10 the central nervous system
Naturally emotional mfluences cannot be neglected.

Morcover, the kind of physical exertion certainly influences alterations of cardiac
size (Raurmann) Short-lasting efforts performed after deep mspiration with breath
holding under conditions like the Valsalva test can reduce cardiac size unless ths is
offset by a stmultancous nise of ntra-abdominal pressure by powerful achvation of
abdominal muscles as well as an acute rise of peripheral resistance  Long-lasung
performances like long distance running, swimming, and rowng, which are accom-
panied by uniform deep breathing, utihzation of large groups of muscles, and massive
nflux of blood mnro the heart, by emptying blood depots and short-circutting mmactive
parts can be expected to dilate both halves of the heart and especnally the right side
with 1ts weaker muscle

Relible reports on alterations of cardiac shape during work are not available.

As we have already mentioned, pulsations of the cardiovascular shadow during
work not only become more frequent but they exhibit “excited action” (Dietlen)
Thas resules from ncreased diastolic mflux of blood nto the heart and augmented
systolic ventricular contraction (Krehl) and 1s an expression of greater stroke
volume It 15 the correlate of the ncreased apical impulse and widespread shaking
of the chest wall (Moritz) It lasts somewhar longer than the cxeraise and ends
approuimately with the tachycardia. Surface rocntgenkymograms (Scumpf) reveal
that the breadth of excursions increases on all sides, indeed, the places along the
cardiac border with small excursions during rest display relanvely larger increases
than arcas subject to greater movement at rest The diastolic limb of the curve n
the ventricular kymogram 1s relauvely more vertical than the systolic, this cor-
responds to the well known fact that cachycardia takes place mamnly through shorten-
ing of diastole Finally, atrial contractions, m contrast to the ventricular, recede
more and more

2. Alterations of the Roentgenogram after Single Physical Petformances

The first roentgenologic studies on the effects of this kind of cxertion were
conducted by Schott who thought cardiac size increased. This observa»non was
partly confirmed by Lipschitz but was soon vigorously demed by l\!cmz. de [a
Camp, and others, therr objections were raised prmanly against Sch(_m s method of
study and actually the figures reported by Schott do not support 'hls conclustons,
Later invesugators (de la Camp, Moritz, Dietlen, Kienbock, Selig and Beck, L.
Razb, de Agostmo, Wilhamson, Rautmann, McCrea, Eyster and Mcel'(. R.and E
Paterson, among others) found reduction of cardiac size 2 normal reaction. Gordon

and Strong arrived at the same conclusion m animal experiments. Nicolar and
4
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excreise by hours, days, and even weeks (fig 59) (Dietlen, Bruns and Romer,
Zdansky) and may recur each nme exercise 15 undertaken, Usually these enlarge-
ments are not permanent but tend to recede sooner or tater {Diedlen.

Cardac enlargement afier exercise has utmost practical interest Most authors
mterpret it as a sign of impaired cardiac strength (de fa Camp, Dietlen, Monz, L.
Raab, Williameon, Bruns and Romer, Rautmann, and others) De la Camp actually
found such enlargement more common and greater 1n vasolabile individuals and
those who had passed through an infectious disease, m fever, anemua, diabeces, and
valvular diseascs Rautmann saw cardiac volume increase acutely in a runner who
collapsed after a race. Williamson also found enlargement which he interpreted as a
sign of decreased cardiac strength We have noted mifling increases i pauents with
coronary sclerosts and exertional angina pectoris after bendmg the knees or chimbing
stairs Analogous observations (Reimdell) smply that enlargements outlasting the
cxeraise may be produced by drmmished cardac strength,

Ftc §9 —Increase of vertcal heart size after swimming pracnice before pracuce
cardiac volume, 452 cc (Rohrer methnd), ... __ twelve hours afrer practice cardiac volume,
508 cc (Rohrer method), Youth, 16 years old Height 174 cm , weight 76 K

On the other hand, Bruns and Romer emphasized that hearts enlarging after an
exercise test, subsequently showed normal efficiency and that of exercise 1s sys-
tematically continued, the work can, secondanly, cause hypertrophy They found 1t
more frequentty in young asthentc individuals and in the so-called “slly-dcveloped
gant,” n “eonsttunonal cardiac weakness,” and 1 mdividuals with median placed
or with pendulous hearts, in weak, anemic, nervous people From similar observa-
tions Zdansky ganed the unpression that young mdwiduals with marked ortho-
static reduction of cardiac size at rest were the ones whose hearts parncularly
enlarged after exernon Often this enlargement mvolved exclusively or predomt-
nantly the volume in the upright posiion white the volume m the recumbent position
was affected fess or not at all (fig 602 and b) In no instance could one speak of a
cardac enfargement beyond normal, rather, with exercise the heart atrained, and
mamtained for 2 while, a size smeable for the carner Actually, 1n these cases only
abnormal orthostatic reduction was sbolished and 1t 1s at least hughly probable thae
penpheral influences play a role in the sense that by greater vasomotor and skeleral
muscle tonus, blood 15 betrer distributed through the body and the nflux into the
heart increases.
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at rest and usually mcreased volume 15 not observed two minutes after the exercise;
this 15 comprehensible when one considers how rapidly the augmented circulating
blood and cardiac stroke volumes return to resting values after exercise (Zdansky)

At all events, reduction of cardiac size after exercise 1s not merely the result of
tachycardia dimimishing cardiac volume, 1t can perstst long after the rate subsides to
1ts ongmnal value and 1s cven observed without notew orthy acceleration (Bruns and
Romer). Likewise no relation 1s found to changes of blood pressure

Even simple fluoroscopy suggests that pulsations of the cardiac shadow not only
are more frequent and livehier but arc also Jarger than at rest Actually rocatgen-
kymography shows that in normal hearts the breadth of ventricular pulsations
(“movement space,” Stumpf) have grown and this suggests mcreased strohe
volume Morcover, the systolic as well as diastolic diameters of the heart become
smaller, the first more than the sccond (Stumpf, v. Braunbehrens, and Remdell)
The systolic reduction may result from more complete systolic emptying consequent
to stronger contractions (increased accclerans tonus), the diastolic reduction, on
the whole, may depend mainly upon shortening of the filling phase and possibly on
reduced capacity of the heart for d lic dilatation, the e of aug
“contraction debt” (Straub, Rautmann)

Not only forces active 1n the heart 1tself but also peripheral factors may be
responsible for the reduction m cardiac size Kienbock, Selig, and Beck suggest
“dilatation of certan pathways ™ Straub also considered a relaxation occurring
parucularly i the splanchme vessels. Finally, the extent of reduction of cardiac stze
and even 1ts appearance 1s profoundly influenced by the amount of blood returning
from the periphery as well as cardiac filling at rest (Zdansky). The postexcrnional
period with s dimnunion of cardiac size may summate with one ortho-
stauically conditioned and may provoke greater reduction m the standing than m
the recumbent panient On the other hand, hearts madequately filled cven m the
resting period would escape further reduction if this were equivalent to com-
plete cardiac emptiness Naturally this event would be prevented by appropriate
counterregulations

Reduction of cardac size may last for mnutes, hours, or even days after 2 single
stremous exertion. After a brief burst of speed (a thousand meter race), there was
rapid subsidence while after a longer performance with eclatively less worl L per
unit ime (long distance runming), the reductson of cardiac size persisted longer
(Rautmann). Factors m the myocardium or acung dircetly on 1t, perhaps, may
provoke the changes 1n shape noted by Zdansky, they may be assoctated with
changes of volume but they also occur without them

The increase of cardiac volume following reduction usually restores the orginal
volume and may exceed 1t Often repeated fluctuations betw een enlargement and
renewed reduction occur (Rautmann and Duras, Zdansky) “Fo what cxtent over-
<shootm of increased volume and fluctuations of cardiac size depend vpon nl(cra(g::s

a
d
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w—y ) ) .
hanges in the flow of blood into the heart (Zdans
B Iﬁl\c\\isc cardiac enlargement exceeding the resung volume may outlast the
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fargement since better capillarization and arrangements for oxidation in the skeletal
musculature counteracted the increased cardiae work. Since cardac hypertrophy
and dil. was regarded as an at ! resction of the heart to physical efforr
and, as cardiac enlargement was demonstrated more frequently around the turn of
the century when parnoipation in athlenes became widespread, the idea of an adverse
effcer on the heart found wide acceptance. Ae that tume the expression “athlete’s
heart” was comed to designate a heart damaged by sports, Exen before the roent-
genologic era, but increasingly afrer such studies were widely employed, very con-
siderable cardiac enfargement after physical exernion was frequently noted without
any signs of myocardial weakness.

These facts made it necessary to stedy radiographucally the mfluence of con-
tnaed physical exernion on catdiac size m large series of cases. Many of these inves-
tigacions leave much to be desired 1n respect to exactitude as they were based merely
on single cardiac measurements and their relation to one or another dimension of the
tody, nevertheless, they have much value since the resnltant errors were Jargely
cancelled by the enormous size of the scries

The first extensive studies were conducted by Schieffer. He determined Ten,
HL, and HA 1 soldiers az the ume of induction 2nd after trammg and showed that
cardiac measurements wicreased in over one haif of them These enlargements had
no fixed refation to changes of body weight, they were noted when the weighr re-
maned steady or even decreased Schieffer also found the heart of eyclists larger on
the average than of noncyclists, an observation soon confirmed by Dietien and
Motz Since most subjects whose hearts enfatged had no complamnes and no objec-
tve crelatory disturbances bur remamed perfectly capable of performing exercise.
Schieffer properly concluded that the healthy heart could enfarge from exertion

In some cases the enlargement exceeded the average value, Since simultaneous
auscultation yielded striking findings and since the capacity for exercise dimmished
m some of these individuals, Schieffer and Dietlen concluded that exertion eould
produce diatarion which was no longer physiologic bur reg d a considerabl
reductron of cardsac reserve By forbearance from exeraise thns dlatanon disappeared
more or less completely.

The fiest World War also offered an opporrunity on a vast scale to test the
mfluence of long lasting, above-average excrrion on the heare. All invesugators
reached the same | undet these conduti more or fess marked enlarge~
ment of the heart 15 very common and, furthermore, withour any sipns of cardiac
tacomperence Thus, Maase and Zondek found chat infantery soldiers after long
marches had larger hearts than those who did not march, In the war, Wenckebach
also found the hearr enlarged in 47 of 100 infantery soldiers The most exhaustive
stadies are those of R Kaufimann  Although by roemgenclome observanons are
fimited to the dererminanon of the diagonal cardiac diameter and to striking changes
of cardiac shape without reports on body wesght and hesght, the crincal sifing of
vast matersal by an evcellent obscrver makes them extremely valuable. Among

soldiers at the front, Kaufmann found many who had enlarged hearts in addition to
those with hearts of normal size and defimitely small ones. Since these enlargements
aften receded after rest and suttable treatment, he believed they must be considered
prumarily as dilacations. He thoughe this bikely since they were more common
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In this connection it would be well to study the normalization of the vectorcardio-
gram (Schellong) observed by Ickert in “cxhaustion” after smgle physical acts; this
tends to be associated with less or no reduction of dastolic blood pressure and 15 not
accompanted by increased size of the hearr Since Hochrein concerves of this phe-
nomenon as a sign of “neurocirculatory dystonta,” 1t right be that preciscly these
cases are the ones in which increased cardrac size depends upon better filling.

Undoubtedly some acute cardiac enlargements after single efforts may persist
for hours and days without being pathologic The decision as to whether or not
dilatation 15 pathologic 1s not easy in the individual case Great caution is m order.
Such hearts should be watched closely and examuned repeatedly to ascertain how
they behave with carcfully arranged added exercise (Rautmann). A relatve myo-
cardial msufficiency would seem very probable when enlargement occurs in a heart

~ -

FiG. 60—Increase of vertical heart size after swimming practice in a slender, somewhat under-
weight youth (2) Erect postion —__ before practice cardiac volume, 368 cc., -. . after
practice, 419 cc (5) Recumbent posttion _ before practice cardac volume, §79 co
after practice cardiac vofume 581 cc Youth, 14 years ofd Heghe 168 em, werght

515 Kg
normally or excessively large before exereise, when the enlargement progressively
increases with contmuation of the exercisc, so that cardiac size 1s ulumately abror-
mally large, and when subjective complaines, pathologic chnnges_m the electrocardio-
gram, or objective phenomena appear to indicate the onset of circulatory failure

3. Alterations of the Carduac Roentgenogram from Contmued Physical Exertion Including

Partiespation sn Sports

The alcerations of the heart follow ing continued exertion (heavy labor, participa-
tion in sports) have been studied with different results. If we are clearer about the
subject at present, this 15 largely due to roentgenology. In the numerous debates on
the significance of these alterations, roentgenology made real contributions

It has long been known that wild ammals ustally have lar_ger and hc:n:ler hear;s
than closely related domesticated species, moreover, IcngJ_astmg exercise in afnf;m s
produces enlargement and increased weight of the heart without any sign of fai ures.
Nevertheless, the opinion prevailed for 2 Jong time that, 1n man at least, sr‘;mm::-
actwity normally did not provoke cardiac hypertrophy and, even less, cardiac
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necessarily have the largest and strongest hearts. The healthy hearts of individuals
engaged in strenuous athletics, on the average, are not much larger or heavier than
those of the long distance runner as one might have expected from the powerful
skeletal muscle development of the former. V Weizsacker explamned this apparent
contradiction as follows the demands on the skeleral muscles and the hearr are
entrely dufferent in performances of strength and in contmued effore. In sports
imvolving brief performance of strength and tension, sudden tension exerts a marked
growth sumulus on skeletal muscles and results in their massive hypertrophy. On
the contrary, m sports with continued performance and with less effort per unit of
time, as in long distance running, and which, apart from the final dash, never call for
maximal expenditure at given moments, increased tension, the growth stumulus for
skeletal muscles, is relatively small and therefore induces lietle hypertrophy, Pre-
aisely 1n these cases, however, demands on the heart are extraordinary, certainly they
are decidedly greater than in the short lasting efforts, for example, of a weight hifter

These remarks should suffice to indicate thar no definite parallehism between the
development of skeletal and cardiac muscle can be expected.

Systemanc roemtgen mvestigations of cardiac size m perfectly sound, active
athleres show that under otherwise equal conditions, the hearts of athletes and short
distance runners, on the average, are smallest, those of long distance runners, skiers,
football players, and boxers larger, and finally those of bicychsts are the largest;
moreover, certamn differences exist in respect to the shape of the heart.

To undetstand changes of cardiac size and shape m athletes, the division of sports
mto those which make use of tension-strength and those which call for endurance
with less expenditure of energy per unit of ume, 1s very fruitful.

Let us first consider sports like shot-purting, weight Iifting, or short distance
runming 1n which maximal strength 15 exerted for a short period by sudden tension
of certam muscles These performances are associated wirh increased mtra-artersal
pressure which means more work for the left veninicle. The ventnele can do this by
stronger systolic contractions which finally leads to 1ts hypertrophy (p. 137). This
thickening 1s evpressed roentgenologically at most by greater rounding of the left
ventricular arc but no enlargement of the cardiac shadow m any dimension (p. 149)

However, the possibility of ov hesgt d r by mcreased contrac-
tion and pure hypertrophy 1s imited As a rule 1t eventuates n dilatation which is
not an expression of ventricular incomp e, 1t 1s a physiologic method of the

normally functioning chamber for overcoming higher resistance by greater dastolic
tension of 1ts fibers (Straub) The remarks on page 138 show that this dilatation
from increased resistance does not widen the ventricle but leads to practically pure
elongation (Moritz) begmmning and most marked at the end of s outflow tract,
progressing toward the apex, and gradually extending to the mflow tract (Kirch)
As explained on page 138, this dilatation from d resistance and d
left ventricular hypertrophy does not increase the transverse diameter of the cardiac
shadow radiographically but only elongates the left ventricular are, making 1t
rounder and displacing the apex downward and a little outward,

The heart of an athlete well tramed for strenuous sports and that of the short
distance runner actually shows the alterations one would expect from these general
rules for work of the left ventricle agamnst heightened resistance the heart is not
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wndividuals who had had mfectious diseases (theumatic fever, malaria, dysentery,
typhus or pneumonia), severe mental excitement, or had suffered from lues or
atheromatosts, or were young and physically untramed. Like Schieffer, he also noted
that individuals who had followed light occupations or sedentary ways of hfe as
well as those with pendulous hearts often mamifested this enfargement after several
weeks of military duty For these reasons Kaufmann concluded that some latent
damage or functional, constitutional, or even conditional mfertonity of the myo-
cardam, as well as nervous influences, played a great role 1 the occurrence of this
enlargement

To Kaufmann, persistent cardiac cnlargement indicated that the heart was no
longer able to meet mncreased demands by augmenting 1ts power of contraction, now
it must utilize increased tension. Such enlarged hearts seemed less efficient since the
margin narrows between the rest volume and the volume enabling the heart to
accomplish added work.

Contrary to these conclusions were those of Henschen he stated that the
“athletic heart” 1s not a damaged heart and that this heare “wins the prize ” Tung,
Hsich, Bien, and Dieuarde also found enlarged hearts m 45 per cent of complerely
healthy rickshaw boys Moreover, Kaufmann also observed that these hearts show
strong, slow pulsations on the flusroscope screen. This observation was confirmed
by Rautmann and was supported physiologically by Rein, 1t speaks agamst the notion
that these enlargements are always pathologic responses It becomes highly probable
that enlargements observed after long lasting exertion are not identical and certainly
are very complex mn nature (see below)

In the question of the physiologic effect of prolonged exertion on cardiac size,
roentgenologic studies on athletes proved more mstructive than those on solduers and
laborers With athletes one starts with material which has been fairly well sifted, 1t 1s
composed of physically qualified mndrviduals systemarically tramed for defimte tashs
under good external conditions, soldiers and laborers include fairly large numbers
who are not completely sound for constitutional reasons, from previous disease or
poor nutrition, and often they have had very serious psychic stress

A special advantage of investigations on athletes 15 that types of work can be
graded to a certamn extent and the different burdens placed on the heart can be defined
rather well One can study the reaction of the heart co an exerctse which prumacily
requires blood volume 1 excess of normal, to work to overcome elevated peripheral

ot to loads d ly on the left ventricle or on both halves of the

heart
All observers who have conducted such mvestigations agree that sports can lead

to enlargemcent and altered shape of the heart (Dietlen, Morirz, Schieffer, Dedichen,
Herxheimer, Rautmann, Bruns, Gotchardt, Bramwell and Ellis, Berger and Olloz,
Moritz, Deursch and Kauf, Reindell, Kiaus, Zdansky, and others) Most authors
regard the merease m size and shape of the heart as the phystologic result of aug~
mented cardiac work.

Actually this 1s 2 manifestatron of cardiac adaptation for there 1s an l{nmxsmkablc
connection betw een the average amount of enlargement and the evercise. Only at
the outset does it seem contradictory for the development of skeletal x.nuscle not to
parallel heart size or muscle mass, 1n other words, the strongest individuals do not
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heightened diastolic tension of their fibers (p 143) and in 1ts further course feads to
hypertrophy of their walls. Since both ventricles are subjected to the same condi-
nons when added blood flows nto the hearr, both dilate due to mcreased filling but
the right ventricle, with its weaker muscle, dilates more than the powerful left
ventricle (Reindelt). This dilatation from increased filhng 15 not restricted simply
10 the ventticles but naturally affects the atria as well (Kirch, v. Braunbehrens and
Reindell, Zdansky) The ) d 1on of atrn) enl: need
not imply a retrograde stasis of blood from the ventricle, that 15, that ventricular
{mlure exists,

The effects of dilatanon from greater filhng of both ventricles on the roentgeno-
gram are evident from the discussion n Chapter Three. Elongation of the inflow
tract of the nght ventricle, corsesponding to its transverse course, must broaden
the cardiac shadow transversely, while enlargement of the left ventricle, whose
wflow tract runs almost dorsoventrad, widens the cardiac shadow in an a-p diameter.
Transverse ventnicular dilatation, constantly present with dilatanion from increased
filling, ncreases cardiac volume on all sides and causes greater rounding of the feft
heart border. A glance at figure 65a, b, and ¢ will visuahize these results. Ir1s an
wmeresung, although sull unexplamed, physiologic fact that the adapuve enlarge-
ment of the athletic heart persists during rest, that 15, even when the filhing pressure
and the stroke yolume of the heart are not icreased. This cardiac enlargement s
not utthzed funccionatly at rest but 15 evoked to augment stroke volume during
physical exertion. Remndell designates this as an aftered diastolic onentation of the
myocardium, a “regulative cardize dilatation,” and ascribes st to altered elastic
propetties of the myocardium, conditoned by nervous and hormonal factors
Probably a tomic onentation of the di fated by vegerative and hor-
monal factors and independent of the degree of mural thickemng plays 2 role (Zdan-
sky), this should have great wfluence on cardac performance

“The changes n siz¢ and shape of the heart an those indulging i Jong lasting sports
and in those expending less energy per umr of nme correspond perfectly with the
sitnations depicted. The heart 1s more or less umversally enlarged with bulging
botders and 2 rounded apex. The vardvac wast 3s preserved or even deepened owing
to promnence of the left cardiac border.

The largest hearts with trlateral enfargement and parucularly marked elonga-
ton and rounding of the left ventricular arc are found in cychists This 1s easy to
understand since cyching 15 a prolonged event with expenditure of energy in terms of
distance per unit of tme bur 15 combined with tension-strength, constantly ealled
nto action i spurts and i climbing slopes. Cyching places the highest demands on
the heart.

The size and shape as weli as pulsations of the heart show some changes from
athletic effort. Apart from the resting bradycardia of the tramed athlete, certain
changes in the form of ventricular pulsations are visible rocntgenotogicatly. The
nacches of the ventrcutar roentgenkymagram are blunt, more convex o shorw lateral
plateaus (Reindell). These changes somewhat resemble those observed n myocardial
injury. The demonstrable changes of breadth of pulsations in different parts of the
tefe sencricular arc are also stnking While in most normal hearts the excursions of
the left ventricular arc near the apex are larger than those near the base, with increas-
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widened but merely gives a hunt of an aortic configuration by clongation and more
rounding of the left ventricular arc (fig. 70) Since not only the outflow trac of the
left ventricle underlying the left ventricular arc but also its imflow tract is more or
less Iengthened, there 15 greater projection of the cardiac shadow into the verrebral
shadow 11 the left anterior oblique position; 1 the right anterior oblique position
the longitudmal diamerer 1s lengthened. To understand thesc alterations, 1t 1s advis-
able to glance at figure 65a, b, and ¢, in which the projection of the m- and outflow
tracts of the ventnicles 15 shown m the three major posttions.

Frequently, sf one finds a large or very large heart m many athletes, the abuse of
alcohol or nicotine and occasionally lues may also play a role (Romberg) One
mught 2150 consider that among those indulging n the strenvous sports, many are in
the fourth and fifth dccades so that the mamfestations of coronary msufficiency
without exogenous inuries should be borne n mind

The situatron 1s enttrely different with long distance runners, skiets, swimmers,
boxers, that 15, in sports in which tramning 1s for long distance performance and for
prolonged exertion, All mvestigators agrec that these athletes have striking enlarge-
ment of the cardiac shadow which 15 not imited to the longitudinal dimension bt
also wvolves the transverse. Roentgenalogic analysis reveals thar this enlargement
affects both halves of the heart and especially the right

This bilateral enlargement 1s explained by the special hemodynamic conditions

existing 1n these sports In these long lasung performances with less expendicure of
energy for distance per umit of tume, work 1s execured with economie distribution
of reserve forces, with simultaneous deepening of respiration, with many groups of
muscles moving steadily and consequently increasing their O; requirements enor
mously The sausfaction of O3 demand 1s possible only by mobilizing all reserves ot
blood, by excluding cerean capillary beds, as well as by increasing the circulating
blood volume greatly over its basal value In this way the heart receives in a given
unit of tme, a volume of blood for propulsion which 1s considerably greater than
the resting value Te fulfills this task partly by the Bambnidge reflex, chis 1s relcased
by ugher pressure m the nghr atrsum and leads to cardiac acceleration, also partly
responsible 1s augmented accelerator tonus which releases more pow erful and more
frequent contractions and more complete emptying of the ventricles to produce a
larger stroke and minute volume, to a great extent, however, the effect 1 atratned
by dustohc ventncular dilaatson Thas “‘dilatation due to mereased filling” (Zdan-
sky) 1s the direct result of subjecting the heart to a filling pressure above normal
This 15 not only hemodynamically 1mportant but also possesses special interest
because 1t offers a key to understanding the cardiac enlargement so common 10
sports of this kind

As explamed on page 143, mcreased diastolic filling pressure Jeads to dilatarion

of the ventricles 1n a longitudmal and transverse direction. It begins and 1s most
marhed m the parts of the ventricles that recenve additional blood streaming into
them 1 diastolic relaxation (Zdansky). With mcreased mflux of blood from the
atria, dilatation and elongation begn in the domain of the inflow tract, progress
roward the apex, and finally nvolve the outflow tract. This fil]:l(;mon may bt{ con-
sidered a physiologie reaction of the normal myocardwm and is not asgn of failure.
1t constitutes a prerequisite for the ventricles to eject larger quantitics of blood by
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) damage. Cond ume, often prol d, and the resting bradycardia
o{ the athlete 15 regarded by Rein as augmented vagal inhubttion; this vanishes imme-
dmcly n exercise tests 1o give way to normal conducnion time and rate, Likewise
the electr d hic changes (Schiomka, Rewndell, and others) described as
alteranons of the nmal and of the QRS complex as well as of the rermnal deflection
do not mdicate any pathologic change in the myocardium,

The most obvious change in the athlenc heart 15 1ts enfargement and change of
shape In single cases no rclation exists between the type and duration of athletc
particrpation on the one hand, and increased cardiac volume o the other Remarkable
wdividusl deviations from average values are cbserved in well tramed athletes with
outstanding records and with esther very large or definutely small heares. Naturally,
tus raises an mmportant problem m respect to “athlete’s heart ” There must be a
reason why one person requstes an obvious cardiac enlargement to accomphish a task
while another has a practically norma! or even small heare.

Theorencally there are two possibrities o explain these indsvidval differences
1n response. Furst, different people employ different techmics of muscle action and
different technics of respiration 1o attam the same objective and this may resule in
different work for the heart. This assumption 15 smprobable from the start, every
well coordinated bodily performance 1s guided chiefly by subcortical reflexes which
are subject only to mmor mdividual differcnces Moreover, m traiming, every athlete
follows procedures so simfar thar differences of practical importance to all wtents
and purposes are cxcluded.

There remains the second possibiiy individual differences of the myocardm
or vegetative nervous system are responsible for the diverse reactions of the heart.
At present very little 15 hnown ahout differences wndoubtedly existing in the func-
uonal cfficiency of normal skeleral and hearr muscle. Whether this depends upon
diffierent metabolic processes m the muscle cell or an anatomucaily esrablished
ar funcuonally conditioned blood supply of the muscle, 18 unknown. We are nor
much better informed on how far vegetative nfluences act directly or through
hormones on the vessels or muscle fibers to affect the work reaction of the muscles in
various ays I s, at least, highly probable that such influences exist and account
for the diversity of cardiac reacuions in athlencs. In this connecnion the studies of

W Raab have special mnterest. Raab showed by chermeal methods on man and ani.
mals how adrenalin and other sympatheucomimenc amines, partly precursors and
partly oxidanion products of epinephrine, which are formed in the adrenal medulla,
in the myocardium, and i the vessel walls, are electively stored and accumulate 1n
the myocandium These matenals parterpare deaidedly m the occurrence of myo-
cardial hypertrophy and dilatation, if formed or stored excessively m the hearr,
they can damage 1t Raab was able to determine a couical concentration of these
materrals for the heart beyond which cardiac death prompdly occurred, The forma-
tion of these materals was stmulated by exernon, cold, and meneal excirement
Thesr storage n the heart was potentated by thyrotd hormone and was regulated
by the steraids of the adrenal cortex and gonads (Raab).

Considering that the discharge of these extremely cardioactive subsrances from
the adrenals and the vessels and their autochthanous farmation in the myocardium
1s subject to vegetative regulation und that the action of these substances can be
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ing enlargement of the athlete’s heare the reverse is more common at test; the pulsa-
tions near the apex are smaller than thosc 1n the basal section of the left ventricle
Schwarz observed this long ago during fluoroscopy when the heare show cd left sided
hypertraphy and dilatation On the basis of roentgenhymographic studies, Stumpf
contrasted these pulsations as types [ and 1l and drew far reaching conclusions n
respect to the state of the myocardum (p. 53). Reindell explaims the small pulsa-
tions near the apex of enlarged hearts of athletes as follows the basal pares partici-
pate predominantly 1n systolic emptying of the ventricle while the area near the
apex stores larger amounts of residual blood. Actually, after exercise, when the
heart contracts more strongly under the influence of augmented accelerator tonus,
type II tends to be converted nto type 1 because of more complete emptying of
residual blood stored n the apical parts of the ventricles With myocardial damage
this conversion usually fails to take place, this could be companble with defective
ability of the ventricle to contract and empty Lihewise the convex and plateau-
shaped ventricular curves just mennoned usually pive way to normally pomred
pulsations 1n the sound heart of an athlete during exerctse while they often fail to
change 1f the heart 1s damaged (Reindell).

In regard co the ume required for the occurrenice of cardiac enlargement and
change of shape, valid generalizations cannot be made. Among other things 1t depends
upon the extent of demands placed upon the heart Within the limuts pecubiar to the
sport, age scems to play no essential role, certamly the youthful heart is not,
apparently, more susceptible to enlargement. The enlargement devclops very
insidiously After participation m sport for one or two years, universally enlarged
hearts are found as well as heares of normal size. Increase of volume occurs even at
the begiming of athletic partictparion in slender asthenic youths and often depends
upon better distnibution of blood (p 103), this, 1n turn, 15 conditioned by increased
tonus of the sheletal muscles and the peripheral vessels (Zdansky). In general, with
longer participation in sports, the number of defimeely enlarged hearts mereases.

When athletic activity ends, cardiac enlargement and transformation gradually
recede but this regression is not always complete,

This does not hold for acute enlargements repeatedly observed mn connection
with intensc athlenc effort Usually these are relative overstrams and occasionally
are announced by a dechne m efficiency (Remndell) although often objective evidence
of such declme cannot be sccured These acute enlargements usually recede after a
few weeks of rest, They suggest a transient myocardtal insuffictency from overstram
which may produce characteristic changes mn the electrocardiogram after some
burden 1s 1mposed (Reindell). In athletes in the fourth and fifth decades, dilatadion
appears more frequently (Deutsch and Kauf). The extent to which an intercurrent
myocarditis or a disturbance of coronary perfusion 15 causal must be carefully
determined 10 each acure cardiac enlargement Strict avordance of excrion and
greatest care on resumption of the sport 1s definitely indicated.

In the domam of the pathologic, patients with goiter often show just as much
cardiac enlargement as those participating in strenuous achletics.

If we dismiss cardiac enlargement which s definicely pathologic, increased
cardiac size in athletes, even when very conspicuous, sull may be enu.rcly n?rmal‘
Supporting this 1s the absence of any electrocardiographic changes indicative of
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myocardial damage, Conduction nime, often profonged, and the resting bradycardia
of the athlete 1s regarded by Rein as augmented vagal infubition, this vanishes smme-
diately in evercise tests to gwe way 1o normal conduction nme and rate. Likewise
the clectrocardiographic changes (Schlomka, Reindell, and others) described as
alterations of the atnial and of the QRS complex as well as of the termunal deflecnion
do not indicate any pathologic change i the myocardum

The most obvious change 1n the sthlenc heare is its enjargement and change of

shape. In single cases no relatton exists between the type and duration of athlene
parneipation on the one hand, and sncreased cardiac volume on the other, Remarkable
mdividuil deviations from average values are observed m well traned athletes with
omstanding records and with erther very large or definitely small hearts Naturally,
this rases an wmporrant problem mn respect to “athlete’s heart.” There must be a
reason why ane person requires an obvious cardiac enfargement to accomplish a rask
while another has a practscally normal or even smalf heart.

Theorencally there are two possibifities ta explain these mdividual differences
1 response. Fiest, differen people employ different teches of muscle action and
different techmes of respiration to attam the same objecnive and this may result in
different work for the heart. This assumprion 15 improbable from the start, every
well coordmated bodily perfarmance 15 guided chuefly by subcorticat reflexes which
are subject only to mimor indwvidual differences Moreover, i tramng, every athlete
follows procedures so smlar that differences of practical importance to afl intents
and purposes are excluded.

There remams the second possibility individual differences of the myocardiom
or vegerative nervous system are responsible for the diverse reactions of the heart
At present very Intle 15 known about differences undoubredly exsstng m the fane-
nonal efficiency of normal skeletal and heart muscle Whether this depends upon
different metabolic processes in the muscle cell or an anatomucally established
or funcuonally conditioned blood supply of the muscle, 1s unknown. We are not
much better d on how far veg act direetly or through
hormones on the vessels ot muscle fibers to affect the work reaction of the muscles
various ways It is, at Jeast, lughly probable that such influences exist and account
for the diversity of cardrac reactions in athlencs In this connection the studies of
W Raab have special mcerest Raab showed by chemical methods on man and ans-
mals how adrenahn and other h ¢ amines, partly precursors and
partly oxrdaron products of epmcphrme, which are formed 10 the adrenal medulla,
w the myocardium, and 1 the vessel walls, are elecuvely stored and accumutate in
the myocardium These maternals participate decidedly in the occurrence of myo-
cardual hypertrophy and dilatation, if formed or stored excessively in the heart,
they can damage 1t Raab was able to derermine a crinical concentration of these
matetials for the heart beyond which cardiac death prompuly occurred, The forma-
ton of these marerals was stmulated by exertion, cold, and mental exu(emem
Thetr starage m che heare was p d by thyrod h and was
by the steroids of the adrenal r:onc‘{ and gonads (Raab).

Considering that the discharge of these extremely cardioactive substances from
the adrenals and the vessels and thetr autochthy fc in the
15 subject to vegetative regulation and that the action of these substances can be
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ing enlargement of the athlete’s heart the reverse is more common at rest; the pulsa-
uons near the apex are smaller chan those m the nsal section of the Ift ventricle,
Schwarz obsery ed this lang ago duning fluoroscopy when the heare show ed left sided
hypertrophy and dilatation. On the basis of rocntgenhymographic studies, Stumpf
contrasted these pulsations as types |and 11 and drew far reaching conclustons m
respect ta the state of the myocardmm {p. $3) Rondel! explans the small pulsa-
tions near the apex of enfarged hearts of athletes as follows: the basal parts partici-
pate predomunantly i systolic cmpeying of the venericle while the area near the
apex stores larger amounts of residual blood  Actually, after excrcise, when the
heart contracts morc strongly under the mfluence of augmented aceelerator tonus,
type 1 tends to be comerted into type 1 because of more complete emptying of
residual blood stored in the apical parts of the ventneles. With myocardial damage
this com ersion usually fails to take place, this could be compatble with defeeme
ability of the ventricle to contract and empty Likewsse the comvex and platcau-
shaped ventnicular eurves just mentioned usmally goe way to normally pointed
pulsations i the sound heart of an athlete duning exeraise while they often fail to
changef the heare 1s damaged (Reindell)

In regard to the ime required for the eccurrence of cardiac cnlargement and
change of shape, valid gencrahizanons cannot be made, Among other things it depends
upon the extent of demands placed upon the heart: W ithin the fimits pecubiar to the
sport, age seems to play no essential role, certunly the youthful heart 15 not,
apparently, morce susceptible to cnlargement The enlargement develops sery
nsidiously. After participation in sport for one or two years, unisersally enlarged
hearts are found as well as hearts of normual size Increase of volume occurs even ar
the begmming of athleuc participanion in slender asthcic youths and often depends
upon berrer distribution of blood (p 103), this, 1 turn, 1s conditioned by mcreased
tonus of the sheletal muscles and the peripheral vessels (Zdanshy). In general, with
longer participation 1n sports, the number of definitely enlarged hearts increases.

When athletic activity cnds, cardiac enltargement and transformation gradually
recede but this regression 1s not always complete.

This docs not hold for acure enlargements repeatedly observed 1n connection
with mntense athlctc effort, Usually these are relaove overstrains and occastonally
are announced by a decline m efficiency (Reindell) although often objective evidence
of such decline cannot be sccured These acute enlargements usually recede after a
few weeks of rest They suggest a transicne myocardial msufficiency from overstrain
which may produce characteristie changes mn the electrocardiogram after some
burden 1s 1mposed (Remdell) In athletes in the fourth and fifth decades, dilatation
appears morc frequently (Deutsch and Kauf) The extent to which an mtercurrent
myocardinis or a disturbance of coronary perfusion 1s cavsal must be carefully
determined 1n cach acute cardiac entargement Strict avordance of exertion and
greatest care on resumption of the sport 1s definitely mdicated.

In the domam of the pathologic, pauients with goiter often show just as much
cardiac enlargement as those participating in strenuous athletics.

If we dismuss cardiac enlirgement which 1s definieely pathologic, increased
cardiac size 1n athletes, even when very conspicuous, sull may be entirely normal

Supporting this 1s the absence of any electrocardiographic changes ndicative of
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fiber length; then, enlargement becomes an adaptive phenomenon. Whether this
adaptation is phystologic in a given case, a vegetative-hormonal overdemand on the
heart muscle, or a pathologically dimimished efficiency (myocardial incompetence),
cannot be decided definitely by radiographic methods. An exclusive or almost
exclusive elongation of the cardiac shadow with normal width makes myocardial
failure highly improbable (Raurmann, Gotthardt, Eimer); predominant transverse
enlargement awakens the suspicion of reduced myocardial efficiency These con-
clusions are, however, by no means absolute The greatest difficulties are presented,
as always, by borderlime cases and 1t is never permissible to make a deciston solely
on the basis of the roentgenogram. Sudden cardiac enlargement 1n the course of
exertion or gradual, progressive enlargement must always be regarded as probably
pathologic

Since any crude morphologic cardiac finding has equivocal meaning, the result
of roentgen examinations 1n single cases can be evaluated only 10 connection with
the entire climcal siruation. Within this frame 1t may have great significance. At all
events, the observation of alterations of cardiac size and shape after a single or long
lasung, graded exercise r a valuable ! ton and perfection of
tests of cardnac function

XIIIL Roentgenologic Tests of Cardiac Function

The demonstration of alterations experienced under the mfluence of definite
added exertion awahened the hope that roentgenology might serve to test cardiac
function.

Investigations of the alterations in diastolic cardiac volume (p. 117) after stand-
ardized exercise was undertaken with this in mind After exercise (bending the
Rnees, climbing stairs) mcompetent hearts may enlarge (p. 119). Naturally this
enlargement does not prove myocardial incompetence The normal heart can also
enlarge after exertion from an interplay of penipheral circulatory regulations and
other extracardic factors Thus, the small hearts of asthenic, physically untramned
individuals, labile from 2 circulatory standpoint, parucularly enlarge from grearer
mflux of blood aftcr exertton (p 117) Consequently, increased cardiac volume
after single exercises suggests myocardial incompetence only when the heart was
previously normal n size or enlarged

It was hoped that roentgenologic tests of cardiac function would be refined by
roentgenkymographic regsstration of pulsatton size and determination of the systolic
and drastolic cardiac diameters before and after exercise (runming, knee bending)
{Stumpf, v. Braunbehrens and Remdell, Teschendorf, Kienle) Normal hearts which
become smaller after exercise show larger pulsations and the systolic cardiac diam-
eter diminishes more than the diastolic. This happens because stroke volume
mereases and systolic emptying 1s more complete With incompetent hearts, on the
contrary, exercise erther does not affect size or causes enlargement while pulsations
along the left cardtac border become smaller The reduction of the excursions is
charactenized by increase of the systolic cardiac diameter while the diastolic remains
unaltered or both the systolic and drastolic diameters mcrease, the first more than



128 ROENTGTN DIAGNOSIS OF THI HE ART AND GRFAT VESSELS

ncreased by hormonal effects and cxogenous factors, perhaps we have a hey for
understanding the differences of reaction in the hearts of athlctes, the cuent of
which s sosndwadually sanable. Certamly these interw ey ing factors are extremely
compheated even under physiologic condimons and undoubredly by collaboration
they can produce results which gradually differ from case to case If this happens in
daly bfe, cerramly it would hold o a greater eveent in sports which place the utmost
demands on the heart and errculanon from a physical and emottona! standpomt

With such cxereme condittons 1t would be casy to understand how reacrions can
appear 1 the heart which stand at the borderhine of the physiologic and at umes pass
into the domum of the pathologic,

Sudden deaths while swimming are by no means rare and no definite anatomic
lesionis found To cxplain therm, recourse has been made to most disersc hypotheses,
to cold allergy for example Perhaps an excess above the cntical myocardial con-
centration of the substances deseribed by Raab could be responsible since these
agents may be discharged 1n greater quantities by the sumulus of cold

Irrespective of the ssgmificance of Raab’s indings, taken 1n conjunction with the
indivadually vanable sncrease of cardiac size under the influence of athletics, they
indicate that the reaction of the heart to sports sull conceals unsohved problems.
It 1s certamly not absolutely established that cardiac enlargement, which 1s often
obnious, should be dismussed as a completely harmless reaction to physical exertion
even though the clectrocardiogram is normat and the capacity for physteal perform-
ance 15 exeellent This 15 problematic because these enlargements tend to appear
precsely m sports placing demands on the heart and circulation vastly exceeding the
himats to which man 15 exposed under natural conditions These performances are
no longer physiologic, consequently they may lead to nonphysiologic effects on the
heart At all events, an appropnateness of athletic cardiac enlargement does not
prove 1t 1s compleecly innocuous Rather, 1t ratses the question What becomes of
these enlarged hearts® Whar are therr prospects for hfe> These questions can be
answered only on the basts of exact rocntgenologie determinattons of cardiac size
for many years m a large number of athletes Cerramly rocnrgenology can contnibute
much to the solution of these problems

1t seems that the great mdmidual differences m the reaction of cardiac size to
sports opens the view to cerram consnitunonal differences m the airculatory org ns
and 1n the vegerauve and hormonal regulation of circulanon whose ultmate signifi-
cance can be evaluated only after many years

In summary, serial roenegen cxamunation reveals that persistent exertion it
zencral tends to cause enlargement of the hearr and to change 1ts shape, frequently
this 15 assocrated with an altered type of pulsation Many hearts, however, reman
completely unaltered and some, though definitely small, may meet the utmost
demands The extent of enlargement depends upon the type of acuvity but1s partly
determmed by constitunonal and condimonal properties of the myocardrum, of
the peripheral cireulation, and of the vegetative and centrally regnlfned hormu{udl
system. Cardiac enlargement does not always have ths same meaning. Improve
distribution and augmented flow of blood may produce.u, this certainly happens in
mazny young, pronc-asthene mdividuals and n rhos.c with pendulous 'l:ea{rs ]( lm);
also indicate that the heare 1s unable to discharge increased loads with its original
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fiber fength, then, enfargement becomes an adapnve phenomenon. Whether this
adaptanon is physiologic 1n a given case, 2 vegetative-hormonal overdemand on the
heart muscle, of a pathologically dimmished efficiency (myocardal incompetence),
cannot be decided definitely by radiographic methods An exclusive or almost
exclusive elongation of the cardiac shadow with normat width makes myocardial
fature mghly improbeble (Raurmann, Gouharde, Enmer), predommant wansverse
enfargement awakens the suspicton of reduced myocardial efficiency. These con-
clustons are, however, by no means absolute. The greatest difficulues are presented,
as always, by borderline cases and 1t 15 never permissible to make 2 decision solely
on the basis of the rocntgenogram. Sudden cardiac enfargement 1n the course of
exernon or gradual, progressive cnlargement must always be regarded as probably
pathologic

Since any erude morphologic cardiac finding has equivocal meaning, the result
of roentgen examinations 1n single cases can be evaluated only in connection with
the entire chinical situation Within this frame 1t may have great significance. At all
events, the observation of alterations of cardiac size and shape after a single or long
fasting, graded cxeraise sepresents 3 valmable supplementanion and perfecnion of
tests of cardiac funcrion

XH1 Roentgenologic Tests of Cardiac Function

The demonstration of alterations experienced under the mfluence of defimte
added cxertion awakened the hope that roentgenology mght serve to test cardiac
function

Investgations of the afteranons in diastolic cardiac volume (p. 117) after stand-
ardized exercise was undertaken with this 1n mund  After exeraise (bending the
knees, chmbing stairs) sncompetent hearts may enlarge {p 119). Nawmrally this
enlargement does not prove myocatdial mcompetence. The normal heart ¢an also
enlarge after exertion from an interplay of perpheral crrculatory regulanons and
other extracardrac factors Thus, the smail hearts of asthenie, physically untramed
wndiveduals, labile from a circulatory standpont, parncutarty enlarge from greater
wmflux of blood after exertion (p 117). Consequently, mcreased cardiac volume
after single exercises suggests myocardial incompetence only when the heart was
previcusty normal 1 size or enlarged

It was hoped thar roentgenologic tests of cardiac function would be refined by
roentgenkymographic registration of pulsation size and determination of the systolic
and dsastohc cardiac dramerers before and after exercise (running, hnee bending)
{Sturapf, v Braunbehrens and Remdell, Teschendorf, Kienle). Normal hearts which
become smaller after exercise show farger pulsations and the systolic cardiac diam-
eter dummnishes more chan the diastohe  This bappens because stroke volume
mereases and systolic emptying 15 more complete Wath incompetent hearts, on the
conrrary, exercise erther does not affect size of causes enlargement while pulsanons
along the left cardiac border become smaller. The reduction of the excursions s
characterized by mcrease of the systolic cardiac diameter while the dwastohe remams
unaitered or both the systolic and diastolic drameters incresse, the first more than
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the last Both reflect a smaller stroke volume of the incomperent heare as systolie
emptying of the sentricles become smparred.

Moreover, the alterations in the type of pulsations along the left cardiac border
(p 53) combined with changes in cardiac size after exercise has been studied in
detail According to Stumpf, a comersion from type Lto Il (p $4) with fived or
increasing cardrac size fasors cardiac incompetence (usually coronary insufficiency) .
acomersion of type Il into 1 with mcrease of cardiae size, slower rare, and lateral
platean formation of the ventncular curve ndieates “reduced performance” sn
decompensated lesions and by pertension, finally merease of cardinc size, pathologic
changes m the cunves and deerease of rate should indicate cardiae failure from
coronary discase or myocardial damage. Reducnion of heart size after cffort with
unchanged type 1 or a comersion of type 11 into 1 with a simuleancous nise n rate,
often present and frequently obsersed with arhleee’s heare (p 54), vsually indicates
good funcuon

Another functional rest 15 based on change m heart size and pulsations with 1
“graded” Vilsalva test (Burger) before and after exercise with simultancous meas-
urement of the blood pressure, pulse rate, clectrocardiogram, and viaal capacity.

Teschendorf disingushes five groups according to the outcome of the test

1 Bilateral reduction of heart size from Valsalva before and afier excrerse with nornal hearts
and *“well compensared cardiac disease ™

2 Bilateral reduction before, uni- or Ilateral reducnion after excraise m which a “dilared
hypererophied or abnormal myocandium  cannot adape iself 1o the raduced inflow of blood
Toschendorf includes 10 ths type the by prtrophied athtere's heart and considers this outcome of
the test 3 “warning signat ™

3 No reduction of cardize size on one side, on the left in left sided hypertrophy without
“tendency to msutficiency™ and on the vight usually wath “stasis i the lesser crrcurt and m the
night heart

4 No roduction of cardiac wze before and after exercise 1s “constantly a sign of machedly
reduced functional capacity, often associated with a s¢ry unfavorable prognoss ™

5 Shght reduction of heart size before and marked reduction after excraise “usually ndicates
relaxed hearts which stl respand to the sumulus of exeraise ™

At prescnt such studies lach widespread approval smee the test, in part, merely
confirms chimcal, r 1 and electrocard phic studies, morcover, the
Valsalva test yields noncharacteristic and equivocal results which contam numerous
sources of crror (p 112) In addition the performance of the Valsalva testin many
patients with hypertension, myomalacia, mutral stenosis, heart block, and cardiac

decompensation 1s not devord of danger.

XIV. The Influence of the Introduction and Loss
of Fluids on Cardiac Size

Severe acute blood loss as well as dehydranion from thirst, uncontrollable vomit-
ing or profuse diarrhea (fig. 61) reduces cardiac size (Schic.i}'cr. Meyer, Assm;lnn)’.
After spontancous filling of the vascular system or eransfusions, the cardiac shadow
rapidly returns to its otignal size (Meyer and Seyderhelm) In experimental aqlml;
the previously normal heare 15 enlarged by transfusions and thes parallels the rise o
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venous pressure (Meck and Lyster) The simuitaneous increasc of the visible
pulsations of the heart indicates a greater stroke volume. Only with venous pressutes
above 150 mm. H,0 (in rabbits) was there no further increase of heart size, on the
contrary, the pufse rate tises distinctly

Increases of cardiac size are also observed in man after transfusions Although
vety transient {fig. 62) they mdicate that plethora can provoke enfargement (Meyer).

As a rule 3 single vencseetion causcs no or, at most, a transient reduction of
cardiac size (Dietlen, Rosler). Nevertheless Grothusen as well as Tschilow and
Christoff demonstrated 1n about one half of their patients a reduction of hearnt size
about seven hours after venesecuon although the amount of blood removed did not

Fic 61 Fic 62
Fic 61 —Reduction of cardiac size from copious diatrhea 1n acute gastroententis —___at
height of dissase ... _.after diarthoca ceased (two days fater). Bendes the elevation of the

diaphragm, considerable enlargement of the heart 15 apparent (horizontal orthodiagram).

Fic 62 —Transient cardiac enlargement after ntravenous injecrion of a large amount of flud
tefore the mpection volume = §15¢e L .. seven mimutes after the mjeenon of 3 brer of
rormosal volume = 580 cc, forty-five minutes after myection volume = 494 cc.

exceed 180 to 300 cc. Since most patients were decompensated, improsed circula-
ton accompanying diurestss or myocardial impros ement itself could have led to the
reduction of cardiac size The withdrawal of so hittle blood is not directly noticeable,
at most, 1t could lead indirectly to a smaller size of the heart

Repeated loss of blood feading to severe anemia can produce pradual cardiac
cafargement 1n expenmental ammals after a preceding reduction n size, this s
probably due to anemic myocardial incompetence (p. 213).

The reduction of heart size after coprous diuresis will be discussed 1n another
place.

XV. The Influence of Rate on Cardiac Size

Purely hemodynamically, increased rate must reduce cardiac size (Barcroft) and
slowing lead to cardiac enfargement since the extent of cardiac filling, wader other-
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wise equal conditions, depends upon the length of diastole, If this is shorr, filling is
less and the stroke volume smaller, if long, filling of the hearr and jes strokhe volume
become greater,

Narurally slight differences in rate do not obviously affect the roenegenologse
size of the heart. Animal expensments (Meck) andicate that moderate aceeleration
provohes only a enfling decrcase mn size and not until the rate cxceeds 110 does the
heare rapudly become smaller, then, duastole in which filing 15 raprd and under high
pressure, shorrens, In i estigations on man i the horizonea} prone position, cardiac
size need not dimimsh despite a tachycardia up to 120 per minute induced by atropine
nor is it essentially fess than on standing (Nylin, Larsson, Kjellberg)

Moniez, and Hodges and I'y ster as well as Scheef and Zdanshy obsers od reduc-
tion of cardiac size i creet men dunng atropinc tachycardia, in general this became
more distunct as the rate mereased. Scherf and Zdanshy also found a similar effect
after the meravenous mjection of adrenaln although sometimes che bload pressure
rose above 200 mm Hg In these cases reduction of cardiac size was related to -
creased rate and also to the posin ¢ inotropic cffeet of adrenshin on the my ocardium,
Lven fiere, several factors are active, some support the size-reducing effect of aceel-
cration and others diminish it The same observers as well as Brams and Strauss
noted a raduction of cardtac stze after the inhalation of amy | merste. This is a resule
not only of increased rate bur probably an effeet on the accelerators and certamly
upon peripheral vasodilation which dimimishes return of blood to the heart

Chimcal expertences are in agreement with these expeniments, A smaller cardiac
shadow 15 frequently obsersed in fast tachycardias ([ivtien, van Zwaluwenburg),
enlargement 1s common with bradyeardia, especually in complete heare block. The
opposite behasior of cardiac size 1s almost as common. In human pathology and
physiology, n addition to the fughr rate, complicatng factors very often weahen
or even rverse the effeet of the pulse rate on cardiac size. Above all, the state of
the myocardium decisnely mfluences changes in cardiae size with varying rates
Bradycardia as welf as tachycardia may be a mamfestanon of myocardial mpury.,
morcover, an mcrease of tate, by crcating a disproportion betscen the worl m-
posed on the hearr and coronary perfusion may lead to hypovuia and consequently
to insufficiency and dilatation while a decresse 1n rate may improve perfuston and
aid 1n myocardial recovery

Accordingly, 1n paroxysmal tachycardias, after an intial reduction of size, the
heart oceastomally enlarges and this 15 ascribed to cardiac farlure (Kahlstorf), Bach
halves of the heart dilate equally and causc the cardrac shadow to dilate like a balloon

Only under abnormal working conditions of the hearr docs the dilatation primanly
affect those parts which must perform the greatest tashs; in other words, m hypers
tension dilatation affects the left half predominantly and with emphy sema the right
heart diates most,

Even considerable dilatation appearing in the course of parovysmal tachycardia
ma¥ venish completely as normal rate returns and then reappear with recurrent
cardizc acceleration (fig. 63). Diminution of car‘dnac' size |\I\ns‘ also’ stoshing ull'?
et ) JURE SRS
tugh ve
ishing
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Cardrac entargement may be associated with a teduction in width of the vaseular
Iand (Kahlstorfy when filling of the great vesscls decreases or with widemng of the
tnnd (fig, 63) with sasis in the great vens,

Long lastng tachycardias can lead to cardiac difatation which no longer recedes
cven when the rate returns to normal, On the other hand, we observed reduction of
size of 3 difared hease after subtoral thyroidectomy afthough the rare did not de-
crease. Such observations clearly emphasize how complicated the situation is; they
reflect the great nfluence which the myocardial status and mode of myocardial
reaction exerts in alterations of cardiac size, this also hnngs many apparent para-
doxes closer to understanding.

P
Fi. 03 K, 4
Fio 63 —~Cardiac ent from 1 rach dia Male, 22 years old
Ctoher 16, 1933 tachycardia for some daya, ... Octaber 20,1933 pormal rare, - - « Octrber
21, 1933 onc hour after beginming of new attack, . . October 24, 1933 normal raze Note

the wideming of the supcrios vena eaval shadow nn Ocr (4 from rerregrade staue dae to canduac
fadare

Fie. 64 —Reducrion of candiic sire aftee the cransinon of paroxysmal ventnicutar tachycardhia
with a eare of 144 irito complete heare block with rate of $4, (. f3ccember 27, 1933 rare,
t4¢ permunute, ... December 31, 1954 rate £4 per munute )

Atunger had occasion o obiserve ventrrcular fibridlation radsographucally, Withe
out reporting on heare size he depieted the pulsations appeaning on the funroscopic
screen Besides the tatal archythmaa, he perceived “fine” movements on the feft
ventnicutar are which created the smpression that cach point was i the grip of s
own vibration and twitching.” The author considered these fine movements as -
tractions of parts of the left venericle interpolated Derween toral conteactions.

XV1. The Effect of Arteriovenous Shunts on the Heart,
Exclusive of Persistent Ductus Arteriosus

Atmormal communseations between the large peripheral arterics and vens may
be congenital or acquired. Usually the acquired oncs follow trauma (projectrles,
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wise equal conditions, depends upon the length of duastole. If this is short, filling 1s
less and the stroke volume smaller, if long, filling of the heart and its stroke s olume
become greater

Naturally shight differences m rate do not obviously affect the roentgenologic
size of the hear, Animal experniments (Meck) indicate thar moderate acceleration
provohes only a trfling decrease 1n size and not untl the rate exceeds 110 docs the
heart rapidly become smaller, then, diastole n which filling 15 raprd and under hugh
pressure, shortens. In 1y cstigations on man in the horizontal prone position, cardiac
size need not dimnitsh despite 1 tachycardia up to 120 per minute induced by atropine
nor 1s 1t essentrally less than on standing (Nylin, Larsson, Kjellberg)

Morutz, and Hodges and Eyster as well as Scherf and Zdansky obsen ed reduc-
tion of cardiac size m crect men dunng atropine tachy cardua, 1n genera! thts became
more disunct as the rate increased  Scherf and Zdansky also found a similar effect
after the ntravenous jection of adrenahin although sometimes the blood pressure
rose above 200 mm. Hg In these cases reduction of cardiac size was related to in-
creased rate and also to the positive motropic effect of adrenalin on the my ocardium.
Even here, several factors are activc, some support the size-reducing effect of accel-
erarion and others dimimsh 1. The same observers as well as Brams and Strauss
noted 2 reductton of cardiac size after the inhalation of amyl nitrite: This 1s a result
not only of mcreased rate bue probably an cffect on the accelerators and certainly
vpon peripheral vasodilation which dimumshes return of blood to the hearr.

Chnical cxperiences are in agreement with these experiments A smaller cardiac
shadow 1s frequently observed 1n fast tachycardias (Dictlen, van Zwaluwenburg),
enlargement 1s common with bradycardia, espectally in complere heart block. The
opposite behavior of cardiac size 1s almost as common In human pathology and
physiology, m addition to the higher rate, complicaung factors very often weahen
or even reverse the effect of the pulsc rate on cardiac size Above all, the state of
the myocardium dectsinely mfluences changes i cardiac size with varymg rates
Bradycardia as well as rachycardia may be a mamfestation of myocardral mjury,
moreover, an increase of rate, by creating a disproportion betwcen the work im-
posed on the heart and coronary perfusion may lead to hypova and consequently
to msufficiency and dilatation while 2 decrease in rate may improve perfusion and
aid 1n myocardial recovery.

Accordingly, m paroxysmal rachycardsas, after an sl reduction of size, the
heart occastonally enlarges and this 1s ascribed to cardiac farlure (Kahlseorf) Both
halves of the heart dilate equally and cause the cardiac shadow todilate like a balloon
Only under abnormal working conditions of the heart docs the dilatation primarily
affect those parts which must perform the greatest tasks, m other words, m hyper-
tension dilatation affects the Icft half pred Iy and with emphy the nght
heart dilates most.

FEven considerable dilatation appearing 1n the course of paroxysmal tachycardia
may vamsh completely as normal rate returns and then reappear w 1th recurrent
cardiac accel (fg 63). Diminution of cardiac size was also stnhing mla
patient when the rate of 144 was replaced by complete heart block and an Lxr:l:{sunl y
high ventricular rare of 54 The bradycardia tended to reduce cardiac size by dimumn-
ishing work and smproving coronary blood supply (fig. 64).
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occasionally betrer transparency of the previously dark lung fields (Weber, Frey,
Cppinger, Rieder, Fick, McQuire, Puchlew) which reflects the momentary un-
loading of the heart and lesser circuit Some observers have reported mw ard sinking
of the right cardiac border (Caro). Zdansky saw universal reduction of cardiac size,
immediate bradycardsa, and simul greater p ¢ of the tung ficlds in
a woman whose artenotenous fistula between the Artena and Vena ihiaca comm
had been produced by a bomb fragment Her first signs of circulatory falure appeared
six months after the inpury and gradually mcreased unti ascites, hepatc congestion,
edema, and pulmonary congestion occurred,

The idea that blood flowing 1nto 2 vemn under arterial pressure produces greater
cardac fithng and causes rachycardia by a Bambtidge reflex must be abandoned.
Usually senous pressure increases only when the night heart fails Morcover, n
ammal experiments interruption of an arterioy enous short-crreuit i 2 lower extrem-
1ty immediately results i stowing the cardiac rate despite previous hgation of the
inferior vena cava, no alteration of carduac filling pressure could occur (Fick) Smce
the compression test 15 stil positive when all nerve pathways arc interrupted, the
assumpuion of 3 nervous reflex must hkewse be excluded (Fick) The only remam-
g releasing cause of the compression phenomenon ss the mechamcal nterruption
of the abnormally fast stream of blood flow ing out of the artery mnto the vemn The
manncr by which the mterruption momentanty corsects this abnormality of the
arculatory situanion 1s sull unexplamned

Permanent interruption of the short-cirewt 15 the only way to relieve the heavy
10ad on the heart After the shuntis removed by operation, all abservers note a reduc-
non of cardiac size, dechine of the rate and minure volume, reduction of pulse pressure
amphitude, n1sc of the systohie pressure (previously, often low) as well as the disap-
pearance of cardiac murmurs which are often present Even when cardiac dilatation s
considerable and assocrated with pulmonary and hypertensive stasis, 1t recedes
(Ranzi, Bier, I'ppmger, Ricder, Laplace, Quartichbaum, Puchlew, v. Oppolzer) In-
tervention may be lifesaving despite the presence of severe decompensation

Among the congenital arteriovenous short-circusts, arteriovenous ancurysms of
the lungs i which the branches of the Art. and Vema pulmonalis communicate
directly are of mterest m the present connecnion They are relanvely rare Tn more
than one half the cases 1t 1s a partial ifestation of Osler's hereditary hemorrhagic
telcangrectasia Although present in early chuldhood, it 15 usvally discosered only 1n
later years when clinical manifestavions appear Often it represents an meidental
roenigen finding smee chnieally 1t may be completely asymptomanic. To be sure,
cyanosis and clubbing of the fingers and toes are often present smce up to 80 per
cent of the blood may pass through the shunt, The size of the shunrt has, howeer,
no relation to the presence or absence of eyanosis. Ltninger and cow orkers observed
the appeatance of cyanosss and chibbing of the fingers over the course of scveral
years, By rupture of the aneurysmal wall hemoptysis may develop and even prove
fatal (Wilkens, Costa, Barnes and Stedem). Owing to the temporal connection of
hemoptysis to attacks of uncons Tandgren dered that the latter could
have been produced by cerebral air embolism

Congemtal pulmonary artenovenous ancurysms are not nsigmificant vasenlar
anomahes Wich bleeding, thesr opesatne removal ss sndieated. Lindgren and Dasen-
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splinters, stab wounds, or the effect of blunt force), rarely are they of infectious
ongin (mycotic). Traumatic arteriovenous short-circuits develop only some time
after the injury and the communication can gradually enlarge under the influence of
the blood pressure. Different forms of arteriovenous shunts are recognized: (1)
artertovenous fistula, a stmple communication berween the adherent artery and
vein, (2) varix ancurysmaticus m which a varicose dilatation of veins comes under
the influence of areerial pressure, (3) ancurysma varicosum m which the sessels
are jomed through a falsc ancurysmal sac, (4) ancurysma arteriovenosum m which
an artenal aneurysm communicates with a vein.

Arteriography shows that the scction lying central to the short-circuir 15 usually
dilated while the peripheral section 1s narrow ed or, occastonally, obhiterated (Fich)
In this way one may alsa demonstrate the more or less extensive development of
collateral circulation. This has practical importance since then ligation of the artery
to remove the communication as a rule provokes no nutnitiona! disturbances 10 the
field supphed.

Clinieally, artertovenous short circuits always have smportance since aneurysmal
dilatation of the venous section may lead to rupture or compresston phenomena m
vital organs They also have special sigmificance since they can burden the circula-
tion and the heart This does not hold for congemtal short—ctrcwits (Rerd). However,
the more central an acquired communication 1s located, the greater 1s the danger of
an actual revolution of circulatory relations to create an ominous overload for the
heart. The heart does not grow with this load. Sooner or later fatlure occurs with
hepatic congestion, ascites, edema, pleural effuston, and pulmenary congestion The
flow of blood from artery to vein naturally results m 2 fall of blood pressure which
the heart attempts to restore by increasing the rate and stroke volume {Eppinger,
Kisch, and Schwarz). Conscquently tachycardia and enlarged stroke volume with
reduced diastolic pressure are constant signs of a broad communscation betw een an
artery and vein,

Radiographic views show a more or less universal enlargement of the heart with
augmented rounding of both borders and occastonally bulging of the pulmonary are.
The remarkably large pulsations indicating the large stroke amphtude are m keep-
ing with the size and the fast rate of the heart. With higher grades of carduzc dilata-
tion the vascular markings of the lungs often mcrease diffusely and generally the
lung fields are hazy, frequently a right or bilareral hydrothorax may be demon-
strated. The absence of left atrial enlargement permits one to exclude a mutral lesion
with great probability although occasionally its presence 1s assumed clmically when
the usual systolic murmur 1s audible and the second pulmonic sound 15 accentuated
Moreover, the roencgen findings may closely resemble those of a decompensated
thyrotoxic heart

Of decisive dagnostic sigmficance for the existence of an artertovenous short-
’ £l mcon e ener TF ncacenra at the are of the arterio-

ry and vemn,
blood pres-
sure (Nicoladont and Israel) with marked slowing o the rate (ouuapuo, Branham)

With simultaneous fluoroscopic observation one may often see, besides the 1mpreS(;
sive slowing of cardiac pulsations, 2 considerable reduction of cardiac size an
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occasionally better transparency of the previously darh long ficlds (Weber, Frey,
Eppinger, Rieder, Fick, McQure, Puchlew) winch reflects the momentary un-
loading of the heart and lesser circuit. Some observers have reported mward sinking
of the right cardiace border {(Caro)., Zdansky saw untversal reducnon of cardiac size,
immediate bradycardia, and simultancous greater transparency of the hng fields in
a woman whose arterrovenous fistula between the Arteria and Vena thaca comm.,
had been produced by a bomb fragment. Her first signs of cirenlarory failure appeared
six months after the mury and gradually increased unnl ascites, hepanie congestion,
cdema, and pulmonary cangestion occurred.

The 1dea that blood flowing 1nta a ven under arsernl pressure produces greater
cardise filling and causes tachycardia by 3 Bambridge reflex must be abandoned.
Usually venaus pressure mereases only when the night heare fads Morcover, m
animal cxperiments interruption of an atterovenons short-circmr 1n 2 low er exzrem-
1ty immedistely results i slowing the cardiac rate despie previous higation of the
mferjor vena cava; no alreranon of cardrac filling pressure could occur (Fick) Since
the compression test 15 stll posinve when all nerve pathways are snrerrupred, the
assumptian of 2 nervous reflex must hikewsse be excluded (Ficky The onfy reman-
ng refeasing cavse of the compression phenomenon 15 the mechameal interruption
of the abnormally fast stream of blood flowing out of the artery mto the ven. The
manner by which che snterruption momentanly correets thus abnormatiry of the
airculatory sitwation 1s solf vnexplamed

Peermanent mterruprion of the short-circust 15 the only way ro reheve the heavy
foad on the hearr Afeer the shunt 1s removed by operation, all observers note a reduc~
tiont of cardsac size, decline of the rate and minute volume, reduction of pulse pressure
amplitude, nise of the systohic pressure (previously, often fow) as well as the disap-
pearance of cardiac murmurs whsch are often present Lven when cardiac dilatatton is
cansiderable and associated with pulmonary and hypertensive stasss, 1t secedes
(Ranzy, Bier, Eppinger, Rieder, Laplace, Quatdebaum, Puchiew, v. Oppolzer) In-
tervennion may be bfesaving despite the presence of severe decompensanion,

Among the congenttal atteriovenous short-circuits, arterios enous ancurysms of
the tungs 1n which the branches of the Art and Vena pulmonaks commumicate
directly are of interest m the present connection, They are relatively rare In more
than one half the cases 1t 18 2 parual fe of Osler’s hereditary hemorrhagic
teleangiectasta Although present in carly childhood, it 1s usually discovered only in
Jater years when chimcal mantfestations appear Often 1t represents an incidental
roenegen finding since climcally 1t may be completely asymptomanc o be sure,
cyanosis and clubbing of the fingers and cocs are often present since up to 80 per
ceric of the blood may pass through the shunt The size of the shunt has, however,
0o relation to the presence or absence of cyanosts. Etunger and cow orkers observed
the appearance of cyanosis and clubbing of the fingers over the course of several
years By rupturc of the ancurysmal wall hemoptysis may develop and cuen prove
fatal (Witkens, Costa, Barnes and Stedem) Owimng to the temporal connection of
hemoptysis to attacks of unconsciousness, Lindgren considered that the Tatter conld
have been produced by cerebral air embolism,

Congertal pulmanary artcriovenous ancurysms ate not msigmificant vaseular
anomalics W ith bleeding, their operanve removal 3s indicated Lindgren and Dussen~
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berg reported successful extirpauon which led to the disappearance of hemoprysis
and cyanosts.

At present relatively few roentgen findings have been published (Smich and
Horton, Jones and Thompson, Rundles, Lindgren, Witheaker, Baker and Trounce,
Cranc and coworkers, Duisenberg and Ansmendt, Lttnger and coworhers, Yater
and coworhers, Hedvall, Hedinger and cow orhers, Schludermann, and others). The
author has observed two cases. The rounded, polycyclie or tortuous soft nissuc
shadow s arc usually sharply defined although they may have vague contours when
hemorrhage has oceurred into the surrounding lung parenchyma, The short-circuir
shows a preference for the middle and lower lobes but st may occur anywhere in the
lungs QOccastonally mural caleification 1s perceptible (Jones and Thompson, Baker
and Trounce). Even on scout films, but more distinctly on tomograms and with
angiography, one recognizes the abnormal entrance and cxit vessels which show 2
tortuous course and abnormal ¢ 1ons. In an unpublished case of Schlotter,
Zdansky observed strihing emphysema of the left upper lobe which contained an
unusually large, tortucus ancurysm This seemed to indicate an anomalous anlage
for"this section of the Jung.

Only rarcly on fluoroscopy are systolic-expansile pulsations of the ancurysmat
shadow observed, although apparcntly a reduction of the shadow can often be
demonstrated with the Valsalva test and an increase with Maller's test. The fatlure
of the structure to change 1ts size does not, how ever, speah against an areertosenous
aneurysm,

In contrast to acquired shunts of the greater airculation and persistent ductus
arteriosus, the cardiac shadow 1s not cnlarged On the contrary Lindgren saw
enlargement of the previously normal heart after successful removal of the ancorysm,
he ascribed this to mcreased tesistance tn the lesser errcutr after the short-cireuit
was abolished (%),

In very rare cases an artcriovenous pulmonary ancurysm may be traumatic 1n
onigin Castey, di Cio and Battros described the case of a woman w ho had sustatned
a penetrating wound of the lung mine years earlier.




——Chapter Three
Atrophy, Hypertrophy,
and Dilatation of Single

Sections of the Heart

A(mphy, hypertrophy, and dilatation represent reac-
nions forced upon single scctions of the heart by changes i their working conditions,
in the anatomic status of their musculature, or in certan vegerative or hormonally
regulated events, Usually they imvolve an adaptation phenomenon which 15 often
compensatory because it not only results from altered working conditions but 1s also
a successful or abortive attempt of the myocardwm to perform greater work under
changed conditions

Myocardial atrophy occurs when activity 1s reduced. It 15 observed, for example,
m the feft ventricle from mitral stenosis ot m the entire heart from cachexia and
severe nutntonal disturbances Anatormeatly 1t often shows the features of brown
atrophy. Since filling of the heart or of 1ts single scchons 1s reduced in all these con-
ditsons, foerkgenagrams show 2 more or less disunct reduction of cardiac sue. In
wutral stenosis left ventricular atrophy 1s expressed as flatceming and abnormally
steep descent of the left ventricular arc Wich myocardial fasture an atcophic heart
rmay underge dilatanon.

Myocardial hypertrophy always occurs when the load applied exceeds normal *
Pure hypertrophy 1s relanvely sare. In a majonty of cases hypertrophy 1s combned
with dilaranon although the larter may be very shght. While this holds for the
ventricles, it prevals even more for the atria which lack strong muscle. Dilacation
of a ventricle 15 not necessanty a sign of muscular faslure for it may be the smmediate
consequence of the extent and nature of the 1mposed added work,

Added work for a ventnicle may consist of (1) advancing 1ts normal content
against heightened resistance, (2) advancmg its abnormally large content against

* Oceasionally hypertrophy can be vicanous when parts of the muscle die, ow ing to myocarditis
or myomalacta, and are replaced by scar Vicanous hypertrophv of fibers remaming intacr may lead
to thickening ofthe surrounding wall (Zdansky). this may be distct in the rocatgenogram although
1t ias not recerved the attention rc ments In general, hypertrophy occurs when demands upon 2
secnion of the heart are increased

137
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normal resistance, or (3) advancing 1ts abnormally large content against heightened
resistance

The normal ventricles are able to overcome increased resistance by stronger
contracuon and practically pure hypertrophy. The volume of the ventricles may
reman normal  Kymographic registraton  (Raindell) and angiocardiography
(Cabrera and Monroy) may even show a dimmution of the systolic volume by

more complete emptying.

Drlatation from increased resistance clnically oceurs very often when the ven-
tricle 1s unable to discharge 1ts contents agamst heightened opposttion as completely
as normally, the increased amount of residual blood retained 15 added to the normal
quantity of blood recerved from the atrium m the succeeding diastole. Dilatation
from mereased filling occurs when the ventrcle obtans an abnormally large volume
of blood from 1ts atrium or when addinional blood returns from its related vessel, the
result 1s an abnormally large diastolic content of the ventricle.

Dilatation from increased resistance as well as from increased filling enables the
venrricle to augment 1ts exccution of work preciscly to the extent necessary in
accord with the Frank-Starling lawss, these laws stipulare thar the lugher the tension
of muscle fibers—that 15, of their stretch before contraction—the greater the foree
of contraction of 2 muscle (under otherwise equal conditions and within certain
humits). In addinion, dilaration represents a physiologic stmulus for hypertrophy
of the muscle fibers (v. Wizsacher, Bohnenkamp) so that with persistence of the
working conditions ventricular hypertrophy occurs

Dilatation from creased reststance imvolves at first almost exclusively the
longitudinal dimenston of the ventricles, beginning at the end of the outflow tract,
progressing toward the apex, and only then involving the nflow tract (Kirch,
Jansch and Loes). In this way charactenstic alterations develop in the roentgen
image of the heart which differ depending upon whether the night (p 143f) or the
left (p 149f) ventricle 1s affected. The understanding of these changes m shape
will be facilitated by refcrence to figure 65a, b, and ¢, m which the projecnions of the

1nflow and outflow tracts of both ventricles are represented m the different typical
fluoroscopic positions.

Dilatation from increased fillng differs from that of increased resistance fun-
damentally by virrue of the fact that from the begimning not only the longreudinal
but also the transverse dimension of the ventricles 1s affected. This difatation always
prefers thar part of the ventricle into which the added quantity of blood flows
during diastole, that 1s, the mflow tract with mflux from the atrum, the outflow
tract from retrograde filling through mcompetent semilunar valves, 1n aortic nsuffi-
ciency for example (Zdansky). Naturally dilatatton from mereased fillmg 1s follow ed
by hypertrophy of the ventricular wall. The extent of this dilatarion, which gradually
progresses over the entire ventricle, depends upon the amount of bload which flows
into the venericle n diastole, the filiing pressure to which the ventricle is subjected,
as well as different constitutional and conditional manners of myocardsal reaction
Dilatation from increased filling may be too miflng for definite ruentgenolog{c
demonstration so that no actual enlargement of the transverse cardiac diameter 1

present, on the other hand 1t may also become rather considerable without muscular

incompetence
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With this we are in the midst of the probl ic interp of dilatation of
the ventricles demonstrated roentgenclogically. According to the opinion widely
prevashing at present, every transverse expansion of a ventnicle, roentgenologically
demonstrable, indicates muscular falure. Theremn one refers primarily to Moritz
who called such expansion a “myogemc” di; This view also seems to have
received suppore from the patholomic studies of Kirch on the hearts of athletes,
highly tramed for endurance, who dicd from intercurrent disease, and on the hearts
of rats who were subjected to 2 prolonged swimnung program Necropsy revealed
1n man and in animals m all cases, besides hypertrophy of the walls, practically pure
clongation but no transverse expansion of the ventricles Even 1f the ventricles of
freshly sacnificed rabbs are filled under high pressure, there 15 merely longirudinal
rension (Monks) From this Kiech concludes that afso i living subjects, mereased
reflux 1o the heart——just as work agamnst heigh d merely el
the ventricle and that transverse expansion only occurs with myocardral fafure,

At this point it may be remarked that the situation in a dead heart on which
these reports are based, need not preval m Ining ones which have available
diverse possibiliues of reflex, vegetanve, and hormonally controlled adaprations to
altered hemodynamic conditions.

Acnlly, many observauons on living people contradict these demonstrations on
dead bearrs. Not rarely roentgen exanunation discloses a universat dilatation of one
or both ventricles for which increased diastolic filling comes into consideration as
the primary if not exclusive cause while every point shggesting myocardial faidure is
lacking

Thus holds, for example, m the cardiac enfargement of many athletes traned for
endurance and for long distance running (p 122f).

Dilatavion from increased filhing, which has nothing to do with myocardut
fatlure, 15 also mvolved n persistent ductus arteriosus (p. +40) and in acquired
artenionenous shunts of the systemic airculanon Lakewise i the dilatatson of the
hypertrophied keft ventricle in mitral regurgitauon, increased filling plays a role
(p. 180),

Tt should be expressly emph d that the dit from d flling has
nothing to do with myocardial fature or even a farhure of cardiac efficiency, it 1s,
on the contrary, an adequate means used by the intact heare to perform ats work
under ads erse hemodynamic conditions

The same holds true for the longitudinal dilstation of the ventricles frequentdly
found after long standing work agamst increased resistance. It 1s true. the normal
heart 1n the living body does not follow the rules of Starting’s heart-lung prepara-
tion and we may miss every trace of enlargement from mcreased resistance, 1t
may even become systahcally smatler by more complere emprying of the residual
blood (Scherf and Zdansky, Remndell, Cabrera and Monroy). But, if this systolic
averloadimg lases for years, the normat ventricle tmay dilate in 2 longitudmal direction

(Zdansky). This dilatation 15 not 3 sign of myocardsal fasure and does not mean 3
farlure of cardiac efficiency, 1t 13 a sansfacrory way for the heart to perform its work
under the hemodynami d of’ d tance,

Dilaration from increased sesistance as well as from increased filing may at
any nme be converted into dilatation resulung fram myocardial weakness when the
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ventricle becomes progressively umable to cmpry properly as the result of a muscle
mury or an acute overload. In this type of dilatation which ieally represents an
ateempt to mantan eardiac efficiency, progressn e universal expansion of the ven-
tricle occurs. When supenimposed upon dilatauon and hy pertrophy from increased
resistance, the ventricle 1s transformed since transverse expanston 1s added to s
clongation (p 144). On the other hand, 1f it 15 added to dilatation and hypertrophy
from increased filling, the veneriele need not undergo any essential transformation
bur merely show a simple increase m the unwersal expansion already present. In
general, the appearance of dilatation due to muscular weakness effaces the mor-
phologte differences borw een dilatation from snereased resistance and that from in-
creased filling. This holds particularly for the left ventricle whose shape in musculae
weakness, as a rule, no longer permits one to distinguish whether greater penpheral
resistance or increased duastohe filling was prmanly responsible for the dilatation
and hypertrophy In these cases, the diameter of the aorta, demonstrated roent-
genologically, alone provides smportant evidence (Zdanshy). The absence of aortic
dilaration makes improbable dilatation and weakness of the left ventnicle from in-
creased resistance and favors dilatation from mcercased filling, strihing dilatation of
the aorra, with proper resenvations, favors the opposite conclusion (p 146). In
regard vo the night ventricle, the roentgenologic demonstration of the absence or
presence of a mutral lesion or emphysema prosides esvidence for the decision whether
the dilatauion and hypertrophy should be considered the result of mereased diastolic
filling or heightened reststance (p 143).

In funcuional respects, dilatation for the presersanon of efficency, while the
resule of muscular weakness, still 1s not an unconditional expression of decompensa-
won, that s, of farlure. Ar first, dilatation from muscular w eakness has compensatory
value Although such ventricular dilatanon 1s 1mposed by defective systolic empty-
ing, by ncreased amounts of residual blood, stll 1t 15 an appropriate means for the
weakened muscle to mantam cfficiency for a while. Fick's principle holds within
certan limuts, the greater the muscle tension before contraction, the greatcr the
working efficiency of the muscle Acrually such hearts can be considered more or
less efficient although their reserve power 1s profoundly reduced

Failure of cardrac efficiency (d p 10n) 15 roent
only when one can prove or mfer the signs of retrograde stasis of blood from a
ventricle into 1ts atrium, the lungs, or the general airculation In no instance docs
the degree of ¢ I {ly de able dilatation of 2 ventricle permit a con-
clusion on 1ts actual efficiency. There are greatly dilated ventricles which perform
relatively well and only slightly dilated ones with madequate performance.

Finally, brief allusion should be made to the pomt that with ventricular difata-
non from increased filling, 1ts associated atnum can enlarge without retrograde
stasss of blood, that 15, withour ventricular decompensanion e actually found
such atrial enlargement—as previously noted—n large acquired arteriovenous shunfs
of the peripheral crrculation, in patent ductus arteniosus, and m some athlete’s
hearts. Reindell has scen atrial enlargement, at first transiently, after a single phystcal
effort; Kirch saw it n rats subjected to a strenuous swimming program and v.
Braunbehrens and Remndell observed it as a permanent ey ent m some athletic hearts
Certainly, 1t nvolved atrsal dilatation from filling under augmented pressure t0

ally presumed
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which the atrum is subject from these added burdens In ather words, the atna now
dilate from preat Alling and not rerrograde congestion from the ventncles.

Pure ventricular difatation resulung from myocardial damage s universal and
enlarges the cardiac shadow on all sides when both venricles are equally affected
and no speciat working condstions ewst for one venrricle only {for example, hyper-
tension or emphysema) In accardance with the manner m which the heart fills,
this dilatarion Jeads to 2 balloon-lihe or bow ke cardiac shadow perched broadly on
the diaphragm, The first form 1s most frequent in acute myocardial injucses while
the pesipheral circulation is sull relanvely wmtact (paroxysmal tachycardias). The
sccond form ts obscrved m pradually developing cardrac mjunes when the circula-
non 15 partly affected while the heart 13, to some extent, reheved, this 1s found in
myocardins of varying eniofogy and frequently in severe anermias,

1. Hypertrophy and Dilatation of the Right Ventricle

One side of the right ventricle rests broadly on the draphragm and the other forms
most of the antenior cardiac wali Only to a imited degree does the ventncle partia-
pate in forming the supradiaphragmanc section of the nght cardiac border. On the Jeft
aide 1ts conus comes very close to the border without normalty contributing o 1t

The mflow tract of the night ventricle (fig 65) extends almost transversely from
the tricuspid ostrum just above the diaphragm and mnchines only a litle to the left at
the cardiac apex. The outflow tract, supported almost perpendicularly by the da-
phragm, rises vertically toward the puimonary ostium to arnive very near the left
cardiac border at the conus.,

In the anterior vicw little 1s seen of the night ventricle. Only with rotation out of
the posteroantenior posiion does 1t form more of the border. In the feft antenor
obhque positton the ventricle appears below the gradually receding night atrum,
until at an angle of rotation of about 40 degrees Then, the ventricular septum runs
approximately 1n the path of the x-ravs and the nght ventucle forms nearly all of
the lower half of the nght border (fig 25) In the nght anwcrior obhque position the
night ventricle forms a considerable portion of the border. With a rotation of about
60 degrees, at most only a shott section of the feft ventricle 15 scen n the supra-
diaphragmanc section of the left border while the rest 15 formed by the cutflow
tract of the nght ventricle, at the base the flat bulge of the conus and the inual parc
of the pulmonary artery project (figs 19 and 65b).

1. Pure Hypertrophy of the Right Ventricle

In the anterior view pure hypettrophy of the night ventricle produces at most
increased prominence of the pulmonary arc as an cxpression of a dynamic or fixed
dilatation of the pulmonary trunk, i addicon the hulac shadows show systolic-
expansife pulsauions from greater systolhic d of the puat y b hes (see
telow). When the venricle forms much of the border in both oblique posinons,
mereased rounding may be more or less disunce.

Hypertrophy with difatation of the night ventricle produces diversified altera-
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Fic 65 —Course of inflow and outflow tracts of both ventricles i (2) anterior view, (5) nght
antertor oblique view, and (¢) left anterior obligue view Er = inflow tract of night venenicle
Ar = outflow tract of nght ventricle El = imflow tract of lefe venencle Al = outflow tract of left
ventricle

a The inflow tract of the right ventriele (Er) inclies ooly a lirtle toward the apex from its
almost horizontal oriencanion from nght to left Therefore, even pure clongation produces
widening of the cardiac shadow 1 the anterioe view

The outflow tract of the nght ventricle (Ar) passes from the apex almost perpendiculacly
towatd the pulmanary ostiem and finds a firm abutment 1n the diaphragm Thercfore, 1ts clonga-
ton can proceed only upward to bt the conus and the pulmonary artery hgher, this results m

apex Ts elongation produces no discermble change in the cardia shadow 1 the anterior view.
Only with widentng 1 a transverse dircction does 1t expand the cardiac shadow to the left
“The outflow tract of the lefe sentricle (Al) forms the left ventnicular arc It extends from the



ATROPHY, HYPCRTROPHY, AND DILATATION 13

nons depending upon whether the dilatation results from incressed resistance of
increased filling.

2 Dilatanon and Hypertrophy of the Right Ventricle Due to Increased Resistance

Dilatation resulting from mcreased resistance which one may find in emphysema,
1 mutral lesions, or m primary pulmonary sclerosis leads~—as was shown on page
13810 almost pure elonganion of the ventricle; this begms and is most marked at
the end of the outflow tract, gradually advances toward the apex and only then
mvolves the mflow tract. Simple elongation of the outfiow tract 15 able to change
cardiac shape charactenstically since st fills the cardiac waist and leads ro murral
configucation (fig. 66) The outflow trace, rising almost perpendicularly, finds the
diaphragm a firm opponent to efonganon so that it can develop only upward, Conse-
quently the widetied conus pulmonalis and the pulmonary attery are elevated. Since
the comus 15 already located very near the left cardiac border, now it can emerge as 2
bulge above the left « entricular arc, over 1t projects the somew hat dilated pulmonary
artery This protrustan of the conus and the pulmonary artery 1s favored by simul-
tancous rotation of the entire heart around its long axis whereby the right ventncle
rotates to the left (Assmann, Kirch) In this way the difated conus gains a determmn-
g wfluence on the course of the left cardiac border, Smce 1t shifts the left atrium
before and gradually flattens 1t, the conus is able to displace the entire atrum

apex upward and to the night toward the aome ostum  Lengthening of 1t elongates the lefr
ventnicular arc whereby the cardac apex moves downward and somewhat to the left on the left
daphrsgm No notewonthy widemng of the cardiac shadow oeeors, This happens only when
expansion of the outflow tract in a transverse direction 1s added 1o the elongation

b Tn this projectson the snflow tract of the nght ventnele (Er) appears markedly shortened
ouing to ns pracuically transveese course Newher 1ts lengthening noe widening 10 2 transverse
direction consequentdy produces any essential change 1n the night anterior oblique position

The outflow tract of the nght ventricle (Ar) forms the border at the left antenor lumit of the
cardiac shadow Theough its elongation therc 15 elevation and 3 curved protrusson of the conus
pulmonahis  Morcover, by its transverse expansion, the antepor wall of she hearr becomes more
prominent and rounded,

The 1aflow teact of the Iefe ventarcle (E1), awing ta res deorded dorsoventrat course, together
with the stze of the left atrium bordering dorsad on the ventricle determines the extent of the
cardia¢ shadow i dupch Elonganan of the mflow trace 15 expressed by displacement of the pos
tetior carchac wall backwacd, that 15, by nartowing of the retrocardiac field from sm front This
compression must be distinguished from onc produced by enlargement of the left arum (p 165)

By fengthening, the outflow tract of the feft ventnicle (Al) produces no essential change of the
cardiac shadow i this projection because of 1ts course from the lefr, below and anterior, to the
nght, above and postenor, except, at mosr, deeper extension of the cardiac apex along the left
draphragm

¢ The inflaw trace of the right ventricle (Cr) m this projection appears markedly shorrened.
Iis clongatian produces no detectabie change n the cardac shadow Only transverse cvpansion
teads to mereased bulging of the nght cardiac border

By elongation, the cutfiow tracts of both ventnicles (Ar and A} hkewsse produce no definte
alteration in this projection.

The wflow tract of the left ventnicle (F1) Uke thar of the night appears greatly shortened m
tus projecuion  Consequently, its elongation docs nor change the cacdiae shadaw essentally
Only throvgh 1ts transverse expansion, does the carduc shadow bufge markedly into the vertebral
shadow, while the nght cardiac border remams unaffected
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backward and to overlap 1t so that finally the conus becomes part of the border
(Assmann) In rocntgenograms naturally 1t 1s not always cerram whether a bulge of
this hind developing i this region and formmg the bordcr is always the conus pul-
monalis or a small wedge of the flattened Jeft atrium projecting over the conus.
Below the bulge, the lefe ventricular are descends rather abruptly to the daphragm

Fic 66 Fic, 67

Tia 66 —Altcrations of the anterior view by hypertrophy and elongation of the inflow and out-
flow tracts of the right ventricle

The clongation of the outflow tract bfts the dslated conus section of the right ventrcle and uts
widencd pulmonary artery Through this and through rotation of the enure hears to the left, the
cardiac waist 1s filled. The rotation of the heart results in the sulcus longitudinalis antenior areiv-
ing very near the left cardiac border, part of whuch 1s formed by the right ventricle. The lengthen-
10g of the 1flow tract 13 expressed by shght widemng of the cardiac shadow 1o the nght

F1e. 67 ~—Alreration wn the anterior view by hypertrophy 2nd dilzeation of the righe ventricle n
a longrtudinal and transverse direction ‘The enlarged heare of mutral configuration 15 widened
predominately to the left whereby the left ventnicle 1s displaced mncreasingly dorsad and vanishes
betund the nighe ventricle Most of the left cardiac border 15 formed by the nght ventricle

The mutral configuration 15 the immediate result of elongation of the outflow tract
of the night ventricle (Német and Schwedel).

As long as the clongauon of the right ventricle 1s hmited to the outflow tract,
there 15 no transverse enlargement of cardiac dizmeter. Only when dilatation mcludes
the inflow tract, corresponding to 1ts almost transverse otientanon, does the heart
weith mutral configuration become broader; often thus 1s predomimantly to the righe
(fig. 66). Therefore the nght cardiac arc appears longer, more rounded, and often
descends somewhat laterad so that the cardiodiaphragmatic angle 1s less pointed and
the heart 15 mounted more broadly on the diaphragm Now the right ventricle may
form much of the night cardiac border since the right atrium s displaced to the nght,
backward and upward (Zchbe, Fetzer).

Marked enlargement of the cardiac shadow from dilatation as the resule of
increased resistance occurs only when dilatation due to myocardial fanlurg super-
venes, that 15, when the night ventricle dilates from failure; as was explained on
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page 139, dilatation from actual incompetence 1s characterized by universal expansion
of the ventricle Then the shadow expands predommantly to the left in accord with
clinical and necropsy experience, 1n other words, m its enlargement the right ven-
tricle makes an attempt to cxpand toward the left (fig, 67). Consequently, 1t s
smproper to infer enlargement of the left ventncle simply from an increase of Ml
or of the nght ventricle from a larger Mr as often happens Such decisions neces-
sitate a detailed analysis of the cardiac shadow. A left ventricle of normal size 1s
progressnvely pressed backward by the enlarging night ventricle whose conus
section appears more and more along the upper left cardiac border The junction
betw een the left and right ventricles vsually 1s marked by a shallow groove which
moves downward with increasing nght ventricular enlargement so that the lefe
ventricular arc shortens. The sulcus longitudinalis antersor runs approximately
along a perpendicular drawn from the notch to the diaphragm (fig 102). Near the
apex, the junction of the two ventricles 1s not detectable.

With extreme dilatation of the right ventricle, the left ventricle may be dis-
placed backward so complerely that finally the entire left border of the heart 1s
formed by the right ventricle

The situation 1s different when the left ventricle s also enlarged. Then, the
enlarged night ventricle finds no place on the left side and must develop morc or less
to the nght Consequently the cardiac shadow expands progressively to the right
The nght cardiac arcs are lengthened upward and descend somewhar laterad so that
the angle formed with the diaphragm s approximately a night angle or 15 even obtuse
Sometimes a shallow notch indicatng the atrioventricular junction can be seen
(Zehbe).

Examimnations in the oblique posimons have great mmportance i decisions about
the size and shape of the right ventricle In the night anterior oblique position, elonga-
tion and rounding of the outflow tract of the right ventricle, augmented by hyper-
trophy, as well as the dilaration of the conus and trunk of the pulmonary artery 1s
casily recogmized by elevanion and protrusion of the pulmonary arc The left
anterior oblique position (fig 68) has particular significance for detecting trans-
verse expanston of the nght ventnicle. Even a simple thickenung of 1ts wall 15 ex-
pressed 1n augmented rounding of the antenor cardiac contour With transverse
expansion of the ventricle, the cardiac shadow bulges markedly in a lengthened arc
toward the anterior chest wall Occasionally the atrioventricular junction 1s indi-
cated by a shallow notch n 1ts upper third The left border of the cardiac shadow 1s
not usually essentially altered 1n 1ts position or course despite marked dilatation of
the right ventricle

Frequently the mitral configuration 1s missed when the diaphragm 1s low This
descent robs the heare of 1ts narmal support so that 1t moves downward and median
(p. 175). Under these condinions, if the outflow tract of the right ventricle lengthens,
the ventricle develops downward rather than upward since 1t has lost 1ts firm abut-
ment on the diaph C ly the ded infundibulum and dilated
pulmonary artery are not lifted upward and do not fill the cardiac waist (figs 69
and 933, b). In other words descent of the diaphragm opposes the mutral con-
figuration. Even when the cardiac waist becomes more shallow owing to the oblique
position of the heart and duminished curvature of the left ventuculae are (p 17 n,
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typical mitral configuration 1s less prone to occur under these positional condstions
since the cardiac rotanon to the nghe, mentioned on page 148, 1s absent,

If the dilatation of myocardial fatlure 1s added to the dilatation and hypertrophy
of the night ventricle which resulted from increased resistance, and the diaphragm
15 low, the enlarging heart sechs to attain a median position and bulges to right and
left with markedly rounded contours, Such hearts can create the impression of aortic
configuration resultg from hypererophy and dilatation of the feft ventricle (fig-
158a) The presence of emphysema and of systolic-cxpansile hlar pulsations matur-
ally wam that one should be careful for they speak in favor of nght heart enlarge-
ment  Morcover, measurcment of the aoruic diameter provides valuable evidence
since a hypertrophied left heart—especrally i advanced years—almost invanably
1s accompanied by aortic difatation  If dilatation of the aorta 1s absent, 1 dubious
cases this makes 1t improbable that hypererophy of the left heare 1s present and
speaks m favor of nght heare hypererophy (fig 158a).

Belonging to the picture of nghe ventricular hypertrophy 1s more or fess distmet
enlargement of the hilar shadows and mercased systolic-cxpansile pulsanons The
hilar shadows enlarge owing to hugh pressure m the powerful hyperrrophied nght
ventricle which produces a dynamic and then fixed dilatation of the pulmonary
artery and 1ts intrapulmonic branches This 1s not pulmonary stass for the hilar
shadows are sharply outlined while in passive congestion they are blurred and
demarcation 15 vague. Schwarz first noted the augmented merinsic pulsations without
nterpreting them correctly. Since hypertrophy of the right ventricle greatdly in-
creases systolic pressure i the pulmonary artery (Savim), the intrinsic pulsations
are systolic and expansile They are readily disungushed from transmted pulsa-
uons, the latter are directed purcly laterad when the hilus 1s moved by the adjomning
large vesscls These intrinsic pulsations are not, however, pathognomoric of right
ventricular hypertraphy for they are obscrved with excited cardiac action m fever
and m thyrotoxicosis (Gerhartz) as well as when filhng amplirude 1s large (per-
sistent ductus arteriosus, pulmonary regurgiration, and some scptal defects)

3 Dilatation and Hypertrophy of the Right Ventricle Due to Increased Filling

Dulatatton and hypertrophy of the night ventricle from abnormally mcreased
diastohe fillng (p 138) leads to diverse changes of ventricular and cardiac shadow
depending upon whether the added blood enters from the atrioventricular osttum or
backward through the pulmonary ostium (Zdansky)

With retrograde filling which 1s posstble only with pulmonary regurgitation,
dilatation of the venrricle begins and 1s most marked where the abnormal diastohc
mflux of blood occurs, that 1s, at the end of the outflow tract (conus pulmonalis),
then 1t gradually conunues toward the ape, finally to mvolve the mfow tract (p
138) Dilatation from retrograde mnflux of blood leads to anatorme effects broadly
resembling those of dilatation due to increased reststance but the conus pulmonalis
tends to dilare more markedly. Pure dilatation of the night ventricle from retrograde
filling is rare and usually congemtal (p 285). In the common relanve {Graham-
Steell) pulmondry regurgtration (p. 177) dilatauion from retrograde filling fummates
with dilatation due to ncreased resistance from the coevisung mueral lesion which

acts m the same direction.
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Dilatation and hyperttophy of the right \entricle from moderate dl?“ollt over-
loading from the acrium 15 characterized by elongavion, modemc.\ndmmg, and
hypertrophy of the wall which begins and is most marhed in the domain of the inflow
tract where the augmented blood stream comes through the atnoventricutar ostram,
gradually to extend roward the apex to savolve the outflow tract. Corresponding to
1s practically transverse caurse (g 654), lengthenng of the nflow tract broadens
the carduc shadow whereby both borders extend fatther laterally and the nighe

Fic 68 e, &9
Fic 68 —Alteratian of the lefe anterior obhique view by transverse widening of the nighe

ventricle, The nght border of the cardvac shadow, 15 clongated vpw ard and protrades wirh greater
roundncss to the right Jung feld

Fic 69.~Dilatation 4nd hypertrophy of the night ventaicte with low posstnn of the draphragm
The foss of normat support for the heart results 1n no clevation of the dilated conus and pulmonary
artery despitc lengthering of the outflow eract of the nght ventricle, consequently, the cardiac
watst 15 ot filled Aloreover, o rotation to the left occurs The heart secks 2 median postson and
shows a globular shape which closely resembles an aortc configuration,

cardrac arcs also descend faterad In this way the cardiac shadow assumes a non-
characteristic shape with some resemblance 1o an aornic configuration, The cardiac
watst is scarcely fitled by widening of the conus and the pulmonary artery i pure
dilatation and hypertrophy resulung from smcreased filling. Morcorer, the hilar
shadow s are still unaltered Furthermore the dilatation is not himured to the ventricle
bur shvays affects the right atrrum as well, since this difates under the mfluence of
ncreased filling pressure The left ancerior oblique position usualfy shows distinct
bulging of the heart toward the antenor chest wall indicatmg that the enlargement
should be referred to the night heart. At afl events a normal aortic diameter speaks in
favor of ditatacion and hypertrophy of the night vemncle

This moderate and racher noncharacteristic dilatation and hypertrophy of the
sight ventnicle due parely to mcreased fithng appears most commonly in arhletes
traimed for endurance performance and long lasting cfforts, If, on the other hand,
diastolic overloadng of the mghe v emnicle from che night atrum exceeds a certain
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degree, the picture changes. The dilatation of the right venericle increascs and
spreads from the mflow toward the outflow erace. The conus of the pulmonary
artery and the pulmonary artery iself become dilated and lifted upward and the
heart as a whole rotates to the Iefe. From this results an enlarged and typical
mutral configuration of the heart with prominence of the conus and pulmonary
artery. The bread intrapulmonary vascular and hilar shadows show systolic ex-
pansile pulsations (hilar dance), This preture 15 found especrally with an atrial
septal defecr (fig. 183)

A simtlar picture 15 procduced by pulmonary regurgitation which leads to marked
pronunence of the pulmonary artery and of the conus by clongation and dilatation
of the outflow tract of the nght ventricle with dilatation of the pulmonary artery.
The latrer show s marked pulsation hhe a Corngan’s pulse.

Very complicated situartons cust in some congemtal anomalhies which can Jead
to alterations of the night ventricle by increased filling and mercased resistance,
among them are the various forms of abnormal torsion of the bulbus-truncus division.
As will be shown more precisely (p 291), enlargement of the nght «entricle 1s often
cnormous so that the left seatnicle s displaced backward and cven may vanish
betind 1e. Now, the nghr venericle may project far to the left and backward so
that there 15 a close resemblance to an aortic configuration and, indeed 1n the anterior
view (cocur cn sabot) as well as 1n the left antenior obhque posttion. Reference wall
be made later to corram differential diagnosuc features from congemual cardiac
anomalies.

Variations of practical smportance occur in the roentgen 1mage of an enlarged
night heart when the diaphragm is low (fig. 69). This descent robs the heart of 1ts
normal support so thac the conus and pulmonary artery arc not hifted by clongatien
of the outflow tract nor 15 the heart rotated to the nght. Consequently, the cardiac
waist docs not become filled by the widened conus and pulmonary artery The
heart, n general sunken and devord of 1ts normal lower support, assemes @ medtan
position wich 1ts mass about cqually distributed on both sides of the median line
Accordingly the heart becomes more or less spherical so that Vaquez and Bordet
called 1t globular

The decersion as to whether an enlargement of a heart belongs to the ngh, ~rhc
feft, or both halves often TS IMSOE ble ok les m these cases Fre-
quently one assumes left ventricular hypertrophy and dilatation and enurely over-
looks the changes on the right border The lateral descent of the right border, the
large and often accentuared pulsations of the hilar shadows, and the signs of em-
physema naturally support the notion that the night heart 1s enlarged.

I1. Hypertrophy and Dilatation of the Left Ventricle

The left ventricle forms almost the entre left border of the heart and part of
the diaphragmatic boundary, only parts of its posterior wall near the basc Cm[}:lblmfc
to the dorsal cardiac border above the diaphragm. Dorsad and cephalic to the c}:
ventricle 1s the left atrum which forms most of the postenior cardiac wall althoug]
on the left border above the lef ventricular are, the auricular appendix may appear.
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The mflow tract of the left ventricle which 1s folded betw een the posterior wall
and the dorsal surface of the ventricular septum, runs from the mutral ostium,
dorsoventrad to the left, forward and below toward the apex, its apical part hes
on the diaphragm while the part near the mutral ostium turns toward the posterior
mediastinum  The outflow tract, enclosed by the anterior ventricular wall and the
anterior part of the nterventricular septum proceeds upward from the apex to
the nght toward the aortic ostum to form most of the left cardiac border (fig
65a, b, and c).

Consequently, 1n the antcrior view most of the left cardrac border belongs to
the outflow tract of the Ieft ventricle, over this lics a short, flat arc of the left
auricular appendage In this projection the inflow tract does not form the border
(fig 652) bur 1t finally appears with rotation 1n the left anterior oblique position
(fig 65c). Above 1t, the left atrium forms the border to a greater cxtent and, at an
angle of about 45 degrees rotation, when the ventricular septum hes approvimately
i the direction of the ray, the upper half of the posterior limit of the cardiac shadow
1s formed by the left atum and the lower half by the left vemricle In the night
anterior oblique position (fig 65b) the left ventricle vanishes behind the nght
although the depth drameter of the cardiac shadow i this position, apart from the
left atrum, s determined essentially by the length of the left ventricular inflow
tract

1 Pure Hypertrophy of the Left Ventricle

Pure left ventricular hypertrophy causes only slight change in the cardrac shadow
‘The left ventricular arc 1n the anterior view 1s more rounded Widening of the aorta,
usually present 1 older people, makes the zortic knob more conspicuous Both
cooperate to excavate the cardiac waist more deeply and therefore an aornic con-
figuration 1s, at least, suggested

Only when dilatation accompanies hypertrophy does distinct cardiac enlarge-
ment and change of shape appear

2 Ddatation and Hypertrophy of the Left Ventricle Due to Increased Resistance

Dilatation and hypertrophy due to increased resistance such as occurs m hyper-
tenston, aortic stenosts, heavy labor, and some athletics, affects, as was explaned
on p 138, at first the outflow tract of the left ventricle Since this forms the left
cardiac border, elongation and greater rounding of the left ventneular arc occurs
without transverse widening of the cardiac shadow 1n excess of normal deviations of
heart size (fig 70). In the carly stage, thus alteration 15 1mperceptible, as a rule,
unless there has been an opportunity to follow sts evolution Moreover, the extension
of this elongation into the mflow tract creates no further changes i the anterior view
In short, dilatation and hypertrophy of the left ventricle due to increased resistance
mually produces relatively munor changes of the cardiac shadow m the anterior
view, the waist may deepen when the aortic knob projects farther to the left owimg to
dynamic or fixed aortic dilatation Along the elongated, markedly rounded left

ventricular arc, pulsations are enlarged and they remain so during repose (Vaquez
and Bordet)
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The picture is, how ever, changed very essentially if, through myocardial damage
or (rarc) acute overstrain, the heart suffers dilatanion from myocardial failure and,
as a result, the ventniele dilates transversely (p. 140). In the anterior view {fig
71) cardiac expanston depends upon greater rounding of the left ventricular arc
(Rosler, Holzmann) The apex 1s raunded Only then has the heart assumed a full
blown zortic configurauon With sigmificant left venrricular enlargement, the cardize
shadow may extend to the left axillary wall

R

' 70 —Alteration of the anterior picture by elongation and hypertrophy of the left \tn[;llzf
and dilatation of the aorta There 15 an elongation, directed caudad, and stronger roundiog of the
lefe ventricular arc, as well as widening of the vascalar band

If the large left ventricle displaces the night heare, the cardiac shadow broadens
to the night and this may suggest night heart enlargement  Usaally this can be ¢x-
cluded by examination in the left anterior oblique position (p. 151).

Since conditions lcading to left s entricular hypertrophy are often associated with
clevated intra-aortic pressure, as a rule the picture 1s completed by signs of diffuse
cxpansion and clongation of the aorta (figs. 70 and 71). The resultant radiographic
alterations are discussed later At this place 1t may be said that the resultane w 1den-
ing of the vascular band n the anterior view and the mcreased protrusion of the
aortic arc to the left accentuate the decpening of the cardiac waist a'ready present
owing to greater extension of the left ventricular arcas well to the !cft.

Transverse dilatation of the left ventricle 15 recogmzed best in the left anteriof
oblique posttion (Vaquez and Bordet, Dietlen) with a rotation to the nght of:bol:lf
45 degrees (fig. 72). Normally, the left border of the cardiac shadow 15 formed h)’
the basal section of the left ventricle—presuming the level of the diaphragm and t] c
course of the spine 1s normal-—and 1t descends m a markedly convex arc so that only
2 small wedge projects into the vertebral shadows and joins the left dxaphr;g}l;n T {?:
sharp angle. This angle les nearly perpendicular beneath the upper end of (; e ;‘s_
cardiac border (Zdansky) If, on the contrary, the left vent'nclc is \vn‘lencd H;;cc
versely, its more rounded arc projects to the left and posteriorly and extends decp
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1nto the spmal shadows or even beyond them (Arkussky) Accordingly, the cardio-
diaphragmatic angle lies rather far to the left below the upper end of the cardiac
border. Since this large heart bulgcs far postenorly and to the left, and sinks deeply
mto the daph the h atic angle is blunt and approumates a
night angle {Arkussky, Kudisch). On the other hand, the nght cardiac border under-
goes no notew orthy alteration from left ventricular enlargement; unakered, 1t falls

Fic 71 Fic 72

Fic 71 —Alteration of the anterior view by hypererophy and dilatarion of the lefe ventricle in
2 longitudinal and transverse direction Owing to the increased bulging and rounding of the lefc
ventnicular arc and the cardiac apex, the cardiac shadow assumes an aortic configuration The
large left ventricle displaces the nght cardiac border 3o that slight enlargement to the aight occurs
The vascular band 15 widened by dilatatron of the orta In the recrocardiac diiston, the esophagus
s exther displaced to the night and backward (4) or bends inta an arc, ventrally conve, to the
left (5) over the anterior wall of the descending aorta

Fic 72 —Altcration of the left anterior oblique view from hypertrophy and difatation of the
lefe ventricle m 3 longarudinal and transverse direction The left cardiac border protrudes far to
the lefi mro the vertebral shadow and may even pass beyond 1t The left cardindraphragmatic
angle lics to the left and below the upper end of the Ieft border of the cardiac shadow and has
become blune The nght cardiac border 15 scarcely altered The loop of the diffusely dilated 20rta
describes a wde arc bulgng o the front and back

vertically to the diaphragm By virtue of this fact, night ventnicular enlargement can
be excluded with great probability 1n panients whose cardiac shadow has expanded
to the night n the anterior view as the result of rght heare displacement.

In the nght anterior oblique position (fig. 73), the depth diameter of the cardiac
shadow increases (fig. 65b) through lengthening of the nflow tract of the left
ventricle In this way the border of the heart facing the posterior medastinum can
encroach upon the retrocardiac field and narrow 1t since the left atnum 1s displaced
btackward. The deeision whether the greater depth diamerer and the narrowing of
the retrocardiac space 1s produced by elongation of the left ventricular 1nflow tract
or enlargement of the left atrium usually presents no difficulties; 1n the first instance
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the barsum filled esophagus deseribes a broad arc around the posterior cardrac wall
(fig. 73) winle in the sccond instance the backward displacement is circumscribed
(fig. 84) With marked unncrsal enlargement of the lefe ventricle the esophagus
with its caircumseribed displacement sometsmes may even be compressed between
the large lefe ventricle and the somewhat dilated descending aorta This displace-
ment, however, nvolves the supradiaphragmatic section of the esophagus, this is
discussed more complctely on page 376

Fie 73 —Aleration of the night anterior oblique view 1n a longitudtnal and transverse dirce-
ton from hypertrophy and dilatation of the left ventricle Narcowing of the retrocardrac space
with backward displacement of the esophagus in a wide arc () or 1 an S-shaped curve (8) s0
that the supradisphragmanc scetion moses to the left and forward over the anterior wall of the
descending aorta (see fig 71)

In general, pulsations of the left ventricle decrease as the chamber projects
farther to the left since, with 2 fixed stroke volume, pulsations of the ventncular
wall must diminish as the ventricle enlarges. The pulsations tend to be smaller i the
arc near the apex than m the vicmity of the base (Schwarz) n correspondence with
Stumpf’s type 11 pulsations (p. 53). These small apical pulsations may be produced
by larger mncrements of residual blood 1n this region Thus, the reversal mto type 1
pulsations frequently observed during the exercise test (hnce bending, running)
may result n the functionally strong heart from stronger cardiac action and more
complete emptying of the left ventricle (Reindell).

3. Dilatation and Hypertrophy of the Left Ventricle Due to Increased Filling

Dilatation and hypertrophy produced by abnormally mcreased filing plays 2
sigmificant role 1n the left ventricle when there is retrograde diastolic ﬁllmg' in 20ruc
valve regurgitation or increased diastolic inflow from the left atnum in mtral
regurgitation, bradycardia, and mn certain sports mvolving endurance and the ex-
penditure of much energy over a long tme (see athlettc hearr).
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Retroprade filling of the left ventnicle such as occurs 1 aornc regurgiration
leads to rocnegenologic alterattons of the heart For the same reasons cited in dis-
cussing retrograde filling of the right ventricle from the pulmonary artery (p 146),
these alterations rescmble difatation due to systolic overload i many respects. In
other words, there is dilatation and hypertrophy of the outflow teace, the extent of
which depends upon the amount of blood regurgitated; consequently, under some
condurions, 1t may bevery sheht.

Ditatation and hypertrophy of the left ventricle produced by augmented filing
from the atrium predominantly fengthens and widens the inflow tract, this gradually
proceeds toward the apex and finally evtends to the aucfla zract The elangation of
the inflow tract 1s exp d was explaned ab by heming of the depth
duameter of the cardiac shadow in the right antenor obligue posiuon while trans-
verse expansion of the ventricle produces greater bulging of the left ventricular arc
m the antenor niew  Uswlly the apex 15 plamp and round When widesung 2nd
elongation extends to the ventnicular ovtflow tract, there 15 increasing elengation of
the left « entricular are which bulges far co the left m the antenor view.

If dilatation from wcreased ressstance or greater filling is supenimposed by
dilaranon as the resulr of myoeardia) damage, there 15 further widemng of the heart
with 1ts aortie configuration, then, the markedly rounded left ventricular arc may
protrude far 1o the Jeft and almost reach the left thoracic wall, Enlargement of this
kind also displaces the night cardiac border more or less to the nght

Although such dilatation indicates myocardial damage, this is not synonymous
with left ventricular decompensation or falure. This 1s evident from the fact that
panents with this type of heare are often 1o fairly good physical condition, moreover,

ntgenologic signs of grade stasts n the left attum and in the pulmonary
crculanon are absent (p. 335)

Tt 15 even more strthing when occastonally these patients have chimeal signs of
stasss m the greater airculanion (enfarged liver, edema, ascices, and so forth) In
these relatively uncommon panents the night cardiac border protrudes couspicuously
ta the night Thts ts the Bernheim syndrome which develops when the ventricular
septum 15 thrust into the Jumen of the nght ventncle by the enlarged and hyper-
trophied feft ventnicle, narrowing it so that inflow stasis develops (Alas and co-
workers, Russek and Zohman, Zdansky)

If this dilatation from myocardial weakness no longer suffices to mantain the
necessary working effi v, then, with a il merease of size or 2 notice~
able further lefc ventricular enlargement, retrograde stasis develops 1 the lefe
attium and in the pulmonary circutation, 1 other w ords decompensation becomes

manfest. Prior to the of adu b of the lefr acrum or
pulmonary stasis, artacks of cardiac asthma or Cheyn&Smkes rcspn‘anon may be
noted. The cardiac shadow now expenences the all d as

won The simuanons are desenbed 10 the discussion of the decompensated zortic
vatve msufficsiency on page 1878,

Radiographic evaluation of left ventricular volume 15 assoclarcd with many
sources of error. Thus, elevanion of the diaphragm can produce 2 broad to the
left and an aortic configuration of the cardiac shadow through the transverse posi-
nen, this may simulate Jeft s entricutar hypertrophy and dilacation (p 98). Descent
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of the diaphragm can make the left s entricle scem smaller than ie actually is owing to
median placement of the heart, this prevails in the anterior view as well as in the left
antersor oblique position (p. 100) In order ta avord these sources of confusion, itis
well to follow Haudeh’s suggestion correct the abnormal level of the diaphragm by
spiration or expiration. Kyphosis of the thoracie spine can obscure enlargement of

t1c 74 —Determmation of the size of the left ventricle by the method of Vaquez and Bordet
(@) left ventnicle of normal size, (b) enlarged left venencle

Fic 75 —Determination of the “depth ndex” of the heart by Vaquez and Bordet Csoss
hatched lefe heart of normal size, the parallactic shift of the left border of the cardiac shadow
amounts to 12 mm Hatched enlarged left heart, the shuft amounts to 18 mm

the Jeftt ventricle in the left anterior oblique posstion since the greater a-p diameter of
the chest allows the heart to move away from the spine to widen the retrocardiac
space. Finally, in certan cases of cor pulmonale, the nght ventrcle can develop
manly to the left, displacing the left ventricle backward; whether expanston the
Jeft of these hearts 1s produced by the left or right ventricle cannot bc reliably deter-
mined by the crirerta previously mentioned Morcover, examination 1 the left
antertor oblique position fails as do the volume determmations recommended by
Vaquez and Bordet; nevertheless they will be menuoncd for completcness.
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In the first, one determines the angle to which the patient must be rotated out of
the ventrodorsal dircction of the ray (toward the reversed second oblique position)
untif the lef border of the cardiac shadow just touches the left border of the spine
(fig. 74) This angle, which, of course, becomes greater when the heart projects
farther to the left, normatly amounts to 20 to 30 degrees. VWith Jeft ventricular
enlargement, however, 1t may amount to 40 to 50 degrecs. The second method
involves the determinanion of the paratlactic shift of the cardiac apex with 3 target-
sereen distance of 60 em. when the rube 15 moved about 10 em, ro the night (fig.
75). Vaquez and Bordet call thus shaft the “depeh index™ of the heart. This progres-
sively increases with greater depth of that part of the heart Iying to the left of the
spine Normally ir amounts to 7 1o 14 mm. (ascrage 10) but 1t may become much
larger with left ventricolar dilatation As previously stated, this method possesses
the same sources of error as simple estimations of volume in the left anterior oblique
posiuon The sceond method has an additional source of error - no constderation 1$
given to the vanable heart-film distance which depends upon the shape of the thoras,
the postrion of the heart, or the thichness of the soft nssues over the anterior chest
wall (Jalet, Alessandrir)

11 The Rught Atrium

To some extent the mght armum curves around the hearr from the nght,
forms almase the enure right border and, on one side, 1w extends betund to the left
edge of the vemae cavae which empry into 1t and, on the other, forwsard just ventral
to the ascending aorta and just to the night of the conus pulmonalis The sulcus

ius runs app ly from the cardiodiapt 1¢ angle steeply, median,

cardiac border, only near the diaphragm docs the nght ventnicle parncipate, although
1t 15 impossible to separate atrum from ventnicle (p 20). The nght cardiac border
projects about the w1dth of a finger beyond the right verrebral border.

With rotation to the left, the ventricle vamshes completely from the nght border
of the cardiac shadow and the pale shadow of the mfersor vena cava now appears
between the heart and diaphragm \With inereasing rotauon, cephalad the left
atrsum imperceptibly replaces the nght until, with rotation of abour 60 degrees, the
left accium forms most of the right contour of the cardiac shadow (Gg. 193 and b)

With rotation to the night, the night ventricle comes progressively 1nto view so
that with rotation of 45 degrees the upper half of the nght border of the cardiac
shadow 1s formed by the right atrum, the fower half by the nght ventricle (fg.
253 and b) If the nght atum £lls markedly and becomtes rounder dunng: snspira~
tion, often the atrios encricular junctson 15 visible as a shallow notch

Corresponding to 1ts posiuon, enfargement of the right atrium m the antenor
view must broaden the cardiac shadow to the nght wirth lengthenung and greater
rounding of the right cardiac ate Despite these apparently favorable conditions,
decistons about righe atnat size are not easy. Even the recogninon of an occasional
1solated and excessive nght atrnal enlargement (Kronenberger and Leeser, Dressler),
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often asenibed to muscular damage of its wall and traction from without, offers
difficulties In these cases a massive, sharply defined, simply articulated, curved
shadow projects 1nto the lung field and may reach from the level of the diaphragm to
the bifurcanion and from the anterior chest wall to far belund Irs pulsations may be
so small that they are not visible on the screea Conscquently, it closely resembles
some extracardiac structure broadly in contact with the hearr like a cyst, tumor,
pericardial diverticulum, or even 2 mediasunal or percardial encapsulated effusion

The recogmition of right atnal enlargement offers other diagnostic difficulues
when—as 1s usual —other cardiac chambers are also calarged Tlus depends largely

)

a b
Fic 76 —Murat-aornic Iesion with pulimonary congestion 1n woman, 54 years old The junc-
tion between the large hypertrophied right ventricle and night atrum of normal size 1s evident 1n the
left anterior oblique view (6) and 1s marked by a notch (arrow).

upon the face that the atnum cannot usually be definitely differentated from the
nighe ventricle. An expansion of the cardrac shadow to the night necd not be due to
the night atrum, for enlargement of the nght ventricle alone or even of the left
ventricle or the left atrium may be responstble The fast tw o possibrlitres can usually
be excluded by analyzing the cardizc shadow , how ever, a dectsion as to whether the
night heart enlargement inyolves the atrium, ventricle, or both, very often cannot be
made. R

As a rule, enlargement of the right atrum is combined with dilatation of the
nght ventricle. Sull, there are cases (tricuspid stenosis for example) with enlarge-
ment limited 10 the atriom, such 1solated atnal enlargement may be assumed with
some probatulity sf the cardiac shadow, expanded exclusively or prcd.ommantl)’ :’
the night, projects as an clongated rounded arc into the lung field and if, dCSplI(C the
presence of condinons usually associated with heightened pressure 1o the ’csser
aircut (cocxisting mutral disease), the lung fields are clear and the hilar shadows are

ned and not enlarged. .

Sharg:(:f:ﬁorhcr hand, if the right ventrscle 1s markedly dilated, 1t 1s highly prull:alble
from the start that the right atrum participates 1 the enfargement. This pgqb.\ l ttz’
becomes increasingly certain the larger the righe ventricle 1s and the less obvious ar
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signs of incrased pressure in the pulmonary circulation, and when, a5 a sign of
higher venous pressure, the superior vena caval shadow widens. Only when the right
heart s enlarged with signs of increased pressure n the pulmonary airenit and the
supetior vena caval shadow 1s not widened, should one consider that the enlargement
may be confined to the ventricle Somcumes this idea 1s confirmed in the antenor
view when the notch of the arroventnicular juncnion 15 high on the upper third of the
clongated and lateratly descending right heart shadow (Zchbe). Then, in the feft
antensor oblique posimon, occasionally a notch (fg 76b) or rounded kink (fig.
77b) 1s seen just below the ascendmng zorta on the elongated and markedly

a b

Fic 77 —Mitral-aoruc valve lesion with pulmonary congestion 1 a woman, 53 years old
The rounded angolar farmanon (arsow) 15 the left antenor obhque view (5), together with the
absence of a widened superior vena caval shadow i the antenor view (a) and the presence of
mathed pulmonary congestion shows that the hight heart enlargement 1s imited to the ventnle

rounded righe heart border (Német and Schwedel) To be sure, with greater nght
ventricular dilatation, these distinguishing marks arc often absent despite normal size
of the nght atmom.

IV, The Left Atrium

The lefc atrium forms the postertor divisson of the heart Behund, 1t borders on
the descending aorta and the esophagus, above it, lies the bifurcation of the pulmon-
ary artery and trachea With the diaphragm in normal position the left main bronchus
18 very near to, or ummediately on, the upper limut of the lefc atesum, but with a low
diaphragm, the bronchus is often far beneath this fevel The pulmonary veins ap-
proach the atrum from nght and feft. On both sides an upper and lower group of
these vemns widen like funnels toward the atrum The upper venous mfundibulum
oft both sides 1s ventrad, the lower, dorsocaudad to the man bronchus

The left atrium approaches very close to the nght cardiac border since 11 extends
1o the left edge of the venac cavae, On the left the aunicular eppendage regulacty
forms the cardiac border just above the left ventricle but to an extent mdividually
different (g 12a and b).
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Fit 78 —Mural-sorme valve lesion with enormous enlargement of the left atrum and of the
right heart (a) Anterior view The lefc atcum appears above the gibbus-kke projection of the
conus of the nght ventncle as a syscolic-expansile pulsating pale mass and surmounts the lefe
bronchus which procecds almost horizoneally by the breadth of a finger. Morcover, the left
atrium 35 recogmized on the night side within the cardize shadow  (5) Left antenior obhique view
The ¢normous enlargement of the left atrum 1s paroicularly distince
3 Junction of conus pulmonalis and left

I Left ateam
ventricular arc

2 Left atnium

With a rotanon to the left of about 60 degrees (fig 19a and by the left atrum
forms the upper pare of the nghr cardiac border; only near the draphragm does a
small piecc of the right atrsum sull nise over the faint shadow of the inferior vena
cava Ingeneral this position 1s optimal for examiming the left atnum

WWith rotation to the right of about 45 degrees (fig. 25a and b) the left atrium
forms approximately the upper half of the lefc border of the carduc shadow, the
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lower half belongs to the left venteicle, Only rarely 1s the amnoventricular junction
visible as a shallow notch.

Corresponding to s dorsal pasiuon, an enlarged lefe atrwm compresses the
posterior mediastinum and s posterior wall displaces the esophagus. When ex-
cesswvely entarged, the pulsaung teft atrum can even erode the vertebra and produce
radicular symptoms (Ashw orth and Jones).

On the other hand, from 1ts dorsal posion a moderately enfarged left atrium
need not change shape m any way m the anterior view . Often there 1s merely a flac
bulge n the basal part of the cardhac waist (fig. 90) m which atrial pulsanons are

~%4

Fig, 79 —Mutral fesion with marked dlatation of the lefk atnum Female, 23 years old, The
Teft bronchus (arrow) 15 displaced upward by the enornsous Jeft atnom and rakes 2 hateral ascending
coutse,  The left atriom togethet with the upper polmonary vem mfundibulum developed cephatad
sn front of the left bronchus and appoars an the lefk cardiac border as a pale shadow with svstolic
expansile pulsations above the massively enlarged night ventrele which prosrudes far to the left

noted With greac ealargement 4 massive bulge may even nise above the lefr mamn
bronchus and reach the aornc knob (figs 78 and 79). This is possible because the
Ieft mam bronchus fies behind the upper and 1n front of the lower venous mfundibu-
tum and becomes embedded betw een them Accordingly with marked entargement,
the ventral part of the atrnum with the upper venous funnel can evtend upward m
front of the left bronchas whtle the dorsocaudal secnion bulges below the bifurcation
mto the posterior mediasunum (Zdansky). In this way the left bronchus 1s raised
and curs more or less deeply into the atrium between the upper and lower venous
mfundsbula,

Left atrial enlargement becomes obvious on the nght side of the cardiac shadow
more frequentty than on the left. On the nght 3 donble contour may form within the
nght atrial arc or an abnoemal atc may project beyond the nght cardiac border mro
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the lung field (Lutembncher, Assmann). In the first instance a darker shadow passes
median and down i the heare shadow from the middle of the nght cardiac border
(figs 78, 80a, and 81). In the sceond instance an abrormal are protrudes beyond the
nght heare border nto the lang field. This acc fills the night cardiovascular angle
(fig 80b); 1t may project beyond the entire right atrial are and cxtend down almost
1o the diaphragm (fig 80c). With very marked dilatation it can dircetly approach
the ancerior chest wall 1o which s may be broadly applied (fig. 100).

Py -

. .&’

gy A

——nd

o
=y

a b I3 f
Fic, 80 Fig, 81
Fia 80 —Infferent forms of double contour formation on the right border of the cardiac
shadow, produced by cnlargement of the lefi atrum (1) The left atrwum 15 visible withn the
right cardiac border () The left atrum progects beyond the nghe carduae border 3nd even fills
the cardiovascular angle (&) The lefe atrium extends far beyond the night and forms the eotire
night border of the cardiac shadow except for a small supradraphragmatic section
Fia 81 —Mutral stenosts The enlarged left atrium 1s visible as a dark shadow, convet to the
night, wichin the right candiac border The bufge protruding aboye the feft vencricutac ace belongs
to the conus pulmanalis

The appearance of an enfarged left atrium on the right side is greatdy promoted
by the prescnce of a autral lesion since the right ventncular hypercrophy and drlata-
uon rotates the heart to the lefc {p. 143), this moves the left atnum to the right
from behind. In this way, cven with shght dilatation, the atrium may appear on}hc
right side as a double contour or 2 third arc. On the other hand this cardiac rotation
to the left counteracts the appearance of the enlarged left atrium in the cardac waist.
Actually, in mitral disease the auricular appendix is more or less completely super-
mposed by the conus pulmonalss which s usually dilated (Assmanp).

If the left atrium 15 relatively large while the rest of the heart is enlarged hinle
or not at 2ll, the atnum can be recognized m thin dividuals ?nd children as 2 dark,
oval, nuclear shadow (fig. 82) reaching from the left to the right cardiac border, In
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many cases, however, the enlarged left atrium 15 not visible 1n the anterior view so
that examination 1n the oblique positions 1s destrable.

In the left anterior oblique position the upper part of the left cardiac border 1s
formed by the left atrium and the lower by the left ventricle although these chambers
ordmarily cannot be accurately differentiated Rather, the left border of the heart
usually forms a simple curved arc which cephalad 1s Jost beneath the clear band of the
left bronchus 1n the maze of shadows representing the left pulmonary vessels, only

~

Fic 82 Fic 83

Fic 82 —Projection of the left atrrum 1n mitral stenosts The left atrum forms the borders on
the left and nighe and has spread the bifurcation It may be visible wichin the cardac shadow as a
darher nuclear shadow

Fic 83 —Mtral stenosis in the left anterior oblique position (schematic) The Jeft border of
the heare 15 elongated cephalad and @ subdivision 1nto two arcs may be seen, the upper arc 15 formed
by the enlarged left atrium, the lower arc belongs to the atrophic lefe ventricle which descends
vertically to the diaphragm The left bronchus ts displaced upward by the large lefc atzm and
takes an almost horizontal course The night border of the cardiac shadow 1s also lengthened and
markedly rounded, this may be ateributed to nght ventricular hypertrophy and slight dilatation

ma few cases can the atrioventricular junction be detected as a shallow notch With
left atrial enlargement the arc of the left cardiac border 15 elongated cephalad and
1s more vertical In place of a simple curved contour there 1s often a distinct division
1nto a lower ventricular and an upper atrial arc (fig 83), often the latter can be fol-
lowed to the Jevel of the left bronchus whose clear band may be displaced upward or
flattened by the left atnum rising from below, at times the bronchus even praceeds
laterad and upward Of course, this dual arc formation 1s disunct only when the lefc
ventricle 1s normal or but shghtly enlarged, often 1t 1s absent with marked lefr ven-
tricular hypertrophy or difatation Decissons about the size of the left atrum in thus
position are further complicated by the fact that the left cardiac border 15 projected
mto the spime and into the lefc hular shadow which 1s usually enlarged

Determnation of left atrral size 1s much more reliable i the nght anteror oblique
position (Assmann) Rotation to the left for about 60 degrees 1s best In thus position,
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the right cardiac border, facing the retrocardiae space, has its course determmed by
the size of the left atrium, normally it descends as a flac are, convex to the right,
vertically to the diaphragm. On the other hand, if the left atrivm is enlarged, the
right cardrac border bulges decidedly into the retrocardiac field to narrow 1t more or
less (fig. 84). With considerable Jeft arrial enlargement from the large translucent
area of the retrocardiac space there may remam only a larger clear triangle behind the
vascular shadow and a smaller clear trangle above the diaphragm Occasionally the
cntire retrocardiac space 1s blotted out.

Fic 84 —Mitral leston in night anterior oblique view (schemaric) The left atrum bulges far
nto the retrocardiac field and often a section 1s projected into the shadow of the spine. There is
an angular bend of the b filled h below the b In this parucular case 1t
does nor proceed along the nght border of the cardrac shadow bur 1s projected soto the left attium
whech protrudes posteniorly because 1t 1s displaced not only backward but also to the right (The
broken hne represents the normal course of the esophagus)

1 Lefe atrum 3 Normal course of esophagus
2 Circumscribed outward bend of esoph-
agus

For reasons cited on page 29 and owing to the pulmonary congestion frequently
present 1n precisely these cases, definition of the posterior cardrac wall and cunslct
quently determination of left atrial size offers grear difficulues. Therefore, ordimanly
one cannot avord filling the esophagus with barium to visualize the postertor cardiac
wall sndirectly (p. 29) Although originally recommended by Schwarz, this pro-
cedure found wide usage after the basmic mnvestigations of Assmann and Gabert
When the left atrum 1s enlarged, the esophagus 1s almost imanably displaced
bﬂdé:‘(;:'ik and Kovacs studied the anatomuc relations leading to (hxs'cxrcumscrfbed
displacement. They showed that the left atrium enlarges below the bl}:'ulscnno}: :1;3
the posterior mediastium to force its way, so to speak, berween both bronc]
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to spread the angle of bifurcation from 70 degrecs to over 100 degrecs (figs. 82 and
83). Accordingly, the left bronchus, which lly rests on or runs just above the
left atrium, can be displaced upward to proceed honzontally or occastonally even
pursuc a lateral, ascending course (figs. 78 and 79). In children, compression of the
left mamn bronchus with consequent atelectasis of the left lung s not rare (Lauen-
stein) In adults Zdansky observed stenosts of the left mam bronchus and of the night
lower lobe bronchus by a large left atrium, provohing disturbances of venulation and
reflex disturbances of pulmonary circulation. These were expressed as emphysema
of the involved scetions of the lungs and an unusual diseribution of pulmonary edema

Fic 85 Fic 86
Fic 85 —Circumscnbed posterior bend of the barium flled esophagus from enlargement of
teft atrum (right anterior ablique view)

Fic 86 —Lateral displacement of csophagus by enlarged left atnum (schematic) The barum
flled esophagus locally bends to the right (and backward) below the bif: The b
13 spread by the left atrium pressing from below in such a manner that the lefk bronchus takes an
almost horizontal course (Jeft atrrum, hatched)

Llevation of the left mamn bronchus occasionally leads to paresis of the left
recurrent [aryngeal nerve

From the close relationstup between the esophagus and the postersor cardiac
wall (p 29) 1t follows that increased dorsal protrusion of the enlarged left atrium
mto the posterior mediastmum cannot help bue affect the course of the esophagus
At the level of the trachea and at the bifurcation, the esophagus follows sts normat
course, but, below the bifurcation, it must be displaced, at first dorsad by the en-
larged left atrium (figs 84 and 85) The extent of this circumseribed displacement,
under otherwise equal conditions, depends upon the size of the left atrium \nmmlly
there 1s a it o this dorsal displ for the hagus meets insur
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reststance from the descending aorta or the spine. Accordingly, in some cases the
compression of the esophagus is expressed on transverse projection by distinct
narrow ing of the lumen and some delay m the passage of the barium paste, Some-
umes the latter may be arrested above the narrowing. Nevertheless, disturbances of
swallowing are exceptional because the esophagus can also move laterally within
the loose connective ussue of the posterior mediastinum

Actually with sagieeal projection, below the bifurcation, the bariam filled csopha-
gus departs from the mudline 1o bend Jarerally and, as a rule, to the right (fiz 86).
In a few cases the esophagus escapes pressurc from the advancing posterior atrial
wall by bending to the lefe and posteriorly (Rosler and Wetss) This 1s more common
when the left atrum s extremely dilated and extends far to the right (fip 118).
Occasionally displacement to the nght and left alternate.

Filling the esophagus with barium 15 the best method for recognizimg left atnal
cnlargement. Naturally no one limits himself to follow ing the course of the esopha-
gus m onc position or another A displacement to the left and posteriorly can be
mussed with rotation cxclusively to the nght anterior oblique position since with this
projection the section of esophagus bulging to the left and backward secms to go
straight down Therefore 1t 1s necessary to follow the course of the barium filled
esophagus 1n both the posteroanterior and right anterior oblique positions. Narurally
displacement of the csophagus 1s also cvident with transs erse projections.

In the presence of vasomotor wcakness and abnormal cardiac filling from ortho-
static factors, left atnal enlargement can be missed with examination in the erect
position, 1t may become demonstrable only with the patient recumbent (Zdansky).

Not every circumscribed dorsal displacement of the esophagus depends upon left
atrtal enlargement Such displacement may result from hydropericardium (p 324)
or clevation of the diaphragm (fig. 22). With the latter, the postertor cardiac wall
may press upward and project dorsad so that the esophagus 1s displaced, just as
from lefr atrial enlargement. On the other hand, descent of the diaphragm may
stretch and flatten the posterior cardrac wall so that the left atrium appears smaller
than 1t really 1s Consequently, consideration of the level of the drphragm also has
great importance 1n this respect. If the position of the diaphragm 1s abnormal one
should attempt to create a *“normal situation for the heart’ (Haudek) temporanly by
nspiration or expiration n order to minimize resulrant errors

Another source of error in mterpretation of esophageal displacement arises trom
the following fact the position and course of the posterior cardiac wall docs not
depend exclusnely upon the size on the left atrium, the volume of other cardiac
chambers exerts an essental mfluence (p 152) Thus, an enlarged left ventricle dis-
places the left atrium upward and backward to narrow the postertor mediastinum
and the esophagus must bend backward and to the side This bend s, however,
distinguished from displacement by an enlarged left atrium by an important feature
1t 15 not angular below the bifurcation but usually proceeds as a single large arc
over the posterior cardiac wall (fig 73) Tius important differential diagmostic sign

15 cxplained as follows: the enlarged left ventricle Iifts the base of the heart and dis-
places the trachea and bifurcation backward and upward without sprendlrg t:c
angle of the bifurcation as happens with left atrral enlargement. Conseql}cnt l):,]r c

sophagus 1 displaced dorsad even at the heighe of the trachea and bifurcation, below
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the vfurcation, however, there 15 no longer 2 circumscribed bend, for the esophagus
courses in a long arc over the postenior wait of the large heart

In this connection 3 arrcumscnbed bend of the esophagus, often to the nghe,
should be mentioned, it les just below the aornic arch and 1s produced by the pressure
of the left mam bronchus (Hatl). It 15 more defimitely developed when a dilated
pulmonary artery displaces the brfurcation and the left bronchus dorsad against the
csophiagus (fig. 87). Confusion with an enfarged left atrium 15 scarcely possible
beeause this outward bend oceurs at the fevel of the bifurcation and ends cven above
the base of the heart.

Fia 87 ke 88
Fig 87 —Circumscnbed displacement of the esophagus (arrow) at the level of tracheal tfurea-
tion with difatation of the pulmonary artery in a case of pulmonaty emphysema (Right antenor
abhigue view)

Fia 88 —Cardiae measurements according to Vaguez and Bordet

“These remarks should mdicate that the raentgen diagnosts of pathologic altera-
tions of che single cardiac divistons 15 based primarily on changes of cardiac shape
which are naturatly associated with changes yn its dimensions. These alteranons of
shape are hughly d but not path The interp: gain umpor-
tance only by carefully conssdermg the other chest organs, the spanal sitation to
which the heart must adapt iseif, and some pulsatory phenomena. Emphysema,
pulmonary congestion or edema, and avgmented hular pulsanions are just as umportant
0 decistons aboac the heare as the demoanstration of the presence or absence of aoruc
elongatian or dilatanion, pulsus celer, pleural etfusion, abnormal postan of the
draphragm, deformation of the bonv tharax (scoliosts, funnel chesr), and so forth wo
which the discussion will rerurn

Vaquez and Bordet atcempted to cxpress the size of different cardiac charbers by
geometnic measurements. They proceeded from four pomnts of onentanon (fig
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88) Of these points, D lics at the nght cardiovascular angle, £’ ac the right carduc
duaphragmatic angle, G at the lower end of the cardiac waist and G ar 2 point o
the cardue apex which 1s found as follows a tangent 1s drawn on the left cardia
border which runs parallel to a line joing G-I

D should indicate the upper it of the rght atriom, ) the juncrion of the right atrium an
ventricle, G the junction of the I ft atnum and sentricle, and G the nnctron of the right and Je
ventrcles near the apex

With the help of these four orenting points, the following measurements are undertake
(fig. 88)

1 GG, the distance of the Iefe atrioventescular junction from the mecrventricular uncteon 3
the cardiac apex, this chord of the left ventncular are measures the length of the lefr scnencle

2 The longest perpendscular of the left ventricular arc on the chord GG s the transvers
thickncss of the lefe ventricle

3 G’ the distance of the nght atrioventricular junction from the inten entricular junction a
the apex measures the transverse extent of the night ventricle

4 DY, the distance of the nighe cardiovascular angle o the night atros entncular unction
the chord of the right atrial arc measures the stzc of the right atrum.

§ G1Y, the distance hictsieen the two atroentricular juncrions on each cardiae border, th
basal ventnicular diameter

6 DG, the distance of the nght cardioyascular angle from the interventricolar junction ai
the apex, the longuudinal dumeter of the heare This jons GG’ ea form the angle DG'G whose
half-length should correspand to the auis of the left ventricle, By mrror-like transference of that
part of the cardiac shadow lying on the left of the ats o the right side, Vaquez and Bordet obrain
the “contour ovorde™ of the Ieft ventricle

The uscfulness of these ingenious measurements 1s sorcly hampered by the fact that the loca-
tion of the four orienting points 1s associated with wnportant sources of etror Irrespective of how
¢asy it may be under normal di 1t1s exeremely difficule in pathol cases 2nd some 207
lous positions of the heart Special dufficulties are encountered s finding G* which should locate the
junction of the ventricles near the apex. This point may lie in different places in respect 1o the
roentgenologic apex depending upon the size of the rwo ventricles If the left ventricle is enlarged,
Vaquez and Bordet place it on the border 2 cm inward from the apex, with night ventricular enlarge-
ment 1t becomes the most lateral pomnt of the Jeft cardiac border Obwviously these schematic cor-
rections of the anatomic relations arc only approvmations T he location of the other ponts also
gives rsc to many doubts Thus, [’ by no means always corresponds to the unction of the nght
atrium and ventricle since this often lies much higher on the right border (Assmann, Zdansky and
Ilhinger, Fetzer, and others) Moreover G may he at different Ievels even when the size of the left
ventricle 15 constant Its position changes with every cardiac cycle (Cortenot), 1t moves onc
or more centimeters upward with diastole Accordmg to this author, G should atways be focated
in systole There are even more important sources of error If, for example, the heart rotates to the
Jeft owing to right hypererophy and dilatation, the left ventricle moves pastenorly and
1s superimposed by the dilated conus pulmonalis so that G hes much lower than carresponds to
the left atnoventricular junction Thus, the conceptton formed of the size of the left ventricle 1s
enirely unrehiable It was precisely for the determmation of the left ventricular size that Yaquez
and Bordet tntroduced other methods (p 154) and thesc arc also assoctated with sources of error

To obtain reliable 1deas of the size of single cardtac sections, the methods reported by Viquez
and Bordet encounter many drfficulties and the values are reltable only 10 part because the poimts of
orientation often cannot be accurately located Their correct location 1s possible only by analysis
of the cardtac shadow in advance. In other words, this method essentially provides only nforma-
tron already ot hand The sole contribution of these measutements over detailed analysis of the
cardac shadow 1s the numeric eval of p ly d d al For these reasons
they have been adversely criticized in recent French literarure (Routier and Hern de Balsac)

\We intentionally omit numeric definition of the changes of size and shape of
single carduc secuions. If this renunciacion belabors analysis of the cardiac shadow
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with some subicctnity, this is not a crucnal objection, exace objective methods of
measurements appheable to all cases are snll not avalable. Personal experience is
just as indrspensible m radiologic analysts of the heart as the equally subjectrve per-
formance of percussion and auscultation. Ov ) upon linear me

endangers a most imporrant fact: the mast vital stem, precise constderation of cardiac
shape, is neglected. The litcrature contains many examples of misinterpretation
which arose from the exclusive employment of measurements, often extremely
schematic, This 1s riot mtended to deny any valuc to measurements m rocntgenology
for every visual method should be supplemented when possible by objective
measurements




~——Chapter Four
The Pathologic
Heart

L. The Acquired Valvular Lesions

WValular lestons are accompanied by
abnormal resistances and abnormal diastolic filling so that changes occur in the vari-
ous divisions of the heart as noted m the preceding chaprer

In many respects the simation 1s, of course, much more complicated One may
consider the mechanism of mitral regurgitation. Not only does the left ventricle
recetve an abnormal amount of blood from the atrium during dastole but pare of its
content cscapes through the incompetent valves in the preceding systole. In this way
the work of the left ventricle 18 v ery uneconomucal, 1ts cfficiency is adsersely 1nflu-
enced and 1ts content of residual blood mereases (Straub) Even without myocardial
damage somc ventricular dilatation results

In addition to peculianties of cardiodynamics of this hind, differences of periph-
cral regulation, of diaphragmatc function, of blood flow through the lungs, or
posttional relations 1n the thorax may occur and profoundly affect working condi-
tions of the heart. This should make 1t clear that gross morphologic changes 0
cardiac size and shape, roentgenologically demonstrable, can differ vastly from case
to case cven when aberrations of cardiodynamics seem to be apparently the same.
It 15 precisely these differences that have greatest significance for the evaluation of
the mdividual case because they mdicate peculanities of the myocardim or the
participation of certam peripheral mechanisms.

I AMitral Stenosis

Although stenosts of the mitral ostium 1s assoctated with regurgitation m most
cases, a separate discusston 1s Justified because 1t is not uncommon for narrowing of
the ostium to dommate the anatomic and functional picture completely.

In most cases of mutral stenosts the roe r 1s very ch 1stic (fig
89), it 1s characterized by filling of the cardiac wast, reduction or disappearance qf
the aortic knob, steep descent of the flat left ventricular are, and, frequently, v1si-
bility of the left atrum on the nght side Holzmann speaks frankly of a ‘.‘mnral
stenotic configuration.” This 15 readily explained by the special hemodynamic con-

ditions of this valvular lesion.

168



THY PATHOLOGIC HUART 169

A pure or dominant mitral stenosis compels the left atnum 1o empty against
abnormally hugh resistance. In a minonity of cases this resistance cant be overcome
by hypertrophy without noteworthy di Since it is ible to

P

Fic 89 —Schematc representarion of mitral stenasts
pure thickening of the atrial wall, in these cases the roemgenogram looks normal.
This holds when mitral stenosss has lasted for years as well as in recent cases
As a rule, however, more or less marhed atrial dilatation occurs Rately, this
difatation remains without further dynamc results so that the antenor view shows

Z—
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Fie 90 —rMitral stenosis'in 2 woman, 26 years oM In the antenor iew (5) the enlarged left
atrum projects as a flat bulge from the cardiac waist In the left auterior oblique posiion (5),
enlargement of the left atrium appears distinerly (arrow)

nothing but a bulging i the cardiac waist corresponding to the enlarged auncular
appendage, while i the right and left anterior obhque posinions, the postertor wall of
the heart appears more pronunent n the posterior medsasunum (hg. 90). As long
as the left atrium overcomes heightened resistance by s hypertrophy, signs of
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1. The Acquired Valvular Lesions

Vah ular lestons are accompanied by
abnormal r and at 1d lic filling so that changes occur 1n the vari-
ous dnstons of the heart as noted m the preceding chapter.

In many respects the situation 1s, of course, much more complicated One may
consider the mechanism of mutral regurgration Not only does the left ventrcle
recen ¢ an abnormal amount of blood from the atnum during diastole but part of its
content escapes through the incompetent valves in the preceding systole In this way
the work of the left ventricle 1s very uneconomical, 1ts effictency 15 adversely nflu-
enced and its content of residual blood increases (Straub) Lven without myocardial
damage some ventricular dilatation results.

In addition to pecubarines of cardiodynamics of this kind, differences of periph-
eral regulanion, of diaphragmanc funcnion, of blood flow through the lungs, or
positional relations in the thorax may occur and profoundly affect working condi-
tions of the heart This should make 1t clear that gross morphologic changes in
carduac size and shape, rocntgenologically demonstrable, can differ vastly from case
to case even when aberrations of cardiodynamics scem to be apparently the same
It 15 precisely these differences that have greatest sigmificance for the evaluation of
the mdividual case because they mdicate peculianities of the myocardmam or the
participation of certain peripheral mechanssms,

1. Mutral Stenosis

Alrhough stenosis of the mitral ostium 1s associated with regurgitation in most
cases, a separate discussion 1s justified because 1t 15 not uncommon for narrow ing of
the ostium to dominate the anatomic and functional picture completely.

Tn most cases of mitral stenosis the roentgenogram 15 very charactenstic (fig
89), it 15 characterized by filling of the cardiac wast, reduction or disappearance of
the aortic knob, steep descent of the flat left ventricular arc, and, frequently, st
bility of the left atrium on the night side. Holzmann speaks frankly of a ‘fmural
stenonie configuration ’ This 15 readily explamed by the special hemodynamic con-

dinons of this valvular lesion.
168
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‘The reduction and frequent disappearance of the aortic knob depends not only
upon reduced filfing of the aorra but pnmanly on cardiac rotation to the left (Ass-
mann) and the diatation of the pul y trunk jost ioned. The ditated,
elongated pulmonary artery rises parnicularly hgh to It the provimal aortic arch
enough for the distal section, which normaily forms the knob, to vanish behind the

\f y artery. C 1y of aottic diamerer by Kreuzfuchs’
method is not possible in these cases (Zdansky). it succeeds only when the aornc
Lnob reappears as the result of elongation and widening of the aorta, this may happen
n atheromatosis or combined mitral stenosis and hyperrension In the fateer the
appearance of the aortic knob and hypertrophy of the left ventnicle may biot out the
nurtral configuration of mitral stenosis so that the heart displays essentially an aottic
form (fig. 92).

Fic 92 —Mutral stenosis and hvpertension Woman, 61 years old Systolic blood pressure,
155, two years carlier 185, aunicular fibrillation In prmciple, the heart has an aorme configuration
wich a shallow cardiac wasst, and considerable pulmoniry stasss 1s present The marhed dilatation
of the left attium and rormal adth of the zorta spoke agamst the presence of 2 simple, decom-
pensated (mutralized) hype heart and, lty, also made the custence of mitral
disease probable,

The loca) bulge below the pulmonary arc 1s prodoced by the conus pulmonalss,
the enlarged left atnum, or both The more the conus dilates and the heart rotates to
the lefr, the more the left atrum disappears behund the conus so that ulnmately this
alone may form the border (Assmann) The antenor view does not permit one to
decide whether the protuberance belongs to the conus or the left atrium unless, as
occastonally happens, the bulge vamshes on rotation to the night and projects more
on rotation to the left, 1f this 15 the case 1t 15 formed by the conus, the reverse hap-
pens when 1t corresponds to the enlarged left atrum Naturally, 1f the atrum pro-
jects merely as a small sickle-shaped section over the conus as often happens, the
conus and atrm cannat be disunguished

The left ventricular arc 15 flat and often falls almost perpendicularly to the dia-
phragm owing to dumunished filling and atrophy of the left ventricle (fig 89)
Consequently, the transverse cardiac diameter 15 often strikingly small. Frequentdy
the small size of the left ventricie 1s first appreciated in the Ieft antersor oblique view
a3 one sees 1ts are descend verueally to the diaphragm (fig 93a,b)

Oaly when longitudinal tension of the night ventricle has also extended to the
inflow tract does the cardiac shadow shightly widen to the nghe (fig. 65} and accord-



170 ROFNTGEN DIAGNOSIS OF THE TIEART AND GRPAT VLSSELS

mcreased pressure i the pulmonary circulation or of right ventricular hypertrophy
are absent.

For the most part, however, dilatation of the left atrum is associated with
wncreased pressure in the pulmonary vens; the resultant decreased pressure gradient
1n the fesser circwit loads the night ventricle with increased work which it is able to
petform only by dilatation (p. 138) and hypertrophy consequent to higher resistance.

The results wisible in anterior views should be clear from the remarks on page
142. Blongation of the outflow tract of the right ventricle with elevation and dilata-
von of the conus pulmonahs and the pulmonary artery as well as rotanion of the
heart to the left, lcads to more or less complete filling of the cardiac wasst, that s, to3

Fic 91.—Mutral stenosis and emphysema Particularly marked ibbus-hike protruston of
pulmonary arc,

mutral configuranon Increased pressure i the pulmonary artery not only causes
dilatation of 1ts trunk but also of 1ts branches and produces enlarged hilar shad({\\s.
usually these shadows display mtrinsic pulsations in the compensated stage of mitral
stenasts. Morcover, the pulmonary arc may also show augmented pulsations.

“The bulgmg and elongation of the pulmonary arc 1s often striking and, on the
average, 1s greater than one 1s accustomed to sce m other conditions which le:,‘:'(s
night ventricular hypertrophy. The marked dilatation of the pulmonary trunh “f l;
underlies this siruation s, at least, favored by the rhcuma'nc mural da_magc of ;
pulmonary artery {Kugel and Epstemn, Chiarr). Occasionally a spmdflo-shapel.
aneursym of the pulmonary artery forms (Spitzer), Marked dllaEauon of the P:d
monary trunk 1s also found in the common combmnation of mitral discase a

emphysema (fig. 91).
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- 1ts transverse diameter enlarges a tnfle Then, the right cardiac border 1s
hened and its course downward and lateral

. at least 75 per cent of all cases of mitral stenosis the enlarged left atrium 1s
sle on the nght side of the carduac shadow (Lutembacher, Assmann); ths 1s
noted by cardiac rotation to the lefe (p. 160) Often the left atrium does not
ally form the border but appears within the cardiac shadow as a double contour

81, 93) Frequently, however, as a night convex arc it overlaps and fills the
t cardiovascular angle (fig. 80b). With further dilatation the left atrium can
nd far to the righe whereby the right atrium 1s visible within the shadow of the
(fig. 80c) With extreme dilatation the left atrum may form the entire right
1ac border as 4 massive curved shadow projectmg far mto the nghe hermithorax,
1ding almost down to the diaphragm, and broadly applied to the night anterior
t wall Then, the cardiac shadow 1s widened considerably to the nght The

atnium, displaced to the leftand forward by the enormous left atrium (Goedel),
+ longer dercctable within this dark mass of shadows
The diagnostic difficulties created by these enlargements of the left atrium are
light. At first one may consider night atnal enlargement. Agamst this diagnosis,
2ver, 1s the falure of the shadow protruding mnto the right lung field to extend
tly down to the diaphragm, mnstead, 1t bends median above 1t. It 1s not always
ble to exclude absolutely a dermoid cyst, 2n encapsulated pericardial or medias-

effusion or a pericardial diverticulum Most important for the diagnosis 1s
~ast-fillimg of the esophagus a ciccumseribed devianon below the ifurcation
ward and mostly to the left 1s an almost sure sign for an enlarged atrium.
“he stenosis need not be extreme for excessive atrial enlargement to occur
=del) In some cases as the cause of such dilatation, a fibrosis of the atrial wall
disappearance of the muscle fibers has been postulated, this has interpreted as
esule of injury from the prevsous myocardial disease (Bramwell and Dugnd),
iese cases 1t 1s proper to speak of ancurysmal dilatation of the left atrum
embacher)
“here 15 no parallclism between the size of the atrrum and the amount of pul-
ary passive congestion Precisely when the atrium 1s especially large, pulmon-
stasis may be shght or absent. This situatton has been explained by the fact that
e night atrium has been narrowed between the left atrium, pressing forward, and
the antersor chest wall, to throttle the flow of blood into the heart and therefore mto
the pulmonary crculation This need not be the only cause, otherwise retrograde
congestion 1n the systemmic ctrculation (liver) would be regularly observed and this 1s
not the case Probably the large left atrum which 15 capable of holding 2 liters of
blood may acr as a storage depot to unload the circulation and consequently prevent
pulmonary as well as hepatic stasis

On the enlarged left atrium which reaches beyond the night atnum to the
right, laterally directed systolic ventricular pulsations are often seen. Lsada and
Fleischner actually recorded a plateau-like widenmng 1n ventricular systole
electrohymograms. This led them to conclude that there was a systolic reflux of
blood from the ventricle mto the left atriam and this has anatomie support: stenosis
of the mutral ostum 15 always associated wath nonclosure of the valves Ths reflux
may, howeer, be only shght wich high grade stenosss so that 1 15 probable that atrial
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FiG. 93.—Mutral stenosis and descent of the dizphragm. Owing to descent of the diaphragm.
filliog of the cardizc waist by the dilated conus and pulmonaey artery 15 only shght The left
atrium 1s visible within the nght cardiac border as a double contour In the left anterior oblique
view the left border of the cardiac shadow 1s subdivided mnto an atrial arc and 2 left ventricular acc
which falls vertically to the draphragm (white arrow). Incidental finding Lob venae azygos (black
atrow) (a) Antenior view, (4) left antenor obhque view.
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“This rotation to the nght favors the appearance of the left strium on the lefe
side, but it opposes 1ts parncipanion m forming the nght heart border, consequently,
with daphrag descent, 1ts app ¢ on the nght 1s rare o Jess well expressed
than wich normat diaphragmatic positron. Through descent of the diaphragm, the
posterior wall of the atrium may be stretched so that the chamber looks smaller
than it acrually 1s.

Fic. 94 Fre. 95
Fia 94 —Mural stenosis with marked descent of the diaphragm Male, 98 years ol wich
gtneral paress Despite widening of the conus and of the pulmonary arcery. the carduac waise 15
maintaned.

Fie 95 ~Reducnon of cardiac size and change of its shape 1n mitral stenosts after a direns of
eahe biters Worman, 46 years obd. After the druresis (doteed limes) the duphragm descends and
the heare becomes smaller The feft atnum, presioasly projecting far to the nght, ha receded ro
the carduc shadow This may depend 1 part upon feduction of atnal size. Thus 1s certamly not
the sole reason, for now the feft atnum bulges more nto the candue waust on the left side The
change 1n vinbifity of the feft atrmum, 2t feast 1n part. 15 the result of rotaton of the heart ta the
aighe, 2 consequence of descent of the duaphragm

Elex: of the diaph also nfl the picture of muceal stenosis. Owing
to the transs erse posion of the heart, tus can occasionally oppose the appearance of
a mural contiguration (fig. 96).

When cardtac fatlure occurs tn muersl stenosts, different pictures may resule

First, cases arc not rare 1n which sudden, repeared but transient pulmonary edema
occurs. Occasionally this happens after exeruon, delivery, or menral exerement;
sometimes nsing from bed or the np o the Y-ray laboratory suffices Undoubredly
the pulmonary edems on these occasions 1s favored by increased ambunts of blood
advancing from the perphery to the heart and propelled by the hypertrophied nghe
heart o the fungs but no longer disposed of by the left hearr (Schellong). This
senous catastrophe, frequently facal, s relzuvely common with a small or nsig-
mhcantly enlarged mueral heart with a relanvely small left atrum. On roentgen
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filling, proceeding briskly under heightened pressure in the pulmonary vems, col-
{aborates in these accentuated pulsations, Moreover, Lusada and Flejschner saw a
remarkably small presystolic depression i the atrnal kymogram which they con-
sidered a sign of very marked stenosis of the mitral ostrum or njury of the wall.

When the enlarged left atrium 15 not visible on the night side of the heart, obligue
views, partcularly the right anterior oblique, have great importance because the
diagnosis of mitral stenosis often depends upon the demonstration of atrial enlarge-
ment One may refer to page 161 where the reasons are cited.

Once agam, a lefe atrium of normal size n no way precludes the presence of
mitral stenosts There are cases, as was indicated above, in which the atrium over-
comes herghtened resistance at the ostum by pracucally pure hypertrophy and
thereby compensates for the valve leston Since atrial hypertrophy 1s not detectable
and since nght venrnicular wadcnmg and hy pertrophy are absent, roentgenologicslly
1t 15 impossible to recogmze these cases which are usually benign and devoid of
crcculatory disturlances for a long tme Ordinanily these panents are women and
often without a past hustory of polyarthrits, tonstllius, or chorea.

Occasionally, despte normal size of the left arerum there 1s increased pressure
m the lesser circut and consequently nighe ventricular hypertrophy which leads to
a mutral configuratton (Assmann). These cases are rather rare.

In mutral stenosis the left atrium enlarges duning the Valsalva test while the
lefe ventricle remams practically unchanged (Pfesffer). The increased dimensions of
the left arrium are explamed as follows the excess of blood flowing to the heart
with forced respiration cannot pass through the stenotic mutral onifice mto the left
ventricle with sufficient speed, 1t stagnates mn the atrum By contrast, normally
the entire heart decreases 1 size and left atrial volume diminishes as well Since che
larter alse happens in mutral regurgitation, Pfeiffer recommends the Valsalva test
to aid 1n differential diagmosis of mutral stenosis.

The most rehable sign for the differential diagnosts betwscen mitral stenosis and
regurgitation 1s the size of the left ventricle 1f the transverse diameter of the heatt
shadow 15 small and 1f the arc of the left ventricle descends, a little curved and almost
perpendicular to the daphragm, we may assume lefe ventricular atrophy and the
existence and domunance of mutral stenosis, if, on the other hand, the diameter of
the cardiac shadow 1s mercased and the arc of the left ventricle clongated, markedly
curved, and promunent, 1t 15 very probable that the left ventricle 1s dilated and hyper-
trophied and that incompetence of the mutral valves prevails. Of course, examunation
1m the left oblique position 15 necessary for this diagnosis of an enlarged left ventricle
(p. 151)

Abnormal spatial condtions m the thorax may mfluence the picture of mitral
stenosts 1n different ways On page 148, reference was made to the fact that descent
of the diaphragm dimimishes bulging of the widened conus pulmonals and pulmonary
artery 1 the cardiac waist and c quently opposes the app 1 of a mitral
configuration (fig. 94). At the site of the conus the enlarged lefe atrium frequently
appears as @ flat arc since the atrigm 1s rotated from the left ar:ld postertorly when thcf

heart turns to the right under the influence of diaphragmatic descent (fig 95)- ¥
¢hus At curved section of Teft atrium appears above the teft venerrcular arc, the mieral

configuranion may be partly preserved.
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increase of pulmonary moisture than under normal circutators condinons (Zdansky).
Obwiously, then, there ts 1 tendency ta greater outpounng of fluds from the vessels,
which Eppinger and his coworkers desctibed under the term “serous inflammanon.”
A reliable ditfer bcmcm fl v exudition and stasts transedation in
these cases is 1mpossibl ! v and rather improbable at necropsy.

More frequently (hm augmented “Bow of bood mto the heart, or flammarory-
cararrhal processes m the Jungs, mereasing cicatncera} shnnhage of the muera) valve
graduatly produces retrograde stasts i the left atrum and pulmonary arcuit and
consequentdy signs of mereasing pul \ cong (p. 335). O fly, 3t
this ume, the left atnum enlarges \evertheless, i should be emphasized that the
size of the left atrrum, the width of the muerat orifice, and the grade of pulmonary
congestion ar¢ thoroughly mndependent from each other and precisels when the
atrum 1s fargest, sias of pulmonary congestion may be entirely absenr while stass
may be most ses ere m panents with a small or relam ely small lefr atrum

Under otherwise equal conditions, the mtensiy of pulmonary stasis 1s propor-
tional to the sabibicy of the left heart o discharge the blood recesved by it and the
amount of blood the powerful nght heart pumps 1mto the lungs. Under the mfluence
of high pressure, the arcs of the pulmonary artery and the conus protrude mereas-
wgly mto the cardiac waist

With faalure of the right heart, pulmonary congestion recedes, the hfar shadows
become smaller and sharper in outhine, rhe hung fields clearer, and the lung markings
less accentuated. Thus agrees with climeal expenience m thac dyspnca and orthopnea
as well as stasts cararrh and hypostasis in the dependent parts of the tungs dimmish
with the appearance of nght heart fulure

Usually, bur not always when the right hearr fails, progressive dilatation of the
right heart becomes increasinglv apparent. As noted on page 143 the enlargning night
vemrricle, providing there 1s no descent of the diaphragm, rends to develop tonard
the left unless prevented by an enlarged left venncle. Since the fatter 1s small in
rmutral stenosis, the greater yolume of the nghr ventricle expands the hearr mamly
1o the left rather than to the nght The nghr cardiac border bends bur hale laterad
although it becomes disunctly longer and often descends laterally toward the dia-
phragm; then the cardiodiaph angle app a nght angle. Now, most
of che left cardiac border 1s formed by the nght ventricle. Whether the enlargement
and extension of the hear to the Jeft depends solely on dilorarion of the night ven-
wicle or also of the feft often cannor be unequivocally sertled i the antenior view
Fluoroscopy m the lefe anterior obhque postmon, however, usually answers this
question {p 145).

Graham Steell and Pawinsks noted that marked increases of pressure mn the
pulmonary arrery tender the pulmonary valves mcomperent so that relatne pul
WONATY TEQUILITINON Can oCcur

Scherf discussed the relamne frequency of his cvenr, its pathogencsss, and ehmcal feataces m
detail He observed relin ¢ pulmonary regurgitation in matead stenosis more commonly n females.
Frequently, 1¢ 15 teans.ent 20d often it appears when palmonary pressure nises and subsides when st
falls It unloads the fesser circute with the diastolic reflux of 3 certam smount of blood 20d thus
explans the disappearance of dyspnea and orthopnea often voted when the regurgitation develops
(Schesf) For the appezeance of relative pulmonaty regurgitation, special Reubifity and distensibile
ity of the pulmonary artery 1s assumed, perhaps this develops on 3 thrumubc-in8ammatory basis
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Fic 96 ~~Mitral stenosts with high position of the diaphragm. The transs crse position of the
heart oppascs the appearance of a mutral configuranion

us

[} » ,

s;“ / i A

Fic, 97 —Mitral stenosis with pulmonary edema in a febnle catarrhal iliness. This mate, 31
years old, had mueral stenosis since childhood He was 1ll for two days with dyspnea, dry
cough, and fever On the following mght red, frothy spucum was expectorated The remceent fever
fell by lysis during the next fourreen days During this ume the patchy shadows in the hungs van-
1shed. The cardiac shadow remamed unaltered

+ 4 om P cimn and chann af thoca hanree mav anr he altered, only the signs of

with fever and climical

signs of a catarrhal pulmonary disease (fig 97). We have the impresston that such
catarrhal processes m mitral disease are often accompamied by a more definite
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fattening of the pulmonary arc, and recession of all signs of pulmonary congestion,
in ather words, with falure of the righc heart pressure falls 11 the lesser cizrawe and
the pulmonary artery becomes narrower Often, however, the antenor view of the
heart does not change even when cardsac size changes as demonstrared by percus-
sion, This occasional supersority of percussion 15 explamed by greater or lesser
appheanon of the righs heart, varying i exeent, on the antertor chest wall, this can
be easily demonstrated by percussion {Wenckeboch) Roemtgenologically such
changes have great significance in cardtodynames despste ther sparseness and arc
often demonstsable only in oblique or transverse posttians, difficulues of an exact
reproduction of the posiion and poor radioluceney of these chests owmng to lung
stasis often stand 1n the way

Prctures similar to those of a relatve pulmonary regurgmtanon occur i Lutet-
tacher’s syndrome and 1 mtral stenosis bined with p
followmg endocardins. This s, honeser, a rather rare combmmon (SchMm and
Shelbng)

Enfargement of the might heart usually nvohves the atrium as well as the ven-
tnele The possibslity and difficulty of deaxding the extent of ventncular and atrat
mvolvement was discussed on page 156 Fairly marked enlargement of the night
heart always speaks with some degree of probabality for myolvement of both sec-
nons I signs of pulmonary congestion are facking or are only shghdy deseloped,
+f the shadow of the supersor vena cava has expanded, or if the nght daphragm s
clevated or 3 hydrothorax 15 dcmnnsxrable. the presence of 2 relame tricuspid

must be Jered. Hi chis
of the carduac shadow as che * “tricuspid cmﬁgumnon Lateral pulsanions of the
ng}\r cardiac border in ventnevlar systole, described by Gmcdd “em not obseried

by A Dictlen, Hol nor Zdanshy,
which could pravide an exaet answer on this feature apparmtly are ycz 10 be re-
porred In d Hok observed 3 systolic lateral movement

of the shadow of the feft wenomunate vem, projecreng convesly to the left, above the
aortre kaoh (g, 114}

M 1th restorasmon of compensation, frequently cardiac size distinctly dmmmshes
as the aght wentncle becomes smalier Ofken, 2ff sipms of pulmonary stasis recur
with improved petformance of the nght ventncle.

The reduction of the cardiac shadow afrer compensanion 15 restored or after
copious druresis naturally could depend pardy or exclusively apon the absorption of
pertcardial transudate At present, the opinon generally prevads that this has nearly
always happened when the cardiac shadow becomes simsller 1 valoular discase
1 thus respect one probably goes too far In many cases analysis of the cardnae
shadow before and after compensauan shows zctual reductson of cardiac size and
parucularly of those parts which have been subjected to greatest demands Thus,
m mtral stenosss the reduction s often fimited exclussely to the right heart. One
mzy assume, 3 pnon, that \\hcn the cardiac shadow enlarges during the stage
of 4 { often parvopates To whar extent
the reduction of !hc cardhac shadoss depends upon dmunution of heart size and

hosw much it involses absorprion of 2 hydropencardim, naturally cannor be exactly
demonstrated.
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and leads to a “dissociation of the valcs™ (Chiar)) Dulacation of the conus pulmonalis favors its
occurrence

The rocntgen picture of typical relanve pulmonary regurgitation is very charac-
tenistie (fig. 98). Besides other signs of a mitral leston, the conspicuous, elongated
pulmonary arc protrudes 1 a strthing manner from the cardiac wast and below
jomns the usually flat curve of the conus pulmonahs or left atrium, finally o merge
with the left ventnicular are which descends relanvely steeply The hilar shadows
are enlarged and lung markings accentuated, nevertheless no severe pulmonary
stasts appears because the regurgstation, as already mentioned, tends to untoad the
lesser aircwie (Scherf) Frequently, but not mvanably, the pulmonary arc and hilar

Fic, 98 —Rclative pulmonary regurgitation with matral stenosts

shadows show mncreased systolic expansile pulsatsons but they lack the character of
pulsus celer save 1n a mnority of cases (Pezz1) The absence of a pulsation hike that
of pulsus celer, despite the valvular mcompetence (Assmann, Holzmann), s con-
sidered the result of a small stroke volume m mitral stenosis, this fails to proside
sufficient blood pressure amphitude

The roentgen picture 1s very charactenistic It permies one to decide m mitral
disease, when doubr exsts, whether 2 diastolic murmur of regurgiranon audible ot
the left sternal border 15 produced by a mitral lesion in combinatton with an aerric
or with a pulmonary regurgitation with increased assurance for the larter conception
(Schwartz) Nevertheless, this roentgen picture 15 not absolutely conclusive for
relative pulmonary regurgitation, rather, 1t merely shows that an anatomic basis for
1ts appearance 15 present As Scherf stresses, a change n the strength of the heart
these patients 15 not rare and with 1t the dastolic murmur of regurgitation dis-
appears and reappears. If this reciprocal play 1s followed roentgenologically, m
some cases a corresponding alteration of cardiac size and shape 1s found, when the
urmur of regurgitation disappears, one sees increasing dilatation of the nghe heart,
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Fic 100 —Mutral lesion with massive enlargement of the left atriom which forms the enture
fight heart border with the exception of a supradiapheagmanc section and which 1s broadly applied
10 the night anterior chest wall. Pulmonary congestion is only moderate

E\\

Fic 101 —Alternating pulsations of the left atrum which forms the border on the nght and
on the right atnal arc 1n 2 patient with mitral regurgitanion and stenosis The large systolic-cxpansile
pulsations of the lefr atrum are transmtted to the right hulus (The acrows indicate the direction
of the pulsations in single areas )

Usually the left atrium 1s enlarged, at least 1n two thirds of the cases 1t is visible
withm the night cardac border or projects beyond the right atnum Often 1t be-
comes enormous (fig 100). A left atrum of normal size and exclusively hyper-
trophied does not occur 1n mitral regurgitation with an enlarged left ventricle 1f the
lefr atrum projects to the night beyond the rght atrium 1ts pulsations are often
strihing in size and laterally directed during ventricular systole and they alternate
with those of the nght atmal arc (Mahaim) (fig. 101) According to Rosler and
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2 Murdl Regurgatation

Autral regurgutation due to thenmane, fever. Pure imitral regurgitation is also uncom-
mon, usually 1t is combined with stenosis. 1f, in the following pages, we spesh
about mutral regurgitation 1t merely means that the incompetence of the mirral
valves stands m the forcground of cardiac and circulatory dymamics,

As m mitral stenosts, normal roentgen findings do not positively exclude the
exsstence of miteal wnsufficiency, sometimes physical examination is supetior Often
weehs and monehs must clapse before a mitral regurgitation resulting from rheu-
mauc fever, chnseally established, produces radiographic changes These patients
are, however, less common than those 1n which a systolic murmur, a loud first sound

Fia 99 —C d mitral The 1y enlarged heart of mutral configura-
t1on shows elongation and marked rounding of the left ventricular arc and bulges to the nght with
a lengthened, markedly rounded, and laterally descending arc

at the apex, and a low grade temperature, which could be produced either by a
mitral valvulius or hyperthyroidism, are shown on roentgen exammnanon to be dueto
a valvular leston. In silent mutral regurgitation all murmurs are absent while x-ray
often permuts an q al d is. This emphasizes once agam that neither
clinical nor x-ray examination 1s entirely safficient, they supplement each other‘;
Roentgenologically mtral regurgitation differs from stenosis by the prcscncs o
dilatation and hypertrophy of the left ventricle, that 15, by expansion of the cardiac
shadow to the left with lengeh and greater ding of the left ventrscular all'c
and of the apex (fig- 99) (p. 153) This transverse cnlargemen(.of the left v‘mn;ch :
should nor be considered a sign of myocardial damage. Rather it 1s the resul r?[tn_
diastolic overloading by the pendutum blood. The second reason 1 the lf:is of oe -
ion by the regurgitation of blood 1nto the atrium, 1n this way the aorric valves opel
: the 1 entricle retans an abnormal amount of residual blood (Seraub).

too lateand
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conus and the pulmonary artery (fig. 102). The left anterior oblique position affords
good conception of the size of both ventricles (p 145).

Earker, it was noted that right heare failure in mutral stenosis unloads the lesser
circait and consequently reduces all signs of pulmonary stasis. This also holds for
mutral segurgitation, therefore, 25 a rule, as the cardiae shadow widens o the nghe,
simultaneously the hlar shadows shnnk, the hmg fields clear, and lung marhings
become less accentuated. Occasionally these signs of nght-sided failure appear
without noticeable enlargement of the night heart.

In regard to the diagnos's of relanve micuspsd and pulmonary regurgitation (fig.
103) the statements madc 10 the discussion of mutral srenosss hold.

WVith restoration of compensation the cardiac shadow often becomes remarhably
smaller. Thus does not depend upon absorpuion of a pencardial effusion exclustvely

(e

~,

Fio 103, —Mural with relatave pol and tricuspid Female,
46 years old (necropsy) Very large heart expanded to Icft and might, mitral configuration with
Y R S L L Iy L R T eomeren v

but, at least in part, upon 2 major reduction of actual cardiac size, Exact analysis
often reveals unequivocally that the reduction of volume does not affect all parts of
the heart equaily, the parts subject 1o the greatest demands and most dilared, Wike-
wise show the biggest reductions (Zdansky).

Refatrve or secondary wmtral regurgitation Fund: lly the g am of
regurgitation of this type, 15 determmed by the ground upon which 1t develops The
left ventricle 15 always dilated and widens the mutral ning to render the valves
meompetent

Prmartty, decompensated mitratized aortic hearts come under consideration,
icrespective of whether an zortic valve leston or hypertensive hearts of various type£
are mvolved The roentgenogram of a mutralized aortic heart will be discussed later
(p 187b). By anticipation it may be menvoned thar n compauson with mitral
regurgitanon resultung from rheumane fever, the Jefr arrium usually remains within
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Dressler, Lemke, and Lusada and Flesschner, these pulsations of the left atrial arc
express sudden atrial distention by blood regurgitating from the left ventricle during
systole However, bload entening under heightencd pressure from the pulmonary
vems contributes to sudden widening of the atrium since similar pulsations are also
scen m practically pure mitral stenosis (p. 173).

Undoubredly the puf desersbed by Bedford and Deessler as occasionally palpable between

the steenum and nght mudclavicular lne i imuteal regurgitation with 2 large feft atnum must be
asugned t0 a left atrum exeending far to the night as shown by x-ray.

The feft atrium extending far 1o the nght shefts the hilus on this side to the right
and transmits to 1t laterally dirceted systolic pulsations (Rosler) {fig. 101).

4

116, 102 —Meral regurgitation and stenosts The broken hine drawn caudad from the conus
pulmonalis indicates the approximate coursc of the sulcus longitudimalis antetior

As might be anucipated, the other alterations correspond thoroughly with those
enumerated for mutral stenosts. Morcover, the changes of the cardtac shadow in the
stage of decompensation are quite analogous to those of mutral stenosis except that
left ventricular difatation 1s sometimes very conspicuous

As mn mtral stenosis, progressive mpairment of the discharge of blood from
the lesser circure also leads to pulmonary congestton which 15 more strongly ex-
pressed wheneser the nght heart pumps blood 1nto the lungs w ith great force With
high pressure, the pulmonary artery may progressts cly dilate and, accordmngly, 1t
may protrude farther.

\With fatlure and increasmg dilatanion of the right ventricle, the heart evpands
¢o the right since this ventricle must cnlarge manly 1n that direction when the left
ventricle is enlarged. The anterior hme of both ventricles can be determined with
good approvimation by drawing a Ime shghtly convex to the left caudad from the
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border in the anteroposterior position 1s, m these cases, only the result of its dis-
placement to the night by the large left ventricle

Although one may assume that this hind of lefe ventricular enlargement reflects
myocardial failure, signs of decompensation—passive congestion for example—
may not appear for 2 long tme The left atrium also 15 not enlarged, the lung fields
are clear, and the hilar shadows normal These panents may continue their activinies
and even perform major physical feats.

On the left ventricular arc, the strikingly large, powerful pulsations correspond
to the augmented ventnicular stroke volume. These pulsations may also be trans-
mitted to the nght cardiac border so that both borders show equally large pulsations
to the unaided eye Kymograms of the left ventricular arc reveal that the systolic

~

Fic 105 —Syphilitic 2ortic valve regurgitation and zotuus Increasing clongation and finally
transverse expansion of the lefr ventnicle ___February 23, 1933 arch drameter = 29 cm ,
.May 10, 1933 arch diameter = 28 cm , - -- June 1, 1934 arch duameter = 3.3 cm

median movement 1s shostened by the premature onset of the diastolic lateral move-
ment (Stumpf) The pulsations are especially large and flapping when an 2ctive endo-
or myocardms exists
The vascular band mav be normal n breadth but 1s usmally widened since the
zorta 1s more or less dilared and elongated. Accordingly, the night upper arc of the
mediastinal shadow 15 more consprcuous and lengthened at the cost of the nghr atrial
arc, on the left, the aortic knob projects farther to deepen the cardiac waist and to
the aortic confi 1on The d ding aorta 1s exposed broadly as a
pale shadow m the cardiac waist and can be followed down to the diaphragm within
the cardiac shadow
On both borders of the vascular band, often with especial distincmess on the
aortic hnob, the roentgenologic correlate of 2 peripheral pulsus celer 1s seen as pulsa-
tions of striking size and charactenized by a brisk systolic outward and 2 slower
diastolic nward movement In febnle discases, parucularly m acuse endocardius,
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modest limits so that 1t projects less ito the posterior medsastinum and only rarely
beyond the night cardiac border Moreoser, signs of extreme hypertrophy of the
night ventricle and macked dilatation of the pulmonary artery are mussing.

3 Aornie Valve Insufficency

Blood regurgitating through incompetent aortic valves causes dilatation of the
left ventricle (p 152) as the result of retrograde filling which at first expands and
clongates the outflow tract of the left ventrcle, Consequently, no noteworthy
transverse enlargement of the cardiac shadow need occur, rather, this difataton
may be expressed merely by lengtheming and greater rounding of the left veneneular
arc and, at the beginning, this need not essentially alter cardiac shape Actually, it

—_—
_
e

i 104 —Aornie valve regurgitation duc to theumatig fever The heart s normal in size and the
left ventricular arc 15 somewhat clongated Pulsus celer on the aorra This male, 38 years old, was
2 mountain climber and a former football player He had rheumatic fever eighteen years earlier.

1s not unusual for aortic regurgitation to last for some time without any gross change
of cardiac shape (fig 10%).

Jn most cases, houever, the left ventricular arc 1s distinctly lengthened, more
markedly rounded with the apex displaced downward (p 153) and shows striking
pulsations which depend upon the augmented ventricular stroke volume. As long
as dilatation from retrograde filling 1s confined to the outflow tract of the ventricle,
one finds no change m the oblique positions

When the valve lesion has existed for a longer time or the myocardium ts dam-
aged, usually the ventricle progressively widens transversely from myogenic dilata-
uon (p. 139). Consequently the cardiac shadow expands to the left, the left ven-
tricular arc and the apex become rounder, and the cardiac waist deeper (fig. 195)
Then, the left cardiac border can reach almost to the left axillary wall. Morco:ier,
the mud-right distance can increase somewhat but this should not be casually dis-
missed as an cxpresston of right heart enlargement. The left anterior oblique position

reveals that the right heart 15 not enfarged. The outward bulge of the nght cardiac
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sionally they constirute the sole indication of aorie valve regurgitation in 2 very
large mitralized aoruc heart.

At first the lung fields show no congestion although these paents often complain
of exertional or noctumnal dyspnea or suffer from Cheyne-Stokes respiration,
Sooner or later, however, retrograde stasis of blood occurs withour the left ventncle
necessanly having reached considerable size,

Even before pul % becomes d: le oceasionally the left
aerium enlarges It is relatively uncomtron for thus to oceur i the form of double

— —"
4

Fic_ 106 R Fie. 107

Fic 106 —Aortic {alve regurgitanion due to sheumanc fever with massise dilatanon of both
ventrcles, the resaltof myocardis. Difitation of ascending aorta: Male, 22 years old (necropsy).
Very large, tively pulsations of the left ventnicular arc and huge pulsus celer on the aorta as often
seen 10 actve endomyocardins. Isolated dilaration of ascending 2orta whose narcumference was
115 cm (The arrows indicate the direction of the farge svstohe pulsanons.)

Fig. 107 ~* ! " an fasture of hy and ditated left ventricle in night antenior
oblique posinon {schemanc). Retrograde stasis from left ventncle into arnium s recopmized by
the wrcamscribed are of the esophagus (hatched) whuch 15, 10 some extent, supesimposed opon the
large bend of the esophagus over the postenor cardac wall. The evrcumscribed arc wndicates
enlargement of the feft atrum

contour along the nght heart border It 1s easy, however, to demonstrate atnal en-
fargement 1n the night antenoe obhique posinon since the banum filled esophagus
locally bends ourward, bachward, and often to the nght above 3 wide are which
sweeps over the postenor aspect of the large heare {fig 107).

Usually the cardiae watst s0on becames shallow and sipns of pulmonary con-
gestion mamfest. Then, it 18 proper to speak of “mitrabizauen™ (Vaguez and Border)
because the candiac and crrculatory dynasmucs as well 35 the effect on roentgeno-
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ary circwt In this way nghe w lar work and dit:

from in-
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these rapid pulsations are especially large and actually flapping; excursions of the
aortic border, 4 to § mm. in width, are not unusual, Lxeremely wide excursions
mdicate a reduction of mural tension (Zdansky).

Some cascs of aortic valve regurgitation do not show a pulsus celer in the aorta.
This makes the roentgenologic discovery of the valvular lesion and distinction from
hypertenstvc discase tmpossible. It seems plausible to explam the absence of pulsus
celer by a loss of aortic elasucity from atheromatosis or syphilis. Actually, this 1s
true n some cases. How cver, at umes therapid pulsations are missed when neceopsy
discloses trfling changes or 2 normal aoruc wall, This suggests that functional
factors account for the absence of pulsus celer, perhaps a heightened tonus of the
vessel wall. On the other hand, occasionally an uncquivocal pulsus celer 1s seen
despite advanced aortic alterations. Consequently no defimite decision about the
structural status of the aorta should be drawn from the presence or absence of pulsus
celer (Zdansky) The situation ments precise study.

‘The aortic diameter 1s important in decisions about the vafvular lesion, for the
aortic lumen 15 ordinanly normal or less dilated with regurgitation due to rheumatic
fever than m lues. Nevertheless, aortuc dilatation can be absent even in syphilis unul
an advanced age. In our cxperience this happens mostly i females In some cases,
perhaps the aorta was onginally narrow so that the diameter does not exceed normal
despite mural syphihis

Morcover, long lasting aortic vahe regurgitation from rheumatic fever with
coexisting hypertension or at advanced ages usually causes more or less marked
aoruc dilatation so that conclusions about the etiology of the leston from aortic
diameter are unreliable, The difficulty s increased by the fact that 1n both theumatic
aoruc valve regurgitation and in lues the dilatation affects primarily the ascending
aorta (Dictlen), the same holds in the activ e stage of endocardits and even 1n young
subjects. Often the dilatation mentioned last 1s dynamic rather than anatomic (All-
bute, Purks), 1t 1s an abnormal distention of the aoruc fumen resulting from dimin-
1shed mural tension (tonus) At necropsy of these patsents the 2orma 1s normal in
width and often rather thin 1€ the active process subsides, the dilatation may vanish
On the other hand, 1t may become anatomically fixed. While the entire thoracic
aorta may be affected involvement often occurs predomnantly or exclusively in
the mitra! section of the ascending aorta so that syphlinc aortins or mycouc aneu-
rysm scems hikely (fig 106). An aorta, dynamucally dilated, ordinarily shows re-
markably large, flapping pulsations as mentoned above, these, m conjunction with
simular pulsations of the cardiac shadow (p. 212) offer valuable evidence for the
existence of an active endo-myocarditis (Zdansky).

With failure, usually the lefe ventricle dilates progressively, consequently the

heart widens farther to the left and the left ventricular arc, projecting strongly but
- - TN — R TPE B B A S 1 TTewanller chanaee

.the stroke actually dimunsshes and partly because the same stroke volume produces
smaller excursions on a markedly dilated ventricle than on a smaller one.

Moreover, the pulsations of the vascular band like pulsus celex: become less
disunct and finally vanish Often, however, they perstse for a long time and occa~
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Moreaver, the conus and the pulmonary artery do not protrude sharply into the
waist so that it merely becomes shatlow. The diff S0 tmpx m duffe 1
diagnosis, in respect 10 the pathologc feston i the mitral valve may be explamed as
foltaws: failure of the left heart raises resistance n the pulmonary circuit more or
less acutely withow producing as much aghe ventncutar hypertrophy and dilaca-
Bon of the conus and pulmomq mcr) as n mutral disease; 1n the fatter, resistance
in the p fually and causes marked dilatation and
hnxnmphv of thc right xcnmclc znd macked ectasia of the pulmonary artery.
1f, for some reason, hike a coexisting emphyserma, pressure ncreases m the pul-
monary artery and the nght ventncle hypestrophies, esen a pure somc valve
incompetence may be assocuated with 2 dilated conus and pulmonary artery which
fills or projects matkedly into the cardwac wast. Consequently, 1 an 3ornc vatve
insufficiency combined with emphyserma, one 15 jusufied 10 ascnibing more or fess
marked flling of the cardiac waist to left heart failere only when the Ieft atnum s
entarged and pulmonaty congestion 15 present

Obviously, 2 mitralized aoruc valve closely t bl bined
mutral-aoruc disease The posubthey of a d will be d larer (p
198)

Usmily i and pul y are bined aldough che

amount of pulmonary passine congestion vanes gready. It 1s true. cetens partbus,
that pulmonary congestton 1s mare extreme when the left heart works poorly and
the nght heart pumps blood powerfully mto the ligs When the right heart begins
to fail, pulmonary congestion more or less recedes, the lung fields become clearer,
the hilar shadows smaller and sharper 1 contour and the tunz markings dimimsh.
Often, { 1y the heart prog fy widens to the nght owing ro diata-
ton of the nght heast (g 110) Lxanunation i the left antenor obligue positon
usually shows that both hahves participate i the enormous cardiac enlargement
(fig 111) Stasis n fromt of the heart 15 often expressed by widening of the supenar
vena cava and elevanon of the nght daphragm (stasis in the hver). In these cases it
15 possible, indeed probatle, that relauve tmcuspid regurgitauon s present
In 20ttic valve regurgitanon after rheumanc fever, both venncles may dilate
enormousty owing to myocarditis without the left atrrom pammapsong  Since both
ventnicles become equally mcompnm(, prtssure n the lesser aircmt may not -
crease and {y n appeats  Then, the globular
heart 15 enormous and bulﬂes 1o the left and nght (fig 106), despiee s stihing
size, 1 may show large, inely pulsanions Often an soruic pulse, hike that of pulsus
celer, 15 developed very well
Someumes, despite retrograde stasis m the systemic airculation, nght heart
enlargement is absent A necropsy, these patients have, on the whole, hntle or no
noteworthy nght heary enlargement despite 3ts failure. Occasionally such retrograde
stasts 1s not provoked by nght heart failure but by the dlated and hypertrophied
left ventnicle pressing agamst the nght, narrowmg uts lumen and prevenung the
wflow of blood 1nto the nghr heart Despice the chieal signs of retrograde stasis m
the systemic circulation, both pulmonarv scasis and night heare difaeanion are absent
{Bernherm's smdromv_)

Witha fized aoruc heartin g far, there 1s always the possibifity that 2
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Fie 108 —Socalled “macralization™ 1n falure of hypertrophied and dilated Iefe ventncle
(schemanc). The dilatation of the righe v entricle causes widening to the night and rotaton to the
lefe (arrow) as well as clevauon of the dilated conus and pulmonary artery As a resule the cardiac
waist becomes shallow

Fic 109 —Luenic aortic valve regurgitation Syphilitic aortiess Female, 60 years old Typical
picture of “mitraized” aortic heart wirh shallow cardiac warst, signs of pulmonary congestion
and bilateral hydrothorax. Thirteen months carlier (orthodiagram in broken linc) no signs of left
heact farlure although at that time the lefe ventricle was already enlarged considerably The ascend-
ing aorta 13 dilated decdedly

creased resistance develops, at first, there 1s predommant clongation of theoutflow
tract and later also of the mflow aract with rotation of the entire heart to theleft
The cardiac waist, previously decply excavated, now becomes shallow and the lung
fields, formerly normal, show progressive hilar enlargement, accentuated markings,
and more or less diffuse cloudmg.

Naturally the cardiac waist does not completely fill as in mitral valve lesions
since the lefe ventricular arc and the aornc knob project markedly to the left,
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descsited on page 151 appear i both oblique views A typical aoruc configucation
from simple dilatacton duc 10 mnereased ressstance and left ventncular hypereraphy
need not resule.

Usually, rymesd sornic configuration ocours only when transverse expansion of
the lefe vemericle 15 added 1o the lengthemng and hypertrophy Signs of decorpensa-
ton may be completely absent despite considerable cardiac enfargement as fong as
the dilatation 15 confined to the left ventncle. Morphologically the roentgen findings
resemble those of aortic valve repurgitation

The left ventoeular arc may slso show slow, almost labortoas systelic con-
tracttons as the roentgen correlate of pulsus tardus. Smee, however, nonocclusion
of the aorte valves frequently coexists and tends to produce large and steong
pulsations, these charactenssne slow pulsations are uncommon

Flongation, marked ourward bulging, and a rounded angulanion (fig. 112) of the
right border of the vascular band are relanvely conumon and idicate dilaranion of the
ascending aorta {Vaquez and Bordet) This poststenouc dilatation of the aorta s
produced by the mpact of blood ejected with grenter force agamst the vessel wall
from the hyperrrophied Jeft venncle through the narroved aortic orsfice (Vothazd).
As 2 dynamic dilatauon (p 371) 11 1s not demonstrable at necropsy, if the vabe
Jesion Jasts for a long tume the diatation of the supravalvular aorta becomes ang-
tomically fived

Smee farture of the lefc ventnicle 15 followed by retrograde stasis m the left
atnum and pubmonary creulanion, the cardiac shadow aod lung fields suffer the
same changes as these described m the left hearr falure of aortic valve regurgita-
tion & mutralized aornie heart appears 1, in the stage of mtrahzation, the character-
wtic pulsacions of aortic stenosis oF regucgitation are no longer evident (a very
comnon event) 2 rocntgenologie distinetion of these two valvular lesions 18 no
Jonger possible.

5 Truuspsd Regurgitation and Stenosis

Acquired pure tricuspid lestons are very rare Almost invariably lesions of this
valve ate combined with mitral or sortic valve disease Dresster and Frscher found
mvolvement of the mcuspd s 30 per cent of valyvlar Jessons due to rhesmatic
fever In one fourth of these the tricuspid orifice was stenoue. Relative mcompe-
terice of the valve resulung {rom night venerrcular diatation ss much more common

Usually sizas of 2 mutral or mmtreal-aartic lesion are present and only the ughc
heast entargement andicates with more or less probability that the tncuspid valves
do niot close or are narrowed

Tricuspid lesions prodace no charactenstic roentgen signs The difficalty in
proof hies m the face chat akerauons m size of the (wo sections of the night heart
from mcompetence or stenass of the ostium vary excremely and usaally differenuia-
tion berwcen the acrium and ventricle 1 very smperfect {p. 156} Tricuspid regurg-
tanon may be present wicth relanvely hittle nght heatt enlargement and, on the other
hand, 3t may be absent despite great enhargement, “Trcuspd configuration”
(Holzmann), that 15, elongation and 2 lacge Jarerally descending bulge of the night

hzmrt ar; 18 certainly not pathognomonic of Trcuspid regurgiation or stenosis
(fig 113
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collection of pericardial fluid assists in cnlarging the cardiac shadow; hydroperi-
cardium alonc may cause very similar alterations of size and shape of the cardiac
sithouette. A definite decision on the extent to which greater size of 2 mirralized
3oruic heart depends upon hydropericardium or actual catdiac enlargement 1 not
passible. Consequently, reduction of the cardiac shadow after the arculation m-
proves and after coptous diuresis should always suggest, at first, the absorption of 2
penicardial effusion. It 1s, however, improper to conclude that the diminution always

Fic. 110 . Fe 1l
Fi6 110 —Alirralized aortic heart in luetic aortic valve regurgitation, coronary stenosts, and
syphiline acruns Male, 55 years old Large cardiac shadow of aortic configuration, broadened
left and nght, with markedly rounded left ventricular are, shallow cardiac wast, the left atnum
visible on the right, and signs of pulmonary passive congesuon, Suggestion of pulsus celer on the
aorta Stx weeks later (orthodiagram in broken line) considerable dilaation of heare and small nght
hydrothorax Necropsy syphilinic zortic valve regurgitation Severe syphilinc aoruns with stenosis
of coronary ostia Hypertrophy and dilatation of both ventricles, especrally the left, with scars
from myomalacia No pericardial effusion
Fia 111 ~“Mutralized” aortic heart in left antenior oblique position (schemaric) The enlarge-
ment of the left atrium 15 recognized on the upwardly ascending lefe border of the cardiac shadow,
occasionally 1€ 1s detected also when the border 1s subdivided nto two ares The enlargement of the
right heart 15 cxpressed by the elongation and greater rounding of the right border of the cardiac
shadow

or exclusively depends upon such absorption Unforrunately there 1s no way of
reachmg a rebable decision on this question.

£ Aortic Stenosts

“The heightened resistance agamnst which the left ventricle must work when (l}e
aortic ostium 1s stenotic may lead to 1ts pure hypertrophy Roen(geno]ognca!ly this
appears, at most, as greater rt}undxng of the left ventricular arc. NaturaH.y signs ‘;f
dilatation due to increased resistance are very often added (p. 150), that is, the left
< elongates as well as becomes rounder. If this elongation ivolves

ventricular ar s
tracts of the ventricle, the changes m the cardiac shadow

both the inflow and outflow
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bhe elevation {corresponding to anal cxcursions deseribed by Luwsada and
Fleischner on the left attium in mutral regurpitation) is a tricuspid regurgitation
very probable.

Pulsarions along the great vemns of the vascular band appear to offer better pros-
pects 1n diagnosis 1 the nght border of the sascular bind can be sharply defined,
oceastonally on the sereen a positive venous pulse may be observed m the superior
\ena cava and the nght mnommate vein (Groedel). Holamann observed it in 2
patient whose engorged left imnomunate vemn projected convexly above the aortc

a &

Fie 114 —Lenons of three valves with tncuspid regrurgitation a0d stenosis and 2 posttive
venons pulse visible on the Jeft innommate vem above the sormic bnob Female, 52 years old (nec-
copsy) The elongated, lacenally descendiag fight cardiac border, bulging far 10 the night, 15 sub-
dwided 1mta an atral and ventncular are No signs of pulmonary congesion (The arrows indscate
the durection of the simultaneous pudsations on the left ventricular arc and the jutung shadow of
the feft inominate vein )

1. Right spnominate vemn § Left wmnommate vem
2 Suparior vena cava 6 Left atnom
3 Righ atum 7 Left ventnele

¥ Righe ventncle

kaob, we may add another imstance (fig, 114) It 1s easier to obtamn roentgenologic
proof of a postsve venous pulse 1o swtable cases by means of kvmography.

Fimally, reference should be made to the posiive hepatic venous pulse sometimes
recogmized as a ventieular systolic, upward pulsation of the nght diphragm
Hiczenberger recorded 1t for the first nme by the roemgenkymograph. Holzmann
observed a double hepatic pulse fluoroscopically n a patient with pow erfuf pulsations
of the nghr atrium

Unfortunately, these pulsatory ph 2, diagnosticalty and chm
cally casy to are observed L iy in only 2 munonity of cases,
The roentgenologic diagnosis of 2 tricuspid disturbunce therefore must usually be
based upon proof of night heart enlargement with relanvely hrtle or no pulmenary
stasis, broadening of the superior vena cava, and wpward displacement of the nght
draphragm These signs gan in value, however, only when they appear succesuvely
m senial obsersanions (fig 115).
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Conscquently other roentgen signs have been sought. Rosler correctly drew
attention to the clanty of the lung fields, for both tricuspid stenosis and regurgitation
unload the lesser airculanon But, smee the amount of pulmonary congestion depends
upon still other factors, on the amount of circulating blood and on the power of the
left heart for example, refative clanty of the lung ficlds cannot be regarded as proof
of a tricusprd disturbance without further consideration. Naturally if the right heart
1s very large or enlarges progressively on serral examination, this assumption gams
in prolabifiry.

Retrograde stass, usually cocxisting n the greater circulation, usually causes
the vascular band to widen to the right by the increased pressure in the superior vena
cava (Groedel) and upward displacement of the night diaphragm by the congested

Fie 112 Fic 113
Fic 112~Aortic stenosis((schematic) T'longation of the left ventricular arc Lengthening,
marked protrusion, and rounded angulation {arrow) of night vascular band owing to dilatauon of
the ascending aorta
Fic 113.—Mtral-aortic valye lesion with particularly marked enlargement of the right heart
but without signs of tricuspd regurgiranian Worman, §8 years old There are signs of considerable
pulmonary congession

liver. Lven chese signs, by no means constant, can be evaluated only when they
appear with right heart enlargement. Frequently they arc absent

The signs which have been mentioned arc common to tricuspid stenosis and
regurgitanion. Extreme stenosts is characterized by a particularly large nght atrum
and stking clanty of the lung fields. Occasionally excessive atnial enlargement
also exists 1n the absence of a valve lesion (Dressler).

The pulsations of the night cardiac border, of the vascular band, and of the right
diaphragm (hver) have attracted attention m the diagnosss of tricuspid regurgita-
won. Groedel considered lateral systolic ventricular pulsanons of the right atnal
arc pathognomonic  Assmann, Dietlen, and Holzmann could not confirm ths, ths
is comprehensible on the basis of roentgenkymograms of atrial pulsations (Zdansky
and Elunger) because-the atnum normally cnlarges during venmculz.r systole-
Only if the right catdiac border shows, 1n the clectrokymogram, systolic plareav-
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Fic 116 ~Combined 3 valve Jesion Conssderable enl of cardiac shadow
which 1s broadened to left and right with fthng of cardiac wasst and an clongared, markedly rounded
{eft ventricular arc whch showed large pulsanons The large left atrium projects to the right over
the right atrsum The lung ficlds are elear although the hular shadows are enlarged and fung markings
are accentuated The aocea was normal s width and did not show a pulsus celer.

=
N

B
Iy

Fig 117 ~Lesion of three valves {regurgiration and stenasts of soene, mtral, and rocuspid
osta) from tecurrent theamatic fever. Female, 27 years o) {necropsy) () Anterior view, *
left anterior obhique view. Six years earher (dotted hine arthoduagramy no signs of 3 wricuspid
lesion
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Tt1s impossible to differentiate with certainty tricuspid regurgitation from steno-
sis if pulsatory phenomena favoring the first are not uncquisocal. It is also impossible
to determine whether the regurgitation is relative or the result of theumatic fever.

H. Rosler described an interesting relative tricuspid regurgieation. A 43 year old man developed
carduae falure with cyanosts, a posiive venous and hepatic pulse and avricular fibrillation 1 the

course of fourtcen years, Rocntgenologically, a very large cardiac shadow bulged to the left and
right with a well preseeved cardiac wanst, marked wideming of the supcrior vena caval shadow, and

—_— e

Right atriun-
Left ateum

Fiu 118 —Ilncreasing dilatation of right heart with development of relative tncuspid regurgita-
von. Femal, 26 years old On March 27, 1935, the large lefe atrium extended about 7 mm. 10 the
nght (orthodiagram 1n solid Linc). On Aprl &, 1935, with s decrease 1n duresis and gamin weight,
there was considerable cardiac enlargement of the cardsac shadow to the night and a higher right
leaf of the diaphragm (hepatic congestton) The left atrium at this time 15 seen withen the nght
cardiac border (orthodtagram 1n broken line)

SSIVE
no pulmonary congestion Necropsy revealed relative tricuspid regurgitation rcsuln'ng from masst
dilatation of the right ventricle and atrium which the observer ascribed 1o myocarditis

6 Combined Yalrular Lesions

The frequent combiation of mutral and aortic valvulitis often causes hearts to
display signs of micral and aortic configuration (figs 116 and 117). Acc'ordmg to the
type and degree of combined valve lesions and according to condttions in the greater
and lesser circulations, single sections of the heart expertence very different changes;
in some cases mitral, in others aortic configuration dominates the picture.

Mitral stenosis and aortic regurgitation to some extent exert oppostte effects
The small amount of blood admitted by the stenotrc mitral ostium hinders left
ventricular dilatation and hypertrophy that would occur with pure aoruc valve
regurgitation. When filling 15 dimimished, the small stroke v?lumc of thc:.i Iiﬁ
ventricle usually dampens the large pulsations of the left ventricular arc and the
pearance of aortic pulsus celer. As a rule, the aorta is normal mn width or, owmg fm

inished filling, hat narrow. Consequently the heart d‘splays !‘hc x:gn:mo l\ﬂ
mitral lesion while the coexisting aortic valve regurgiation remains mbrhcﬁo :0}
ground or does not emerge (fig 118). The same also holds for the combina

mitral and aoruc stenosis.

ap|
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Fie 119.—Cardiac shadow of zortc configuration 1n regurgitation and stenosts of mitral and
aortic ostia Male, 25 years old () Antenor view, (B) left antenor obhque view, () nghe
antenor obhique view  Only the enfargement of the mathedly pubsating lar shadows and the
aceenmated bulge of the postessor cardiac wall make i probable that a lesion of the mutral valve
exists 1n addition to an aoruc valve lesion

b
Fio 120 —Typical presure of 3 mitralaortc lesion Male, 56 years old. Necropsy aortic

venmcutae are, rounded apex, and hlling of the cardiac warse b the farly cored, protsadrag pul-

monary arc, The left atrim, considerably enlarged, forms the border on the night and displaces
the esophagus to the fight and 1y Signs of pob

b4
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In other cases the left ventricle fills enough to provoke hypererophy and dilata-
tion and to cause noteworthy enfargement of the stroke volume and pulsus celer,
Then, desprte elongation and greater rounding of the left ventricular are, the cardiac
shadow rerams predomumantly a mmieeal configuration and the picture resembles thar
of mutral regurmtanion. Only the large pulsattons of the left ventriculat arc, sortic
pulsus ccler, so often present, and the distinetly promiment aornic knob hint at the
combmation with an aortic valve regurgrtation. Morcover, similar aleerarions,
cxeepr for the pulsatory phenomena, can also occur from mitral stenosis and co-
cxistent ypereenston

Furthermore, 1n the combimation of a mutral-aortic leston with pulmonary em-
physema, the mitral configuratton may domtnare sufficiently to suggest a pure mitral
fesion However, signs of marked left ventricular hypertrophy and dilatation as

- - W
Fro 118 —Cardtac shadow of mitral configuration tn regurgitacion and stenos:s of mueral an

aortsc ostta Female, 23 years old (necropsy) Very large left atrium projectng far to the nght,
the esoph to the left ly.

well as disunct projection of the aortic hnob should at least arouse the suspicion that
no purc mutral lesion with emphysema exists bu rather a combimation with aomc{
valve regurgitavon This conjecture becomes practically certan 1f pulsations o
strking size are seen along the left ventricular arc and a pulsus celer. The me&,&
of pulsus ccler does not, however, preclude aornc valve regurgiation (p 186).
[n contrast to the cases Just d, the aortic config m othc;s domy-
aates over the mitral (fig 119) or the picture of a mitrahized aortic heart1s sxmuht;d
(fig. 120). The latter 15 comprehensible since card{ac dynamics are disturbed m :I\:
same directjon 1n a mutral-aortic lesion and in 2 mitralized aortic heart. In onc,hﬂ
alve is incompetent ow1ng ¢ shrinkage of the valve leaflets and 1 the of]
ring, m both, the left atrium enlarges, pressure 515¢s 11
and the night ventricle dilates, m short, the morphologic

mural v
by stresching of the valve
the pulmonary circulation,
results arc analogous.
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walls Assmannand Dietlen descnbed cases oft}ns kind. Dretlen stressed how difficulc
1t 15, clincally and r 1 lly, todi hthis situation from a hydropericar-
dium. Roentgenologic differenuiation 15 rendered more difficult since the pulsations of
these hearts are often very small and pulmonary congestion may be absent. On the
basts of a case inwhich thed was established by par: Dretlens: d
that the differentiation from hydropericardiumis posstble when the enlarged left aterum
1s seen within the right cardiac border as a double shadow and the inferior vena
cava fills the lowered night cardiodaphragmatic angle.

7 Pulmonary Regurgitation after Endocarditts

In contrast to relative pulmonary regurgtation (p 178f) pure pulmonary regurgt-
tation from endocarditis 15 rare {Wemberger) Usually 1t leads to exclusive or
predominant dilatanon and hypertrophy of the rght ventricle by diastohe over-
loading This produces a mutral configuration with the heart broadened mamly to
the left, on 1ts protuberant pulmonary afc, a pulsation like that of pulsas celer 15
seen and the enlarged hilar shadows show intrinsic pulsations Both cardiac borders
display large excurssons which anise from the night ventricle Naturally, signs of
pulmonary congestion are absent. Usually the left atrum 15 normal

In the anterior view, a morphologic differentiation from a relatve palmonary
msufficiency (Graham Steell) 1s impossible although the large pulsations Itke those
of pulsus celer on the pulmonary atc and the hular shadows make the latter seem
1mprobable When the cardiac shadow enlarges as the night heart begins to fail and
as a consequence of the smaller stroke volume, the large pulsations of the heart and
of the hilar shadows vamsh and the picture more nearly resembles that of relative
pulmonary regurgitacion  Only the normal size of the left atrium allows one to
exclude a Graham Steell relavve pulmonary regurgitation But 1f thus 1s established
there remams the possibility of a congemtal defect of the atrial septum (p 264),
mn which blood passes out of the left heart into the right It 1s impossible 1o reach a
definite decision by x-ray. Since pull ¥y I 10n of nfl y origm 1s
relatively rare, one should think first of the congenital anomaly yust mentioned.

II. Hypertension

A heart with normal functional capacity can, as was explamed on page 117,
overcome 1ncreased peripheral resistance by more powerful contractions which
gradually lead to hypertrophy of s walls In nme, howeser, systolic emptying
of the Jeft ventricle becomes imperfect and causes dilatation due to mcreased resist-
ance (p 138), this enables the ventricle ta perform the added work and is also
follow ed by mural thickening The roentgen picture of various forms of hypertension
1s umiform There are signs of hypertrophy and, should the opportunity arise, of left
ventricular dilatation 1n all grades from the mimmal and scarcely recogmizable to
the most extreme

Although no specific picture should be expected in the different forms of hyper-
tenston, diffcrences occur 1n the extent of hypertrophy and dilatation, although these



198 ROENTGFN DIAGNOSIS OF THE HEART AND GRIAT VESSELS

Despite these similanitics, some differences permit the distinction between a
mitral-gortic lesion and a mutralized aortic heare with more or less probability,
These pomnes are summarized below .

Mitral-zornc leston Mitrahized anrtic heart
Lefe atrum markedly entarged projectmg de- Left atrium loss enlarged, therefore projecting
adedly 1nta the posterior meduastinum and often  less ito the posterine medtastinum, on the right,
formung the right cardiac border. 1€ 1s wisible within the cardiac shadow and ec-
casionally as 2 double shadow but usually not

projecting beyond the right atoum.

Pulmonary are and often conus pulmonals de-  Cardiae warst merely shallow Pulmonary are
fincable as a promunent arc projecting 1nto the  and conus pulmonalis not bulging
cardiac wast

In compensation, mercly enlarged hilar shadows, Almost always more of less scvere pulmonaty
often with intniasic pulsations Signs of pulmo-  congestion,
nary stasis only in decompensation

In comy only a moderately Usually the heart 1s considerably enlarged
entarged heare, accasorally almost normal
size

These differential signs depend largely on the fact that m combined lesions,
retrograde seasts 1n the left atrsum and consequent reduction of pressure po(cn(i?l n
the pulmonary circait develops very gradually, leading to marked, sometimes
enormous, left atnal enlargement (fig 118) as well as to night venericular hyper-
trophy and difataton with their results, so-calfed mutralization of the zortic heart
on the other hand 1s 2 relatively acute event which happens with left ventricular
failure. Consequently, with the mirralization, left atrial dilatation usually remains
within modest Jimirs (Dietlen) so thar real night ventricular hypertrophy and marked
dilatation of the pulmonary artery usually do not emerge. On the other hand pul-
monary congestion 1§ more or less marked, as a rule, as long as the nght hearr also
has not fatled. The differential signs have exceptions and, at times, no disuncuon
can be made between relative mitral regurgitation and the form follow g rheumatc
fever (Dietlen, Vaquez and Bordet, Henschen),

The heart with a combined mutral-aortic lesion may closely resemble 2 hyper-
tensive heare with complicating emphysema, mn both, the cardiac wasst may be filled
by the protruding pulmonary artery and conus pulmonalis, 1 both, hilar shadow s
are enlarged and often show intrinsic pulsations. Differenuation 15 possible, how-
ever, smce in combined lesions the left atrium 1s enlarged while in a compensated
hypertension-emphysema 1t 1s normal 1n size If the left ventricle fails in a panient
with hypertension and emphysema, differenttation from a mitral-zortic lesion may
be impossible since now left atnial enlargement is present

Wth lestons of three valves the heart 15 usually considerably enlarged and, a5

. et Torr 2+ 114}, No definite deciston on the
e (p 199,
'ston the large globular heart
¢ below a short vascular band. The markedly rounded
le arcs and may extend almost to the lateral thoracic

bulges far to the left and righ
borders may merge 1nto sing
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shadow enlarges exclusively or predommantly to the left or universally. The Teft
cardiac border elongates and bulges more roundly to the left, indicating left ven-
tricular dilatation and hypertrophy, often the cardiac waist 15 somewhar shallow.
The aorta dilates bietle or not at all The pulsatons of the cardiac shadow are often
distinctly dirumished

Commonly, 1n acute nephrits, the diaphragm s elevated (Zdansky) bu this 1s
not always striking, often this 15 r d only when the diapt descends after
the tenal process subsides Very probably it results from retention of flud by the
abdormnal viscera (fig  122). Narurally this elevation of the diaphragm may dis-
place the heatt upward and transversely, a pomt to'be considered in decisions on
cardiac size

Occasionally the only roentgenologic sign of acute nephrtis, but one rarely
mussed, 1s bilateral hydrothorax (figs 121 and 122), in many cases the amounts
mvolved are small so that they may escape clinical detection Sometimes they just
fill the costophrenic angles or appear as a small seam, shifting on respiration, and
as a lamellar shadow, extending up along the thoracic wall from the costophrenic
angles. These small collecnons of pleural fimd have diagnostic sigmficance because
they appear regularly (Eppinger). They have no connection with cardsac stasis but
are nephrtic exudates

Frequently, m acute nephritss, the lung fields show strikmg changes the hilar
shadows are enlarged, compact, hazy, and surrounded by lincar and focal shadows
These denstues may be confined to the perihilar areas bur often include large sections
of the mddle and basal parts of both lungs, occasionally they completely fill both
lung fields, obscuring them by more or less mtense bur not homogenous haze If
these densities are confined to the cenrral parts of the lungs, the absence of ac-
centuated vessel shadows in the perspheral parts of the fields indscares that pul-
monary congestion of cardiac origin 15 not present. Actually pulmonary edema of
nephritic ongin exists, at one rime this {p. 350) 15 mamly interstitral (fig. 253) and
at another parenchymatous (figs 251, 252). Often 1t develops very mnsidiously and
escapes chinical detecnion for a long time, particularly when 1t 1s largely mrerstinal
and merely mvolves the central parts of the lungs Therefore, its roentgenclogtc
detecrton has great practical importance (Zdansky). It can vanish completely m a
few days

Naturally, pulmonary stasis of cardiac origin also occurs at tmes Occasionally
one finds an enlarged heart of aortic configuration showing sigas of mitralization

The enlarged cardiac shadow 1 acute nephertss may become smafler, Ofen, ina
amazingly short time, withtn a few days, even within twenty-four hours, the en-
largement disappears. This rasses the question as to whether the heart actuallv
enlarges, or a pencardiat effuston forms, or both. Smce it 15 1mpossible on the basis
of a roentgenogram to exclude a pericardial effusion, even one coutaining several
hundred cubic centimeters {p 326), great caution must be observed m statements
abour actual merease of cardiac size. This holds parucularly since hilateral plearal
effusion 1s almast wvaniably present and this makes a corresponding collection of
pericardial flmd very probable When it 15 considered that accumlations of pleural
flud are usually small while the cardiac enlargement may be considerable, one must
assurme that 1 such cases cardiac dilacarion 1s present or that much more fuid 15
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lack dearsive value, they have diagnostic and prognostic importance within the
frame of the complere chinieal picture and often significance for therapy. Clinicians
and pathologists, lihe v. Romberg, Volhard, Fahr, Passler, Jores, Kroetz, and others,
have drawn attention to these differences.

L. Nephrtic Hypertension

Often 1n acute nephrius the cardiac shadow 1s enrirely normal in size and shape
when the systolic pressure reaches 160-180 mm., Hyg or more. Hypertrophy of the
normally funciomng left ventricle and the dilatation due to increased resistance

Fic. 121 Fic 122
Fie 121,—lghe cardiac calargement and bilateral small hydrothara i acure nephrtis r:m:,
25 years old November 27, 1936 blood pressure 200/150 mm Hg, ---..January 4

1937 blood pressure 130/95 mm Hg The bilateral hydrothorax has disappeared .

Fia 122 —Noderate enfargement of cardiac shadow, bilsteral small hydrothorat, and :vaz:::
of diaphragim in acute nephrins Recession of alt signs after the nephritrs vanished Male, 32 yea
ald February 6, 1935 blood pressure 150/60 mm Hg, NPN 85 ¢ mg per cenf, ------
April 20, 1935 blood pressare 115/48 mm Hg, NPN §04 mg per cent

{p 138), often present, may be so erifling that no unequivocal nlrcmr!on of the cnrdl;lc
shadow occurs (p. 149). Naturally 1f there is an occasion to reexamine the hmﬂ; )
patient with nephrins after the process has subsided and the blood pressure s:f
ceturned to normal, a companson of the orthodi: or teleroentg ““\i{
ally show § that during the illness the arc of the left ventricle was somew hat clony,:ln ;
and ronnded (figs. 121 and 122). These tnfling aleerations reflect 2 Ic’ngltu l‘fl.

In many cases of acure nephritis the cardiac Shadow 1§ cirdigeu dlw wns ‘...A{
onswlerable Moz, Dietlen) A connecrion with the blood pressure lcvc&mas
tGrov:dcl originally observed, 1s common but not always apparent, The cardiac
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heavy fabor, obesity) are added to the chrome renal malady, Then, a large :fortic
heart, widened particnlarly to the left, develops with its massive left ventricular
arc somenmes extending almost to the lefi chest wall and with small excursions of
uts borders. Analysis of the roentgenogram reveals left ventnicular hypertrophy
and dilatation and wsually a dilated sorta. Often signs of muralizanion are noted.
shallow cardiac waist, enlarged hilar shadows, mereased lung markings, and an
enlarged left atcium, that 15, alterations mdicanng lefe vemrevlar failure. Finally,
the nght hearr also atsins considerable size as expressed by increased widening to
the night, greater bulgmg of the arerior cardac wall m the left ancertor obhque
posttran, and, often, light tang fields.

—

Fii 123 —Progressive reduction of cardiae size and restoration of cardiac compensation after
strophanthun despite pessistent elevation of NPN 1n a case of contracted Ladney Death from cere
bra) bemorrhage eight days after fina) observanien Male, 55 years old (necropsy). ~..~~February
1, 1937 blood pressure 2057125 mm Hg, NPN 86 8 mg per cent, pulmosnary congescton, ...
Februaey 11, 1937 blood pressuce 2107115 mm Hg, NPN 108 mg per cent, no pulmonary
congestion . _.... . .February 15, 1937 blood pressure 210/115 mm Hg, NPN 106 mg per
cent, no palmonary congestion

Thus pure cardiac decompensation 15 not the typical end stage of nephritss and 1s
actually rather rare {v Romberg)
At [N

cardial damage This 1s not intended to imply that the retenton of mtrogenous prod-
vcts leads to cardvac ditatation nor that dilatation parallels such retention Fre-
quently, the heart becomes smaller when ns strengrh is improved by digitahis despire
4 tugh leve} of residuat muerogen {fig 123)

There 15 2150 no constant relanion betw een the height of the blood pressure and
cardiac size, a certain paraliehism 15 seen i single cases for the heart tends to become
larger or smaller as pressure nises or falls (fig. 124).

At all events, ion very frequentdy discloses derable cardiac dilara-
nion 10 the end stage of secondary contracred hidney. The opposite opinion hasbeen
expressed repeatedly for the following reason. usually the stage of cardisc difaration
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excreted into the pericardial than mto the pleural cavity, Although this possibiliey
cannot be summanly dismissed, it loses plausibility since there are adequate reasons
for the appearance of cardiac dilatation when renal failure oceurs. Increased blood
volume, elevation of peripheral resistance and urcmictoxic damage of the myo-
cardium undoubtedly tend o produce progressive cardiac dilatation. Actually, even
m this stage of the discase, clmical signs of cardiac failure are common and necropsy
may reveal cardrac dilatation predomnantdy mvolving the left ventricle,

Undoubtedly one must consider the possibility of cardiac dilatation in the acute
stage of nephritis; Volhatd, without hesiation, interprets the enlargement of the
cardiac shadow 1 these cases as a result of dilatation. On the other hand, Alwens
and Moog belicve that the enfargement depends only to a slight extent on cardiac
dilatation while 2 hydropericardiam 15 mainly responsible. Their opmien is based
on the fact that the cardiac shadow becomes smaller coincident with the disappear-
ance of the pleural effusions, pulmonary congestion, and edema. This argument 15
not entirely convincing because it s Just as reasonable to assume that the heart can
also become smaller with falling blood pressure, removal of flud, and recession of
ureria, We have frequently made an observation of interest the cardiac shadow
increases in size with undimimished pulsations and persistence of the individual arcs
when signs of renal failure appear, particularly as the nonprotein mitrogen rises,
since this cnlargement may vanish when residual nitrogen Jevel falls, ths seems to
suggest that cardiac enlargement, at least 1n many cases, indicates dilatation from
an uremic-toxic myocardial mpury. Naturally this does not preclude 2 pencardial
effusion from contributing to further enlargement of the cardiac shadow. To what
extent this happens caunot be stated owing to che 1mpossibility of recognizing 5[“““
pericardial effustons roentgenologically. Consequently, while 1t cannot be denied,
despite the probability, that mcreased size of the shadow often depends upon an
actual cardiac enlargement, nothing definite is known abaut the frequency and extent
of it. Conclustons on this scare will be obraned only when pericardial paracentesis
1s performed systematically.

In the second or continued stage of nephritts (Volhard) the cardizc shadow 18
enlarged shightly or not at all. Among patients with war nephrits, Franke-Musils
found a notmal cardiac shadow 1n 10.4 per cenc and pure left ventricular hypertrophy
1n 45 per cent, the heart was dilated mn 29 per cent, the left ventricle m 11 per cent
and both ventricles 1n 18 per cent, In our expertence, the hypertrophy and, usually
minor, dilatation 1s limited to the left ventricle, the left atrrum and the right hgart
usually remam normal Extreme cardiac enlargement ltke that of acute neph{lﬂs
and rerminal renal farlure 1s refatively uncommon i the continued stage of ‘nephrits
The lung fields are clear and without signs of pulmonary congestion of edema

Volhard stressed that the degree of left ventricular hypertrophy and dllnt}ltm"»
in general, depends upon the height and, to a certain measure, upon the duration of
hypertension; the constitution and requirements of the body musculature could alSvO
influence the extent of left ventricular changes Acrually, older sndividuals who }mlc
suffered for years, and particalarly slender women, often have hearts ‘ff entirely
normal size Tallquist and Hess emphasized the significance of consutution in She
absence of cardiac hypertrophy. On the other side, occasionally decrded dll?_t;:;"
appears with phenomena of renal failure, if other mjuries (excessive use O 5
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fmarked left ventricular hypertrophy and ditatation s definitely greater (Vothard,
Fahr). According to Lange and Wehner, m fived hypertension with cardiac com-
pensation, the aterage widenng of the hears to the feft paraliels the heighr of the
blood pressure Thus holds, how ever, only for average values i large sertes, in single
cases there are many exceptions to this rule Very commondy, patrents with 2 sys-
tolie blood pressure of 200 mm Hg and more do not show akerauons of the heart
whtch are demonstrable roentgenalogically, but ths also happens in panents with
labrle hypertension when the high values are only momentary or shorzlasung (fig.
125}, thus agrees with chmeal and pathologic expenience. Similar observations have
been made m the hypertension of chromc lead possomng (Vaquez and Bordet).
As m nephritic hypertension, the morphologie alterations to which the heart 15
exposed depend not only on the herght and duration of hypertension but also on
constirugsonal Factors { Tallquist, Hess) and condinional snfluences such as the mode of
tife, alcohobsm, and obesity A mode of hviag mvolving physical and mental stram
and abuse of aleohol, rends to dilate an already sverburdened heart, 2 quier hfe,
mestat eranqutliey, old age, rest enforced by other discases, emacration, 3nd many
other influences offset cardiac hypertrophy and diarauen (Volhard) It ss peculiar
1o the nature of the disease thar factors which promote cardizc enlargement fre-
quently are refanvely more effective in hypestensives than i patsents with nephritis
This is clear even from the hugh madence of large hearts m hypertensive mdividuals
Aare spectfically, hypertensive patients hase 2 cemmackably high inadence of
coronary sclerosis contrsbunng to left vemtnicular diaranon  Averbuck found
severe coranary scleresis m 25 per cent of hypestensive pantents dying of cardac
decompensanon
While extreme cardiac dilatavion in ncphnus causes one to thnk primanly of
uremic-toxic damage, the dil of vsually involses a
myocardsal lesion condiioned by coronary SC!EYOS\S and often latent for vears
Narurally patients with nephritis may also develop coranacy sclerosis and m hyper-
tension the heart may also be myured by vreme-toxic mﬂumces These facts muse
be born 1n mind 1n evaloaung a 1 Acute d of hyp e
hearts can recede more or fess completely just as m nephntss (fig 126} Here also,
one must remember that the absorption of a pericardial effuston may simulate 2
reduction of cardiac size
The size of the heart m hypertension has anly linieed prograseic value {Vaquez
and Bordet) Often large hearts remam unchanged and perform capably for years
without i of & p on the other hand, relanvely smalt
hearts may far} prematucely
In a maonity of cases the aorra 1s diffusely widened Sometimes ditatation occues
mamly i the inmal portion i the absence of fues (Schlesmger) Visbleatheroma-
rous deposits of calciwm are common, especnally n the arch The repore (Lange and
Wehner) that the aarta may be elongated but slender in hypertensives »s not rehable
although i young panients and i slender, even older, mdraduals, occassonatly the
soruc damerers may be normal.
In general, the picture found i hyperrension can be disunguished from thar of
aoruc valve regurgitation only by the absence of large pulsanons on the left cardiac
border and pulsus celer atong the aortic shadow (Dietlen)
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1s rather short and at necropsy the size of the heart during life cannot be accurately
estimated since ordinarily it shows maximal contraction after death

Both halves of the heart enlarge although that of the left ventricle dominates by
far. Enlargement of the night heare without failure of the left has been propetly
dented by Passler and Kirch

Precisely in the end stage of nephrins, one must always count on the possibiliy
of a pericardial effusion simulating cardiac enlargement or ar least contributimg to
an enlarged cardiac shadow.

—
Fic 124 Fic 125 )
Fic 124.—Altcrations of cardrac size m pyeloneph 4 kidney which app "
followed fluctuations of the blood pressurc October 14, 1936, blood pressure 175/9 A
Hg, NPN 106 4 mg per cent, December 4, 1936 blood pressure 140/85 mm Hg,
1249 mg percent, . January 18, 1937 blood pressurc 185/85 mm Hg NPN 05 Zmg per

cent The heart 1s not essentrally enlarged despite the elevated NPN' Its size changed with flucmie-
tions of the blood pressurc The ascending aorta 15 dynamically dilated as may be scen by the angular
rounding of ascendmg aorta (accropsy)

Fic. 12§ —Cardiac shadow of normal size without signs of left sided hypertrophy m essential
hypertension with repeated cerebral vascular accidents Blood pressure, 205/120 mm Hg Shightly
butlt, astheruc female, $2 years old

As i subacute renal failure, a central pulmonary edema often develops ms:dmu}l)’
or a more acute \vxdespread type appears In some cases pulmonary congestion
results from failure of the left heart.

In a roentgenogram of the heart taken after death from vremia, Gepel demon-
strated calaification of the myocardial fibers m the form ott delicate, more or lehss
compact, curved and wavy shadows which corresponded in nr.rangement to the
course of the muscle fibers Apparently this has not been found in vivo.

2 Essentu] Hypertension

Since essential hypertension places demands upon the heart analogous to nh@

hrits, in both mstances alterations of the cardiac shadow are fundamentally t T

r me. ,Bur 1n contrast to nephrins, 1t 1s generally recogmzed that the meidence o
54l . ]
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limp (Lange and Wehner). From this cardiac shadow a slender long vascular band
nises to a high sortic knob which tends to project deaidedly to the lefe. Vaquez and
Bordet made the excellent comparison of this picture to a phrygian miter (figs. 128
and 129).

13J%,

Fc. 128 Fic 129
Fic 128 —"Senile heart ™ Male, 50 years ofd Modcrately enlarged heart, transverse owing
to athcromatous aornic elongation
Fie 129.—“Scmle heart " Female, 80 years old, with a blood pressure of 205/90 mm, He
The heart 1s normaj in size but has become transs erse ow ing to elongation of the somew har dilated
aorta Thete 15 increased rounding of the left ventricular are

1IL. The Myocardial Injuries

‘The various myocardial ijurics create no pathognomonic roentgen picture The
gross morphologic alterations produced by myocardial damage depend not only on
the type of mjury but also to a great extent on the state of the heart before the mjury
and eatracard latory cond after 1ts e Conscquently, similar
injuries may produce very different effects while diversified damages may lead to
similar changes 1n cardiac size and shape. Above all, nor every myocardial lesion
causes cardiac dilatation As cardiac strength dechines, the circularon may be trans-
formed in such a way that the heart 15 relieved and discharges the reduced demands
without increase of size and change of shape This explains the common observation
that even sevcrely damaged hearts often are not enfarged, indeed they may even be
small, and that hearts about to fail owing to a severc coronary artery discase may
show an cntrely normal roentgenogram. Morcover, small hearts are found mn
myocarditis, m some cases of severe thyroroxicosis and n Addison’s disease. There-
fore, normal size and shape of the cardiac shadow docs not exclude a myocardial

Ieston.
On the other hand, dilatation of the heare, roentgenologically demonstrable, usu-

ally indicates myocardial damage except W hen extreme demands on cardiac strength
or abnormal working condions have mduced dilatation, as in the left ventricle 1n

mitral regurgitation for example.
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1 Myocandws and Infections-Toxe Leswons of the Heart

Myocardius 13 extremely common. In addwion 1o the Arhcum.mc myocardiis
accompanymg every acute polyarthnins, mflammatory lesions are by no mecans
snusual 1 respratory infeetions, after sore throar and the hhe Myocarditis 1s
common m diphthena, scaclet fever, typhowd fever and cyphus, pneumonia, and
malaria, as sclf as many other severe sfecuons

Often the climical phonomena of the myocardial snpunes are nether strking nor charactensue
Commonly, the myocsrdins s conrely unnotsced Feret, fecling of dl-healh, palpitanon, procordial
pain, anorexia, and patlor ace maee ar fess froquent but by no means regular mamfestations, Usoally
no wnlargement of the heart 15 detected chmeally n d HIREY:!

moreover. apsculratson yiekds no charactensic findings Usnally the souads ace pare except for 2

~ fe
I 7

Fic 130 —"Latent dilatanon” of the hearc n endomyocarditzs Female, 37 years old Flectron
cardiogram prolonged conduction time (0 27 second) O standing {orchodiagram with sohd hne)
the cardiae shadow 15 normal in size but rests somewhae broadly 2ad low on the daphragm 1n
the recumbent possmon (prthodiagram with broken line) the heart ¢ dilated

systalic muemr at the apex Often the rate 15 normal, more rarely s¢ 15 wcreased On the other
hand slight exerzion often causcs 3 disproporuonate increase of rate Altcranons are found i the
cloctrocardogearn only when focs of inflammanion are lasge or axe located 1 the conduction system.

The racntgenogram also ts not charactenstic The cardiac shadow may be normal
irrespecuve of the euology of the myocardial smjury

Ofen 1t 15 strsking that the cardiac shadow rests low and broad on the diaphragm
creanng the umpression that the heary s flaced (fig 130). Frequently thss impression
15 hesghtened by lability of the cardiac shape wsch respiration and positonal altera-
uions of diaphragmanc level. This labihity of shape 15 often regarded a sign of reduced
myocardial tonus {p 110) and dus assumption has some basts 1 fact Nevertheless,
st should not be forgotten that many of these pauents have 2 peripheral vasomotor
weakness as indicated by their remarkable susceputality 1o collapse At lease n the
exect positon thus vasomoror weakness dimnshes cardiac fillng to which the heare
must adapt uself by change of shape {and size) (pp. 93, 102) In hypercraphied
hearts thus labsliey of shape is usually oussod (Dietlen)

Mare mmportant than thus labibity of cardiac shape 15 the alteranon of its size,
It should be mentoned once agan that even severe myocardial damage does nor
necessanily cause cardiac enlargement. I, however, one nses every opporrumy tg
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Limp (Lange and Wehner), From rl"us cardiac shadow a slender long vascular band
f1ses to a high aortic knob which tends to project deardedly to the left. Vaquez and
Bordet made the excellent comparison of this picture to a phrygian miter (figs 128
and 129),

195,

Fia 128 Fic 129
Fie 128 —"Sentle heart ™ Male, 80 vears old Moderately enfarged heart, transverse owing
to atheromatous aortic elongation
Fic 129 —*“Semlc heart ” Female, 80 years old, with a blood pressure of 205/90 mm Hg
The heare 15 normal 1n size but has become transverse owing ro elongation of the somewhat dilated
aorta There 15 increased rounding of the left ventricular arc

IIL. The Myocardial Injuries

The various myocardsal mjuries create no pathognomonic roentgen picture The
gross morphologic alterations produced by myocardial damage depend not only on
the tvpe of mjury but also to a great extent on the state of the heart before the injury
and extracardiac arculatory condinions after its appearance  Consequenty, similar
myurses may produce very different effects while diversified damages may lead to
simlar changes 1n cardiac size and shape Above all, not cvery myocardual lesion
causes cardiac dilatation. As cardiac strength declines, the circulation may be trans-
formed 1n such a way that the hearr 1s relieved and discharges the reduced demands
without increase of size and change of shape This eaplains the common observation
that even severely damaged hearts often are not enlarged, indeed they may even be
small, and that hearts about to fail owing to a severe coronary artery disease may
show an enurely normal roentgenogram AMoreover, small hearts are found m
myocardiuss, in some cases of severe thyrotoxicoss and i Addison’s discase There-
fore, normal size and shape of the cardiac shadow does not exclude a myocardial
lesion
On the other hand, dilatanion of the heart, roentgenologically demonstrable, usu~
ally indicates my acardial damage except when extreme demands on cardiac strength
or abnormal workmg conditions have mduced dilatation, as n the left ventricle

mmutral regurgiation for example
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the recognition of myocardial damage. Sometumes the latent dilatation represents a
residual phasc of a manufest dilatanion which previously appeared cven in the erect
posture (fig. 133).

The reason for the latent appearance of dilaration in the erect position is found
1n the vasomotor weahness mentioned earlicr; this allows a disproportionately large
amount of blood to accumulate in the dependent parts of the body and diminishes
cardiac filling (p. 93). To demonstrate true cardiac size, it is necessary to create
optimal conditions for 1ts filling and these are provided by the horizontal position.
The sigmificance of peripheral vasomotor weahness for the size of these hearts 1s
evident from the face that they may be enlarged in the recumbent patient duning the
disease but rather small on standing and indecd smaller than before the sllness or
after comvalescence (fig 132). In short, comparatine detcrmunations of cardiac size
in the standing and recumbent positions should never be neglected.

R SRR

2 b
Fic 133.—Transition of manifest dilatanion mto latent dilatanion 1n rheumatic myocarditis
Male, 24 years old, with acute polyarth Vertical orthod: --

orthodiagram (a) At the height of the discase the heart 1s considerably enlarged and this 1s even
more apparent n the recumbent posiuon, EKG, normal. (8) Five u ecks lacer, when subjecuivcly
well, only latent dilatation is detected, EKG now shows prolonged conduction tifue (0 22 second)

Cardiae calargement in chronic and recurrent discases usually remains within
modest limits. As a rule both halves of the heart are cqually involved, as analysis of
the cardiac shadow will reveal. Only with very severe and usually fatal myocarditis
does the dit increase to a considerable degree. Signs of pulmonary congestion
are usually nussed but at tumes fluoroscopy demonstrates a beginmuing central pul-
monary c@ema which perhaps escaped detecuion clincally,

The situation 1s different when cardiodynamucs were altered by a valvular lesion
or hyp before the app ¢ of the myocardial injury. Under these cie-
cumstanes, all sections of the heart do not as a rule, enlarge umiformly but dilatation
occurs predominantly 1n those scctions which werc subject to the greatest demands;
domunant dilatation of the left ventricle occurs with aortic valve regurgnation or
hypertension of the left atrium and right ventricle 1 mutral stenosis and so forch
(fig. 134). In this way, acute decompensation may occur with manifestations of
stasis m the pulmonary or systemic circulation. With each new bout of myocardins
and each exacerbation of theumatic feser such hearts may enlarge but they retan a
given size and shape in the interim (fig 135).
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examine all suspicious cases in the horizontal posinon, it 15 surprising how fre-
quently such cardiac dilatavion 1s found when it has been missed m the upright
posture. This dilatanon, manifest first 1 the recumbent posture and origmally
empasized by Dietlen, 15 called “latent dilatation.” It indicates a myocardial lesion

—

Fre 131 —Transwion of “latent dilatation” into mamifest dilatation also 1n erect position Male,
30 years old, with acute polyarthntis and myocardatis Verucal orthodtagram, . . hori-
zontal orthodiagram (2) November 25, 1936, fever and joint swelling, FKG normal, the heart
dilated only with examination i recumbent position (£) March 8, 1937, free from complamts,
EKG conduction ume prolonged Dilatation of the heart 1s now also mamifest 1 erect position

b
a
Fic 132 —Transient “latent dilatation” 1n rh das Female with pol
Vertical orthodiagram, _.___| I orthod At the height of the rheumanc

fever (s) examination in recumbent position revealed cardiac dilatation Eighteen months fater,
with complete well-being (5) the latent dilatation is no longer present On the contrary, on standing
the heart 1s somew hat larger than at the time of the 1llness This enlargement of vertical heart size
may be ascribed to the d o heral weakness that caused orthastatic
reduction of cardiac stze at the height of the illness

We noted 1t not rarely when the electrocardiogram was normal or became abnormal
only subsequently (fig. 131). Often we observed it transiently m acute polyarthritis
(fig. 132),  sepsts, and even in acute tonsillinis, just as often we ha}vc scen 1ts
gradual evolution into a fixed dilatation (fig. 131). Its discovery has special value 1n
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Whether the schemaue arrangement of certam hymographic curses to different
phases of chromic myocardial damage is valid, as Stumpf, Heckmann, and others
tried to show, 1s open to question. According to them, the firse stage is characterized
by & moderate wicrease of cardac breadth and length with enlargement of the average
stroke amplitude over the value of about § mm., the second stage is revealed by
general cardiac enlargement with decreased amplitude of movements at the apex
while the average strohe amplitude retums to approximately normal values, the
third stage is indicated by the universal decrease of movements, reduction of the
movement area, and recession of the average strohe amphtude to values near 1.5
mm. (teleroentgenograms). Tt must be stressed however, that the visible pulsations
of the cardiac shadow arc determined by anatormic and funcuonal factors, some of
which lie within the muscle and others 1n the pertphery, the combinations arc too
diversified to establish rigid rules for the pulsatons The large hively pulsations, so
frequent 1 myocardial smjuries, for example, may depend upon a relaxation of
anatormic origin, diminished diastolic tension of the myocardium, reduced inflow of
blood mto the heart, an accelerated flow of blood, or a combination of these factors
Conscquently, the pulsations are nor characteristic of a definite type or even a
definue grade of myocardial damage, rather they appear when the influx of blood 15
imparred 1n vasolabile individuals and enceroprotic subjects (Laurcll), with fever and

of the left vcntricular arc may show splintering, premature systolic medran move-
ments as well as lateral or ev en median plateau formations (Stumpf, Hechmann)

In our experience the flapping pulsations, conditioned by orthostatic reduction of
mflow to the heart, frequently disappear 1n the horizontal posinon Perhaps this
may have some diagnostc value.

In very race cases necronc muscle fibers or groups of muscle fibers may calaify,
these may be roentgenologically demonstrable, In a man, 37 years old, who had
suffered from rheumatic fever since the age of 8, Clark saw calcareous streaks within
rbe cardiac shadow and ascribed them to myocardial caleificanon Baumann and

d ated 1 Iy a calaified focal necrosis i the bundle of
His (ventnieular septum) 1n two cases of complete heart block (Adams-Stohcs),
subsequently, necropsy confirmation was obtaraed.

In summary, there are no roentgen findings specific for the diverse inflammatory
or infectious-tonic injuries of the myocardium. In general acute cardiac enlargement,
or enlargement of single sections appearing 1n the course of infectious-toxic diseases,
suggests myocardial mpury of the types mentioned Moreover, labihty of cardiac
form has a certam sigmificance Specual weight, however, 15 placed upon “larent
dilatation” and for this reason exammation 1n the recumbent position should never
be omitted. Sometimes latent cardiac dilatation antedates electrocardiographic

alterstions. Lively pulsanions of the cardiovascular shadow also have defimce
signficance,

2 The Heart in Anena

1Th’s term refers merely to the heart in sevcre chrome anemias, to Pernicious as
well as the secondary ancmias. Ludke and Schuller, as well as Meyer and Seyder~
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Cardiac dilatation of mflammatory as well as of toxic origm may recede greatly
ercn the acutely enlarged heare regams 1ts former size and shape within a shorr
time. On the other hand, a perrcardial effusion may simulate such transicne enlarge-
ment (Dietlen). Some have even gone 5o far as to suggest that a reduction of volume,
rocntgenologically observed, m the presence of a valvular lesion almost proves the
absorption of an unrecognized pericardial cHfusion. This is not valid as a broad
generahzation Cereamly 1t 1s difficult, 1f not impossible, to eaclude a pericardial
effusion absolutely; but, m many cases careful analysis of the rocntgenogram brings

Fie 134 Fie. 135
Fie 134 —Cardiac shadow of normal size and shape 1n a chimcally uncquivocal mutral-aoetic
lesion. Recurrent endocarditis Female, 22 years old (necropsy) Exen i the oblique posiion no
left atnal enlargement demonstrable Only the very bively pulsations of the cardios ascular shadow
indicated myocardial damage. Seven months later (orthodiagram in broken hne), after another
recurrence, there was cardiac dilatation and the rypical picture of a combined lesion
Fic 135.—Ind dis m acute rh fever Devel of 2 nutral lesion Female

22 years old The woman, previously healthy, becarne 1ll 14 days carhier from ferer and pamnfal
swollen joints March 9, 1936 rocnigen findings normal, no chnical signs of vahular
lesion, EKG  prolonged conduction nme (0 22 second), Apnl 9, 1936, cardiac shadow
considerably enlarged, mitral configuration, Iively pulsations, left atrum colarged, bilareral snualt
hydrothorax, clincal signs of miteal lesion, EKG no T wave 1n leads Land 1l .. __May 14,
1936 pauent afcbale and free from 1 cardiac shadow lly smaller but sull shows
wteal configuration, left atrium enlarged, EKG  normal

evidence that the cardiac enlargement 15 produced by an unequal tnercase of single
scctions, perhaps of the mght or left ventricle or left atrum N

:o Smm])f,‘ the cxcursions decrease particularly m the apical scction of the lefe
cardiac border so that here they are smaller than in the basal arca (p. 55). Often,
on the contrary, pulsations on the left cardiac border are, on the whole, mlarggd
(Border, Holst, Stumpf); then, not rarely, they are very Ively, almost ﬂapgmg in
character (“eacited type,” Dietlen). Especially when aornc vahe regurgitation
cocxssts, the height of excursions along the left \en}ncu[ﬂ arc and of the tnscuhr
band, alrcady enlarged, ncrcase remarhably, excursions of 4to § mm. in height and

morg are not unNcommon.
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anemia that the systolic and diastolic limbs of the venrricular kymogram have a
concave and not a convex course as would be characteristic of myocardial damage in
his optuen,

“The rocntgen picture docs not reveal to v hat extent cardiac enlargement depends
upon ancmic myocardial damage, upon greater circulatung blood volume, or upon
hypertrophy of the muscle (Grunberg, Porter).

As mentioned above, the cardiac enlargement does not parallel the degree or
duration of the anemta Often with primary or secondary anemma the heart remains
completely normal in size, Fnlargement 15 missed almost regularly when the anemia
15 a single manifestation of a cachexia with accompanymg dehy dranon (cachexxa of
malignancy, mtestnal ntovications, pul losis). In
thesc cases the diminished blood solume obvlously offscts the cardiac enlargement.

Fic 137 —Rapid reduction of heart size after fecession of anemia. Female, 43 years old, with
achyhe chlorosis — —December 12, 1935. erythrocytes 1.78 mullion, color mdex 0 66, sacral
edema, -.._..December 27, 1935. after the admunsstranion of ferr. reduct , erythrocytes 3.59
mllions, color index 0 55, disappearance of cdema

Under certain conditions catdiac enlargement 1n anema 1s reversible so that the
heart regains its normal size and shape (fig. 137) in a shore time, when the blood
picture returns to normal as bone marrow function 1s restored or blood loss stops
(Ball).

3. The Influence of Reduced Oxygen Temswom in the Respiratory Awr and of Carbon
Monoxide Possomng on Cardiac Size

Investigatsons on alteranions of cardiac size with lowered air pressure are associ-
ated with great difficuluies. Althongh cardiac enlargement at high alcitudes has been
demonstrated by percussion it 1s uncertan how much of this was the result of the
toil assocrated with ateaiming the heights. In the Andes (4000 m.) Barcroft and
coworkers demonstrated a reduction 1n some people mnvesugated roentgenologically
and unchanged cardiac size in others. Since, at these alttudes, cardiac rate ncreases
considerably and this reduces diastolic dimensions (p 131) Barcroft snterpreted
constancy of heart size as a sign of myocardial msufficiency resulting from hypoxia
Studies on men i low pressure chambers (LeWald and Turell) yrelded no results
permitting conclusive evaluation smce the amount of ntestinal gas, the deepening
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helm, showed expenmentally that copious bleeding reduced cardiac size while en-
largement of the heart occusred only 1if the animal became anemic from persistent
blood less. This dilatation results from deficient oxygen supply and fatry degenera-
tion of the myocardium,

Findings i human subjects are 1n full agrecment with these expenimental results
After severe blood foss and copious venesection, a reduction of cardiac size has been
demonstrated repeatedly, this tends to be transient (Dietlen. Assmann) winee the

ot 1 and

m chlorosis, n tapeworm infestations,

Fie 136 —Cardiac dilatation 1n leuhemic myelosis Female, 48 years old Erythrocytes 2 88
onllions, color index 0 6, leukocyres 110,000 Blood pressure 110/55 mm Hg Moderately en-
farged, lively pulsating cardiac shadow with strongly pulsating curved protrusion of pulmonary
arc Enfargement of both halves of the heart Pulsus celer on the aorta

and other anemuas of parasitic origin, and m pernicious anema, frequently result 1n
enlargement of the cardiac shadow (Dactlen, Assmann, Zondek, Porter, Grunberg,
as well as Tung, Bien, Chang, and others). Then, the cardiac shadow enlarges
moderately to the left and night, 1t rests more broadly on the diaphragm and some-
ames shows a flat bulge of the pulmonary arc (fig 136). Both halves of the heart
participate about equally m the enlargement. Signs of pulmonary congestion are
absent

Although the severity of the anemia does not parallel the degrec of cardiac e:—
Jargement, the mcidence of enlargement rises with the duration of the disease and the
reduction of hemoglobm content.

Often the cardiovascular shadow shows very Invely pulsations hke those 2pp§:ar~l
g from myocardual lesions They may also be assigned 1n part to the n‘:yoca]rdla
lesion by the anemia. In pare they certainly depend upon merease of stro! be vn' L:im::
and of the blood pressure amplitude. In favor of this opiion, Heckmann observed 1
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the size and shape. Often it is entirely normal even when thyrotoxicosis is rather
severe (Dietlen). Very commonly, however, one can demonstrate cardiac dilatation
which, at present, is considered to resulr partly from acceleration of the airculanon
and heart rate, and partly from direct action of thyrord substances on the heart
muscle causing an imjury which 1s not demonstrable microscopically for a long tme.

The incidence of cardiac enlargement 1s a strongly debaged topic. Parhinson and
Cookson, as well as Misshe and Schone, found an cnlarged heart mn abour 45 per
cent of therr cases, Meyer-Borstel demonstrated enlargement in 83 per cent. As
Hol: corrcctly emph many dictions n the literature can beresolved
by the lack of ad 1teria for 1 Jetermunation of cardiac size; some-
times, deviations from normal w erenot considered sufficiently, single cardiac measure-
ments were employed to charactenze cardiacvolume, or marked protrusion of the pul-
monary arc was ascribed, withour further evaluauon, to night heart enlargement
(Meyer-Borstel). Certainly enlargement 1s more common with greatly mcreased
basal metabolism and auncular fibrillation than 1n muld cases (Misshe and Schone).
Moreover, the freq of cardiac dil: btedly sncreases with the dura-
nion of the disease (Parkunson and Cookson) but there 1s no strict parallelismbe-
tween the sevenity and duration of thyrotoxicosis and the degree of dilatation. As
previously d, even in severe thyr is, with extreme clevation of basal
merabolism, mathed tachycardia, and enormous weight loss, the heart may be normal
i size while dilatation may appear early when signs are indefimire or definitely
mulder (Scherf). This variable behavior of the heart could result from constirutional
and condstional factors which cause the heart to respond differently to thyrogenous
substances (Bauer, Misske and Schone) Age seems to exert a certain nfluence
since dilaration 15 more common, on the average, after the age of 40 (Parade, Misske
and Schone). Patients who gradually become cachectic often have defimtely small
hearts even at advanced ages {Parkinson and Cookson), presumably their reduction
of weight and blood volume with prolonged, severe thyrotoxicosis opposes cardiac
enlargement (Dhetlen). Also tachycardia resulting from shortenmg of the diastolic
filing period tends to reduce cardiac volume. ‘The coexistence of a goiter compressing
the traches, on the other hand, seems to promote the development of cardracenlarge-
ment (Dietlen, Blauel, Muller and Schleyer, Misske and Schone).

Parkinson and Cookson comparcd the shape of the thyrotoxic heart to that of a
ham, thus comparison expresses the greater roundimg and bulging of the left ventricu-
lar arc, the relatively shallow wasst, and the small mud-right distance of the cardiac
shadow (fig. 138) All authors stress the frequency of accentuated protrusion of the
pulmonary arc which confers a more or less mutral configuration upon the hearr
(fig 139). According to Parkinson and Cookson, this 1s present 1n one third of the
cases and according to Parade, 1n one half, the first figure more nearly approaimares
our experience. Bauer and Helm regard this as an expression of the width of the
pulmonary artery, consututionally condiioncd, like the one normally occurring
childhood, 1n adults they regard it as a sugma of degenerative endowment upon
whose soil thyrotoxicosis develops more frequently (Chvostek). Actually, relatve
widening of the pulmonary artery appears to be susceptible to anatomic demonstra~
non {Parkinson and Cookson). Whether 1t is congenital or a consequence of thyro-
toxicosis 1 some cases 15 uncertain, We often observed the conspicuous pulmonary
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and acceleration of respirauon, as well as fatgue and unrest of the subjects, 1ntro-
duced many sources of error and made the study difficule. Neverthcless, the studies
of Spycher suggest that reduction of air pressure also causes cardiac dilatation.
Herbst reported cardiac dilatation with a reduction of air pressure to about 260 mm.
Hg (corresponding 1o a height of 8200 meters above sca level), He ascribed this
dilatation to an increase of stroke volume, 1t dimimished with the ntroduction of
oxygen. Meister and Derlich obtamed simular results, but they found many excep-
nions to thus rule They attributed these deviations to vanable behaviour of perpheral
arrculatory regulation. In particular, they found cardiac size reduced at the beginning
of lugh altitude disease and saw 1t vamish with introduction of oxygen. It 1s highly
probable that increased cardiac volume with dimmishing air pressure should be
regarded as myocardial dilatation from hypoxia. The regulanty of this dilatanon
depends upon the speed with which pressure 1s lowered, and gradually the dilatation
recedes with prolonged exposure to the same pressure (Kottenhoff), Even earlier,
in ammal eaperuments Loewy and van Lewre had seen cardiae volume increase
repeatedly with severe anoxemia In dogs and rabbits during asphyxta, Tullie and
Businco found at first a shight reduction of heare size which soon gave way to con-
siderable dilatation, When asphyxia was interrupted, the heart enlarged for a shore
time and finally recurned to 1ts onginal size In cats in a3 CO, aumosphere, Eppinger,
Kisch, and Schwarz observed a slowly progressive cardiac dilatation which they
interpreted as the result of mcreased mflux of blood and reduced myocardial tonus.

Acute asphyxia in man also causes cardiac enlargement as obscrvations on suf-
focated mdividuals have shown, morcover, Tullio and Businco found thar cardiac
size dimmishes with voluntary suspension of breathing in the first 7 o 10 seconds,
followed by a step-like increase of volume which 1s maximal 1n 50 to 60 seconds.
This enlargement nvolved the right hearr and sometimes also the left atrum. After
ending respiratory standsull, the enlargement completely receded after a further
volaule merease. In agreement with ammal studies of Eppinger, Haug and Jaenisch
demonstrated cardiac enlargement n man after breathing a 10 per cent COrarr
TMINUTE,

In Mluminating gas poisoning, Zondek as well as Isracksks and Lulas noted cardiac
dilatation which was accompamed by tachycardia and fall of blood pressure, 1 2
few days st vamished Whether this dilatation should be ascribed to asphyxial damage
of the heart muscle, to myocardial hemorrhages which often occur, or to other
ngCnCl’ﬂ[lVC €VEnts remams uncertain.

4. The Heart sn Hyperthyrasdisit and 1 Basedow's Disease

Roentgenologic examunation 1s important m thyrotosicosis because the size and
shape of the heart 1 this condition, as 1s well known, 1s often difficult to e\'alu?tc
chinically. The Inely pulsanions which shake the anterior chest wall over a wide
area tend to make the heart seem larger than it actually 15 (Monitz). The customary
systolic murmur, the filling of the cardiac waist as dcn}onsuarcd by percussion,
the low grade temperature often suggest chrontc theumatic fever wath mitral endo-
cardutis. Under these conditions x-ray examunation often proves helpful.

The rocntgen picture of a thyrotoxic heart naturally 15 by no means pathogno-

monic or characteristic. On the contrary, 1t is remarkably variegated in respect to
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Isolated right ventricular dilatation does not scem to play any #mportant role in
the enlargement of the thyrotoxic heart. Kraus, Blauel and coworkers, as well as
Dictlen usually found predominant lefe ventricular enlargement. With postmortem
control of their roentgen findings, Parkimson and Cookson usually tound both g}lam-
bers dilared, the Jeft often morc than the night and sometimes the left cxclusn{ely.
“They farled to encounter exclusive or predominant dilatarion of the nighe ventricle,
Meyer and Salger concur 1 all essentials although they belicve 1solated right ven-
tricular dilatation may occur.

—
e

Fc. 140 Fic 141

Fic 140 —Cor thyreotonicum Female, 33 years old. Small cacdiac shadow with frequent
and lively pulsations and wich syscolic bulging of the pulmonary arc Increased pulsations of hilar
shadows. Slender aorta ——Systolic conrse of pulmonary arc, -

- -drastolic course of pul-
monary arc

Fie 141.—Acute cardiac dilatation n Basedow’s disease Female 50 years ofd. ._____ October
4,1935 carduac shadow of normal size and shape with hvely pulsations, EKG normal, rate 88/mun ,
blood pressure 150/80 mm _He, basal metabolc rate plus 59 per cent, December 9, 1935,
heart considerably enlarged and restng broadly on the diaphragm, pulsations archythmic and signs
of bilatera! cnlargement, no signs of pulmonary congestion, small bilateral hydrothorax, EKG,

aunicular fibrillaton, depressed ST segment, negauve Tin Tand I1, rate  100/mun , blood pressure
145 mm Hg, BMR- plus 63 per cenc.

In our experience the enlargement 10 uncomplicated cases nvolves both hatves
of the heart equally, the widening procceds predommantly to the left and less to the
nght with the heart resung broadly on the diaphragm and presenting a somewhat
aortic configuranon Predommant left ventricular hypertrophy and dilatanion 1s
parucularly common at advanced ages and at the cltmacterium, usually 1t can be
traced to more or less marked hypertension We found predominant right ventricular
hypertrophy and dilatation with ccexisung emphysema or bronchial asthma As
with any other myocardial injury, 10 thyrogenous cardiac damage, dilatation dommn-
ates in the section upon which, for special reasons, ncreased demands have been
placed

Often the shadow suggests a relaxed heart (p 209), 1t rests broadly on the dia-
phragm, 15 poorly differentiated (fig 141), 1s remarkably labilc 1n respect to shape
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ar¢ only in the phasc of systolic increase of pressure but not in the diastohe decrease
(fig. 140), this suggests, perhaps, that the dilatation of the pulmonary trunk,
onginally dynamuc, later becomes anatcomically fixed.

By many authors, accentuation of the pulmonary arc has been connected with
tracheal compression by the enlarged thyroid and has been called “mechanical”
or “pneumatic” goiter hearr. It has been suggested that tracheal stenosss mposes an
overload on the nght heart, 1t must eject more blood which streams 1ato 5t as the
result of the greatly reduced mrrathoracic pressure in nspiration and aganst m-
creaung, abnormally tugh wntrathoracic pressure mn eapiration From the increased
pressure n the pulmonary artery, there results nghe ventricular hy pertrophy and

2 a
o
-
[ V2
.i' “
S,
Fi. 138 Fic 139
Fic. 138 —Cor thyreotonscur Female, 55 years old, with cardiac complaints and loss of werght
for two years, Basal metabohism, plus 43 EKG  aurcolar fibrilation, plump after-deflection

Moderately enlarged, ham-shaped cardiac shadow with lively pulsations and bilateral enlargement
No signs of pulmonary congestion. Aorta normal in width

Fia. 139.—Gibbus-like protrusion of pulmonary arc in Basedow’s discase

o

dilatanion (Ortner, Krehl, v. Romberg) and, accordingly, an enlarged heart with
mutral configuration. New experimental studies (Sulger) suggest that tracheal steno-
sis does not, on the whole, produce any noteworthy mcrease of pressure m the
pulmonary artery. Direct measurements of pressure m this vessel i tracheal stenosis,
which would be important 1n clanifying the question, apparently do not exist. At all
events, no paralichsm is demonstrable berws cen the degrec of tracheal stenosis and
cardiac size and shape (v. Muller, Blauel, Stemer, Meyer-Borstel, Parkinson and
Cookson, Sulgar, Misshe and Schone). Extreme tracheal stenosis may exist for a
long time without cardiac enlargement or signs of right ventnicular hypertrophy

Nevertheless, with high grade tracheal stenosis, relatively often the cardiac shadow 1s
universally cnlarged and both halves of the heart are dilated (Blauel, Muller, and
Schleyer, Misske and Schone, Zdansky). Morcover, thyroidectomy in these cases
may causc a prompt reversal of cardiac enlargement to normal,
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Aisske and Schone found no parallelism betw een the width of the superior vena cava
shadow and the height of the venous pressure. We are not inclined to place much
weight upon this reported caval widemng since the width is otherwise subject to
extreme individual variations. . )

The thyrotonic heare with its more or less mitral configuration and lively pulsa-
tions may closely resemble one with a mutral lesion in the stage of acuve endomyo-
carditts Bur analysis reveals, in disuncuon from a nutra] valve Jesion, that the left
atrium is not enlarged. It 1s important to ascertam this, since the clinical differentia-
tion of these diseases often encounters difficulues when the same murmurs, tachy-
cardia, and mcreased temperature are present. While the left atrium of a thyrotexic

G e gt

Fic 142 —Beginning cardiac decompensation 1n 2 woman, 55 years old, 1l from Basedow’s
disease for two and one-half yeaes. ______March 2, 1935 cardiac shadow of normal size and
shape with lively pulsations, rate 110/mn , blood pressure 145/0 mm Hg, basal metabolism plus
35 per cent, Oct 11, 1935: with increase of merabolism to plus 72 per cent the cardiac
shadow has become larger, the superior vena caval shadow now wider, no signs of pulmonary
passive congestion but bilateral small pleural effusions have appeared, rare 100/min , blood pressure
110/0 mm Hg

heart may dilate i the stage of decompensation this usually remams within modest
hmuts although an absolute differentiation from mutral disease may be impossible.

Carduac dilatation from thyrotoxicosts may regress. After spontaneous recovery
and particularly after thyroidecromy it is not rare for signs of failure to recede and
even for a complete retumn to normal to occur (Kraus, Dietlen, Blauel, Muller and
Schleyer, Meyer-Borstel, Meyer and Sulger), this may happen ¢ven a few weeks
after operation (Parade and Rahm). Narurally the meidence of postoperatve reduc-
tion of cardiac size is esumated very differently since great differences m material
are mvolved. In our experience, dilatations which develop in a short nme, more fre-
quently and completely receded than those appearing over the course of years;
usually the latter are irreversible.

Parade and Rahm occasionally noted increased cardiac size after successful
operation both in patients with hearts previously Tiormal 1n size and m those with
enlarged hearts which had shown a defimite tendency to become smaller in the early
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and size from changes in intrathoracic pressure and the position of the diaphragm
(Vaquez and Bordet, Dictlen).

Usually pulsations of the cardiovascular shadow are quick and often arrthythmic
owing to eatrasystoles or auncular fibrillation. Often their flapping, “fickle”
character (Dictlen) 15 stniking, they correspond to Dietlen's “excited action”
whose peculiarity 15 the speed of the excursion, parucularly of the diastole phase.
The breadth of the pulsation 1s increased 1n most cases (Blauel, Muller and Schleyer).
This increased amplitude and flapping character of the pulsations 1s produced on one
hand by mcreased systolc contracuion and, on the other, by the reduction of
diastolic myocardial tension (tonus) Some features of the ventricular kymogram
described by Stumpf seem to support this. He observed a “flail notch” comaiding
with the cnd of drastole and the beginning of systole which he designared an “cffect
of tension.” Earlier, Zdansky and Ellinger as well as Westermark described a nising
of the kymographic curve of the left ventricle 1 the tension phase as a normal
feature, We believe that this can be produced by the systolic bulge and rotation of
the hearr (Braun) and can easily conceive that mcreased contractions of the thyro-
toxic heart augmene the bulge and rotation, thereby leading to a steeper mncrease of
the ventricular cutve in the tension period Another peculiarity of thyrotoxic cardiac
pulsations 1s an increase of the small $-S notches located at the beginning of diastole
(p. 55) 1f a small goiter and 2 large blood pressure amplitude are present. Stumpf
considers this a mechanica! result of the goiter We ncline to the view that 1t may
express diminished diastolic tonus (tension) of the myocardium which results 1
greater ventricular stretching on closure of the semulunar valves.

The higher the rate and the larger the heart 1s, 1 general, the smaller the pulsa-
tions become, this amply explains apparently contradictory reports on the breadth
of the excursions along the borders of the cardiac shadow

Not only the cardiac shadow, but the aorta, the trunk of the pulmonary artery,
and hilar shadows as well, show lively pulsations reflecting the greater blood pres-
sure amplitude. Reduced vascular tonus favors pulsations like pulsus celer 1 the
aorta (Zdansky) and occasionally results i dynamic dilatation (Bayley) (p. 371)
Ultumately this dilatation becomes fixed, and in conjunction with dilatanen of the
conus aorticus may lead to relative msufficiency of the aortic valves and 1ts results
(Luger, Wiechmann).

As a rule, the lung fields are clear n thyrotoxicosis (Rosler) since even wich
marked cardiac dilatation, usually pulmonary congestion fails to appear, moreover,
these individuals arc usually thin, The absence of pulmanary congestion 1n thyrotoxic
cardrac failure depends upon simultancous and cqual damage to both halves of the
heart. Consequently, stasis occurs eclusively or predominantly n front of the nght
heart. Frequently pleural effusions are associated with 1t. Under thesc circumstances
the heart may closely bl d d from a bined valvular leston

one p
Retrograde stasis can also widen the shadow of the superior vena cava (fig 142)
This cxpansion is mentioned by some authors (Dictlen, Rosler) as common even
without signs of right heart failure. Dietlen thinks a xe(.ros(cmal lobe of the thyroid
or an abnormal, persistent thymus responsible. Elevation of venous pressure frorn
dilacation of peripheral blood vessels or increased circulaung blood volume l}mc
been suspected. In patients without signs of night heart failure or retrosternal goiter,
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fact, thyrod preparations in themselves produce a profuse fimrcsis (Ep;‘n{lgcr)

which in myxedema may specifically cause collections of flurd in serous cavities to

disappear. R
These facts make it imperative to exercise special care in mterpreting al(cimons‘

of the ¢

(Blumg: ‘
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cardiac shadow remain fixed or decrease in size (Davis, Weinstemn, Risemann ana

Blumgart). As so often, the most dnerse factors work in opposite ways. The im-

id can lead to a red of cardiac size

provement of circularion after thy
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Fic 143 —Pencardul effusion in myxcdema Female, 59 years old. (a) Moderately enfarged,
weakly pulsating cardia¢: shadow widened to left and to right, on the basis of thesc findings,
“myxedema heart” was assumed (6) F dm afeer and imection
of air meo pertcardnal cavity, the heart 15 normal 10 size

and to the absorption of a stasis hydropericardium, on the other hand, a developing
myxedema can exert a cardiac-cnlarging cffect without permittng a decistion as to
which of these factors are active 1n a given case,

6. Bersbers Heart

Remhard as well as Aalsmecr and Wenckebach described the picture of beribert
heart m decail, In the full-blowa case the heare has 2 mutral configuration and its
wast 15 filled more or less completely by the pulmonary conus and trunk of the
pulmonary artery, both of which are dilated. In Shéshin, the terminal stage of beri-
bert, the cardiac shadow may reach an enormous size, there is a masswe gibbus-hke
protrusion of the conus pulmonalis and pulmonary artery and the heart 1s dilated
more to the left than to the right (fig. 143). All signs of night heart enlargement
{(Wenchebach) atc found as m a2 myteal leston The superior vena cava 1s widened
considerably Numerous post mortem studies (Aalsmeer, Wenckcbach, Tull) have
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wecks after operation. This enlargement coincided with increase of body weight
and seemed causally related to it. Morcoser, the slowing of heare rat¢may play a
role 1n the larger volume.

5. Myaedenna Heart

Zondek was the first to call attention to enlargement of the cardiac shadow in
myxedema; soon, Assmann and Messsner made the same obscrvation, These authors
aseribed the enlargement to cardiac dilatation. This conception was plausible because
clinically 1t was clear that myxedema could damage the heart and circulation, more-
over, the authors were able to show that the administration of thyroid caused the
enlargement to disappear promptly.

The rocntgenogram shows a moderate bur sometimes cnormously enlarged
heart, widened to left and right, or sometimes exclusnely to the left; m principal,
the configuration scems to be aortic although both borders are more rounded.
Analysis of the shadow seems to indicate that all parts of the heart are equally
affected. Usually visible pulsations are small and sluggish, the lung fields are clear,
and signs of congestion are absent Often a uni- or bilateral hydrothorax 1s present.
Zondck also observed dilatation of the aorta which he ascribed to myxcdematous
myury of ws wall

Subsequently many worhers (Fahr, Zins and Rosler, E. Holzmann, Davis, Tung,
Ayman, Rosenblum and Mark, Falcon-Lasses) made simular observations and
estimated the incidence differently. Osler considered enlargement not unusual, Ohler
and Abramson found 1t 1n seven of thirteen cases of myaedema. Other w orhers noted
1t infrequently  Vaquez, Mackenzie, and Willis and Haines, among others, do not
mention 1t.

Most authors also agree that the administration of thyroid causes the enlarge-
ment to disappear along with other symptoms of myacdema We have seen this many
umes. Only Meissner failed to obserse a reduction in a case, presumably owing to
the coexisting hypertension. After thyrod 1s disconunued, cardiac cnlargement

tends to recur in a short tme (Fahr, Davis, Christian). The admunistration of digi-
talis and rest 1n bed cxerts no mfluence on cardiac size {(Assmann, Fahr, Davis,
Christian). This evidence indicated that enlargement of the cardiac shadow resulted
from hypothyroidism, and cardiac dilatation from a specific myxedematous injury
of the myocardium seemed likely. Gordon and Freeman, however, noted that peri-
cardial effusions appear in myxcdema so that one must consider whether enlarge-
ment of the cardiac shadow, at lcast mn some cascs, s not produced-—or notiexclu-
stvely—Dby the heart itsclf but by a hydropercardium. Hurxthal confirmed this. In 3

Such cases él\c food for thought and haye made earhier interpretations of the myx-
edema heart problemauc Cardiac damage by myxcdema should, by no means, be
deaied. Nevertheless, one must realize that cardiac enlargement, at Jeast 10 many
cases, 15 produced by an um‘cc?gmzed hydmpcx:xcard:mn (Kaunitz, Zdansky, and
Scherf). Then, the prompt reduction of the cardiac shadow n myxedema after the
admumstranion of thyrod 1s thoroughly comprehcnsible; enurely apare from this
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fact, thyroid preparations in themselves produce a profuse diuresis (Epgingcr)
which in myxedema may specifically cause collections of fluid m serous cavines to
disappear. .
These facts make it imperative to exercise speetal care in interpreung alterations
of the cardiac shadow after total or subtotal thyroidccromy has been performed
(Blumgart and cow orkers, Scherf, Singer and Mandl) for severe cardiacdecompensa-
tion, otherwise refractory to all therapy. These authors, as well as Zdansky, re-
peatedly observed cardiac enlargement with decline of the basal metabolism or even
before, although the circulatory situation had improved. In only a few cascs did the
cardiac shadow remain fixed or decrease in size (Davis, Wemstemn, Risemann and
Blumgart). As so often, the most dnverse factors work in opposite ways. The im-
provement of circulation after thyroidectomy can lead to a reduction of cardiac size

P 3
Fic. 143 —Pericardra] effusion m myxedema Female, 39 years old (9) Moderately enlasged,
weakly pulsang cardac shadow widened to lofc and to night, on the basis of these findings,

“myxedema heare” was assumed (8) Hyd
of air 1nto pericardial cavsey, the heart 15 normal 1n size

after and injection

and to the absorption of a stasis hydropericardium; on the other hand, a developing

myxedema can exert a cardiac-enlarging effect without permitting a decision s to
which of these factors are actve 1n a given case.

6. Bersbers Heart

Remhard as well as Aalsmeer and Wenchebach described the picture of benibert
heart 1 detail In the full-blown case the heart has a mitral configuration and its
waist 1s filled more or less completely by the pulmonary conus and trunk of the
pulmonary artery, both of which are dilated In Shéshun, the termunal stage of beri-
ben, the cardiac shadow may reach an enormous size, there is a massive gibbus-ike
protrusion of the conus pulmonalis and pulmonary artery and the heart 15 dilated
more to the left than to the right (fig. 144). All signs of nght hearr enlargement
(Wenchebach) are found as in a mutral lesion The superior vena cava 1s widencd
considerably Numerous post mortem studies (Aalsmeer, Wenchebach, ‘Tull) have
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Fig. 144 —Ber-ben heart i “Shéshin,” the terominal stage of the discase. The heart 1s dilared
matnly to the lcft and from its waist the conus and the pulmonary artery (x) protrude hke 2 gibbus
(From Wenckebach, Das Bertberiherz.)

Fig. 145 —Ben-bers heart, fixed in sieu. Enormous dilacation of inflowing v eins as well as en-
largement of congested lver The antcrior cardiac wall 1s formed mamly by the massive, dilated
night heart The conus and pulmonary artery protrude from the cardiac warst (From Wenchebach,
Das Bersberherz)
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revealed an actual dilatation of the night atnum and ventnicle (often, the latcer 15
enormous) in length and breadth with their results  rotation of the heart to the left
and superimposition of the left acum by the conus pulmonalis (fig. 145) The
farter, including the pulmonary valve ring and the trunk of the pulmonary artery,
suffers a particularly marked dilatation so that often a relative pulmonary regurgita-
tion is added to the coexsting tricuspid regurgiration. The lef atrium and ventricle,
on the conttary, are normal although hilar shadows are often cnlarged (Remhard).
A pericardial cffusion may contribute to the enlargement of the cardiac shadow
(Remhard, Wenckebach).

All these changes, including the pericardial effusion, can develop rapidly and
disappear just as fast after vitammn therapy (Wenckebach, Hashimoto). Wenckebach
regarded the changes as results of 2 pnmary damage of the myocardium and of the
entire circulauon which ultimately must Icad to righe heart failure.

7 The Heart in Glycogen Storage Disease

Glycogen storage disease, ficst described by v Giercke in 1929, 1s a congenal
disturbance of glycogen metabolism. Apparently st 1s always fatal n the first months
of life A massive deposit of glycogen occurs n the parenchymatous organs and
the myocardium Sometimes the myocardium may remain free. If affected, the
muscle fibers are filled with clumps of glycogen separating the fibrils and distending
the enure fiber (Putschar, Schocider) In this way the ventricular and atrial walls
thicken considerably and the cardiac chambers may dilate. Bischoff, as well as
Antopol, Heilbrunn, and Tuchmann, saw enormously enlarged globular cardiac
shadows 1n two nurslings. In some cases, however, no cardiac enlargement occurs
despite glycogen storage. It is conjectured that at times “idiopathuc cardiac hyper-
trophy”” may involve a glycogen storage in the heart muscle (H. Roesler).

IV. Coronary Sclerosis

Coronary sclerosis need not provoke any roentgenologic changes. Even when
signs of coronary msufficiency arc most severe and electrocardiographic changes are
extreme, the roentgcnogram may be completely normal Consequently, normal
radiographuc findings do not exclude coronary sclerosis If this sclerosis occurs n a
hypertensive heart, as often happens, usually the left ventricle progressisely dilates
(p_ 206) The large cardiac shadow, widened predommnantly or exclusively to the
left, and 1ts elongated, markedly rounded left ventricular are extend far invo the left
lung field Signs of stasss m the left atrum and the lungs may still be absent, although
often these patients complatn about atracks of nocturnal dyspnea, Cheyne-Stokes
breathung, and exertional dyspnca. Very gradually, or sometimes immediately 1n
conjunction with infarction, signs of left heart farlure appear, the well known picture
of a mitralized zortic heart (p 187) and more or less definute pulmonary stasis
develops. Thereby, the cardiac shadow may become cnormous {(cor bovinum).
Left ventricular hypertrophy and dilatation, unequivocally demonstrated by x-ray,
permits one to infer with a probability bordering on certainty, despite a normal blood
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pressure, that hypertension was formerly present and consequently severe myo-
cardial damage now causts. This is not intended to imply that cvery sortic heart
with left-sided decompensation in a hypertensive individual absolutely proves the
existence of coronary sclerosis.

Dircct radiographic proof of coronary sclerosis in the living subject is possible
only when Jarge amounts of calcium have been deposited in the vessel walls, Lenk
saw this for the first time in the living after Simmonds had demonstrated it in 2
cadaver heart, Direct proof of calcarcous deposits in the vesscls has hittle practical
umportanice in the diagnosis of coronary sclerosis; usually calcification 1s missed
precisely m atheromatosss of the coronary arterics and is found rather often mn
medal sclerosis where it Jacks significance and very rarcly leads to thrombosis.
Kuhlmann, Wostka and Sosman, and Snellen and Nauta recognized calcified coronaty
vesscls farrly often with good adapration of the eyes, hard rays, and 2 narrow shurter.

F

a b 3
Fis 146.—Schematic represcntanon of the large branches of the coronary arterics (2) Pos-
teroantenior, (5) nght anterior oblique, (¢) left anterior obhque posiion

With short cxposures they arc often seen on the films as tortuous, cury ed or strasght,
double contoured streaks, nodular here and there, they take different courses ds-pcnd-
ing upon the plane of projection (figs. 146 and 147) Occasionally one sces 2 circular
shadow when the vessel is caughs on-end. The form and Jocation corresponding to
the course of the vessel dist hes them from calaification of the cardrac sheleton,
the valves, myocardium, pericardium, costal pleurs, or lungs.

Naturally the calearcous deposit i the vesscl moves with pulsasions of the heart
wall. The breadth and direction of the pulsation varics according to the planc of
projection (Snellen and Nauta).

Tt is very rare for an aneurysm of a coronary artery of an intra- or exuramural
hematoma to develop on the basis of vascular sclerosss (Packard and Wechsler).
In the roentgcnogram these ancurysms produce a protrusion of the cardiac shadow
and a systohic-cxpansile pulsation may be scen when no thrombosis exists (Ellmger).
Differentiation from an cacapsulated percardial or mediasunal ctfuston, as 4 rule,
is hardly possible from the roentgenogram alone }

In a cadaver heart, Jones demonstrated beauufully the normal coursc, r-\rthT-
tions, and anastomoses as wdll as narrowng and occlusion of the coronary yesscls
by injecting a contrast agent containing banum.
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¢
Fic _147.~Calofied coronary arteries. (3) anterior view, (¢) night anterior obhique, (o) lefc
anteriof oblique posion.

The visible pulsations of the cardiac shadow show no charactenisuc behavior in
coronary scleross, If the heart is large, the pulsations arc usually small. Arrhythmic
pulsations are common Scherf and Zdanshy succeeded for the first time in recording
pulsus alternans kymographically 1n coronary sclerosis, the change from large to
small cardiac contractions was clear. According to Stumpf, the excursions m the
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cephalic parts of the left ventricular arc are usually greater than 1n the candal and b

. . N
can reach remarkable dimensions, particularly in hypertensive hcmrts;'gcncmlly
speaking, they are irreversible. Usually, if the size dimimishes 1 depends upon the
absorption of a perscardral effusion (exudate or transudate).

Occasionally, x-ray examination discloses a central pulmonary edema in coronary
sclerosis without cardiac decompensation

V. Coronary QOcclusion

Corenary occlusion may result from embolism, aortic lucs, or thrombosis.
Embolic occlusion of a coronary artery is rather rare while cxtreme narrowing or

FiG. 148 —Left sided pleural effusion after myocardial infarction Male, 34 years old.
——.three days after wnfarcuon, ....__ twelve days later the pleural effusion has vamished
“The cardiac shadow has become somewhat larger

complete occlusion of a coronary ostum by syphilitic aortis 15 2 common event
Smee coronary ostial stenosis tends to develop very slowly, collaterals often take
over the nutntion of the myocardium so that no stormy mamfestations or cardiac
alterations, demonstrable roentgenologically, need occur, rather, these coronary
occlusions are often first discovered at necropsy. Only when severe nutritional
myocardial disturbances occur, but not always cven then, the heart may dilate but
this becomes considerable only when aortic valve regurgitation or hypertension
coexists

The most common and mportant type of coronary occlusion 1s thrombosis
which ordmanly develops on the basis of sclerosis of s wall Naturally, coronary
thrombosis as such 15 not detectable by x-ray. Nevertheless, owing to myocardial
damage, cardiac failure may progress so that the heart enlarges acutely (fig. 148)-
Apparently these enlargements are reversible. Occastonally cardiac dilatation may
be simulated by a pericardsal effusion (Schwartz), but this 15 uncommon because
post-nfarction penicardins usually does not ereate 2 large cffusion. In onc of our
cases, hemopenicardm from rupture of an wmnfarcted left ventricle acutely enlarged

the cardiac shadow.
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None of these manifestations need be present so that the cardiac shadow may be
normal in size and shape despite extensive infarction

Occasionally, the pericarditis eatends to the left pleura and produces a left
pleural effusion (fig. 148).

In some left-sided coromary occlusions, Borak observed elevation and limited
shift of the left diaphragm. He thought that catension of the pericardis ro the
diaphragm caused a functional disturbance. Recently, Laubry, Souké, and Heun de
Balsac confirmed this observation and assigned some diagnostic significance to ir.
They also saw a left-ssded diaphragmanc paresis which they ascribed to phrenic
nerve mury by pleuro-pericardral scars forming after a myocardial infarction. Ac-
cording to them, the clevation of the left diaphragm occasionally results from in-
creased gas mn the stomach and splemic fleaure. Certamly, mmobility of the left
diaphragm from reflex causes after myocardial infarction could favor an abnormal
collection of gas.

Acute and subacute pulmonary edema frequently appear n conjunction with
coronary thrombosts but are rarely seen by ! As a rule pul y
congestion 1s missed when the thrombosis occurs in a heart previously normal in
size and working under normal conditions. But, if the left coronary artery of a
hypertensive heart 1s mnvolsed, as frequently happens, with progressive difatation of
the left heart, signs of mutralization and pulmonary congestion appear.

‘The focus of myomalacia and the subsequent scar usually are not demonstrable
by x-ray. Even a retracted scar on the cardiac surface escapes detection. Neverthe-
less, roentgenkymography succeeds m locating the softened area in about 75 per
cent of the cases (Stumpf, v. Braunbehrens, Schilling, Arendt, Bickenbach, Cramer
and Stehr, Sussmann, Dack and Master, Heim de Balsac and coworkers). By means
of electrokymography these results were smproved n several respects (Luisada
and Fleischner, Heckmann, and others). The leading signs are- (1) reduction or
complete absence of pulsatory eacursions and (2) mverse {systolic-expansile)
pulsanions in a circumscribed area of the ventricular surface. The absence of pulsa-
trons 10 a arcumscribed place charactenizes the “mute zones” and are designated by
Luisada and Fleischner as a “local paralysis.” The inverse pulsations can be found in
the region of 3 protruding area when a cardiac aneurysm (p. 234) exsts, or may
cven appear without such a bulge, 1n the later instance, Zdansky and Luisada and
Fleischner speak of a “dyamic aneurysm™ (p. 230). Apart from these significant
signs, shght alterations are found 1n the ventricular kymogram especially in the
vicimty of myomalacia and cicatricnal foet, these consist, for example, of a premature
end and belated stare or deformanon of the systolic imb of the cunve and an abnorm-
ally hagh rise or deformation of the diastolic hmb of the curve (Luisada and Fleisch-
ner) Usually these alterations do not appear unul the end of the first or second week
although occasjonally Master saw systolic lateral pulsations inmedsately after the

lusion. S: r ky are positive in patients whose electro-
cardiograms are normal so that these diagnostic methods are supplementary. Usually
rocntgenhymographic findings remain unchanged for months and years. The
findings may, however, improve or become worse as the pathologic process pro-
gresses and may have prognostic value.

Occasionally in the region of a myocardial cicawrix, shadows are produced by
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calaification of parictal thrombi or by calcification or ossification of the cleatrix
aself (Scholz). Clark observed calcification of a cicatrix over a pertod of ten years.

VI Cardiac Aneurysm

By cardiac ancurysm* one understands a circumscribed bulge of a cardiac cavity
where the wall becomes thin following a myocardial injury. This acquired bulge
merely represents an identation of the inncr surface of the cavity affected, or 5t
may be a protrusion on the cardiac surface.

There are acute and chronic cardiac ancurysms.

Fic 149.—Extensive myomalacia affecting almost the entire left ventricle and ventricular

. - o - - -

An acute ancurysm develops on the basis of an ulcerativ e mural endocarditis or a
purulent myocarditis, it plays no practical role in roentgen diagnosis since these
patients are too 1ll for detaled roenrgen exammation

Chromic ancurysms alone come under consideration. They develop from a stab
or gunshot wound, more rarely from gumma, and most commonly from focal
myomalacia after caronary occlusion. In rare cases they scem to develop very
acutely, Shookkoff and Douglas described an ancurysm demonstrable by x-ray
six days after the mfarcuon. Spherical distention of an extensive infarce of the left
ventricle and apex, which we described in a hypertensive pauent (fig. 149) who first
became ill on the day prior to x-ray study, may, perhaps, be concensed as abnormal
stretching of the wall which was beginning to yeld, that is, an acute dymamic
aneurysm of the cardiac wall. Aubertin and Horeau obsery ed an ancurysm of the left
ventricle six wecks after infarction

The statement of Groedel that the diagnosts of these ancurysms cannot be made
without x-ray 1s not valid as a g hzation (Scherf ar!d F_r' b ‘ Dre§slcr)
although roentgen study actually performs valuable scrvice in their recognition,

Certainly, only a mmonty of cardiac ancurysms can be detected by roentgenograms.

B dit: of the atnum, oft llcd atnial ancurysm, 1s excluded here.
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This 1s explaned partly by the fact that many of them ins olve only the mner layers
of the wall or are so circumscribed and so shallow that they gradually blend with rh.e
surrounding areas. Primanly, howcver, rocntgen discosery of these aneurysms 1s
difficult because of their unfavorable location. As 1s well known, most of them are
located ac the apex and consequently project into the abdominal shadow from which
they cannor be demarcated even when large (Dietlen, Vogt). Ancurysms of the
gosterior wall of the left ventricle and of the anterior wall of the right can be de-
tected only in the left anterior oblique position (Schwedel and Gross). Aneurysms
of the ventricular scprum almost always escape detection. Only 1solated examples
have been described (Bauke, Wachner and Brenner, Boller and Pape). Ancurysms
discovered roentgenologically up to the present and confirmed by necropsy or other

L

Fig. 150 —Aaneurysm of the left ventnicle in 2 hypertensive patient, 60 years old, four months
after a myocardial nfarction The bulging aneurysmal shadow shows no pulsavons. Pulmonary
congestion indicates failure of the left venincle

chmcal findiogs, almost without eaception presented a circumscribed or 2 wore
diffuse bulge corresponding to their most common site, this area 15 supplied by the
descending branch of the left coronary artery and usually the apeurysm involves the
left cardiac border As a rule, they are near the atrioventncular junction 10 the middle
of the left ventricular arc (fig. 150) or near the apex (fig 151) (Kraus, Bergomé and
Mouuner, Sézary and Aliberr, Heuz and Corone, Jaksch-Wartenhorst, Lenk,
Kalisch, Golonsho, Melchart, Wiberg, Zadek, Groedel, Kuhlmann, Parade, Sicel,
Regelsberger, Schwedcl and Gross) Apical aneurysms often arc not sharply out-
hned against the rest of the chamber, part of the ventricle dulates and sts cavity
blends with the aneurysm (Monckeberg). For this reason it often resembles 2 sim-
ple elongation of the lefe ventnicle Only when the aneurysm has attaied a fuir
size (fig. 152) 15 there a circumscribed protrusion of the apical section, Zadek
calls this “ditfuse eccentric rounding of the apex.” The resultant shape of the heart,
as Zadek concedes, often cannor be definwely differemtiated from aortic vahe
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Fia 151 —Large ancarysm of the apex, six months after myocardtal infarcteon 1n a man, 41
years old Small ventricular pulsations were present on the ancurysmal shadow

- _
K—) /5

Fic 152.—Large ancorysm of the cardiac apex. Hypertensne pancnt, 60 years old, four

months afies myocardial nfarction The ancurysmal shadow shows systohic-expansile palsations

alternating with those 1 parts of the Icft border near the base. The ancury sm produced an indenta
tion of the gastric gas bubble Bilateral small hydrothorax,

regurgitation or a deccompensated hypertensive heart. When once recalls how often
coronary sclerosis and hypertension arc associated, the presence of an apical aneu-
rysm will be assumed only with great reserve on the basis of this shape. The fact
that Zadek assumed an apical aneurysm to be present m 50 per cent of all cases of
coronary sclerosts on the basis of “diffuse eccentric rounding of the apex” 15 2
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warming 1 this respect. Probably a majonty of them formeely had hypertension
but the blood pressure now had fallen owmg o myocardial damage.

Tt is not always possible to differentiate an extcnsive ancurysmal bulge of the
anterior wall of the left ventricle from a dilatation (Schwedel and Gross). If, of
course, the entire left border of the heart or only one part is distended like a balloon
so that 1t bulges at an angle below the cardiac waist (Bauke, Parade, Melcharr,
Zdanshy) (fig. 153) onc may be almost certain that an ancurysm of the left sentricle
15 present.

\
i

Fig. 153 —Large, balloon-like aneurysm protruding from the left ventricle two months after
myocardial infarction Male, 43 years old The aneurysm shows systolic-expansile pulsations.

Usually the aneurysmal shadow is sharply defined, sumply arched, slightly pro-
wuding or angular, sometumes 1t 1s vaguely defined and shows notches or irregulan-
ties eatending toward the lung fields, the diaphragm, or antenior chest wall. This
indscates adhesions resulung from postinfarction pericarditis. In this connection 1t
may be recalled chac a left pleural effusion after myocardial mfacuon may leave
pleural adhesions behind

As a rule, the ancurysmal shadow is devoid of structure Rarely, calcarcous
deposits arc scen, as Simmonds first demonstrated 1a the roentgenogram of a cadaver
heart. Jaksch-Wartenhorst deseribed a spherical depostt, about the size of a walnur,
showing lively movement with cardiac action, which corresponded to a caleified
mural thrombus. Sézary and Alibert saw a dense shadow which they interpreced as
mural calaification or calaified masses of thrombus Once, Kuhlmann recognized a
caletfied affercne vessel Mural calesficauon of a cardiac ancurysm, confirmed by
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necropsy, was repotted by Brenner and Wachner. This case 1s noteworthy because
of the locatton The roentgenogram showed a round structure, the size of an apple,
projectmg to the left from the cardiac waist and practically outhned by a calcarcous
shell As necropsy showed, a chronic saceular aneurysm with thun walls emerged
from the posterior wall of the left ventricle near the base of the heart to which st was
connected by an opening 25 mm. wide It was filled by masses of thrombm and the
wall was caletfied Heim de Balsac and Marquis also observed, ten years after
mfarction, a caleified cardiac aneurysm, the size of a pigeon egg, with a calafied
edge projecting from the left border of the heart and showing systolic expansile
pulsations Schwedel and Gross mention three cases with calcification demonstrable
roentgenologically  Occasionally a calcified deposit facihieates the discovery of a
cardiac aneurysm which does not project outward but has merely thinned the wall,
this 15 presumed to have happened when the. calcification 1s located at a distance
from the cardrac surface which 1s less than the mural thickness of the affccted section
of the heart

Since cardiac aneurysms consist of scar ussue, contain no muscular elements
capable of contraction, and are often filled with massive thromby, therr surfaces may
show only small pulsations or complete immobility. Not rarely, the bulge of an
aneurysim show s systolic expansile pulsations when the systolic increase of pressure
passively distends 1ts thin wall These pulsations are usually striking because they
alternate with those of the neighboring pares of the ventricle (fig. 153) Some-
nmes these pulsations are distnct only in the right lateral position

Occasionally a systolic retraction 1s observed on the border of the aneurysmal
bulge (Assmann) Finally, Christtan and Frik saw lateral systolic pulsations along
the edge of an aneurysm, they were produced by the systolic contraction with
rolling and rounding of the surrounding meact ventricular muscle The pulsations
just mentioned have been described 1n roentgenkymograms by Stumpf, Heckmann,
Cramer and Stehr, and others Heckmann thought they always merged gradually
with the pulsations m the adjoimng areas of itact muscle. Cramer and Stehr as well
as Aubertun and Horeau also showed dual notch formauon 1 the region of the

ancurysm

Many years ago, Groedel demonstrated systolic expansile pulsations by roentgen
amnematography

In exceptional cases, the radiographic findings together with the chrcal mani-
festauons permit one to assume the presence of an aneurysm even when 1z does not
reach a cardiac border Thus, a patient had lueuc aortic valve sufficiency, hyper-
tension, right hvdrotharax, congested Iner and edema (Boller and Pape) The
cardiac shadow was decidedly enlarged, widened parncularly to the right, and
rested broadly like a pear on the diaphragm, the left ventricular arc, however,
showed no elongation or marked rounding which would have becn expected froma
decompensated aortie valve regurgitanon Since the lefe atrum was not enlarged
and pulmonary stasis was absent, since no signs of 2 congenital anomaly or pulmon;
ary valve leston were presen, the authors concluded that an ancurysmal dilatation o
part of the heart existed. Actually, at necropsy, a cup-shaped aneurysm of the lower
half of the interventricular septum was found, 1t bulged toward the night ventricle,
narroved 1ts lumen and displaced the right heare w ali o the right.
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"Traumatic ancury sms after stab or gunshot wounds of the heart are rare and not
essentially different from those developing after infarction. Kienbock dusenibed 2
small ancurysm of the postenor wall of the left ventricle where an infanery bullet
had Jodged. Bianchi mterpreted 2 pulsating shadow projecting from the cardiac
waist after a shrapnel wound s a traumatic ancurysm at the base of the left ven-
tricle In a woman who had shot herself i an attempr ac suicide, we saw a date-
s1zed, nonpulsaning angular protuberance on 2 somewhat smaller base resting on the
Tefe ventricular arc just above the apex (fig. 154) In this mstance we postulated an
ancurysm of the left ventnicle.

Fic. 154 —Ancurysm of the cardiac apex(®) Gunshot wound of the heart three yeats carher,
Female, 31 years old.

In summary, the roentgen diagnosis of ancurysms of the cardiac wall 1s relauvely
wfrequent This depends upon the prevalence of small aneurysms and a position
wvsually unfavorable for demonstration by +-ray In a rather unusual locaton at or
near the base of the ventricle a cardiac ancurysm 1s relatively more accessible from a
rocntgenologic standpoint than the ordinary apical lesion Morcover, a differential
diagnosis 1s rendered more difficult because a variety of lessons may create stmilar
roentgen pictures.

L. Tumors and tumor-ltke structures i the mediastinum, the root of the Jung
pericardium, or the heart. Teas rather exceptional for these to show sy stolic CAp:ms:l(;
pulsations (very vascular sarcoma, hemangioma, metastasss from hypermcphroma)
The presence of signs of a mediastinal or pulmonary tumor as well as draphragmauc
paralysis speaks aganst cardiac aneurysm. Benhamou descrabed an echinococcus cyst
of the left heart which closely resembled a cardiac ancurysm.

2 Small, psulated pl diastinal effy Iymmg on the heart. In dus
nstance a dinunution or disappearance of the shadow alone permits a differentiation.
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3. Ancurysm of the sinus of Valsalva (p. 392) causes a pulsating shadow some-
tmes with a calcium deposit ac its border, usually st eatends to the right and forward
and therefore the position distingwishes 1t from a cardiac ancurysm.

4. Ancurysms and intra- or etramural hematomas of the coronary arteries
(Elhnger) may develop on an arterioscleronc, mycouc, or luctic basis (Packard and
Wechsler), they are extremely rare.

5. Encapsulaced pericardial effusion (“mflammatory pericardial diverticulum™)
and true pencardul diveruculum Both produce differentiated, well defined soft
tissue shadows resting broadly on the heare. Encapsulated pericardial effusions are
usually located along the nght cardiac border while cardiac ancutysm 1s pracrically
always found on the feft. The sole nght-sided cardiac ancurysm descrsbed in roent-
genologic licerature (Kirschmann) was not established by necropsy.

6 On decp mspiration the *“fat pad” may protect as 4 larerslhs eanvay chadans

. PR,

carhier myocardial infarction, one may easily be induced m“consxdcr an apical
ancurysm. A definite decision 1s not always possible (Zdansky)

V1. Cor Pulmonale

Cor pulmonale develops when the right ventricle is saddled with excessive work
owing to prismary changes in the pulmonary circulation or from abnormal respiratory
mechanics
Accordingly, all condiions which narrow the pulmonary circulatory bed, such
as emphysema or chronic indurative and cirrhotic-cavernous pulmonary tuberculosis
assoctated with widespread destrucuion of the parenchyma, pneumoconiosis and
other nonspecific induranive processes, primary pul y sclerosts, th
obliterans of the put y vessels, and pul y embol come under con-
sideration as causes of cor pulmonale, furthermore conditions which dynamically
throttle pulmonary circulation, like bronchial asthma, severe chronic bronchins,
kyphoscol. pleural adh extreme tracheal stenosis, and finally certan
occupations (glass blowers) requnng a marked increase of intrapulmonary pres-
sure, may be provocative
Rocntgenologic examination of these hearts has greatest pracucal importance
since 1 all of these conditions cardiac size is mistakenly judged on physical examuna-
tion, usually the size 1s underesumated but occastonally 1t 15 overestumated because
the heare 1s covered by emphysematous lungs or cannot be unequuy ocally exammed
owing to dullness created by pleural scars, pulmonary mduravion, or thoracic
deformity

Cor pulmonale 15 classificd as acute, subacute, and chrome. The roentgenogram
of acure cor pulmonale resulung from pulmonary embolism Ems not bccn‘dcscnbcd
up to the present. Subacure cor pulmonale often develops ffom narrowing of the
pulmonary vascular stream by wmor emboli or blood clots, and compression or
thrombosis of the small pulmonary vessels in lymphangitis tumorosa, as well as
actual mvaston of small lung vessels. The heare is enlarged only a littte and showsa
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more or less disuncr mitral ¢ ion owing to the p ¢ of the pul ¥
arc (Brull and Robertson, Mason). We had occasion 1o obsenc ({n: dey e_lopmcn( of
subacute cor pulmonale. A 27 year old woman with a pancreatic carcinoma sud-
denly collapsed a day before death (fig. 1553 and b) The heart, previously normal 1n
s1ze and shape, then enlarged constderably and display ed 3 mitral configuration owing
to protrusion of the pulmonary arc. Both yentricles were dilated moderately while
the left atrium was normal. The superior vena caval shadow was wide. Undoubtedly
an acute nise m resistance of the pulmonary circulation and pulmocoronary reflexes
(Scherf) precipitated sudden cardiac failure with dilacation. In a second case*

2 5

Fic 155 —Acute cor pulmonale resulting from embohic occlusion of numerous small branches
of the pulmonary artery by cells of 2 pancreatc carcinoma (necropsy). Female, 27 years old
{4) November 9, 1933, cardiac shadow of normal size and shape. (5) December 6, 1933 (one day
before dearh) . enlarged cardiac shadow with mitral configuration ow g to fat bulge of pulmonary
arc Both ventricles enlarged, the nght more than the left Left atrum normal 10 size The hilar
shadows were large bur sharply defined Lung fields normally light. The supenor sena cava has
become wider. The electrocardiogram showod signs of myocardial damage

muluple pulmonary emboli from wide-spread pelvic thrombosis developed n the
cighth month of pregnancy. Despite the most profound circulatory failure with
famung, tachycardia, and lowered blood pressure we found the heart normal n
size with a highly elevared diaph and ntral confi there
were no signs of right heart dilatation. The outstanding feature was the narrow aorta
whose diamcter (Kreuzfuchs' method) was 2 cm This observauon shows thar m
other cases faslure can occur without dilatation of the right heart. The later fails
to appear because the mflux of blood nto the heart 1s reduced, obviously the small-
ness of the aorta was dynamuc and at necropsy its dimenstons w ere normal.

onic cor pulmonale 1s charactenized by hypertrophy with more or less
dilatation of the mght venenicle. This Jeads to alterations of the cardiac shadow
which were described 1 detail on page 143. Through clongation of the outflow

* The case was described 1n detail by Scherf and Schonbrunner to whom I am mdebeed for the
chncal data.
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tract of the night ventricle, and dilacation and hfting of the dilated conus pulmonalis
and dilated pulmonary artery, as well as through rotation of the cntire heart to the
left, the cardiac waist 1s filled more or less completely, that 1s, a mieral configuration
appears (fig 156). In primary pulmonary sclerosis accompanied by cyanoss, the
pulmonary trunk often shows very stnking dilatation (Arnillaga, Darley and Doan)
so that the pulmonary arc protrudes from the waist like a gabbus. In some of these
cases, syphibtic mural damage of the pul y artery 1s responstble (Hare and
Ross)

Often cor pulmonale can be disungwshed from a mitral lesion only by the absence
of left atrial enlargemene In a great many cases the mutral configuration 1s merely
suggested since the condittons cnumerated carher are often accompamed by dia-
phragmatic descent, this opposes lifung the pulmonary conus and pulmonary artery
as well as the rotation of the heart to the left (p. 175). When there 15 an assoctated
hypertension, filling of the cardiac waist 1s usually offset by greater bulging of the
left ventricular arc and the aortic knob, then a very large globular heart s often
seen.

In most cases of severe pulmonary emphysema the heart is not enlarged nor has
1t a mueral configuration; on the contrary, it 1s strikingly small, median, and normal
m shape. Signs of nght ventricular hypertrophy are mussed i the exammation.
Actually the pathologsst also finds, in some cases of severe emphysema, no trace of
hypertrophy or even dilatatton of the night ventricle. This indicares that the resist-
ance n the pulmonary circulation in pulmonary emphysema need not be high
(Uhlenbruck), and intracardiac measurements of pressurc have also actually shown
that the systolic pressure in the righe ventricle atself 1s not always increased even
n the presence of a considerable emphysema (Cournand and coworkers). The
diminuaive heart n these panents often contrasts strongly with the severity of the
existing cyanosts and dyspnea, This apparent contradiction 1s eaplamed by the fact
that respiratory mcompetence stands m the foreground and cardiac fatlure m the
background. Defective arterialization of blood depends primanily upon reduction of
pulmonary respiratory surface as well as the reduced vital capacity resultng from
thoracte ngidity and descent of the diaphragm On one hand, the heart must contend
with heightened resistance m the emphysematous lung while, on the other, 1t 1s
relieved by impaired respiration which causes stasis of blood n front of the heart
(inflow stasis). Conscquently, the heart 1s poorly filled and often very snall (Sotier).
Sometimes the heart enlarges i ultiumis when progressive hypoxema damages the
myocardium and causes dilatation However, this may remain absent until just
before death.

A small heart 1s found 1 many patients with emphysema, bronchial asthma,
and pulmonary tuberculosis, n some mstances this certamly depends upon a con-
sututional hypoplasia (Kraus, Bauer, v Hoesslin), m pare, 1t 15 acquired through
enforced physical mactivity and the mpaired physical condinon of the patient

(Dietlen), to some eatent, it 1s simulated by nadequate filling in the upright posstion
(Sotier) as can be demonstrated by caamination n the recumbent posture. Then, it is
not unusual for hearts which appear small while the patient stands, to show actual
cnlargement This cnlargement 1s not humited, as a rule, to the right heare but also
affects the lefe. Nutnitional disturbances of the myocardium from chromic hypoxia,
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coronary sclirosis, or rovicenfectious sgenss arc the commoncst causes of these
dilatations

Although the heart in emphysema, asthma, and chromic tuberculosis 1s usually
normal n size, it may be definucely small Enlargement uswally heeps within modest
Humits 1 the absence of failure, Binhold frequently found the heart enlarged but he
udged cardiac size by the Kahlstorf ratios which, n underweighe indtviduals—with
which we deal very frequently—may casily sumulate enlargement.

The pulsations of the cardiovascular shadow are not charactenistic. With ad-
hestons n the medastinum or mediastinal pleurs, pulsations may vamsh m some
places Someumes, in marked emphyscma we observed pulsations of the cardiac
borders which were almost flapping as 1y a pacumothorax.
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Fic 156 Fic 157
Fic 156 —Cor pnlmana]: Male, 34 years old, with severe emphysema and chromse bronchirs
Bulgng of pulmonary a of and tmernsic pulsations of hilar shadows.

Fic 157 )Decompcnsawd cor pulmonale in a young woman with bronchial asthma and severe
emphysema Severe cyanosis Hepatic congestion

In rypical cor pulmonale the lung ﬁelds are abnormally clear unless they are
obscured by 1 pleural scars, or
chest deforminies If this 15 not rhe case, the hilar shadous may be cnlarged and the
perihular vascular markings accentuated reflecting elevated pressure 1n the pulmon-
ary artenies Often the hilar shadows show large systolic expansile pulsations
(Savini, Gerhartz) (p 148)

Owng to the high position of the upper chest aperture, usually present, the
apical fields are rather small. For the same reason, the thyroid shadow 1s often
retrosternal and should not be mustaken for a retrosternal gorter It 1s common for
the thyroid to appear i the thoracic cavity when the upper chest aperture rises and
1ts dorsoventral diameter increases.

The diaphragm 1s low and flat, 1ts respratory movements are very hmited. In
seyvere cases it shows a short, jerky inspiratory movement and a very slow, laborsous
expiratory nise Flatrenng of the domes 1s most distnet 1n lateral posttions, often the
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diaphragm has completcly lost 1ts curve and 1t descends as a flat ridge from in front
and above to below and posterior. This position shows best how small the respiratory
excursions of the diaphragm are and accordingly provides an wmpressis e picture of
reduced vital capacity

In obese individuals and with good tonus of the abdommal wall, the descent of
the diaphragm may be shghe or entirely absent. Then, the TESPiratory excursions of
the diaphragm are less restricted.

In lateral views, the depth of the thorax 1s very distmet; there is accentuated
bulging of the anterior wall and increased kyphoss of the spine. Moreover, the
retrostesnal ficld is widencd and translucent since the distended lung 1s serred
betw cen the heart and the anterior chest wall.

With failure of the nght ventricle the night heart usually enlarges progressively.
The resultant alterations of the cardiac shadow (fig. 157) were discussed on page
143, There it was shown that right ventricular difatation tends to enlarge the cardiac
shadow predominantly or exclusively to the lefr and thar generally ie enlarges
decidedly to the night only when the left ventricle 1s simultaneously dilated

Descent of the diaphragm, frequently present wath cor pulmonale, creates special
situations so that there are many cxceptions to the rule just given. The heavy heart,
bereft of its normal supporr, secks a median positon, divided cqually to lefr and
nght, irrespective of whether the enlargement involves the right half or both halves.
Accordingly, cven an exclusive night sided enlargement may lead to a globular heart
which bulges cqually to left and night (fig 158) as Vaguez and Bordet noted wichout
eaplaining. The marked rounding of the left cardiac border and the protrusion back-
ward and to the Jeft can suggest left ventricular hypertrophy and dilatation 1n the
antcrior and left anterior oblique positions. Here, roentgen analysis of the cardiac
shadow often fails completely. The absence of aoruc dilatation and the presence of
emphysema in such cases should raise the question that marked expanston to the left
15 not produced by the left heare but by enlargement of the right.

An nspiratory swelling of the cardiac shadow 15 often seen with emphyscma and
asthma, 1t was described by Holzknecht and Hofbauer and was confirmed by Ass-
mann and by Mortz, Dictlen, Gocetzel and Kienbock, Zdansky and Ellinger, and
Noltc and Welez mvestigated and analyzed it by the roencgenkymograph (p. 108).

Cor pulmonale often experiences drastic deformuity from pleural and pleuto-

! 1 scars Espccally m errthotic tubercul d with emphy 8
contraction of the pleuromediastinal scars stretches both borders of the mediastinum,
thus, differentiation of the cardiac shadow nto single arcs 1s complerely lost and the

cardiac shadow may resemble an equilateral tnangle with its small base on the
diaphragm

A deformity of the cardsac shadow which should not be asenbed to cor pulmonale
15 observed in contracung, left upper lobe processes and lefe-sided mediasuinal and
interlobar scars. Often, by traction these processes produce hump-like protuber-
ances and angular hinking of the pulmenary are (Wenberger, Dictlen) aad conse-
quently a mutral configurasion (fig. 159). Occasionally m thesc cases a diastolic
murmur of regurgitauon is audible to the left of the sternum (NCur:m.nn, Scherf),
1t is produced by relative P of the pul y valves from dis-
rortion of the ring.
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Fic 158 ~Decompeasazed cor pulmonale with severc cmphysema (recropsy) Male, 47
years old Very large cardac shadow, widenod o Yeft and nighe with clongation 2nd flat bulge of
pulmenary arc Examunaton sn the Jeft antersor obliqae positran (3) shows that the enfargement
exclusively nvohes the rghe heart Lehewsse the narrow aors (arch dumeter = 23 am)
speaks aganst hypostrophy of the left ventricle Necropsy showed that she lazge hypertrophued

night ventncle occupicd almase the entice antenor wall of the heaer and displaced the normal Jeft
heart backward

Frg 159 —Tracrion on palmorary artery by a comiracung fibrosis of the left upper fobe.
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VIIIL Tumors of the Heart

Primary tumors of the heart are rare Some are congeniral. They mclude fibroma,
lejomyoma, rhabdomyoma, angioma, sarcoma, myxoma and hipoma. Three fourths
of the primary tumors are bemgn (Prichard) and half of them are myxoma. Some
consider myxoma as orgamzed masses of thrombr with mucoid metaplasia, but
Prichard considers them true tumors. The atria are mvolved more frequently than
the ventricles, the left heart more than the night. The climcal and roentgenologic
signs of cardac tumnors are extremely diversified and depend upon therr size and site,
Corresponding to thar ranity and, usually, their very nonspecific symptoms, only
1solated radiographic findings of cardiac tumors are known

Dusect roentgenologte demonstration of a tumor 15 usually 1mpossible With a
solid infiltratmg sarcoma of the right atrium, Popp saw a marked nonpulsaning bulge

of the right cardiac border. Solitary and multiple thabdomyoma occastonally project
defintely from the cardiac surface and consequently are demonstrable by x-ray
(Bradicy and Maxwell) Similar shadows, however, can develop from primary and
secondary neoplasms of the pericardium, of the mediastinal pleura, from encapsulared
mediastnal or pericardial effusions, pericardial diverticulum, cardiac aneurysm,
echunococcus cysts (Moreau and Boudin), gumma and sa forth, In angiosarcoma the
protrusion may show a systolic expansile pulsation, however, Rosler saw such
pulsattons 1n a Iiquefying gumma which openly communicated wich the left ventricle.
Ellinger saw them m aneurysma spurium of the nght coronary artery. Diffuse
rhabdomyomatosis mvolving much or all of the heart may lead to an aortic con-
figuranion (Paul1) or to nanspecific enlargement of the cardiac shadow, the coexist-
ence of tuberous sclerosis makes the assumpuion of rhabdomyomatosis likely in
some cases (Chiar1) Pauli observed congemtal diffuse rhabd of the
heart 1n two sisters

The indirect signs of cardiac tumors are somew hat more common bur maturally
even more ambiguous than the direct. Intracardiac tumors like myxoma or polypoid
sarcoma may enlarge single cardiac chambers by virtue of their size. Ehrenberg
observed a polypoid sarcoma of the right atrum with considerable enlargement of
the cardiac shadow to the right and hvely pulsations of the right cardiac border.
Myxoma, which 1s relatively common, often 1s pedunculated and locate‘d above the
atrioventricular ostium. Therefore it may act hke a valve and sometimes causes
perststent or meermittent obstructton When located in the lefr arrinm, apparently
the favorite site, narrowing of the mitral ostum may producc all chmical and
roentgenologic stgns of mutral stenosis with stasis n the lungs (Ludwig, Chuar,
Block and coworkers). Tumors m the conduction system may cause heart block
ar other conduction disturbances which may be detected rocnegenologically.

Extenston to the cardiac surface usually results in a pencardial effusion and this
may be the sole bur nonspecific sign of the tumor,

Secondary tumors of the heart (sarcoma, carcinoma, chondroma) are much more
common than primary oncs. They enter the myocardium either through the blood
stream, the lymphatics, the cardiac cavities wich the blood or by conunuity from the
farge veins, finatly, 2 tumor may grow into the heart from surrouqdlng organs
Like primary tumars, sccondary oncs starcely produce chatactenstic chinical or
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r logic signs. Ox Uy the cardiae shadosw may be srregular i outhne

Oftent they eause pericardial effusions or hemopericardium. W& observed a woman
who had vndergone operation for a thyrowd umor, she do cloped a nodular neoplastic
shadow which projected from the nght upper med and i 1y
extreme stasis appeared m the domam of the superor vena cava At necropsy 2
recurrent tumor had ruptured into the left innominate vom and had grown dawn the
supertor vena €ava 1nto the nght smm, the urnor mass completely fitled and dis-
tended the vena cava.

In some cases a d P F hium or p h facl ar
mahes possible the deciston whether the questionable shadow belongs o the heart.
the perscardium or the lungs (Roesler)

[X. Alterations of the Cardiovascular Shadow from
Pleural and Pulmonary Processes

“The heart suffers various displacements and deformanons from space-occupymg
or contracting processes of the lungs and pleura.

Fig 160, ~Dusplacement and rotavson of the hears 1o the loft by a nghe sided pleural effuston
(@) Pulmonary arc peojects 25 % sk bulge wn the cardrac wasst The £sophagus 15 displaced 10 the
left (4} After shorzcentests the cardiac shadaw sogasns sts normal posiion and stzpe The esoph~
aguss ow proceeds normally

U Panly collapsed Jung 3 Resdual effusion

2 Preumothorax

Large night pleural cffusians displace and rorae the heart e the lefr, This
aceentuates the projecnon of the pulmenary artery mto the cardiac wanst and pre-
duees a more or Jess outspoken mitral configuration (fig 1602 and By Lefe plevral
effusions displace the heart 1o the right so that the nght cardiac border projects
far mto the nght hemuthorax Large pleural effosions, on the osher hand, which
canpot be demarcared from the cardae borders, sy make a decision abour heart
size ifficult or unpossible By ffung the esophagas with banum, however, an
mpression can be obramed on the extent of displacement and from ths, with definire
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limitations, an 1dea can be formed on how much bulging of a cardiac border lymng
next to an effuston 15 produced by cardiac enlargement and how much displacement 15
produced by the effusion Likewrse, dorsal displacement of the retrocardiac section
of the esophagus may help to form a judgment on cardiac enlargement or pericardial
effusion.

Encapsulated mediastinal pleural effuston broadly n contact with the heart
often cannot be distnguished from it (fig 161) and may simulate cardiac enlarge-
ment, cardiac aneurysm, or pericardial diverucalum (p. 331). It 15 often difficult to

Fic. 161 Fie 162
Fic 161 lated lefe med 1 effusion (necropsy) Female, 49 years old The mass
of shadows, indistinguishable from the heare showed transmitted pulsations and was hfted 1
wmspiratson with the anterior chest wall,
Fic 162 —Overdistention of the anterior weak area (antertor mediasunal hernsa) with right
sded arufical pocumothoraa Palpitasion and pan o the cardic area The overdistended
mediasunum projects as a delicate arc over the cardiac shadow 1nto the left fung ficld (arrow)

differentiate such effusions from aortic aneurysms. Pleural flud in the anterior or
posterior costomediastmal angle may produce double contour formations “hlcf;
usually resemble 2 night angle trangle whose long side 1s formed by the spie an
whose short side 15 the draphragm. The hypotenuse of this triangle naturally need not
proceed as a stratght line bur may show 1 lateral concave or convex course

‘The heart also expertences displacements or changes of shape 1n pncumothort::x
simlar to those 1n pleural cffustons. Essenually the cardiac distortion 1s producled y
the retraction force of the opposite expanded lung. Very striking ;:jrc tl?c al;f;:
lively flapping pulsations of the cardiovascular border on the same side even w
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small collections of air in the pleural cavity. The pulsanions are 1dentical with those
seen on the heart of an expersmental ammal with an open chest the heare liberated
from the clastic tug and pressure of the surrounding lung, which acts almost as a
damper, 1n diastolic relaxation briskly distends from inrushing blood and, m conse-
quence to s change m filling, experiences a considerable displacement, this 1s
favored by a firm opposition of the other lung. In a left pneumothorax, Heckmann
described a protrusion of the left cardiac border into the cardiodiaphragmanic angle
which show ed lateral systolic (paradoxic) pulsations

The extent of cardiac displacement by a pleural effusion or pneumothorax vanes
deardedly It depends upon the difference of pressure i the two pleural cavities
and, to a great extent, on the anatomic status of the mediastinal and pleur diastnal
connective tissue. This varies constitutionally, by scar formation it may become firm
or 1t may loosen and become weak from acute mflammation.

Parenthetic reference should be made to the hermation of the antersor and pos-
terior weak area of the mediastinum (Brauer) by a pneumothorax, this 1s not un-
common. Apart from other implications which need not be discussed m thus place
such mediastnal hermations explain some cardiac complaints such as pain and dis-
tusbances of thythm (fig. 162)

‘With pleural effusions, and particularly with pneumnothorax, in mspiration the
mediasunum wanders toward the side of the effusion or pneumothorax, naturally,
alterations of cardiac shape result.

Adhestons of the mediastinal pleura often distort the entire mediastinum, fill
the cardiodiaphragmantc angle, and cause vague, icregular delineation or Jocal
traction on the cardiovascular borders By extension to the mediastinal connective
ussue and the pericardium, they may fix the heart to the anterior chest wall, the
spine, or Jungs so that the clmical manifestations of accreto cordis appear (p 332).
‘With deep wnspiration, the heart frequently rises with the antertor chest wall or
moves to the side of the adhesions.

Very frequently with indurative processes in the lungs (above all with tubercu-
losts and pneumoconiosis) which are ordinanly associated with considerable em-
physema, both borders of the mediastinal shadow are stretched so that the cardio-
vascular shadow rests on the diaphragm hike a small, median, equilateral triangle A
sumilar distortion 15 produced by contraction of a pleuromediasunal adhesion

In inspiration pleuromediastinal scars may pull the enure heart to the affected
side and stretch the cardiac border.

Distortion of the heart and great vessels may be very striking with shrnking
processes an the lungs Estreme retraction may draw the heart to the lateral or pos-
tenior chest wall (Wiese) so that the entire spme 15 exposed and the hearr may
vanish letely within the pul y shadow Then, exact delincaton of the
heart 15 absolutely impossible (fig. 163), 1t 15 astomshing how such distortions of
the heare and of large efferent and afferent vessels, create no circulatory disturbances
and how well funcuion ss retained Especially marked cardsac distortion 1s found with

skrinkage of the lungs acquired early m hfe, parncularly with indurative processes
accompanying bronchiectasis

Shrnking processes mn the left upper lobe or left hilus often elevate the pul-
monary artery 5o that the cardiac shadow acquires a mutral configuration (fig 159).
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Fia. 163.—Marked d of the med through of the left b
lung. ‘The trachca and bifurcanon (white arrows) are pulled far into the lefe half of the thorax
The feathered black arrows pomt to the boundary of the right lung drawn 1nto the left hemthorax.
‘The dark arrow directed to the right indicates the left border of the descending aorta No circu:
latory disturbances.

F16, 164 —Marked rctraction of the heare to the night and posteniorly by bronchicctatic shrnke
age of the nghe lung Female, 49 years old. (4) Anterior view. The arrows indacate the course
of the trachea, () Right lateral view. The heare 15 drawn away from the anterior chest wall
and 15 broadly supernmposed by the left lung

‘This distortion of the pull y artery may di the valves and cause in-
competence (p. 240).

Marked retraction of a lower lobe occasionally pulls the catire mediasunum
bachward so that the heart is situated alongside the spine and 15 widely super-
imposed by the other lung, distended from vicarious emphyscma (Gtordano). In
lateral views, the heart 15 Jargely or completely projected imto the vertebral column
(fig. 164a and b). .
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Indurations of the night upper lobe and of the right hulus as well as right-sided
mediastinal pleural scars often distort the asccnding aorta. Then, the aorea projects
farther to the right, often as a rounded or angular shadow:. In this way the picrure
may simulate somewhat a dilated ascending aorta (p. 386). Measurement of the
ascending aorta, and particalarly the demonstration of nght-sided pleuromediastinal
adhesions ar 3 shrinking process in the righe upper lobe, as a rule permits the differ-
entianon {fig 165).
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Fie. 165.—Traction on the ascending aorta by 2 shanking process in the right uppet lobe.

X. The “Gastrocardiac Complex”

In this conception (Romheld) arc included certain cardiac complamts hke pam,
feeling of compression and disturbances of thythm which are not produced by cards
vascular disease but indircctly or directly by the gast 1 erace. Mechani
as well as reflex influences on the heart are responsible but intestinal intoxication has
also received cuologic consideration

The gastrocardiac symptom compiex is found chiefly m pykmc males m the
fifth and siath decades Therr build, well developed obesity and good tonus of the
abdominal wall, elevates the diaphragm and displaces the heart transversely The
complaints are released by gastric distension or by constipation and meteorism but
often no precipitating causes are discovered,

The distress is sufficiently annoying to make the panient despair and st may have
an anginal component Corresponding to the transverse posinion and elevation of the
heart and great \essels, cardiac dullness 15 broad. Frequently the blood pressute 1s
moderately elevated, If a systolic murmur 1s heard over the aorta or the second aoruc
sound 1s accenwated, it 15 casy to assume that an atheromatous heare or syphilie
aortitis with coronary artcry damage is present.

Examinanion reveals a transverse clevated heart of normal size although the
marked rounding of the left ventricular arc may indicate feft v entricular hypertrophy

10-
1
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n hypertensive pauents. Since the aoruc loop is displaced upward, the vascular
band 15 broad (p. 357), creaung an unpression of aorte dilatation 1n the antersor
view. Only measurement of its diameter shows that the aorta 1s normal or shghtly
wide 1 keeping wath the advanced age or the moderate hypertension present m
many of these patients.

Occastonally the large bowel 1s markedly distended At times there is 2 um-
Tateral but more often bilateral elevation of the diaphragm (fig. 166) produced by
distention of the splenic flexure or a large gastnic gas bubble (acrophagia). Attumesa
left diaphragmanc herma or paresis explams the complaints. \on Bergmann has

Fic 166.—Gastrocardsac syndrome wath left sided elevation of the diaphragm and cascade
stomach. Male, 36 years old with normal electrocardiogram On standing, at first only the cephalic
portion of the stomach () fills In this position a marked sense of oppression, Ouly 1a the night
tateral position does the gastric content appear 1n the caudal part of the stomach (2). Then the
patient felt reheved

referred to hiatus meompetence when lunanon of the cardiac pare of the stomach
above the level of the draphragm produces angina (fig 167).

The causal between the compl and the varous situations demon~
strated roentgenologically remams uncertan n many cases, cxamunation, Sig-
mificant only in 50 far as it reveals some conditions, docs not disclose why cardmc.
oppression, pam, extrasystoles, and tachycardia are released when the camnar)r
arculation 18 completely normal Perhaps these conditions favar the sppearance of
truc angina pectors n panients with abnormal coronary circulation. A .lcf'( or l:)ll-’ittﬂll

levation of the diaph a diaph ic hermua, or duapt ic or hiatal -
compctence inno way preciudes the existence of angina pectoris produced by or{,;ar;:g
coronary artery disease. In this connection 1t may be recalled that clevation o ]( .
left diaphragm, abnormal distention of the stomach or l?o\\ cl !)y gas, orkﬂi: ﬂb 3)
draphragmatic & eakness may result from myocardial infarction (Borak, Laubry

(p. 229).
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Elcctrocardiograms hase great value in determining whether the angina pectons
of these patients depends upon coronary artery disease Of not, althongh a normal
tracing does not absolutely cxclude discase of these vessels (Scherf, Jagi¢ and v,
Zimmermann-Meinzingen). VWhether or not the situations mennoned above are
adjuvant factors in the appearance of myocardial hypoxia or whether they are
actual results of coronary artery damage often cannot be decided despite a most
careful history and recoursc to all chntcal measurcs.

Whether hiatal msufficiency has causal significance in defecrive myocardial
perfusion (v. Bergmann) 1s dubtous, Although amimal expersments provided some
evidence favorng this concepuon (Dretrich and Schwiegk), the studies of Zdansky

Fig 167 —Gastrocardiac syndrome with hiatus hernta, Male, 9 years old For two years he
had suffered from complaints like angina pectons, espectally after large meals Nitroglycenn did
not relicve the pam  Electrocardiogram and blood pressure normal VWassermann negative,

and Efiinger supplied no support for the assumption of a relation between hiatal
weakness and angina pectons 1n the sense of an “epiphrenic syndrome ”

XI. The Heart in Thoracic Deformities

With severe hyphoscohosis of the thoracic spine, cor pulmonale 1s not unusual.
Consequently, chnucal signs of severe circulatory fatlure often appear and may prove
fatal in a relanvely short ume, the syndrome consists of eatreme dyspnea, cyanosts,
and retrograde stasis in the systemic crrculation,

The demarcation of the cardiac shadow on all sides 15 very difficult since the
heart 15, for the most part, projected into the dense shadows of the curved spine or
decp mto the abdominal shadow. The latter happens particularly when the diaphragm
descends from bach to fronr so that the heart sinks far o the angle formed by the
draphragm and the antersor chest wall

Despite these difficulties exammation usually reveals that the caval axis of the
heart docs not tend to follow the Jaccral deviation of the spine with hugh grade
scoliosis but remams as nearly perpendicular as possible (fig. 168) There-
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fore, the position of the entire heart in the thorax does not shift as much as one might
expect from the cxtent of chest deformation. Nevertheless, shortening of the thorax
often makes the heart transverse and causes greater bulging of the left cardiac border
and decpening of the cardiac waist, consequently a majonity of paticnts with kypho-
scoliosis have an aoruc configuration (Groedel, Amelung, Dictlen). Somctimes
this 15 accentuated by left s entricular hypertrophy when the aotta is kinked markedly
owing to the chest deformuey (fig 168).

In pure kyphoscoliosss, the effects of a shorter and decper thorax are strongly
reflected n the position of the heart. In a posteroanterior view, the heart sinks
deep 1nto the abdommal shadow so that it appears smaller than it actually 1s. Its
true sizc 1 apprectated only in lateral views; then, one sces how the heart 1s broadly

Fic. 168,—Kyphoscoliosis of thoracic spine.

apphed to the anterior chest wall and to the diaphragm which is more or less flat-
tened and descends from behind and above to front and below (fig. 169a and b).
The mehnation of the heart from behund and above to below and o front may be
20 degrees or Jess. . . .

The deep cyanosis, severe dyspnea and peripheral stasis of individuals with
kyphoscoliosis often stands m striking contrast to the slight enlargement or even
normal size of the cardiac shadow. This contrast is understandable when one recalls
that circulatory farlure—just as in many patients with emphyscma—of.(cn does no;
depend upon cardiac weahness but on incomp of the diaph ic and c?sm‘
forces and reduced amplitude of respiration (Wenckebach, Hofbauer). The mxmq:;
respiratory eacursions of the perfectly flat diaphragm, visible on the screen, provide
an Impressive picturc of the profound mvolvemcn_x of respiration.

In all hyphoses and kyphoscolioses the aortic arch moves toward the spnlncv.
Often considerable clongation and an entirely abnormal course of the aorta results;
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for example, the vessel may be directed posteriorly and to the nght. Angular sortic
Yanking 15 not uncommon {fig. 169b).

The close spaust rclationstup between the arch of the aorta and the csophagus
remains unchanged 1 most cases, almost alw ays Krcuzfuchs' measurement can be
performed. Neventheless, there are cascs m which the aornic bed 15 lower than the
most Jaeral pomt of the aorue knob, this prevails with hugh grade hyphosis when
the sortc arch ascends upw ard and bachward to the spirke bey ond the site of crossing
of the csophagus {HL. Roster) In general, the coutse of the spinc affeats the esophagus
fess than the aorta, the csophagus never completely Eollows spunal curvange bue
esther bends moderarely m the dircenon of the scoltosis or descends caudad 1w 2
perfectdy straght hne,

Fio 169 —Thoracic deformuty by gibbus i eudthorack spme Relausely lule sheranion of
carduac poxetion On the contrary, the aorta which has moved toward the spne shows an angular
Wik 3t the level of the gribbus () Antenor view, (8 left batcrat view

3 Lumbac pare of duphragns 3 Lumbar past of diapheagm

2 Aoz 4 Gastnic babble

Pulmonary congestion and cdema are not a part of the picrure of kyphoscohiosss,
although they appear 1n terminal stages. Accordimgly, the lung fields are genenally
clear unless chest deformury renders them hazy

Shght deformanon of the shest exents no myunous mfveace on the function of
the hearr and arcutation but changes the position and shape of the heart as will now
be discussed

The common, shight spsnal curvarure comvexdy to the nghe displaces the caure
carhovascular complex to the left so that the left border of the cardzac shadow may
extend almost to the lateral chest wall As the pulmonary are projects farther, the
cardiae warst becomes shallow and a mutral configuranon becomes more or less
obvious (fig 1702). Brugsch obscrved bulging of the pubmonary are in 80 per cent of
alt scolioses and congdered it a stigma of a by poplastic degencranve cardiae anloge,
Amclung noted chis bulging 1n only 30 per cont of his cases. The maidence reported
by Brugsch as well as lus nterprotation has recerved much crticism (Detlen,
Assmann, Rosler), m parucslar Assmann pomted our that the musal configuration
may result from rght ventniewdar hypererophy. On the contrary we behieve thee
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tufling spinal curvatures can hardly induce such hypertrophy and concur with
Rosler that bulging of the pulmonary are in these cases results from cardiae rotation
to the left consequent to altered intrathoracic spatial condivons, It is casy to mahe
the mitral configuranion vanish by rrning the patient to the left far enough to offscr
the cardiac rotation and unul the spine runs near or m the middle of the cardio-
vascular shadow (fig. 170b).

Scoliosis of the thoracic spine, convex to the left, is much less common than to
the righe. With 1t, most of the cardiovascular complex lics to the night of the spine so
that the left cardiac border protrudes less and the cardiac shadow seems rather
‘medzan. With scolosss of the upper and middle third of the thoracic spme, the aortiic
knob projcets less but the enure vascular band is more or less widened since the

b

FiG. 170.—Mitral configuration of the heart with convex scoliosts of midthoracsc spine to the
nght (s} Antenor view, (5) by slight rotation of patient to nghe normal configuration s
restored (copics of films).

descending aorta follows the spine and 15 exposed on the lefe (H. Rosler). When the
scoliosis to the left 1s sufficiently marked, occasionally the whole loop of the aorta 1s
visible 1n the posteroanterior projection, a picture normally scen only in the left
anterior oblique position

Naturally the close spatial conncction berw cen the aortic arch and the esophagus
is ordwanly preserved wath shight spinal curvatures so thac Kreuzfuchs' aortic
measurement 15 usually free from technical objcctions. o

With decp respiraton mediastinal wandering ts oceasionally noted, in jnspiration
it is directed toward the side of the concavity of the spinal curvature (Zdansky).
. r . -

1
1s never observed,
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Funnel chest mfluences carhiae shape and size by reducing the stemoversebral
dianeter. This can amount to 3 cm or less, i one case 1t was only 1.3 cm (Rosler).
Nes ertheless, cardiac Ranction 15 scarcely embarrassed. As a rule the hears escapes
compression by more or Jess evasion o the lefc (Groedel), m this way the nght
border can be projected mto the spinal column while the lefe can extend almost o
the left chest wall {fig. 1712 and b). With less severe funnel chest, the heart s merely
flattened i 2 dossoventral dircenon Then, with posteroanterior projectton the
cardia¢ shadew appears more plump and enlarged to left and nght Frequemtly the
conus pulmonalss projects mto the cardiac waist so that a mutral configuration ap-
pears {fig. 172). Since these pattents frequentdy have a systolie murmur over the
heart, the ineaperienced student may be misted mnto thmking @ wzal lesion 15

Fie 171 —Deformanion of hearr 1n fuanel chest () Anterios view. The heart 15 displaced
1o the left and 35 radiolucent in its center from compression m ventrodorsal diroction. (63 Lateral
view The heart, displaced snto the lefr half of the chest, projects venirad behund the posteror
aspece of the stemum (arrow)

present The demonstratzon of a normal left atrum shoold, however, prevent the
mistake Corresponding ro the cardiac d through the trough-ltke depression
of the sterpum, 2 eentral clearmg ean someumas be seen n the antenior view (Pohl)
(R 171). Wth Jateral projections the hearr often projects distincrly i fronr of the
postertor surface of the sternum

Severe fonncl chest 15 often associated with spinal scohiosss, concave to the righe,
whereby the heart agam gans more space. This scoliosis can also mfluence the shape
of the cardiac shadow m vanous ways

In funnet chest the esophagus may follow sts normial course, deviate to the left o7,
mose rarely, to the rght.

Pure lordoses of the middle and Jower spine are racher rare and nsually resule
frarm 2 gibibus of the upper secsion of the column. These lordoses can lead 1o 2 funnel-
Uike depression on the back whech also reduces the sresnovertebral drameter of the
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tnfling spinal curvatures can hardly induce such hypertrophy and concur wit
Rosler that bulgmg of the pulmonary are in thesc cases results from cardiac rotatio
to the left consequent to altered intrathoracic spatial conditions. It is casy to mak
the nutral configuration vamsh by tuming the panent to the left far enough to offsc
the cardiac rotanon and until the spine runs near or in the middle of the cardio
vasenlar shadow (fig. 170b).

Scohiosis of the thoracic spine, consex to the left, is much less common than t
the night With 1e, most of the cardiovascular complex lics to the right of the spme st
that the left cardiac border protrudes less and the cardiac shadow scems rathe
‘median. With scoliosts of the upper and middle third of the thoracic spine, the aorti
knob projects less but the cntire vascular band is more or less widened since the

a b
Fig. 170.—Mutral configuration of the heart with convex scoliosis of midthoracic spine to the
nght. (3} Antenor view, (b) by slight rotation of patient to right normal configuration 15
restored (copies of films).

descending aorta follows the spine and 1s exposed on the left (H Rosler). When the
scoliosis to the left is sufficiently marked, occasionally the whole loop of the aorta 18
visible in the posteroanterior projcction, a picture normally seen only in the left
anterior oblique position.

Naturally the close spatial connection betw een the aoruc arch and the esophagus
is ordimanly presersed with shght spinal curvatures so thar Kreuzfuchs’ aortic
measurement 18 usually free from technical objecuions.

With deep d 1 wandering 1s occ ity noted; in ¥
it is dirccred toward the side of the concavity of the spinal curvature (Zdansky)-
Awareness of this wandering 1s important to avoid the erroneous assumprion of a
bronchial stcnosis. The ribs on the side of the concavity have a greater radius than
those on the side of the convexity; accordingly with mspiratory costal clevation, the
side of the concavity cxperiences a greater increase of capacity and a greater reduc-
tion of horacic p than the opp side. ‘This may draw the mediastinum
to the side of the concavity. With severe kyphoscoliosis, this mediastnal w anderng

is never observed.
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cardiac seab and gunshae wounds, death soon occurs owmg to ramponade or cxsan-
gumauon. Neertheless, 1t is not uncommon for a stab or gunshot wound m the
ventricular wall to be so narrow that blood enters the pericardial cavity slowly and
cardiorraphy undertaken at the proper moment may be lifesaving. In these cases
physical examunation often fails to reveal unequivocally whether or not the heart is
inyured. By portable apparatus at the bedside or 1 the operating room, how ever, the
posive demonstration of 2 pericardial effuston diately blishes the d

of a cardiac or penicardial injury. Often n these injurics a paeumo- or hy dropneumo-
thorax 1s found, since conconurant pleural mjury is common. Occasionally air enter-
ing from the outside or from the pleura into the pericardial cavity causes a hydro-
preumopenicardium (p. 329,

Lacerations of the heace valves from chest wall trauma (crushing, gunshot,
explosions) are rare. When simulraneous injuries of the myocardium or other organs
da not prove fatal, such tears may lead to permanent incompetence of the valves or to
stenoss from scar formation so that the clinical and roentgenologic picture of a valve
lesion develops, this need not differ from one of rheumatic or syphilitic onigin
(Kienbock, Gussenbauer, Luthi).

Somewhat more common are hemorrhages or necrouc foci i the myocardium
from mdirect force (“‘contusio cordis” of Hadorn and Tillmann), the genesis is
not entirely clear and probably 1s not umiforsm. Such foci can lead to cardiac dilaration
from myocardial failure, to the formation of a cardiac aneurysm or to belated rupture
and tamponade (Dietrich).

Experimental studies on ammals mdicate chae blune injuries of the chese walt
which do not directly mvolve the heart can precipitate acute cardiac dilatation even
without demonstrable myocardial damage (Schlomka and coworkers) These
dilatations may disappear m minutes or hours or they may be followed by faral
“secondary dilatation " The extent of dilatation experunentally produced roughly
parallels the sevenity of the blunt force This “commotio cordis™ 15 accompanied by
profound electrocardiographic changes as well as by a fall of the arterial and a rise of
venous pressure, frequently there 1s an assoctated bradycardia, tachycardia, extra-
systolcs, ventricular flutter, or fibnllanon. In rabbts previously treated by a foreign
serum there mav be cireumsenbed anemic zones in the ventricular muscle while the
aima are engorged. Schlomka ascribes these alterations to a disturbance of myo-
cardral perfusion resulung from coronary spasm

Sumilar posttraumatic, even very transient alterations, seem to oceur in man.
Some clinical observations suggest 1t Apparently no roentgenalogic observations are
available at present

Projecules, sphters of bullets, or other metallic forergn bodies can penetrare
the pericardium, heart wall, or cardiac cavity Therr roentgenologie demonstration
has great practical importance

If the mussile has merely penerrated the penicardium, it may be associated with a
hemoperscardium from itjury of a pericardial or myocardial blood vessel or, with the
entrance of air from a comeident pneumothorax or of outside air, wich 2 pneumno-
pericardium, One sequelz of such hemorrhage 1s perscardial adhesion or mediastino-

{encardntis @ 332) (Guisbock) Pericardsal injunies withopr hemorrhages are also
nown.
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chest. Although complaints arc infrequent (Edciken), the hearr can be flacened by
thus compression {fig. 173).

( 1
Fia 172.—eformation of the heart i funnel chest. Ventrodorsal compression of the heart

has crased the cardiac waist and has resulted 10 2 mutzal configuration,

T

RN

Fic. 173 —Ventrodorsal compression of heart by lordotic curvature of mudthoracic spine (copy
of filmy. Ol male with gibbus m uppermost thoracic spine. Owing to reduction of the sterno-
verwbral diamcer, the heart 1s spread and projects—as the lateral view (8) shows—over the
spine dorsad on the lefi side No cardiac complaints

XII. The Heart and Trauma

Rupture of the heart from crushing or bursting 15 not subject to roentgenologic
snvestigation. Usually this results from severc chest mjunes. Morcover, 3n MOSt,
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“Trendelenburg, Ledoux-Lebard, Becher, and others obsers ed whirling and danc-
ing movements of intracardiac projecnles. Rosler also depicred arrcular movements
m which the buller shd along the ventricular scptum toward the base of the heart in
systole and more slowly rerurned along the outer wall to the apex in diastole

If a freely movable projecuile within the heart 1s nor cjected into one of the
vessels, usually 1t soon becomes fixed in the atrum or between the trabecula of the
ventricle (Ascoli, Becher, Rosler) Fixation m the wall of 2 chamber may be perma-
nent, but the object may loosen Jater and escape as an embolus (Kienbock)

Paracardial fragments i the antersor or posterior mediastinum or alongside the
heart can cause p! Like pam, opp tendency to collapse, and
disturbances of thythm through scars mvolying the pericardium or heart or by
myury to the networks of vegetatne nerves. X-ray allows one to determune the
precise relation of the opaque foreign body to the hearr.

XINI. Caleification of the Valves and the Cardiac Skeleton

Intracardiac calcification 15 very common, usually it mvolves the valves, the
cardiac skeleton, or both Calaification of the coronary artenes, of the myocardium,
or of large panetal thromb: are numerscally n the background when compared to
those mentioned first; they hase been discussed on page 225.

Most valvular calafications develop on the basts of a chromic rheumatic endo-
carditis and more rarely from primary degenerative changes 1 the nssues composing
the valve

In the first mstance caleification occurs prmarily at the edge of the valve but it
may advance down to 1ts attachment and even 1nto the endo~ and myocardium. Any
ostium may be involved but, corresponding to the frequency of mitral and aortic
valvulitis, preference 1s given to these sites

In the second group, calaification 15 usually associated with simlar alterations m
the cardiac skeleton from which they tend to anse. By cardiac skeleton one under-
stands the connective tissue portion of the heart inserted between the atrial and
ventricular musculature It serves for the attachment of the atrioventricular valves
and as sites of otigin for the large vessels, 1t consists of poorly nucleated connective
ussue and surrounds both atrioventricular ostia wath the mght and left annulus
fibrosus. The annuli unite to form a large connecuve ussue plate which widens mto
the night and left tnigonum fibrosum The bundle of His passes through the nghe
wmgonmum To the left of the bridge connecting the two trigona s the anterior (aortic)
Jeaflee of the mutral ostum, to its night 15 the posterior and the lefr semilunar vaive
of the aoruc ostium,

Calesfications of the cardiac skeleton develop on the basis of farry degeneranve or
necrotic processes and are usually found first at advanced ages They are rare m the
relatnelv well-nucleated trigona, of these the left annulus fibrosus and the valvular
ring of the aortic ostium are affected most often, mvolvement of the night annulus
and of the ning of the pulmonary valve 1s relansely rare

In the left annulus fibrosus, calcification usually begmns postersorly to advance
to the valves or toward the apex n the ventricular seprum. Thus, a ring, the thick-
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According to the position of the patient and of a metallic foreign body, the object
can be projected on the cardiac surface or into its depth. For precise localization,
fluoroscopy in many positions 1s indispensible. A projectile lying in the perrcardial
cavity mmust be projected on the cardiac surface n at least one position. If frecly
movable m the cavity s location may change with a new position of the body
(Kienbock) although fixauon by ntrapericardial coagulum or adhesions is custom-
ary. If embedded 1n a cicatrix 1t may be impossible to decide whether st is intra-
pericardial, just ourside the pertcardiem or acrually on the cardac surface. Corres-
ponding to 1ts relauon to the cardiac surface, it participares in the pulsations of the
adjacent scetton of the heare.

Many descriptions of mussiles smplanted in the heart arc available, The subject
of localization by carcful fluoroscopy m varicus planes has been reviewcd by Kien-
bock and by Steffens. They, as well as Freund and Caspersohn, Kuhula, Becher,
Franchint, v Zezschwitz, and others, desenbe the striking movennts of such
objects. Corresponding to the favored position of smplanted bullets i the v entricular
musculature, the pulsauons are usually ventncular, that 1s, they are synchronous
with systole cven if nor always idenucal with visible ventricular pulsations. Accord-
ing to the position and plane of projection, a foreign body usually shows parallel
shifts or circular movements with remackable vaniations in the amount of excursion.
It may be 1 to 2 mm. or 2 em. and more  Von Zczschw itz obsers ed a fragment of shot
fluoroscopically, 1t was located near the atrioyentricular septum and shifted 3 cm.
systolically toward the apex, this illustrates excellently the extent of systolic shift
of the atrioventricular seprum (Laurell). Occasionally the missile rotates around a
pome of fixation (Freund and Caspersohn). In this instance the object 1s fined in
the pericardium and projects partly into the heart muscle; such rotation can also
occur when the parts of the heart through which the shot passed contract to different
degrees and mn different directions.

Projectiles 1n the anterior cardiac wall usually shift to the right mn systole since
the hearr rotates to the night at this ame.

In addition to movements synchronous with the heart, the projectile may also
shift with respiratory changes of cardiac position.

Bullers and fragments of shot mstde the cardiac cavities can arrive directly
through the myocardism or from the great veins.

Durcct penctration may lacerate the valves and create corresponding chinical and
roentgenologic signs (Kienbock, Gussenbauer, Luthi). Buflets entcring from the
veins usually start from an abdommnal wound, especially from the hver, to pass
through the mferior vena cava and reach the nighe heart (Freund and Caspersohn,
Ascoli, McCartney and Drummond, Debreye and Lorgnier, Duval and Barnsby,
among others). Ve found a fragment near the tricuspid ostium which had entered
through the left inonunate ver.

The projecule may escape from the heart into the pulmonary artery (Kukula,
Bishop) or through the aorta nto the caroud (Luthi), the subclavian (Kienbock), the
femoral (Bocckel) or other peripheral arteries. Morcover, retrograde passage from
the right heart into the hypogastric or femoral vcins is knm\.n (lfoslcr).. Owing to
the possibility of migration 1t is §ssennal to be sure that the object is stll in the heart
just before an atrempt at operative removal 1s made.
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Calcifications of the cardiac skeleton can produce very similar shadows when
they cxtend to the valves (fig. 177), If they are hmited to the cardiac skeleron, how-
ever, the shadows are thick, sharply defined, and rng or sickle shaped (figs. 178a
and b and 179a and b) (Klason, Flerschner, Saul, Parade and Kuhlmann, Baumann
and Naumann, Bishop and Rosler, Kommerell).

With dorsoventral p mueral cale arey d into the middle
and basal thirds of the cardiac shadow, 0.5 to 20 cm. to the left of the spine, the
aortic valve is somewhat higher and usually near cnough to the median plane to lie
in the dark shadow of the vertebral column To demonstrate them the patient should
be rotated into the left anterior oblique position to throw the calcification to the left
and out of the spinal shadow.

Fic 175 —Calerficatson of smitral leaflet n mutral stenoss Female, 26 years old The visible
calerfications (arrows) cxccuted systolic excursions toward the base of the heare

‘With dextrosmistral projection, naturally cal are less d able
because of shight opacity; however, mn this position 1t 15 much easier to determine
whether they belong to the mutral or aortic osttum since the mutral hies lower 1n the
muddle or dorsal third of the cardiac shadow while the aortic 1s higher 10 the ventral
thard.

Pulsa
shadow, .
of projec

triangular and have 2 jerky, dancing character since the velocity of the roratory
movement 1s not uniform In general, movement toward the apex 1s more brisk
duning systole and slower toward the base i diastole, that 1s, the excursions follow
movements of the amoventricular seprum. By roentgenkymography  Odquist
demonstrated a brief vibratory phase just before attamng the vertex of the upward
movement mn annulus calcification, he interpreted this as upward retraction of the
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ness of a finger, can surround the mutral ostium. By retraction within the involiad
valves, the estium may become stenonc and the valve mcompetent.

In the aortie valves, calcificanon usually begms at the base to advance to the
commussure, the outer side of the valyes and the ortic root so that a nodular excres-
cence gradually fills the sinus of Valsalva. By shninkage the aonic ostium may
become stenotic, Usually the coronary ostia are not affected.

Calaification of the mitral valv ¢ 1s most common, limitauon to the aortic ostium
1 rarest for these are less frequent than combined calcifications of the mitral and
aortic ostia (Giese).

When the righe trigonum fibrosum is atfecred, conduction disturbances such as
partial or complete heart block and prolonged conduction ime may result.

Fic. 174.~Calaification of 2 mitral leaflet 1 mitral stenosts (necropsy). Male, 43 years old.
The caletum deposit, s sible 1n the region of the mutral ostium (atrow) exccuted sy stolic pulsations
toward the base of the heart, this revealed its locatson i the mural Ieaflets.

Nawrally calafications of the valies or cardiac shelcton are demonstrable only
when the deposits are large, the heart is not too big and the patient not too obese.
They are castest to discover when fluoroscopy 1s performed with hard highe, and 2
narrow draphragm to prevent sccondary radiations. Pulsations facilitate va’thty on
the screen, Sharp pictures can be cxpected only on shiclded films tahen with very
short exposures.

Valvular calcifications after theumauc valvular lestons arc more common than
one might expect from roentgenologic Iiterature. However, Parade and Kuhlmann,
Sosman and Wosicka, Sparks and Evans, and Baumann and Naumann, as well 2s
Kommerell and many others, described cases. ¥V3& have scen Emd conﬁmefi =IK
necropsy many ples. Usually, d able valvular caleifications follow mitra
endocarditis {figs. 174 and 17%) and more rarcly aoruc \'z!\'uhns (fig. 176). They
are seen as lumps or spotted shadows, arranged singly or in srregular crescents or
as ring-shaped groups (figs. 174 to 176).
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atnioventricular septum by the presystolic atral contraction. More rarely the cal-
carcous mass moves toward the base 1n systole. Probably this mosvement indicates
that the calcification mvolves the valve leaflct since the valve 1s thrust basal m sys-
tolic closure; exceptions exist as necropsy has proved. The movements of the mitral
ostrum during cardiac activity are extremely complicated. They include systolic
wandering of the atrioventnicular seprum toward the apex and ultng of the valve
ring thythmic with cardiac contraction, this vanies greatly with the position of the
heart m the chest. Roentgenologically, this nltng may move the calcified annulus
opposite to the systolic septal wandering. In roentgen views, once agan, calcifica-
nons of the valve leaflets frequently show a systolic excursion toward the apex,

a b

Fic. 179 —Calaification of the anaulus fibrosus sinistra, Female, 79 years old, without signs of
valvular lesion The buckle-shaped calcim deposie (atrow) moved toward the apex in systole,
(8) Antenior view, (8) left anterior oblique view.

smce the valve is fastened to shortened tendons and tends to be incapable of closure,
1t must participate 1n mosements of its ring.

Through their location and pulsations, calcifications of the valves and cardiac
skeleton are differentiated from other intracardiac calerfications Among these are
thrombi, ongmally attached to the cardiac wall ke 2 mushroom, and “cardiac
polyps,” which occasionally calaify and become demonstrable by x-ray They are
located 1 the ventricles between the trabeculae especially near the apex, in the
auricular appendages, or in valve remnants n the atrial septum, in the latter mstance
they are found at the Valv. forawums ovalis on the left side and on the night at the
Valv simus coronarss (Thebes). Besser and Schilhing, Heeren, and Berk and Rauch
reported the roentgen findings of calaified, spheric thrombi in the left and righe amz.
The nodular or almost spheric clumps, ring or half- shadows, corre
to their position, can be projected just to the cardiac surface In contrast to the *
pulsations menuoned above, these excursions never eatend beyond the cardiac
surface. Ina 72 year old woman with essential hypertension, Zdansky saw a cherry-
sized, cup-shaped shadow m the hypertrophied and enlarged left ventricle (fig. 180a




Fic 176 Fie. 177

Fic 176 —L arterioscls leafi of aortic valves and of aorta. A crescent
shaped mass of calcium 1s seen in the snus of Valsaha (arrow).

F16. 177 —Ring-shaped calcification of annulus fibrosis and the leafict of the mitral ostum in 3,
combined mutral-aortic lesion. Male, 49 years old. Systolically the fakes of calcium moved toward
the apex

13
]

Fic. 178.—Calaification of the annulus fibrosus sistra Female, 70 years old, without signs
of valvular lesion. The calaific, semicircular shadow (arrow) moved toward the apex in systole
(&) Anterior view, (#) right antenior oblique view
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until recently, rather meager, Morcover, the rocntgen symptomatology was some-
what rudimentary despite the publication of several works (Assmann, Vaquez and
Bordet, H. Muller Sr. and Jr., Blumenfuldt, P. White, Rocsler, Zdanshy, and
others). In recent years, however, significant advances have been made in the
diagnosts of these anomalies These advances stem primanfy from Abbott’s therough

thol studses, the fund 1 chinical work of Taussig, and the development
of angiocardiography by Castellanos and coworhers as well as by Robb and Sten-
berg. Interest in the diagnosue aspect also received a pow erful stumutus by virme of
the progress n surgical management (Blalock and Taussig, Gross, Crafoord and
Nylin, Brock). By the assembly of a large number of appropriate cases in centers
which subsequently became widely hnown for cardiac surgery, 1t was possible to

ppl the fr y knowledge of chinical and roentgenologic diagnosts by
expertences dernved from plentiful material

At the outset 1t may be stressed by way of anticiparion that i no section of

& diology do findings alone provide rehiable conclusions on
the nature of exisung altcratons, this situauon also prevails in respect to congenital
malformations. Even those anomalies which profoundly hamper activity and which
are accompanied by deep cyanosis can yield normal or completely inderermunate
rocnegen findings. On the other hand, there are cardiovascular anomabes whose
abnormal structure is immediately apparent or wWhose perscrse dynames function-
ally create ic alterations which letely d the Ppicture.
Although the functional reacuons of the heart fundamentally follow the same laws
as those prevailing in the heart of normal structure, sull they exhibit many spectal
features; these can be explaned partly by the working condinions 1n fetal or, more
commonly, m neonatal hife, differing from those existing 1n acquired disorders; they
are also explaned in part by the architecture of single cardiac sections which deviate
from normal. Consequently, deformations of the cardiac shadow can occur which
exhibit such stmking differences from those seen in acquired lesions that the probable
diagnosis of a2 congenital anomaly 1s reached smmediately; in other cases, the forms
may simulate acquired cardiac pathology so closely that unawareness of the con-
gemtal nature and the chinical manfestations make a correct interpretation of the
roentgen findings wnpossible. Through this nterw caving of deviations of cardiae
shape d dent upon ab \ of the develop 1 plan and the anatomic
consequences of abnormal function and altered intracardiac dynamcs, malformations
due to perverse and arrested development, differing greatly from an anaromic and
evolunonary standpoint, may have great simulanty while closely related anomalies
which form a series by small gradations may show extreme differences. Conse-
quently the roentgen pictures of congenital malformauons should be interpreted
only 1n comunction with the total cliical picture and with knowledge of the case
hustory, moreover swceping conclusions should be av oided.

“The chimical and roentgenologic diagnosis 15 rendered more difficult by the fact
that mflammatory processes in the valvular apparatus frequently complicate the
suwuanon The value of a careful chaical examination including the electrocardio-
gram in conjunction with the roentgen findings 15 evident from the excellent work
o\f‘ Tzuss:g and from recent stagements by Métcanu, Dubost, Durand and Hoffmann,

. .
phy 15 indisp m 3 great many cases to provide
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am! b), it showed systolic pulsations directed dorsocraniad m the segion of the
atrial seprum, Correspondsng to this position and pulsation one must assume that a
caleified paricral thrombus of varix was present. Qccastonally varices form in the
region of the fossa ovalis (Frank, Nauwerek); if filled with thrombi, they may
calcify as phicboliths or more extensively, To be sure, no case thus di;gno:td has
been confirmed at necropsy. Ball thrombi also are sull not deseribed in roentgenologic
lieeracure, Calcified cchinococeus cysts can be distinguished from thrombi only

a &

Fic 180 —Calaified pamctal thrombus or varix i atnal seprum. Female, 72 years old, with
essential hypertension. In the region of the atrial septum of the heart which was hypertrophied
and dilated on the left side, there 15 an oval shadow which showed systolic pulsations directed
dorso-cephalad (a) Raght antenor oblique view, () mghe lateral view.

when the cysts protrude beyond the cardiac surface; then, of course, their location
in the venerscular wall makes one think of calcification m a cardiac ancurysm.

Calcification of coronary arteries (p. 226) 15 rarcly demonstrable, it could
hardly be confused with caleificauon of the valves or the cardrac skeleton. Calcsfica-
non of pericardial adhestons (p. 345) also 1s not a likely source of error.

XIV. Congenital Malformations of the Heart

Since these anomalics represent about 0.7 per cent of all cardiac lestons (Ger-
barde) they have a definite role m cardiac pathology. Most of them are incompatible
with long life so that relatively few of those affccted reach childhood or adult Lfe.
Consequently, the experiences bled by individual chnicians in this ficld were,
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unul reccndy, rather meager. Moreover, the rocnegen sy mpromatology was some-
what rudimentary despite the publicacion of scveral works (Assmann, Vaquez and
Border, H Muller Sr. and Jr., Blumenfeldt, P. White, Roesler, Zdansky, and
others). I recene years, howeser, sigmficant advances have been made o the
Ji: is of these hes These adv: stem prumanly from Abbort’s thorough
pathologic studies, the fund 1 chinrcal work of Tavssig, and the development
of ang dography by Castell and coworkers as well as by Robb and Stein-
berg. Intetest i the diagnostic aspece also received a powerful stmulus by virrue of
the progress w surgieal managemene (Blalock and Tavssig, Gross, Crafoord and
Nylin, Brock). By the assembly of 2 large number of appropriate cases in centers
which subsequently became widely knowa for cardiac surgery, it was possible to

pl the fr y knowledge of chnical and roentgenologic diagnosis by
experiences dernsed from plentiful material.

At the outset it may be stressed by way of anticipanon thar 1 no scenon of
dragnostic cardiology do roentgen findings alone provide rehable conclusions on
the parure of existing alicranons, this simation also prevasls in respect to congemtal
malformations Eyen those anomalics which profoundly hamper activity and which
are accompanied by deep cyanosis can yield normal or completely mdeterminate
roentgen findings, On the other hand, there are cardiovascular anomalics whose
abnormal structure is immediately apparent or whose pererse dynamucs funcuion-
ally create lterations which pletely d the roentgen picture.
Although the functional of the heart fund 1y follow the same laws
as those prevaihing in the heart of normal structure, snll they extubit many special
features; these can be explained partly by the working conditions 1n fetal or, more
commonly, in neonatal ife, differing from those exisung in acquired disorders, they
are also explained in part by the architecture of single cardiac scctions which deviate
from normal. Conscquently, deformations of the cardiac shadow can occur which
exhubit such serihing differences from those scen m acquired lesions thae the probable
diagnosis of a congenital anomaly is reached immediately, 1n other cascs, the forms
may simulate acquired cardiac pathology so closcly that unawarencss of the con-
gerural nature and the climical manifestations make a correct mterpretation of the
roentgen findings impossible Through this mterweaving of devianions of cardiac
shape fr~rndane snan ahnnrmabines of the developmental plan and the anatomic
conset
due to .
evolu

which form a scries by small gradauons may show cxtreme dinerences Lomsce
quently the rocntgen pictures of congerutal malformauons should be interpreted
only m conjunction with the total chnical picture and with hnowledge of the case
history, morcorer sweeping conclustons should be avoided.

sl ond laere 15 rendered more difficule by the fact

s in 3 great many cascs to proviac
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berrer ansight into the size, position, and shape of single divisions of the heart and
nformation about abnormal communications which may be present. To be sure, not
uncc ly hography fuls to provide a complete clarification of the
problem and cardiac catheterization is necessary as the wlimare procedure.

L. Defects 1n the Atriad Septiom

An open foramen ovale is noted in 20 to 30 per cent of all necropsics. It has e
chnical and practically no rocntgenologic sigmificance since a flap guards the open-
g, normally this prevents any blood from passing from the left atrium into the

Fic. 181 Fie. 182

Fic 181 —Atrial septal defect In all diagrams, a, v, av, imdicate artertal, venous, and mixed
blood, respectively. Arrows indicate direction of flow, thickness of line suggests volume

Fic 182 —Atnal scptal defece. Male, 45 years old. Of graceful build and with moderate
cyanosis and suggestion of watch-glass finger nails, Loud systolic murmur over fieart with is
maximum at Erb's pont. Moderately enlarged cardiac shadow with clongation and marked
rouading of both borders and 4 proteuding bulge of the pulmonary arc. The cardiac enlargement
was atnbuted to nght ventricular hypertrophy and dilatanion. The left atrium was not enlarged-
The pulmonary arc and the difated intrapulmomic branches of the pulmonary artencs showed very
large pulsatons. The aorta was narrow (arch diameter = 2.2 em.).

nght. Only a large atrial sepral defect, irrespecuve of its ongin from a maldeveloped
septum primum or secundum or both, leads to cardiac alterations. While they occur
as 1solated arrests n development, m most cascs (Abbotr) they are associated with
other anomalies or are accompantced by acquired lestons of an nflammatory nature.
Large defccts n the mteratnal septum, though 1sofated, can affect the heart
profoundly, as Corvisart and Roluransky noted. These alterations are the hemo-
dynamic results of a quantity of blood passing from the left mto the nght nmumh.
consequently the right heart and Jesser circuit are overfilled (fig 181). The ngl ‘;
heart dilates from diastolic overload, 1its wall hypertrophies, augmented filling an



THE PATHOLOGIC HEART 265

hypertension dilates the pulmonary artery and its branches while the poorly filled
left ventricle remains relauvely small or even atrophic. The aorta s narrow.

Clinscally, the patient is usually pale “The capacity for exertion s reduced and physical develop-
ment somewhat retarded. Cyanosss 1s shght or absent The fingers are not clubbed Occasionally

hythrnas or p 1 duas are obscrved. Cardiac dullness 15 enlarged, In the pulmonic
area usually a systohic and sometumes a soft, blowing diastolic murmur 1s audible. The second
pulmonic sound 15 accenruated and often palpable. Sometimes 2 systolic thrill s felt to the left of
the sternum. Right ventricular hy pertrophy and dilatation often produce distinct epigastrsc pulsa~
nons, Often this picture s complicated by 2 rhenmaric valvuhas, especially of the mutral valve All
these signs can be absent 1 chuldhood and they may appear only later There is a definite preference
for the female sex

Cardac catheterizanon yields the following a possibility of directly enterng the left atrum
through the septal defecr, clevated pressure 1n the night atrium, the nght vencricle and pulmonary
artery, increased oxygenation of blood 1n the night atriam i contrast to that of the superior vena
cava

The roentgen picrure of a large, uncomplicated nteratrial sepral defect was
ongmally described by Assmann and 1t corresponds thoroughly with hemodynamic
condutions which might be anticipated (fig. 182). The more or less enlarged cardiac
shadow has a mutral configuration and is enlarged predomunantly to the left, there
1s massive bulging of the conus and the pulmonary artery Usually the pulmonary
artery completely covers the aoruc knob, The diameter of the aortic arch, providing
it can be measured, 15 usually small.

Corresponding to the large stroke volume of the night ventricle, this chamber,
and parucularly the pulmonary are, show striking pulsations.

The enlarged hilar shadows are surrounded by round, cherry-sized structures
and broad linear markimngs, the round shadows are cross sections of the branches
of the pulmonary artery caught end-on and the linear streaks are intrapulmonic
branches cut lengthwise, The hilar and surrounding vascular shadows show strong
systolic expansile pulsations. Otherwise the lungs are clear.

Examination m the lefc anterior oblique position confirms that cardiac enlarge-
ment depends upon increased volume of the right heart. In the righe anterior obhique
view, bulging of the pulmonary conus 15 partcularly distinet whle the lefe atrium 1s
normal or only shightly entarged, an important fact in differenuating mutral lesions

The promunence of the pulmonary arc and the enlarged shadows of pulmonary
vessels resulung from dilaration of the pulmonary artery and its branches are
parucularly striling, The visible pulsations in these vessels exceed by far those
observed 1n mueral discase, Occastonally chey are further augmented by relative
pulmonary msufficiency from marked dilatation of this valve orifice They are so
stnking even with the coexistence of 2 mitral lesion that a probable combination
wath an mteratrial septal defect can be inferred from the remarkable pulsations of
the pulmonary artery. Rarely, but particularly i young subjects, pulsations of the
pulmonary arc and of the sntrapulmonic vessels are less marked or absent

This roentgen picture permurs only conjectures about the size of the steratrial
septal defect It may be present with relatively small defects and absent with very
large ones (Healey, Dow, Sosman and Dexter). In the latter mstance pressure in the
right licart 15 not elevated despite the demonstration of a left to night shunt by
cardiac catheterizauon. In our expenence, promnence of the pulmonary are, while
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often striking mn adults, 15 sussed fairly often m cluldren The left to right shunt
seems to increase as patients grow older; perhaps this depends upon 2 sheumauc
Iesion in the mueral valve or a gradual cnlargement of the defect (Taussig), More-
over, Gefferth found micrely a cardiac silhouctre of nonspecific shape, rounded and
bulging markedly to left and nighe, beneath a short vascular band in nurshings, At
this age nghe atssal pressure can be greater than left and may lead to a righe to left

shunt, this opposes the dilatation of the pul y artery and ionally leads to
cvanosis (Taussig)
In a typical, purc atrial scptal defect angrocard phy roveals cnl ne of

the nght atrum and ventricle with more or less extreme dilatation of the palmo-
nary artery and its branches, The left atrium, normal in size, and the lcft ventricle

Fic 183.—Angiocardiogram of an atrial septal defece (2) Falling defoct 1n the lower caval
fannel dunng the injection of the contrast material; (5) reflux of blood contauning opaque matenal
1to inferior vena cava and hepatic veins after refilling of ight atnum through the mtcratrial septal
defect.

opaafy after the p y circul 0Ofd igni 15 the abnormally

prolonged opacification of the right heart owing to refitling of the right atrum via
the interatrial septal defect. In some cases the author made the followmg angio-
cardiographic obsersations. an tial filling defect an the right atnum (fig. 1832)
and a befated reflux of opacified blood mto the inferior vena cava (fig. 183b). The
filling defect occurs 1n the region of the low er caval funnel with entry of the contrast
marenal mto the nght atrium, on the contrary, opacification of the inferor vena
cava and hepatic veins takes place only when blood containing opaque material is
discharged from the lungs and enters the left atmum These two signs have some
dragnostic significance and the obvious cxplanation 15 as follows: the blood stream
shuated from the lcft to nighe atrium 15 directed toward the lower venous funnel,
this deflccts blood contaming opaque matenal from the superior vena cava. On the
other hand, opacified blood from the left atrium 1s propelied through the scpral defect
directly toward the vems which empty into the lower caval funnel.
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Nhen the mteratrial scpral defect 15 bined with emphy ora iral
pulmonary stenosis (p. 279), nighe atnial pressure can be hugher than left and a nghe
to left shunt may be shown distinctly 1n the angiocardiogram. Healcy and coworhers
demonstrated a reversal from left to nght shunt to night to left after excruon.

The combination of an mteratrial scpral defect and a mutral Ieston, parucularly
mitral stenosis is common (Assmann, H. Muller Jr., Dressler and Rosler, Lutem-
bacher, McGinnand White) It cannot always be decided w hether the mitral orifice
1s narrowed by a postferal endocarditis which des eloped on the basis of a congemtal
septal defect, from a congenttal anomaly coordinated with the atrial septal defect
as 10 2 Durozier mutral stenosts (Lutembacher), or from an acquired mitral stcnosts

B

Fig 184 —Large atrnal scptat defect with theurnatic mutral regurgitation and relauve pulmonary
and tacuspid nsufficiency (necropsy) Underdevcloped female, 20 years old, with moderate
cyanosis. No clbbing of fingers Systohc-diastolic murmur over the apex and pulmonary artery
Ascites, congested liver Enormous cacdiac shadow enlarged to Icft and nght with massive
protrusion of pulmonary arc and of left armum which formed the might cardiac border Enor-
mously enlarged hilar shadows Marked systolic-cxpansile pulsations on the pulmonary arc and
of greatly difated wmtrapulmonic artenal vessel shadows (8) Amterior view (b left anterior
oblique view.

m which heightened pressure n the left atrum caused dehiscence and gradual
widening of the onginally small foramen ovale.

The preture of a mitral lesion 1s modificd essenually by a complicating arral
defect (fig. 184) Since blood from the left atrium can be routed mto the right under
tigher pressure, too little reaches the left ventricle and systemic circulation while
the night heart and pul 1 are d. Accordingly, left atrial
enlargement xemains modest (Lutembacher) and the chamber may represent a mere
appendage of the nght On the contrary, the nghe atrium and ventricle are often
cnormous, the same affect acting on the pulmonary vessels is reflected m the massive
enlargement of the hilar shadows and accencuated lung markings.

Usually these paticnts show only shght cyanosis and no clubbing of the fingers.
Despite extreme mitral stenosis and decided cardiac enlargement, they may attam
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often striking i adults, 15 mussed faicly often n children. The left to nght shune
Seems to crease as patents grow older, perhaps this depends upon a rheumade
lesion 1n the mtral valve or a gradual cnlargement of the defect (Taussig). More-
over, Gefferth found merely a cardiac silhouette of nonspecific shape, rounded and
bulging markedly to left and night, beneath a short vascular band n nurshings At
this age nght atnal pressure can be greater than kft and may lead to a right to left
shunt, this opposes the dilatation of the pul y artery and occasionally leads to
cyanosis (Taussig).

Ina tymeal, pure atnal septal defeet angiocardiography reveals enlargement of
the nght atrum and ventricle with more or less eatreme dilatation of the pulmo-
nary artery and its branches “The left atrium, normal in size, and the left ventricle

Fia. 183.—Angiocardiogram of an atnal septal defect. (3) Filling defect i the lower ca\:af
funnel during the injection of the contrast matenial; (5) reflux of blood containng opaque matesial
mto infertor vena cava and hepatic vens afeer refilling of right atnum through the 1nteratrial septal
defect,

opacify after the pulmonary circulation. Of diagnostic significance is the zbnomnll)’
prolonged opacification of the right heart owing to refiling of the nghe atnum via
the interatnal sepral defect. In some cascs the author made the following angio-
cardiographic observations- an nitial filling defect n the nght atrium (fig. 183a)
and a belared reflux of opacificd blood into the infersor vena cava (fig. 183b). The
filling defect occurs 1n the region of the low er caval funnel with entry of the contrast
maternal into the right atrium, on the contrary, opacificanon of the ferior vena
cava and hepauc vemns takes place only when blood contaming opaque marerial 15
discharged from the lungs and enters the left atnum, These two signs have some
diagnostic significance and the obvious explanation 1 as follows: the blood stream
shunted from the left to nght atrium 1s directed toward the lower venous funnel;
this deflects blood containing opaque materal from the superior vena cava. On the
other hand, opacified blood from the left atrium 1s propelled through the septal defect
directly toward the vems which empty into the lower caval funnel.
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Fic. 185 Fic. 186
Fi 18§ —Ventricular septal defect

Fic 186.—Ventncular scptal defece with normal radiographic findings Boy, 15 years old
Dyspnea on runming since childhood No cyanoss Jet-stream murmur over sternum.

‘ _— ‘/ﬁ

Frc 187 Fic 188
Fic 187 —Highly situated ventricular scpral defect Normally developed fomale, 32 years
old, without cyanosis Jet-strcam murmur oser stemum. The cardiac shadow, pormal mn size,
showed a protrusion of the conus pulmonalis At this place marked systolic-expansile pulsations,

The right cardiac border, descending laterad, showed large ventricular pulsations (Dencke's sign).
The hilar shadows were not enlarged and show ed no abnormal pulsations

A\
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Fic 188 —Large ventricular septal defect. Male, 20 years old Normally developed with
slight cyanosts and suggestion of clubbed fingers Systalic murmur over heare with maaimum at
Esb's pont Moderately cnlarged cardrac shadow with elongated Ieft ventricular arc, flat proms-
nence of strongly pulsating conus pulmonahs and laterally descending, markedty bulging right
cardiac arc which performed atnial pulsations The left atrium was not enlarged. The arrerial
shadows of the lung fields were wide but showed fio inctcased pulsattons
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advanced age, some patients with this lesion have tolerated several pregnancies
without apparent harm (Lutembacher).

Occasionally atrial scptal defects morphologically resemble a high mterventricu-
lar septal defect with an open ductus Botalli although cardiac cnlargement as well
as dilatavion and pulsations in branches of the pulmonary artery are not as well
descloped A sinular situavion 1s found also 1n Ei ger's complex
by relatne pulmonary regurgitation and 1 idiopathic dilatation of the pulmonary
artery. In chocally doubtful cases i phy or cardiac
must be cmployed.

Pulmonary stenosis likewise leads to night ventricular hypertrophy and dilatation
and frequently to marhed dilatation of poststenoue section of the pulmonary trunk;
1t1s disunguished from an atnal scptal defect principally by the relats ely small ular
shadows, the sparse vascular markings m the lungs, as well as by the absence of
visible pulsations m the pul y vesscls. The bination of an atrial scptal
defeer and pulmonary steriosis is mentioned on page 283.

2. Defects 1n the Ventricular Septumt

Thesc defects usually occur i combination with and as a partial manufestation
of torsion anomalies of the bulbus-truncus division, with or without stenosis of the
pulmonary artery. An isolated inters entrcular sepeal defect is rare (Abbote, Laubry
and Pezzi) and will be discussed first Usually it 1s located i the muscular part of
the septum and permuts artenal blood to pass from the left ventricle nto the right
(Roger, Muller) (fig. 185).

develops 1n the pulnonary vessls, gas exchange 1s impaired (Taussig). In uncomphicaced cases,
cardiac dullness s normal or a litle enlarged. Over the stemum and 1n che fefe chrd or fourth
interspaces, usually a loud, prolonged murmur (“compressed jet stream murmur,” Muller) 18
heard, frequently it 1s syachronous with a palpable purring thnll, occasionally a diastolic murmur
15 present The sccond pulmonic sound 15 accentuated, K

Cardiac catheterization reveals normal or somewhat clovated pressure m the right heart and
greater oxygen saturation 1n the region of the outflow tract mto which artetsal blood enters from

the left ventrcle.

In many paticnss the heart 35 normal in size and shape (fig. 186). Fairly often,
however, the pulmonary arc protrudes and the hilar and lung markings are accentu-
ated (Muller, Assmann, Fuchs), pressure m the pulmonary arteries 1s clevated as
the result of large amounts of blood cntering through the left to right ventricular
shunt (figs 187 and 188). This happens particularly with defects located hgh m che
ventricular septum when blood 1s forced through the defect into the outflow trace of
the night ventricle or directly agamst the pulmonary valve. Sometimes the enlarged
hilar shadows show strong systolic expansile pulsations. Qccasionally the night
cardiac border 15 rounded and descends laterally 1n the posteroanterior position; it
the left anterior oblique position elongation and greater rounding of [.he anterior
cardiac wall indicate hypertrophy and shight dilatation of the night ventricle, More-

over, sometimes the left ventricle 1s rounder, {onger, and more promusntent ow ing o
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“The rocntgen findings are not remarkable. Usually enlargement of the nght
atrium and ‘entricle can be demonstrated. This finding, not striking ftself, che
murmur, and the lowered oxygen saturation of arterial blood permit the probable
diagnosis tn a mongohan idiot (Taussig)
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Fic. 189.—P ! (Canalis ! pee
sutens). (6) Wath lefi to nght shune, (5) with night to feft shune

4. Cor Triloculare Buatriatum by Complete Absence of the Interventricular Septum

In this malformanion absence of an mters entricular seprum permits both atrio-
ventricular ostia to open nto a common ventricle From the outflow tract of thus
common ventricle which arises from the bulbus cordis, both vessels, or merely the
pulmonary artery or 2orta arisc VWhen the pulmonary artery alone arises from the
conus-like outflow path of the common ventricle, its root lies in the same position
as 1n the normal hearr, that 15, to the left and i front of the aortic root. On the other
hand when the aorta arises from the conus-like section, 1t is located to the left and
m front of the pulmonary root, then, the greae artenes ate transposed

Usually the artery ongmaung from the conus-like outflow tract is more or less
hypoplastic (Taussig). When thus 1s the pulmonary artery, cyanosis ts present
because httle blood s arteralized in the pulmonary circuit and most of the made-
quatcly aerated ventricular content reaches the systemic circulation (fig 190a).
With ongin of the aorta from the conus section, cyanosis 1s absent because enough
blood reaches the pulmonary circuit through the dilated pulmonary artery (fig. 190h),
there 15, however, some physical underder elopment because the volume of blood
1 the general 1 15 quanti ely inadeq despite nts sufficient oxygena-
nion (Taussig).

‘The relationshups are, however, inconstane for there are many varunts of this
malformation Thus, Zdansky described a case of cor trloculare biatriatum in which
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wts hypertrophy and dilatation as the resule of overloading from the pulmonary
crculaton In this way the cardiac shadow may become globular (Mwr and
Brown)

Powerful ventricular excursions of the nght cardiac border, identical with those
of the left ventricular are were deseribed by Deneke. Their occurrence is by no
means regular and they are seen more frequemly with large septal defects than with
small ones (Thurn),

The roentgen picture of an interventricular septal defect somctimes recalls that
of a persistent ductus arteriosus when the defect is located high i the scptum so
that the stream from the left venrricle 1s directed agamnst the pulmonary ostium. In
these cases pulmonary artery hypertension, as mentioned above, cnlarges the hilar
shadows and accentuates ntrapulimonic vesscls which show systolic expansile
pulsations. A moderate bilateral cardiae enlargement completes the grear simlanty
to a persistent ductus In a case of this type Morgan and Burchell noted, 1n addition
to the systohic murmur, a diastolic one as well so that chnically one was also com-
pelled at first to think of a persisrent ductus Cardiac catheterization revealed the
hesghtened oaygen saturation in the nght ventricle indicating the existence of 3
ventricular sepral defect, probably it was complicated by an aornc vahe suff-
cieney of mflammatory ongin

With small interventricular septal defects angiocardiography often proves unin-
formative (Dotrer and Steinberg) Only when adequate amounts of blood pass from
lefe to night through a large defect 15 persistent or even biphasic filling of the night
ventriele detecred, the later occurs because it 1s refilled by blood from the left
ventricle containing opaque matenal With high septal defeers when blood from
the left ventricle 1s ejected directly toward the pulmonary artery, onc may oc-

casionally observe biphasic filling of the pul y artery and jts branches.

3. Sunultancous Interauricular and Interventricular Septal Defects (Canalis dtrioven-
tricularis Commiums Perststens)

When the formanon of the atrial and ventricular sepra remain incorplete, 2
large defect may develop which extends from the atria into the ventricles, Under
these crrcumstances scparation of the two atrioventricular ostia also fails to occur
so that a single atrioventricular ostrum represents the connection between the aeria
which are incompletely scparated and the two ventricles which alsointercommurucate.

Since the pressure in the left attium and ventricle usually exceeds that in corre-
sponding divisions of the right hearr, at first blood passes from the left heart to ll}e
night {fig. 189a) This raises pressure in the mght heart unal ths is higher than in
the left, then, the flow n the shunt 15 reversed (fig. 189b) unul pressure on the left
heart riscs above that 1n the nighe. Consequently bidirectional changes of flow m the
shunt tend to recur (Taussig). In the course of years the hearr progressively en-
Jarges although the increase remams within modest Lmits and mvalves manly the
right atrum and 1 entricle.
devel is larty common in lian idiots (Taussig). There1s 2
rough systohe murmur and tholl over the heast just as with an inters entncular septal defect,
Cyanosis and clubbed fiogers do 1ot belang to the chineal pictare of this malformation although
oxygen saturation in the arterial blood tends to remain low,

Thus arrest in
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a case with awesia of the pulmonary artery and persistent ductus arteriosus. In
other words, numerous variants and combinations of this malformation occur,

“These remarks indicate that the clinical findings are vancgated In the carly months of hfe no
mutmurs ace heard Gradually a systolic and sometimes a presystolic murmur become audible.
The systolic murmut 15 not foud of Tough as in Fallot's anomaly but 15 soft

Cardiae catheterization reyeals increased oxygen saturation in the ventricle i contrast to that
of the nght atnum, Within the veninicle whose pressure 1s clevated, oxygen saturation vartes
according to the relation of the catheter onfice to the site of inflow of the right or left atnum The
oxygen saturation in the ventricle 1s approximately the same as in the femoral artery

Despite the anatomuc differences the roentgen prcture 1s telatvely umform
There 1s a more or less distmct projection above the left 1entricular arc where a
conus pulmonalis protrudes when dilated. This corresponds to the conus-like section
of the single ventricle from which exther one or both of the great arreries anise (Fig
191a, b). Naturally this 15 Jess prominent when the diaphragm is low In cyanouc
pauents the pulmonary vascular markings are diminished, m acyanotic ones they
are increased and even pulsate. A suspicion of night ventricular hypertrophy and
dilatation might be awakened on the basis of the conus-like prominence on the left
cardiac border, but, m the left antersor oblique position the anterior wall of the heart
descends sharply and flardy to the diaphragm, an important pomnt in differental
diagnosis.

Angiocardiography provides information about particular features 1 single

, cases. It permiits one to recogmze the common ventricle and simuleancous filling
of the pulmonary artery and 2orta The reciprocal positional relations and the diam-
eters of the two greac arteries as well as the development of the brachiocephalic
branches of the aorta may be clanfied

Cyanotic cases can be definitely helped by the Blalock-Taussig operation

3. Anomaltes of the Tricuspid Ostsan

Tricuspid atresia. Tricuspid atresta appears m two forms 1) “Isolated” trcuspid
atres1a There 15 an associated hypoplasia of the right ventricle and a ventricular
septal defect or an aplasia of the righe ventricle and persistent ductus arteriosus
2) Tricuspid atresia with transposed vesscls

Exceprionally the right s entricle develops as a small blind sac devoid of function
and connected with the nght atrium through a very narrow attioventricular valve.
Necessanly, there 15 2 persistent ductus arteniosus. All forms of tricuspid atresia
hase a common factor in that blood entering the heart can pass mnto the left half only
through an atral defect.

In “isolated” tricuspid atresia the blood is invarjably discharged through an
mteratnia) septal defect into the left atraum and hence through the mutral orifice mto
the left ventricle and aorra When a hypoplastic righe ventricle is present, a small
quantity of blood 15 pushed through an mrers entricular scpral defect mto this small
night ventricle, which functionally is bur a junction with the hypoplasuc pulmonary
areery (fig. 1923). The dominant manifestauons of tus aomaly, tricuspid acresia,
atnal and ventmicular scptal defects are summarized as Wieland’s triad. When the
nght ventnele fails to develop completely the sole possibility for supplying the
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I'ia 190.—Cor tnloculare biatnatum. (4) with narrow palmonary artery, (5) with narrow
2013,

15

Fig. 191 —Cor tloculare b with of great vessels Underdeveloped
boy, 9 years old, with severe cyanosis sunce brth and clubbed fingers, Erytheocytes, 6 7 nullions.
Soft systolic murmur over the heare with point of maximum satensity os cr the pulmonuc Accentu~
ation of the second pulmonic sound Blood pressure 90/55 mm. Hg. Llectrocardwogram nght
preponderance. (@) Heart (erect posiion) The cardiac shadow 15 enlarged 2 litle wurh shght
pronuncnce in the cardiac waist and at the cephahic hmit on the left cardiac border as a sort of
conus (arrow). The mght border of the vascular band descends perpendiculacly (arrow) stnce
the ascending zorta ascends 1n the left mediastinum. The hilar shadows are small (4) Angio-

d bent posiuon) \! ion of the aorta and narrow pulmonary

artery from a common ventricular chamber The sessels are transposed. Successfully operated
accordsng to the Blalock-Taussig procedure

the aorea arose to the left and n front of the pulmonary artery from the conus of the
solitary ventricle owing to transposition of the great vessels The aorta was wide
and the pulmonary artery narrow (fig 191a, b). Since most of the inadequately
acrated blood from the ventricle was advanced into the systemic circulation, there
was deep cyanosis and clubbed fingers. Over the hears, there was a low, soft systolic
murmur. Apparently this type is not extremely uncommon for Donzelot and co-
workers as well as Thurnher and Weissel published similar cascs, Taussig described
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In tricuspid atresia wath transposed arteries, blood of the nght atrium passes
through an mteratrial septal defect mto the left half of the heart, the abnormally
wide pulmonary artery arises from the dilated and hypertrophied left ventricle at
the left behind the aorta, the aorta, usually narrow, arises from (he'hypoplasr'lc nght
ventricle to the rghe and m front of the pulmonary artery, the right ventricle ob-
tams 1ts blood through an mterventricular septal defect from the left ventricle
{figs. 192c and 193a and b). Somettmes the ventricular septum 15 cntirely absent and
one large ventricle gives nise to the wide pulmonary prtery and the narrow aorta
(fig. 192d). The aorra on the left and 1n front of the pulmonary artery arses froma
pouch 1 the single *aortic” ventricle. In other words an anatormuc cor trifoculare
biatniatum 1s present

If the great arteries are transposed, venous blood enters the left half of the heart
through the mteratnial septal defect from which 1t 1s discharged directly anto the

a 5

Fic, 193.—Tncuspid atresia with transposition of 20rta and pulmonary artery, atnial and
veancular septal defoct. Male 20 years old Cyanosis of variable intensity. Death from cavernous
tuberculosis See text for descrption Vs, supersor vena cava, ReV, night atrium, LV, lefe atrium,
reK, nght ventncle, LK, lefe ventricle.

pulmonary artery arising from the left ventricle and into the pulmonary circulation,
Consequently the left 1entricle recewves venous blood from the systemte circulation
and arterialized blood from the lungs The oxygen content of the muxed blood
determines whether or not cyanosis will appear and its depth. At all events the
situanion 15 definitely more favorable than in “isolated” tricuspid atresia; thus is
shown by the greater average duration of life (9 3 ycars). The most advanced age
attaned was 56 years (Hackensellner).

Taussig mentions atresi2 of the transposed pulmonary artery in which the rudi-
mentary righe venteicle obtatned 1ts blood via an interventricular septal defecr while
the systemic as well as the pulmonary circulation were supplied by the aorta arising
from the night ventricle and a persistent ducrus.

Ar times tricuspid atresia 15 combined with dextrocardia (Wittenborg, Neu-
hauser, and Sprunt). Frequently an arcus aortae dexter is also present.

A cardiac catheter as a rule passes our of the right 1nto the left atnum 5o that right-sided 1 enous
blood and Ieft-sided ruzed blood 15 obtamcd From the left atnum one may advance to the left
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pulmonary airculation 15 a persistent ductus arteriosus and cctatic bronchial arteries
(fig 192b).

At all cvenes the lefe ventricle 1s cnurely responsible for propelling blood from
the hearr.

Despite dfferences i the arculatory sivuanion in the two ty pes, the oxygen supply of the organ-
1sm 15 adversely affected i both so that cyanoss results. Corresponding to hy poplasia or complte
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Fig. 192 —Tricuspid atresta (2) Isolated tricuspid atresia with hypoplasia of nght ventnicle
and interventnicular septal defect, (3) 1solated tricuspid atresia with aplasia of the night ventricle
and persistent ductus arteriosus, {¢) tricuspid atresia with transposition of the great vesscls, bypo-
plasia of the nght ventricle and interventricular sepral defect, () Tricuspid atresia with transposi-
non of the great vessels and commen ventricle

which has righ preponderance On the other hand one must not forget that left preponderance and
bined 10 cases of atrial septal defect with pulmonary stenosis, 1n cases of car

and 1a cases of of the geeat vesscls with pulmonary stenosis
(Wittenberg, Neuhauser, and Sprunt) Death usually oceurs in the first year (aserage sursval 1.7
years). Susvival lengehens with the size of the atrial defect, with a persistenr ductus artefiosus and
ectatic bronchial artenes, and when a hypoplastc night ventricle communicates with the lefe
{hrough a sepeal defect. The oldest age arained 15 reported as 27 years (Hackensellner).

cyanosts may be com
ool
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the ventral posttion of the aorta, visible in oblique positions; 2) in the enlarged hilar
shadow s and accentuated markungs of vesscls in the lungs w hich may exhubir systolic
expansile pulsations. If a large solitary venmicle is present owing to nf)ndevelop—
ment of the ventricular seprum, then the flat, sharp descent of the anterior cardrac

Fic 195 —Angiacardiogram 1 trcuspid atressa. () Opacsfication of left atmum by an atmal
septal defect (4) Opacification of the left venicle from left atrum, Filling defect berw een right
atrium and left ventsicle (¢) Opacification of the aorta from left ventricle and pulmonary artery
theough persistent ductus artenosus. Filling defoct the result of aplasia of the might vensricle
unchanged (arcow) () Opacificauion of zorta from lefe ventticle and pulinonary artery through
hypoplastic right ventricle which communicated with the lefc ventricle throngh a scptal defect.
Reduction of the filling defect by opacification of smalt night ventricle.

wall is absent Zdansky observed a perument case. A somewhat underdeveloped
20 year old male had exhibited cyanosis of vanable depth from early childhood;
physically he had been much below par. The erythrocyres numbered 6.25 mullions.
A loud systolic murmur and a palpable thrill were prescnt over the heart. The sccond
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ventrcle and, with normal situs of the great vessels, ro the aorta. If an interventricular septal defeet
1s present, occasionally one also enters the pulmonary artery. If the great vessels arc transposed,
one may cnter the pulmonary artery from the left s entricle.

In “1solated” tricuspid atresia usually the cardiac shadow cxpands a little to the
left and the left cardiac border 1s more definttely rounded, the apex is elevared some-
what. In some cases absence or hypoplasia of the nght ventricle can be recogmized
by the farlure of the right cardiac border to project over the vertebral column, it
descends flatly and sharply (fig. 194) sometimes v cn Jaterally and concavely within
the spinal shadow to the diaphragm. In most cascs, howescr, the findings arc less
charactensnic and the night cardiac border 15 about normally rotund. Since the apex
may also scem somewhat clevated the picture of coeur en sabot may develop (Neu-
hauscr)  Pictorally, such cases are not distingwishable from a Fallot anomaly In
both, the aortic arch fairly often crosses the right bronchus. The hilar shadows are

Fic 194 —Tnicuspid atresia with perpendiculat and flatly descending night cardiae border
which just reaches the shadow of the spine Coeur en sabot

abnormally small, Sometimes widencd bronchial arteries pass from the mediastinum
1nto the lung fields.

The angiocardiogram has decisive diagnostic significance. Narurally, reliable
conclusions abour the charactersstic process of filling are sccured only with films
obtained 1n rapid sequence like a moving picrure, the decisive phasc.s unfold withn
one or two scconds (Janker and Hallerbach), Then, opaque material immeduately
passes from che right mto the left atrium and to the dilated Jeft ventricle (fig 1952
and b). At the site of the atretic or hypoplasuc nghe ventricle, between the visual-
1zed right atrium and left ventricle, there 1s a defect in the shadow. After the lefe
ventricle 1s opacified, the aorta 1s visuahized. In patients with a complete atresia of
the right ventricle the defect i contrast filing may be marked (fig 195¢) The
pulmonary artery becomes filled belatedly from the aerta through the persistent
ductus arteriosus. In patients with a ventricular scptal defect, the defect  the
shadow 1s less; sometimes a small night sentricular space may be visuahzed (fig
195d) as well as almost simultaneous filling of the aorta and pulmonary artery
which arise from the hypoplastc night ventricle (Janker and Hallerbach). N

VVhen tricuspid aresia is associated w i.xh transposition of the great vessels, the
prcture differs from that of isolated tricuspid awresia in the followng respects: 1) in
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the ventral posttion of the aorta, visible in oblique posttions, 2) in the cnlarged hilar
shadow s and accentuated markings of vessels in the lungs which may exhibit systolic
expansile pulsations If a large solitary ventricle is present owing 10 nondevelop~
ment of the ventricular scptum, then the flat, sharp descent of the anterior cardiac
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Fic 195 —Angocardiogram m tricuspid atresia (1) Opacification of left atrum by an atrial
septal defect. (8) Opacification of the left ventricle from left atriom, Filling defect betweea night
attum and left ventricle (9) Opacification of the zorta from left ventricle and pulmonary artery
through persistent ductas arteriosus. Filling defect the result of aplasia of the righe ventricle
\;ﬂchar;ged (arrow) (d) Opacrfication of aorta from left veotricle and pulmopary artery through
ypoplastc right ventricle which commuatcated with the lefe ventricle through a sepral defect.

uction of the filling defect by opacification of small sight ventricle.

:\all is absent Zdansky observed a pertinent case. A somewhat underdeveloped
20 year old male had exhibited cyanosis of varsable depth from early childhood;
physically he had been much below par. The erythrocytes numbered 6 25 mullions
A loud systoltc murmur and a palpable thrill were present over the heart. “The second
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ventricle and, with normal situs of the great vessels, to the aorta, If an interventrcular septal defect
15 present, occasionally onc also cnters the pulmonary aitery. 1f the great vessels arc transposed,
on¢ may enter the pulmonary antery from the left ventnicle.

In “isolated” tricuspid atresia usually the cardiac shadow expands 2 httle to the
left and the left cardiac border 1s more defimitcly rounded; the apex is clevared some-
what. In some cases absence or hypoplasia of the righe ventricle can be recognized
by the falure of the right cardiac border co project over the verebral columa; it
deseends fatly and sharply {fig. 194) sometimes even larerally and concayely within
the spinaf shadow to the diaphragm. In most cascs, however, the findings are less
charactenistic and the right cardiac border 1s about normally rotund. Since the apex
may also scem somewhat elevared the picture of corur en sabot may develop (New-
hauser). Pictorally, such cases are nor disunguishable from 2 Fallor anomaly. In
both, the aortic arch fairly often crosses the nighe bronchus. The hilar shadows are

Fic 194 —Thncuspid ateesta wich perpendicular and flaely descending right cardiac border
which just reaches the shadow of the spine Cocur en sabot.

abnormally small Somenmes widened bronchial arteries pass from the mediastinum
mta the lung fields. ,

The angiocardiogram has decisive diagnostic significance. Narurally, reliable
conclusions about the characteristic process of filling are sccurcd only with flms
obtained m rapid sequence like 2 moving picture; the dectsive phases unfold within
one or two scconds (Janker and Hallerbach), Then, opague material immediacely
passcs from the right nto the left atrium and to the dilated left ventricle (fig. 195a
and b). At the site of the atrenc or hypoplasuc night ventricle, between the visual-
1zed might atrium and left venmicle, there is a defect i the shadow. After 1he. Teft
venmicle 1s opacified, the aorta 1s visualized. In patents with a complete atresia of
the night ventricle the defect m contrast fillmg may be marked (fig. 195¢). The
pulmonary artery becomes filled belatedly from the aorta through the persistent
ductus arteriosus. In patients with a ventricular septal defect, the defect m the
shadow 1s less, somenmes a small tight ventricular space may be visuahzed (fig
195d) as well as almost simultaneous filling of the aorta and pulmonary artery
which anise from the hypoplastic nighe ventricle (Janker and Hallerbach).

WWhen tricuspid atresia is associated with transposition of xh({ great vessels, rl’le
picture differs from that of isolared tricuspid atresia 1n the following respects: 1) in



THE PATHOLOGIC HEART 279

the ventricle prescrves only its apical section and the cutflow tract while most of
the mflow tract functionally 1s drasn meo the atrivm Usually che valves are mcom-
petent. No abrormal murmurs of cyanosis are present, but extrasystoles and
paroxysmal tachycardias occur.

The nght atnum, enlarged at the cost of the nght ventnicle, shows nothing
charactensue. Conscquently the elimical diagnosis of this anomaly 15 uncertain.
Taussig observed unwersal enlargement of a heare, ongmally normal 1n s1ze and
shape over a period of six years, the young man suffered contiuously from paroxys-
mal tachycardia and intraventmicular block which proved faral.

By angocardiography one may expect to sec displacement of the tricospid valve
toward the apex with a large nght atnum and a small nighe ventricle.

§. Angmahies at the Base of the Pulmonary Artery

Congenital pure pulmonary stenosis Ina vast majonty of cases pulmonary stenosis
is a featurc of complicated malformanions such as Fallot's anomaly (p 298) or
hypoplasia of the nght sentricle (p. 274) Pulmonary stenoss cither pure or assocr-
ated wih an atnal sepral defeer 1s usually located at the pulmonary osuum for che
valves are formed imperfectly or adhere more or less to one another More rarely
the stenosss 1s infundibular, that 1s, m the mimal pare of the conus pulmonalis, 1n the
cnure infundibulum, in the trunk of the pulmonary artery or, finally m the pulmo-~
nary osuum and adjoimng parts

Trrespective of us site, the increased resistance caused by the stenosis always
Ieads to dilatation and hypertrophy of the night senmicle although this may be
miing for a Jong nme, Furthermore, the secuon distal to the stenosis tends 1o
difate. {f the stenosis is located at the infundibular ostum, the conus aad pulmonary
artery dilate, with stenosis of the infundibulum or pul y vale, the dil of
the pulmonary artery may extend down to its division into the two major branches
The dilaration distal to the stenosis may be considered an anatomic fixauon of the
dynamie dilatation  Volhard explamns the larter by the mpact of blood forcibly
cjected from the hypertrophied night ventuicle

Pure pulmonary stenosts causcs no complatnts s fong as the nght ventacle ean surmount the
heightened reststance by means of fypertrophy and dilatation If the stenosis 15 shght dhus may lase
for decades If, howescr, the stenosis 15 marhed, dulatation due €0 imcompetence of the rrghe vea-
coile often appcars caely and finally leads co sgas of fularc (dyspnea, cyanass, passive congestion
n Theaverage f11fe 15 about 22 years (Abbots)

om the pulmonic area m the second and thurd intercostal spaces, juse to the left of the sternum
and cotresponding to 3 palpable thnll, 3 loud, rough systolic murmu 1s 3udible, 1€ 15 conducted
upward and inco the bach Usually the second pulmonic sound 1s weak but someximes 1t 13 accentu-
ated There 13 dullncss n the region of the cardrac waist bur cardiac enlargement 1s not myanable
Distiact venericalar pulsations may be seen and felt in the epigastrum

Tn the compensated stage of purc stenosts, cardiac Cathetenzation reveals normal pressure
n the night amnum, elevated presture 1n the night sentricle, and low pressure m the pulmonary
artery Oxygen saturanion m the fight heart and 1n the pulmonacy arcery 15 nonmal in the stage. of
compensation

In well compensated, low grade stenosis, the cardiac shadow 15 normal 1n size
and not stnhang m shape Usually, however, a mutral configuration exists owing to
promuncace of the pulmonary are (fig. 196) resulung from dilatation of the conus
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pulmonic sound was accentuated. Diabetes mellitus was prescne, Death resulted
from cascous pcumonta. The moderately entarged heart had an sortic configuration
and was widened mamly to the left; the rounded left cardiac border projected
marhedly and the aortic knob was absent. The diameter of the aortic arch was not
decermuned. The hilar shadows were somewhat enlarged but showed no strihing
pulsations In the muddle and basal parts of the right lung, his tubcrculosis created
motthng. Autopsy revealed an arresia of the tricuspid valve with atrial and ventricu-
lar septal defects, both of which admitted 2 finger. Both atria were enlarged. The
large hypertrophied lefi ventricle gave off the pulmonary actery and the very stmall
right ventricle the narrow zorea (fig. 193a and b).

The angiocardiogram permits smmediate recognition of transposition of the
great vessels since the dilated pull y artery is ediately filled from the left
ventricle, the contrast substance has passed through the atrial sepral defect into the
lefe heart, In most casés the intrapulmome branches of the pulmonary artcry are
disunctly dilated. The hypoplasuc aorta hes in frone of the pulmonary areery and
fills faincly. Smce the ventricular septum 1s absent, only one large ventricular space
1s present and the shadow of the right heart is not defective; consequently the tn-
cuspid atresia 1s demonstrable only when the sequence of filling is followed exactly
by films at short ntervals.

Decisions on the mdications for a Blalock-Taussig operation are aided greatly
by angiocardiography. The operation comes under consideration only with isolated
tricuspid atresia and 1s contraindicated with transposition of the vessels.

Congemeal tricuspid regurgitation. Congenital tricuspid insutficiency 1s rare.
Horz described two chuldren, aged 12 and 13 years, who had suffered from cyanosis
and dyspnea from carliest childhood. Both devcloped cardiac fatlure with increasing
cardiac enlargement which proved faral within a short time. The hearts were en-
larged mainly to the left and the second pulmonic sound was definitely accentusted,
one case had a vanable soft systolic murmur over the pulmonary artery, the other
had a posiive venous and hepauc pulse termunally.

In both cases the cardiac shadow had a mutral configuration, the bulgmg pulmo-
nary arc complerely filling the cardiac waist. The hearts calarged progressively and
expanded mamly to the lefc The nght cardiac border displayed augmented pulsa-
tions. Pulmonary congestion was absent. Necropsy revealed thae the cardiac en-
largement depended exclusively upon the right atrium and ventticle and the to-
cuspid valvc adnutted three to four fingers. In both patients the trunk of the pulmo-
nary artery was markedly dilated and the aorta was narrow. The ductus arteriosus
was closed.

Apart from the existence of the lesion since carliest childhood, its congenital
narure was further atrested by the facr that in boch cases the tricuspid valves were
anomalous 1n 2 manner which could not have been acquired. In one patient only two
Ieaflets were present and in the other a normal leafler was associated with two rudi-

mentary oncs. Hotz interpreted the remarkable width of the pulmonary artery as
the resule of uncqual division of the truncus .

Ebsteur's dusease. This rare anomaly 1s charactcrized by the fact that the tricuspid

valvc does not arise from the annulus fibrosus but 1s partly displaced into theventmncle
hat pare of the latter 1s reduced and incorporated nto the atnum. Accordingly,

5ot
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a 14
Fio 197 —Course of the inflow and outflow tracts of the right ventricle 1n mitral stenosts (s)
and 1n pulmonary stenosts (#) with vencricular septal defect and nding aorta (schematic). In the
first instance the lengthening of the outflow tract produces 2 mutral configuration owing to its
nearly perpendicular course while 1n the second mstance, owing to its oblique course, coeur en
sabut (“wooden shoe heart™) sppears The narrowness of the conus and the pulmonary artery
still contribyte defimtely to the preservation of the cardiac waist n pulmonaty stenosis

Fic 198 —Dextrogram of a congenital pulmonary stenosis The alterations of volume of the
nght atrum and night ventricle are very shght Dunng several carduc eycles there was no
definite emptying of the night heart Owing to the relatve tcuspid regurgttation, the opacified
blood ran back and forth between atniom and ventricle ——— dustolic, -.. .- systolic

films 1 diastole permit rebable conclusions on the width of the infundibulum
{p. 15)

The electrokymogram may permit one to differentiate a valvular from an m-
fundibular stenosis (Andersson). In both mstances the systohc b of the pulmonic
curve ascends more slowly than normal, i a valvular stenosis, how ever, the mal
oblique rise with a subsequent notch 1s followed by a relauvely flat ascent to the
peak of the curve, mn an infundibular stenosis the systolic imb of the curve climbs
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and the pulmonary artery (Vaquez and Bordet, Burke, Assmann, Dressler, Uso-
moto, Fakin and Abbotr).

The cxact site of the stenosis within the bulbus-truncus scction 1s not pereepti-
ble. In striking contrast to this dilatation of the pulmonary artery are the small hular
shadows as well as the clear lung ficlds which show a poverty of markings, This 1s
mportant i differcntiaung large atrial septal defects, Eiscnmenger's complex
(p 307), open ductus Botalli, cor pulmonale from primary pulmonary sclerosis,
high grade cmphysema, or mutral lesions. Pulmonary stenosts 1s further distinguished
from the last by the absence of Ieft atrial cnlargement.

While the cardiac shadow may be normal in size, sometimes night ventricular
dilatation enlarges the shadow considerably The eapansion 1s mamnly to the left as
long as the night atrium docs not dilate from right venericular failure and retrograde

— —

N

Fic 196 —Congenttal pulmonary stcnosis Female, 35 years old, with mild excrtional
dyspnea Shght cyanosis, no clubbing of fingers, loud rough sy stohc murmur over the heart with
maximum over the pulmonic arca, transmicted to the back Absent second pulmonic sound
Plump cardiac shadow widened to right with massiv ¢ protrusion of pulmonary arc behind the aortic
knob which has almost vamshed No increased pulsations on pulmomc arc Left attium and
ventricle not demonstrably enfarged Hifar shadows normal 1n size and wichout striking pulsations
Lung ficlds clear

stasis. In the latter mstance the cardiac shadow of mutral configuration also eapands
to the rght with an elongated and laterally descending arc projecting mto the lung
field

Obviously the roenrgen picture of a pure pulmonary stenosis differs basically
from pulmonary stenoss 1n a Fallor anomaly. The rcasons for the difference are
given on page 301 (fig. 197) Angiocardiography and rocntgenkymography supple-
ment the roentgen findings since they yicld valuable nformation on the site and
extent of the stenosis; thus may be important 1 decisions on the type of surgery
contemplated.

Angiocardiography reveals the degree of dilatation of the right atrium and
ventricle. With decompensation often the right heart empties very slowly. With
relative tricuspid msufficiency serial films show how the nght heart blood, almost
stagnant, MOves o ¢
and extent of stenos
COMMCCTION BLIENTION dirvusss wpuces e secsvmonns 1o sorm cmms < =o =
may contract so strongly in systole than an infundibular stenosts 15 lated. Only
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b
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Fic 197 —Course of the mflow and outflow tracts of the right ventricle in mitral stenosis (2)
and 1n pulmonity stenosis (#) with venteicular sepeal defect and riding aorta (schematic) In the
first snstance the lengthenmg of the outflow tract produces a mitrat configuration owing to its
seasly perpendicular course while 10 the second nstance, owing to 1ts oblique course, coeur en
sabot (“wooden shoe heare”™) appears The narrowness of the conus and the pulmonary artery
stull contribute definktely to the preservation of the cardrac waist 1a pulmonary stenosts.

Fic 198 — Deacrogram of a congemital pulmonary stenosis The alterations of volume of the
right atnum and right ventncle are very shght Dunng several carduc cycles there was no
defintte cmptying of the night heart Owing to the relanve tricuspid regurgitation, the opacified

blood ran back and forth between aterum and ventricle dustohe, .. systohc

films 1 diastole permut reliable conclusions on the width of the infundibulum
(P 15).

The electroky mogram may permut one to differentiate a valvular from an in-
fundibular stenosis (Andersson) In both mstances the systolic hmb of the pulmonic
curve ascends more slowly than normal, in a valvular stenoss, however, the sutial
oblique nise with a subsequent notch 15 followed by a relatively flat asceat to the
peak of the curve, n an mfundibular stenosis the systolic hmb of the curve chmbs
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Fio 200 —Angiocardiogram of a congenital conus stcnoss of the right ventricle (A frer Sussman
and Grighman)

1 V cavasup, 3. Art pulmonalis
2. Right heart 4 Stcnosts of the conus pulmonalis

gradually so that a smuous curve develops. The electrokymogram becomes normal
when valvulotomy relicves a pure valvular stenosis or it assumes a smuous form
when an nfundibular stenosts remains (Andersson).

Rarely, complete atresia of the pulmonary artery leaycs the right ventricle with-
out an exit so thar cardiac blood is discharged exclusively through the aorta which
ariscs from the lefe ventricle. This atresia is incompanble with lifc without an atnal
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sepral defeet which permits venous blood 1o pass from the night meo the feft atrom,
and & persistent ducres artenosus by which pare of the mixed blood of the teft
heart may pass mto the pulmonary errcust for actation, The maxmmum duranon of
Nfe wath dus malfornation s stx months {Abbott). Kugel reported the roemgen
findsngs (6g. 201). There was emormous ¢nlasgement of the right atnum and
venncle, the formur showed great hypertrophy and the larcer was very thin The
Yamness and difatauen of the nght venrricle which ended blindly was ascribad to
smproper coronary perfuscon, The moderately hyperrrophied Jeft sentrcle gme
156 10 2 twvalvular aorta An enormous cardise shadow bulged ro the left and even
more 1o the sight below a very short vaseular band “The night cardiac border was
very strbsng, it began just below the clavicle and descended to the duphragm ma
huge arc formed by the large nghe awum and sentricle

i 208 —Aswcsta of pulmonary arery {case of M & Kugel) An infant of 6 months wub
seveze cyanosss and clubbed fipgcrs Rough systobe murmur with maumum wensty m the
second feft anscrcostat space Large hes {necropsy)

Cengental pubmanasy stesosss eath wiriaf septal defect. The combmmation of pulmo-

nary stenosis with defective amral seprum, the “walogy of Fallor™ 1s a little more
common than pute pulmonary stenosis This comb P an ynload:
«of the night heare snce blood 15 able ro pass from she night mto the left atrum, on
the other hand, tus allows venous blood to reach the Jeft heart and syscemic arcufa-
non (fig 2023 ¥ the septal defect 15 large and the pulmonary stenosis relapiely
marhed, moderate cyaneas and dyspnca may accur The stenosis 1s located more
ofeen at the valves than i the infundibulun

The auseuhatory findmgy aze hke those of 2 pure polmvnary srenosss

Cardiac shous 2 didl Fram pure pelmonary stenons since the left ateum
may be entered chrongh the sepral defect and since pressuce i the nght ventrscle 15 less clevated

While the rocntgen pcture resembles pure pulmonazy stenosss i many Tespects,
the lcft heart may appear somewhat enfarged owing to the nght to left shunt

Angiocardiography distunctly visualizes the enfasged right attium and ventricle
as well as the 1e dil of ¢he pul y anery Morcoser, the post-
won and extent of the stenos:s frequently can be defined. Almost simultaneously with
the right heart 2nd the pulmonary artery appears a faine opacification of the left
aevium, the left ventnele and the aorea by way of the interatrial sepral defect. With
2 large atnial sepeal defect somettmes the left axuum and senricle may become
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opaque carlier than the right ventricle. Then, opacification of the aorea may ante-
date visualizanon of the pulmonary artery (Zdansky). Naturally the belatedly
filled right ventricle and poststenotic pulmonary artery may remain opaque long

Fig, 202 Fie. 203
Fic. 202 —Pulmonary stcnosis with intcratnal septal defece

Fig 203 —Pulimonary stenoss with pursistent ductus anenusus

after the left heart and aorea have faded. On the other hand the latter becomes re-
opactficd when the contrast substance has passed the pulmonary circulaon This
biphasic levogram 1s most distinct when a relanvely small amount of the contrast
substance 1s njected rapidly and views are obrained in rapid sequence (Holzmann).

)

Fic.. 204—Congental anomaly, probably pulmonary stenosts with persistent ductus Botalli
Female, 28 years old. Sce text for description Unfortunately the ditatation of the left pulmonary
artery is not very clear on the figure

Congenital pulinonary stenosis with persistent ductus arteviosus. Zdansky descn'bcd
three cases n which the rocnegenologic and clinical findings suggested a combina-
non of congenital pulmonary stenosis and persistent ductus artenosus (fig. 7.0'3).
Figure 204 shows the roenigenogram of one case. The cardiac lesion of this 28 year
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old woman had been discovercd m early childhood She suffered from slight dyspnea
after strenuous excriion but had neither cyanosis nor clubbed fingers. A loud, pro-
longed, systolic murmur was audible over the entire heart, 1ts maximum mtensity
was over the second and third left meercostal spaces where it was accompanied by a
palpable thnill The murmur was transmutted to the lungs and back. The second
pulmonic sound was absent. Perpheral pulsations were normal.

The cardiac shadow was moderately cnlarged, its clongated and markedly
rounded mght border showed ventricular pulsanions. A promunent pulmonary arc
with systolic expansile pulsations of remarkable size filled the cardiac waist.
Idenucal pulsations were seen in the lefi pulmonary artery which was extraordinanly
dilated while the night pulmonary artery, normal 1 caliber, did not show them
Pulmonary congestion was absent. The left atrium was normal in size Identicat
findings 1 the three cases of Zdansky, none of whom had noteworthy circulatory
complaints seemed to fasor a typical anomaly Necropsy and angiocardiographic
and cardiac cathetenization controf were not possible but the abscnce of defimte
circulatory disturbances, the presence of a rough systolic murmur over the pulmonic
area, absence of the second pulmonic sound, as well as a hypertrophied night heart
with promunence of the pulmonic trunk spoke 1 favor of pulmonary stenosis On
the other hand, the large pulsations of the pulmonary trunk and the 1solated dilata-
tion of the left pulmonary artery made a persistent ductus arteriosus probable.
The occasional concurrence of persistent ductus arteriosus and pulmonary stenosis
1s mentioned by Grohs, Burchell, Taussig, and others

“The diagnosis 1s established by cardiac catheterizauon. Pressure is somewhat
elevated 1n the right ventricle and low ered 1n the pulmonary artery, venous oaygen
saturation i the nght attium and ventricle as well as ncreased oxygen tension mn
the pulmonary artery are noted

While Taussig opposes liganon of a ductus arteniosus i the presence of a
pulmonary stenosis, others (Taylor and Du Shane) are Jess opposed, particularly
when danger of subacute bacterial endocardiuis exsts.

Pure congemtal pulmonary regurgitanon. Thus rare malformanion, often associated
with supertumerary or an mnsuffictent number of valve Jeaflets, 1s combied with
nght ventricular hypertrophy and dilaration m correspondence with the dynamucs
of the lesion, the other cardiac chambers suffer no alterations unul the night ventricle
begins to fail The trunk of the pulmonary artery and 1ts branches tend to dilace.

The modcrately enlarged heart (Kautsky, Kissin) has a mueral configuration
and 1s widened manly to the left. The cardiac waist 15 completely filled by the
protruding pulmonary arc. The hilar shadows and vascular markings of the lungs
are unusually large. The cardiac shadow shows large pulsations especially on sts
night border reflecting the augmented nighe sentricular strohe volume The pulimo-
nary arc, hilar shadows and the artertal branches show excursions like a pulsus celer
The picture 1s not charactersstic. Fundamentally, it 1s not even distingwished from
the equally rare, pure acquired organic pulmonary msuffictency, from large atrial
septal defects, and at tumes, from patent ductus arteriosus Only 1ts congenttal nature
and a diastohe murmur of regurgitation over the pulmonic valve make the diagnosis
probable. One must, however remember that relative valvular ncompetence may
merely accompany or resule from an atrial septal defect. The presence of excursions
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like pulsus celer i the mamstem of the pulmonary artery and its dilated branches
differcntiates it from a pure congemital pulmonary stenosis.

7. Anomalies at or ddjuming the Aortic Valze

Pure congenstal aortic stenosis. Congenital pure aortic stcnosss is one-tenth as com-
mon as congental pure pulmonary stcnosis (Rauchfuchs). It can also mvole the
conus artetiosus or the valve, If valvular, 1t 15 often uncertan whether the stenosis
1s congemital or inflammatory 10 ongm  Conus stenosts (subaortic stenosts) usually
ties about 1 cm below the valve as a diaphragm-hike membrane, e is always a mal-
formation. Valvular stenosts show s no preference for cither sea while conus stenosis
favors the male

The hemodynamics correspond thoroughly with those of posunflimmatory
aortic stenosis Conscquently the results, demonstrable clinieally and roentgeno-
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Fio 205 —Congenital aortie stenosis (3) With hypoplasia of the 1uft senencle, (5) with
aplasia of the lefr ventricle and persistent ductus arteniosus

logically, are the same (Muller, Jr, Mannheimer and Nordenfelt, Taussig, and
others). Although sudden death or supenmposed endocarditis may  occur, the
prognosis 15 relatvely favorable unless the stenosts 1s eatreme. Cyanosts 15 absent
and the physical capacity of the pauent is affected little or not at all.

Cardiac cathetenization reveals nothing abnormal.

‘The presence of signs since infancy, the absence of a previous cndocn'rdms,
existence of a stenosts prior to the appearance of an aortic valve regurgiration speaks
1 favor of the congemtal ongin (Taussig)

the

' e dilaranian

Gring sun e e s

Atresia or hypoplasia of the aorta with underdevelopment of the left ventricie. wn;_
gemieal hypoplasia of the aorta which may be assocrated with complcte occlusion of
its ostium, 15 accompanied by underdevelop of the left ventricle and stenosis
or atresia of the mutral valve The hypoplasia extends upward to.rhc onfice of the
ductus arteriosus which is always patent With atresia of the aortic val e the hypo-
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plastic aorta must always recene its blood by retrograde flow from the ductus
arteriosus Regularly an atrial scptal defect is present through which blood passes
from the left atrium 1nto the night (fig. 2053, b). This defect 1s largest when the left
ventricle 1s entirely aplastic and smaller when it 1s hypoplastic. With aplasia of the
left ventricle the aerated blood which the left atrum recerves from the lungs passes
through the mteratrial septal defect mto the night hearr (fig. 205b). The night ven-
tricle pumps mixed blood theough the pulmonary artery to the lungs as well as to
the systemic circulation through the patent ducrus arteriosus. If the left ventricle 1s
hypoplastic, some blood from the left atrium may enter the hypoplastic aorta through
the small Jeft ventrscle (fig. 2053). In both mstances the chief task of propulsion
falls on the nght ventricle which undergoes extreme dilatation owing to diastolic
overloading and systolic resistance acung on 1its thin wall This 1s present even ar
birth since the nght heart 1s abnormally burdened even durmg fetal circulation
There 1s always extreme cyanosts and dyspnea, low perspheral blood pressure, and
a congested liver (Tausstg) Usually the anomaly proves faral shortly after burth.

Corresponding to the left to nght shunt, cardiac catheterization reveals con-
siderable elevauon of pressure and heightencd oxygen tension in the nighe atrium
and ventricle From the pulmonary artery which also stands under high pressure,
one may occasionally pass through the ductus arteriosus into the aorta where the
oxygen tension is the same or not essentially different from that n the pulmonary
artery

Taussig reported two roentgen findings. Exen in the first days of life, the cardiac
shadow was enormously enlarged and m one case masnly to the nighr. Corresponding
to the nght ventricular hypertrophy and dilatation, the conus pulmonalis 1s promu-
nent In the left anterior oblique position the anterior wall of the hearr extended to
the chest wall The shadow of the superior vema cava was widened Zdansky has
never seen such a case

Congemtal aneurysm of the sinus of Valsalua This malformation 1s discussed with
aneurysms of the aorta (p 392)

8 Truncus and Pseud. Arteriosus Ce

Truncus arteriosus commums ts characterized by a single, abnormally wide
vessel arising over a ventricular septal defect to carry blood from both ventricles
to the lungs as well as to the systemic circulanon. The coronary arteries are also
supplied by this vessel

Two different although funcrionally similar forms are distingwished a) true
truncus artenosus communis results from the failure of a seprum to form and
divide the truncus, b) pseudotruncus arteriosus communis occurs when the seprum
divides the truncus unequally so that the antimere which corresponds to the pulmo-
nary artery becomes an atrenic cord Pseudotruncus 1s much more common than
true truncus arteriosus Comumunis.

True truncus Cort d

g to the anlage of the four prim-
tive bulbus nidges, a vessel usually equipped with four valves anses from both
ventricles over a septal defect

Both pulmonary arteries arise as lateral branches from the ascending limh of this
vessel (fig 2062) After their departure the vessel corresponds to the aorta In rare
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cases there 15 also a ductus arteriosus but it has no funcrional significance. At imes
only one pulmonary artery develops while the other lung is supplicd by dilated
bronchial arteries (i lumphreys) or by a persistent ductus arteriosus whose periph-
eral scetion 1s preseryed (Soulié and coworhers, Thurnher).

These relatonships indscate that the nghe ventricle which works against the
pressure prevailling m the truncus commums, difates and hypcrtrophies owing to
systolic overloading The truncus which 1s fod by two vunencles maturally contains
mixed blood (fig. 206a) If the pulmonary branches departing from the truncus are
very well developed, acration of the blood 1s adequate and no noteworthy cyanosts
results On the other hand, 1f the two pulmonary arterics are too narrow or only
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Fr, 206 —(2) True truncus arteniosus communts, (4) pscudotruncus arteriosus communis,
(¢) truc truncus arteriosus communis with common ventricle

one pulmonary artery develops, cyanosts may be present. Owing to hypowa, the
heavily burdened right venmcle undergoes considerable dilacation.

[n correspondence with these different possibilities, the clinical signs vary Cyanoss, dyspnea,
enlarged cardrac dullness, precordial bulge may be present or abscne A sy stolic murmur and thrll
over the sternum owes its desclopment to the ventricular septal defect The second sound at the
base 15 loud and pure 1f the valves do not close a diastolic murmur of regurgication may be present.

Cardiac catheterization rescals the elevared pressure in the night sentricle and mexed blood 1n1ts
basal part as well as 10 the truncus

In typical true truncus arteriosus commums the cardrac shadow 1s slightly en-
larged and the cardiac waist deeply excavated owing to the absence of the pulmo-
nary artery; i the left anterior obhique position, the antersor cardiac wall shm\;
elonganion and increascd rounding as evidence of nght ventnicular hypertrophy aﬂf
dilatation. Extreme dilatation of the right ventricle and atrium, 1n the opinion of
the author, is not a part of the picture of pure true truncus commums but 15 due to
complications. Thus, the enlargement of the right heare (Taussig) was pmduccdlbry
a complicating atrial sepral defect. The hilar shadows are atypical and, m particu ad.
the left pulmonary artery which 1s normally clearly \'ls|ble>above the left mamn ar:“
upper lobe bronchus 15 not well outlined The aoruc knob is presened and, m co
trast to pseudorruncus (see below), neither abnormally large nor conspicuous )

Angiocardiography reveals immediate filling of the abnormal vessel (trunc )
from the right ventricle. No trunk of the pulmonary artery can be dcmonsm:s:
Zdansky was unable to outline pulmonary arteries deparung from the :)rgncmsxs“ -
tinctly although the atypical course of vessels entering the lungs was obviou:
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opacificaion. The left heare shows nothing striking, Owing to refilling from the
left heart, the truncus contains opaque matenal for an abnormally long tme.

Pseudotruncus arteriosus comumns, Smce the division of the truncus 1s complete
although uncqual, the abnormally wide aorta (pscudotruncus) anising over the inter-
ventricular septal defcct usually bas three valves. There 1s atresia of the trunk of the
pulmonary artery ‘The lungs are supplied by collarerals, particularly bronchial
arteries, which leave the arch and descending portion of the aorta and, on the left
sude, partly 1n front and partly behund the esophagus to reach the left lung. Usually
no ductus arteriosus and often not even its residuum 1s demonstrable (fig. 206b).

There 15 considerable sumlanty berween pseudotruncus and the “extreme’™
Fallot anomaly with atresia of the pulmonary artery (p. 299). To be sure, 1n the
latter the lungs receive blood from a persistent ductus arteriosus, 1n ductus arteriosus,
the truncus 1s usually obliterated and the fungs obtain their blood supply from
ectatic bronchial arteries and other collaterals (Chnisteller).

The puimonary blood supply by these collaterals is always nadequate. Conse-
quently the blood 1s insufficiently acrated and cyanosis always exists

Cardiac work 15 not essentially different with a pseudotruncus than a true
truncus cacept that with pseudotruncus the night ventricle must perform addinonal
work under condinions of hypoxia, presummably this explans the conspicuous en-
largement usually noted The left ventricle 1s also often enlarged.
Examination rev eals cyanosis, derable enl: of the heart, dial bulging, a loud,
rough systofic murmur and thrlf as the consequence of the ventncular septal defect, and 3 foud,
pure sccond sound at the base of the heart

Apart from the great reduction of oxygen tension 1n the nght ventricle and in the aorta, cardiac
catheterization yields essentially the same findings as n true truncus communis

In some respects the roentgen findings differ from those of true truncus Usually
the cardiac shadow is considerably cnlarged, m the posteroanterior position 1t bulges
far to the left below the deeply cxcavated cardiac watst, the left lower cardiac arc
may be rounded and angular to resemble a coeur en sabot. However, the aoruc knob
18 strikingly large and promunent (fig 207) since the abnormal width of the aorta 1s
reduced to normal only after the dilated collarerals deparr. Demarcation of the
aortic knob 15 often vague owing to the departing collateral bronchial arteries
(Taussig). The latter may mdent the anterior and postenior walls of the barum-
filled t this has d (Taussig, Mannhesmer, Stauffer
and Rigler) The roentgen picture of the heart m the left anterior oblique position
1s considered particularly charactensstie (Taussig). In this position below the vascular
shadow the heart projects almost at a nght angle in a massive arc toward the anterior
chest wall owing to great hypertrophy and dilatation of the right venricle.

Since the large branches of the pulmonary arrery are absent, massive, comma-
shaped hilar shadows are also mussing They are not demonstrable as solid shadows,
rather they appear looscned and wrcgularly branched (Campbell and Gardner)
“spider” or “crab” shape (Soulié) The absence of well defined hilar shadows ndi-
cate an abnormal vascular supply to the lungs; this may be umlateral when the
opposite Jung 15 supplied by a penpherally permeable pulmonary artery via col-
laterals or a persistent ductus arteriosus, this may have becn the case in the pauents
of Cooley and Thurnher.
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The close resemblance in the cardiodynamics of pscudotruncus communis and
“extreme” Fallot syndrome wath pulmonary atresia (p- 299) also brings a simularity
of rocntgen findings. In both, the enfarged cardiac shadow may show the cweur en
sabot form although the aortic knob 15 usually strikingly large and conspicuous m
pscudotruncus but not n the Fallor malformation.

The angiocardiogram also shows great similanty with the “extreme” Fallor.
Both anomalics have in common an abnormally wide aorta which narrows to normal
after the bronchial arteries depart 1 a pscudotruncus and after the departure of the
ductus arteriosus 1 the Fallor anomaly. The details of the dilated bronchial arteries

Fic 207 —Pseudotruncus arteniosus communis Boy, 9 ycars old, cyanouc since birth
Drumstich fingers Systohc murmar over the heart Diastolic regurgitant murmur over the
aorta Corrigan pulse 1n radial artery The cardiac shadow was considerably cnlarged and
widened mainly to the left and of aortic canfiguration wath a markedly rounded left sentricular arc,
conspicuous zortic knob, and a deep cardiac waist The orta was clongated and dilated &
pulsus celer was visible on the zorta Hilar shadows aty pically loose and abnormally branched

and other collaterals are not disunct 1 the angiocardiogram but somctumes a ductus
arteriosus may be scen in the left anterior oblique position. The abrormal vascular
supply of the lungs becomes more obvious with contrast filling. .

Surgical 1nrervention does not come nto consideration N 4 truncus arteriosus
communs. In pscudotruncus the Blaloch-"Taussig operation seems justified 1n princi-
ple after careful evaluation of the indications. The situation 1s less favorable only
1 so far as the collaterals with which the anastomosis 1s created are usually narrow
and the pressure is the same as that prevailing i the subclavian artery.

Truncus or pseudotruncus artersosus communis with absence of the entricular septu
Truncus as well as pseudotruncus may be associated with absence of the ventricular

septum, The atrial septum may also be mussing. The large solitary sentricle then
systemic and

propels its content into a large vessel which supplies the coronary,
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pulmonary circulations If a ductus arteriosus persists, the blood supply for the
lungs 15 ensured (fig. 206¢). If, on the contrary, the ductus 1s absent, the lungs can
be fed only by collaterals (upper and posterior bronchial arteries, mediastinal and
csophageal artenies) (Chnsteller), then aeration of the blood 1s msufficient

I'xamination usually reveals deep cyanosss and sevcre dyspaca The capacity of the sndwidual
for exertion 15 hmited to a vanable degree depending upon the of collaterals The heart
15 normal 1n size or slightly enlarged No murmurs are heard and the second sound at the base of
the heart 1s pure

Cardiac eathererizaon reveals & large ventnicular space (Bing) In i, 1n the great vessels do-
parting from tt, and in the femoral arcerics, oxy gen tenston 13 1dentical

“The author has no obscrvations established by necropsy or by climeal findings
and consequently must rely upon the roentgen findings mentioned by Taussig The
cardrac shadow 1s normal in size or a little enlarged The shape 1s not charactenistic
Rotation of the heart 1s common and may suggest deatrocardia In the carly years
of life the heart may look like onc of the Fallot malformations although usually the
aortic knob 1s distnctly entarged and promment In the absence of a ventricular
septum the heart should not bulge markedly toward the anterior chest wall m
the left anterior oblique position as happens m pseudotruncus with an meact inter-
ventricular septum If the heart descends with the diaphragm as the child grows
older, its size and shape become progressively less striking. Nesertheless one may
note a considerably enlarged aorta which courses over the left or night bronchus

Angiocardiography reveals a large solitary ventricle as well as the course and
considerable width of the single deparung vessel,

The Blalock-Taussig operauon, 1 case 1t 1s techmeally feasible, may help
greatly

9 Anomales from Improper Torsion of the Truncus-Bulbus Division

For the correct implantation of the two chicf artenes m appropriate ventricles
and for the normal interrelationships of these two vessels, proper torsion of the
bulbus-truncus seprum and of the ventricular septum 1s fundamental (Pernkopf and
Wirtinger)

If no torston occurs or 1t 1s nsufficient m the bulbus-truncus area an abnormal
junction of the vessels with the ventricles results. The extreme outcome of this
anomalous union is complete transposition of the great artertes (v Rokutansky),
the venous trscuspid ventricle joins the aorta and the arterial bicuspid ventricle
joms the pulmonary artery.

If the bulbus-truncus septum undergoes some, but inadequate, torston, dextro-
posttion of the aorta or simistroposition of the pulmonary artery occurs, m this
situation the affected vessel anses from both ventricles over a rather high septal
defect Dextroposition of the aorta (“niding aorta™) 1s defimtely more common than
sistroposition of the pulmonary artery (“niding pulmonary artery™). No cases
with both vessels asttide a single septal defect seem to have been reported 1n roent-
genologie literature. On the other hand, aottic dextroposition may be associated with

transposition of the pulmonary artery or a sintstroposition of the pulmonary artery
with aortic dextroposition.
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‘Through unequal dwiston of the truncus or from abnormal hemodynamic condi-
tions resultng from shunts i the heart and between the vessels, differences in the
diamerers of both grear vessels may occur and result n more or less extreme stenosis
and even atresia of one.

The important forms of anomalous torsion of the bulbus-truncus scction which
are conducive to abnormal anatomic structure and for abnormal cardiodynamics
are discussed below

These forms are associated with mnumerable transitions They merely indicate
more or less charactenisuc types which differ somewhar in respect to their variable
consequences for the heart and the pulmonary and systemic circulations as well as
their differing susceptibibity to surgical management Since the anatomic basts of
these different forms flow nto each other, the roentgen findings including angio-
cardiography also show transinons This also prevails for the functional conse-
quences discovered by the climaan and finally for the indications for surgical
mrervention Only most careful reflection in which the rocntgen findings play an
important part reveal these indicauons,

Complete transposition of the great vessels. This anomaly affeces the male sex by
preference It has the following results 1n extrauterine hife: blood from the right
ventricle passes through the aorta into the systemic circulanon and returns through
both venae cavae to the night atrium and ventricle, blood from the left ventricle 1s
pumped through the pulmonary artery to the lung circulation and hence returns to
the left atrium via the pulmonary veins and reaches the left ventricle This siruation
would be incompatible with life owing to complete independence of the two circula-
tions, life 18 possible only when communicanons berween the two circulations per-
mut exchange of blood As communications, the ductus arteriosus, the foramen ovale,
an amal or ventricular septal defect or some combination of them comes under
consideration,

The presence and the width of these commumcations determnes the extent of
exchange berw een the two circuits, the degree as well as the distribution of blood.
The combimation and width of these junctions 1s also decisive for pressure relations
1n the single dwvisions of the heart and therefore for their dilatation and hypertrophy.
Morcover, dilatation 15 especially determined by the sevenity of hypoxemua and the
duration of ife. At birth the heart 1s not enlarged since the oxygen supply of the
organism m fetal Ife 1s not disturbed by a complete transposition The ighest
average duration of Life (10 vears and more) 1s found when a ventricular septal
defect and a patent foramen ovale coeist, life 1s shorter when a ventricular septal
defect constitutes the sole communication After birth, both sides of the heart dilate,
and hypertrophy after the mstitution of respiration and unfolding of the lungs 38
associated with a reduction of pressure m the pulmonary artery and m the left half
of the heart Consequently blood passes from the right half of the heart nto the
left through an atrial or ventncular septal defect or, 1n the presence of a persistent
ductus arteriosus, from the aorea into the pulmonary artery In either instance filling
increases and pressure mises m the left side of the heart and there 15 progressie
emptymng and reduced pressure mn the mght half of the heart and the systemic
circulation. Ulumately a pomne 1s reached at winch the pressure m the Teft heart and
pulmonary circulation eaceeds that in the right heart and aorta, then, the shunt must
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reverse. Owing to this reversal the right heart and systemic circulanon expenence
greater filling which lasts until pressure has become greater than in the left hear
and the pulmonary artery, then the dircction of flow in the shunt again reverses
The steady change results in periodic alteration of atrial volume (Taussig)

If more than one communication connects the two circulations, if there 15 a
septal defect and a persistent ductus arteriosus for example, penodnc_reversa]‘.of the
shunt may be absent, one pathway may lead to a constant right to left shunr and
the other to 2 steady left to night (Cooley and Sloan). Then periodic volumetric
changes of the atra do not occur.

Ar all events, both atria and both ventricles dilate and hypertrophy through
constant or periodic variauons n heightened resistance and augmented filling.

As noted above, the extent of dilatation 1s profoundly nflucnced by the degree
of hyposia. Under otherwise equal conditions, with increasing depth of the cyanosts
there 1s greater development of the unisersal ddatation of acompetence (p 141).
Funally signs of manifest failure of one or both ventnicles appear with evidence of
retrograde congestion m the associated atrum, 1a the lungs, or i the systemic
circulauon

Corresponding to the varable connections between the atnia, ventricles, and great yessels, the
deeree and distribution of cyanosis differs 1n complete transposition In the first few days or weeks
.

b eem -

Moreover, the murmur and palpable thnll vary according to the presence and the size of the
different communications berween the two circal they are not ch:

Cardiac catheterization reveals elevated pressure sn the right atrium and venericle as well as
the possibility of catermng the aorta I an stral or ventricular septal defect exists there 1s the pos-
sibility of entering the feft half of the heart or the pulmonary artery respectvely Moreover a
persistent ductus arteriosus has been demonstrated in this way

The oxygen tension 1n both halves of the heart may differ and vary according to the direction
of flow m the shune

The roentgen findings of complete transposition of the grear vessels show
astomishing variability To some extent, this depends upon differing grades of dilata-
uon and hypertrophy of the two halves of the heart, on the other hand differing
ntracardiac communications between the two airculavons as well as the varying
recaprocal relanions m the position of the two great arteries exert a dectsive mfluence
The mod; 0 derable enl of the heart 1s combined with an elonga-
tion and increased rounding of both cardiac borders. In the left anterior oblique
position there 1s marked protrusion toward the anterior chest wall as well as snto
the vertebral shadow, this may be explamed by the dilatanon and hypertrophy of
both ventricles. The elongation of the markedly rounded right cardiac border may
be ascribed to nght atnial enlargement Often the posterior cardiac wall bulges
distinctly 1ato the posterior mediastinum, locally indenting the barium-filled esopha-~
gus, this can be expl 1 by left atrial enl. - Drastolic overload 1s responsi~
ble for the enlargement of the atria Sometumes, by fluoroscopy one can obserse
periodic changes 1n atnial volume which result from the previously described
pertodic variations of pressure i the nght and left halves of the heart (Taussig),
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The lef border e s lefi supcrior vena cava (+¢5). 10€
he left border of the vascular band 15 formed by the persistent o
bTmf,'chul astenes are markedly dilated. The ductus Botalli 15 patent. (From Assmann, Kinise

Rontgenduagnostik )
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With large atnal scptal defects and with the combmation of several shunes, these
fluctuations of atrial volume arc missed.

Usually the supravascular shadow 1s short. Its varying width and shape account
for much of the di ersity of roentgen findings. In some cases with p-a position the
short vascular shadow looks like a very small appendage of the cardiac shadow
(fig. 208a and b). In them the base of the aorta anses 1n front of the pulmonary
artery and the ascending aorra nises almost median (Fancom, Taussig), bending
dorsad at the arch to pass aver the left bronchus (fig. 209b). With rotavon to the
left anterior oblique position the aorta 15 scent to ansc ventrad from the hear,
thereby the vascular band mncreases in width since the aorea 15 projected ourward by
the pulmonary artery which 15 located bechind Casteffanos and coworhers cali this
type 1T transposicion. In other cases the vascular band s about normal in width n
the p-a view but becomes smaller i the right anterior oblique position. This happens
when the aorta, ansmg from the nght ventricle does not start m front but to the
night of the pulmonary artery (fig 209a). This s called type { transposinon (Castel-
lanos ct al) Finally, the transposcd aorta may anse to the left of the pulmonary
artery from a conical outflow path of the right ventricte (figs 191 and 209¢) (Rossi
and Prader, Campbell and Hill, Donzelot and coworhers, Zdansky, Thurnher and
Wessel, and others) The two authors mentioned ast regard this coutse of the
arteries as reflecnng the nversion of the bulbus-truncus section. In thesc cases the
ascending aorta curves convexly to the left forming the left border of the vascular
band which 1s often unusually broad The cardiac waist 1s filled by the conus of the
right ventricle and the ascending aorta i such a way that one nughr assume a dilata-
ton of the pulmonary artery Then, the ascending aorta ascends medran to pass over
the left (Castellanos type 11I) or right bronchus (Castellanos type 1V) In the pa
position the night border of the vascular band proceeds 1n a straight Ime or shightly
cancave and scarccly projects over the spinal shadow since the ascending aorta is
mussed on the night side and ascends m the left mediastinum (Thurnher and Werssel)
(g 191)

Angrocardiography clanifies the reaiprocal relations of the two vessels. The
aorra, apssing ventral to the hearr, 15 immeduately and mtensely filled from the right
ventricle Definstion of the pulmonary artery depends upon very vanable intensity
of s filling, 1ts position and wrdth. Often angrocardiograms 1 two planes are re-

quired for ats d 1on When the pul ¥ artery 1s narrow or, on the whole,
cannot be defined, differentiation from an “extreme™ Fallor or a Taussig-Bing
anomaly 1s difficule or ble, then, the angiocard does not prove with

cercainty whether the aorta 15 transposed or merely dextroposed and rides over a
ventricular sepral defect The same holds for the pulmonary artery. The demonstra-
ton of ntracardiac shunts 1s often difficult or impossible i the d

Even large atnal or ventricular scptal defects can escape detection or can merely be
assumed. Thetr demonstrabslity depends not only on their diameter, which 1s fre-
quently small, but also on the contmuous or mtermittent direction of the stream
through the shunt which may be unfavorable for contrast filling. Fas orite described
a rare example of so-called “mined arreriovenous transposition™ (Spitzer). The
aorta arose from a very small night ventricle. The pulmonary artery emerged from
avery large left ventricle which housed both atrios entricular valves and communi-
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b

cava

Ftc 208 —Crossed transposimion of the arteries (with persistence of left supenor vc;usmllc

and persistent ductus Botall (necropsy) (4) Child of scven wechs with imarked cyzr]wsns,‘ciound
murmur over the apex and over pulmonary and shght accentuation of the second pulmont o

L. - .
Rontgendragnostik)
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to the tight. In the left anterior obhque position the tght position of the aorta would
be demonstrable.

Al these forms of transpasiton are froquendy assocured with right posttion of
the aottic arch or represent an sddinonal feature of seme other profound distuch-
ance of candias i k! the position of the vessels provides 3
perfect or partnal correction of anommalous circulation 25 i certamt parval mversions
of the heart (p 311} or tricuspd atresa {p 275).

Y
(Fig 209 comt fram p 296} d

c

e palmonary artery Y tha antersor view the 20713 and pulmerary artery afe projected ato cach
other In thus way the vasculie band becomes remackably narrow 1t s wider m the loft sorertor
oblique postaen (¢} The sorta aresct at che lefe and n front of the pulmonary artery and bulges
to the lefe fn the antenas view the vaseular band 18 abnosmally broad In the left antersor
oblique position 1t 15 smalier

Transposition of the aorta vath Ji of the pul y artery (T Bing
syndramey In thus tare anomaly the aorea atises from the right ventricle The
pul 'y arIeTy 1§ Bt plecet posed but 15 merely displaced sutficiently
toanse from twoventticles oner 5 defect locared high on the inters entricalar sepram
The polmonary artery contains biood from both ventricles, usually st s dilared buc
sometrsnies o€ 15 hypoplaste The nght ventricle, which ejects most of sts vontent mto
the zorta and a smaller portion mto the niding pualmonary asvery, dilates and hyper-
trophies from systolic as well as disstolic ovcrloadsn g The Blood, arterzalized in che
tungs, retuens to the left vennicle via the loft attum, the former advances ns con
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cated with the nght small aortic ventricle through a septal defect. Since the lefe
ventricle received blood from both atna, 1t was dilated and hypertrophicd, more-
over, 1ts pulmonary artery was greatly dilated. The patient attained the remarkable
age of 18 ycars and died suddenly from ruptuce of the pulmonary arery. The
broadly permeable ductus arteriosus and large ventricular septal defect united the
two airculations. Rocntgen examinauon was undertaken only after the pulmonary
artery had ruprured. It disclosed a cardiac shadow widened constderably to the nght

@ 5z

a b
Fig 209 ~Infferent forms of transposition of the great vessels () The aorea anses at the
tight and 1n front of the pulmonacy artery and zscends cephalad at the right and 1 front of the
pulmonary artery The vascular band 15 normal i width 1 the posteroantcrior position It 1s

smaller i the right anterior oblique posion (5} The aorta aniscs almost purcly veatrad from
(eontinued on page 297)

and left with 2 conspicuous pulmonary arc Naturally the picture was firastxcnlly'
mfluenced by the mtrapericardial hemorrhage and exact rocntgen analysis was im-
possible, It may be assumed that thus anomaly leads to an enlargement and globular
shape of the cardiac shadow with promunence of the pulmonary are. The vess;l
markigs i the lungs should be accentuated and should show marhed systolic
cxpansile pulsanions. The diamerer of the aorta w ogld be small, n smh.ng Con[mvs‘l'—'—
of diagnostic significance—to the demonstrable size of the left ventricular caHt){ -
The nght cardiac border should show pow erful pulsations (rznsm}(tcd from the lef (;
ventricle and might also be subdivided since the pulmonary ventricle would eaten
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The oft-employed expression “tetralogy of Fallot™ may be traced to the facr
vhat the anomaly has been considered the sum of four features riding aorta, ventricu-
tar septal defect, pulmonary stenosts and hypertrophy of the righe ventricle, In
reality the overnding aorta and the intervenrricular sepral defect are a genenie i,
moreover right venricular hypertrophy merely represcats the mevitable outcome
of greater effort when this ventricle labors against increased ressstance from the
pulmonary stenasis and by virrue of its added work agamst aortic pressure In the
raré cases of so-called “eatreme Fallot™ (Taussig) with a functionally or anatomi-
cally closed pulmonary artery, a ductus areertosus perstses to supply the pulmonary
crreulapon, morcover, dilated bronchial artertes may assist mn supplying blood 1o
the puimonary circulation,
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Fic 216 ~—Transposition of the yorta and simswroposttion of the stenotic pulmonary artery
(Taussig-Bing's anomaly)

Fia 211 ~Deatroposition of the gorea with stcposis of the pulmanary arcery (Fallot's anomaly)

Inasmuch s there 1s a pulmonary stenosis, the sorta overriding the interventricu-
Yar septal defect recenes an abnormally large quannity of blood from both ventricles
The moed biood flows from the aorta into the systemic eirculation and regurns mto
the Tight atrum  The smali quantsty of venous blood entering the pulmonary artery
becomes oxygenated 1 the Yungs and rerurns through the left atvm mto the lefe
ventricle. From the left ventricle st 1s pumped into the overriding aorea and parcly
o the right ventricle as well as by way of the mtens enericular sepral defect of
pressure 1n the left ventricle excecds thar i the nghe (fig. 211) Since the quantity
of oxygenated blood which the aorta recenes from the nght ventricle is relatvely
small, owng to the pulmonary stenosis, hypoxemma develops. The cyanosis 1s
decper with greaser displacement of the aorta over the righe ventricle and with
greazer stenosis of the palmonary arcery. Owing to work agamst aorsc pressure
and through elevated resistance m the pulmonary artery, the night ventncle dijares
and hypertrophies but dus remains medest stce the patients are poorly equpped
for exettion and necessanily spare therr hearts,

Examinanon ses esls deep cyanasts, polycythenisa, and thebbed fingers as well as tacs, Cyanosis
often appexrs svon after birth as the ductus arteriosus closes, In most cases, howeser, o 1s distinet
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tents, 1 part, again into the pulmonary areery and m pare through the ventricular
septal defeet mto the nght ventnicle (fig. 210). The relatively small amount of
arterialized blood entcring the lefe ventricle 15 nadcquate for the ovygen supply
of the orgamism

Cyanosis 1s intense and a foud, rough systolic murmur 1s heard over the sternum

Cardiac catheterization reveals hgh pressure 1n the night s entracle through which the 2orta may
be immeduaccly cntered While the mflow tract of the right sentricle shows 2 venous Qj tension,
the outflow tract and the aorta contam mixed blood At tmes the pulmonary areery also can be
entered from the nght ventricle and contans mixed blood

The moderately enlarged heart 1s usually characterized by conspicuous dilatation
of the pulmonary artery in the cardiac waist The enlargement pnmanly mvolves
the night atrium and the right ventricle from which the aorta and pare of the pulmo-
nary artery anse In the left anterior oblique position bulging of the anterior cardiac
wall and the ventral ongin of the aorta are disunct. Usually the hilar shadows are
enlarged by dilatation of branches of the pulmonary artery and display mereased
pulsations Great similarity to an Fiscnmenger complex (p. 307) would result if the
aorta were not deatroposed This relation, decisive in differential diagnoss, 1s
castest to deteet 1n angiocardiograms The opaque marertal immediately and intensely
fills the aora while the pulmonary artery 1s famnily opacified, the opposite situation
prevails m Eisenmenger’s anomaly sinee the pulmonary artery 1s filled fully while
the aorta 1s faint

In the rare case with a hypoplastic simistroposcd pulmonary artery (Braun and
coworkers), the pulmonary arc 1s not promunent, the hilar shadows are small and
the vascular marhings sparse

Only 1n these rare cases docs the Blalock-Taussig operation come under co-
sideration, 1t should be noted, however, that an artifical ductus artcriosus mght
overload the sorely taxed and dilared right ventricle.

Deatroposition of the aorta wuth normal positton of the stenotic or atretig pulnionary
artery (Fallor's anomaly) The dextroposition by virtue of which the aorta ndfs.ﬂ
defect high on the vemericular seprum, 1s usually assoctated with pulmonary stenosis
or, more rarely, pulmonary atresia There are all transitions between cases in which
the aorta aniscs mamly from the left ventricle to those in which 1t anises largely from
the nght

Morcover, pulmonary artery stenosis may vary between a shght grade and
complete atresia. Finally, the location of the stenosis varics. In most cases 1ty olves
the nfundibulum which resembles a narrow channel or a funnel, less commonly, the
stenosts 1s located at the valves which may be malformed or deficient 1n number;
occasionally, mfundibulum as well as the valves are affected Morcover, if the
pulmonary artery 1§ atretic, the stenosis can volve the mfundibulum, the ostum
pulmonale, or the pulmonary artery (Burke, Kirklin, and Edwards). The enurc

group are merc variants of the Fallot anomaly All cases n the group have the

following features m common
1. A defect hugh on the mterventmcular septum with overniding (deatroposed)

aorta
2. Stenosis or atresia of the pulmonary artery.
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of the left cardiac are near the base and particularly irs apical pare which falls
sharply to the duphragm now belong 1o the nght 1entncle (fig. 197b). The left
venrricle now forms the contour to an indefiie extent for a short secuon in the
middle of the lefk candize border. The dstferendiaton from hypestrophy of the left
heart is made even more difficuls since in the Jeft anterior oblique postion tne gans
the impressiom thar the left venmricle 1s afso enfarged. Inthus position the left cardizc
border rends ro bulge into the sertebral shadow as wadh fefr ventricular enfargemene
while the anterior cardsac border descends rather vertically to the diaphragm. Onty
with great dilaration of the hypertrophuad tight semsmicle, a smore common €vont 50
extreme destroposition {Taussig) and 1m0 seserc stenoss of the pulmonary artery.
does 3 rounded cardiac shadow bulge toward the thoracie wall

~— o

-

Fic 217 ~Tetralogy of Fallor with nght zaemc srch Male, 24y rars old, winh deep cyanosis
and clubbed fingers Red blood cell connt 7.2 mulhons, Saldy, 138, toud sywrole matmar wih
maxmum Wieasity oser Exb’s powms Electrocsrdgram  dextrocarndogram  The 1eft cardiac
border showed the typical rounded Linlung of cteur en saboe The sortic arch passes over the
night bronehus The descending aorta forma the nght border of the vascutar band

Rughs ventncular hypertrophy and diatanion i Fallor's anomaly produces an
entirely different cardac shape than m a mural lesion, cor pulmanale, pure pulino-
nary stenosss or arnial sepral defeet. In these cases, elonganon 20d expansion of the
outflow tract of the right ventncle and dilataron of dhe pulmonacy arcery Al the
cardhac wanst and consequently ereate 2 mutral configuration, i the Fallor anomaly
the heart 15 Wansverse and the cardiac wast preserved (fig. 1972 and By This
difference 1s not solely dependent o stenasts of the pulmonary artery, it i1s womately
comnected with the varyng anatomye structure of the night ventricle and the parpcu-
Jar hemodynamuc conditions of this wnomaly The massnely deseloped cnsea supra-
»engculans projects 2s 3 swrong bridge between the swenotic pulmonary artery and
the aorta riding the sepeal defecr, st directs the blood stream of the night senmcle
toward the 2act2 (A. Spiezer}. This catses a further curviacure of the outflow tract
of the right ventnicle in fvor of the abnormal ourflow tract locsted bevween the
apex of the tight venercle and the venancular sepeal defect. It is important for the
hemodymiamic eransformation of the beart thar the axis of thus sew outflow act docs
nat rest § dieudasly on the draph {as with a normal night senrricle) bur
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only when the child begins to walk Linutation of physical acuvity 15 rather extreme The child
prefers the squarting position, and physical dev clopment 15 retarded Usually the left anterior chest
wall bulges, although cardiac dullness 15 not enlarged There 1s 2 loud, rough, systolic murmur
over the sternum and to 1ts Ieft. A thrdl may be felt at the base of the heart, The sccond pulmonie
sound 1s soft, the aortic second sound is often distincrly accentuated and somenmes palpable

The prognosis depunds primanly upon the degree of pulnionary stenosis When cyanosis ap-
pears only after the ductus arteriosus closes or only 1n the second to third month of Iife, prognosis
may be more favorable than in pauients scvcrely cyanatic soon after birth The outlook has been
defimtely impros od by the possibility of the Blaloch- Taussig operation

Fic 212 —Fallot’s anomaly (necropsy) Ihis 15 year ol indisidual had cyanosis and clubbed
fingers The red blood cell count was 9 3 millions, hemoglobin 139 per cent, loud, drawn-out
systolic murmur over the pulmomc The candiac waist was well mamtaned Pulmonary arc
flat In uts fower thied, the left cardiac border descends below a round zngalation m(‘su"}" o the
diaphragm (coeur en sabot) Vascular marhings in the lungs delicate  (From Assmann, Klnsche
Rontgendugnostik y

Cardiac cathetenzation 1 this anomaly res cals elevated right s entricular pressure Usually the

: pule
catheter first enters the orta which contains mixed blood Occastonally, how exer, the narrow pul
monary artery and the left cardiac cavity are also entered through the ventricular sepral defect

R 1 Ily, no mytral 1on results from the resistance dilata-
tion and hypertrophy of the right ventricle and the cardiac waist remains excavated
and the left cardiac border 1s rounded and angular (W, Raab), below it, the cardiac
border descends obliauely and somewhat median to the diaphragm (figs. 212 and
3./ )

This fi

and the wapisapees —--ven . .. . .
sabot f;o‘r‘n :eserbnblancc to a wooden shoe. The shape desvelops 1n the following

c g dely to the left cardiac
er. the hypertrophied nght ventricle contributes
Il:)zrr:lner smce, irz developing to the left, 1t pushes the left ventriele dorsad. The part
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can widen the carduc shadow to the Jeft; thereby the cardiac apex, formed by the
night venzricle, 18 dusplaced 1o the left and the left ventricle 1s thrust backward.

fn a typical Fallor anomaly the Inlar shadows are small and the muapulmonie
vascular markings are sparse carresponding to the defeemne perfunion of the lungs.
1f the putmonary circulation recerves blood from ectatie bronchral and other arwenies
of the mediastinum, owing o evtreme pulmonary stenosts or atresia, no typical,
comma-shaped hular shadows are seen (fig. 243 and b) The hifar shadows fock
Ioose, branch irregularly, and are surroundcd by round spots corresponding to cross
sections of abaormal vessels Since the bronchial asteries may depart from the
aotuc arch and the mnal part of the descending aorta, the abnormal v essels may also
appear above the Toots of the fungs to pass into the mediastnum (Campbeli and

Fie 215 —Angiocardiogram of a ry picat Falloc anomaly

Gardeer) In 2n “extceme” Fallor, Zdanshy saw an abnormally large, comma-
shaped left hular shadow whuch could be atersbuted to the left pulmonmary artery,
chiated by a persistent ductus artersosus (fig 2135)

At tumes a poststenotic dilatation of the pulmonary trunk causes the palmonary
arc to project o the cardiac wasst {Banmgarmer and Abbott) The resuleant
resemblance to the Exscnmenger complex ss great; however the hifar shadows are
not enlarged and do net pulsate.

In some cases left v far il seeins 1o pred O Hy this
was descnibed 1 a panent (\Weinberg and Wiesner) with an associated large atrial
septal defect These cases have been eatled the “pentalogy of Fallor.”” Obviously, the
addwon of an atnial sepral defect pernuts 2 Jarge amount of blood under higher
pressure in the right atum to pass mto the Jeft and produce a dustohe overload of
the left hearr wath didatanon and hyperwophy, These hearts can show an aortie

ssnce the hyp phied and difated feft ventricle determines the shape
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Persistent
ductus arteriosus

Infundibylar
stenosts

Fic 214—~Extreme Fallos with persistent ductus artcriosus Boy, 11 years old, who had been
cyanotic siace birth Clubbed fingers Severe dyspnca Loud, rough, systolic murmur over the heart
swith pownt of maximum ntensity over Erb's pome No definsee diastolic murmur.

proceeds obliquely from the apex of the ventricle to the right, posterior and above
toward the common aortic ostium (fig 1972 and b) These differing courses of the
outflow tracts wansform the heart 1in different ways because a mitral configuration
occurs only when the outflow tract descends almost perpendicularly to the dia-
phragm (p 143), on the contrary, an outflow tract runniing obliquely from the left,
anterior and below, to the right, posterior and above, by elongation and expansion
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cernmg the presence and the dismbution of the large branches of the aorac arch,
this has smportance 1w the apastomoses

In “extreme” Falor syndrome with atres1a or severe stenosts of the pulmonary
artery, the very marhod dextropasition, unusual width, and mrense opacificanon of

Fio 217 ~ Angosardiogram of & Pallor's tusalogy 1 antenior view  {Afier Sussman and
Grishman )

t Aocruc arch § Ascending aorta
3 Sup rem cara & Pulmonary artery
3 Iaf vena cva 7 Righe heart

4 1eft mnommate sen

Fie 218 —Angiocardicgram of Fatlor's turralogy i Jeft antcrior oblique miew (After Grishe
imas, Staunberg, and Sussman )

Vocav sup
Raght rentncie
i Aorue arch

4§ Pulmonasy astery
35 Passage of opacified blood from the night
ventrscle o the Jef

1

e ascending aorta are strrking, Usually the pulmonary astery cansor be outhned
The fudar shadows are particularly smalf, foose, and atypical 1n shape when ectanc
bronchial and mediasunal artenies supply the fungs (Souhd, Campbetl and Gardner).

1f the ductus artenosus persists, the hilar shadows, parnentarly the left, may even
be wntarged.
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of the left cardiac border, the wooden shoe shape of the heart is marc or Jess effaced
in chis way,

An esscatial mark of the Fallor anomaly 1s dextroposition of the aorta. This may
be derected even i posteroantersor views when the aorta forms the catire right
border of the vascular band It 1s even more distinet 1 the lefe anterior oblique
positton since the pulmonary stenosis makes the aorte window abnormally clear
except rarely when there 1s a poststenotic dilatation of the pulmonary artery.

Abour one fourth of the patients have an arcus aortze dexter (p $18). Is recog-
mition 1s of intercst to surgeons and therefore demands attention

The angiocardiogram re cals important information concerning communications
betw een the ventrieles and artenses, Thus, immediarely after the contrast substance
ills the nght amum and veminicle, the sorta niding the venmncular defeet fills

Fic 216 —Dilatation and hypertrophy of the outflow path of the nghe ventricle from mereased
resistance Through clevation of the dilated conus and pulmonary artery there 1s mutrahizanon of
the heart without enlargunent of the transierse diamerer The rotauon of the heare to the left
(curved arrow) favors filling of the cardiac w asst.

) 1y with the pul y artery (figs. 216 and 217) In the left anterior
oblique position, 3 stream of blood contaming the contrast agent 15 often seen
passing from the right into the left ventricle (fig. 218). Angiocardiograms reveal,
general, that the aorta is widened m proportion to the degree of pulmonary artery
stenosts, morcover the filling of the aorta 1s more mtense and the pulmonary artery
fainter as dextroposition of the aorta ncreases. Often the locahization and extent of
pulmonary stenosis 1s not detectable, Experience has shown that in the Fallor
anomaly the stenoss 1s usually located i the region of the infundibulum, nevertheless
this Jocal can be estabhished on the angs d only when the outﬂo.\\'
tract of the night ventricle 1s distinctly narrow ed not only m the systolic but also in
the diastohc phase of the heart cycle. Corresponding to the pulmonary stenosis, the
arteries in the hiluses and lungs are narrow. Their width m the angiocardiogram has
surgical interest because an anastomosis of a subclavian OF INOMIRAtC areery with a
pulmonary artery below a certam caliber creates technical difficulnies. Omnf| u?
mproper perfusion of the ?ulmanary Cll’clf]atlol;l‘ the left heart cnn?cs often s s:-
only famnt opacificanion. Finally, the ang provides I
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through the septal defeet o the overnding aotra, the same holds when the pufmo-
mary awcalation is fairly coprous owing to a persistent ductus reriosus. If the
sentricular sepral defiet 15 small and the aora srises almost eaclusn cly from the
nght venmmicle, ths ventnicle dilstes and hypertrophics as the left antenor oblique
posivion reveals by the marhed bulging toward the antertor chese wall. In this poss~
ton the dssplacemuent of the sorta to the nght and forward as well 35 the stmhing
clariry of the aotuc window 15 apparent.

In the angiocardiogram the niding aorta beconies immedutely opaque from the
nght sentricle. The feft heart and the pulmonary astery ate pootly defined and dhie

Fia 126 —Sstas s crsus partialis ab fos e eht of the aorra of
the ssenotc pultmonary artery, persistenr left cardenal vein and aplasa of the wferior vena easa
{coropsy) Sce text for description {a) Anterior view, () Bindings at necropsy

t T brachocophabica dextra 2V cardmalis sstta

Yateer 15, Wihe the pulmonary scssels, belatedly and family filled The angiecardio-
gram shows the ventral position of the sora very disunatly i the Jeft anterior
posimon

The prognosts after surmeal mreatment 13 not favorable in spire of a postoperanve
wmproveiment of the oxygenation of the Wood, beeanse the marked dextroposition of
the 2orta hunders the entrance of oxygenated blood from the lefe venricle mto the
s0r13

Dextroposed aorta ~osth normal position of & pulmonary artery, normal s wadth or
dilated (Ex s complexy Tn E: ’s complex the acrea 15 dextroposed
orer 3 high venncular sepral defect, the orgm of the pulmenary artery 38 notmal
and its width also normwl or increased. Often the aorue vabves are deformed and
somcrunes they fail 1o close. The pulmonary salves may become relatnely meommpe-
tear owmg ta dilatation of the buse of dhie pulmonary artery In accordance with the
amount of aortic dextropostuion, some venous blood may pass from the night venrncle
mnto the a05ta, but the largest part 15 pumped thraugh the pulmonary artery inte
the fungs The oxygenated blood rerums from the lungs into the left heart and 15
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For the surgical treatment of Fallot's anomaly, Blalock undertook the creation
of an artificial ductus artersosus upon the suggestion of Taussig, an end-to-side
anastomosis of the subclavian or innominate artery with the pulmonary artery was
performed. Cyanosis, polycythemia, and clubbing of the fingers may recede deaidedly
and the physical capacity and development of the mdividual may approach normal
Naturally, the operation is not cqually appropriate for all paticnts. With extreme
dextroposition of the aorta, pulmonary circulation, though smproved by the opera-
tion, usually remains inadequate for properly supplying oxygen to the organism, it s
difficult for acrared blood in the lefe ventricle to enter an aorta which departs largely
from the nght ventricle. In other cases the pulmonary arrery 1s eatremely narrow
and creates ditheulnes i performing an anastomosts.

Destroposition of the aorta with trausposition of the stenotic or atretc pulmonary artery
In thus rare anomaly the dextroposed aorta ariscs oy er aninterventricular scptal defect
largely from the nght ventricle and only for a minor pare from the left venmicle
while the transposed pulmonary artery departs exclusively from the left venericle.
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ki 219 —Dexsrop of aorta with of stenotic pulmonary artery
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The communication between the two circulations 1s made possible by an atrial
septal defect and the highly situated meerventricular scpral defeer over which the
aorta nides, somenmes the ductus artenosus 1s patcnt.

The lefe atrum 15 filled by way of the pulmonary vcins and by the arrial sepral
defeet. The mined blood flows then mto the left ventricle which cjects its content
pactly wnto the narrow transposed pulmonary arcery and parly mto the overnding
aorta. The blood which enters the pulmonary circulation returns oxygenated mro
the left atrium and ventricle. It 1s 1n this way thae the sorta receives a small quanuty
of oxygenated blood Since the aorta anses chiefly from the right ventnicle, the
greatest part of the venous blood enters the aorta (fig. 219). From this results scvere
hyposema, and death usually oceurs in the carly days or weeks of life. Those with
a large ventricular septal defect or a persistent ductus arecriosus live longer.

The systolic muemur and thll 1s associated with considerable cyanosis and dyspnea

The cardiac catheter passes directly from the nght ventricle 1nto the sorta. Intea-sortic Os
tension 1s only a hittle higher than 1 the nght ventricle The left atrium may be entered through
the atria) sepral defect and contains muxed blood In rare cascs the pulmonary attery may be
cntered through the ventricular sepral defect

The resemblance of the a-ray picture to a Fallot anomaly is closc (fig- 220) The
cardiac wasst 1s preserved. The heart 1s almost normal m size or a hirtle <nlarged
when relatively large amounts of oxygenated blood pass from the feft ventricle
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through the sepral defees into the overriding aorta, the same holds when the pulmo-
nary cuculation is fairly copious owing to a prsistent ductus arteriosus. If the
sentricular septal defect 35 smal} and the aona anses almost exclusnely from che
right venericle, thus venricle dilates and hypertrophies as the left antertor oblique
positton reveals by the marked bulging toward the antertor chest wall In this posi-
non the displacement of the aorea ta the right and forward as well as the sinking
clansty of the aortic windaw 15 apparcat.

In the angiocardiogram the riding aorta becomes immediately opaque from the
nght senmicke The lefe heart and the pulmonary artey are poorly defined and the

a

Fra 220 —Situs s ersus partrahs abdominalts with dextropositron of the 2orta, transposition of
the stenone pulmonary artery, perststent left cardingl vein and aplasta of the mfenor vena cava
(necropsy), See texs for deseniption {2) Anterior view, (#) findings at necropsy

} T brachiocephahica dextra 2.V cardnahs sistra

lacter 15, hihe the polmonary vessels, belatedly and famely filled The angiocardio-
gram shows the ventral position of the aorta very distmetly m the Jeft anterior
positton

The prognosis after surgical treatment 15 not favorable in spite of 2 postoperative
mpros ement of the oxygenatson of the blood, because the marked dextroposition of
the aorta hinders the entrance of oxygenated blood from the left ventnicle mro the
20TLS

Destroposed aonta wsith normal position of a pulmomary artery, normal 1 width or
diloted (E; °s complex) In Ei ger'’s complex the aorra ss deatroposcd
over 2 hugh ventricular septal defect, the origin of the pulmanary artery ts normat
and 1ts width also normal or increased Often the aoruc valves are deformed 2nd
sometunes they fuf to close The pulmonary yahes may become relatively weompe-
tent owing to dilatation of the base of the pulmonary arcery. In accordance with the
amount of zortic destroposition, some venous blood may pass from the right ventncle
it the aotta, bus the largest part 1s pumped through the pulmonasy artery mto
the lungs, The oxygenated blood returns from the hngs nto the lef heart and 15
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For the surgical treatment of Fallot’s anomaly, Blalock undertook the creation
of an artificial ductus arteriosus upon the suggestion of Taussig, an end-to-side
anastomosts of the subclavian or innominate arrery with the pulmonary artery was
performed. Cyanos:s, polyeytherma, and clubbing of the fingers may recede decidedly
and the physical capacuty and des elopment of the individual may spproach normal
Naturally, the operarion is not cqually appropriate for all paticnts, With eatreme
dextroposition of the aorta, pulmonary circulation, though 1mproved by the opera-
tion, usually remains madequatc for properly supplying oxy gen to the orgamsm, 1t1s
difficult for acrared blood in the left ventricle 1o enter an aorta which deparns largely
from the nght ventricle In other cases the pulmonary accery 15 exeremely narrow
and creates difficulties in performing an anastomosts

Dextraposstion of the aorta with transpositian of the stenotic or atretic pulnionary artery
In this rare anomaly the deatroposed aorta anises overaminterventricular sepral defect
Yargely from the nght ventricle and only for a minor part from the lefr ventricle
wlile the traasposed pulmonary artery departs eacluswely from the left ventrcle.
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Fre. 219 —L of aorta wuth of stenoue pulmonary artery

The communication between the two circulations 1s made possible by an atrial
sepeal defect and the fughly situated 1nterventricular sepral defect aver which the
aorea rides, somenmes the ductus arteriosus 15 patent

The lefr atrum 1s filled by way of the pulmonary veins and by the atnal sepeal
defect The mured blood flows then into the left ventricle which ejeces s content
parly mto the marrow transposed pulmonary artery and partly meo she overnding
gorta The blood which nters the pulmonary eirculation returns oxygenated meo
the left atnum and ventricle Tt 1s n this way that the aorta receives a small quantty
of oxygenated blood Since the aorea anses chiefly from the right ventricle, the
greatest part of the venous blood enters the aorta (fig. 219) From this results severe
hypaxemia, and death usually occurs 1n the carly days or wechs of life. Those with
a large ventricular sepeal defect or a persistent ductus artersosus live longer.

T he syscolic murmuar and thall s assoctated with considerable cyanoss and dyspnea

The cardiac catheter passes durectly from the rght ventnicle into the aorta. Intra-sortic Os
sension 15 aaly 2 heele figher than wa the right ventrcle. The left atruum may be entered through
the acral septal defece and contains mixed blood In rare cases the pulmonary artery may be
catered through the ventncular septal defect

The resemblance of the x-ray picture 10 a Fallot anomaly 15 close (fig. 220). The
cardiac wast 1s preserved, The heart 15 almost normal i size or a Lttlc enlarged
when relatvely large amounts of oxygenated blood pass from the left ventricle
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dilated pulmonary artery 1s scen (fig 222) The lqltial filling of the aorra 1s deardedly
less than that of the pulmonary artery, this 15 significant m differentiation from a
“Taussig-Bing syndrome which presents the oppostte siruation (p 29%). z}‘ﬁ?: d\ef
opaque material passes through the pulmonary circulation there 1s mtense filling of
the left cardiac cavities and sccondary opacification of the aorta from the_left
ventricle, Thus, the aorta 1s refilled.

Operatton does not come under conssderation.

Fio 232 —A of an Ei complex 1n the left anterior oblique position
(After Rossi and Prader )

1. Veavasup 5 Pulmonary artery

2, Right heare 6 Passage of opacified blood from the right

3. V cava mf mto the left ventricle

4 Aorta

10 The Heart i Situs Viscerum Inversus

In situs viscerum nversus there 1s the murcor-image anlage of organs and
structures which normally devclop asymmetrically. A distinction 15 made between
situs viscerum mversus totahis and partial inversion, n the former, ali organs of the
chest and abdomen are laid down versely In sirs inversus partialis thoracalis the
thoracic organs and 1 situs viscerum inversus parualis abdominahs the abdominal
organs are laid down inversely In a situs viscerum mversus partiahis not all organs
and strucrures of the chest or the abdomen are always mverse, some of them may
be found in a normal location Thus, single parts of the heart may be mverse while
others are m their customary location

Situs wiscerum inversus totalis The stmplest relationships exist in situs viscerum
inversus totahs. In this form all organs of the thorax and abdomen are Jaid down
m a murror 1mage so that the anomaly 15 devoid of significance from the standpoint
of circulatory physiology (fig. 223b) Fluoroscopy reveals the trme murior yumage
of the normal cardiac shadow, the gastric air bubble 1s located under the low er right
diaphragm, the liver under the higher left diaphragm. Occasionally 2 left sided
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pushed from the left ventricle into the ridng aorra (fig, 221). There 1s hirdde of no
cyanosis.

A loud, rough, sy stolic murmur and thall 1s found over the base of the heart 25 the result of the
ventricular septal defect. Sometimos a soft, blowing diastolic murmur onginates from a coexistng
aortic or pulmonary vahular regurgitation The sccond pulmonsc sound tends 0 be accentusted
Usually cyanosis 1s nusscd 1n childhood but gradually appears later in varying degrees The influx
of venous blood from the right ventricle into the aorta does not account for i, rather defecte gas
exchange in the pultnonary circulation 1s partly responsible (Taussig) W hen dilatation of the pul-
tnonary artery 18 marked, deep cyanosss tends 10 oceur more frequently and clubiing of the fingers
may also appear Occasionally hemoptysis 1s noted

Cardiac cathetenzation feveals clevated pressure 1n the right ventnicle and the pulmonary
artery, this speaks strongly agamst a pulmonary stenosis  The pulmonary artery and the aotta
can be entered from the night ventnicle Intra-aortic oxygen tension 1s reduced more or less accord-
1ng to the degree of deatroposition.

Fig 221 —Dextroposition of aorta with normal arising, pulimonary artery of normal width or
dilated (Lisenmenger's anomaly)

“The heart 15 moderately enlarged to left and right as the result of hvpertrophy
and dilatation of both ventricles, the cardiac bordcrs show Iiely pulsations. A
mutral configuration may result from the conspicuous bulge of the pulmonary arc
owing to dilatation of the pulmonary artery The hilar shadows are somew hat
enlarged and the pulmonary vascular markings accenruated They may display
mereased, systolic-expansile pulsations particularly when pulmonary regurgitation
1s present. If the aoruc valves are mcompetent, the aortic configuration 1s morc
proruncent and usually an aortic pulsus ccler 1s distinct. The roentgen picture iy
closely resemble that of an atrial sepral defec, a defect located high on the ventricu-
lar septum, a mutral lesion with or without relanve msufficiency of the pulmonary
valve, a Fallot anomaly with poststenotic dilatation of the pulmonary artery of
Taussig-Bing malformation The abscace of left atrial enlargement speaks against
a mutral or a mutral-aortic lesion; the cnlargement as well as systolic expansile
pulsations of the hilar shadows speaks aganst pulmonary stenosis c.f a Fallo‘t
anomaly. Often differentiation from an atrial or ventricular septal defect is xmpcsrsx-
ble. Not rarely angiocardiography and cardiac catheterization must be cmployed for

‘erential diagnosis
dlffThc: angxocgardmgram show s simultancous opacification of the pulmonary ar:cry
and aorta from the nght ventnele. Dextroposition of the aorta and the normal or



IHE PATHOLOGIC HEART 309

dilated pulmonary artery is scent (fig. 222) Themitsal filling of the sorta1s decidedly
less than that of the pulmonary areery, this 1s significant 1 differeniation from 2
Taussig-Bing syndrome which presents the opposite sicuation (p. 298). After the
opaque matenal passes through the pulmonary circulation there 1s mtense filling of
the left cardiac cavities and sccondary opacification of the aorra from the_left
ventricle. Thus, the aorta is refilled

Qperation does not come under considerationt

Fig 222 —Angiocardiogram of an Fiseamenger complex 1n the left anterior oblique posivon
(After Ross1 and Prader )

lz 1\7\7 cava sup 5 Pulmonary artery
sght heact 6 Passage of opacified blood from the night
3V cava wf

imto the left ventricle
4. Aorta

10 The Heart w Situs Viscerum Inversus

In situs viscerum mversus there s the mirror-image anlage of organs and
structures which normally develop asymmetrically A disnnction 15 made between
sn}:us viscerum nversus totahs and partial mversion, 1n the former, ali organs of the
ihzi; ::d;:;i:;nmdarc lard down mversely In situs mversus partialis thoracalts the
organs are da: 1N SItYS VISCCFUM INVErsus parualis abdominalis the abdominal
i :;n snversely In a situs viscerum mversus partiahis not alt organs
be found e chest or the abdomen are always inverse, some of them may

nd 1 a normal locacion  Thus, single parts of the heart may be mverse while
orhesrs are 10 their customary locagion
- erlst:: :Z)::l::"; x:"y}:m? totalss. The simplest relauonships exist 1a situs viscerum
AN lma‘ge o 1}5] or}l;n all organs of the thora'x and abdomen are laid down
of crestasory o sm; at 1] :i anox;naly 1s devord of significance from the‘ standpoint
Fihe noama) Cal‘;’mc ahg); ( 'g 223b). Fluoroscopy 'mveals the true mirror ymage
Saghragm, <he 1 shadow, the gastric air bubble is located under the lower nght
gm, the liver under the higher left diaphragm Occasionally a left sided
.
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aorta (arcus aortac sinister) 1s observed by analogy to the night sided aorta (arcus
aortac dexter) with situs solitus (p 409). Drserse cardiac anomalies may occur with
visccrum anversus totalis. Morcover, bronchicctasts is not rare (W. Neymann,
Karragener, Adams and Churchill, Zdansky) and indicates that some types of this
tung lesion are congemical,

situs
FiG. 223 —Schematic representation of varous forms of dextrocardia () Nom;zl o
(8) Sus viscerum imversus toralis. () Isolared dextrocardia withour inyersion of c

entnicles
“dextroversion,” Paltau Tsolated dextrocardia with my ersion of the ventric
chambers (“dex n 9 (9 tson of the v

Sutus wiscertem snversus partialts. Of much greater significance than toral mvcxsulr)r-l
15 situs viscerum imversus parnabs, wrespective of whether the thoracic }Jr ::hc
Jdomnal organs are im olved. Often the 'relanons are extremely complex and, [otx;‘ e
most part, there arc associated anoma.hcs of the henrf and \'essclf. M:;:y ocn o
.anomalies are inevitable owing to the incongruous reciprocal relations betw e
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heare and the large abdomumnal vessels which must result 1n abnormal vascular con-
nections or abnormal arrangements of the carduac cavities to keep the arculation
wtact Some of these anomalics have vital significance and may ideally correct the
abnormal anlage Other anomalies, on the contrary, are only single manifestations
of a general developmental disturbance and may further complicate the situation by
adding to the distutbance of oxygen supply to the orgamism

It seems didacucally useful 1n describing the roentgen findings of the congenieal
positional anomalies of the heart to start with situs of the abdomunal organs which
can be detected by simple fluoroscopy. The position of the gastric bubble under the
left and the Iiner shadow under the nght draphragm permuts onc to assume normal
situs of the abdorminal organs. The reversed positton of the air bubble and the liver
shadow justifies the assumption of situs nversus of the abdommal organs

If, with norrmal situs of the abdominal organs, the heart 1s located on the nghe,
dextrocardia exasts, if there 1s a situs mversus of the abdomnal viscera but the
heart lies on the left one speaks of levocardia

Dextrocardta may have various causcs

1 There may be a congenital rotation of the normally developcd heart around
its Jong aws to the night. Paltauf calls this “dextroversion” (figs 223 and 224)
The arrangement of the cardiac chambers to cach other 15 normal although the long
axis of the heart inclines from the left, posterior and above, to the nght, antertor
and below, by rotation, the left atrium forms much of the left boeder and the left
ventricle contributes largely to the anterior cardiac wall, the night atrium 1s rotated

Fig 277 comt from p 310)

and corrected transposition Aorea passes over the lefe bronchus (¢) Lake d but with righ
aorta Ag, artersal acoum, vA, venous atum, aV, arternal ventricle, vV, venous ventricle, Bi,
bicuspid ostum, T, tricuspid ostium

backward so that a large part of the night cardiac border 1s formed by the nght
ventricle The abnormal cardiac apex 1s directed to the nghe Slighter grades of
dextroversion are called mesocardia (fig. 225). From the standpoint of circulatory
phystology, dextroversion of the heart with normal situs of abdominal viscera lacks
arculatory significance. Dextroversion 1s not an exact myrror 1mage of the normal
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Fre 224 —Dextroversion of the hearr with situs solitws of the heart and of the abdominal
viscera (pscudositus viscerum partiahs thoracahis), Male, 38 years old, without cieculatory
symptoms Both cardiac borders show a subdivision inte two arcs (arrows) No pulmonary arc
1s present The aortic knob on lefe The left diaphragm 15 somewhat higher than the night and
under 1t 15 the stomach On the oniginals, n the nighe lung feld one could see the shadow of the
horizontal interlobar fissure In other words, lobulatton of the lungs was normal

Fi. 225 —So-called “mesocardia ” Female, 30 years old, without circulatory symptons
Electrocardiogram normal The heare 15 placed neatly medun The night cardiac border 1s con-
sidetahly elongated and a notch divides 1t 1nto two arcs, the upper one displaying atrsal pulsations,
the lower, ventricular On the left cardiac border, only ventricular pulsations were noted A
distnce pulmonary arc 1s present (n the waist Left daphragm 1s higher than the right

heart; no pulmonary arc ss present within the excavation of the mid-right shadow
corresponding to the cardiac waist, moreover, the right lower border 1s not strongly
sounded like a normal artersal ventricle. Likewise, the location of the atrioventricu-
Jar junctions, often mercly a suggeston of notches on the two cardiac borders, are
not rmrror 1mages (fig 224). Finally, the abnormal cardiac apex lacks the comc
rounding of a true cardiac apex The right half of the diaphragm 15 lower than the
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Ieft; this sndicates that the position of the heatt and not the hver deterunes the
physiologic differences i the heights of the two leaves of the diaphragm (Roesler).

2. A complete or partial imversion of the heart may cause devtrocardia. A com-
plete imersion produces an exact murror image of normal In this way the heart
loses 15 conneersons with the superior and nfenor yeme envae and obtams blood
from the exctemitres through voins which otdinanly serve other purposes o involute
1 the course of development (V. cardinahs smstea, V. azygos, ¥V hemuzygos).
Under these condinons complete cardiae mversion with normal situs of the ab-
dorunal organs loses ssgnificance, The rocntgenogram s the cxact murror image of

f1o 226 —Deoxuocardia wich situs vascerom partiahs thoracabs Child, 4 years old, without
subjective o objective crrculatory disturbances The carduc shadow, of sormal size, 1 placed
soward the nght The amnoventacslar juncuon on the nighe cardiac border 15 vistble as 2 netch
and ties furly hugh above the duphragm (ar the level of the third anterior intercostal space) The
root of the aorra fies at the feft m front of the pulmonacy artery The vaseular markings of the
lungs are mosmal The aotue arch passes over the loft bronchus An example of adeat correction
of mersion of the ventricles by petfact Transposstion of the vessels

normal \ery often, however, complete cardiac mverston with normal situs of the
abdoruna) organs 15 assomated with an aorue arch prececding ro the left or with
grave anotmalics

In dexceocardss wich parual mversion of the heare (fgs. 223d and 226), the
Vv cavae open mnto an atesom lying on the nghe which comamuntcates with sts
sentnicle 3lso bymg on the right but through breuspid valves, the arrangement of the
papillary muscles and the conduction system charactenze i as the real left ventnidle,
The pulmonsry teins empty inte an strum lying on the left which communicates
with 2 ventricle also lymg on thus side, this vemricle possesses, however, 2 trucusprd
valve, a erista supraventniculans and an arrangement of papillary muscles and con-
duction system characienizing 1t as the real right ventricle. ¥ the related aorea arose
from the bicuspid chamber and the related pulmonasy artery from the trcuspid,
venous blood would immedrately return to the syscemse esrculation shrough the
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aorta and aerated blood would again return to the lengs; this would be incompanble
with hfe. Lafe 1s possible only when the two vessels are displaced whereby the
pulmonary artery anises from the functionally proper but anatomecally improper
venous bicuspid sentricle lying on the nght while the 2orta depares from 1 func-
tonally proper but anatomically inapproprate arterial tricuspid ventricle lymg on
the left, Owing to this crossed transposition, the imverston of the venericles s ideally
corrected (v. Rokitansky) and the anomaly has no practical significance In the
partial cardiac mversion with corrected transposition of the vessels, the aorric arch
can proceed over the right or left bronchus (fig. 226)
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Fic 227.—Dextroposttion of heart resulung from a traumatie left-sided diaphragmatic hcrm{z
after a gunshot wound of the duphragm Some fragments of the bullet (arrow) remam in Tef

chest wall

Transposition corrceted m this manner ourwardly and roentgenologically re-
sembles dextroversion closely since the mnd. of the left atrioy lar junc-
tion 15 lower and that on the right higher and more distinct than in a murror arrange-
ment of the heart (fig. 223c and d). As m dextroversion, in dextrocardia from
cardiac inversion, the right diaphragm 1s lower than the left. The clcctr?cardwgmm
aids 1n the differentation. In dextroversion there 1s no essenual alteration while 1:
dextrocardia from myersion lead I 15 the murror mmage of the normal tracmg, lea
11 resembles the ordinary lead IIT; and lead III resembles a normal [1 (Holzmaznn,

Taussig)- .
. a from rotation or mversion must be differentrated from acquired

Dextrocardr c ) iy
displacement of the normally arranged heart to the right, the fatter is “dextropost
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ton,” It may be produced by congemital aplasia or hypoplasia of the night lung,
shrinking scars in the right lung or pleura, displacement of the heart by eventration
of the diaphragm, paralysis or upw ard displacement of the left diaphragm (fig. 227),
left-sided space occupymg processes {tumors, aneurysms, pleural effusions, pneu-
mothorax), or some deformartons of the bony thorax Penicardins during feral ife
might leave behind this type of displacement (Paltauf). Dextroposttion causes 2
simple parallel shift of the cardiac axts or rotation of the heare around its sagitral

Fia 228 —Situs viscerum imversus partialis abdominalis So-called “levocardia * (Stomach on
night, liver on lef, left kidney higher than tight, mesentersam commune ) Female, 46 years old,
with hemochromatosts Summary of films with bacium-filled stomach and colon and an traven-
ous pyelogram

ax1s 50 that the long axis no longer proceeds trom the right-above to the left-below
bue 15 almost vertical or runs from the left-above to the nght-below The roentgen
picture 1s never the exact srror tmage of the normal heart It may closely resemble
dexerocardia with 2 normal or inverse situs of the abdominal viscera Consequently,
attention must be pad to the presence of differentral diagnostic signs menuoned
earher A nght pleural adhesion or shnnking lung scar, trregular notching of the
night medastinal shadow, adhesions m the night cardiodizphragmatic angle, wspira-
tory distortion of the medrastinum 10 the right, and mspiratory hfong of the right
cardiac border with the antertor chest wall, favor dextroposition rather than dextro-
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cardia, Naturally a shrinking scar 1n the lung or pleura can be associated with a true
dextrocardia.

Levocardia may also have different causes. First, it may be a heart laid down
and developed in usual situs which may be considered completely inverse with
respect to the normal sieus of the abdominal viscera (fig. 228). Morcover, 1t 15
theoretically concetvable that levocardia could be combined with a partial iversion
and corrected transposition of the great vessels. Finally, 1t is entirely possible thar
Ievocardia could even result from left rotation of the heart m situs vtscerum taversus
totalis, this rotation could be designated as lesoversion by analogy with dextro-
version  Even without complicarng cardiac malformations the differentiation of
various forms of levocardia undoubtedly encounters difficulty. Levocardia with
normal anlage of the heart yselds completely normal cardiac findings (g 228) since
the abnormal venous connecrions are not usually detected 1 the roentgenogram and
cardiac archuecture 15 completely normail On the other hand, levocardia with
parnial mversion of the hearr and corrected transposition of the great vessels cannot
always be positively distinguished from the occastonal occurrence of levocardia ma
heart planned completely mverse. Apparently no such cases have been descrbed
roentgenologic literature,

According to the congemtal anlage of the heart, the following theoretic possi-
bilines exist with normal and inverse situs of the abdormmnal viscera

A Normu! situs {stus solitas) of abdomaal argans

1 Hearcto left  through situs solitus of the heart Normal

2 Hearttoleft  through levoversion of the campletely Laeval situs inversus partiabs
or partially 1averse heart thoracalis

3 Hearrto nght  through complete inversion of heart Situs inversus partiahs thoracalis

4. Heart to nght  with partial inversion of heart and cor~  Situs inversus partiabis thoracalis
rected transposition of grear vessels
5 Heart to nght through dextroversion of heart planned  Pseudositus inversus parttahs
in situs solitus thoraealis
B Situs inversus of abdomuinaf viscera
1 Heart to nght  through complete iversion of the heart  Situs inversus totalis
2 Beart tonght through detroversion of heart ar~ Psendositus mversus totahs
ranged 1n situs sohtus
3 Heartto left  through situs solitus of heare Sicus nversus parttahs abdomnalis
4 Heartwolefe  through levoversion of heart ar- Larval situs inversus totalis or
ranged nversely pseudositus Inversus  partialts ab-
domnahis

In all the possibilities hsted, the aoruic arch may proceed over the left or mght
bronchus. Basically, however, the malformations of the thoracic and ?bdomlnxl
organs leading fo positional anomalies of the hearr are prone to be associated with
malformations or arrested developments of the heart and great vessels Conseguently
of the great vessels 1s often associated with a sepral defect, a Fatior or
complex, or aoruc stenosts, pseudotruncus communss, and
so forth. Often the resuleant roentgen pictures are extremely difficult to interpret
Qften angiocardiograms and cardiac cathetenszation are mdlspcnmb}& The electro-
cardiogram plays an jmportant role 1n distngwshmg beeween ms ersion and rotation

of the heart (sce abave).

transposition
E
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In regard to the various possibilities listed above the followmg may be added.

With respect to the second type in the fiest diviston (A-2), levoversion of the
inversely planned heart with normal sttus of the abdomunal viscera does not seem
to have been observed roentgenologically. This larval form of parual thoracic situs
inversus could be differentiared from normat situs of the chest organs only by careful
analysis of the rocntgenogram and by the electrocardiogram Favorable implanta-
tion of the great veins can create ideal circulatory conditions. As with every mstance
of partial mversion, naturally one must consider complicating cardiac malformations.

In regard to a situs mversus partiabis thoracalis with complete mversion of the
heart (A-3), the resultant roentgen picture may be the true murror image of the
normal heart m the absence of any other anomaly if the connections of the veins
leaving the abdomen are established through other senous chasmels (p 313).

In partial inversion of the heart associated with corrected transposttion of the
great vessels (A-1) the roentgen picture of the heart (fig 226) 1s not a perfect
murror tmage {p 312). The soruc arch may proceed over the nght or left man
bronchus No errculatory signs cxist because the anomaly 1s ideally corrected.

Dextroversion of the heart with normal situs of the chest and abdomnal organs
(A-5) can be called pseudositus inversus partialis thoracahs (figs. 223¢ and 224).
‘When shight, 1t 1s known as mesocardia (fig 225). Since circulatory disturbances are
absent, the congenital rotation of the heart to the right with normal situs of the
abdomunal viscera lacks any real sigmificance.

Situs viscerum nversus toralis (B-1, fig. 223b) has no sigmificance from the
standpoint of cicculation and presents the true mirror 1mage of the normal heart
The aortic arch can proceed over the nght bronchus. Congenital anomakies of the
heart which represent the mufror 1mage of these anomalies with rormal situs are
fairly common but require no addittonal discussion at this rme

Beuroversion of the hearr otherwise normally developed with sversion of the
abdominal organs (B-2) may simulate situs mnversus toralis, one may speak of
pscudositus inversus totalis No examples seem to have been reported As stated
carlier, complete cardiac inversion can be disnnguished roentgenologically and
electrocardiographically from 2 rotated heart of normal development. Rotation of
the heart never leads to a murror mmage of the normal heart as happens with com-
plete mversion Moreover, most cases of the larcer kind would be complicated by
some other anomaly

Situs inversus partialis abdommalis (B-3) with normal sttus of the heart like
situs inversus parnalis thoracalts with cardiac nversion (A-3) can be corrected from
the standpotne of cicculation by abnormal or preformed vemns Then, the roentgen
mage of the heart may be ennrely normal The author observed a female, 46 years
old (fig 228) with parnal mversion of the abdommal organs and mesenterium
commune but no crcelatory disturbances The cardiac shadow was normal m
position, size, and shape as well as i pulsattons The pulmonary vascular markings
were normal The aorta passed over the left bronchus Presumably the arrangement
of the heart was essentially normal as with Getpel's patient who was exarmmned only
at necropsy, n the latter the hepatic vemns emptied info a Vina hepatica commums
while blood from the domamn of the mferior vena cava reached the nght attium
through the greatly dilated Vena azygos
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As m situs inversus partialis thoracahs, the heart 1s often malformed so that
severe arrculatory disturbances develop Frequenely interpretaton ss difficulr. Pre-
ase analysis of the roentgenogram, electrocardiogram, angiocardiogram, and
cardiac catheterization often s indispensible. Most panients with these grave
anomalies dic 1n early imfancy although some cases, observed roentgenologically,
have artained childhood or adult hfe (onc case of Rocsler at 6 years, two cases of
Forgacs at § and 26 years, three cases of Zdansky at 314, 8, and 19 years). Our
first case, a male 19 years of age (fig 2202 and b) had suffcred from dyspnea and
attachs of unconsciousness from early childhood, He had severe cyanosis and
clubbed fingers The red blood cell count was 8.5 mullions. Cardiac dullness was
widened to the left The apical impulse was located in the sixth left intercostal space
one finger beyond the midelavicular Iine. The first sound ar the apex was loud and
tambour-like. A rough systolic murmur was audible over I'rb’s pome, occasionally
a soft duastohic murmur was detected W noted the following (fig 2203) , the cardiac
shadow was constderably enlarged to left and nght. The lefe cardiac border showed
a rounded angle as 15 often seen m a Fallot anomaly. The gastric air bubble appeared
under the nght diaphragm, the hver shadow under the left The vascular band was
wide. There was a pale, arcuate shadow, bending laterad in systole projecung
below the aornc knob and in front of the 1minial part of the descending aorea The
cardiac watst was normal as werc the hilar shadows and lung markings Necropsy
disclosed dextroposition of the aorta which rode a high ventricular septal defect and
transposttion of the hypoplastic pulmonary artery which departed from a small left
ventricle The very small left atrium received a few pulmonary vems from a short
common trunk This arrium led to a small lefe ventricle through a valve equipped
with two leaflets. The right atrium and ventricle were large and formed almost the
entire anterior surface of the heart, they communicated by a valve equpped w ith
three Ieaflets The aortic arch passed over the left bronchus i a normal way. The
hepatic veins opened directly at the diaphragmatic limit of the right atrum Sub-
sututmg for the mferior vena cava, a persistent left cardinal vein ascended to the
left of the descending aorta, crossed ventrad to the pulmonary artery and finally
bent over the left bronchus to the night to empey behind the ascending aorta to
the superior vena cava, the latter opencd mnto the right atriem (fig 220b). Thes large
vemn recerved the left and night brachiocephalic veins as well as some rrunl‘s. from
the roots of the lungs The pale arcuatc shadow visible below the aortic knob in the
roentgenogram corresponded to the left cardinal vern

The sccond casc, an 8 year old boy, was somewhat retarded in physical develop-
ment, he had a marked bulge of the left anterior chest wall and a systolic murmut
over the heart. On physical exertion, shight cyanoss appeared. The cardiac sP‘me“
had expanded considerably to left and night and 1ts waist was filled by a conspicuous
pulmonary arc. Fluoroscopy m the oblique positions showed that both halves of the
heart, including the left atrium, were enlarged Systolic expanstle pulsations were
noted 1 the left hilar shadow. A d phy revealed leanc filing o

both enlarged atria and the large nght ventricle. Then, the Jeft ventricle opaclﬁcd'
with ssmultancous filling of both grear vessels. The conus pulmonalis seemed narme‘:]
while the pulmonary artery was wide, The left heart and pulmonary artery retain
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contrast material abnormally long A pulmonary stenosis and a persistent ductus
arteniosus were assumed to be present.

The third patient, a girl 314 years old (fig 229) had been cyanouc and dyspnetc
since birth, the fingers were clubbed and development was retarded A loud systolic
murmur, transmitted o the lungs, had 1ts maximum mtensity over the pulmonary
valve. The cardac shadow was only shghtly enlarged and showed a mutral con-
figuration owmg to prominence of the dilated pulmonary artery. The right ventricle
was hypertrophied and moderately dilated. The accentuated hilar shadows and
central vascular lung markings show ed systolic expansile pulsanons. The aorta was
dextroposed The aortic arch passed over the left bronchus

Fie 229 —Situs mversus parietalis abdominalis Gurl, 314 years old, with acrocyanosis and
clubbed fingers and toes Loud systolic murmue over the heart with maxumum intenstty over the
pulmonic and transmission to the lungs The cardiac shadow 15 only shghtly enlarged and has a
mutra} configuration owing to a flat bulge of the pulmonary aic The right ventricle 1s hyper-
trophied and modcrately dilated The hilar shadows are enlarged and, hike the increased vascular
markings i the central lung ficlds, show systolic expansile pulsations The root of the aorta 1s
displaced to the right The aortic arch proceeds normally over the left main beonchus

Forgacs described a child, 5 years old, who was also cyanotic and had clubbed
fingers The heart was 1 normal position although widened to the nght A loud,
rough systolic murmur was audible with maximum ntensity over the third left
mtercostal space The ascending aorta was displaced to the right and the arch passed
over the night bronchus The author assumed a Fallor anomaly was present. An
army officer, 25 years of age, had no circulatory symproms and he was capable of
evertion (Forgacs) A rough systolic murmur, audible over the second left iter-
costal space was conducted to the back The second pulmonc sound was accentu-
ated The moderately enlarged cardac shadow showed strong pulsations of 2
promiment conus pulmonzalis and dilatation of the intrapulmonsc vessels in which no
pulsations were visible The ascending aorta seemed displaced to the right. In thts
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case as well as n the second one obscrved by Zdansky, an Eisenmenger complex
could have been present.,

Finally, situs msersus toalis (B<#) may awaken che impresston of situs inversus
partialts abdominalis owing to levoversion of the heart. Carcful exanunation reveals,
however, that the picture of an inversc heart, rotated to the left, never corresponds
precisely to normal situs of the heart. Morcover the clectrocardiogram permits 2
distinction Holzmann deseribed such a case



——Chapter Five
Diseases of

the Pericardium

Excep( at a few places, the heart and roots of the
great vessels arc covered by pericardum Thus 15 so thin and clings to 1ts conents
so perfectly that the irregulannes of the cardiac surface and vessel corona are out-
lined on 1ts own surface *

By means of a re-enforemg fibroelastc layer, the tunica fibrosa, the pariecal
pericardium ensures fixation of the heart within the chest and offers some protection
agamst overdistention The diaphragmatic part 1s jomned firmly to the central tendon
of the dizphragm, the mediastmal pare 1s bound laterally and antersorly to the loose
connective tissue of the mediastmal pleura, this fixes the periardium to the anterior
and posterior chest walls as well as to the roots of the lungs, finally the sternocostal
part joins the anterior chest wall 1n the region of the “plenra-free triangle” by means
of the Ligg sternopericardiaca and by loose connective tissue Behind, the outer
leaf of pericardium borders on the connecuve tissue of the postersor mediastmnum
The esophagus lies i the median plane and 15 1m apposition to the pericardium for
several centimeters

The transition of the partetal mto the visceral pericardium occurs anteriorly
tn a lme which begins ar the night edge of the supersor +ena cava above 1ts onfice mn
the right atrium and continues to the left over the antcrior edge of the ascending
aorta (about 1 cm below the departure of the truncus brachiocephalicus) to the
pulmonary arrery, the latter 1s covered by the pericardium nearly down to the
Ligamentum Botall: (fig 2302 and b) In this way the roots of the aorta and pulmo-
nary artery are mutually encircled by pericardium so that a passage develops, this
18 the transverse sinus of the pericardium, which separares these vessels from the
superior vena cava

Posteniorly, the transition of the two layers of pericardium proceeds i tw o small
sites of reflexion which run almost perpendicular to each other One proceeds
craniocaudad and connects the posterior walls of the superior and inferior vena
cava while the other runs horizontally over the postertor wall of the left atriom,
skipping from one venous funnel to the other.

* The pericardial fat pad which frequently 6lls the left cardioduaphragmanc angle (p 121)
1s formed by connective and fat ussue between the leaves of the pencardium and mediastinal
Pleura at therr separation, 1t does not belong to the pertcardium

321
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Normally all these sitvations are invisible roentgenologically but awareness of
them s important since they make many pathologic changes 1 the roentgen pierure
camprehensible,

The normal pericardium is not visible rocnegenologreally and dry pericarditis
likewise cannot be detected directly. The hvely pulsations of the cardiac shadow,

Fie 230 —Schematic drawing of the extent of the pericardium (1) Antertor view, (8) lefe
tateral view (pericardium hatched)

occastonally observed (Brauer), may be ascnibed to the superficial shell of myo-
carditis described by Virchow or to the diffuse myocardius (p. 210) often present
1n pericarditis

L. Pericardsal Effusion ‘

A pericardual effusion which fills the entre perscardial cavity envelops the heart
except at the dorsal sites of reflection and extends up fo the onigin of the great
vessels
Attemnpts have been made to explain the distribution of small amounts of intra-
pericacdial flurd by flling the pericardial cavity of cadavers (v. Curschmann,
Williamson, Alwens and Moog, Remberg and Lindenbraten). Narurally the results
of these observauons should be transferred to the situanon 1 vivo with cautton
The resistance which the working heare and pericardvum opposes to the hydrostatic
pressure of a pericardnl effusion 1s entrely different from the resistance of dead
organs and tissues toward aruficially introduced flud This 15 srmng}y empha_sfllli‘d
by the fact that v. Curschmann was able to introduce 180 to 200 cc , Elias and Fel Ifr
400 cc. and at most 800 cc. 1nto the pencardial cavity of cadavers while m Iife the
cavity can hold 2000 cc. and more (v Curschmann), particularly when the gul:;
collects very gradually and inflammation loosens the tissues. Small amounts of g
collect mainly 1 the diaphragmatic secuion, 1n the yelding left haff of the peri-

cardial cavity and tn the furrows and angles at the base of the heart and between the
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great vessels (v, Curschmann, Witliamson). Predominant collection of fluid n the
left half of the pericardial cavity may tonally be clearly d ated by
fluoroscopy after air is incroduced mto a cauity distended by flmd

a

fre 231 —Sch drawing of dwm {(2) Antetior view, (8) left lateral view
(pencardium hatched)
Fic 232 —Large hyd Latg ! cardiac shadow bulging to left and

rge,
right with small vasculae band Aorta of normal width Normal, hight lung fields Pericardiosen
tesss yielded an exadate

Large cffusions form a mantle of fluid over the heart. This mantle 15 not umi-
formly thick but colleets largely to the left of the heart near the apex and diaphragm,
fess o the ight and anterior, and least on the posterior cardiac wall {v. Curschmann)
(fig. 231a and b).

Dietlen onginally described the roentgen picrure of a large pericardial effusion,
The medtastinal shadow bulges particularly to the left, somewhat less to the righe,
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forward and backward; its contours below the vascular band often are nearly
horrzontal and reach the dizphragm m large, convexly curved arcs. (figs. 232 and
233a). Accordingly, the cardiac shadow on the left can extend to the lateral and
postertor chest walls and may be broadly applied to them, Usually the cardiodia-
phragmatic angle 15 acute 1n contrast to the obtuse Ebstem angle as determined by
percussion. This contradiction 15 expluned by the inscrtion of a small wedge of
atelectatic lung between the liver and the expanded pericardium which escapes
discovery by percussion, With very large pericardial effusions the angle may be
obtuse. .
Single arcs of the cardiac shadow vamsh with large effusions when the heart,
surrounded by flid, 1s neither greatly enlarged nor pathologic in shape

The cardiovascular shadow s striking and has been compared to a gourd (Dret-
len). Usually 1ts transverse diameter exceeds the longitudinal With transverse
projections this large mass 1s applied widely to the anterior chest wall and 1t also
encroaches on the retrocardiac field Consequently the esophagus also sweeps back-
ward 1n a wide arc and frequently to the nght as well. Circumscribed displacement
below the bifurcation like that seen 1n left acrial enlargement is also common.

The left diaphragm 1s displaced caudad by the werght of the flurd restng oa it,
often the gas bubble of the stomach 15 vistbly indented from above Since the con-
gested hver often displaces the night draphragm cephalad, considerable differences
may occur m the levels of the two domes.

The size of the cardiac shadow should not change during the Muller and Valsalva
tests (Heckmann, Arendr)

Pulsations of the cardiac bordets may be completely absent or almost imper-
cepuble Pulsations may reappear on the left cardrac border when the upper body
15 mnchined to the lefr (Heckmann)

In kymograms “vague, rounded contour movements” are described (Stumpf)
although Heckmann observed an entirely straight line of the diastolic and systolic
lLimbs of the curve The atrial movements vamsh early, thus has differential diag-
nostie smportance from large nonfibrillating fathing hearts 1n mutral disease m which
atrial pulsations tend to be preserved along the right cardiac border.

In contrast to the small cardiac pulsations are the distinct ornc pulsations
(Berner) However, they can be greatly reduced with large effusions which lead
to a small stroke volume of the heart

With large pericardial effusions the lung fields differ i appearance Often with
inflammatory cffusions, they are perfectly clear and the hilar shadows are normal,
that 1, the lungs are frec from congestion The effusion compresses the right atrium,
the hepanic vems and the intrapenicardral portion of the venae cavae (Elas and
Feller) and consequently hampers the flow of blood into the heart, the pulmonary
circulation obtains abnormally litele blood and stasts develops front of the nght
heart, The absence of pulmonary stasts stands 1n striking contrast to the size of the
cardiac shadow; this has diagnostic sigmificance It makes hughly probable the
differentiation between a decompensated aornc heart (hypertension, aortic valve
Jesion) and an mflammatory (theumatic, bactersal, or uremic) collection of plcrl'
cardral fluid. Narurally with uremsc pericardinis the lung fields arc often more or less

hazy from renal pulmonary edema In contrast to exudates, transudares m the peti-
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¢

Fic 233 —Large pencardul cffusion () enlarged. 1

ated carduac shadow which bulges fr to lcft and right below a short, narrow vascalar band The
gastric air bubble 15 indenred from above (arrow) Normal vascular markings of lungs (b)
Hydropneumopericardum afeer puncrare (n same case. One recogruzes the unequal distribution
of flurd 1m cach half of the dial cavity and the attachment of the yust below the
aortic hnob (¢) Left bateral view of same case One sees the dome-htke vault of the pericardnum
(arrows) which 1s superimposed only by the shadow of the aortic arch The barium-flled esoph-
agus 15 projected nto the left half of the pencardial cavity which bulges far posteriorly The
esophagus idrcates approvimately the posinon of the posterior cardrac wall. In fluoroscopy the

latter was perceptible vithin the shadow of the cxpanded left half of the penicardual cavity as 2
double contour.
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cardial cavity resulting from stasis practically always are associated with pulmo-
nary congestion. Although the rocntgen findings, basically considercd, do not permit
defimite statements about the nature of fluid n a caviry lined by serous membrane,
nevertheless the rocnegenologic features of the lung fields provide some information
about the character of a penicardial effusion.,

The heart cannot be outhined within a penicardral effusion. The intense central
shadow semetimes interprered as the heart proves to be a left attivm forming the
border on the righr (IDictlen), a paravertebral abscess (Kloiber and Hochschild), a
mediastinal tamor, medtastinal effusion, a pleural or pericardial adhesion (Amelung,
V. Schmids). Morcover, the lighter margimal zone which the surrounding lung may
producc on the pertphery of the cardiac shadow should not be confused with double
contour formation (Assmann). Only small encapsulated collections of pericardial
flwd located at one side of the heart may, owing to the thinner layer of flud, be
demarcated from the heart by virtue of the paler shadow In our experience, only
one possibility of double contour has not been considered up to the present. With
transverse projections, mn the left half of the pericardial cavity, bulging far o d{c
left and postertorly, a darker shadow may occasionally be recogmzed which is
produced by the right half of the pericardium containing less flurd than the left.

From this descriprion one mught think that the picture of a large perscardial
cffusion was characteristic and almost unequivocal. Nevertheless, this 1s not always
true Assmann and Dictlen descrsbed mutral-tricuspid lesions in which the enorm-
ously enlarged cardiac shadow, bulgmg far to the left and right, was almost globular,
nonpulsating, and closcly resembled a large pencardial effusion Dictlen mentions 2
case 1n which only visibility of the enlarged Jeft atrium wichin the nghtlcardmc
border and of the inferior vena cava within a low night cardiodiaphragmatic angle
practically permiteed the exclusion of an effusion On the other hand we men-
tioned carlier that in otherwise doubtful cases the absence of congestion f’f tth
lungs (clear lung fields, normal vascular markings) may be regarded a sign o
probable hydropericardiurn,

If the recognition of a large effusion sometimes presents difficulties, the roenegen
dragnosts of small and medium-sized collections fails farrly frequently. Oprmions on
the smallest amount of pericardial flurd demonstrable by x-ray vary widely. “Traugott

a h tcardium 700 cc. of bood which was nat rccogﬂfzcd
as such chnically or roentgenologically. From a survey of all pericardial cffusions
confirmed by nccropsy or paracentesis at the Massachuserts General Hospital fro‘m
1920 to 1930, White and Camp concluded that collections up to 500 cc. usuall m}"
escape roentgenologic (and climcal) detection Even if such reports can be cvaluate
only with caution, since the effusion mught have increased considerably between
the exarmination and necropsy and since the serious condition of many patients ol: 2
cocxistent pleural effusion permitted only a superficial study, sull they indicate ¢ l\,s[
the diagnosts or excluston of such effusions belong among the most thankless tas

ology.
of I?Acl?i:i:h sfn);Il and moderate effusions enlarge and alter the shape of. the cz;dﬂnc‘
shadow, they may create unsurmountable difficultics i the dlfferen(l;lﬂ:: r::w
cardiac dilatation as may occur m a primary myocardial injury or a mutrahized 30
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heart, with these dilatations the cardiac shadow often widens predominantly to the
left, gradually to erase the differcnt arcs of the heart and progressively to reduce all
pulsanions Moreover, sphtting or double peaks of the marginal kymographic
notches (Heckmann) occur not only with pertcardial effusions but also 1 myocardial
injurses In respect o differennal diagnosis, the absence of pulmonary stasis and
widentng of the aorta 15 very sigmficant n doubtful cases because they make a
mitralized aornic heare highly improbable and favor a hydropericardiam, naturally
a myocardial lesion of inflammatory, anemic, or toxtc nature cannot be excluded
n this way In this connection we may recall the myxedema heart, concealed by a
pericardial effusion which often surrounds a heart of normal size (fig 143a and b)
Even lively pulsations do not preclude the presence of a hydropericardium
Certamn alterations i the shape of the mediastinal shadow on change of body
postion have been regarded as signs of a pericardial effusion (Dietlen, Holmes,
‘White, Kamenetsky and Rabinowitsch) They are supposed to resulr from gravita-
nional displacement of the intrapencardial fimd Thus, the nght cardiodraphragmauc
angle should become smaller mn the rccumbent position and larger on standing,
moreover, the cephalic portion of the mediastinal shadow should become broader
and the caudal portion smaller so that a more globular form 1s assumed on lyng,
partscularly with elevation of the pelvis (fig. 234). Corresponding changes shouldalso
be seen in the left lateral position (v Cursct ). All th 1 of shape, pro-
duced by gravity, are mconclusive evidence of pericardial effusion because a relaxed
heart may likew se change its shape withvarious postures (Heckmann) On the other
hand, stability of cardiac shape despite change of posture does not preclude a peri-
cardual effusion because a tense pericardium limies motion In medimm-sized peri-
cardial effustons mspiratory shift of the cardiac shadow to the right should be absent
(Walldén) This sign s alleged to be trustworthy, however, only when diaphrag-
martic movements are adequate
Downward jutting of the draphragmatic border of the hearc (Braver) and the
absence of visible pulsatsons near the cardac apex after air inflation of the stomach
{Arcelin, Maragliano) also do not prove the presence of 2 hydropericardium
It 1s paruicularly difficult and usually impossible to decide how much an enlarge-
ment of the cardiac shadow n a decompensated valve or myocardial lesion depends
upon myocardial dilatation or a coewisting hydropericardium Thss decision 1s
rendered more difficult because the hydropericardium may resemble the shape of
the heart 1t encloses and need not produce the classical gourd appearance particularly
when the heart 1s enlarged and has a pathologic configuration (Zdansky) 1f 2 mitral
leston ewwsts and the pulmonary are protrudes, as a rule, the cardiac shape rerams 1ts
mutral configuration despite an added pericardial effusion and usually the bulge of
the pulmonary arc 1s preserved (fig 235) The pericardium has expertenced corre-
spondmng tension and transformation owng to the enlarged, abnormal cardiac shape
and the intrapericardial flud follows the same distribution to recreate on a larger
scale the form of the enclosed heart
These diagnostic difficulties and sources of deception have induced many to go
so far as to ascribe any rapid, new change n the carduc shadow to the appearance
or absorption of a pericardial effuston, they would imit true changes n cardiac
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volume at most to acutc infectious or tovic myocardial injurics, severe anemia, or
long lasting tachycardia (Dietlen) Undoubtedly this gencralization is too broad
because many volumetric alterations 1 the cardiac shadow are due expressly to
flucruations of heart size. For example, of a hypertenstye heart or onc with an
aortic valve lesion widens predominantly to the left and signs of pulmonary conges-
tion appear simultancously, 1n short if signs of left heart failure develop, it is highly
protable that the lefe heare has dilated even of this expansion of cardiac shadow
later recedes. Likewise, predominant widening of the heare to the right and mercased
promience of the conus and pulmonary artery, as frequently happens in mitral
lestons and 1n cor pulmonale, favor an actual enlargement of the night heart. T s
truc, however, that often a penicardual effusion participates in transiene enlargements
of the cardiac shadow.

e 234 L 235
Fie 234 — Transformation of cardiac shadow in the erece and recumbent poscron (¢ & pagulu
with pericardial effusion hod : X “

Vertical R
17 years old, wich exud; with p

Tte 235 —Pencardial effusion (estabhished by paracentests) 1n a case of mural diseasc
Female, 56 years old The shadow of the cffusion suggests a mutral configuration (arthodiagram
in heavy hne) After absorption of the effusion, the large left atrum was visible on the rght sude
of the heart (nrthadragram i thin line)

Angiocardiography permutted a real advance in the roentgen diagnoss of pert-
cardial effusion (Wilhams and Stemnberg, Levy and coworkers) Between the
opactfied cardiac cavitics and the surrounding lungs there 1s an abnormally brmdf
shadow corresponding to the flind surrounding the heart The sma!lcst volume ol
flud detectable 1 this way is unknown Moreover, the value of angmcardmgr:lphlc
proof of a pericardial effusion 1s adversely affected by the fact that most panents
coming under consideration are not suitable for this procedure

It 15 not uncommon, after partial absorption of an effusion, for residual exudate
to remam encapsulated within perscardial adhestons These are more common Oft
the right side than on the lefc They consist of a cavity surrounded by thick scar_i]l‘)r
a thin sac which rests broadly on the heart and on the roors of the great vessels. j
enclosed fiud may be serofibrinous but more often 1t 1s ﬁbnno—hcmnr:haglc ﬂf; i
sometimes even purulent. Although often mentioned mn the literature as “inflamm:
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tory diverticul of the pericardum’” it seems advisable to limit the rerm “diverucu-
lum”” to a congenital or acquired herniation of the pericardial sac and to call the
former encapsulated effusions (p. 331).

The roentgen picture of an encapsulated pcnc:\rdml effusion varies greatly
according to 1ts position and size. The shadow has soft-tissue denslty it 1s broadly
apphied to the heart and often to the roots of the vessels as well, it is ovoid or hemi-
spherical with a border of simple or polygonal arcs and occasionally “overhangs™
when the panent 15 erect. Usually 1t lacks pulsations unless they ate transmutted
ones Kienbock and Weiss once noted a calcareous depostt, the result of mural calci-
fication, on the surface. Occastonally respiravion and gravity change its shape.
Thus, the shadow may flatren and lengthen when the diaphragm descends in 1n-
spiration or on transiuon from the recumbent to the erect posture 1t may become
shorter and project farther mto the lung fields dunng c‘(plranon and n the hors-
zontal position, On standing, moreover, i y the “overh
1s creared The labiliy of shape which Jaderholm and Jansson observed in so—calkd
pertcardtal dws erticulum depends upon the presence of a thin-walled sac filled with
flud.

Usually an encapsulated penicardial exudare does not change m size over the coutse
of years, occasionally a gradual reduction or enlargement may be demonstrable

‘The roentgen duagnosis ofan encapsulated cffusion is nev er more than presump-

uve Fncapsulated med i diverse med: I tumors, primary and
secondary tumors of the heart and pericardium, echimococeus cysts and even
ancurysms of the ascending aorea (dell’Acqua and Freundlich) may present identicaf
forms While labtlity of shape dunng respiranion and from gravity tend to exclude
the processes enumerated and favor an encapsulated effusion, doubt remains whether
a pericardial cﬂ'\mon encapsulatcd by thin walls, a true pericardial diverticulum,

1

or an d llection 1s present,
2 h gt dssmz and Hydrop di

Gas can cotlect in the pencasdial eavity after the rupture of a tuberculous cavity,
m with other 1nf] y processes 1n the lungs accompamed by

abscess or gangrene (Cowan, Harrington and Riddell) after rupture of an esopha-
geal dverticulum, an esophageal, bronchial or gastrnic tumor, and even rupture of a
gastric ulcer More commonly, mntrapenicardial collections of gas resule from trauma.
In these, the atr may anse from the lungs, the esophagus, or directly from external
wounds 1 the pencardum QObservations of this type are made after bursting
imjunes of the lungs from chest contuston, after stab and gunshot wounds (Dietlen
and Jenckel, Zdansky), after perforauon of the esophagus by foreign bodies (Arens
and Stew an), after acerdental perscardial injury mn thoracentesis or occasionally in

the ind of horax (Saupe, Weg: ), and so forth At times, gas-form-
ing muicro-orgamsms within the pericardium secm responsible (Brauer, Bradsford).

Tue dium s pracucally uak , for usually the cavity contams

a scmﬁbrmous, puru]cnt, hemon’h:gnc exudare or blood n addition to gras (hydro-

,uuuum,. u,u. P P di after paracentesis of an cffusion

with I (Wenck h) or 1 introduction of air is most common,

1f the patent is examined in the ercct position, the recognition of a hydropneumo-
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pericardiurm 5 juse as easy as the discovery of 3 pericardial effusion is difficult. It is
charactenized by a honizontal flud level visible below the small colleetion of air
within the arched distended domes of pericardium around the great vessels, in the
anteniot view there 15 often a large clear wriangle boside the pulmonary artery and a
small one heside the superior vena cava (fig 233b). With larger quantities of air the
roots of the great vessels and the cardiac shadow are surrounded by a clear zone
which 15 usually broader on the left than on the night; below, this stops at a hori-
zontal flud level and 1t 15 demarcared from the lungs by a thin, sharp Line of pen-
cardium lifted off the heart plus the adjacent pleura pericardica (fig. 143b), Usually
the upper attachment of thus line, 0.5 to 1.0 mm. n wideh, is a heele thicher, Adhe-
stonis i the pericardum or mediastinal pleura, a coating of fibrin or neoplastic
nodules on the inner surface of the pericardium, can make it much thicker {fig. 236).
Then, 1ts outlines may be vague and irregular.

dial effusion

Fec 236.—Hydrop after L
Considerable thickening of the pericardium

The cardrac shadow displays s ery lively flapping pulsattons resembling (has'c seen
on the side of a pneumothorax. They appear when direct apphicanon of encircling
penicardiem to the heart 1s ehminated and elastic support of the }ungs 1s lost,

The flud level universally surrounding the heart 1s thrown into constant wa€s
by pulsations of the heart and by resprration. If only a litele arr and flud are present
the flund level climbs to the left and m front of the heart with each drastohc enfacge-
ment of the ventricle, the smaller amount of flurd on the right executes much k;s
movement. This suggests that essentrally more unrest prevals in thf! Teft half of the
pericardial cavity than m the right, a pomt of porennal sigmyficance in the formnt;:‘:
of pericardial scars and caleifi The Liveliness of the A1k movcmcnlsda )
depends upon physical factors; viscid pus moves more slowly than serous exi n;‘ e
o ascerrain whether the pericardial cavity is preserved elsewhere and ;hﬂnl ‘o‘
fluid is freely moveable, the patient should be rotated through all planes of fluor
scopy and lateral positions employed as well.
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3. Pevicardul Diverticulum

b d  are 5 aof the dum of different sizes
which aze filled wth flasd, the smallest range from the size of 2 pea or bean ¢ larger ones, the size
of 2 double fist They favor the rght half of the pencardiat cavity and ordinarly are near the ancer-
tar wall of the thotax neze a cardiodraphragmanc angle Often they communicate wich the penie
caedial cavicy only through 2 narrow statk (Efart, ¢ Rokizansky, Bristowe and Schurmer) Usually
the walt of the dveracutum 15 very thin and often it consists merely of a thin, telatavely acefivlar
fayce of ussue which ts covered only by an endothelal hang The gencsis of a penicardsal diverticu-
fum 1€ not clear znd peobably not unifarm Some have thought a local zone, ipured by snflammanon,
gradaatly protrudes ewng te hugher mrermal pressure At present, st appears more probable that a
congemtal farmatton becames mantfest latee s hife (Mallory, Lambert) Possibly s concerns
detached remmants of the ventral-patiesal tecesses of the percasdial coclum (His) s Lalle and
cowarkers suggest Since the perrcardial caviey develaps from primite licunat clefts which gradu-
ally cozlesce 1nto 4 common caviy, percardizl dwerticatam sught also result from imperfect
fusian of such spaces In suppore of thes conceprion 15 the fact that enclosed cystie formations
without connection with the percardial cavity ewsst 18 the same region and of the same struc-
care, these cumnat be tegarded gs ontpouchings of the pencardial cavity (Mallory, Lambers,
Bredford, Mahon and Grow) These pencardiat coelomic cysts may be wntieal m parare wnh
pericardial diverticatum  Radialagreally they are sndistingwishable from a pencardiaf diveruculom
when chey immedtately adjom the heast sinee st 3¢ impossable 1o determme whether or por the sac

flasd wich the dral cavity

Locwtated effustons occur occasionally m adhesive pericardins and must be
distmgushed from a pencardnal diverticulum They are encapsulated, often hemor-
rhagic, even purulent residual exudates Alchough commonly called “inflammatory
diverticwlum” it 13 advisable to avod thes term (p 329),

Only a few cases confirmed by necropsy have been published 1 roemgenclogic
Isterature.

The first case of this kmnd {Lenk) was meerpreted as a pencardal tumer or 2
cardhac aneurysm. A 63 year old woman had huetic aoruc regurgiration and chrone
nephrttss, Dullness to the night, antertorly could not be sepacated from the heast,
The roentpenogram revealed 2 round, soft-tissue shadow about the size of an apple on
the right border of the enfarged hearr, pulsaung with the venerscle At necropsy, the
heart was large and a good-sized hydropericardiom was present with 2 creume
scribed outpouching of the pericardm to the nght, about the size of a hen’s egg.
Stedler mrerpreted this formation a5 a aircumsenbed overdistension of a congemtal
weak pomt or one damaged by mflammanion

Also, 1n the second observation (Jaderholm), a p dial dive fum was not
suspeeted The panent, a voman §2 years old, had mutral disease A round, sharply
defined, nonpulsating, soft-ussue shadow abour the size of 2 orange was located
m the nght carhoduaphragmatic angle very close 1o the anterior chest wall,
Pasteriorly and above thus shadow there was 2 hime which graduaily became thinner
and follow ed the interlobar fissure, 2n encapsulated mrerlobar effuston was assumed
At necropsy, however, a thin-walled sac communicared with she pencardial caviy
by means of an apemng the size of 2 lead penail, otherwise the pericardium was
unaltered and contamed only 2 small amount of flud.

Most cases published 25 perscardsal eysts are not actually examples of a diverticu-
turm of the perscardium but closed coelomie cysts. Some have been established by
operation (Lam, Mazer, Lambert, Cooper and conothers, Liflie and coworkers,
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Bishop and cow orkers, Bates and Leaver, among others) The roentgen picture alone
does not establish the diagnosis so that reports not confirmed by operatton or necropsy
must be considered questionable, this also holds for cases published by Kienbock
and Wass, Jansson, F. Frnst, Jaderholm, Arnlaga, Donovan and Taqums, Reitan,
L. Haas, Donzelot, Bardin and Heim de Balsae, among others,

Pericardial diverticulum presents a homogenous soft-ussue shadow, sharply
defined and simply articulated, resting broadly on the cardiac shadow, Corresponding
to 1ts favorite site, ths shadow 1s seen more often on the right than on the left, often
1n a cardiophrenie angle and usually near the antenior chest wall, The shadow may
display transmitted but not systohic expansile pulsations. Primary and sccondary
tumors of the mediastmum, pericardium, and heart, teratoma and dermoid cysts,
as well as coclome, bronchial, and echinococcus cysts, aneurysms of the aorta and
of the heart, and pericardral or mediastinal encapsulated exudate, may produce very
similar or 1dentical prctures. If the shadow projects upward from the cephalic site of
the pericardial reflection as in the cases of Jansson, Lrnst, and Arrtlaga, and dis-
unctly 1n the case of Jaderholm, one may properly doubt the interpretation as a
diverticulum. While the overhanging formas wcll as deformation of the shadow from
gravity and respiration (Jansson) implies that the structure contains fluid, st docs not
prove that a pericardial diverticulum 1s present. The same apples to cakification
of the wall. Consequently the diagnosts of a pericardial diverticulum 15 never
established with certainty by x-ray.

4 Creatricsal Pericarditis and Medrastmaopericarditis

If pericardiuis heals by simply obliterating the pertcardial cavity and without
dectded thickeming of the membranes, cardiac work 15 practcally unaffected and
no circulatory disturbances or climical signs mdicate adherence of the pericardium.
Examination of these patients yields nothing abnormal,

One speaks of pericardial adhesions only when scars thicken the pericardim.
Volhard distingusshed an mternal and external variery. In the internal type, thick,
scarred, usually adherent percardim encloses the heart In the external type the
adhestons extend to the medrstinal connective tissue (mediastnopericardinis), the
endothoracic fascia, and the mediastinal pleura to cement the parictal pericardium
to the anterior chest wall, the p and upper the spine, the
draphragm, or the Jungs. In the external type the pericardial layers usually adhere
to each other so that 1t is combined with the intemal varicty.

Nather kind of adhesive pericarditis necessanily produces circulatory disturb-
ances Nor rarely rocntgen exammation Jeads to their discovery and explains dnerse,
clinically obscure complaints such as pain in the chest, disturbances of rhythm ai
so forth.

Very often, however, severe airculatory disturbances occur and for awarencess
of them we are indebted primarily to Wenckebach, Ormer, Volhard, Schrieden,
Sauerbruch, Braver, Fischer, Rehn, Schur, and others.

According to Volhard, the internal variety primanly obstructs diastolic dilata-
tion; the cxternal hampers systolic contraction of the ventricles; both may finally
Jead to circulatory faulure. Although no strict separation f’f the two forms l!:
possible in respect to their mechanical and dynanuc roles in circulatory fulure
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(Schur) this does not relieve us from the responsibility of arrempting to locate the
stte of changes as far as possible m exch case, the nature of anatomuc alterations
often determunes the techmcal possibility and prospects of operative mtervention
which may save hife Cxrernal pericardial adhestons permut one to expect a successful
resule from precardiac thoracolysis (Brauer) while the demonstrable absence of
extensive external adhesions and the presence of thick mternal scars requires
decortication of the heart which alone offers the possibility of surgical success.
Therefore, roentgen exammation 1s much more important than clmical signs like
the “thoracic phenomena” (absent apical impulse, systolic retraction, drastolic
sway of the chest, Broadbent’s sign, Wenchebach’s mspiratory retraction of the

Fie 237 ~Cicatricial d d with d 1toneum  Male, 18
years oM, with ascices and widespread edema The cardiac shadow, of normal size, 15 deformed
by cicatrices The pale shadow of the superior vena cava 1s widened considerably No meduas-
tnal wandering of cardrac shadow 1 echer laceral posicion No signs of pulmonary congestion
In the base of the left fang 3 2 area An duced emon-
strated the absence of scars on the under surface of the diaphragm Afrer resection of parts of
some of the ribs on the right and the adsoining part of the sternum (Prof Denk) the ascites and
edema permanently disappeared

lower sternum), pulsus paradowus, insprratory engorgement of the neck veins,
hepanic stasis, ascites, edema and so forth These signs are equivocal and often
only one or another 15 present Roentgen examination can provide valuable and often
decisive diagnostic information which opens the prospect of release of the adhestons
by a relanvely mimnor operation at the correct place

Numerous signs of pericardial adh are bled m r logic
lierature. Although most of them are mconclusive, the coexistence of several and
their relation to the climical picture often facilitates the diagnosis, somenmes roent-
gen findmgs have overwhelming importance

The cardiac shadow may be normal in size (fig. 237) but often it 1s somewhat
enlarged Extreme enlargement 1s uncommon bur may be noted when a valvular
lestion coexists or an encapsulated residual pericardial effuston persists

The shape of this shadow is subject to great differences Frequently this 1s
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derermined by the presence of a mutral or zortic lesion but very often the adhesive
process changes 1t essentially, Pericardtal scars, differing in thichness and location,
can produce severe deformation of the cardiovascular complex by contraction and
retraction so that frequendy 1t becomes square or polygonal (figs. 237 and 238);
often contraction stretches its borders (fig. 239). Commonly, notches or ported
extenstons pull the mediastinal shadow 1nto the lung fields or roward the anterior
chest wall and often they become visible only with systolic contraction of the heart
or deep mspiration. Oceassonally the heart 1s drawn upward or to the side by these
notches as cach mnspiration hits the anterior chest wall.

Fic 238 —Cicatricial pericardins with extensive pericardial caleification aad distortion ;f
heart by nght-sided plevromediastinal adhesions Male, 65 years old, wichour circulatory distur
ances and unaware of any previous illness

Naturally mediastinal, mterlobar, and diaphragmaric pleural scars often partici-
pate m the deformation of the cardiovascular shadow; they pull the heatt to one side
and produce hazy, itregular demarcation of 1ts shadow (figs 238 and 240). An
uncquivocal demarcation of the heart from these scars and from pleural effusions,

the whole, may be impossible.
- Very ly adh N £l the cardiodiaphragmatic angle (Stuertz). Then,

the median part of the diaphragm remams immobile or 15 elevated on decptnspira-
tion while the lateral parts move disunctly downward (Achelis).

An upward systolic twitch of the left diaphragm (Schwarz, Dietlen) 1s not re-
stricred topericardial adhesions, not rarely, 1tis2 normal phenomenon (Hi mcnbcxgcl? .

It should be rexterated that none of the signs just mentioned are conclusive evi-
dence that pericardial adhesions exist, scars in the mediastinal pleura can prodgxcc
most of them, scars may have no effect on the circulation or may.lsck any l_'chn::
to any circulatory disturbances which happen to be present. In this co;mccnorn z:'ss
may recall that deforming pleuro-mediastinal scars and a contracung lung proct
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A

Fic 219 —Cicatnictal pericarditis (accretio) Male, 64 years old, who suffered from tacreas-
ing circulatory farlure for two years The cardiac shadow 1s deformed by pleuromedsastmal scars
The carduc wanst 15 obliterated Percardial calarfication was detected over both halves of the
heart Moderate pulmonary congestion The heart rosc with the anterior chest wall s mspira-
tion and showed no mediastmal wandering m the pght and left lacerat pasitions The shadow of
the supenior vena cava 15 widened decdedly

Fic 240 —Gicatricial pencarditts (accretio) Male, 30 years old, with ascites and congestion
of hiver and neck vemns Distortion of nght cardiac border by pleral scar which obscures the
basal nght lung field Caleficarion present on anterior wall of hearr, Retrosternal field 15
narrow and obscured No pulsations along night cardiac border but large ones along the left
Death after thoracolysis {necropsy)

(p 246) need not be panied by the least latory disturbance (A

Dietlen) Often 1t is astonishing to sce how even extreme pleural and pulmonary
retraction fails to exert any real obstacle to the fow of blood mto the hearr although
the venae cavae or branches of the pulmonary artery are greatly distorted and even
hunked (figs. 163 and 164). Nevertheless, pleural scars can never be disregarded, 1n
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the first place their extension to the pericardium and mediastinal tissues can thromle
and distort the superior and nferior vena cava to produce inflow stasis (fig 241);
1 the second place they may indicare a cocxisting pericardial sar; m the third place,
without involving the penicardium and mednastinal connective tissue they may create
severe circulatory disturbances such as cor pulmonale.

Soldermg the heart on the anterior chest wall places the eardiac shadow in broad
contact with the sternum and consequently narrows and obscures the retrosternal
field, as is readily disclosed by Jateral views, Occassonally the cardiac shadow
buckles on the posterior surface of the sternum (Assmann) Then, deep mspiranon
nether widens nor lightens the retrosternal field since the adhesions It the heart
with the anterior chest wall,

Tw 24L—Cicatnenal pencardins wath night snded pleural scar Child, 15 years old, with
ascites, congestion of liser, engorgement of neck vems and paradoxic pulse The meﬂ(gmbgﬂ"‘l
merely shows 3 nght sided pleural scar and considerable widenmog of the supenior vena c‘w:
shadow (very fant on the reproduction) as an expression of inflow stasis [ xamination i nght
and left lateral posinons showed no mediastina) wandering, indicating fixatson of the heart i the
chest

Extenstons of the adhesions to the postenior medmsunum may also darken and
narrow the retrocardiac field so that mspiratory widening and hghtening 1s missed

These signs also should be appraised only with great care since the retrosternal
as well as retrocardiac field normally varies greatly i depth; enlargement of the
right venericle or left atesum or pleural scars can nacrow and darken these spac;S.
Qn the other hand, lateral views often reveal mspiratory fixauon or retraction of the
lower sternum as described by Gibson and Wenckebach (Dietlen) This Jast sign
combined with darkening and nacrowing to the posterior upper mcdlfnstlnum and 2‘1
vertical posinion of the heart 1s said to mndicate the existence of posterior pericardial
adhesions (Edens)

Qccasionally in adh diasti scarditis we have observed single of

anein men v smaller and Jarger in the form of traction
raction and hmkang of the esophagus, with
1 be ascribed ro adhesions in the posterior
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tmedrastinum (Sauerbruch); no cases showing ths appear to have been reported in
roenrgenologic bterarure.

Pulsavions of the cardiovascular shadow ste often strkingly small or enurely
absent when the heart s entombed 1n nigid scars. This observanon is very compatible
with the small stroke volume noted i many cases of pericardhal adhesions, At imes,
however, pulsations of strilung stze are seen on the lefe cardiac border (Hosler,
Cramer 2nd Stchr). This seems prone to happen when scars fix the nght heare while
the left remamns free (Fig 240). Then, the left ventricle 13 compelled to move toward
the fixed night heart, also the slow fow of blood from the left atrium into the
venencle (Laurell) may play a role {p 103).

In roentgenhymograms the extremely small pulsations are characterized by
Sareral movements appeanng a1 the end of duastole. This erasdanen of disstohe
outward movement should reficct 1mpaired diastolic difaranion by the ventricle
enclosed in a crcatrix. Near pencardial caleifications (Cramer and Stehe) small, very
bnef systohic contractions of the ventricle arc observed Llakewise 1n concreno
Berner found no pulsanons or very limired ones m the zone of cicatnx as compared
1o surrounding aress. In mspiration the amphitude further dimmished wiwie double
notches frequently appeared in expiravion Berner believes this permus one to
differentiate concrenio from accretio by roentgenkymogpraphy smce in the latter
movements along the edge of the heart are unrestricted 1n every phase of respiration
and m all posicions of the body. WWe lack personal expericnce on the rehabibity of
thus s

Recently McKusich d d by electroky phy, alterarions 1n the
ventricular pulsanons of patients with constrictive pericarditts which seem to be
rather charactenistie (fig 242). These changes are. 1) 3 V-shaped indentation con-
temporancous with systole and joming the diastolic limb of the curve at an acute
angle, Mareover, the latter 15 abnormally steep presumably because the ventricle
1s filled with abnormal rapidicy by the acnum which stands under augmented pres-
sure. 2) a diastolic plateau which begins premarurely, that is, before the end of
drastole, and ends with the beginning of systolic eyection, passes o the descending
systohic limb of the curve This plateau formation 15 an expresston of the difficult,
filhng of the ventricle which results m ventricular volume soon artaiming sts mav-
mum and holding it until systolic empeying, 3) Absence of small strokes durtag the
wsometric phase of contraction and relaxanion These signs are missed with tachy-
cardia On the other hand a bradycardia may be accomparsed by diastohic platean
formtion and suggest a constricuve pericardits. But in bradycardia the diastohic

timb of the curve ts not as steep as m constrictive peticardins and the small strokes
are preserved in the isometric penod of contraction and relaxation

Speciat sigmificance 1s attached to the observation of passive mobility of the heart
on change of posinon and deep inspiranon

It 1s cercam that adk of the ourer dwm 1o g stToetures
can ifluence or completely abolish vertical shift of the heart Howey er, if the heart
15 large, vertical shuft 15 often lost even in the absence of any adhesions (Vaquez and
Border).

Vaquez and‘ Bordet behieve that a study of the roentgenologic cardiac apexinthe
feft Latetal position and wath deep mspiranion helps in the dhagnosis of pericardial
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adhesions. Normally, in the left lateral position the apex moves to the left and n the
erect position it moves caudad with the diaphragm m deep inspiration If there are
firm adhesions between the apex and chest wall, then the apex should fad to shift
to the left 1n the left lateral position even when the left ventricle are becomes more
rounded and projects, i the erect position and with deep mspiration it 15 hfted with
the antersor chest wall [f the cardiac apex is adherent to the chest wall as well as to
the diaphragm, this would diminish or abolish respiratory shift of the apex as well

as of the diaphragm. Finally, if adh to the diaphragm bue not the ches wall, the

3 456

1 d (After

Fig. 242 —Ventnenlar electeok of a P 1
McKusick ) The diastolic himb of the tracing ascends abnormally steep and ends premature :{
The phase of ventricular filling forms a platcau The small excurstons in the 1sometric phase

contraction,!  and relaxation®* are mussing See text con-
(@) Normal ventricular electrokymogram (EKY), (8) ventricular electrohymogram 1a

strictive pericardinis, (¢) carotid pulse

apex should participare 1n the respiratory movements of the diaphragm but not
shift laterally in the left lateral posiion These rules of Vaquez and Bordet are
supposed to be valid for the behavior of the apex except when 2 large aortic l}eﬂ“
bulges to the left, then the apex tends to be rmmobrle even 1 the absence of adhesions
These rules do not mention the status of the cardiac base and the night heart border
This h h ymp ology has recetved criticism from Assmanf,
Achelss, Dietlen, and Zdansky. Certaily fixation of the cardiac apex to the amel;or
chest wall seems likely when the apex fails to shift in the left lateral position and 1t
15 hfted with the antersor chest wall by msp;ranon},] the otl;er sg;;ls, however, carry
veight since pleural scars can also himit the apical mobihiry.
0 g(r)efastp‘e‘:agl 1mponalx:ce in the d of pericardial adhesions 15 observation of
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mobility and change of shape of the entire heart i the night and left lateral positions
(p. 50). With external adhestons, both are hmited or completely abolished if the
heart 15 enclosed in scars and firmly anchored to surrounding structores On the
other hand, 1n the pure internal variety of adhesons, only the shape of the heart 1s
fixed since the heart enclosed by pericardal adhesions has lost 1ts plasticity while
1ts mobality within the chest 15 preserved.

The demonstration of the presence or absence of mobility and deformarion of the
heart 15 facilitated and improved by exammation in the mght and left lateral position
with ssmultaneous deep breathing (Butler and Dana, Zdansky). Normally with deep
inspiration 1 these positions the cardiac shadow moves toward the side turned
upward (fig 31a and b) and changes 1ts shape (p 50) The absence of this respira-
tory wandering n both lateral positions speaks strongly in favor of cardiac fixation
by external pericardial adhesions Bilateral pleural scars, marked cardiac enlarge-
ment, a large hydrop d severe pull y ¢ and pleural effusions,
and the 1mpossibthty of breathing deeply also prevent mediastinal wandering 1n the
two lateral positions (p 52). Unilateral pleural scars usually prevent wandering
only m one lateral position while 1t 13 mamtamed m the other Owing to possible

) 1 cardiac bilization 1n one lateral position 15 tnadequate,
the exammation should always be performed in both positions. Only when wander-
mg 15 absent or at least markedly reduced mn both Jateral positions should one
assume, with the hmtattons cited above, that external pericardial adhesions exist.

Obviously this exammation by no means covers all possibthinies since circum-
scribed external penicardial scars may fail to immobilize the heart even when they
cause severe circwlatory distutbance by virtue of their special relation to the grear
vessels Consequently preservation of respiratory medustinal wandering does not
absolutely preclude the presence of pericardial adhestons

Moreover the shape of the heart need not be rigid 1n circumscribed pericardial
adhesions On the other hand, the shape may be fixed under certamn other conditions,
thus the hypertrophic and enlarged heart offers considerable resistance to change of
shape (p 51) Consequently mamntenance of form 15 no more deasive for the
diagnosis of pericardial adhesions than immobility of the cardizc shadow. In con-
junction with the complete chinical picrure, both signs have duagnostic value

Finally, calcrum deposits in the pericardium should be mentioned as an 1mpor-
tant sign of pericardial adhesions (figs 238 and 243 to 246) Simmonds saw them
first by x-ray m a cadaver heart and then Schwarz and Grocedel observed them m
living subjects Pericardial caleification 1s found m abour one third of all patients
with pericardial adhesions We have seen 1t many umes

As a rule, pericardial calafication develops on the basis of 2 rheumatic, and
more rarely of a tuberculous, pericarditis or hemoperteardium One patient (Schwarz)
recerved a blow 1n boxing twenty years before and one of our cases had a stab wound
mn the cardiac region four years earher Calaification seems to require several years

for development and gradually extends in the course of ume {fig. 2432 and b). Ina
patient who had an acute rheumauic fever nineteen years earlier Friedlander saw the
caleification without a history of a preceding illaess or mjury, accordingly mtiating

?;ncardlal lesion need not cause any symptoms to leave such residuals behind
2 247)
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Some cascs have calcification so cxtensive that they embrace a large part of the
heart and jusufy the name “armored heart” (Schwarz, Weil, Klason, Case, Scholz, v.
Hecker, Friedlander, Assmann, Starck, Hessmann and Israelsks, Cramer and Stchr,
Freedman, and others). We observed three cascs. The apev and the conus pulmonahs
usually remamn free of calarfication (Muller) (figs 243 and 244),
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Fic 243.—Armored heart Male, 33 years old, with mutral lesion and resistant ascites The
night cardiac horder ts markedly elongated and 1s divided 1nto two arcs of which the upper belong;
ta the right atrium and the lower to the hypertrophied and dilated night ventricle No sigas ol
pulmonary congestion Within the right cardrac border, the very large left atrum 15 seen z]s 2
darker nuclear shadow. In the left 2nterior oblique position (1) one secs, desprte extensive cala-
fication over both ventricles, the apex frec of calomm At operation the two layers of plcncinlilv“m
were not adherent and the plate of calceium several milh i thicks belonged dt “:
the outer layer of pericardium  After partial removal of the calowm placques, the clinseal ﬁrnol‘l':ix
remamed unchanged Durng the next mine years, further extension of the calctfication was 1

Usually the calcareous deposits arc scattered over the cardiac surface as patches
or map-like structures (fig. 245). They can eastly escape observation when the fays
strike transversely or obliquely or when the shadows are projected ey the ht‘:h:
or spine They are, however, clearly demonstrable when the placque ltes in the l‘Jvﬁth
of the ray, consequendly the patient should always be rotated back and forth ‘f"
opumal passage of the ray the calcarcous streaks vaty in breadth and are nd(:n
nodular, they lie from one to several mullimeters within the surface of the cardiac
shadow and run parallcl to it. Often they seem to project into the depth of the hcnl:t
bur this 15 vswally an dlusion produced by part of the placque bending tow zrd—XLC

;ntervenrion. A decision whether the calaification belongs to the visceral ot pativess
leaf of the peri: is usvally i ble. Once, v. Hecher was able to distin:
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Fio 244 Fic 245
Fig 243 —Armored heart Male, 34 years old, with massive ascites and hepatic congestion
Widespread pericardial calerfication which lefe only the apex free (necropsy). (Left lateral view )
Fig 245 —Cicatricial pencarditis with map-hhe depouits of calcwm un the pericardium Male,
53 years old, with massive ascites and hepatic No resprratory
m nght and left fateral positions  (Left anterior oblique position )

fic 246 —Circular cak of Acute pol cighteen years eaher
No disturbances of circulation m this male, 54 years old () Left antertor obhque view, (5) left
Tateral view
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guish 2 double calewm layer which he interpreted as separate calcification of the
epi- and pericardium. In this connection 1t should be noted that calesfication 1s not
necessanly associated with adherence of the two layers of pericardium, a cleft can
persist berween them (fig. 243).

Calcifications are mase common at the sites of pericardial reffection and where
evadate rematns longest owing to lesser cardiac movement or in consequence to
furrows or uncvenness of the cardiac sutface (Miiller). Rings of caleium may em-
brace the heart (fig. 2462 and b). Once we saw a calcified placque n the sinus teans-
versus pericardis, which extended to the night over the ascending aorta and to the

Fic 247 —Pericardial calcification at root of aorta and 1n sinus transversus perlc:rdllld Mz::
38 years old, without crrculatory disturbances of previous history of cardiac or pericardial disea

Ieft as a bar corresponding to the sulcus coronarius ant. (fig, ,247) CnIclﬁca’(mn is
particularly common along the course of the sulcus coronarius (G{odcl, Zehbe,
Klason, Hofzmann, Cramer and Stchr, Zdansky) the sternocostal and diaphragmaue
surface of the heart (Klason, Horsch, Zdansky). .

. Calcifications in the left coronary sulcus are most casily recognxch, nfuhc anrcno;"
view, they usually begin along the left border a few mullimeters wxfhm the arc of
the left atrium and descend in a slight left-convex arc vernically in the cardiac
shadow. Calcifications 1n the right coronary sulcus, on the contrary, are orfﬂﬂ
snvisible 1n the posteroanterior position and are found just to the right oflh; spm:
near the diaphragm The extent of calcification of the amovcnmc\flar nng is SC:e
best n the left anterior oblique position, Tt 1s preclsely. these calc.lﬁcanorgs cliﬂ !s
coromary sulcus which often represent relatively insignificant incidental :g:){!i;
they do not narrow the coronary arteries which pass through them as throug

tunnels (Flessmann and Israelsks).
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Lven extenstve caletfication may cover large parts of the cardrac surface without
causing symptoms or circulatory disturbances (Heimburger, Schmteden, v Fischer,
Horsch, Hessmann and Israelski, Zdanshy) (fig 238) Observations hike these
suggest that early calaification of a scar may oppose 1ts shrinkage and therefore
constriction of the heart,

Visible pulsations of the heart may be pronounced despite extensive pericardial
calcification Occastonally the placques shift on cach other during pulsation (Horsch)

Pericardial caleification should not be confused with calaified pleural scars m the
antetior or posterior costomediastinal angle, with deposits of calciem in the lungs,
with caleified cardiac thrombt, or caleification of the valves, of the annuli fibrost,
or of the heart wall The location of the calcareous deposit on the surface of the
heart is diagnosticaily decisive, thercfore careful fluoroscopy with rotation of the
patient behind the screen 1s important,

The lung fields present vartable pictures 1o patients with penscardial adhesions
They can be perfectly clear and show normal vessel markings, particularly when
pure mflow stasts results from an obstruction 1n front of the heart and when pleural
scars are absent. Pleural effusions are frequently present in inflow stasss, then, the
bases of one or both lung fields are obscured. Signs of pulmonary congestion are
common when a mitral or zortic valve lesion coexssts, when the heart 15 embedded
m thick scars, or when the discharge of blood from the lungs 1s rendered difficule by
a special locatton of the scar Pleural scars often obscure lung fields (fig. 237),
particularly when they are edematous, a common event, or when they are actually
very thick

5. Tumors of the Pericardum

Primary tumors of the pericardium (sarcoma, hemangioma, fibroma, lipoma)
are rare Lenk described a case m which he mterpreted a sharply defined, ovoid,
rapidly growmg mass on the night border of the heart as a malignant percardial
tumor A rhabd of the pericard (Bradley and Maxwell) caused
massive enlargement of the entire cardiac shadow, and s mght border had an
sregular, nodular outlme The lungs contamed multiple round merastases At
nectopsy the tumor surrounded the entire heart and also penetrated the myocardium
In a sumlar case (Stever and Higley) the greatly enlarged cardrac shadow had a
nodular border on all sides Jellen and Fisher saw a large solid teratoma m an mfant,
the enormous shadow could not be separated from the heart

Secondary tumors are much more common Naturally they do not differ essen-
tually from primary ones They may be encountered as soleary or muluple pro-
tuberances on the cardrac surface Surface extension of the tumor can enlarge the
cardiac shadow considerably and can reduce the pulsations or make them disappear

The effusion which often accompanies primary and secondary pericardial
tumors may completely dommate the roentgen picture Behind every obscure
penicardial effusion a tumor may be concealed

Pictures resembling tumors can result from pencardial or mediastimal encapsu-
lated effusions, pericardial diverticulum, tumors of the heart or diaphragm, cardiac
aneurysm, aneurysm or hematoma of the coronary arteries A diagnosuc pneumo~
thorat ot preumopenicardiam occastonally may assist n determmng the relation-
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ships of the shadow 1n question (Rosler), recourse to this diagnostic adjuvane is
rather infrequent since the nature of the structure usually remains obscure even
after 1ts posttion 1s precisely determuned.

A mulnlocular eyst filled with clear fluid and located over the apex in the parietal
Yeaf of the pencardim was desenbed by Yater, The convexly outlined, well defined
projection over the apex could not be distingutshed from a cardiac ancurysm Wright
saw a cyst, the size of an apple, with a calaified wall 1n the parieral leaf of the peri-
cardium 1n a male, 25 years of age, who had sustaned a chest injury seven years
carlier. The round shadow, outhned by calcium, rested on the cardiac waist and
showed transmitted pulsations. It is not beyond the realm of possibulity thar this
was a true pericardial dnerticulum (p. 331).



——Chapter Six
The Lesser Circuit
in Cardiovascular

Diseases

The Lungs in Diseases of the Circulation

No roentgen examination of the heart 15 com-
plete unless the lungs recerve careful constderation Enttrely apart from the demon-
stration of emphy or pul y or pleural cicatrices which have grear
mportance 1t evaluating the heart, x-ray exammation of the lungs offers a very
nstrucuve insight mto the blood content of the pulmonary circulation, the amount
of transudate 1n the lungs and the fluid content of the pleural cavities The examina-
tion affords an excellent pOSSlbll]ty of de(ec[mg the presence of acute or chronic

Il y congestion, drous y edema, 2 costal or inter-
lobar effusion and somenmes the location ' of a pu[monnry mfarcr

1 Cardiac Pulmonary Stasts

Artenal hypertension 11 the pulmonary circut, the result of heightened resist-
ance 1n the Jungs from emphysema, kyphoscoliosis, pleural scars, or 2 primary
pulmonary sclerosss, can produce demonstrable changes if the larger branches of
the pulmonary artery dilate. In this way the hilar shadows enlarge and become
thicker while the arteries radtating into the lung fields widen (Assmann) Often
these vascular shadows show increased systolic-expansile (intrinsic) pulsations as
evidence of greater tension 1 branches of the pulmonary artery caused by ab-
normally hugh systolic pressure from contractions of the hypertrophic nght ventricle.
Near the hilas, abnormal, large round shadows correspondmg to the cross section

of dilated vessels, often show disunct systol M the
hilar shadows though enlarged are sharply defined and the lung markings are
d unless 1nfl Y P compl the picture The lung fields

are clear or—as 1n cmphysemaw\ en abnormally translucent.
If pressure is increased 1n the pulmonary veins as well as in the pulmonary
345
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arceries, m a mieral lesion for example, the vaseular markings i the cengral portion
of the lungs are even more pronounced (fig. 99) According to Sylla, cngorgement
of the pulmonary vemns 1s expressed mitially in the accencuation of the Jung marhings
runming from the feft fulus to the apex of the left lung and later from the nght hikus
to the nght pulmonary apex. The circumstance thar the vascular markimngs are
accentuated particulacly in the central parts of the lungs occasioned Sylla ro speak
of a “central pulmonary congestion.” In this stage of pulmonaty engorgement,
despite considerable enlargement of the hilar shadow s, the lung markings are sharp
and the lung ficlds are clear.

None of these alterations indicate cardiae decompensation, rather they express
the heightened pressure in the artersal or venous limb of the pulmonary circulation.
Thus, in emphysema or in a mutral lesion the increased vascular markings are the
result of pulmonary artenal hyperrension caused by the comperent hypertrophue
nght ventricle, moreover, augmented venous markmgs i mitral lesions are con-
sidered, at least at first, merely the sign of mcreased pressure n the pulmonary
vetns, the conscquence of duminished pressure gradient. Stasis m the capillary system
and the transudation into the mtersutial tissue and alveols are sull entirely absent.
Strictly considered, no pulmonary congestion has occurred as yet.

With growing disproportion berw een the influx and discharge of blood, pulmo-
naty stasis oceurs, Then the pictute changes by progressive dilatation of the large
vessels, by capillary engorgement, and by transudation from the vessels imto the
parenchyma and mterstital ussue of the lung.

The hilar shadows undergo further enlargement, the lung markings become
broader and more plenuful and a fine network, at times extending to the outermost
peniphery of the lung ficlds, appears between the thicher vascular shadows More
mmportant 15 the qualitanve change n the lung structure  More speaifically, the
vascular shadows lose their sharp contours; definttion becomes vague and outhnes
blurred (fig 248). Often conglomerate shadows surround the massive hilar shadows
which can be disunguished only with difficulty near the mediastnum Both lung
fields become increasingly dark Cloud-shaped shadows appear in the bases of both
Tungs
gThc intensification and increase of lung structures as well as the diffuse darken-
ing of the lung fields depends upon increasing engorgemene of dilated pulmonary
vessels ncluding the capillanes and upon transudation into the pulmonary paren-
chyma. A very important contribution to the accentuauion of Jung markings and
enlargement of the hilar shadows 1s made by the engorgement of the perivascular,
peribronchial and pleural lympharics, as well as the hilar and perihilar lymph nodes
which are filled with transudate (Zdansky). Thus, with marked pulmonary con-
gestion, the arteries, vens, and broncht are often surrounded by greatly dilated
Iymph spaces filled with acelfular fluid Moreover, the lymphatics of the interstitial
unissues and pleura as well as the smuses of the hlar and penhilar lymph nodes are
crammed full of the same flud C ly, the hopulmonary nodes oc-
castonally protrude as nodular shadows at the hili.

The vague demarcation and hazy appearance of the lung markings and of the
halar shadows deserves speeial explanation. Respitatory movements have importance
irculauon of blood and lymph in the lungs. In pulmonary stasis the poorly

for «i
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\ennlated arcas of the lung have increased discharge of transudatc as a consequence
of the slowsng of the blood stream and diminished absorption of transudate as xfjc
result of slowing of the lymph stream. In this way eransudate tends to collect in
certamn places just as has been known for a long time with hypostasis i the basal
parts of the lungs. Whercver respiratory movements of the lung parenchyma are
reduced owing 1o their connection with broader wtersutiom, the same event can
happen (Zdanshy). Around the hili and along the larger blood vessels and bronchi,
particularly at their bifurcations, alveol are filled with coprous amounts of transu-
date and cells This tends to accentuate lung marhings as well as contribute to their
vague, faded appearance (Zdanshy, Herzog)

]
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Fic 248 —Pulmonary n d b pattent The hilar shadows

are enlarged considerably and the contours are faded The markings of the pulmonary vessels ate
mcreased but vague In general, the lung fields are cloudy

Apare from these strcaks around the vessels and bronchi, the congested lung
often contains partly indisunct and sharply outlined shadows of varying extent and
number without recogmizable connection te the physiologic mterstices The smallest
of these foci are pin-head 1n size, if they fill the lung very diffusely they produce the
“spotted” appearance (fig 249) (Wierig, Fahr and Rosenhagen, Zdansky, Kadmy,
and others). The appearance may simulate miliary tubereulosis, silicosis or a
€arcinosts,

All these focal condensations represent essentially circumsertbed collections of
transudate 1n the parenchyma with reduced respiratory movements The best known
are the hypostases already mennoned, they are found as cloud-shaped shadows
which may become confluent i the bases of the lungs Very often, however, indura-
tions 10 the lungs cause circumsenibed collections of transudate. On the basis of
tubereulous or nonspeaific sndurations, large srregularly distnbured foar of local
transedation may suggest bronchopneumomic focr and infarcts, on the other hand
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small, diffusely, scartered condensations of chronic brown induration of the Jung
may give rise to the previously mentioned stippled spots of transudation In the larger
shadows atelectasis also plays a significant role (Zdanshy) and obviously depends
upon occlusion of small broncht by swollen mucous membranes and their retained
secretion (stass catarrh),

According to the amount of transudaton, the lungs show these types of con-
densation of varying sizc and more or less vague demarcation. Their size and
structure may change as pulmonary stasis mcreases or recedes, with drminution of
acute stasis and decreased transudation i the lungs these shadows may recede very

Fic 249 —Chromc pulmonary congestion of cardiac ongin (mitral-aortic leston) with fine
stuppling 1n the lng ficlds

rapdly 1 extent and number, the strands of lung markings become thimner, the
hular shadows become smaller and regamn their sharp contours In place of the soft
shadows, dense streaks and patches of condensation may now appear, representing
collections of transudate and nests of heare fatlure cells. The dry Jung of chronic
congestion 15 clear, its markings are defimitely increased and renicalared (Sylla), the
vascular markings are thick but sharply outhned and the soft foci are absent. 4
Moreaver, sections of the lung poorly venulated owing to pleural scars an
kyphoscoliosis often show pulmonary stasts. Copious accumulation of transudate
1n a section of lung enclosed by pleural scars may cause extensive, sometimes lobar,
intense shadows suggestive of pneumonta but they vanish l'lpldl){ when the cxrculai
tion tmproves (Zdansky). These observations arc m Leeping with the old clmxfcﬂn
expesience (Jurgensen) that pu‘Im‘onzry congestion appears carhest in the area of
pleural scar and stasts bronchisis is especrally persistent 1n such areas lof
These umlateral collections of stasis furd are duc 0 the hampered rcmou{x }:J
transudate as the result of dimimshed respiratory excursions and obliteration of the
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lymphatics (Zdansky) Thrortling of the pulmonary vems by mediastmal scars or
kinking from pneumothorax, tumors and unilateral elevation of the diphragm
leading to umilateral pulmonary congestion (Teschendorf, Haubrich) is not defi-
nitely established and certamnly 15 very rare if it exssts at all

Unequal distribution of stasis transudate n the lungs could 2lso result from
regional dimimshed excretion of flud Thus, in the vianity of a circamscribed

emphysema one may miss the signs of pulmonaty congestion completely while the
remarning pares of the lungs show abundant moisture. Obviously, emphysematous
lungs with thesr poor vascularization discharge much less exudate than sections with
normal airculation (Zdansky).

Lamellar atelectasis (Fleischner) m the form of small linear streaks, sharply out-
hned with optimal projection, are common 10 congested lungs (Pohl). They radiate
Itke fingers from the hilus when a coexisung pleural effusion hampers venulation
1 a lung already working under defficulty.

Pulmonary congestion which develops within a relatively short tume, 2 common
event 1n left heart decompensation from aortic valve lesions, hypertension, or after
myocardal infarction, displays a picture somewhat different from that of chronic
pulmonary congestion. In it the diffuse haziness or even focal shadows domunate
over the accentuation of lung markings since there 1s more moisture of the lungs
from edema flmd, less dilatation of the large vessels and less chronic induration

Pleural effusions develop 1n failure of the left heart and particularly of the nght
heart The picture cannot be described in thus place. From a small effuosion which
just fills the costophrenic angle or a small mural collection, there 1s every transition
to a huge effusion which obscures most of the lung The imbibition of pleural ad-
hesions by edema must be distingmshed from lamellar effusions, mn the former,
edema flud 1s deposited as a jelly-like mass berween the lung and chest wall and
produces a small mural shadow. Lamellar effusions change m breadth during deep
breathing while respiration does not affect the drameter of a2 mural adhesion filled
with edema flud (Zdansky).

It has been known for a long ume that pleural effusions formumg 1n the course
of cardiac failure tend to appear 1n the right cavity (Bamberger, Neusser, Wintnich).
Satke explamns this phenomenon by the lower pressure n this pleural cavity, by

of the Vena tt 1 dinalis dextra by the dilated night atrrum,
pleural adhesions, periaoruc scars (Maresch), or the traction of the sunken, large,
heavy heart. According to Leendertz, transudate 1s excreted principally through the
wvisceral pleura and absorbed mainly by the paretal pleura Since the surface of the
trilobare night lung 1s larger than of the bilobate left lung, the preference for the
night side 1n pleural effusions of cardiac ongmn would be explaned At all events,
nght pleural effusion 15 so regular an event that m patients with an exclusive left
hydrothorax, two possibiliies must be enrertained to explam the deviation from
the rule. first, 1t 15 not a transudate but an exudate which has developed 1n connection
with a left sided hypostatic pnevmonta, pulmonary mfaret, or post myocardial
infarcuion penicardinis, second, adhesions obliterate the right pleural cavity and
prevent the development of 2 hydrothorax on this side

) Since chromf )l)ulmonary congestion leads so often to pleural effusions and to

P of date is common In regard to the
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1

IC logic sy mptc logy, reference should be made to the thorough
description of Flaischner, Very regularly in pulmonary congestion a streak in the
middle of the right lung ficld indicates a thin layer of fluid in the interlobar fissure
or thickened interlobar pleura.

Occasionally with chrome pulmonary congestion and particularly in mitral
lesions, scattercd, densc, pinhead to pea sized shadows, round, arborized, or rosette
mn shape are found, somctimes mamnly 1n the bases, They represent spherical, nodular
or arbonized bony foci of lamellar structure 1n the alveoli and in the pulmonary
interstices withour regular connection to the vessels or bronchi (Gander), Cases of

I &

3

Fic 250 —Nodular bone formation in cheonic pulmonary congestion (necropsy). The jagged
and branched calcmm shadows are most clearly visible i the base of the left lung.

this kind were described by Salinger, Diehl and Kuhlmann, Pohl and ]ank?r as well
as by Gross We may add three cases which were diagnosed roentgenologically and
confirmed by necropsy (fig 250). Therr genesis is obscure An etiologic connecton
with cardiac stasis 1s at least very plausible (Salingcr, Pohl, Gross). Two of our
cases had a mutral lesion for many years and the third a congeniral cardiac malforma-
nion, an abnormally small left ventricle had produced retrograde stasis mn 2 greatly
enlarged left arnum and 1n the lungs. These focr may gradually enlarge over the
course of several years (Gross)

2. Pulmonary Edema .

Acute pulmonary edema, with or without dent pul y cong ”0
cardiac ongn, from profuse transudation of flurd ineo che fung parcnchyma natural hY
is rarely invesugated roentgenologically. If a casc 1s occasionally encountered, the
Jung fields as a rule show marked, nonhomogenous cloud-hike shadow masses.
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More often subacure, gradually developing, pulmonary edema is obsesved in (!xc
course of nephritis, essential hypertension, aortic vilve segurgstation, mitra] steniosis,
and ¢he hike, Its roenegenologic discovery is particularly smportant because chncally
1 often escapes detection for a long time owng to 1s central distribution and to 1ts
dommant or exclusive mterstits? location which eludes anseultation or percussion.
At first, near the hidus one sces serands and meshes of shadow s gradually fade roward
the peniphery to lose ther sharp contour {Coc and Orell, Zdansky, Bodart, Werken-
thin, Jackson). Within this netw otk which graduadly exrends, sofy shadows appear
and they may merge m larger shadows. tn thus way symmetne nonhomogenous
hnear streaks and foc: somenmes extend Iike 3 batterfly from the bilus (g 251)

Fro 288 —Central pulmonary edema m uremua {aecropsy) The muddle sections of the hungs
contavn binear and harge soft facal shadows.

Fic 252 ~Dhfase polmonary edems, predomamly parenchymatons, in arema (necropsyy
Faded, indwstinct focal densities are conspicuous

and finally §3 both lungs {fig 252) When receding, the foct vamsh irst while the
hinear shadow s persist for a long ume (fig. 253) before disappeanng {Zdansky).
The soft patches correspond to edema fimd 1 the parenchyma while the rencutated
and hincar densities depend upen edematous tnfiferation of the mterstinal tissue.
Narurally, pacenchy ang i ) put y edemma should not be stoctly
separated, frequently they are combined and one form often passes into the other.
Pulmanaty edema does not always mvalve both lungs egually. The reasons for
the unequal distsibunion of this edema are wncertam. When receding 1z 1 paruculatly
perststent at the edges of the Jobe When plenral scars hamper respiratory move-
ments on onc side, the edema ofien develops more fully on the opposite, better
sentitated side (Zdansky) Hess obscrved the same thing in termunal pulmonary
edema In pneumonsa and lung tumors Hugenm saw the pulmonary cdemma appear
presisely on the healthy side. Tn other words, pulmonary edema seems to behave
opposite to pulmonary passte congestion, since the fatter tends to snvolve poorly
venuitated parts of the hungs more severely {p 348f)
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At present we are beginning to understand these events which seem at first
contradictory and, morcover, variable, Investigations by Liljestrand, v. Eoler,,
Cournand, and others have shown the significance of otygen tension in single see-
tions of the lungs for their blood supply and the pressure relations in the pulmonary
arculation. Consequently, onc must assume that hypoxia which appears m the
poorly venulated sections of lungs leads to contraction of the vessels supplying
these parts so that blood 1s diverted to well acrated divisions; this is a thoroughly
approphate reaction, The consequences of this fact have practical importance. If, for
example, 10 acute glomerulonephnitis one lung is poorly ventilated because it is
encircled by pleural scars or mdurations after a tuberculous or nonspecific process,
even this lung may remain free from pulmonary edema while the other, normally
ventilated lung may show profuse transudation. It is very probable that the reason
for this phenomenon is reflex contraction of the pulmonary vesscls on the altered
side from diminished ventilation; most of the blaod must Aow to the well-ventilated
long and, owng to the existing rendency for transudation and acute rise of pressure
1n the venous limb of the pulmonary circuit, edema appears in this lung Not only
unilateral pulmonary edema but hikewise roentgenologically demonstrable focal and
regional distribution of nephritic, central, and tovic infectious pulmonary edemas,
under orherwise normal conditions may be ascribed to the unequal regronal ventila-
uon and crreulation of the normal lung.

Drfferences in the ventilation and perfusion can promote, depress, or deﬂw{ to
other areas the local excretion and absorprion of transudare by reflex and mechanical
means. These matters are extremely complicated and, in respect to detatls, diverse
factors determie whether and at what places pulmonary transudate will collect.
The pulmonary circulation 15 not a completely uniform, homogenous system. This
sttuation prevatls even under normal conditions because in the normal lung there
are well ventilaced and well perfused areas besides those with less ventilation and
Tess perfusion. It is even more vahd for lungs containing residues of former pulmo-
nary and pleural disease, insignificant per se, like the scar of an old prmary complex,
an old hilar lesion, subseq infiltrations, fic indurations of old pleurtis.
“These conditions may create grear differences in the behavior of pulmonary crcula-
tion and they may come to light rocntgenologically in disturbances of lung aircul2-
ton (Zdansky).

Often a bilateral pleural effusion 1s superimposed on pulmonary edema. It may
be the only sign of impending edema in nephritis. Pleural adhestons naturally msy
prevent the effuston or may encapsulate jt. Frequently the adhesions create shadow s
owmng to imbibition with cdema fluid (see above).

It may be difficult to disungwish central parenchymatous-interstitial p}:lmonaﬂ’
edema from pulmonary congestion of cardiac origin, indced, it is impossible 1f (h'c
heart 1s pathologically enlarged or 1ts shape makes a cardrag-pulmanary stasis hikely.
1f, however, the cardiac shadow 1s not enlarged and the peripheral parts of the lunL;
fields show normal vascular shadows, one can interpret, with a farr degrec ©
cerrainty, densities m the central lung fields, usually symmetrical, as pulmonary

edema. i
The differentiation between central or penipheral, reflex, remal and allergic

edema on the one side and inflammatory processes on the other, 15 not always possi~
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ble. Particularly when infh prevasled, the author repeatedly saw focal shadows

whose imterpresation offered great difficulres {Ag. 254) m patemes with valvular
Yesions (especrally in mitra} lesrons) and with the appesrance of fover and bloody
sputum, They are distingmshed from ordinary wfluenzal foct by their greac number
and widespread bilareral dimbunion. We might suggess thar the coexistence of

i y stasis and an wmfl y process m the lung would accentuate the

ransudation snte the Tung tissue, It mught mvolve 1 sumsmanion of mffammatory
and cardiac edema.

.
N
*
L v
Fe 253 Fic 254
Fig 259 ~Pulmonaty edema, predommantly meerstmal, ts acuse pephrms  Opacines
arcanged 1 2 hncsr manner are very ch of the } form of pulmonary edema

On the other hand, ymaller patches of soft shadows are present and represent cotlections of transa-
date 1n the parenchyma In this case the pulmonary edema has developed more decrdedly on the
eighe than on the Joft side, perhaps owing 1o a left pleural cicatnx The edema vamshed in theee
days

Fic 253 —Transient focal shadows i both lung fields Sunng 3 febnle catarchal process m 2
decompensated murral lesion, The shadaus varushed wsthin 3 few days

A picture very similar to central lung edema can occur m penarrenius nodosa
Only a few tnstances of Jung alterattons have been demonstrated roentgenologscatly
w this disease (Herrmann, Bodenstab, v. Conts, Becker, Postel and Laas, Svanberg)
Most of them had lennl- to chetry-sized and even larger shadows, vaguely defined
and oceasionally confluent, m sddinon to accentuated hinear shadows and retscula-
wons Zdansky saw sdentrcal changes w 2 case of penartenms nodoss, chnscally
definiee but wathout necropsy. Ia one case (Postel and Lass) 4 parahular shadow had
fasrly sharp outlnes suggesting a tumor These focal and hreae shadosws may tepre-
sent collateral mflammarory edema around penarteritie foes.

3, Pulmonary Embolism

Pulmonary embohism results from the entrance of a blood clot, tumar cells, fat,
or air t0 @ branch of the pulmonary artery. A vast majonity of them occur n cardiae
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At present we are beginning to understand these events which seem ar first
contradictory and, morcover, vanable. Invesugations by Liljestrand, v Euler, .
Cournand, and others have shown the significance of oxygen tension in single sec-
tions of the Jungs for their blood supply and the pressure relations in the pulmonary
arculation. Consequently, one must assume that hypoxia which appears m the
poorly ventilated sections of lungs leads to contraction of the vesscls supplying
these parts so that blood is diverted to well acrated divisions; this is a thoroughly
appropriate reaction. The consequences of this fact have practical importance. If, for

ple, in acute glomerulonephnitis one lung is poorly ventilated because it is
encircled by pleural scars or indurations after a tuberculous or nonspecific process,
cven this lung may remain free from pulmonary edema while the other, normally
venulated fung may show profuse transudation It 1s very probable that the reason
for this phenomenon 1s reflex consraction of the pulmonary vesscls on the altered
side from dimimshed venulation, most of the blood must flow to the well-ventilated
lung and, owing to the existing tendency for transudation and acure rise of pressure
in the venous limb of the pulmonary circust, edema appears in this lung. Not oaly
umfateral pulmonary edema but likewsse roentgenologically demonstrable focal and
regional disenibution of nephritic, central, and toxic infectious pulmonary edemas,
under otherw ise normal conditions may be ascribed to the unequal regronal ventils-
tion and cireulation of the normal lung,

Diufferences 1n the venulation and perfusion can promote, depress, or deflect to
other areas the local excretion and absorption of teansudate by reflex and mechanseal
means These matters are extremely complicared and, in respect to details, diverse
factors determne whether and at what places pnimonary transudate will collect.
The pul y lation is not a pletely uniform, h system. This
situation prevails even under normal conditions because n the normal lung there
are well ventilated and well perfused areas besides those with less ventilation and
less perfuston, It 15 even more valid for lungs containing residues of former pulmo-
nary and pleural discase, insignificant per se, like the scar of 2n old primary comp}c};
an old hilar lesion, subseq: nfiltrations, pecific indurations of old ple_m'ltls-
These conditions may create great differences in the behavior of pulmonary circule-
tion and they may come to light roentgenologically in disturbances of lung circuls-
tion (Zdansky).

Often a bilateral pleural effusion 1s superimposed on pulmonary edema It may
be the only sign of impending edema in nephaitis. Pleural adhesions naturally may
prevent the effusion or may encapsulate it. Frequently the adhesions create shadows
owing to imbibition with edema fluid (sce above)

It may be difficult to disti h central parench interstitial pt dmonary
edema from pulmonary congestion of cardiac origm, indeed, 1t 1s impossible if the
heart 1s pathologically enlarged or 1ts shape makes a cardiac-puimonary stasis Likely.
If, however, the cardiac shadow 15 not enlarged and the peripheral parts of the lung
fields show normal vascular shadows, one can interprer, with a fair degree of
cerrainty, densities n the central lung fields, usually symmetrical, as pulmonary

edema, . A allergic
The diffcrentiation between central or perpheral, reflex, renal and allergie
is not always possi-

edema on the one side and mnflammatory processes on the othet, i
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peniphery, stands out by virtuc of its abnormal claniey and sparse vascular marhings.
The normal vascalar markings are mtereupted directly at the border of this clear
area (Westermarh).

Corresponding to the heavy demand on the nighe heart, ymposed by pulmonary
embolism, frequently acute enlargement, often confined exclusively to the nght
heart, 1s noted Acute cor pulmonale may result (p 236).

2 w.:
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Fic 255 Fic 256
Fic 255 —Pulmonary infarct “Typical tangular shadow with the apex pounted toward the
hulus and its base applicd to the chest wall

Fic 256 —Marked widening of and increase of vascular markings m the langs m polycythemia

vera Male, 32 years old Erytheocytes 13 mullion, Sahli 166, leukocytes 4450, blood pressure,
180D/80, splenomegaly.

+ The Lungs in Polycythenna

In polycytherma the lung markings often show strilung, diffuse accentuation
{Brednow). To some extent the picture recalls pulmonary congestion or a diffuse,
fibroproductive hematogenous tuberculosts (fig. 256). The increase in markings 1s
ascnibed to the plethora, that 1s to the excessive filling of the vessels The mcreased
number of erythrocytes lacks defimte stgmficance, for ervthrocytosts withour
plethora 15 often unaccompanied by alterations of lung structure, moreover with
reduction of the plethora, the accentvation of lung markings disappears

Brown and Giffin were unable to demonstrate any definite cardiac enlargement

despite an mcreased volume of cireulatng blood Zdansky observed it only m
patients with hypertension
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panents with chronic passive congestion, and decompensation for these pavents
rather regularly develops a thrombosis of the deep veins of the pelvis and lower
extremities.

Apart from large embol which cause immediate death by occluding the mainstem
of the pulmonaty artery or a large branch, any embolus i the pulmonary areery,
even 1f 11 15 a small one, 15 a serious event. An embolus imposes a heavy burden on
the night heare which frequently cannot be carried since often the myocardium 15
already damaged Just why embolic occlusion of some small branches can precip-
tate acute cardiac failure 1s not fully explaned Reflex spasm of larger vascular fields
m the lungs or heare 15 suspected (Scherf).

Embolic migration of a blood clot to the Jungs Jeads to hemorrhagic infarction
when pulmonary congestion cocxists. The infarct is wedge shaped with its base
turned toward the costal or interlobar pleura and its apex in the depth of the lobe
With fresh lesions, the infarcred area is demareated from normal air-containng lung
or adjomung parenchyma unless this 1s filled with stasis transudate; soon, however,
necrosis causes infl y exudation 1nto the adjoining lung parenchyma or the
pleura,

Corresponding to 1ts charactenstic shape, one would not expect the roent-
genologic demonstration of the infarct to offer any particular difficolty 'ﬂu§ s,
however, not true, for pulmonary infarcts are unequivocally recognized only in 2
minority of cases, this depends largely on coexisting pulmonary congestion which
makes 1t difficult or impossible to outlme the infarct shadow (Assmann, Rieder,
Dietlen). .

The shadow of a pulmonary nfarct varies according to the plane of projection
(Kohlmann). If the projection crosses the long dimenston of the wedge almost per-
pendicularly, a triangular shadow 1s scen, 1f conditions are otherwise favorable: the
base 1s directed toward the chest wall or an interlobar fissure and ies apex is centrad
(Fig. 255). If, on the contrary, the projection follows the long axis of the infarct, 2
rounded shadow, the projection of its base appears The resultant picture may simt-
late a metastatic tumor (Simonsen). Moreover the relatively characterisue picture
15 secn only with recent infarcts, later, vaguely outlined shadows cannot b.e defr-
mtely distinguished from hypostatic or pneumonsc foci. This change in the mfar«;:
shadow depends wpon local inflammatory processes. Furthermore, farge lympl
nodes ate sometimes observed in the hilus and they may be connected with these
nflammatoty processes (Zdansky). Often the diaphragm moves less frce}y on the
stde of the mnfarction, perhaps owing to reflox immobihization from pleural jrneation
With upper lobe mfarcts, clevanon of the diaphragm on the affected side has beent
observed (Zweirfel).

The infarct shadow may recede 1 the course of weeks and months and may
leave behind an area of streaks or, sometimes, merely a linear shadow (Bohm and
Kuhne, Zdansky, Hampton and Castleman),

1f the mfarct breaks down into an abscess, a central cavity soon appears,

ning a flud level .
C°“‘l‘2_‘ Pulgmomry congestion 1s absent, pulmonary embolism nced not lead l()o :
hemorrhagic mfarce. The section of lung may become anemic since perfusion );1:
bronchial artery is insufficient. The involved section of lung, usually located at t

often
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anterior view will be discussed later. At this juncrure reference will be limited to
changes of the vascular band produced by special spatial situations in the chest and
particularly those created by abnormal levels of the diaphragm. .
Flevation of the diaphragm (fig. 257) lifts the pallars of the aorta, that is, the
beginming of the aorta and the hiatus aorticus. The resultant upward shift of the
entire aortic loop 1s expressed roentgenologically by elevation of the aortic knob
which may reach the level of the clavicle and even the jugulum. For anatomic reasons
the cephalic shift of the aortic crest naturally lags behind the shift of the aornc
pillars so that the Limbs of the aotta bend sidewise. Now the ascending aorta Ex(El:ldS
farther to the rght and may appear on the night border of the vascular band, replacing
the superior vena cava, The aorta bulges mto the lung field in a strong convex arc
and 1s elongated at the cost of the right border of the carduac shadow, finally 1t may
project farther to the night than this border The descending aorta shows practically

Fic 257.~Course of thotacic aorta with clevation of diaphragm By clevation of aortic
ostim and of hiatus aorticus, both ascending and descending limbs of aortic loop move away from
cach other to widen and deform the vascular band

the same alterations As a strong convex arc 1t bulges into the left lung field, 1t may
be wrdely exposed m the cardiac waist and can often be followed within the cardiac
shadow to the diaphragm

The aortic knob can appear only when the distal division of the arch has an
approuimately sagittal course, since the arch proceeds obliquely through the thorax,
the knob vanishes and m 1ts place the arcuate transition mto the descending sorta
becomes visible

The opposite alterations m the course of the aorta are encountered from descent
of the diaphragm If the aortic pillars move downward, both Iimbs of the aorttc
loop experience traction since the arch can follow the descent of the bases only to a
limited extent. Although the aortic arch moves a little from the upper thoracic
aperture, narrowing of the vascular band 1s mach more striking Since the ascending
and descending aorta bend inward the vascalar band becomes narrower The right
edge of the vascular band, formed by the superior vena cava, rises almost perpen-
dicular, on the left side, at most, & very short, straight section of descending aorta
1s seen 1n the angle berween the aortic knob and cardiac waist

The alterations 1 the course of the aorta which result from deformutes of the
thorax were discussed on page 249



——Chapter Seven

The Aorta and Its
Pathologic Alterations

I. The Normal Thoracic Aorta

Examunation of the aorta 1s among the most rewarding tashs
ot roentgen diagnosis since climical detection of diffuse and circumsenbed aortic
alterauions is often difficult or impossible while roentgen exammation often yields
excellent mformation about the width, course, and gross anatomuc status of the
thoracic aorta

Ind the normal card; ular shadow, reference was made to the
extent that single scctions of the aorta are visible 1n various planes of study. Only
the most essential pomnts will be repeated, the rest will be found on pages 21ff and
pages 436,

The antertor view (fig. 122 and b) ordinanly reveals only the left edge of the
distal section of the arch and the mal portion of the descending aorra as the aortic
knob, the wisible parr of the descending aorta descends almost vertically from the
knob toward the pulmonary arc and converges slightly toward the mudline

Usually 10 anterior views the ascending aorta does not form the border since, on
the night, the superior vena cava otdinanly reaches farther to the nght. Only on
occasion is the ascending aorta recogmized as a darker shadow curved comexly to
the nght within the nght edge of the vascular band.

With increasing age, the instances m which the ascending aorta projects to the
nght beyond the superior vena cava to form the border steadily increase. Then the
superior vena cava and the night innominate vein, as paler shadows, curve concavely
to the night below the clavicle from the denser aortic shadow. The exrension of the
ascending aorta beyond the superior vena cava is produced by aortic elongarton a.nd
wideming and by elevation of the diaphragm; these happen more frequently with
advancing age.

In young children a projecting aortic knob (fig. 36) 1s often missed (Kreuz-
fuchs) the aortc arch, owng to the relatively great depth of the child thorax and
the accentuated right position of the trachea proceeds more obliquely than in the adule.
1f thesc mfantile relations persist, the aortic knob also fails to develop in the adult

The cffects of pathologic clongation and dilatation of the thoracic 2orta on the

356




THE AORTA AND ITS PATHOLOGIC ALTERATIONS 357

anterior view will be discusscd later. At this juncture reference will be imited o
changes of the vascular band produced by special spatial situations in the chest and
paruicularly those created by abnormal levels of the diaphragm. .
Flevanion of the diapheagm (fig. 257) Ufts the pillars of the aorea, that is, the
beginnung of the aorta and the hiatus aorticus. The resuleant upward shan of the
entite aortic loop is expressed roentgenologically by elevarion of the 2ottic knob
which may reach the level of the clavicle and even the jogulum. For anatomic reasons
the cephalic shift of the aortic crest naturally lags bend the shift of the aortc
pillars so that the linbs of the aotta bend sidewise, Now the ascending aorta extends
farther to the right and may appear on the night border of the vascular band, replacing
the superior vena cava The sorta bulges into the lung field 1n a strong convex arc
and 15 elongated at the cost of the nght border of the cardiac shadow, finally it may
project farther to the nght than this border. The descending zorta shows pracucally

Fic 257.~Course of thoracic aorta with clevation of diaphragm By efevation of goruc
ostium and of hratus aosticus, both ascending and descending himbs of gortic loop move away from
each other to widen and deform the vascular band

the same altetations As a serong convex arc 1t bulges into the left lung field, it may
be widely exposed 1n the cardsac waist and can often be followed within the cardiac
shadow to the diaphragm.

The zortic knob can appear only when the distal division of the arch has an
approvimately sagital course, since the arch proceeds obhiquely through the thorax,
the knob vanishes and 1n 1ts place the stcuate transition into the descending aorta
becomes visible

The opposite alterations mn the course of the aora are encountered from descent
of the draphragm. If the aortic pillars move downward, both Imbs of the aoruc
loop exvpentence traction since the arch can follow the descent of the bases only 10 2
Iomced excent. Although the dortic arch moves a hittle from the upper thoracic
aperture, narrowing of the vascular band is much more strking. Since the ascending
and descending aorta bend mward the vascular band becomes narrower The right
edge of the vascular band, formed by the superior vena cava, rises almost perpen-
diculat, on the left side, at mose, 2 very shott, strasght secnion of descending aorra
15 seen m the angle berw cen the aortic knob and cardiae waist

The alterations in the course of the aorta which result from deformities of the
thorax were discussed on page 249 .
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Shrinking processes in the nght Jung and right-sided medmasunal plenral scars
often pull the ascending aorta to the right so that st projects more marhedly and
may bend mto a sharp arc. These pleural and pulmonary alterations merit spectal
attention to avoid the erroncous assumption of dilatation of the ascending ot
(fig. 165).

The view of the aorta in the nght anterior oblique position changes wich the
angle of rotation The ascending and descending aorea most nearly overlap with a
rotation of about 30 degrees (Frik), thereby the nght border of the vascular band
tends to be projected 1nto the dark shadow of the spine, making demarcation diffi-
cult. With greater rotanion the descending aorta 1s projected more and more 1nto
the retrocardiac space

With a rotanion of about 45 to 60 degrees (fig 172 and b) the anterior border
of the ascending aorta comes 1nto view as a shorr section above the flat pulmonary
are, but cramad 1t soon vamshes agan withim the pale shadow of the left brachio-
cephalic vessels which bend to the lefr above. Not rarely, however, one may follow
the provimal portion of the arch to the clear tracheal band.

The posterior border of a normal or moderately dilated ascending aorta cannot
be outlined with certainty since 1t 1s supermposed by the superior vena cava The
lateer forms the real nght edge of the vascular band (p. 32) The postertor wall of
the ascending aorta 15 not represented by a line dividing the lefr darker and the
night lighter part of the s ascular band as Vaquez and Bordet as well as Lippmann and
Quiring believed This biparuite division of the vascular band 1s produced by the
left mamn bronchus (fig. 192 and b) The posterior wall of the aorta can be outlined
only when the vessel 1s dilated or 1ts wall 15 visible owing to caleium depostes.
Contrary to the opinion of Vaquez and Bordet and of Lippmann and Quiring 2
normal aorta 15 not accessible to exact anatomic measurement in this position, This
would be possible only if the shadow of the superior vena cava surpasses the aort2
exactly as far as the lefc mam bronchus ts projected into this vessel shadow (Ass-
mann) To be sure, in many cases this actually happens (fig 261).

Normally the arch of the aorta cannot be followed since 1t is effaced by the
clear tracheal band and furthermore cannot be outlined agamst the shadows of the
brachiocephalic vessels and other soft tissues of the superior mediastinum.

Of the descending aorta only the ventral part 15 ordinanily recognized as 2 pale
shadow descending to the left of the spine in the retrocardiac space, gradually o
widen caudad

The thoracic aorta can be surveyed much betrer n the lefe than in the nght
antertor oblique posion (fig 252 and b) since with ths projection, all its parts are
abour equidistant from the screen,

Since the initial portion of the aorta is covered by the pulmonary artery, i ‘5.“0‘
demonstrable in this position The antenor border of the upper ascending division,
however, 1s exposed for a fairly long strerch at the nght border of the vascular band
since the superior vena cava has already disappeared behind the ?sccndmg aorta
when the patient 1s shghtly rorated to the nght (p. 41). Here agam,.demarcanon
of the postersor wall of the ?s}c]endlr;lg amita meets with difficulties owing to super-
i iti the shadow of the nght pulmonary artery
1mPf;_s}'|:0;:xyimnl section of the aofnc };rch can be distinguished neither agamst the
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brachiocephalic vessels and the soft nissues of the mediastinum nor within the clear
band of the trachea Regularly, however, beyond the trachea the upper limit of the
distal section of the arch and the descending aorta 1s visible within the vertebral
shadow Moreover the anterior border of the descending aorta tends to be visible
the retrocardiac space as a pale shadow below the left bronchus although this varies
indnvidually and to different degrees depending upon the angle of rotatton All these
relationships were described in detatl on page 4167

Despite very fragmentary defimition of the aortic loop, under normal condiuions,
exammauion in the left antertor oblique position offers valuable nsight mnto the
gross anatomic features of the thoracic aorta The anterior border of the ascending
aorta, the upper edge of the distal segment of the arch and the posterior edge of the
descending aorta can be followed with great regulanty, consequently an excellent
1dea of the course of the loop 15 secured In ths projection one can see how the
ascending aorta courses straight or mn a flat nght convex arc obliquely to the lefe,
passing 1nto the strongly right-convex sectton of the arch and extending beyond the
trachea as the descending imb, this continues as a flat curve, convex to the feft with
1ts dorsal section 1n the spinal shadow Diffuse elongation as well as diffuse or eir-
cumscribed dilatation of the thoracic aorta are revealed by deviations from this
normal course This has grear diagnostic importance and will recerve further notice
below.

It may be noted 1n passing that elevauon of the diaphragm deforms the aoruc
loop and causes marked bulging of the ascending and descending aorta, so that the
right edge of the vascular band putsues a convex course to the right, and the descend-
1ng poruon, visible within the spme, bulges more roundly to the left just as one 1s
accustomed to see with diffuse aoruc dilatation (p. 375)

In aged ndividuals the enure aortic loop can often be surveyed so thar its
drameter may be measured at any site selected In izself this would not be pathologic

II. Measurement of the Aorta

Numerous endeavours have been made to measure the aorta as exactly as possible.

Groedel duced the of 2 diameter of the aoruc shadow (AT) By
analogy to the transverse cardiac diameter, he tricd to express the transverse diameter of the aorta
as the sum of the nght and left median distances (AMr + AMI) of the vascular band (fig 258)

In normal adults, AT vaned between 43 and 67 cm ATT was supposed to correspond approxi-

mately to the diameter of the ascending aorta Groedel also reported an “aortic length” (AL) In
constructng 1t, plumb lines were dropped from the vertex of the aortic knob and the nght cardio-
vascular angle to the midlne and the distances betw cen the potnts of 1ntersection of these lines were
measured on the midline (fig 258) In normal adults, AL was approwimately 73 cm Zehbe and
. Teubern determined as “aorttc breadth,” the distance 1n teleroentgenograms or vertical ortho-

» diagrams between the angle where the aortic knobmeets the pulmonary arcand the point opposite on
the righe edge of the vascular band (fig 259). According to Zehbe the average values calculated for
various zges varted between 4 6 and 59 cm , v Teubern considers them between 3 5 and 6 0 cm
He also consuders the distance of the right cardiovascular angle from the most remote pornt on the
aortic knob, aoruic length, for the adulc male this measures approximately 8 7 em Like Groedel,
Vaquez and Bordet measured the transverse diameter of the vascular band, i horizonta! ortho-



360 ROLNTGEN DIAGNOSIS OF THE NREART AND GRCAT VESSFLS

dragrams they found it between 4 0 and 8.5 em, but they stress thar the breadth of the yascular band
as a measure of aortic drameter 1s mfluenced by the fact that the superior vena cava frequently
forms the nght border of the band

Actually these measurements have very shght value in deaiding the length and
width of the aorta This does not depend solely on the fact that the nght border of the
band is usually formed by the superior vena cava mstead of the aorta. It 1s peimanly
because aortic dimensions are varably affected by spatal conditions existing in the
chest (Assmann, Holzmann). Clevanon of the diaphragm may widen the vaseular
band to simulate aortie dilatation, descent of the diaphragm reduces the width of the
band making a dilated aorta look normal if the measurements just mentioned are
performed alone, Moreover, asymmetry of the thorax (scoliosis), retrosternal

Aorric
breagrh

Fic 258 Fig 259
Fic 258 —Mleasurement of aorta by Graedel's method

Fic 259 —Measurement of aorta by the method of Zehbe and v Teubern

goiter and pulmonary and pleural retraction, especrally on the nght side may be
sources of error

Desprte the fact that the width of the vascular band depends upon factars unre-
Jated to the status of the aorta, exact notice of its form 1s important Ne\crthe_lcss
alteration of mntrathoracic spatial conditions should receive careful consideration,
for they may produce decided changes 1n the course of the vessel.

Holzknecht was the first to attempt to measure the diameter of the ascending
aorta He rotated the pauent to the left until the ascending aora overlapped the
descending However, this measurement meets with difficulty beeause with this
rotation, which amounts to 20 to 30 degrees, the nght boundary of the aortc
shadow 1s projected into the dark spinal shadow and cannot be wnequivocally
outlined

Vaquez and Border and Lippmann and Quinng attempted to measure the diame-
ter of the ascending aorta by further rotation to the left (fg. 260). Thewr measure-
mient 15 based upon the assumption that the left darker part of the vascufar bn;x]d
corresponds to the ascending aorta while the right Lighter scction is formed by the
crior vena cava to the extent of 1ts projection over the aorta on the right. This
34). Actually the clearer part 1s produced by projec-
ascular band (fig 192 and b) (Fnk). Conse-

sup
assumption 15 unrelable (p.
tion of the lcft main bronchus 1mto the v:
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quently the anatomsc basts for this measurement 15 untenable. Correct values are
pravided only when the feft bronchus is projected to the vascular band up 10 the
place where the supentos vens cava extends over the ascendng gorta to the nght
(fe. 261), for this, no absolute assyrance cussts. Stace, however, this struation
prevasls in a large number of cases (Reich), vnder otherwise favorable condmons,
the resuleant values agree very well woth predicred ones. As novmal values for
middie aged adules of sverage size and normal development, Zdansky found 2.5 to
30 em These fipures can be evaluared only when dhey eoncur with the ﬁg‘xres
obrained by the Kreuzfuchs method {p 363) and wuh the smpression one Teceives
abou the 2orta wath sagiteal projection and n the feft antenor obhique position

Y

-

Fic 260 —Measurement of soruc dumeter by the merhod of Vaquez and Border as well as by
Lippmann and Quinng () and according to Assmann and de Abreu (e} m the nght anterior oblique
position

1V bractwocephahica (anonyma) dext 5 Left brachuocephabic vessels

2V xypos 6. Trachea

3 Roghe bronchus 7. Antenior boundary of ascending aorra
4V cava sup 8 Left bronchus.

Condiions are mote favorable for measuning the prowmal secnon of the arch
(fig. 260) Usually the nght postensor boundary of the arch 15 conerasted well
agawmsc the left tracheobroncinal angie. At thus place the aorea hes directly on the
angle which 1§ usually readily visualized so that 11 15 possiblle to secure an essentially
exact orthodigraphic measurement (Assmann, de Abreu) For techmical reasons
this measurement is not stways possible. 1f the place on the left border of the
vascular band opposite the Jeft sracheobronchial angle 1s no longer aacta but. as often,
the brachuocephafic vessels bending to the lefe 3nd upward, measurement 1s feasible
only when the orta, owing 1o its greater density, can be demarcared withm these
vessels and soft tissuc shadows Assmann potnted to an etror which can become
greater when the pomt on the left border of the aorie shadow at the level of the
sracheobronchial angle is not the pornt where the aorta crosses the angle, this occurs
when che elongated vessel 1s somewhat tortuous. Ordmanly these errors can be
elimmated by making the measurement at the degree of rownon at which the
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distance from the left border of the aorta to the tracheobronchial angle is smallest
Such measurements are fairly exact for the diameter of the proximal section of the
arch In adules of normal bwild 2nd healthy from the standpoint of circulation, they

Fic. 261 ——Measurement of the diameter of ascendimg orta n the night anterior oblique pos::
tion The wdth of the vascular band (4) at the lex ¢! of the bifurcation of the pulmonary ";.“ryc B
formed by the shadow of the ascending 2orta and the superior vena cava By wirtue of }: cm e
bronchus, the vascular band expenences partial illumination () the left boundary of which, oo
1deal case, comaides with the nght boundary of the aortic shadow , but there 1s no absolute certa
of this happening
cm)) 15 regarded as the

ea coell mnr ahnprmal
1tenor

fowed

vary between 2.5 and 3 0 cmn., the most common value (3.0
S L el el P2 €

and its diameter measured at any optional pownt 1 an aged mdw@unl. o
Conditions for measuring the diameter of the ascendng aorta in the left anters
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* ' —eara favorable than in thc right (Reich); with ths
enead Attempts

. 2) are often

. : ety
disungushed m the sowes 4 e
pulmonm’ arrery (Frik) unless the aotta s dehnitery uuacen y
T - fanron Muoch more xcgulaﬂy this posterior wall can be outhned at a
. -€+he enlmonary artery and neatly ac the
—~t b

Qasees n

Fia 262 —Measuremene of dameser of ascending sorea in the lefr anterior oblique posiunn

1 Anrenor boendary of ascending aorta 3. Trachea
. 4 Righe bronchos
TR heevathe
stands
ot can
be measured. With tus puvecs. rmal
busfd berw een the ages of 20 ta 70 yearsare 25 o U, s v, comi~

mon figure, reptesents the upper himit and 1s exceeded by 3 to § mm only m indi-
wviduals above average size, broad in bwld, and at an older age,
*Masenrerments obtained m (hxs way have the same lmirations as those 1n the
t-mentatiom and confirmation by studymg the
. 3 Rhane
POSIIONS GLE TEGWITCA A3 Wwiss am .
method,
“The Kreuzfuchs machod s based on the fact thas the arch of the aorea after the
tefe subclavian artery deparcts, qear the isthmus, crosses and lies directly on the
esaphagus (Ag. 263). This close anatomic relation 1s easy to recogaize when the

s



364 ROENTGEN DIAGNOSIS OF THL HEART AND GREAT VESSLLS

esophagus 1s filled with barium., At the level of the aortic knob, through apposition ot
the aorric arch, the lefe border of the esophagus is indented and often bends locally
to the nght the “aortic bed” (Kreuzfuchs) (fig. 265). The orthodragraphic distance
from the ourermost poine of the knob to the decpest point of the aortic bed furmishes
a good jdea of the diameter of the aortic arch where 1t crosses the esophagus.

—a—

non The

Fic "263 —Measarement of the ascending aorta in the left antenor oblique pos .

width of the vascular band () at the level of the bifurcation 15 determtned exclusively b

ascending zorta

Naturally this prevals only when this section of the arch runs in the dxrcctxo; :70(
the ray, that is, sagteally, only then does the projection of the aorta correspon °
its carcular cross section and 1s the measurement related to the diameter af.the :mmc
tumen. This presumption is actually fulfilled 1n adulr»‘undcr norm.aI c"ondmonsésl:ﬁd
only the proximal pretracheal pare of the arch, the *'frontal section (?. {‘agl -
Kreuzfuchs), passes obliquely through the thorax, the distal section of the aort,
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coming under consideration here, assumes almost exactly a ventrodorsal course and
consequently 15 called the “sagittal section” of the arch (fig. 26%)

Tt 15 dufferent when the sorta 15 elongated and displaced upward by elevation of
the diaphragm Then, the distal section of the arch has an oblique rather than a
sagiteal course. Measurementes obtamed with sagittal projection m these cases do rot

Fic 264 Fic 265
Fig 264 —Transverse section through the thorax at the level of the aortic arch (fféh thoracic
vertebra) according to Pernkopf The aoruc arch opencd from above One recognizes the
provimal oblique scction of the sortic arch and the distal sagutal segment as well as the close
positional relatson of the latter to the csophagus

1V azygos s Aorta descendens
2 Esophagus 6 Aortic arch opened from above

3 Trachea 7 Ascending aorta
4 V anonyma dext

Fic 265 —Measurement of the diameter of the aortc arch by Kreuzfuchs' method

represent the diameter of the aorta (fig 266a) because the point farthest to the left
15 not idenucal with the point on the left zornc border opposite to the site of eso-
phageal crossing, rather 1t corresponds to a pomnt more or less dorsad and laterad
from that site Sagttal projectron 1n these cases yields values which are distorted to
different degrees depending upon the obliquity and the length of the secrion beyond
the site of crossing.

Werss and Lauda drew attention to a source of error 1n the Kreuzfuchs method
which carnies weight because the resultant vanable 1s inconstant according to the
degree of aortic obhquity Moreover, increased obliquity of the aorta 1s extremely
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common. All clongations and dilatations of the thoracic aorta or clevations of the
diaphragm can scparatc the himbs of the aortic loop laterally and produce greater
obliquity of its arch. Also, young children and some adults, owing to special spatial
condutions, have a relatively more oblique aorta than most adults (Kreuzfuchs).
Morcover scoliosis, convex to the left (H. Rosler) and shrinking processes in the
night lung and pleura (Kreuzfuchs) often make the arch more obhique,

Thus greater obliquity of the distal section is recogrized by the absence of the
aoruc knob since a knob results only 1f the distal section of the arch runs practically
i the path of the central ray. With upward pressure as well as with elongation and
dilatation of the aorra, one sces 10 the posteroanterior position, in place of a knob, the

Y

Fic 266.—Corrected Kreuzfuchs measurcment Elongation of the aorta makes it impossible
d | (4) 1n 3 manner free from objec-

to perform Kreuzfuchs’ witl P
tion since the part of the aortic arch which the esophagus erosses, proceeds obliguely to the direction
of the ray Only with slight rotauon toward the right antertor oblique position (8) does the aorti¢
knob appear On the appearance of the darh aoruc knob one realizes that the part of the sorta
crossing the esophagus proceeds in the path of the central ray  Only then 1s the measurement frec
from objection

more or less exposed arch passing into the left convex curve nto the descending
aorta which descends paravertebrally on the left.

In these cases the absence of the 2ortic knob makes the Krcuzfuchs measurement
impossible 1n the posteroanterior posttion This becomes possible, however. if one
rotates the patient to the left to bring the distal secrton of the arch into the path of the
ray (fig 266b) (Flesschner, Zdansky). One recogmzes this position by the appearance
of a distinct aorue knob.

In the Kreuzfuchs measurement the patient swallows a mouthful of barum and
orthodiagraphically the systolic distance 15 determined from the outermost point on
the aortic knob to the deepest pomnt of the aortic bed, The esophagus should bc_as
full of barium as possible and the paste should not be too thin, otherwise excessive
values are obtained When the aortic knob 1s disunct in the anterior view, measure-
ment can be made with posteroantertor position When the knob is absent mc‘:h(';
position ow1ng to obliquity of the distal aortic arch, the patient must be rotat
the lefc unail the knob appears This point should not be exceeded

Kreuzfuchs’ measure 15 made from the mediastinal pleura covering the aoruc
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arch to the lomen of the esophagus. To ascertam the reaf value one would have to
subtrac, from this figare, v ice the mural thickness of the aorta and the thickness of
the esophageal wall, the medastinal pleura, the subpleural connective tissue, and the
connective tssue separating the aorta and esophagus. The thickness of all these
tssues with the esophagus filled scarcely exceeds 3 mm. so that iz has been proposed
o subtract 2 to 3 mm. from the value obrained. Ve use the uncorrected distance
since the errar created by mcluding the tissues menttoned is rather constant and
selatvely small, Under special condwons, however, the tonal ro be deducred from
the measured distance may be much greater Often this can be convimetngly demon-
strated when ortic atheromatosss 33 present, the sickle-shaped or aircular calerum
shadow may he as far as 2 mm. wathin the outer boundary of the aoruc knob, this
must be ascribed to thickesung of the 2omic wall In some panents decompensated
and edematous by virtue of circulatory disease, stukmg differences for aortic dram-
cter are secured with changes 1 the amount of edema. It seems hikely thac the

pp and disapy e of edema p the med: 1 and subpleural
connective ussue plays a role. The Kreuzfuchs method as weli 2s alt methods for
measuring aoroe dameter suffer from these sources of error

In general, the error created by icleding these extraneous ussues may be dis-
regarded for practical purposes

When correctly performed, Krewzfuchs method has the advantage shat ss
sources of ecror and the possibility of making mistahes are much less than with alf
other methods devised for thus purpose. Moreover, the measurement can be made 1n
aff but a fow cases. Among these exceptions are- space-oceupying medastinal proc-
esses m which the rebanon of the 20ma to the esophagus 1s skered or cannot be
desertuned, processes in the lungs o pleura snvolving thickenwg o retracuion which
pull the 2orta away from the h or preciude d of the aorne knob
aganst the Jeft hung field, pure mueral festons and some cardiac anomahes with 2
high, clongated and dilated pulmonary arery which thrusts the prowmal zorue
arch upnard sa that the dista! secuon of the acch disappears behind the pulmonary
artery (Zdansky).

These hmitations also evist with all ather methods advocated for determining the
ameter or arcumference of the aoruc arch. Since she others are techmeally more
difficult and, to some extent, introduce new sources of ¢rror, they do not, in our
opuuan, offer 20y advamage over the ariguat methad of Keeuzfuchs. They walt
receive onty brief menton

De Abren and Kreuzfuchs 25 well as Lian and Marchal recommended measuning
the distance from the clear tracheal band to the outermost pont of the aoruc knob
mstead of from the bacium filled esophagus De Abreu and Lins also attempted 2
geomeinie reconstruction of the sortic diamerer, they drew twor optional sectors of
the aortic knob and dropped nudperpendiculars from them, the distance from the
poine where these perpendiculars wtersected to the surface of the knob was measered
and considered the radius of the sortic cross-section  Fraally, Kreuzfuchs deters-
wmined the sortic diameter by covenng the hnob wath 2 transpasent circle of known
diameter, the arcle exactly covening the knob has the same diameter as the aorta

At most, the Kreuzfachs me chod measures the diameser 32 the ssthmus which, as the parrowest
past of the thorseie aorea, some belin 218 not 2 stzadaed for the valiber ofthe rese of the vessel Thas
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objection seemed vahid since measurements made on the aortas of cadavers failed to show any con-

stane relation between the width of the ascending aorta and of the 1sthmus (Resch) {n contrast to

this undentable fact stands the consrancy of Kreuzfuchs measurement 1n thousands of cases 2nd its

relation to measurements of the ascending aorta This relanonship would be complerely incompre-
bl

hensible if the 1sthmus displayed the same unpred of its during life
as tn the cadaver The contradicuion betw con anatomie and roentgenologic measurements presum-
ably depends upon a diffe n at the isthmus and 1n neghboring parts

of the aorta and suggests 2n inconstancy of therr relations which 1s absent during hfe

Undoubtedly very constant dimensional relations exist between the cross-section

of the 1sthmus and the rest of the thoracic 2orta during hfe This fact 1s reflected m
the remarkable regulanity of “aortic width difference” (Lenk), that 1s, the differ-
ence betw cen the roc logic di of the ding 2orta and the Kreuzfuchs
measure. According to Lenk this difference amounts to only 5 to 10 mm. and n our
experience to 3 to 7 mm, Only through this constant relation does the Kreuzfuchs
value obtain 1ts full significance and permit one to esumate the diameter of the
ascending aorta on the basis of the Kreuzfuchs method when the size of this seetton
of the vessel cannot be determined cxactly. If, for example, examination in the left
anterior oblique position reveals that the thoracic aorra 1s equally wide throughout,
the Kreuzfuchs method provides reliable information on the absolute width, that 1s,
how much aortic dilatarion may be present, An aorta which seems dilated by upward
pressure can be shown to be completely normal while one scemingly normal 1n
width, under some circumstances, can be recogmized as dilated.

By adhering to the techmc described and by excluding cases m which the
Kreuzfuchs measurement 15 technically unrelsable or impossible, values between 2 1]
and 2.5 cm arc obtained 1n healthy adults of 20 to 50 ycars At firs, this breadth of
vaniation may seem extraordmanly large, Actually, 1t 1s astontshingly small beciuse
an overwhelming majority of all normal adults have a standard value, so to speak, of
25 cm which also represents the upper imit Values of 2.7 to 2.8 em may occd-
stonally st1ll be regarded as normal only 1n individuals above average in size avnd of
pow erful build while they indicate aortic dilatation in subjects of average size Values
below 2.5 cm. are relanvely common m individuals somewhat below average siz¢
and of delicate build and occasionally are found even i obese subjects, espectally in
women, In them a delicate vascular system corresponds to body bunld and thercfore
the figure by 1tself should not be considered abnormal. Strikingly low values are
often seen m asthenic individuals and, i young people who are growing rapdly
(p. 372), these must be nterpreted differently

We lack personal expertence on a large serics of aortic dameters m children
In those from 10 to 16, our values were berween 1 6and 2 0 cm Kreuzfuchs reported
as normal values for children § years, 10 mm ; 9 to 10 years, 13 mm, 12 years,
14 mm., 14 to 15 years, 15 to 16 mm .

From the end of the growth period until about the age of 50, the aorta temclOUSAl)
maintamns its diameter 1n the opimon of Zdanshy This holds providing atheromatosis,
syphilis or hypertension does not Jead to dilatation For adults of normal size, o
normal build, and completely norrmal from the standpomt of carculation, the diameter
of the aortic arch, as already mentioncd, 15 2.5 cm with only shght deviations abt;:t‘
or below this figure; these varations scarcely cxceed 2 mm :I'hlx dogs not deny t h’-::

the average drameter of the aorta continuously mereases with age (Suter) but ¢
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may be ascribed to artenal hypertensson, atheromatosis, or syphilie sorutis which
ratse the aserage value

At advanced ages, perhaps after the sixth decennium, vatues of 2.7 to 3.0 em,
reflect age derenoration of the gorta and the frequent physiologic merease of blood
pressure, by themselves they should not be regarded as patholomc,

In this connection studses of the cadaver aorta are of micrese Suter showed that che average
crecumfcrence of the cadaver aora mereased continually waith advancing age bur that screrching
tests on stnps of aosta made ie probable that this sncrease was merely 2 postmortem pheaomenon
and that, on the cortrary, soctic circumierence i vivo could be quuire independent of age The
dehicate youthful aorta coshd be serctched more by 2 Ioad than an old thick-walled one By the same
saken, 2t w23 probable that youchful sorras contracted more deerdedly post morrem than older ones
A all events anc must eonsider that post mortem contraction (Gerlach, Hvhintzhags, MacWillam
Reuterwalf) may alter aortic circumberence to 2 varying exient according 1o 375 3nAOMUC SCatUs
and the time 2t which the necropsy s pecformed Consequemly, findings 10 cadavers can be trans-
fesred only wich cagtian and wah certam lmtavions 5o the sisuation w vive The great constancy
of the & ., 2% 4 X fiv, seems 1o support Suter’s opmon

TI1. The Density of the Aortic Shadow

The density of the zoruc shadow depends uponr 1) the plane of projection, 2} the
wideh of the vessel, and 3) ity anstomuc condsson It 1s easy to understand that the
aortic shadow 18 denser when the vessel proceeds m the direction of the fays than
when 1t courses transversely or obliguely ro thems It 15 also obvious that the duameter
of the bood column i the sortic Jumen determines the density of the shadow In
contrast, the thickness of the wall 1s less smportant, The deposiion of calcium salts
m the wall naturally results i a denser shadow. Visible clumps of mural ealoyfica-
vons are rceogmzed as dense streaks which are implanted m the aornic shadow about
1to 3 mm within s outer border (figs 269 and 275)

1t 15 nor only calcnum in the form of large deposits or connected placques which
mtensifies the sorue shadow, micrescopic mural calefication can ncrease the
densuey of the sorta providing the amount 35 sufficent

The vissble smpression of the density of the sorta, mareover, depends not only
upon the trensicy of us shadow but also upon the contrast with the surrounding
ussue Ab ) d or d hed s y of the latter can reduce the
contrast, m the first instance, the aorta 13 effaced by the clanty of ats viernsty and
the second the nssues i the environment have approximately the same denaity as
the aorza

On the other side the loss of mediastinal far and connective ussuc in senthey and
cachexia seems to improve the contrast since less secondary radition occurs in the
substance-poor ates 2round the 201t than under normal conditons This might ex-
plan the remarhably good defimtion of the aorta 1 semile, cmacrared dividuals.

Otherwise the denwiey of the aoruc shadow has hinmueed duagnoste significance
because of the Jach of an objective measure for its evaluation As a rule of thumb the
aortic knob should not be darker than the cardiac shadow of normal size, increased
density of the aortic shadow may be assumed when the vessel can be followed
through the clear tracheal band in the left anterror obhique posiion
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IV. Aortic Pulsations

In discussimg pulsations of the mediastnal shadow, those of the aorta were also
mentioned. Tt was noted that aortic pulsations may be consdered essentially an
expression of rhythmic vaniations of intra-aortic pressure. Actually, the size of the
excursions varies with blood pressure amplitude. This 1s most striking in aoruc
valve regurgitation where brisk, lateral systolic and slow er, median diastolic pulsa-
tions are observed as the roemgenalogic correlate of pulsus celer. Reversely, aortic
pulsations are often scarcely perceptible with a small blood pressure amplicude of the
rapid and poorly filled heart

Nevertheless, there is no strict parallelism betw een blood pressure amplitude and
the s1ze of visible aortic pulsations, since the latter are decidedly influenced by the
anatomic status of the aorea, its tonus, and sts rthychmic shift of postion,

Reduced distensibality of the aorta from sclerosis or syphlinie scars reduces 1s
pulsations (Ferzer) so that even a heightened pulse pressure amplitude from aornc
valve regurgitation occasionally no longer provokes visible pulsations. With a com-
pensated pure sortic insufficiency the absence of visible pulsations can be legitmately
considered a probable sign of severe anatomic alterations of the aorta To be sure,
pow erful pulsations do nor preclude severe mural changes since the aorta may remain
sufficiently pliable when adequately preserved and distenstble zones survive berw cen
severely damaged sections,

Moreover, carly aortic mjurics are even the occasion for augemented pulsations
which may be aseribed to lessened solidity of the wall. Hubert and Fetzer observed
such pulsations of the ascending 2orta i the 1nitial stage of aortic lues and Erdélyrin
early atheromatosts.

The sigmificance of tomc orientation of the muscular elements m the aortc & all
has found too httle consideration 1 respect to aortic pulsations. Tonus essentally
influences the average width of the aortic lumen (p 371) and its ability 1o expand
with mcrease of systolic pressure (Zdansky). As the tonus of the muscle fibers
decreases. the aorta progressively distends w1ith a systolic rise of blood pressure, % 1th
higher tonus, distension 1s less. As a matter of fact, often where 2 r?ducxnon of
vascular tonus might be expected on good grounds, pulsations are strikingly large.
This happens, for example, 1n aortic valve msufficrency, in infectious diseases and in
severe thyrotovicosts The remarkably small pulsations n some panents, 1n maay
with nephnus for ple, 15 p bly ¢ d with mereased tonus of the
muscle Tome mfluences on vascular muscle fiber certamnly affect the abthey oftl}c
aorta to dilate systolically and precludes 2 definte mference about the anatomic
starus of the vessel wall from the size of wisible pulsations

Finally rocnrgenologic pulsations are mfluenced by rhythmie shift of the aom}
(Dretlen, Bickenbach, Zdanshy and Ellinger). These are produced i the region ©
the ascending aorta by rhythmic changes m filling and in the posmion of the left
ventricle and 1n the region of the arch and descending aorta from the systolic impact
of blood ejected from the heart (Weltz). The systohic shuft of the arci} can be c:!s}f)'
recognized by filing the csophagus with barwum and by kymographic rchsmnm:

(Zdansky and Ellinger). Systolic shift of the arch s alleged to have much grc:\!e'
significance on the occurrence of pulsations of the aoruc knob than pulsatory
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changes i zortic width (Weltz), normally, the katter are said to be scarcely per-
ceptible. Our roentgenologse studies do not substantiate this statement (Zdanshy
and Elhnger), rather pulsations of the apmc knob are composed of measurable
changes 1 the wdth and position of the arch.

Apart from pulse pressure amphrede, the cctent of systobic shift and streeching of
the gortic aech depends upon the grade of luminal curvarure, the amount of dislodge-
sment, the scarus of the wall, and the wudth of the Jumen. Increased aortic cursarure
from dapt 1 p ws displacement and augments pulsatory
posstional changes (Weliz) Fration by medmstnal scars may cestrier this shft

Sclerotic nigdity of the wall favors pulsatory shuft of the zorra (Vaquez and
Bordet, Dictlen) and the movement may be erky (Lrdéiy)

V. Dynamic Didatation of the Aorta

Aparr from wts anatomuc status the width of the aortic lumen 1s derermuned by
several fanctional factors among which are 1) the amoune of bleod ejected nro the
aorta, 2) the height of mtra-aoruc blood pressure, 33 elastony of the 2012, and 43
the tonus of 13 muscle fibers.

The two factors mentioned first tend to dilave and the last two to narrow the
vesse] The diameter of the tube mcreases with the strohe volume and the blood
pressure The clasucy and muscular vonus, on one side, oppose dilatavion and, on
the other, guarantee adapration of the Jumen to dwmmished Slling or falling blood
pressure These facts find further discussion on page 372 The resistance nhich the
aarea, functionally and anatorucally normal, opposes to internal pressure 1s grear
so that dilatatson from mereasing pressure 15 only shphe Nevertheless, 1t mav en-
targe the zorta defimeely (Whnte, Sheldon, Bayley, Porks, Zdanshy) (see table 6}
bue this disappears when pressure falls. Tschilow and Chnistoff cbserved woruc
drameter 1o merease ¢ mm. duting 2 paroysmal nise of pressure from 140 ro 220
mm. Hg

Tune 6.
Blood pressurc Aorue diamerer
wm Hg Kreuzfuchs merhad
N R Sobacute nephritis 4 22/1936 175795 3 2em
5,19/1936 110/70 2 7om.
RE Acute nephans 37611933 170418 17 om
5/16/1938 155760 2 acom*

* Afker weighe loss of abour 7 Kg

Homever, the ratio berw een the height of the blood pressise and the wsdth of the
aorta 33 7ot fixed snee the taver depends wpon the changing anatomte stawus of the
ressel and, pumarly, on the varsable tonus of sts muscle Muscular tonus seems to
be 2 very effectve opponent to soruc overdistenuon Ies reduction may cause ab-
nosmal, marked dilatanion even when the blood pressure 1s normal. Thes dynamic
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dilatation, 1 a narrow sense, was hnown prior to roentgenology (Osler, Sahlr,
Fleckseder, Ortner). Irs true frequency was appreciated, however, only when
rocntgenologic measurements were undertahen Thus, it is not rare 1n thyrotovicosss,
vascular necuroses, tabes dorsalis, and infectious discases, especaally those with
endocarditis (Bayley, Purks, Allbutt, Zdansky), and 1t is occasionally seen in
Addison's discase (Zdanshy). When regulation of blood pressure is distorbed
(Scheflong, Stmsow cr), dynamic aortic dilatation scems to be common (Zdansky)

Whether m individual cases vascular tonus 1s reduced by tovic or reflex factors
or, as in rheumnatic fever at times, by inflammarory aortins (Chrari) are questions
s hich concem clinicians and phystologists.

Sometimes dynamic dilatation first appears when exammation 1s conducted 1n
the honzontal posttion with optimal condinions for filling the heart and aorta, al-
though the aorta 15 normal in width in the upright patient (Zdansky).

The minal sccrion of the ascending aorea s affected very often and to a special
degree. This happens particularly 1n aortie stenosis (Volhard) and less often in
aoruc regurgitation and hypertension even when there 15 no reason for suspecting
reduced vascular tonus This dynanc dilatation 1s produced by the impace of blood
ejected with grear force (Volhard); when marked, the roentgenogram suggests
syphilitic aortius or fusiform ancurysm of the ascending aorta Under these circum-
stances the discovery of an aorta of normal width at necropsy may be surpnising

With prolonged abnormal pressure and conditions of flow, the orniginal functional
dilatation tends to be replaced by anatomically fixed dilatauon.

VI. The Hypoplastic Aorta (Aorta Angusta)

In chrucal licerature the congenital narrow aorta always played a great role as 2
predisposing factor in various disturbances and diseases. This conception was
ortginally taken over from pathology (v. Rokmtansky, Virchow), since it was based
upon direct measurements of the aorta 1n cadavers, it scemed to be firmly established
Soon, however, cimicrans as well as pachologrsts doubred shether these measure-
ments could be transferred to the situation prevatlng in hfe without further con
sideratton (Suter, Kaufmann, Jaffé and Stemberg, Holzmann, and others) Tt was
correctly realized that postmortem contraction could greatly alter vessel w 1dth and,
even if this were not the case, no positive conclusion on aortic width i Lfe could be
obtamned since the height of blood pressure acuvely distending the vessel wis un
hnown. Actually, stretching the cadaver aorta indrcates that these vessels possess
differing distensibihity, and preciscly the artery which is delicate and thin at death
was much more distensible during life than a wider and thicker one. These facts
show that the real width of the aorta cannot be determined 1n cadavers bue only \\;
living subjects and by roentgenology It also became evident that true hypoplasia o
the gorta was much less common than many had assumed on the basis of pathologic,

i i s
clinical, and even some 1 reports. The incid of aorta angusta se:i'n
o be d even logically since many measurcments neglected 3
basic pi ption- as a rule the s were not made on recumbent patients

but on erect ones. Consequently, true aortic width was often underesumated because
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the aortic lumen narrows just as the heart becomes more or less smaller owing to
orthostatic decrease m filling I indwviduals of normal build and enurely free from
arculatory disease this narrow g 1s just as trifling as the reduction of cardiac size
In thin, tall subjects and especially 1n ptotic, asthenic individuals, however, de-
creased cardiac filling and considerable aortic narrowing as well may erroneously
suggest aortic hypoplasia since the complaints of the patient seem directly referable
to st. Kreuzfuchs’ measurement repeated m the horrzontal position, however, shows
1 the vast majonity of mstances that as the volume of the well-filled heart now -
creases, the aortic diameter also becomes greater (fig. 45a) and attams, or at least
approximates, standard size (Zdansky), 1 other words, hypoplasia of the aorta
vanishes Reduction of the diameter of orthostatic ongin can amount to 3 to 4 mm

Fic 267 —Hypoplastic, short sorta Cor pendulam Astherie subject }22}yearsTold *Diamerer
of aortic arch by Kreuzfichs’ method while standing and lying = 18 em

“These facts indicate that one can assume the presence of aorta angusta only when
the diameter 15 also measured in the recumbent patient by the Kreuzfuchs method
{Zdansky)

The stipulation of limits below which one 1s justified 1 assuming narrowing of
the aorta naturally remamns rather arbitrary, obwviously this also holds for the
anatomic limts of aortic circumference (Beneke and others)

‘We assume that the aorta 1s hypoplastic when the Kreuzfuchs value1s 2 2 em or
less 1 an adult of average size 1n the horizontal position and when no other reason
(peripheral vasomotor weakness, oligemia, valvular stenosis, pericardial effusion,
acute cardiac failure) explains the narrow ing

In small indivadvals of dehicare bumld, especially women, values of 2.2 em and
even 20 cm do not jusufy the diagnosis of aorta angusta These people, by no
means, necessarily have a degenerative-hypoplasuc constitution, perhaps their
cardiovascular systems, delicately developed, correspond to their shighter physiques.

Low values are very common m children and usually represent a transient
retardation of zortic growth Repeatedly we observed how the aorta of such n-
dinduals ateained normal dimensions m the course of years The ranty of narrow
aorra 1n adules certamnly should not be ascribed to the fact that youngsters with
slender aortas are premature victims to the develop of vascular d;




374 ROENTGEN DIAGNOSIS OI' THL HEART AND GREAT VESSELS

rather aortic growth is transiently retarded and finally the vessel atrains nomal
dimensions.

Morcover, n true hypoplasia, the aorta is often toa shore as well as too narrow.
This is expressed by striking brevity of the vascular band (Moritz); then the summit
of the aorta 1s too far from the left clavicle (fig. 267) although the cardiac shadow is
located relatively high. Despite cardiac elevation the central tendon of the diaphragm
15 fixed so that it descends sharply on all sides and the domes are flattened In other
cases the clevated heart loses some of sts support on the central tendon and is
pendulous

Sometimes a nacrow 2orta results from unequal division of the truncus. This type
1s assocrated with an abnormally wide pulmonary artery whose are protrudes into
the cardiac waist (Laubry, Routier and Heim de B.}ISJC)

VII. Diffuse Dilatation of the Thoracic Aorta

Diffuse aortic dilatation 1s always assoctated with some clongation of the vessel
so that the ascending scction bulges to the right anteriorly, the descending more to
the left posteriorly, the summir 1s higher while the arch proceeds more obhquely
than 1n the normal aorta.

The ascending aorta, bulging markedly to the night and forward, shifts over the
superior vena cava and can overlap it so thoroughly that n the anterior view (fig
268a) the aorta forms the ennre nght border of the vascular band Fimally, the
powerful convex curve of the ascending aorta can project farther 1nto the lung field
than the night cardiac border Then, the latter usually seems shortened at the cost of
the upper arc which nses abnormally low from the cardiac shadow. Normally the
upper and lower nght ares of the mediastinal shadow are equal in length but now the
upper arc 1s longer than the lower Above the ascending 2orta, the pale shadow of
the nght mnominate vein, concave to the fight, appears and 1r can be followed to
the clavicle 3

The clevation of the aortic crown permits the arch to appear on the left and its
upper border may reach and occasionally even pass beyond the clavicle, The aortic
knob 15 absent m most cases since the distal arch nio longer has a sagirtal course but
runs rather obliquely. Instead of the knob, the distal arch passes into the descending
aorta which protrudes to the left so thar 1t proceeds somewhat paravertebrally on
the left. Conseguently, 1t 15 more exposed 1n the cardiac waist and runs convexly to
the left; usually 1t can be follow ed mn the cardiac shadow and often to the dmphr:agm

As a rule, the heart 15 transverse since aortic elongation 1s jnvanably assoctated
with dilatation, a lever effect rotates the heart around 1ts sagiteal 2%s (G. Schwarz)
This transverse position causes greater projection of the left ventricular arc creating
the mmpression of an aormc heart (p. 97). The angle of cardrac inclination is dis-
unctly reduced.

“The cardiac shadow may be normal or enlarged. Normal size of the heart “":“,
out signs of Jeft ventnicular hypertrophy but with zortic dilatanion speshs strofr_lséd\

1n favor of aortic lues. Only when it appears i an individual above the age of 60,
may pure atheromatosts be responsible.
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T smost patients wich 2ortic dilatatson, how ever, the cardiac s}}adow 15 somew hat
enlarged. Tt shows an sortic configuration and signs of left ventricular hypcrt'rop!\y
and dstatatton, The alteranton of the heate, as a rule, 18 the resulr of hypertension ot
2bPUE rEgUIgATIon.

¢ 4

Fa 268 —~Diffuse difatation snd elongation of zorta Female, 50 years old, wah hypetteasion.
The foop of the thoracic xarta bulges 10 massive ares to the rght anteriorly and the lef posterorly.
“The esophagus fotlows the proumal part of the desconding aorta and bends wath st to the lef
posteniorly. In the arch, mural caloification was evdent ¢a) Antenior view, (8 lfe znterior
oblique view, (¢} Tight antertor oblique view, (43 left Jacers] view

“The left 2ntenior oblique position (fg. 268bY reveals a very charactenistic picture
of the dilated aorta The zortic loop passes through the thorax m 2 wide are. The
amenor border of the ascending zora orignares definitely lower from the cardiac
shadow and bulges convexly toward the right Jang field The distal pact of the acch
and descendmg aorea s projected inko the vertebral shadow or, surpassing it, curves
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1nta the left lang ficdd While the normal aortic loop 1 this position is shaped hhe a
horse shoe, with diffuse dilatation, the aorta forms nearly a scctor of 2 circle of
broad oval [f conditions arc otherwise favorable, the ourer as well as the inger edge
of the dense, markedly expanded aortic shadow can be recognized pracrically
throughout and often 15 demonstrable within the clear traches] band facilranng
measurement at any optiona) place.

In the nght anterior oblique position (fig. 268¢) with a rotation of about 60
degrees, the transiion of the widencd vascular band mte the aoruc arch 1s uswally
distsnct, the latter bends into the descending aorta theough the clear trachea The
antenior boundary of the descending aorta shows more definite contrast within the
retrocardiac field m deep inspiration owing to its great density and the Jeft-concave
curve 15 more marked than normal.

—

Fic 269 —Displacement of esophagus by 2 diffusely dilired and elongited aorta, At the level
of the aortic arch, the esophagus bends fo the right Below. 1t follows somewhat rhe lower border
of the arch and then i the retrocardsac section proceeds along the night botder of the descending
aorta and only just above rthe diaphragm it bends over the antenor wall of the descending sorta to
the lefe of the hiatus oesophageus.

The alterations of the esophagus from dilatation of the aorta are noreword}Y-
The dentation which the barsum filled esophagus experiences from contact with
the aortic arch 1s deepencd ot the esophagus 15 displaced to form a large arc direct
to the night-posteriorly Very frequently the esophagus follows the aorta .for some
distance below the lower himit of the arch so that it lies to the left of the midhne; in
this way the csophagus may show a diverdiculum-like distension (Fle{schncr) m the
absence of adhesions, this 15 supporred by the same observation in sortic atheromato~
sis (figs. 2682 and 269). Fusther on, the esophagys bulging 1o the Jeft, often follow ;
the descending aorta to which 1t may cling (Flesschner) and bend somewhat :Mwa
(figs. 268d). Behind the heart (perhaps at the level of D 110 D 10) 1 often s a“shQ
bayonet-lihe kimk to the left and forward (Oppler and Sielmann) to chang;.m t :
oppostte side over the antenior wall of the dilated aorta (fig. 2702 and b). Ind lsh\‘ :z)
the advance may go so far that above the dlaph}‘agm 1t must ben:.l u? the ngl tl 0
reach the hiarus t (v Falkenh Fleischner). This disg nt 2l
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does not support the diagnosis of luette zortitis as v, Falkenhausen beheved, forirss
found in aottic atheromatosss as well, The displacement 15 promoted by cardiae
enlargement, partseutlarly of the lefe ventnicle when the esophagus ss thrust between
the heart and the dilated aosra and s forced to deviate (Zdansky). Sometmes the

-
a b
Fre 270—Conrse of the esophagus with 2 diffuse ddaration and clongatton of the aorta
Hypertennive pattent, 50 years old (z) Antemor view, (B) nght antenor oblique view At
first the esophagns follows the descending sorra which tmiges ro the left posteriorly 318 thes in the

retrocardiac division bends o the left zatenorly (atrow) to cross over the anterior wall of the
descending sorta on 1es left border

Fig. 271 —~Alkernatng displacement of retrocaedrag sectm of the esophagus ta lefe zad vght
form a diffusely dilated 20r1a and hypertrophy and dilation of the loft venencle Male, 47 yoats
old, with mahignant pepbrosclerosss

esophagus 15 campressed at this place, slowing or 2conlly delaying the passage of
bariam, occassonally this may even lead to dysphagea (Himeregger) Ac other ames
the esophagus escapes compression when 1t runs on the nght side of the desconding
avrta {fig 269) In this way st may lic to the tight of the smdline and must approach
the hiatus by an 2lmost 90 degree kink to the left. Once we observed these forms
alternate ducing an exanunation (fig. 271), this indicates thar adherence of the aorta
to the esophagus 15 not responsible. On the contrary, extensive mobibiy of the
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esophagus within the loose mediastimal connective tssuc is a prerequisite for such
displacement.

“These remarks should pomnt out that diffuse sortic dilatation provides 2 well
defined picture The extent of difaravion frequently can be measured directly m
obhique pasitions especally when the vessel 1s abnormally opaque ow mg to marked
dilaration or mural calcificaion. 1f, however, these situations do not prevail,
Kreuzfuchs’ method gives reliable mformanon on aorue diameter. This measure-
ment 1s unconditionally indicated when the diaphragm is elevared, for upward dis-
placement of the aortc loop produces a picture which cannot be distinguished from
diffuse dilatation without exact measurements (p. 357).

No defimite dectsion about the cause (atheromatosis or syphilis) can be reached
on the basis of the roentgen picture, This holds particularly when the cardrac shadow
1s somewhat enlarged owing to left ventricular hypertrophy and dilatation. Definite
aortic dilatation 1n young and middle aged individuals should arouse the suspicion of
lues. On the other hand, 5f the cardiac shadow 1s normal and signs of Jeft ventricular
hypertrophy and dilatation are absent, the probability of aortic syphilis 1s great 1f the
patient has not reached the sixth decade; athcromarosis produces noteworthy aortic
dilatation only ar more advanced ages when arterial hypertension or aoruc regurgita-
10N COCXIST.

Calcium deposits, frequently visible as dots or linear shadows, ndicate atheso-
matosis which commonly complicates syphilinic aortitis, These calcarcous shadows
often lie 2 to 3 mm inside the outer border of the aortic shadow (Figs 269 and 275}

penmitting one to d rate derable thick of the atheromnatous aorta.
At uimes in the left anterior oblique posttion, on films the deposits of calciumare
nterrupted at the orifices of the great brachiocephalic vessels but occ Ily they

also pass into the mouths of these vessels (fig. 275)

VIIL Elongation of the Thoracic Aorta

An aorta, diffusely clongated but of normal width or not cssentially dilated
1s found cspecnally n ather uncomplicated by existng or previous
hypertension,

This elongation does not alter the vascular band 1n a striking manner 1f—as very
often happens precisely in atheromatosts withour hypertenston—empliysema of
general ptosis lowers the diaphragm Then, the elongated aorra has pl:nfy of room 11
the long thorax, The length and shmness of the vascular band alone is noticeable

If the diaphragm stands m a normal posinon or when the elongation exce_cds
certamn limits, the aortic summit nises and the loop expeiences typical \nking
The first kink 18 located in the middle of the ascending aorra and forms a blunt angle
open to the left posteniorly, the sccond 15 located w here the arch passes into the
descending aorta; the third, in the descending aorta, consists of an outward retro-
cardiac bend, directed to the left posterioly (H. Rosler and White). Often all three
angles are visible even in the anterior view. .

In the antertor view (fig 272a) the right border of the vascular band is clongated
at the cost of the right atrial arc and projects as 2 rounded angle into the lung field
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c

Fic. 272 —Elongation of 2orta (1) Antetior view, (£) left aaterior oblique view, (¢) righ
anterior oblique view The arrows mndicate the three typical kinks of the clongated aorta 1n the
region of the ascending aorta, at the transiion of the arch 1nto the descending 2ortz, and 1n the
texeocardiac part of the descending aorta

:

Fia 273 —“Low nght position of aorta ™ (s) Antentos view, (5) nght anterior oblique view

The aortre knob 1s high and protrudes markedly to the left (Ferzer), often it appears
very dense even 1n the absence of aoruic dilatation Frequently, the descending aorra
bends convexly to the left even before entering the cardiac shadow, that 15, 1n the
regon of the cardiac wasst, or 15 demonstrable as 2 double contour, curved con-
vexly to the left, within the cardiac shadow Someumes the elongated descending
aorta crosses the midline so that 1ts right border appears as a convex shadow on the
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nght within or projecting beyond the heare (fig. 273a and b, The esophagus can be
displaced in a diffcrent way (fig 274).

The hinks of the clongated aorea are surveyed best 1n the left anterior obligue
position (fig. 272b). The first turns the vascular band as 1t emerges from the cardiac
shadow toward the anterior chest wall, the second turns the distal section of the
arch acutely m the vertebral shadow or even into the left lung field, the third makes
the distal descending portion bulge convexly to the Jeft within the vertcbral shadow.
Rarely, when the descending aorta crosses the midline to the nighe its shadow pro-
trudes out of the spine into the cardiac shadow just below the bifurcation, then, its
dark anteror boundary occasionally curves convexly to the nghe of the spine and
within the cardiac shadow.

Fie, 274 —Marked elonganion of dilated thoracic aorta with the descending 20rta passing to the
right Male, 65 years old, with hypertension (205/115 mm, Hg) and latent lues The esophugus
crosses the anterior wall of the descending aorra ac a place where this passes beyond the spne l:{’
the night and 10 this way ateains the lefe side of the descending aorta. Then, st descnbes a secon
arc to the right, ventrad from the descending aorta, to bend foward the hiatus just above the
diaphragm

In the nght antenior oblique posttion (fig. 272¢) the vascular band rises vertically
and usually concavely to the left and then bends to the right inco the aortic arch
The descending 2orta—more or less in an S-shape—is often visible in the retro
cardtac field. If the descending aorta crosses the midhine taward the right, its oval
cross section may be seen 1n the retrocardiac space. In these cases the bartum-filled
esophagus draws over the anterior wall of the descending aorta to bend forward fora
short distance (Pape)

The three kinks of the aorta are not always equally prominent, often one of xhﬁ(
other 15 merely suggested In general, the amount of angulation 1s less marked 1'
there 1s dilatation of the aorra. A gready dilated aorta usually shows nearly equa
rounding m its course despite constderable cocusting elongation fihi

In the presence of three typical kinks, 1t 1s hughly probable thar all parts of ¢ f
yessel are equally elongated and that the entirc aorta is equally wide. Then, Kreuln
fuchs’ measurement with proper rotation to the left also gives relable snformatiol

concerning the diametcr (p. 366).
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IX. Sclerosis of the Aorta and Its Main Branches

Sclerosis without hypertension enfarges the roentgenologic diameter of the
aorta msigmificantly. Mural thichening as such cannor be distinguished from shght
dilatation of the lumen 2and mncreases the rocntgenolome measure but shghtly.
Flongation of the vessel stands 10 the foreground, The resultant roentgenologic
alterations were described 1n the preceding scction. Very frequently caleification of
the wall (Kohler) 1s evident 1 sickle-shaped ar cureular densittes 1n the arch More

Fic 275 —Lues and atheromatosis of aorta Female, §5 years ofd, with luetic 30rtic valve
insufficiency Difference of blood peessure 1 the arms (night, 100/45 mm. Hg, left, 65/0 mm
Hg) No pulse palpable i lefi carond anery The extensive calcificatson of the sorra conunues
to the departure of the brachiocephalic vessels (intersecnion of arrows) Pulsus celer was not
prescat in the 30rta awing fo the severe mural damage of the vessel (feft antenot oblique view)

extensive cafcificauon may be seen m the oblique posion as bnear shadows or
scattered chumps Somettmes the orifices of the great brachiocephalic vessels are
affected (fig. 275). Widespread calesfication tends to occur when atheromatosis 1s
combined wich syphilitic sotatis Artenoscleroue ancurysms of the thoracic aorta
are rather rare (Ruffin, Castlernan, and Winte), their symptomatology 1s dentical
with thac of a syphihitic aneurysm

The density of the sottie shadow ts not defimicely changed by scleross per se
(Baronowa), nevertheless small diffuse wtimal caleram deposiss may make the
aorta somew hat denser For the most part, hawever, opacity of the sclerouc aorra
seems pgreater owing to the sharper contrast agamst the surrounding structures
(p 369)

The 2oruc knob may move markedly to the Jefs, upward and forward The
movement may amount to 1 cmt. if the head 15 lifted duning deglution in sclerosis
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(Erdélys). This is explained as follows: During swallowing the rigid tube rises with
the trachea and the left main bronchus more than a normal vessel which tends
merely to flacten. An increased systolic shift of the entire aorue arch, dirccted
cranrad, may be secn in aortic sclerosts (Vaquez and Bordet, Dictlen). Ths shife
may be jerky (Erdélyr); it may also be observed in carly luctic aortitis (Hubert).

Sclerouic elongation of the aorta influences the cardiac shadow only in so far as
the heart may be nlted and assume a transverse position, This causes greater
prominence of the left cardiac border, now aortic configuration is more or less
conspicuous (p. 207) since the marked protrusion of the aortic knob accentuates the

Fie. 277
Fic. 276 —A lerfi of the abd 1 aorta and splenic artery (The arrows
pomt to the calaified splenic artery )
Fic 277 ~Ath lafi of the abd I zorta (arrows) Left lateral view.

deeperung of the cardiac waist. Left heare hypertrophy and dilaranon are absent

in pure aortic sclerosis. .
Dilatation of the aorta, as already noted, 1s farrly marked only \vh?n arterial

hypertension coexists; this 1s a frequent combination Usually all parts widen about

equally and ordinarily the expansion 1s diffuse; more rarely the sninal portion of the
- LR T [ L0l s arncence O

uy

' B . , re-

quently induces aortic sclerosis, however, one must count on ies presence. N
It 1s 1mpossible to distnguish atheromatous from syphilicic dilatation of t :
aorta especially when left ventnicular hypertrophy is absent. ]|:| hypertension :r]l
aortic reg jon, aortic ather 1s usually combined with dilacation Olnty
severe aortic dilatation or even moderate dilatation 1n the absence of signs of left
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ventricular hypertrophy suggeses the possible presence of syphilitic aortitis. While
predomi dilacation of the ding aorta speaks in favor of syphils, 1t also
occurs in atheromatasts; n face the latter sometimes may provoke fusiform aneurys-
rmal drlatation. Sometimes the zoruc valves become insnfficient so that pulsauons
Itke those of pulsus celer appear in the aorta. Apparently the atheromatosis can also
cause aortic regurgitation

Atk of the abd ! aora is frequently detected by irs mural
calaficacion Ifextenstie it may be vistble even on films with posteroanterior projec-
t1on (fig. 276) bue this 15 not commen  Much more often it 15 noted on films obtained
im the lateral posttion (Assmann) as two parallel, continuous, or interrvpred, dense
Yinear shadows in front of the vertebral column (R Ledoux-Lebard, Calderon, and
G. Ledoux-Lebard, Feldman) (fig 277) Atheromatosis of the abdominal aorta

Fic 278 —Ancurysm of splemc artery (case of § Haffner, Acta Rachol 17 602, 1936)

provokes ancurysmal widenmg far more often than in the thoracie section (Reffin,
Castleman, and Whte). The symptomatology is discussed on page 369

Calcrfication of large pelvic vessels 1s commonly noted 1n scout films of ths
region

More unusual are calcifi of the large ic arzeties (Grashey) and of
the splenic actery (Assmann and Israelshe). WE have repeatedly observed a calaified
splenuc artery 1n old mndividuals, The double d, tortuous linear shadows at

the level of the first lumbar vertebra extend towaed the lefe upper abdominal quad-
Tant in a very charactenstic way and can hardly be confused with anything else (fig.
276). One young man also had generalzed osteitis fibrosa (Assmann).

The roentgenogram of calcified aneurysm of the splemc artery has been de-
senibed repeatedly (Lindboe, Haffner, Tixier, Baumgarmer and Gardreaux, Natvig,
Zdansky) (fig. 278) Large aneurysms arc rather rare but nevertheless of great
tmportance since they may cause fatal hemorrhage, Often they are asymptomatic
although occasionally they are palpable as 2 pulsating tumor with a systolic thrill.
Occasionally vague colicky pain is felt in the left upper abdomen. In some cases the
solitary, walnut-sized shadow with a dense, at tmes discontimuous shell 1s located at
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(Erdélyr). This is explained as follows: During swallowing the rigid tube rises with
the trachea and the left main bronchus more than a normal vessel which tends
merely to flatten. An increased systolic shift of the entire zortic arch, directed
cramad, may be scen in aortic sclerosis (Vaguez and Border, Dictlen), This shift
may be jerky (Erdélyi); 1t may also be observed in carly luetic aortitis (Huberr).

Sclerotic clongation of the aorta mfluences the cardiac shadow only in so far as
the heart may be tilted and assume a transverse pos:}lon. This causes greater
prommence of the left cardiac border, now aortic configuration 15 more or less
conspicuous (p. 207) since the marked protrusion of the aortic knob accentuates the

Fe 277
Fio 276 —Ath 1 of the abdommal aorta and splenic artery (Thearrons
point to the calcified splemic artery.)
Fic 277.—Ath ! of the abdominal 2orta (arrous) Left lateral view.

deepening of the cardiac waist. Lefc heart hypertrophy and dilatation are absent
in pure aortic sclerosis. .
Dilatation of the aorta, as already noted, 1s fairly marked only \vhs-n arterial
hypertension coexists; this is a frequent combimation Usually all parts w u:lcn abo}:n
equally and ordmanly the expansion is diffuse; more rarely the mitial portion of t ?
ascending aorta is most affected, Dilatation alone does not establish the pn:-sencc o
sclerosis because even a decidedly dilated aorta of an old hypertensive patient may
be free from sclerosis (Dormanns and Emminger). Since arterial hypertension fre-
quently induces aortic sclerosis, how ever, one must count on its presence. N
It is i ible to d ish ath from syphilitic dilatation of the

aorta especxlally when left ventricular hypertrophy 1s absent In hyperrension and

aortic regurgitation, aortic is is usually combined with dilatation Olrﬂ;'
severe aoruc dilatation or even moderate dilatation in the absence of signs of left
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sentricular hypertrophy suggeses the possible presenice of syphilitic soruns. While
predominane dilatation of the ascending sorta speaks in favor of syplulis, «t also
occurs in atheromatosis, i fact the latter someumes may provoke fusiform aneurys-
mal dibaranion. Sometimes dhe sorue valves become nsufficient so thar pulsatons
like those of pulsus celer appear m the aorta. Appatemly the atheromatosis can also
cause aortic regurgitation.

Ath of the abd 1 zorta 15 frequemly detected by sts musal
aalesficaon. §f extemsine st may be visible even on Blms with postercantersor projee-
tion (fig 276) but this is not common. Much more ofien it 15 noted on flms obtaned
10 the Jareral posion {Assmann) as rwo parallel, continvous, or sntesrupred, dense
fincar shadows in front of the vertebral column (R, Ledoux-Lebard, Calderon, and
G. Ledoux-Lebard, Feldman) (fig. 277). Atheromatosis of the abdemmal sorta

Fl, 278 ~ Ancurysm of splenre rtery fcase of J Haffner, Acsa Radial. 17 602, 1936y

provokes ancurysmal widenmg far more often than in the thoracic section (Raffin,
Castloman, and White). The symptomatology s discussed on page 369,

Calaficatson of farge pelvic vessels 18 commonly noted in scour Slms of this
regron

Mbore unusual are cal of the large ic arrenes (Grashey) and of
the spleruc artery {Assmann sod Israckshi) We have sepeatedly observed a ealcified
splenue artery i old indwviduals. The double §, sortuous Iincar shadows ar
the level of the first lumbar vertebra extend towaed the left upper abdominal quad-
rant m a very characsenistic way and can hardly be confused with anything else (fig.
276} One young man also had gencralized ostettis fibrosa {Assmann).

The roencgenogram of calcified aneurysm of dhe splenic artery has been de-
scribed repeatedly (Landboe, Haffner, Tixier, Baumgarmer and Gandreaux, Nawvig,
Zdansky) (ﬁ‘g( 27B). Large aneurysms are rather race bue nevertheless of great
wmporrance since they may cause fatal hemorehage. Qften they are asymptomatic
althnugh occasionally they are palpable as 2 pulsating tumor with a systotic thill,
Ceeassonally vague colichy pain is felt in the lefy upper abdomen. In some cases the
solitary, walnur-sized shadow with a dense, at times disconununus shell is Jocared at
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the level of the first lumbar vertebra Distinction from a calcificd ancurysm of the
left renal artery (sec below) 15 possible only by pyelography.

Strilar shadows occur m the equally uncommon caleified splenic cyst These
cavernous structures, often interpreted as cystic lymphangioma (Lubarsch), can
attain considerable size. One was as large as an apple (Gatersleben). The oval
shadow was located just below the left diaphragm; 1t had a dense interrupted shell
suggesting an cchinococcus cyst. The lateral location, just beneath the left dia-
phragm, usually differentiates 1t from an aneurysm of the splenic artery. In respect
to this position, one case reported as splenic artery ancurysm (G. Fuchs) may rather

Fig 279.—Ancurysm of renal artery The ancurysm projects into the uppet half of the renal
pelvis and compresses 1t a2 htle {case of G Rench, Acta Radiol 7 306, 1926)

have been a splenic cyst. A splenic cyst confirmed by operation was described by
Zdansky

Key and Akerlund and Renck and Kment described the rocntgenogram of
calcified aneurysm of the renal arrery (fig. 279), The oval or arcular shadow, the
size of a hazel or walnut, had the density of calcium. Its outer boundary 1s more
sharply defined than the mner. Occastonally the circular shadow 15 briefly imter-
rupted where the artery connects with the ancurysm In pyelograms the ring 15
located outside the renal pelvis and usually above the renal pedicle. This permuts 2
definite disuncrion from a renal stone Gall stones are easily distinguished from éﬂ;_
ancurysm of the right renal artery by a film obtained with simstrodexeral pﬂssagc;:
the ray (Sgalitzer); gall stones are projected 1n front, renal artery aneurysm in the

vertebral column )
Renal artery aneurysm is rather rarc and probably most of them are atheroma:
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tous. However, one in a child, 8 years old, may have been caused by a myconc
injury of the vessel wall,

By compressing the outflow of the renal pelvis, the aneurysm may cause urinary
stasis, cohcky pain, and hemorrhage, rupture has been reported. In other cases
aneurysm of the renal artery represents an asymptomaric mcidental finding.

X. Syphilitic Aortitis

Although the begmmng of syphiliuic imjury of the aorta ts not detectable by
x-ray and even severe alterations may be missed, roentgenologic exammation has
great diagnostic value because often it first reveals the existence of 2 silent diffuse
aortic dilatation or aneurysm

-

Fic 280 —Angular bend of the ascending aorta i aortic syphilis, the consequence of 1solated
dilatation of ascending aorta Male, 53 years old, wich general paresis Diameter of ascending
aorta = 3 5 cm Diameter of the arch = 2 3 cm

Nerther diffuse or circumscribed aornic dilatation proves the presence of syphilis
Duffuse dilatation 1s rather common m atheromatosts with hypertession ar aortic
valve disease as well as mn older people If, however, left heart hypertrophy 1s
absent and if the mdividual 15 under SO years old, zornc dilatation, even if only
amounting to 5 mm, 1s probably due to syphilis The probability grows with the
extent of the dilatation and the youth of the patient

Of much greater weight for the presence of syphilis 1s circumsertbed dilatation
of the ascending aorta In the anterior view (fig 280) there 1s elongation, greater
mud-right distance, and usually a blunt angular rounding of the right border of the
vascular band (Essler and Kreuzfuchs) As a rule the left anterior oblique posstion
makes these signs more distinct Measurement reveals an increased diameter of the
ascending aotta while the diameter of the arch may be normal or shghtly increased
The “breadth difference” (Lenk) 15 also mereased above the normal of 3 to 7 mm

Isolated dilatation of the ascending 2orta 15 not specific for lues since it also
occurs 1n other condittons Thus, 1t 15 not uncommon in hypertension, especially in
older pavients, in aornc valve stenosis or regurgitation, i coarctation, that is, 1
situations d with dynamsc dil of the ds

aorts. Only when
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these conditions are absent, may one consider a circumscribed dilatation of the
ascending aorta as probably due to syphulis. On the other hand, the presence of left
heart hypertrophy does not speak against syphilis since the latter frequently causes
aoruc regurgitation or hypertension.

Atheromatous calcification of the aorta in relatively young individuals is always
suspicious of syphilis because aortic Jues is often complicated by early att

Increased pulsations of the ascending aorta (Hubert and Fetzer) do not seem to
us characteristic of luetic aortitis.

XI. Aortic Aneurysm

While 15olated dilatation of the ascending aorta tends to make the diagrosts of
lues probable, the demonstration of a saccular or fusiform ancurysm almost ensures
1t because mycoti¢, traumatic, congenital, and eroston aneurysms comprise only
about 10 per cent of all aneurysms of the thoracic aorra. However, the frequency of
syphshitic ancurysms has sharply decreased 1n the last two decades while nonluenic
aneurysms undoubtedly hase become more common. In twenty-five years Zdansky
encountered only two traumatic ancurysms of the descending aorta and saw only 2
few nstances of mycotic ancurysm of the ascending aorta

The mcidence of aortic aneurysms gradually decreases penipherally f.rom the
ascending pornion of the aorta Often two or more aneurysms ate found behind each
other and they may merge directly Frequently daughter ancurysms rest on the
Jarger sac

According to their shape, one can distngwsh fusiform or even spherical and
saccular aneurysms, In the first the aoruc lumen expands symmetrically, the fast1s 2
protrusion whose broad or narrow base 1s located at one side of the lumen and occa-
sionally the mamn stream and sac are connected only by a small onfice Daughter
aneurysms are saccular and develop from rupture or special weakness of part of the
wall Finally, dissecting ancurysm should be mentioned; through a parnal rupture,
the outer layers are undermined by blood entering under pressurc to produce
creviee which may extend along the aorta for a long distance. A

The roentgen findings of an aortic ancurysm are determined by 1ts size, location,
shape, and the sratus of its wall The course of the aorta makes 1t inevitable, how-
ever, for very sumilr shadow s to be formed by diverse pathologic lesions developng
i organs and ussues of the anterior and posterior medsastinum or thest adjoining
areas. Tumors of the lymph nodes and of the thymus, retrosternal goiter, tumors d
the sympathetc chamn, of mediastinal connective tissue, the pleura, perlcardlumi
lungs, the thoracic bones, teratoma and dermoids, mediastinal and pefm"'d“‘f
encapsulated effusions, tumors, diverticula and dilatation of the c;ophagus, abSC'eSS ?n
the spine and ancurysms of the pulmonary artery must be taken into consideration :-d
differcntial diagnosis. Saccular ancurysms m particular and, at times, pedunculat
and mushroom-like ancurysms may closely resemble a tumor.

Kienbock and Lenk made important contributions to the recognition and differ-

enual diagnosis of a0rtic aneurysm; at present s possible to distnguish an m‘“}']
rysm from any of the lesions mentioned above For this purposc careful fluoroscop
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in different planes with contrast filling of the esophagus and films in defimte posttions
after preliminary search are necessary. Sometimes, however, only angiocardiography
or aortography permit a posiuve diagnosis (Dotter and Stemnberg). Kymographic
of the pul as 2 duffe 1 diagnostic measure does not contribute
much to the diagnosis because aneurysms lined or filled with hard thrombotic masses
do not pulsate and even tumors occasionally (p. 242) have or seem to display intrinsic
pulsations {p. 391) Naturally angtocardiography may not reveal an aneurysm if 1t 1s
filled with a clot so that the result 15 decisive only when the dubious structure 1s
filled by the contrast material (Stemberg, Grishman and Sussman)
It 15 essential to ascertan the precise location of the questionable shadow and
particulacly to determine 1ts relation to the aorta Usually this can be done by

Fic 281 —Right sided retrostemal goter with displacement of trachea and arch of sorta to
lefe Female, 72 years old The displacement and compression of the trachea begins even in the
cervical portion. The diameter of the aorra, displaced to the left, 15 normal, this 1s sigmfican an
the differentiation of a gotter shadow from the shadow of an ancurysm of the innominate artery
Compate the great simlarity to figure 292

fluoroscopy while the patient 1s rotated (Holzknecht) Then, one readily sees
whether an aneurysm 1s actually present and the part of the aora mvolved. If there
SLtalah T . s

other pard 4w en o Ll es - e
rysm f

w + v wo measured,
Among a large number of luetic aneurysms scarcely one had an aorta of normal
width (Ktenbock and Thoma), at least the neighboring parts of the lumen were
somewhat dilated Small fusiform or saccular luetic aneurysms as well as the rare
mycotic, traumatic and eroston aneurysms and some saceular aneurysms of the
smus of Valsalva are exceptions to this rule. A luetic aneurysm 1s smprobable 1f the
diameter of the ascending aorta or of the asch 13 notmal (iig 281) On the other
hand, moderate aortic dilatation does not prove an aneurysm 1s present since dilata-

r an aneu-
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tion may accidentally coexist with some other mediastinal process. The age of the
pavent and the chmcal mamifestations should also be considercd. If the patient 15
under 50 years of age and 1f the left ventricle 1s not hypertrophied, aortic dilatatton
speaks for aortitis and makes 1t probable thar the dubious shadow 1s an aneurysm
when other roentgen signs are compatible with this diagnosis.

The cardtac shadow need not suffer any change m size or shape owing to the
ancurysm, Sometimes a sma)l medtan heare (fig. 293) hangs hike an appendage 10 2
massive aneurysm (Groedel). Only ancurysms just above the valves tend to produce
cardiac en!! and an aortic ¢ 10n because they are often accompanted
by aoruc regurgitanon. In other words, signs of aornc valve regurgitation favor the
diagnosts of aneurysm mn doubtful cascs. This holds even when the questionable
shadow 1s located far above the cardrac shadow or in the posterior mediastinum since
the concurrence of an aortic regurgitation with a tumor or some other space-
occupying medistnal structure 1s less probable than a coextsting aneurysm. In some
cases comnadental hypertension or a myocardial lesion makes the cardrac shadow
large,

The shape of the otherwise normal heart can be altered by displacement Aneu-
rysms of the ascending portion m particular as well as Jarge ones of the arch can
uilt the heart to produce a transverse position and cause greater bulging of the left
border and aoruc configuration.

In the differentation from other mediastinal structures, the character of the
questionable shadow has great importance. Above all, one motes- 1) shape ?nd
edges, 2) density and inner structure, 3) pulsations, 1f present; 4) growth, §) resist-
ance to radiation in certain cases.

In regard to the shape and cdges, simple arching of the structure out of the
mediastinal shadow 15 found most frequently with ancurysms while rumors and
other space-occupymng processes which protrude, are polycyclic or angular This
rule 1s not completely vahd Retrosternal goiter, tumors of the sympathetrcs, cysts
and teratomas, encapsulated pleural or pericardial effusions, tumors receding from
1rradiation (lymphosarcoma, lymphog 1 ymphoepithel of the thymus)
and other did; for diffe 1al diag may be ovoid, spherical, or bun-
shaped and therefore produce simply arched or bun-shaped shadows like an aneu-
rysm, on the other hand by unequal expansion (figs 287 and 290) or by daughter
aneurysms (fig. 282), an ancurysm can display a polycyclic or nobby shadow. This
also happens when several fusiform or spherical aneurysms are aligned behmd each
other and are projected into each other n different ways.

Usually the barder of an aneucysm is smooth and shows, ar most, small irregu-
laritses and indentations W hich extend toward the lung fields or the antenior chest
wall, they are created by unequally thick cicatrices of the vessel and by adhesions
to the surrounding structures (pleura, lung, chest wall). By mfiltrauon, neoplasms
Iike Iymphoepithehioma of the thymus, carcintoma, and sarcoma, as well as J)’";Ph""
granuloma, can show irregular borders, soft strands or a nerwork of linear shadows
can extend into the lungs All of these processes can, however, have a very sharp
outhine 1n the absence of infiltration, Thus ss the rule mn bemgn and relatvely bemgn
goIters, neurofibroma, fibroma, Iipoma, teratoma, and dermord cysts. —

On the other hand the ancurysm may have a vague, faded outhne when the su
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Fic 282 —Mafuple ancurysms and davghter ancurysms of arch with extensive mural calaifica-
tton. The fist-sized ancurysm of the gortic dome extends to the cupola of the left pleura ()
antenior view, ($) left antenor obhique view, (c) right antetior oblique view

roundmg lung tissue gradually becomes permeated with blood as rupture impends
{Assmann). In our experience the resultant shadow 1s homogeneous and broadly
connected with the ancurysm (fig. 283).

Frequently bronch causes atell and ins in the related
sections of the lungs and ty creates h dense or soft, focal or
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Iincar shadows, at imes they become confluent and cannot be distinguished from
infiltrating new growths, This happens most often in large arch ancurysms which
have narrowed the left upper lobe bronchus (fig. 295).

The density of the ancurysmal shadow depends upon its size and its remoteness
from the screen (Kienbock). The larger the ancurysm js and the nearer to the plane
of projection, the more intense its shadow. Corresponding to its regular shape, in
most cases the ancurysm 1s homogencous or, at most, shows 2 light border 1f, how-
ever, the aneurysm 1s nodular or multiple ancurysms are projected 1nto each other
(figs. 282 and 290), according to the variable thicknesses of the parts penetrated,

Fi6, 283 —Aneurysm of the entice thotacic aorta with compression of the lefi masn bronchus
and perforation of left lower lobe bronchus (necropsy) Perforation of the aneurysm was gssumn‘{
as probable on the basts of nonhomogenous shadows m the base of the left tung Extenstve mucal
calaification of aorta

different densicies develop as with nodular tumors. Obviously a tumor or other
mediastinal process can yield a homogeneous shadow when 1t has a regular shape
Caletfication 1n the walls of many ancurysms produces a lack of homogeneity of
diffcrential diagnostic importance (figs. 282 and 283). These deposits res?l[ from
the acc ying ath is or mural thrombosis. Isolated small calcium de-
posits are often visible only on films whilc extensive calcificarion 1s reachly seen on
the screen. Calcrum shadow s are sually located 1 to 3 mm within the outer border
of the soft tissue ancurysmal shadow and can often be followed for a long distance.
The calcified shell of a retrosternal goiter, on the contrary, often shows nod;ﬂlf{ﬂ
thickening and appendages extending snto the soft nssue shadow. In other tumor;‘l e
structures, 30y calctfications present vsually occur in the interior as m:zgu]ar, oct,
sometimes arranged n clusters, 1 scratoma they may show dcﬁnncy strulc[t\;;c
(teeth)- Dermoid cysts may, however, have an extensive calcium shell (W, I\ll; e s
Ancurysms often have systolic expansile pulsatrons s0 thar thc. shadow crl\) arpe:
:hy!hmlany; these pulsations are excremely importane in diagnosis. Their absence
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1n no way mitigates aganst the diagnosts, for only 50 per cent of aneurysms show
wnerinsic pulsations This might be anticipated since many aneurysms have hard or
melastic walls owing to scars or a thick hning of coagulum There need not be any
pulsation even when the aneurysm has eroded the ribs or sternum to protrude from
the anterior chest wall, this occurs when there 15 no systolic stram on the hard
aneurysmal wall. When the communication between the sac and aorra 15 very
narrow, when the cardiac stroke volume 1s small or the aneurysm 1s so large that
even a normal cardsac stroke volume produces no notew orthy dilatation of the sac,
visible intrinsic pulsations may be absent

Fic 284 —Pulsating tecatoma of the left anterior mediastinum, the size of a child’s head, 1t
had predomunantly a hemangiomatous swucture (necropsy) Male, 30 vears old Systolic
expansile, pulsating, homogenous structure broadly apphied to the anterior chest wall and not
demarcated from the aorta Left duphragmatic paresis The normal width of the aorta permutted
one 10 assume that no aneurysm was present despite the position and pulsation of the mass and sug-
gested a tumor ‘The tumor was removed by Prof Schonbauer Death two years later from local
recurrence

Progressive merease of merinsic pulsations speaks m favor of gradual thinning of
the ancurysmal wall (Dietlen) especially when the sac enlarges, this holds if the
stroke volume has not mcreased from 1mproved cardiac strength or aoruc regurgita-
uion cannot be made responsible

The intunsic pulsations can weaken with progressive thickemng of the aneu-
rysmal wall or by reduction of the stroke volume

Meduastinal strucrures which create shadows like aneurysms, 4s a rule do not
show systolic expansile pulsations but tather pulsations transmitted from the heart
or great vessels Usually a differentiation between transmirted and intninsic pulsa-
tons 15 easy since the latter cause an enlargement umversally m systole while the
former are uswally characterized by 2 systolic shuft of the shadow in question,
Differentiation may, however, be impossible w hen the excursions are very small or
when systolic expansile pulsations are associated with transmutted ones, this 1s
rather common with aneurysms located near a strongly pulsating heart or great
vessel Moreover, 1t 15 not rare for large tumor masses around the aorta, especiallv
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around the arch, to transmit pulsations stmulatng intrinsic pulsations. W have seen
this repeatedly when tumors of the left upper mediastinum surounded the aortic
arch.

Morcover, vascular tumors {some sarcomas and hemangromata) may show
mennsic pulsations since they enlarge systolically owmg to the abundance of blood
vessels. We have observed this 1n metastatic hypemephroma and once 1 a teratoma
predominantly of hemang structure; 1ts lively pulsarions exrended from the
cardiac warst into the left lung field (fig, 284).

Aneurysms gradually enlarge although their growth as a rule 15 too slow for
demonstration except when examinations are repeated over a penod of months or
years. Occasionally they suddenly increase 1n size and naturally this is ommous. In
many cases, however, they remam stattonary for a long time. Since all these possi-
bilities can exist in mediastinal tumors meriung differential diagnostic consideration,
they lack dectsive diagnostie signtficance. Nevertheless rapid grow ch speaks m faver
of malignancy 1n the widest sense of the word

Occasionally the fact that the shadow remains the same after radiation has diag-
nostic Import, an aneurysm can be cxeluded without further consideration if radis-
tion reduces the size of the shadow

The special symptomatology of ancurysms in different locations will now be
discussed. The influence of neighboring structures 1s emph d owng to their m-
portance 1n differential diagnosis

1 Aneurysm of the Snus of Valsalva .

Saccular ancurysms of a sinus of Valsalva arc rare; the right sinus 15 affected
most often and only cxceptionally 1s the left and posterior mvolved (Micks) They
are not always syphilitic but they may develop on an artertosclerotic basts or after
endocarditis. In rare instances they are congenital. Congenyral aneurysms presum-
ably develop at the site of a congennial mural weakness and usually they are associ-
ated with other cardiac anomalies

Only 1solated mstances of sinus aneurysm have been described. After Kienbock
properly mrerpreted a case m vivo as 2 sinus aneurysm, Albreche published the first
case confirmed by necropsy; his second patient did not come to autopsy

Aneurysmal dilatation of the night sinus produces a round shadow projecting 10
the nigh, forward, and upward which rests on the root of the orta on a small base
(Albrech), 1t often shows satonstc pulsations as well as mural caleification. Cor-
responding to 1ts position the sternum and adjoining ribs may be eroded. The shadow
resembles a mushroom, that is, 1t arises from the aorea on a small base. This 1s m-
portant in contrast to the more common aneurysm low o the ascendng zort2 W hich
arises above the sinus to overlap the adjoning section of the aortic root Frequently
these aneurysms also develop to the right and not rarely erede the stermum and r1bs,
very often they are associated with aoruc valve regurgitation. In distincion from
sinus ancurysms they usually have a broad base on the aorta

An aneurysm of the right smus of Valsalva can rupture into the nght venericle
and occasionally 1nto the night atrium (Goehring, v. Hauser). In this way blood can
m the aorea into the right venterele when the sermlunar valves arc closed

mss ﬁn It 1y I [E
Je. The rupture of a congenital sinus aneurysm can occur tn carly lf

during drastol
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but thus event happens only in larer years with an arteniosclerouc or luetic aneerysm.
It may be associated with the sudden appearance of precordial distress and the
1 of a systolic-dhastolic murmur and then dyspnea Cyanosis tends to be
absent. The pulse pressure is usually mcreased owmg to reduction of diastolsc pres-
sure. The heart enlarges moderately since the right ventricle dilates and hyper-
trophtes owng to the influx of blood from the aorta

Anecurysm of the left and posterior smnus of Valsalva 1s even less common and
will usually eseape roentgenologic detection owing to 1ts posttion, apparently 1t has
not been described 1n roentgenologic hiterature An aneurysm of the left smus could
be forced to develop to the left and therefore could displace the pulmonary trunk to
the left in front of 1r. Consequently compression of the pulmonary artery and cardiac
enlargement might follow. Rupture of the aneurysm into the pulmonary artery, an
occasional event, might lead to its dilatation and augmented pulsations (Scotr,
Zdansky). Usmlly the panent dies soon after rupture but if he survives the heart
dilates under the nfluence of the arteriovenous shunt (p 134).

dev

2 Aneurysm of the Ascending Aorta

Practically always aneurysm of the ascending aorta 1s syphilitic In very rare
cases 1t may develop on the basis of a congemtal weakness of the vessel wall,
‘Taussig menuons two cases of this type, both of which were associated with an
atrial septal defect Mycotic aneurysms of the ascending aorta seem to be very
uncommon

‘The roentgen picture of an aneurysm of the ascending aorea differs i accordance
with the position and shape of the circumscribed expansion of the vessel

Aneurysms at the base of the a2orta sometimes extend to the sinus of Valsalva
Roentgenologically, they cannot be posittvely differenttared from sinus aneurysms
so that reserve 15 1n order 1n assuming the presence of a sinus aneurysm in the absence
of necropsy control

Aneurysm of the aortic root can completely evade roentgenologic demonstration,
parucularly of dorsally directed If directed ventrad, aneurysms at the root lie
behuind the pulmonary artery which may be displaced forward, compressed, or
forced to protrude like an aneurysm of the left simus of Valsalva and to simulate
dilatation of the pulmonary artery trunk (Border and Lereboullet, Crawford and
de Veer) This of the of the pul artery may provoke
considerable right ventricular drlatation These cases present a moderate or marked
enlargement of the cardiac shadow, a mutral configuration, a protruding pulmonary
arc, normal or reduced hilar shadows, and normal Tung markings The actual
aneurysm 15 nor visible Nevertheless, consideration of the entire chmcal prcture
often permts the correct diagnosts The absence of left atrtal enlargement and of
accentuated lung markings makes a mutral lesion improbable. The normal vascular
shadows 1n the lungs are agamst cor pulmonale as seen n primary pulmonary
sclerosis, they alsp make a patent ductus Borallh improbable. Clintcal signs of
pulmonary stenosis (loud, rough, systolic murmur over the pulmonic area trans-
mtted to the lungs, cyanosis and dyspnea) 1 conjunction with the absence of any
history suggesung a congenital anomaly raises the question of the possibility of 2
compression stenosis of the pulmonary artery This assumption 1s almost certainly
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true if lues can be proven to exist or aortic valve regurgitation 1s present. T one
case .(Crau ford and de Veer) a saccufar aneurysm of this type impinged on the
ventricular septum damaging the conduction system and causing heart block.
Occastonally an aortic ancurysm ruptures into the pulmonary artery (VWein-
berger, Zdansky); this leads to marked dilatation and massive systoltc-expansile
pulsations of the pulmonary artery and its intrapulmonic branches (fig. 285) One
case of this type was followed for four years (Clerc, Bascourer and Froyer).
Small ancurysms of the middle division of the ascending aorta can completely
clude detection 1f they are directed dorsad, If they emerge from the anterior 2omic

oo -

{f' = 2

7,
Fi 285 Fig 286 ‘
Fic. 285.—~Perfc of a Tvul. ysm of the aorta into the pulmonary astery
(necropsy) Male, 55 years old. Chmcally, sortic valve msufficiency with extreme dyspnea
and cyanosss. R logically, marked of pulmonary arc with large pulsation of

this and of the considerably enlarged hular shadows Necropsy, two perforations, each the size of
2 lentil, leadimg from the aneurysm into the pulmonary artery

Fic 286 —Large, knobby ancurysm of the ascendmg aorra which was fixed ta the anterior
chest wall and had led 10 a paresis of the left draphragm Male, 43 years old

wall, occasionally even anrerior views reveal them as dense nuclear shadows; 1
oblique and lateral views they protrude to project inro the anrerior meduastium.
Large aneurysms 1n this region usmlly produce striking changes m contour in
anterior views since they pass beyond the left (fig. 286), or the nght (fig. 287),
or both cardiovascular borders (fig. 2882 and b). In the first mnstance confusion 1s
possible with a diffuse ancurysmal dilatarion of the pulmonary artery, a (h\'l'c)
mycotic of congeniral aneurysm, or a persistent ductus arteriosus (p 442). With
spherical or fusiform ancurysms, however, the vascular band does not ascend
with parallel borders but widens biconvexly (fig 288b). Only when a saccular
aneurysm 15 directed to the left and forward 1s differentiation from a dilated

rtery difficult, the absence of roentgenologic and clinical signs of a con-

ulmonary 2
13 y dilatation of the

genital anomaly ora mitral lesion narurally permits one to assume
aorta in these cases
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k16 287 —Large saccular ancurysm of the ascending 30rta extending to the antertor chest wall
and eroding the sixth b (arrow) () Anterior view, (8) mght antertor oblique view, (9) Tib
erosion n the lefk anterior ablique view

Frequently an aneurysm of the ascending aorta directed forward erodes the
sternum and nbs, carly this can be detected only by x-ray (fig 287¢) but views at
suitable angles are necessary to demonstrate st

Aneurysms ponting to the right can extend neatly to the diaphragm and may
ovetlap most of the nght cardiac border (fig 289). Usually, howcver, they are
higher and project beyond the cardiodtaphragmatic angle or into the nighe lung field.
Occasionally they extend backward unul they compress the right main bronchus.
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Fro 288 —Double fusiform ancurysm of ascending aorta and arch Male, 69 years old
(@) Anterior view, (b) night antenor oblique view, (Copy of films )

(—E ; 2
’
1

Fic 289 Fic 290
FiG 289.—Large ancurysm of ascending ao0rta and arch. Aortic valve msufficiency- Male,
48 years old

Fic. 290 —Large ancurysm of the ascending aorta aod of the arch with dysphagea from compres-
sion of the esophagus Aormc valve Male, 63 years old, who suffered fr:m
dysphagta for some months At the level of the aortic arch, the esophagus bends to :hc:‘;gﬁt;
below the bifurcation 1t bends to the left and posteriorly. Here, the esophagus was pressed fla
berween the two ancurysms 5o that the lumen was obstructed

1. Ascending 3orta 4 3 Ascending a0rta
2, Arch
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Often the resultant stenosis is announced by myprratory wandering of the medras-
tnum 1o the tight, somenmes W can be demonstrated directly on good fitms m the
right anteniar oblique position Lxtreme stenosis with wadespread atelectasts is ex-
ceptional Fairly often the traches and bifurcavion are displaced to the left. Occa-
stomtly a targe ancurysm of the ding aorta ding backward dispt ot
even compresses the esophagus dorsad and to the Ieft (fig. 290). Rather often wath
farge ancurysms, the nghe leaf of the d 15 parcuc (parad It y
shuft of the elevated night feaf, mspiratory mednastinal wanderng to the left} smce

Fic 29} Fi, 292

Fia 291 ~Predomsnant dilatanion of the ascending aorra i syphifitne aoruts with aoruc valve
regurgmation Male, 63 years old Dumeter of ascending aorta = 4 8 ¢m , diameter of arch =
35 cm Atheromatous calaification of arch, The small righr plenral effusion 15 a common event 1n
excreme widening of the ascending aorta

Fic 292 —Ancurysm of mnomiinate artery {necropsy) Female, 50 years ofd Aortic valve
regurgstauon. Duliness below nght clavicle Homer's sign on nght Pulsanng protrusion on
nght side of neck T the cervical atea the traches and esophagus were displaced to the Jefr and
compressed The sternal end of the nght clavicle was destroyed, a common occurrence wirh
\nnomunate sneurysms The ennrc thoracse aora was considerably dilared and shoued ettensive
murab atheromatous caleificanon {Compate similanity to igute 281 of 2 retsosternal goer )

the nght phremc nenve is damaged by swretching and adhestons as 1 skirts the
aneurysm,

With macked dilatation of the ascending aorta, a persistent nght pleural effusion
frequently fills the costophremc angle, probably as the result of stass 1n the wiby-
nes of the azygos (fig 291) Occasionally, such a hydrothorax vamshes withour
ascertainable reason after persisting for days or years Scasis from compression may
widen the shadow of the superior vena cava m the angle between the aneury sm and
nght clavicle.

The size of the heart 1s not wfluenced by an ancurysm of the upper ascending
aorta 1 the absence of 2ot valve regurgranion. Nevertheless the hearr, often nilted
and transverse from aome elongaion, rests more broadly on the diaphragm and ses
transverse dumeter s enlarged. The aorte arch is displaced to the lefc and up
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(Lenk) so that the knob projects farther than dilatation of the arch, which usually
coexists, would explain,

3. dneurysm of the Innonunate Artery

Luetic ancurysm of the innominate artery is always associated with aortitis and 1s
usually combtned with ancurysmal dilatation of the proximal section of the arch The
convex, circumsenibed shadow (Holzknecht, Assmann, Dietlen, Warficld) reaches
from the night upper mediastinum into the soft nssue shadows of the neck (fig. 292).
At the level of the shadow, the trachea may bend to the left or to the left and back or
may be somewhat narrowed owing to compression. With forced breathing (Valsalva
test) the trachea occasionally balloons indicating a local malacia (Sgaliezer). As a
rule the barium-filled esophagus also show s a curved displacement 1n the lower neck
and upper chest. The esophagus bends to the left at the level of the ancurysm and
consequently turns to the night at the level of the arch, The sccond bend corresponds
to the decpened aortic bed. Measurement of the aortic drameter by Kreuzfuchs’
method usually shows that the arch 15 considerably dilated, a point of major diag-
nostic tmportance. Where the esophagus bends to the left, movements are occasion-
ally transmutted from the systolic expansile pulsations of the aneurysm. The
ancurysm may be hfted by swallowing or coughing to an extent about equal to the
corresponding movements of the aortic knob At times 2 very typical crosion of the
sternal end of the nght clavicle (fig. 292) or of the adjoiming part of the sternum is
observed Morcover, a paralysis of the nght diaphragm may follow injury of the
night phrenic nerve. Sometimes the patient 1s hoarse owing to paralysis of the right
recurrent laryngeal nerve.

An ancurysm of the innominate artery may closely resemble a retrostcrnal goieer
or a glandular tumor or cyst of the nght side of the medrastinum, Some simularity to
a thick Lobus venac azygos has been noted (Warfield). Actually the distinction from
a goiter or other tumor of the night upper mediastinum may be very difficult. Filling
the esophagus with barsum then may be very informaave. The presence of an
S-shaped course of the esophagus just mentioned plus the demonstration of con-
siderable widening of the aorttc arch are valuable signs in favor of ancurysm Gouters
and other tumors displace the esophagus as well as the 2orta to the left or to the
left and dow n without affecting aortic diameter. A normal Kreuzfuchs' measurement
speaks strongly against ancurysm. The pulsations transmitted to the esophagus arc

mportant since they indicate systolic expansile pulsation of the mass. Furthermore,
an innominate artery ancurysm docs not displace the aorta to the left and down M\F a
retrosternal goiter does (Lenk); on the contrary the aortic hnob remains high owing
to marhed dilatation of the arch. This rule has, however, exceptions, Finally an
aneurysm 1s less probable when the movements of the dubious shadow produced by
coughing and swallowing are completely ndependent from corresponding move-
ments of the aortic arch.

4 Aneurysms of the Arch
These ancurysms arc rich in symptoms because the arch 1s in close relation to
many different organs.
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Fusiform aneurysms of the proximal section of the arch usually make the vascular
band club-shaped (fig 293) 1n the anterior view. This form 1s also charactenstic m
the right anterior oblique position In the left anterior oblique view the upper and
lower borders arc distimet if the aneurysm 1s sufficiently large so that 1t 15 easy to
determine the diameter and the length of the dilatation directly.

Fusiform or spherical aneurysms at the vertex of the aorta and of the distal
arch bulge to the left so that a round, large shadow projects mto the left lung field 1n
place of the aoruc knob {fig. 2942 and b) For these aneurysms as well, the left
anterior oblique position 1s parncularly mformative since this posttion permts a
survey of the entire length of the aosta and often allows direct measurement of its

—

Fic 293 —Saccular aneurysm of arch with displacement and stenosis of trachea and lefc
bronchus (necropsy) Male, 56 years old Inspiratory mediastnal wandering to left (arrow) as the
resule of lefe sided bronchtal stenosis Small medran placed heart

diameter The aortc window 15 narsowed from above whereby the lower convex
edge of the pathologic shadow 1s contrasted sharply agamst the small clear band of
the Jeft main bronchus. This bronchus must pass around the lower edge of the
:ncm'ysm to reach the root of the fung, even on fluoroscopy one can see how the
hus, el d and displaced caudad, 1s considerably narrowed (see below)
The anterior view often shows disunctly how the trachea 15 also displaced,
clongated, and compressed In fusiform aneurysms, the displacement 15 to the right
or to the nght and backward if the proximal secuion of the arch 1s nvolved, more
rarely, displacement 15 to the right and forward when a saccular aneurysm moves
betw een the trachea and spine (fig 298) Often the trachea forms the right border of
the vascular shadow (fig 293) Tracheal compression may progress uneil only a cleft
of the clear lumen remams With coughing or pressure (caution’) the lumen may
widen distinerly nd g malacia (Sgalitzer). Mor , the extent of cc i
and the amount of trach lacia 1s rather independent of the size of the ar;eurysm
and the degree of tracheal displacement It scems that n relatively young ndividuals
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the trachea 1s compressed and softened more often while the nigid airway of older
individuals, supported by caletfied rings of carttlage, offers stronger resistance to the
pressure of large ancurysms Small saceular ancurysms shifting bevween the trachea
and spine tend to produce severe stenosts presumably since the membranous posterior
tracheal wall opposes less resistance.

Tracheal displacement by arch ancurysms may closely resemble the dislocation
produced by a retrosternal goiter. Nevertheless a retrosternal gorter rends to displace
even the cervical trachea (Kienbock) since a plug-shaped appendage of the goiter

— —
T T

Fic 294 —Arch ancurysm Male, 42 years old, with lefe-sided paralysis of recurrent laryn-
geal nene () Anterior view, (8) Icft antenor oblique view (The double feathered atrow
wndicates the dome of the arch ancurysm The two simple arrows designate the antetior an
postertor sides of the moderately dilated descending aorta)

often cxtends 1nto the neck, displacement from an arch aneurysm defimtely affects
only the ntrathoracic trachea and tends to cause more circumseribed duslocatson.
The same situation also holds for the esophagus (Kienbock). Stnce dermords are
frequently located 1 the upper thorax, they behave like ancurysms i this respect
Another finding differentiating arch ancurysms from retrosternal tumors 1s the
mobility of the shadow on conghing and swallowing. Under these circumstances the
aneurysm nises no farther than the aoraic arch while tumors may show much greater
excursions. Tumors do not comply with this rule when they arc adherent to the
aorta or chest wall, on the other hand, rarc pedunculated aneurysms may be fixed to
the trachea (Schatzki). ]
The bifurcation 1s displaced to the night and down by large aneurysms and may
rrive near the nighe border of the mediastinum (fig. 293). The left matn bmnchuj
15 most endangered for the aoruc arch passes over it, le makes 2 long detour nm::ll
the nght lower border of the aneurysm to reach the root of the lung and copsbcqﬂu‘; “)i’
uffers considerable elongation and more or less compression, At first thus is betray
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mercly by inspiratory mediastmal wandering to the left, it may, however, Jead to
aclecrasts and pulmonary collapse W compression becomes exteeme Then, apart
from mediastinal wandenng the feft lung ficld 15 clowudy and smaller, the intercostal
spaces narrow, the mediastnum displaced 10 the left, the left daphragm elevated
and s reduced with resp Large arch ancurysms can cause tn-
tense, homogenous darhening of the upper left Jung fieldd Below, this darkenng
tends to cad rather abruptly and convexly It s produced by the aneusysm as wellas
the upper Jobe which 15 ¢ d and atef from the d bronchsal

P

Fig 295 —Anenrysm of the arch with atelectatic tetraction of left uppet tobe owing to stenosts
of the {ef upper bronchus A second ancurysm emerges from she ascending aorta, s left border
ss indiested by 3 ealofied stnp cunved 1o the Yeft convexly, Male, 56 years old

stenosts {fig 295) In these cases differentianion fzom a remor of the left upper
fobe {Lenk), from a large med ) cyst or 2 fib of the patk

may be difficult or impossible S fithng the esoph with barium provides
a diagnosis becanse the 2orne bed ts found normal, this argues agamst the presence
of an ancurysm. With Yarge sneurysms often focal and hinear shadows are found at
the bases of the Jungs, usually nflammanion proveked by retained sceretions 15 re-
sponstble for them

Oceassonally sn arch aneurysm causes stenoss of the left pulmonary arrery
Then, the hlar shadow becomes swall, the feft Jung field hght and rs markings
sparse, the vessels emerging from the hilus look short and small (fig 296}

Ar aneurysm at the vertex of the sorta and of the distal section of the arch
albways forces the esophagus to bend ro the nght, the radiws of the bend correspond-
g ta the wideh of the aneurysm Since the esophagus is compressed, dysphapia may
develop ksophageal displacement 15 nor always purely lateral for 1w may bend
simultancously forward or backward dependmg upon the location of the ancurysm
Soime ancurysms force thete way between the trachea and sprne to press the traches
forward to the night (fg 297) and the csophagus to the nghe, others develop in the
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Fic 296 —Aneurysm of the arch with compression of Jeft pulmonary astery Owing to thus
compression the left fular shadows are small and the vessel shadows of the left lung are spasse,
small, and short, The entire lung field 1s remarkably lighe,

b
P .

Fio 297 —Saceular ancurysm of the arch, aprcot 1n size, which displaeed the trachea 1o the
aaght and forward and compressed it considerably (arrow) The esophigus was displaced cxclu

sively to the right. Mate, 43 years old, with extreme dyspnea and tracheal tug {Ohver-Cardarelh

sign). () Anterior view, (8) lefe anterior oblique view (esophagus partly filled with barnm)
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space betwecn the esophagus and spine and displace the esophagus to the nghe and
forvard {fig. 298): occasionally an arch anieurysm prowrudes between the trachea
and esophagus pressing the trachea forw ard to the right and the esophagus backsward
to the left (Gluch). In al} these cases often the stenosss 1s rather marhed and assoct-
ated with dysphagia

Frequently Jarge arch ancurysms cause lefe duaphragmatic pacesss wueh tes
results ou g to imury of the left phreme nerve

The voice may become hoarse from parslyss of the lefe recurrent taryngest
netve.

Pressure crosion of the spine 1s common (Haemsch) and gives nise to pam and
patalysis (fig. 298}, These crosions are sczrcely demonstrable with figoroscopy bur

Fw. 298 ~Lrosion of some thoracic vertebes by an ancuryym of the arch (arrow) The
barum-filled esophagus doscribes 2 farge are sround the nghs zatenor border of the zaturysn
Ceft Taveral vrewy,

they can always be found on films taken wn proper planes They are easdy mssed
when fifms are obramned only 1 one direction Where the pufsaning aneurysm con-
tacts the surface of the corresponding eitebrs, concave, cireumsenbed, but often
deep, defects swnmate 1 an excasaton, arcade in form, over a large or smal tection
of the spine. The conesve border of the defect m 2 smgle verrebra depends upon the
greatcr which the \: disc and the vpper and lower borders of
the verichrz offer in companison to the lateral walls and antertor walls, The poly-
¢yche barders distnguish pressure erosion from destruction by neoplastic processes

Confusion with rubercufous spondy bt 18 smprobatile

¥ Aveurysin of the Descending Aortx

Ancueysms of the descending sarta display different pictures according to their
site 1 the upper and Jower divsion Those of the proximal half bulge befund the
heart toard the feft long to ble 2 fib of the left sympathene cham

Fuurly often these aneurysms, developing to the xighr, push the esophagus away from
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Aorta descendens

a b
Fia 299 —Saccular aneurysm of the proximal part of the descending aorta with erosion of
vertebra Male, 60 years old, who suffered from dysphagia for seversl months The aneurysm
had des cloped betw een the esophagus and spine and compressed the first and eroded the second
In this way 1t became cvident on the nght in the anterior view. (s) Anterior view, (#) nght
Lateral yiew

Fic 300 —Double fusiform ancurysm of the descending gorta with compression of the esoph-
agus The aneurysm 1s projected sato the heart and 15 percepnible within the cardiac shadow as
two humps. ‘The csophagus 15 displaced to the left and anteriorly and compressed by the aneurysm
5o that obstruction developed Moreover, this panent had a large abdommal ancurysm One also
sees an indencanion of the pars cardiaca of the stomach from the fight by the aneurysm

the spine and compress 1t to cause dysphagia (fig 299) Ancurysms of the distal
retrocardiac descending aorta may be completely hidden by the heart (fig 300)
unless they are sufficiently large to project beyond the left cardiac border (fig. 301a).
The nght border of the ancurysm 1s practically never delincated 1n the posiero-
anterior position since it 1s projected into the thadows of the heare and spime, "fs
Ieft bordet 15 frequently visible as a dense shadow, curved comvexly to the left.
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This shadow may simulate the sepradaph bend of an el d aorta
(p 379) ar 2 cold abseess.

I one case (H Roslet), a large saccular ancurysm developed on the basis of a
“low right poson” (p 379) It projected to the rrght of the esophagus into the
nght bemichorax, the shadow, the size of 2 cluld’s head, appeared to the right
behind the heart The esophagus was displaced forward and to the feft

As a rule aneurysms of the descending aoerz can be sueveyed best i the lefe
anterior oblique postrron (fig 3010} In this position the dorsal aspect of the descend-
g aorea can be followed 25 2 wumple acch wirlun the verrebral shadow (p 46). If

Fio 301 —Funform aneurysm of the desconding 30tta Adrue value reguspitation Male, 52
years o1, with general paresss (s) antenor view, £b) Jeft anterior oblique view The nght
boundzry of the ancucysm 15 not vinble with dorsoventral passage of the ray (dotted hne) The
esophagus passes over the anterior border of the ancurysm to the feft and bonds toward the huacus
oesophagens to the right ust above the diaphragm

the descending aorea has 2 fasiform or spherical ditaration, a corresponding protru-
ston rests on 1 Naturally the rght antensor boundary 15 perceprible only when the
ancarysm s very large since thus edge 1s partly lost i the clear retrocardiac space
and 15 pardy superimposed by the cardmc shadow

Usually the esophagus 15 displaced to the right by ancurysms ef the descending
2orta Oceasionally 1t 15 wedged betw een a retrocardiac anevrysm and the heart so
that abstractian develops Sometimes 1t advances over the antenior wall of the
aneutysm so for to the left that sbove the disphragm i must bend to the nighe to
reach the harus

Dufferentration of 2 rettocardiac anevrysm from 2 cold abscess of the spine 1s
Ofim possible only with fitms of the spine with posteroantenor and lageral views.
Whereas aneurysms often provohe the erossens mentoned on page 403 (fig 299b),
4 cold abscess 15 usually assocrated with sigas of local tabercufosts fn rare cases an
anevrysm of the descending aorta erodes the nibs paravertebrally {Sachs)

Aneurysms of this scction of the aorta can be disunguwshed from the sopra-
dapheagmatic bend of an clongated aorta since the Tatter usually shows elonganion
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Aorta descendens

a b
Fic 299 —Saccular aneurysm of the proximal part of the descending aorta with erosion of
vertebra Male, 60 years old, who suffered from dysphagia for several months The aneurysm
had developed between the esophagus and spine and compressed the first and eroded the second.
In this way 1t became evident on the nght i the antenior view (s) Anterior view, (£) nght
lateral view,

Fic 300 —Double fusiform ancurysm of the desccnding aorta with compression of the esoph=
agus The aneurysm 1s projected into the heart and 1s perceptible within the cardiac shadow as
two humps The esophagus 1s displaced to the lefe and antertorly and compressed by the aneurysm
so that obstruction developed Morcover, this patient had a large abdomnal ancurysm Onealso
sees an indentation of the pars cardiaca of the stomach from the night by the ancurysm.

the spine and compress it to cause dysphagia (fig 299). Ancurysms of the distal
retrocardiac descending aorta may be completely hidden by the heart (fig 300)
unless they ate sufficiently large to project beyond the left cardiac border (fig 3013).
The right border of the ancurysm 1s pracucally never delineated in the postero-
anterior position since 1t is projected into the $hadows of the heare and spine; ;}5
lefc border is frequently visible as a densc shadow, curved convexly to the Jeft.



THE AORTA AND ITS PATIIOLOGIC ALTERATIONS 407

vertebra with its concavity directed tow ard the hemorrhage may appear (Kjellberg).
Sometimes 2n ancurysm of the abdominal aorta extends 1nto the thorax

7. Disseeting Aneurysm

Dissecting aneurysm is a blond-fitled space wathim the aartic wall which developed by ruptuce
of the snncr layers of the vesscl, the entenng blood gradually undermines and separates the outer
layers of the vessel The passage created may dissect around the aorta or merely on one side and
often follows along the vessel for 2 considerable distance Often a Teturn perforation creates a
second junction with the 20rta at the distal end of the space so that the dissecting aneurysm repre-
sents 2 by-pass of the aorta

Dissection usually occurs 1 aortas which have lost their solidity by athcromatosss or luetic
mural damage. In most cases the blood pressure 1s elevated, or exertion preceded the catastrophe
Sometumes, however, no amatorme lesion or hypertension 15 present, then, an abnormnal suscepti-
bility of the aortic wall, 11 dors hetd 1c for the dissection

Most often the dissection begins above the aortic valve Usually 1t proceeds transversely and
consequently dissociates the valves to make them nonocclusive The second common site of imitial
rupture 1s the junction of the arch with the descending aorta

Dissccting aneurysms may be saceular or tubular In the first, a caviev conraiming blond projets
above the surface as a hemispheric or oval mass In the second, a tubular formation accompanies the
real aoruc Jumen for 2 long distance Very frequently the dissection extends from the supravalvular
section of the aorta or arch to the abdominal aorta and even inte the legs

Climically the dissecting aneurysm usually starts dramatically with sudden pam which increases
upt0 2 sense of impendmg dissolation It 1s rare for the sudden pain to be absent (“silent dissecting
aneurysm™). Then, collapse supervenes with pallor, fever, and leukocyrosis Sometmes a diastolic
murmur appears when a supravalvular tear renders the valves incompetent Through distoruon,
thrombosis, or occlusion of the onifices of large vesscls, loss of consciousness, paraplegia, coldness,
and loss of pulse are noted, depending upon the field supplied by the vessel Left pleural effusions
are not unusnal

1n 80 per cent of the cases death occurs i a few days If, however, organization and endothehal
tehning of the wall of the dissection occur, 2 statiomary situation develops and may be called heal-
10 This happens in about 10 per cent of the cases (Wess, Kiney, and Maher)

Thus description suggests that the roentgen findings of dissecting aneurysm duffer
from those of true saccular or cylindrical aneurysm only 1n exceptional instances A
difference m shading 1n the sense that dissecting ancurysm has a pale peripheral zone
1 contrast to the dense aortic lumen cannot be expected, the dissecting aneurysm s
also filled with blood and must have the same density as the sortic shadow self
In one case Holzmann explained the highter peripheral zone noted on the left side of
the vascular band as follows a cross section of the dissecting aneurysm, as an
accessory tube sermarrcular in shape, rested on the left border of the descending
20rta, owing to 1ts smaller diamerer 1t was lighter than that of the main lumen of the
aorta The roentgenograms, how ever, cast doubr upon this interpretation and suggest
that the difference in shadows could have developed from the partial projection of
the ascending and descending aorta with their aneurysmal dilatations nto each
other, The same reservations may be expressed about Canigrant’s case. One panient
of]\ilenb(')ck and Weiss and three others (Kienbock) lack necropsy control. One dis-
secting aneurysm (MWood, Pendergrass, and Ostrum) confirmed by necropsy, had
7o foentgenologic signs which an ordinary aneurysm could not have produced. Even
if this casc and those cited above are accepted, the diagnoss 15 possible only by
tesort to the chnical picture and case history. With them roentgen examination is
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of the ascending aorta and arch as well (p. 379). Furthermore, suitable films will
show whether an clangation or local dilatation of the orta 1 present.

6. Aneurysm of the Abdonnnal Aorea

Aneurysms of the abdominal aorta are much rarer than those of the thoracic
aorta. While the latter are usually luetic, the former are ordinarily arterioscleratic.
Usually they are located where the cocliac or renal artery departs and lie on the
left or, more rarely, on the night side, in front of the low ermost thoracic or upper
Tumbar vertebra They may be fusiform, spherical, or saccular. Larger aneurysms
of the abdonunal aorta, palpable as pulsaung tumors, have a thrll and a systohc
murmur. Frequently they arc accompanied by severe intermittent crises or pain
like that of renal coltc and signs of peritoneal irnitation, The crises are produced by
pressure on the spinal nerves or sympathetic gangla, the latter by traction on Shc
petitoneum, inflammation and retropenitoneal bleedmg Pan resembling angina

bd alis may be dered as vascular and visceral reflex events. Hemi- 'nnd
paraparests may result from erosion of the vertebra with compression of the spinal
cord. Rarely the ancurysm mechamcally compresses the stomach, intestine, or ureter
and provokes functional disturbances in this way

Durect racntgenologic proof of an aneurysm of the abdomimal aorta is obtained
only when a homogeneous mass of shadows, not shifting with respiration, s con-
trasted against the gas-filled bowel, or when 1ts wall 1s calcified, the latter event is
common (Laubry, Farmer, Hollmann, Hartung, Kjellberg, Fuchs). Frcqueml){ an
ancurysm can be visualized directly by the nsufflanon of air into the bowel or into
the stomach (the latter by means of an effervescent powder) or the mduction of
pncemoperitoneum (Botmer, Laubry, Eskuchen, Nemenow, McClure, Farmer);
agamst the clear background of intra- or extraintestnal gases the retropentoneal
shadow of an ancurysm projects toward the pentoncal cavity in strong contrast
when the patient assumes an appropriate positton Naturally echinococeus cysts,
retropenitoneal hematoma and dermoid cysts as well may also produce rouﬂd.of
oval shadows with calcified borders An uncgquivocal systolic expansile pulsation
practically ensures the dragnosts of aneurysm (Laubry).

Ancurysm of the abdominal aorta may displace and compress the stomach and
mrestnes. We have scen the stomach displaced markedly to the left and forward
Compression of the Flex duodenojepunalis (Baird, Lester and Kirklm) and
displacement of the gastromtestmal tract have been described (Kommerell and
Rocmheld). Naturally these d i

! are not path Of much greater
dragnostic stgnificance are erosions of the vertcbra, transverse processes and ribs
(Eskuchen, Brailsford, Farmer, Nemenow, McClure, Hollmann, Baird, Lestc&'
and Kirklin, Kommerell and Roembeld). The twelfth thoracic and the first to thin
Jumbar vertebra are affected most frequently; more rarely the left transverse proc-
esscs of the upper lumbar vertebra are involved, destruction of the last two nbs s
rarest. Films are required to demonstrate destruction of bone. ,
Rupture of the ancurysm into the retropenitoneal space may causca Iossof ouls ;l;;:
of the psoas muscle and kudney sha’dm\ on the corresponding side when }:hclns oes
become permeated with blood (Kjcllberg); likewise a scohosis of the Jum
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sure, normally persist bur undergoes a partial regression and mrerrupion The inter-
suption occurs 1 the region of the nght descending aorue root which establishes
the connection between the fourth nght branchia) cleft artery and the descending
aorra (fig. 303). By this interrupnion, the fourth feft branchial cleft artery assumes
the role of the surviving aortie arch while the nghr atrophics, so to speak, after the
departure of the right innominate artery to the righe subclavian artery.
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Fia, 302 Fre. 103
Fig, 302.~System of the brancheal acch artenies and the pamitive ascending 2nd descending
aomma.

Fi. 303.~(s) Normal development of aorta and 1ts large branches () Positional relation
of normat aoruc arch 1o the trachea 20d esophagus

L. Arcus Aortae Coreumflexus Sosster

Oceastonally the descending aorta proceeds caudad on the night rather than the
left n ¢hus instance the aorve arch after erossing over the esophagus to the night in
an akr}ost bonizontal direction enters the nght hemithorax between the esophagus
and spine, thereupor to become the d ding aorta (Paut, Edwards, Grob, Franke)
(fig 304), Embryologically, this anomaly 1s not completely explained Qceastonally
w15 found with congenital anomalies of the heart and parcularly wieh Fallot's

i ., In the 1 am (Roesler and White, Franke, Thurnher) one
sees on the feft 2 nosmal aortse hiob and on the nghe the descending aorta as a pale,
night-convexly cutved shadow which projects darsad and ta the right of the superior
vena cavz {fig. 304). In the pasternantertor postiton helow the nocmal sortic bed the
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often decistve In some cases (Rosler, Gifford, and Bettes, Hoskm and Gardour) en-
largement of the ancurysmal shadow 1n a few days mdicated 2 dissccting aneurysm
(sec also Campbcll, Jones and Langicy)

The roentgen diagnosis of dissecting aneurysm 1s mare probable when the real
aortic lumen can be recogmzed within the ancurysmal shadow by virtue of caleium
deposts, confusion with caletfied thrombs lining the wall of an ancurysm must be
avoided Roentgenologically demonstrable artenosclerosts may occur 1 the newly
formed canal (Weiss, Kinney, and Maher).

The diagnosis of a dissecting aneurysm can be established by angroc: )
when the condition of the patient permits (Robb, Golden and Weens, Dotter and
Stemnberg). Then, the wall of the aorta appears with a slender highlight between the
lumen filled with opaque material and the equally opaque aneurysmal cavity.
Naturally thrombosis 1n the ancurysm precludes this opacificarion and the srregu-
larly defined opacified Jumen of the vessel within the ancurysm appears as a denser
shadow

Intramural h must be disunguished from dissecting aneurysm In the
former, blood permeates the aortic wall, locally or superficially after an inumal tear.
A roentgenologic distinction from ordinary or dissecting ancurysm, 1f possible,
would be exceptional

In one case (Hormuth) a shadow was found behind a fist-sized nonpulsatng,
purring protrusion to the nght of the sternum, although resting broadly on the
night side of the heart, 1t was sharply defined from the lung Tt was separated from
the heart and aorta in eblique positions by a scam about 1 em 1n width Ths chest
wall hematoma (false aneurysm follow ed perforation of an aneurysm of the ascend-
1ng aorta According to the author, the erroncous assumption of an aneurysm might
have been avoided 1f proper consideration had been given to the absence of nb
eroston which one would expect from an aneurysm of this size at this place.

1

XII. The Congemtal Anomalies of the Aorta

To und d the common anomalies of the aortic arch a few words concerning
the embryology of this structure are necessary X

The primitive aorta bifurcates 1nto two ascending aornc roots from which six
pairs of branchial arch artenies depart dorsally (fig 302) The branchial cle.ft
arteries of cach side join m rwo dorsal descending aortic roots which finally merge it
2 single descendmg aorta The branchial arch artenes are not all simultaneousty
present at any stage of embryomic hfe, some of them become transformed 1n d:ﬂ'ergnt
ways while others vanish more or less completely. The fourth branchial cleft anenis
have special significance, the left 1s destined to form the ultimate aoruc arch wh i
the nght antimere obliterates. Consequently one can regard the fourth bmnchlad
arch arteries as the pnminive aortic arches Through the nght and lefr,~ anterior am
posteriof 20T FOOLS they establish the connecrion between the primitive ascending
and descending aorta and form with them a vascular ring (fig 302) which may be

designated the aortc nng.
’Igfk\us vascular ring, which embraces che trachea and esaphagus,

does not, 10 be
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dysphagia lusoria (p. 418) only by the followng fact- then, not enly the right sub-
clavian artery but the entire zortic arch prior to the departure of the subclavian
artery changes over from the left into the nght half of the thorax.

Bedford and Parkinson and Taunssig and Grob suggest that arcus circumflexus is
a displacement of the aortic arch to the right produccd by a right-sided Iigamentum
arteriosum, 2 subclavian artery ansing behind the esophagus as the last branch of the
aortic arch, or, finally, a rudimentary persistent nght zortic arch (arcus aortze
duplex) (p. 413).

It is concervable that a case of “low nght position of the aorta™ (Roesler and
White, Pape) in which the descending aorta moves from left to nghe first at the
level of or just below the bifurcation, owing to 1ts nature, could not be distinguished
from arcus aortae circomflexus sinister (fig. 273a and b). On this pomnt, however,
there are no reports to indicate whether these patients have 2 night-sided igamentum
arteniosum which might exert traction on the descending aorta. In this anomaly the
distal part of the descending 2orta, bending to the nght, can project beyond the
right border of the heart. At the site where the descending aorta crosses, the esoph-
agus may show a circumscribed forward bend which 1s distinct 1n the night antenor
oblique posiion.

2. Arcus Aortae Duplex

‘Whenthe primitive 2ortte ring 15 not interrupted, both of the fourth branchial arch
artertes form a nght and left aortic arch from which arcus aortae duplex results (fig.
3052) In this anomaly the two aortic arches embrace the trachea and esophagus
(fig 305b) like 2 clamp (in rare cases only the trachea 15 affected while the esoph-
agus 15 located between the vessel nng and the spine), they may constnct these
passages so that disturbances of breathing and swallowing result On the other hand,
arcus gortae duplex may also remain letely asy when comp of
the trachea and esophagus 1s very shght Fach of the two aortic arches give off 2
common carotid and subclavian artery.

In the roentgenogram of this rare anomaly (Grob and Holzmann), corresponding
to the relative narrowness of both arches, bilaterally and at the same height there 15
only a very flat aortic knob. In the esophagus there 15 an indentation from both sides
(fig 305c). Since the two arches usually proceed obliquely rather than symmetrically
ma v dorsal di the md of the h are often more distinct
on the left anterior and the night postenior borders if the ascending aorta 15 located on
the right and the descending 20rta on the left, however, the mdentations on the
esophagus are more distinct on the night anterior and the left posterior borders 1f the
ascending aorta is located on the mght and the descendmg on the left.

It 15 essentially the position of the descending aorta which determines the
oblique course of the clamp-like ortic ring This course of the descending aorta
15 usually most obvious in the oblique positions since, when left sided, 1t can be
dema_rared in the left anterior oblique position and when right sided, in the right
antetior oblique position within the vertebral shadow (p. 420). Likewise, the course
of the banum filled retrocardiac section of the esophagus permits a conclusion about
the position of the descending aorta, when lefi-sided the esophagus tends to bend
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esophagus often shows a circumscribed bend to the left which 1s created by the
apphication of the 1nutial pare of the descending aorta proceeding downward on the
nght. Subsequently, the esophagus moves to the left of the midhine as it proceeds
caudad. In the lefc anterior oblique position, the esophagus makes a marked tum

s
T

1y 4 .
Fi6 303, —(4) Genesis of arcus zortae circumflevus sister with lefe sided lgamentum
arteriosum. (5) PFositional relation of arcus aortae circumflexus swnster to the trachea and
P (c) Course of esoph and of the descending 2orta caudad o
the nght 1n the spmal shadow 1n the right anterior obhque posiion (d) Posteroanteriot pm)c;tl:n
with contrast filling of esophagus (trachea and supenor vena cava ormtred) (¢) Course of the
and proj of the descending aorta ding caudad n the diac field in the

left antertor oblique position

forward as the result of the retroesophageal aoruc arch while m.thc_ nght am;n::
oblique position a somewhat loser, flar turn is created by the imitial part of ¢
descending aorta proceeding obliquely to the right caudad (C?rob). "
The departure of the brachm‘cephnllc brancl:u:s of the aortic arcfx may bchnohﬂ:;’ "
with arcus aortae circumflexus sinister. There is an Interesting variant in W : b
night subclay ian artery deg:\rts as (hs: l:§t !)ran.ch of the aortic arch after croscs;uz;': h
esophagus (Edwards). This variant is distinguished from the more common
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powerful aortic arch embraces the erachea and esophagus hke an arcus soteac CHCUM:
fexus from behind (figs- 307b and 308¢)-

Ouwing to these different cOUrSes, the she formed by the yascular ong M3Y rhe
&ifferent directions 38 is indicated 0 figures 306, 107b, and 3086 and © Aceord-

Qe

Fia 306 —(a) Genesss of arcus 201aC duplex with rudimentary’ development of lefe worue
atch (5) Poswonal relation of both 201HC arches to trachex and csophages () Postera-
snterior projecnan with contrast filhog of csophagus {rachea and sopeniar yena cavs omtted
Rght-sded sndencztion of esophagus by a0THC aech proceeding on the oght (31 Teft-suded oblque
indentation (]) by the rudimensaty lefe zome arch §) Dorsal wdentation T f esoptagus m sght
anterior oblque posiuon by the rudamentacy aoIHE arch The descending 30182 proceeding candad
on the oght s discermble m the shadow of the spine (o) Ventral ndentation of esophagus bY the
Targer sorie arch procecdng ©fF <ho mghe and a dorsal oblique mmpression bY the rudimentary fefe
zormc arch an the lefe antessor obhique position

gy, the constrction which the esophagus and trachea eXpenence from the rng
vary and depend first, on which of thets o arches 55 sTEONZeT and which rudwnentarys
and second, on whether the mote powerfully developed aoruc arch crosses the
rudline as an arcus arcumflexss

1n erther snstance, the Ligaend R arterzosum hes more commeonty on the feft
than on the nght. Tt can Jchmrely contrbure 0 the constnction of the trachea af
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somewhat to the mght and when night sided, somewhat to the left (Zdansky,
Thurnher)

Usually the two aortic arches are not equally developed. Rather, one 1s more o
less narrow (Lockhart, Sprong and Cutler, Swcet and coworkers) (figs. 306a and
308a) or, 1n an extreme case, obltterated to form a solid cord (Arkin, Biedermann),

c

~C
c
c
(o
o

(o

€ d
Fia 305 —(4) Genesss of arcus aortae duplex with both arches developed equally (8) PO(S:)-
tional relation of two almost cqually developed gortsc arches to the trachea and ::snphahgus.s ©
Impression of the ty o aorric arches on the esophagus (d) Forward displacement of the esophagt
the level of the aotnc ring

The more strongly developed arch can proceed over the left (fig- 3083)~ or the f’ﬁ:‘;
(g 306a) bronchus and often hes higher than the rudimentary arch. Right posit

tial relation
r arch 15 more common than of the left. Moreover, their spa
of the stronget arcl i mon than of the left. Moreover, their spate o e

ingly devel-
us from the
. fe, the mote
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{Gross, Swcet, Poth, Ixalta exal). The roentgenclope determination as to % hether
2 redimentary aorgse arch is prosent and the side on which 1818 tocated has, for thes
feasom, specral peactical sigmficance.

As 4 rule the position of the wore powerfully developed aortic arch 1s dispnct
10 the roentgenogram as the sortic hnob, often this 15 located abnormally fugh and
wzy eviend to the fev o of the clasicle. The question abaut the side on which the
descending 20rt2 proceods caudad can usually be decuded m the oblique positons
(figs. Y064 and e and 3074 and €). The rudumentary ortc arch 1s, on the whole, not

®

" <

Fit, 308 (o) Genemis of arcus 20ecae duplex with rudincnrary might aorne 2=t 7
tionat relanion of aome arches to trachca sad to s+~ ..
) Posinonal relanon of the aortic arehes 1@ erach . o

by arcus oircamfiexus smister.

duectly demonstrable or, at mose i appears as a flat balge on the side oppasite 1o
and usually somewhat lower than the aortic knobe In some cases, filkmg the esoph-
agus with barsum gaves refiable mformation about the presence and the cousse of oo
aorme arches (fig, 306) Onthe side of the more stroagly developed aruc arch there
1 a typical indentauon {aoruc bed) of cver 3 cyveumscribed bend of the esophapus
to the opposte side This circumscribed displacement may also be forward when
the arch embraces the csophagus like an arcus arcumflexas, this is mest dystngt 10
the obhque posons (fig. 307). “The rudimentary arch can also producc an ndepta-
tion n the barum-fitked csophagus. While this 1s not always mote shallow, ow g 1o
ts Yower position it is located more of less caudad ta the larges aortic Yed and, cor-
responding to the smaller dameres of the vessels, 15 smatles and 18 directed obliquely
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phagus when the rud y aoruc arch, proceeding to the Ief, is drawn
agamst the pulmonary artery by the inserted ligament (figs. 306c and 307c).

Tnpresson of the siophogur Gt innoreate ey
by the ngh osche arch A I
; 4lt omie oreh

scending porte | ——Lg_actanosy

Pulmanory ertery

< o

d
Fic 307 —(a) Genesis of arcus aorta duplex with arcus arcumflesus and rudimentary lefé
aortic arch  (#) Positional relation of both aortic arches to trachea and esophagus. (¢) Postero-
anterior projection with contrast fitling of esophagus (trachea and supertor vena cava omured).
Indentation of esophagus from night and behund by the aoruc arch proceeding on the night and
drawing to the left behind the esophagus The rudunentary left aortic arch 1s drawn candad and

ding caudad on the

made tense by the b (d) The d aorta p
Teft 15 visible n the nght antertoe oblique posicion 1n front of the spine in the retrocardiac space 25 3
pale shadow. () In the left anterior oblique position 1€ 1% visible 28 a darker shadow within the
shadow of the spine

Duvision of the ligament by operation can immediately dimimish such constriction
(Exalto and coworkers).

The different vanants of arcus aortac duplex may lead to life-cndangering and
faral disturbances of breathing and swallowing, particularly m infants (Snelling
and Erb, Wholman, Gross, Swcet and coworhers, Hol: Grob) and i
operative division of the constricung ring n the region of the rudimentary arch
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{Gross, Sweet, Poth, Exalea ec al), The rocnegenalogie determination as to whether
a rudimentary aortic arch s present and the side on which 1c 15 located has, for this
reason, specsal practical significance.

As a rule the position of the more powerfully developed sortic arch 15 distinct
i the rocnzgenogram as the aortte knob, often this 15 Jocated abnormally high and
may extend 1o the Jevel of the clavicle. The question aboue the side on which the
descending aores proceeds caudad can usually be decided n the oblique posicrons
(figs. 306d and e 2nd 307d and 3. The rudimentary aorvic arch s, on the whole, not

®

13 v

1o 308 ~(d) Gemesss of areus aoreze dupler with rudimentary right gorhic arch (5 Posi-
wonat ectation of aorhic arches to trachea 204 to esophagns with the aorta descendusg, on the Jofe
) Poswonal relarton of the zaztic arches to teachea and. 2eophagus wirh aorta descending on right
by atens eircumBexes sinister

duectly demonstrable or, ac most 1t appears as 2 flar bulge on the side opposite to
and usually somew hat Jow er than the aortic knob- In same cases, fithg the esoph-
3883 wth barum gives rehiable informanion about the presence and the course of 1wo
orac arches (fig 306), On the side of the more strongly developed aorc arch there
15 2 typical tndentatson (aortic bed) or cven 3 crcumiscribed bend of the esophagus
ta the epposite side. This csrcumserbed displacement may also be forward when
the arch embraces the esophagus itke an 2rcus crrcumflexus, this ss mose distinet in
q“" oblique paswions (6g. 307). The radimentary arch can also produce an indenta-
tian in the barium-fifled esophagus. Whale this ss not always more shalow, owing 1o
165 fower pasttion st is Jocated more or less caudad to the larger aortsc bed and, cor-
vesponding o the smalles diamerer of the vessels, 18 sraller and is dtrected obliquely
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owng to the ascending course of the vessel (fig. 306). The constrictions of the
trachea do not differ in principle from those of the csophagus but naturally they
are not as deep nor as easily perceived.

A definite decision on whether the rudimentary aortic arch s actually pervious
or obliterated to a solid cord sometimes can be determmed by kymographic registra-
uon of the pulsanions afrer filling the esophagus wath banum, for this purpose
aortography 15 useful 1f 1t 15 technically possible to enter the ascending aorta.

3 Left Ongn of the Right Subclavian Artery (Dysphagia Lusoria)

An entire series of aortic malformations can occur when the mterruption of the
prmary aortic ring does not develop at the proper place. One of the most common

®
o

b
Fic 309 —(a) Genesis of right subclavian artery ansing on the left with rclrocsophageﬂdl
dwerticulum  (5) Positional relation of the aoruc arch, of the retroesophageal diverticulum, 3n
of the right subclavian artery to the trachea and esophagus

anomalies of this kind emerges when regression of the nght half of the puminve
aortic ring occurs in the region of the fourth branchial clefe artery (fig. 309) "“‘h}fr
than m the regton of the descending aortic root. Under these circumstances the nght

carotd artery s a direct contmuation of the night ascending aortic
root while the night subclavian artery takes its origin from the descending aortic 100t
In the fully developed form the nght descending aortic root often persists as ;
diverticulum-ltke rest from which the righe subclavian artery arises as the last br;ﬂfn
of the aortic arch p ding on the left. Conscquently the artery must crgsinr:ry
left to right behind the esophagus Qccasionally the fight common carot
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Fic 310 —Ryght subclavian artery anistg on the left (dysphagia busona) Female, about 50
years old At the upper border of the aortic arch the esophagus bends to the nght and forward in a
semicircle and here 15 somewhat narrow The radiws of the bend showed rhythmic, systohc
eolargement (2) Anterior view (8) Left ancerior oblique view (¢) Pathologic specimen of the
case seen from behind
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as well as the nght subclavian artery departs from the aortic diverticulum, In such
cases one must assume that the obliteration of the right half of the aortic ring
occurred in the imtial part of the ascending sortic root.

The anomaly was described by Bayford in 1794 as dysphagia lusorna and, accord-
g to anatomic stanstics, occurs m 0.4 to 2.0 per cent of all necropsies, The artery
proceeding to the right behind the esophagus or the diverticulum-like rest of the
nght descending aortic root from which the artery anses, produces a characteristic
arcumscribed turn, directed to the right and forward, and compression of the
esophagus, In rare cases this may lead to dysphagia.

In 20 per cent of the cases the artery 1s not located behind the esophagus but
rather betw een it and the trachea or even in front of the trachea (Holzapfel, Banchi);
at present these vanangs are not satisfactorily explaned from a developmental
standpoint.

The rocntgen findmgs are remarkably charactenistic. Zdansky described the
first case controlled by nccropsy (fig 310z to c). Kommerell devoted an extensive
publication to this common vascular anomaly. On films and with sunple fluoroscopy,
without filling the esophagus with barium, the roentgen picture shows no deviation
from normal excepr at times a greater prominence of the aortic knob After filling
the esophagus with barium 1t 15 noted that the esophagus describes a circumscnbed,
semtarrcular turn directed to the nght and anteriorly on the vpper circumference of
the aortic knob (fig. 310a and b) This bend of variable size usually displays rhytbmic
systolic enlargement from which 1t can be inferred that 1t 15 produced by an arterial
pulsating vesscl serted between the esophagus and spine Below this turn the
esophagus often fails to show a typical aoruc bed, rather it proceeds perpendicularly
and straight to the left and below and, for this reason, Kreuzfuchs' measurement of
the 2orta 15 often impossible.

The radius of this bend 1n the esophagus is often very significant and permits the
inference that a large diverriculum-like rest of the right descending aoruc root forms
the onigin of the right subclavian artery.

From the d of diffe 1al d is one must always consider medias-
tnal glands or a retrosternal goiter, Rhythmtc systolic enlargement of the semt-
aircular bend dispels all doubt.

+ Areus dortae Dexter (High Right Aorta)

Not rarely, oblitcration of the aortic ring occurs 1n the region of the left half The
interruption may appear at different places Under these circumstances the night
fourth branchial arch artery assumes the role of the persistent aortic arch. When
the interruption takes place in the region of the left descending aortic root, distal to
the subclavian artery {fig. 311), the brachiocephalic branches of the aorta depart in
the following order- left innominate artery, nght common carotid, nght s}lbfhvmﬂ
The descending aorta lies on the right side. If the interruption (and this is most
common) occurs m the region of the branchial cleft arterics, pro‘mgml to the sub-
clavian artery (fig. 312), a rudiment persists from the left descending aortc roo‘:
and Jies behind the esophagus to form a kind of diverticulum of xh; aortic arch whict
courses on the right, From this diverticulum the lefe subclavian artery departs.
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Then, the brachsocephalic branches of the zorta have dhe following onder Ief
common carotid artery, nght common carotid, nght subclavian, lefr subclavian In
rare instances, the feft common caroud artery as well as the keft subclavion anse
from the retrocsophageal diverticufum (Thurnher). This anomaly occurs when the
left half of the aertic ring is snterrumed durectly after the division of the prioutive

ding aorta. Lxceptionally, the left carond arrery anses from the
diverticulum while the left subelavian artery 15 the first branch of the sorte arch
{Holzmann).

¢

a

FPre 311 Fie 312
Fie 311 —() Genews of arcus aorae devser (ugh right aorta) (5 Poswonat retanon of
oresc arch proceeding on right of trachex and esophagus.
Fi6 312 —(a) Genems of left subclavian artecy aristng on the nght wich arcus aortye dexter
with recroesophageal diverticulom (5) Posimonal refation of aoruc arch proceeding on the right

and the left subclaveay arery ansing from the retroesophageal diverticulom to the teachea and
esophagny

The diverticulum-bke rest of the Jeft part of the zortic ning 15 united to the
pulmonary atery through the hgamentum artenosum  In this way a ring-hike con-
staetion of the esophagus and trachea may occur (Rosss and Rohner) although this
18 Never as extreme as in arcus anttae duplex IF the ductus arscrions 15 persistent, i
tus way it may with the left subclavian artety (“natural Blalock™)

Ar‘cus aortae dexter with the varants described occurs refacvely often with
Fallor's anomaly, tn troncus and psendotruncus atteriosus as well as 1n situs inversus




Fic 313 —Arcus aortac dexter. () Anteror view The sorc knob is mussing The
descending 2orta forms the border of the nght (8) Rught antenior oblie view. At the level of
the aartic arch 15 seen the divertcatum-like rudiment of the left posterior sortic root as a crrculir
shadow (cut across by the arrow) and the trachea 15 indented from behind by this vascular vesnge
(¢) Left antenior eblique view. One musses the shadow, ordinanly visible, of the distal division of
the arch On the other hand, the shadow of the descending aorta on the night of the spic 15 canly
seen far mn frant of the vertebral shadow (arrows).
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shdominahis Biedermann found arcus aortae dexter seven times m five thousand
evmimagions; Zdanshy obrained the same result

The roemgenogram of arcus tortae dexter was ongnally deserbed and con-
fitmed at necropsy by Assmann, Stace then innumerable papers have been published
on this anomaly, of these the comprehensive works of Arkw, Kommerell, Grob,
Franhe, and Thurnher may be stressed Often the rocatgen diagnoss can be made
at the first ghince when one misses the soruc hnob on the left and sees 3 flat consex
{fig. 3132, b and ©) or actuat knob-hike projction {figs 314 and 315) below the
nght clavicle Fillng the esophagus with banum ensures the diagnosis In the
posicroantetior posinon the csophagus forms an 2ortic bed dirceted o the nght
and then proceeds cavdad somewhat 1o the left of the mudhine (fig 315 Fluoroscopy

PG 34 —~Arcus zortye dexer Aoeng fnes, atheromatosis The sortic haob 15 seen on the

oght “The sl past of the descending aorta 15 noted os dhve right {whste arraw), then &t vanshes
behind the dilstod and markedly calerfied ascending anvta which bulges to the sight {black arsow).

n the night antenor oblique poswion provides mformation 2bout the presence or
absence of 3 dwerticulum-hke rest of the left descendimg aottic root from which, as
mennoned above, the left subclavian and somenmes the left cormon catotd artery
s well, ause. 1 no diversicutum 1s present (B 311) and the brachiocephalic vessels
anse from the nght sided aorue arch 1n an order the murror mmage of normal, no
displacement of the csophagus 15 scen 1 the nght anrenot oblique posttion (fig 3162
and b) If, on the contrary, a vestsguum of the Jeft descending sortie roor persists
(fig 312y, the esophagus bends fornard at the herghr of the aortie arch (figs. 315¢
and 3175 and <). This bend which often shows disnnct systolic-expansile enjarge-
IRent, 1acreases w syt tn proportian 1o the size of the diverticulum and it 1s merely
Svggested when the subclavian artery simply proceeds ro the left behund the esoph-
3gus Sometunes m thus pasition one sees a shight mdentation of the esophagus from
wn front, this happens when 2 vestgrum of the lefe aornie arch 15 present w the form
of 2 preveacheal lefy subclasaan artery or 3 sohd cord VWahowr soriography one

canot always posmvely evclude arcws aormae doplex with 2 rudimentary right
Aortic arch
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e
Fic 313 —Arcus sortae dexter () Anterior view, The sornic knob 15 missng Th

he Jevel of
descending sorta forms the border of the right () Right anterior .oljli&]_ufhyt‘.\‘l-;:\'lif‘ e el
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Fio 316 —Arcus aortae devter without diverticutum-hike rudiment of the left descending aortic
ro0t (a) Anterior view On the left sde no aoruic hnob is present On the other hand, the
descending aorta moves caudad on the nght side (4) Right anterior oblique view The barum-
filled esophagus shows only a very flat indentation of the posterior wall at the level of the aortc
arch The descending 20rta maving to the night from the midline 15 perceptible within the shadow
of the spine (arrows)

5. dArcus Aoreae Circumflexus Dexter

A very similar roentgenogram can occur when the aortic arch proceeding on the
night—in analogy to arcus aortae circumnflexns simster (p 409)—bends to the left
' an almost horizontal direction to proceed on the left side betw een the esophagus
and spine and pass into an aorta descending on the left This arcus aortae circum-
flexus devter (Kommerell) can give off the brachiocephalic branches in the same
series as the arcus aoreae dexrer left mnominate artery, nght common carotid, right
subclavian (fig 318). Accordingly, the left mnominate artery must pass from the
night-sided aortic arch, obliquely to the lefc and upward over the trachea The
hgamentum or persistent ductus artertosus lymg on the left can joun exther the sub-
clavian artery or the mnttial section of the descending aorta which lies on the left
consequently to form a ring which embraces the trachea and esophagus on all sides.
In other cases the left subclavian artery can pass on the left behind the esophagus as
the Tast branch from the aortc arch This represents the mirror image of the same
anomaly as arcus aortae circumflexus simister {p 409) and corresponds to the
retroesophageal left subclavian artery m arcus aortae dexter (fig 319) At times
the sequence of brachiocephalic branches of arcus aortae circumflexus dexter may
also be as follows night innominate artery, pretracheal left common carotd artery,
and retroesophageal lefe subclavian artery (Tausstg) From a roentgenologic stand-
pownt all these vanants have mainly theoretic mterest since they cannot be dis-
tinguished from each other by x-ray
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Fic. 315 —Areus zortac dexter. (2) Anterior view with esophagus filled with banum The
fefc and

collects above the arch of the aorta and shows a circumsenbed deviation to the
flac 20rtc knob which 18

spine and at the left
the csophagus with

bacium
forward. The night border of the descending aorta passes down from the

dicected to the right. The esophagus proceeds along the left border of the
border of the descending aorta (8) Right anterior ablique view without filling
barum The trachea bends forward 10 an arc at the Tevel of the aortic arch The descending
aotta s well defined within the shadow of the spine. (¢} Right antcrior ablique view after filling
esophagus wath barum. The esophagus bends typically ventrad at the level of the anrte atch.
“Thus bend is produced by the Tum ke rest of the lefe aoetic root,
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Fic 316 —Arcus sortae dexter without diveraicutum-hike rudiment of the left descendmg sortic
root {9) Aaterior view On the lefe side no aortic knob 1s present On the other hand, the
descending a0ra moves caudad on the nght side (£) Right anterior oblique view The bartum-
Blled esophagus shows only a very flat indentation of the posterior wall at the level of the zormc
ach The descending sorta moving to the night from the midline 15 perceptible within the shadow
of the spe (arrows)

5. Arcus Aortae Cy reuntflexus Dexter

A very similar roentgenogram can occur when the aortic arch proceeding on the
“ight—in analogy to arcus aortae circumflexus smsster (p. 409)—bends to the left
1n an almost horizontal direction to proceed on the left side between the esophagus
and spine and pass 1nto an aorta descending on the left This arcus aortae circum-
flexus dexter (Kommerell) can give off the brachiocephalic branches in the same
sertes as the arcus aortae dexter left innominate artery, oght common carotid, right
subclavian (fig. 318). Accordingly, the left imommate artery must pass from the
right-sided aortic arch, obliquely to the left and upward over the trachea The
l‘gimetum or persistent ductus arteriosus lymg on the left can jomn either the sub-
clavian artery or the initial section of the descending aorta which hes on the left
consequently to form a ring which embraces the trachea and esophagus on all sides.
In other cases the left subclavian artery can pass on the left behind the esophagus as
the last branch from the aortic arch Thus represents the mirror image of the same
anomaly as arcus aortae circumflexus simster (p 409) and corresponds to the
retroesophageal left subelavian artery m arcus aortac dexter (fig 319) At nmes
The sequence of brachiocephalic branches of arcus aortac circumflexus dexter may
also be as follows righe innomunate artery. pretracheal left common caroud artery,
and retroesophageal left subclavian arrery (Taussig). From a roentgenologic stand-
pomnt all these variants have mamnly theoretic interest since they cannot be dis-
tinguished from each other by x-ray.
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In all these cases by fluoroscopy one sces the esophagus bend forward and to the
left at the hesghe of the aortic arch just as this happens in arcus aortae dexter with 2
tetroesophageal aortic diverticulurn, Naturally this bend 1s of striking size since it is

Fic 317 —Arcus aortac dexter. () Anterior view. The barium filled esophagus courhsz!
along the lefe border of the spie. (#) Right antertor obhique vew. The esophagus and aches
bend forward at the Jevel of the sortic arch. The x designates the shadow of the dnverncu]uml— b .
rudiment of the left descending aortic root which produced this bend (¢) Lef¢ anterior obligu
view. In this position also a circumsenbed bend of the esophagus is seen

produced by the entre aortic arch which proceeds from right ro left behind !}ll:
esophagus The demonstration of the course of the descending aorta is ti:lcxswcthe
differenuial diagnosis In arcus crreumflexus dexter ats shac'im.v 15 mysls—d on "
right side but is visible on the left below the clavicle and within the ca[ tac “: v
as a pale, shghtly left-convexly curved and strarghe d_esccndmg shadow. FI uortzi:j]:g
in the oblique positions 1s particularly informauve. The descending aorta proce
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on the left is scen in the left anterior oblique position ordinanly as a charactenstic
semitlunar dark shadow within the spine and 1n the nght antersor oblique posttion as
a pale shadow in front of the spmc within the retrocardiac space. The opposite
situation prevails when the descending aorta proceeds on the right. Likewsse, the
course of the barium-filled csophagus provides good information on the position
of the descending aorta. When the aorta descends on the left, the retrocardiac
section of the esophagus deviates somewhat to the night whale 1t turns somewhat to
the left when the aorta descends on the night (Zdansky, Thurnher).

P %
c ¢

Fic 318 Fic 319

Fic 318 —(s) Genesis of arcus zottae circumflexus dexter (#) Posittonal relaton of aoruc
arch 1o trachea and esophagus

Fi 319 () Genesis of arcus aortac flexus dexter with hageal i
from which the left subclavian artery anses (8) Positional relation of ortic arch to trachea and
10 esophagus

It is evident that no decision 15 possible on the basis of the roentgenogram as to
whether a rudimentary left aortic arch (p. 426) 1s or 1s not present in addition to
arcus aortze circumflexus dexter This decision can be reached by aortography,
although 1t 15 extremely difficult to enter the ascending aorta with the catheter

Complicated relationshups exist 1n those cases in which the descending aorta,
curving to the left, of an arcus circumflexus agam tums 1mto the nght hemithorax,
behind the esophagus, at or just below the tracheal bifurcation (Bedford and Parkn-
son, Roesler, Franke, Chiba, Seuderlmg and Kumliny (fig 320). This S-shape 1n
which the aorta crosses the spine twice 1s readily seen 1n hard films 1n the postero-
antersor posttion and in films in the oblique positions. At first the esophagus 1s
indented from behind and from the rght at the level of the aortic arch and shows 2
displacement to the left and forward, then, at the level of or below the bifurcation 1t
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experiences a new displacement forward since the descending aorta reeurns to the
nght. Thereupon 1t follows the descending aorta and 15 displaced ventrad once
again 1n the supradiaphragmatic scction as the aorta approaches the hiatus aorticus
In all these cases as well as in onc observed by us the aorra showed considerable
dilatation Morcover 1t 15 probable that n some of these cases it 15 rot a left sided

Lett o coratly communts
Lefs ot aubclewe

Y esva suparior
Asconding aora,

Pessandng Imonary ortery

Oescending aono,

a <

b

Fic 320 —(2) Arcus aortae aircumflexus dexter with descending aorta procecding caudad on
right and presumable rudimentary persistene left zoruc arch (arcus 2oreae duplex?). Trachea
omitted Oesophagus filled with banmm At the level of the aortic arch the esophagus 15 dis-
placed to the left and forward Below this there 1s a smaller oblique 1mpression to the left and
forward presumably produced by a rudunentary left sided 2ortic arch Then, the esophagus
proceeds to the right and downward with the descending aorea whéich finally displaces the esophagus
once more to the front i the draph area The last 1 15 distnct 1 &
and ¢ 7(4) In the nght anteror oblique position the descending aorta bending toward the night in
the median section wathin the spinal shadow 15 visible as a thicker semulunar shadow. (¢) In the
left anterior obhique position one recogmzes the descending aorta bending to the right withun the

cardiac shadow

higamentum arteriosum which displaces the aortic arch to the left but a rudimentary
aortic arch, then, 1 actuahty an arcus aortae duplex would be present wath arcus
circumflexus siister and an aorta descending on the nght In a panient observed by
Zdansky (fig. 320) these relattonships were indicated by the course of the esophagus

6. Coarctation of the Aorta ({sthmus Stenosis)

By coarctation of the aorta one understands a narrowing, atresia, or complete
wnterruption of the aorta in the region of the 1sthmus, that 15, 1n the region of the
snsertion of the ductus or ligamentum arteriosum. In rare cases the actual stenosis 1
Jocated proximal to the left subclavian artery. Much more often, the stenosis 1
located between the left subclavian artery and the msertion of the ductus or
ligamentum arteriosum or at the site of the insertion In rare cases 1t may e\';n
be found in the secuion of aorta lyng just distal to this arca. Sometimes the
aortic lomen is completely snterrupted over a long section. _—

The *nfantile type” of cosrcanon. I stenoses located proximal to the uasuo
arteriosus—between it and the left subclavlaq artery—the ductus usually pcr;mi "
that the poststenotic part of the aorta 1s supplied from the pulmonary artery throug!
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the patent ductus arteriosus. The desigmation 2s “mfannle™ type does not mean char
it is Yimsted to children for adults may be affected (Abbott) Ths fonm of coarcta-
sion is compauble with Wfe only when sufficient arteralized blood passes through
she stenoms or when the ught ventricle pumps mixed blood rather than pure senous
blood mio the deseending aorta, the latter suvaton 15 possible only with an wnaza-
cardrac shure such as an atrial or ventnicular septal defoet with or without a torston
anomaly of the butbus-truncus section. As a matter of fact the mfantile type wvery
often d with 1 cardiac mat by wirtue of which hife 1s
possitle for a ume. No collaterals form No ncrease of blood pressure i the upper
e develops. The <l dogram shows 2 night preponderance While
the head and upper extramuties obtam pormmal artersalized blood, the rest of the
body fecerves mixed blood, For this reason the cyanoss has a stoking mequabity of
distribution. Most of those bearing thus anomaly die in carhy childhood

The roentgenogram 15 domunated by the cardiac anomaly uwsually prescnt Cor-
responding to the angmented work of the night heart the cardiac shadow 15 usually
somewhat enlarged and has a mutral configuration resulung from dilatanon and
hypertrophy of the nghe ventucke The pulmonary axe often protrudes decidedly
1ato the cardiac waist. The stenosis can scarcely be directly <isuahzed bv fluoro-
£copy or films.

The “adelt type” of coasctstion When the stenoss ss focsted at the 1sthmas, the
ductus arteniosus 1s ustally closed Adeguate blood supply of the thoracic walls and
the poststenone pare of the aorta 1s passible only by the deselopment of collaterals
which make their way from the brachiocephalic vessels over the mremal mammary
and ntercostal arteries as well as over the arreries of the neck and shoulder gudie
(fig 3212 and b). The mtercostal artenes, often enormously delated and tortuous,
preduce exosions on the Yower borders of the nbs which are important 1 duagnosis
The collaterals often enlarge as the patient grows older Thew pulsations are often
palpable on the shoulder girdle and on the thoracie wall They appeac parucularly
distiict when the patent bends forward with the arms hanging down (Campbelf and
Suzman). Cyanosss 1s absent. The blood pressure in the upper extrermunies 15 more or
fess elevated and 1s fow m the lower extremtues Capacuy for exertion 18 not
affected for 2 Jong time. H, Roesler and Lewis saw carduc complants develop only
with mihtary and war service Some patients complain of headache, cold feet, and
delayed healing of injuries on the feer. Males are affccred four tumes as often as
females (Abbott), The 15 ty more f: bic as the app of

YOIpLOms 18 d If fatory discurbances already appear dening youth,
only sarely 15 the age of 30 exceeded.

Roetirgen cxaminarion, partcularty m combimation wwh 2ontography, makes
valuable comtnbutions to dragnosts The cardiac shadow may be normal mn size and
shape {fig 322) bue froquently w1 modesately expanded to the feft 2nd of sorue
configuranion, Great enlargement 15 present only when an sortc vabve msufficiency,
a combined valve feston (fig 323), or coronary scleross is present “FThen, the cardiac
shadaw shows the signs of an eccentnic hypertrophy of the left vemncle, With
farture of the left heart, Y and pul; y tong appear and fnally
enlargement of the right heart as well

The night border of the vaseslar band wsually bulges more strongly to the nighe
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ith
— of collateral circulation by means of aortography an a patient W
B o oarestan @ O of the portion of the aortic arch as well
lhe f uhl 35:(:\1 Teft subclavian and internal mammary arterses, (4) Opacificanion of the post-
u oanl :)omon of the thoracic aorta over the intercostal arteries dilated as collaterals

stenotic
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Fie 322 —Coarctation of the aorta (4) Anterwor view The cardiac shadow 15 normal
size and shape No aortic knob 15 present m this case (5 Left anterior obhique view. The
shadow of the ascendng aorta mises verucally The aortic arch and ascending g0rta cannot be
outmed The Yower border of several nbs show erosions {arrows) which are very charactensac
and are rarely absent

which may be explained by dil of the ding aorta which often shows
nereased pulsations By contrast, Kjellberg and Rudhe observed electrokymograph-~
1cally on the poststenotic part of the aorta an abnormally flat systolic rise of the

curve corresponding to pulsus tardus Sometimes the ascending zorta may show
aneurysmal expansion.

I striking contrast to the usual widening of the ascending aorra, the aortic knob
15 often very small and flat; 1t may also be absent (fig. 322a)
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The expansion of the brachiocephalic branches of the aorta result in widening the
part of the mediastmur which Jies above the aortic arch. More specifically, the
greatly dilated left subclavian artery may project as an abnormal arch between the
poststenouc part of the aorta and the clavicle 5o that a double aorte knob may be
simulated (Schatzkt, Klemola). This double arc 1s especially marked of exther the
lefe subclavian artery or the poststenotic part of the descending aorea or both are
markedly dilated, if the ligamentum artcriosum is short, or 1f the coarctation is very
narrow (Bruwer and Pugh). Stauffer and Rigler drew attention to visible pulsation
below the left clavicle during fluoroscopy.

Fic 323 Fic 324
Fig. 323 —Coarctation of 2orta with combined valvular lesions (necropsy). No aortic knob
Kreuzfuchs measurement cannot be made, On the lower borders of several nibs are
typical erosions (arrows) At necropsy the stenosis which admiteed a Iead pencil was located just
beyond the left subclavian artery,
Fic 324 —C: with ductus Female, 27 years old, with systolie-

present

duastolic murmur over the pulmonic. Blood pressure i arms 165/80 mm. Hg and i lower
extremties 115 mm Hg No abnormal pulsations on chest or back. No nb erosions Cardiac
shadow not enlarged Over the protruding pulmonary are, two smaller arcs, of these, the upper (1)
corresponded to the strongly pulsating prestenotic aortic arch and the lower (1) to the weakly
pulsating poststenotic difated descending aorta (Case of Bramwell )

In the Jeft anterior oblique position the shadow of the ascending aorta often
climbs with striking sharpness to the summut of the vessel (Lewss). More important,
however, 1s the distinct narrow ing, step, or interruption of the aortic shadow often
seen beyond the clear tracheal band The post stenotic part of the 'ftonic arch often
displays a knob-like widening. Occasionally calcium shadows are visible n the arca
of the stenosis. In younger subjects with a poorly defined aoruc shadow the stenosis
15 often impercepuible. .

An imp;:)crmnrt’ sign, rarely absent in coarctation is the sharpl}{ out[!ncd md?-n‘;?-
tions of the lower borders of the dorsal sections of the ribs especially in Shc midk bt‘
and lower parts of the chest (figs 322 and 323). The three uppermost pairs of r;{s
are almost never affected (Kirchhof and Laucr-Schmalez). These alterations (! .
Rocsler, Railsback and Dock) correspond to Meckel's pressurc-erosions from ln!-
dilated, tortuous intercostal arteries Thcs; erosions are rarely absent and a};e[;‘;s-
sidered onc of the most constant roentgen signs of coarctation (Ernstenc and Robins,
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K Wkiss, Muller, Baker and Shelden). They are often absent in children bur become
mofe common, more numerous, and deeper wath advancing years Laubry and Heam
de Batsac correctly stress that the diagnoss of coareration should not be made simply
on ssolated notches since the Jower borders of the 11bs are occasionally seregular for
other reasons. In one case, Ratschow and Arendt observed nb erosions only on the
nght side, in this patient the coarctation was located above the departure of the left
subclavian artery In 2 case of Franke, nib crosions were cntirely absenc, n this
mstance the aorta was nasrow per se and the stenoss was located berveen the de-
parture of the mnommate arsery and the left common carond. The aortic knob was

Fic 325 —Hourlass deformity 1 coarctation m ¢ female, 21 years old Note the shorrenng
of the 3octic arch

absent The trachea was displaced to the lef by a greatly dilated and strongly
pulsanmg mnominate arrery Death resulted from rupture of an aneurysm of a
cerebral artery, There were also aneurysms at the orsfices of the coronary artenies.

There are mtermediate forms between the mfanule and adult types of coarctanon,
Thus, the ductus arteriosus may be pervious despite 2 narrowng of the 1sthmus
Then, the collaterals may be rather shghtly developed but may snll form if the
ducrus arteriosus 15 only narrow In one case of thus kind (Branmell) two flardy
convex arcs were seen below the left clavicle, the upper showed marked, the fower
weak pulsatons (fig 324) A systohe-drastohic murmur over the pulmonic area as
well as the conspicuous protrusion of the pul y arc ind d pe of the
ductus artersosus The fower, weakly pulsating arc corresponded to the poststenonic
dilated descending aorta while the upper, strongly pulsaung arc was the diated
prestenotic soruc arch,

Apart from the diffening sites and reciprocal telavions to the brachioeephalic
vessels, coarcration may show different widths, lengths, and course. These refations

,




432 ROENTGEN DIAGNOSIS OF THE HEART AND GREAT VESSELS

interest surgeons since they have great significance in planning operation (Crafoord
and Nylin, Gross and Hufnagel, Clagett, Blalock and Park). The most reliable in-
formation concerning these relations 1s provided by aortography i the left anterior
oblique position. Thus should never be neglected prior to operation

Aortography reveals that, n general, the aortic arch tends to be shortened in
coarctation (fig. 325). The aorttc loop has lost 1ts semecircular rounding and mn the
left anterior oblique position one observes slight downward kinking of the aortic
arch after the departure of the innomunate artery, more rarely, 1t 1s upward (Jonsson
and coworkers) The hour-glass or transverse constricung stenosis may be located

/ﬁ\/ﬁﬂ (f\

- . o Dandem

at different distances from the departure of the left subclavian artery and the m-
volved portion of the arch between this artery and the stenosts may vary 1 % x}ith
and course. Jonsson and his coworkers have distingwished four types on a practical
basts. 1) cases with a long and wide distal section of the aortic arch, 2) cases with
long and narrow distal section of the aortic arch which may sometimes bend ventral,
3) cases with a short distal section of the arch; and 4) cases with complete mterrup-
ton of the sortic lumen (fig. 326). According to Crafoord, type 1 gives the best
prospect for end-to-end anastomosis, In type 2, the results of operation are definitely
less favorable and 1t 1s often necessary to employ a free vascular transplant (Gross)
or to use the left subclavian artery to effect a junction (Clagett, Blalock aqd Park).
In type 3 the proximity of the subclavian artery creates operative difficulties



~——Chapter Eight
The Pulmonary Artery
and Its Pathologic
Alterations

"The pulmonary artery starts on the left, m front
and somewhat above the aorta; 1t nises 1n a gentle curve to the left, more or less
vertically and posteniorly to embrace the left wall of the ascending aorta by 1ts close
application Consequently, the right border of the pulmonary artery 1s not visible 1n
any position Only the left and antcrior boundaries can be demonstrated roent-
genologically, The first forms the pulmonary are m anterior views, the latter 1s
visible for a short distance in the right anterior oblique and lateral position above the
flat curve of the conus pulmonalis According to the position of the heart 1n the chest,
the length and curvature of the pulmonary arc varies Descent of the diaphragm
tends to elongate and stretch 1t while elevation shortens the pulmonary arc and
produces greater bulging
. The demonstrabikity of both branches of the pulmonary artery and their branches
' antertor and obhique views was discussed on pages 256, 32, and 41ff

The width of the pulmonary trunk 1s not susceptible to measurement Assmann
Proposed to measure the width of the pulmonary artery by the transverse diameter
of the right hular shadow on films vith 150 cm focal distance. He assumed that the
shadow descending from the right lung root corresponded essenually to the main
branch of the pulmonaty artery after some branches departed for the upper lobe
Measurement was made just below the downward curve of the hilar shadow.. It fails
when an enlarged heart overlaps the hilus or when the hilar shadow has faded outhnes
owing to pulmonary congestion. In adults the normal breadth of the hilus 15 11 to
14mm (average 13 mm ) on films of 150 cm focus-film distance It varies with
2ge, size, and weight, According to Assmann, values above 15 mm at least express
Pathologic dulatation 1 the lesser circutt {mitral lesions, emphysema, atrial septal
defects, open ductus Botalli, pulmonary sclerosts, and so forth) Assmann found
values of 9 to 10 mm, prumarily i pulmonary stenosis. Naturally the breadth of the
bilus does not always parallel the width of the trunk of the pulmonary artery. Thus,
the trunk can be dilaced while both branches are normal 1n cahiber or narrow (in pure
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pulmenary stenosis, for example) and, reversely, only one branch of the pulmonary
artery need be dilated while the trunk and other branch are normal in width

In measurements of the hilus, enlarged hilar lymph nodes and infiltrates must be
excluded since they may widen hlar shadows.

Demonstration of the larger ramifications of the pulmonary artery and of the
pulmonary veins may be made by tomography. The distribution and caliber of the
great branches is shown well when the surrounding lung tissue contains air and no
wnflammatory or neoplastic infiltration 1s present and atelectasis is absent.

In this way, atypical courses of large pulmonary veins can be shown clearly
(fig. 327). Then, one sces on the nght, more often than on the left, the pulmonary

b

¥Fic. 327 —Atypical veins 10 the night lung which unite with 2 large trunk 1n the base of the right
Tung and of which one branch proceeds to the left atrium and the other goes through the diapbragm
1nto the abdomen The patient was chinically free from complamts (tomogram).

vemns converging on abnormally proceedmg trunks which advance in an arc to the
lower, more rarely to the upper, venous mnfundibulum or can even be followed caudad
to the diaphragm (Dotter, Hardisty, and Steinberg). Often these veins pass through
the diaphragm and may empty into the inferior vena cava or hepatic veins For the
most part, these anomalies are incidental findings and devord of pracuical swgmﬁcnnf&
To demonstrate the finer vessel branches and the vessels in infilerated or in-
durated lung rtissue, opacification by contrast agents 1s xndlspeflSIbIC @ ).
Angiography of the lungs was imitially undertaken for diagnostic purposes l{Y
Forssmann as well as by Moniz, de Carvalho, and Lima Subsequently the (cchmj
was developed by Castelianos, Percira, and §3rcia, and particularly by Rﬂf.ib ’;
Steinberg. Zorn introduced ification of single m 1 arteres and‘ veins by
opaque material through a cardac catheter. A description of the findings in vanious
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diseases of the lungs, in particular 1n tumors, tuberculosts, cysts, silicosts, bullous
phy as wellas inmed | tumors, 1s not germane to the present discussion

1. Dilatation of the Pulmonary Artery

In the anterior view, dilatation of the mam stem of the pulmonary artery causes
the pulmonary are to project 1nto and more or less fill the cardiac waist. Otherwise
the cardiac shadow may be entirely normal. In some cases, however, 1ts size and
shape are definitely influenced by the cardiac and errculatory dynamic conditons
responsible for dilatation of the artery, then, as a rule, night ventricular hypertrophy
and dilatation is found

Ordinanily dilatation 1s not himited to the trunk of the pulmonary artery but
extends to 1s branches. Consequently, 1n most cases the vascular shadows n the
tungs (tnlar shadows and arterial lung marhings) are accentuated In pulmonary
stenosis, to be sure, only the trunk of the pulmonary artery may be dilated w hile the
mntrapulmonic vascular structures are abnoemally delicate and sparse In persistent
ductus arteriosus there 1s often dilatation only of the trunk of the pulmonary artery
and of the left branch with corresponding enlargement of the left hilar shadow.

On the prominent pulmonary arc and the enlarged hilar shadows, one often sees
systolic expanstle pulsations which may be very distinct when cardic action 1s
excited and the right ventricle is hypertrophied With a large pulse pressure the
pulsations may resemble pulsus celer

!n the right anterior oblique position the dilated pulmonary artery trunk bulges
distinctly. The cross section of the left branch 1s easily recognized as a dark round
shadow in the base of the vascular band (fig. 17a and b, item 15)

In this position the esophagus often bends to the right and backward below the
aortic bed Parhinson and Bedford ascribed this to dilatation of the pulmonary
artery. Since the bifurcation of the trachea and left mam bronchus 1s nterposed
betw een the artery and esophagus, presumably this bend or indentation 1s not pro-
duced directly by the dilared artery but by the left mamn bronchus which 1s displaced
by the dilated pulmonary artery to press aganst the esophagus

If condiions are otherwise favorable, 1n the left antersor oblique posiuon the
widened band of the left pulmonary artcry crosses the retrocardiac field transverscly
below the zortic arch Branches of the night pulmonary artery are visible below the
vascular band

Ocusmnally, in the sagittal (p-a) and oblique positions, calcrumdeposits are noted
m the wall of the trunk (fig 328) or the larger branches (Rosler, Kreuzfuchs)

A distinction can be made between dilatation produced by the anlage and the
acquired form. The firse usually depends upon tnequal division of the truncus
arenosus as reported by Laubry, Routier, and Heim de Balsac. Some bulges of the
pulmonary arc 1n youthfu] individuals and 1n pauents with thyrotoxicosss have been
mproperly interpreted 1n this sense. Oppenhermer and Taussig each described an
tnstance of extreme 1d hic dil of the pul y artery and 1ts large
branches, Taussig’s patient was a child 1n whom the dilated pulmonary artery com-
Pressed the trachea and bronchi leading to severe dyspnea and cyanosis. Zdansky
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observed monstrous dilatation of the pulmonary artery and its intrapulmonic branches
n 2 man with retinitis pigmentosa.

Acquired dilatation of the pulmonary artery 1s decidedly more common. Usually
there 1s 2 dynamuc dilatation, or one originally dynamic and later anatomically
fixed, the causes of which may be congemtal or acquired. Almost mvarably this
dilatatton results from increased inera-artenal pressure, much less often it depends
upon an acquired vessel mnjury and only exceptionally 1s an mbom distensibility and
thinness of the vessel responsible (Esser).

Among the acquired dilatations are those sn mitral lesions, acquired diseases of
the pulmonary valve, emphysema, pulmonary sclerosis, pleural scars, and other
conditrons accompanied by increased resistance in the pulmonary crcuit. If this

Fic 328 —Atheromatous calcium deposits mn the trunk of the pulmonary artery (arrow)-
Rught anterior oblique view

heightened resistance 1s only transient, dilatation of the pulmenary arcery may
recede as long as it 1s dynamic. Thus, protruston of the pulmonary arc from failure of
the left hcart not rarely vamshes as cardiac function improves. Assmann also
observed this in diphtherra and Forster 1n paroxysmal tachycardia, For other
reasons, dilatation of the pulmonary artery capable of recession, is seen 1t beribert
(Remhold, Aalsmeer and Wenckebach), Dilatation of considerable and event
aneurysmal dimensions 1n some cases of mutral stenosis should not be consnicr:l:
merely the effect of increased pressurc but also of theumatic arterral damage (Kugel

and Epstem, Chiar1, Laubry and Thomas).

Dilaratton of the pulmonary artery, hke that of the aorta, does not parallel the
pressure prevailing in it, thus, the artery need not dilate demonstrably desptte severe
emphysema.

When no clinical or 1 signs of a ¢
or any leston elevating pressure 1s present, tl.xe posslbi!l[y of a luetic vascular (est:;:
syphiliuc pulmonary arteritis, must be conmdel:cd (Neuburger, Posscl[?] to expalso
the widened arrery in a young person, congenital weakness of the wall must

be suspected (Esser).

ital card lar anomaly
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Dilaration of the pulmonary artery as the result of contracting lesions 1n the left
upper lobe or from left pleuromediastinal scars is extremely common Traction may
cause the pulmonary artery to project into the cardiac waist angularly or like a
gibbus (fig. 159). The distortion may cause valvular incompetence so that relanve
pulmonary regurgitation occurs {Neumann, Scherf). Often dilatation of the artery
15 merely simulated by the retraction.

Aneurysmal dilatation of the pulmonary trunk may be diffuse and fusiform or show
a more saccular form Important summaries are those of Boyd and McGavack as
well as Deterling and Clagetr: Usually the fusiform type 1s assocuated with greater
dilatation of the large mam branches, the saceular form 1s more circumscribed and 1s
less common Anetirysm of the trunk of the pulmonary artery 1s found with mucral
lesions, with and without pulmonary regurgitation, 1n various forms of pulmonary
sclerosts (Arrnilaga, Dietnich, Ludin and Kappelt), 1n lues (Plenge, Posselt, A Vogl,
Lunsada), and i 1 cardi ular lies or without ascertamnable cause
At all events, morc than onc third of the cases develop on the basis of syphilis
(Deterling and Clagett), Occastonally the ancurysm leads to a stenosis of the lefe
mamn bronchus (Ludin and Kappeh). In the roentgenogram one sees a spherical or
oval shadow which tends to project to the left and forward from the cardiac warst It
Tests on the mediastinum on a broad base and 1s sharply 1 contrast to the lung pro-
viding the latter 1s not atelectatic nor obscured by blood seeping mnto the pulmonary
parenchyma with beginning perforation. Occastonally, mural calcifications are
wisible (Deterling and Clagett). Usually systolic-expansile pulsations are present
These may be absent, however, when the wall of the aneurysm 1s limed by parietal
masses of coagutum, In this way, a sohd structure may be simulated Consequently,
confusion with tumors of the hilar glands and of the medastinum 15 commen (Wahl
and Gard).

The differentiation of an aneurysm of the pulmonary artery from one of the
ascending aorta developing tothe leftoften 1snot possible with certamnty Large pulsar-
g hilar shadow s as well as signs of dilatation and hypertrophy of the right ventricle
speak m favor of a pulmonary artery aneurysm tn dubtous cases Strong pulsations
of a dilated pulmonary artery result in rare cases from rupture of an aortic aneurysm
meo 1t (fig, 285)

Left sided solid and cystic mediastinal tumors and enlarged hilar lymph nodes
my simulate pulmonary artery aneurysm Even unequivocal systolic expansile
pulsations are not defimte proof of an aneurysm since tumors of hemangiomatous
Structure or metastanc hypernephroma may also show pulsations (fig 284) and
tamors which grow around the pulmonary artery can transmut pulsations which
cannot be disunguished from mtrinsic ones, Zdansky saw this repeatedly n lympho-
grantloma A defimte disunction of these processes from an aneurysm 15 often
possible only by diography (Dotter and b

Sometimes an aneurysm of the ascending aorta may simulate an aneurysm of the ~
p“‘"“’““)’ artery by displacing the latter If the trunk and left pulmonary artery are
Compressed jn this way, the left hilar shadow and vessel markings of the left lung
may be distnctly reduced (g 296)

Part from small aneurysms m tuberculous cavites, aneurysms of the peripheral
hes of the pulmonary artery are rare Usually they are mycotic or from

branc]
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rheumatic endartents. Roentgenologic fiterature, morcover, contains descriptions of
1solated traumatic ancurysms after gunshot wounds of the lungs (Marblew, Whitc).
In all cases, round or oval, solitary or muluple, usuaily systofic expansile shadows
arc found at the hilus or along the vessels. They may devclop ma weck (Wedler)
but they may also cnlarge slowly (Wesse). Zdansky saw multiple, cherry-sized
mycotic aneurysms on branches of the night pulmonary artery as pulsating shadows
arranged hike a string of pearls 1n a paticnt with ulcerative endocardius (fg. 329).
Arteriovenous aneurysms of the lungs, usually congenital and rarely mycotic or

Fic 329 —Mycotic ancurysms of rght pulmonary arrery (necropsy). Male, 27 years old,
with subacute bacternal endocardis, On the lower pole of the right hilus are two round, cherey*
s1zed, sharply defined shadows which showed systolic-expanstlc pulsation.
traumatic, provide a very charactersstic picture which was deseribed on page 135.
Recogmtion is extremmely important since they may endanger hife by hemorrhage-
Roentgenologte discovery alonc affords the possibility of the only effecuve treat-
ment, namely, removal of the affected lobe or segment.

In addiion to the round shape, the systolic expansile pulsation} of the mntra-
pulmonic shadow are very characteristic of 1ts ancurysmal pature. With Ihmmbos;j
1n the ancurysm, however, these pulsations can be absene (Wedler). Then, no 3
solute diff ion from hilar or paratular glandular tumors, primary or mcrasr;;lc
jung tumors, round tuberculous foei, eysts, chondroma, or echinacoccus ts pﬂ‘;s;r :‘_

\aricose pulmonary phlcbectasia must also be raken nto consideration m‘ i ;‘.
ential diagnosis. Only five cxamples of these extremely rare and presurmably ’Cn “1
genital formations have been described. The first case (Hedinger) was nf:)t c“:’fmng
roentgenologically; the second (Nauwerch) had no roentgen findi ngs, the rem:
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theee cases (Klhnck and Hunt, Newman, Jacchra) showed sehtary round, shaeply
outhned shadows Only once wasit thought that pulsations ware s ible. In one case
the shadow gradmlly Increased 10 size and finally rescmbled an orange fn another
(Jacehia} 2 small band ran from the round shadow to the heart, corresponding to 3
vesn straving o reach the {eft arrium. In this case 1 %as metely an wordeneal findmg,
in all other cases upture of the varit was the samediare cawse of death Desphe 1ts
ranty, it concems 3 finding of practical imporrance Furthermore, 1t 15 probable that
most phiebectasias of the Jungs are 3 sequel and pactal mamfeseation of an artere
©enous fistula and consequently belong in the chapter on ATtCrIOVENoUs ancur smy
(p. 135). Av all events 3 distinction 1s not possible soentgenologrcally

11. Persistent Ductus Arteriosus Botalls

Ducrys arterovus Botath ss the feral comnection betieen the pulmonary arrery and 201%3
Ususlly 518 opemng is not located diroctly where the puimonary ceank bifurcates bus somew hat
beyond the depactare of the foft branch (Hyedh Fuckerkand], Langer) This 1s imporeant for vader-
standing SOME IOENTECNOEE NS of persistent ductess Boralls

Normally the ducrus clases 1n the first two wechs of Y6 to form the Chorda Botalls which,
when approprately lomg and with otherwise fnorable canditons, 15 mmble the left antenor
ottt position (B 25b) a3 a shadow budgmg che pulmesary artery and sottic arch

Usoally 3 pesssstont ducrus 18 2 cyhndracal rube of varyng widehs and length. wx may be 2 o
Toog or longer Sometumas there s no tube bk 3 mere opemng through which the grienes in apposi-
tion communicate. In other anstances the canal tooks Ihe 2 fonnet whose wide end opens conard the
a0sts Furthermore, the cagal may show an sncury 1 difatation the 18 not
patent bt ts closed at iss end 1n the pulmonary artery of, mare rarcly, in the 2012

In geneead, with uncomplicated doctas Botalls apertus, ow ing 1 higher pressure n the aarta,
Blood passes from st to the pulmonary arery which may dilate from ‘sbaormat merease of preswre
From this syscolic everloading follows auther pure hyp phy or an cloog and byp h
ofthe sight sentricty which may kad toa cnstral configuration In respect £ che aorea, the abrormal
dischage of blood causes a deaided fati m dsastolic pressuze 2nd 3 GRELEr Pressure ampheode which
35 expressed n pulsus celer, somenmes this 15 demonstrable in she radual astery Moreorer the left
wventricle becomes didated and hypertropuc from drastotic overloading since ¥ recerves from the
Jems pot only he normal quantity of bleod bur alse the blood shunted through the patent ductus
arersosus from the zorta 1nto the pulmonaty arery Namurally alt these changes can be expected
anly when the open ductus is refauvely wide

Perswstent dUCTus 2(1EROSUS 1§ NOY ¥ery common a5 an isolated anomaly, usually
1153 singte mamde of mayor anomatous forms of the heart and sometimes
mahes possible the maintenance of hfe by creating » connectson berween the two
arculations,

Uncomplicated persistent ductus ATLETIDSUS 15 TR0 ¢ three times 45 COMMON 11
females as in males, Prumantly, 1t has practical ioportance because those affhcted
wath this anomaly frequently develop subacuce pacrersal endocarditis and becavse
further myocardsl damage 10 these hearts 18 colerated less well than normal ones
since an abnormal Joad has already been created by the shorr-careut Ths jusufies
surgical intem ention 1R certAIn cases W hereby the ab 1 vascular
15 closed {Gross and Hubbard)

fic-duastolse murmr ed by a sorsesponding polpatic

Clincally, 2
thift is wsually faund m che second left antenior sercastal space, It 15 transmisred to the vessels of
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the neck and 1o the back Sometimes 2 theddl of the aortic arch 15 palpable in the jugutum The second
pulmonic sound 1s sccentuated and aften palpable. In children and young subjects no mucmuar may be
audible or 3 pure systohc or completely noncharacteristic one may be heard With a sery wide or
very narrow ductus attenosus, all murmurs may be abscnt 1n an adwir. A very simifar continuous
systohic-dastolic aurmue may bie heard 10 sorte stenosis and regurgitation, 1n ruptare of an aneu-
eysm of the sinus of Valsalva imto the nght ventriele, or in a congenital defece of the teuncal septum,

With persistent ductus arteriosus, pulsus ccler may be present in the radul antery Cyanosis
and clubbed fingers do not accur i the absence of other annmalies.

The roemgenogram of the heart may be normal in uncomphicated ductus arte-
riosus persistens, when the shunt is enfling. 1f, on the other hand, sufficrent blood 1s
driven mto the pulmonary artery under aortic pressure, dynamic dilaranion of the
pulmonary artery may resulr with protrusion of the pulmonary arc nto the cardhac
watst. Often the heart 15 moderately enlarged to the left and shows elonganon and
greater rounding of the lefc ventricular arc, The posterior wall of the heart may
show greater backward bulging and the esophagus may be displaced dorsad in a
hmrted area (Pugh). These alterations are the expression of dilaration and hyper-
trophy of the left heart as the resule of greater filling arising from the additional
blood ntroduced from the pulmonary circulation through the persistent ductus.
Furthermore this dilaration may clearly recede within a few weeks after the surgical
elimination of the short-cireut {Taussig)

Pulsations hhke those of pulsus celer are often secn on the zoruc knob as the
result of the marhed fall of diastolic pressure in the aorta Augmented pulsanions on
the pulmonary arc and of the hilar shadows are observed as the resuir of the added
systohe mflux of blood.

Often, however, all these signs are not very strihing. Marked bulging of the
pulmonary arc, decided dilatation, and pulsation of the mtrapulmonic vascalar
shadows may even awaken the suspreion of the presence of some other anomaly
such as an atnal sepral defect. .

Occasionally only the left hilar shadow 15 enlarged and markedly pulsanng
(Hochstadr and Sitbermann, Zdansky). This 1solared dilatanon of the left putmonary
artery speaks in favor of the influx of blood mainly into the left pulmonary arcery.
Actually Dotter and Stemnberg observed in it that the left pul 4
artery may be filled more than the right through a persistent ductus artenosus

In the left antcnior oblique position occastonally the persistent ductus artenosus
is directly visibfe as a band berw cen the pulmonary arrery and the aorta. Within ti}e
ductus or at 1ts orifice i the sorta at rimes calcifications are seen and may sceve it
the roentgenogram (fig 330) as an indication that this anomaly 1s present (Abbott,
R. White, I' Whss).

G Hy speaking, the ofap ducrus arteriosus 1§ not
very characterisue Similar and dentical piceares oceur m thyrotoxicosis, pulmonary

regurganon, sepral defects, cor pulmonale, and 1n perforation of an anenrysm of the
sinus of Valsalva mnto the night ventricle, and so forth

Thercby, angiocardiography obtains special sigmifi m the g

study of clinically doubtful cases With sagarral projection one may someumes per-
ve 2 small filling defect immeduately after opacification of the nght heart and the
ry artery at the dame of the pulmanary artery shadow. This devclops owing
rance of aortic blood, not containing apaque marerial, through the ductus

1

cer
pulmonal
to the enu
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(Goetz). Furthermore, one can demonstrate abnormally long opacification of the
lesser circuit and of the left heart which outlasts opacification of the nighe heart for
some time. This 1s cxplained by the refillmg through the persistent ductus

In the left anterior oblique position one can sce directly the passage of opacified
blood from the aorta into the pulmonary artery Thus 1s achieved best by means of
aortography. In this way one may determne the position, approvimate width, and
length of the ductus in some cascs and thts 1s important 1n regard to surgical nter-
vention (Jonsson, Brodén and Kamell) Great cautton 1s 1n order in roentgenologic

Fta 330 —Mural calesfications of 2orta at the opeming of a persistent ductus Botalli (arrow)
{necropsy)

1 Arch of a0rra 3. Ductus arteriosus
2 Calaficanons 1n aorta at opemng of a 4 Left pulmonary artery
Pecsistent ductus arteriosus (arrow) 5 Descending zorta

evaluation of the length and diameter of a persistent ductus On one side one must
consider the exaggeration through central projection and, on the other side, the face
that the diameter of the ductus seems greater and 1ts length shorter than corresponds
10 1ts open space. Jonsson and coworkers obtamed a satisfactory agreement with
the anatomc situation when they subtracted 2 mm from the roentgenologic diam-
eter of the ductus and added 2 to 3 mm to the roentgenologic length Aortography
confitms that less blood appears m the pulmonary artery through a narrow ductus
than through a wide one but 1t also shows that 2 wide ductus 15 not always associated
with a great shune In recent years an mcreasing number of reports have appeared 1n
which 4 yide persistent ducrus was not assoctated with a shunt or wath murmurs
Frequently at the ontfice of the ductus artertosus one sees a circumscnibed dilata-
:“’; or funnel ke, pomnted, or shell-like bulge on the aorta (Steinberg, Grishman
od Sussman, Jonsson and coworkers), This diverriculum may be located at the
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anterior or antero-inferior border of the aortic arch. It 1s visualized best in the left
anterior oblique and 1 the left lateral position. Morcover one may see a larger
diverticulum below the aortic knob with sagitral projection as well. These forma-
tions appear, however, also in the absence of a persistent ductus arceriosus (Dotter
and Steinberg, Wegelius),

On the basis of these diverticulum-like formations, an ancurysm can appear at
the onfice of the ductus in the 2orta and 1t may owe its development to a gradual
dilatation of this weak point 1n the aortic tube. In favor of this 1s their appearance in
the first few months of life (Scheef, Traum). On the other hand one must consider
their mycouc origin (Eppinger) since sepsis and inflammatory lestons are very
common in this anomaly All these aneurysms may lead to a paresis of the recurrent
laryngeal nerve. They may rupture into the lungs, pleural or pericardial cavities.

Aneurysms of the partly obliterated ductus are more common. In this case there
1s an aneurysmal dilatation of the part of the ductus connected with the aorta while
the orifice in the pulmonary artery 15 obliterated. Graham described an aneurysm of
this kind, almost the size of a fist, with a visible calcium shell which protruded far
nto the left lung field with displacement of the aorta and trachea.



——Chapter Nine
Lobus Venae Azygos
(Wrisbergi)

Lobus venae azygos 1s the result of an abnormal
vascular development in which the azygos vem anismg from the supracardiac vein
does not empty dircctly 1nto the night ductus Cuvier but, by a detour, mto a parnally

- Plenra pnlmonahs

—= Plewia panefalis

-+ Yenue azvgos

Fre. 331.—Schematic frontal section through lobus venze szygos

perststent cardinal vemn (Lutz) An accessory lobus venae azygos might also develop
by virtue of the part of the azygos ansing from the persistent right cardinal ven rot
contacting the superior vena cava within the mediastinum above the nght mamn
bronchus but embedded 1n a deep notch n the nght upper lobe, then 1t would pass to
the superior vena cava through the posterior mediastinum (Lurz). The part of the
lung separated from the upper lobe 1n this way 1s connected with the root of the
lung by 2 fairly thin stalk which may differ greatly mn size The notch also vanes
Elﬂﬂy n depth It 1s curved laterally convex in a ventrodorsal and crantocaudal
direction. The vena azygos hies 1n its depth and has a cephalic and laterally convex
course 1n a sort of mesentery formed by the parietal pleura (fig 331)
3
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anterior or antero-inferior border of the aoruc arch. It 1s visualized best in the left
antertor oblique and in the left lateral position. Moreover one may scc a larger
duwverticulum below the aortic knob with sagittal projection as well, These forma-
tions appear, however, also in the absence of a persistent ductus arteriosus (Dotter
and Steinberg, Wegelius).

On the basis of these divernculum-like formations, an ancurysm can appear at
the onfice of the ductus in the aorra and 1t may owe 1ts development to a gradual
dilatation of this weak pomnt in the zortic tube In favor of this 15 their appearance in
the first few months of life (Scheef, Traum). On the other hand one must consider
their mycotic ongin (Eppinger) since sepsis and inflammatory lestons are very
common 10 this anomaly, All these aneurysms may lead to a paresis of the recurrent
laryngeal nerve. They may rupture into the lungs, pleural or penicardial cavittes

Aneurysms of the partly obliterated ductus are more common In this case there
1s an ancurysmal dilatanon of the part of the ductus connected with the aorta whiie
the onifice 1n the pulmonary artery 1s obliterated. Graham described an aneurysm of
this kind, almost the size of a fist, with a2 visible calcrum shell which protruded far
1nto the left lung field with displacement of the aorta and trachea



LORBUS VENAE AZYGOS (WRISRERGI) HS5

The rocntgenogram is readly understood from the course of the accessory inter-
lobar cleft, this was ongmally described and correctly interpreted by Velde and
was subsequently confirmed at necropsy by Bendick and Wessler as well as by
Leeser.

In the anterior view (fig. 332) a hair-like lime, curved laterally convex, usually
divides the apex and adjoining infraclavicular ficld into two parts. This hine cor-
responds to 2 notch which separates the accessory lobe from the upper lobe Its

t is the y-hke redupl of the parietal pleura which

descends into a deep cleft and two layets of visceral pleura which cover the upper
lobe and the accessory lobe, these face cach other.

Tt ¥

Fic. 334 —Lobus venac azygos () In the anterior view the azygos vem, proceeding water-
tobar, projects from the mediastinal shadow hke a twisted band (arrow) (8) With shghe rota-
Tion to the night the spindle-shaped dragonal projection of the ven 13 scen

‘The lung median 1o the delicate line corresponds to the lobus venae azygos,
frequently 1t is less clear than the rest of the upper lobe

According to the size of the accessory lobe, the upper end of the cleft lies esther
on the median, upper, or lateral boundary of the apex, more rarely 1t lies below the
clavicle (fig. 333a). Often the shadow takes its ongin from 2 pointed extension of an
accompanying shadow to the second nb (fig. 334b) Below, it passes 1nto a globular
thickening ncar the upper pole of the hilus and advances directly 1nto the mediastinal
shadow “This drop-hke thickenmg is produced by the vem encircled by connective
tissuc covering it as far as 1t runs, approumately 1n the path of the central ray or
somewhat obliquely. Often from the drop-like shadow, the band of vein can be
followed median and caudad to the meduastinal shadow (fig. 333a) (Hjelm and
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- .

F16. 332 —Lobus venae azygos. One sees how the hair-like linc passes below the clavicle 1ato
a fusiform shadow of the vein (arrow) encountered in the path of the central ray. From this place
the yein passes median and downward toward the mediastinal shadow.

Fig. 333 —Lobus venae azyges (2} Antenor view (5) With slight rotation to the nght, the
shadow of the vein (median arrow) emerges from the mediastinum
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Hultén). In certan projections one sees, nstead of the drop-like cross-section of
the azygos vein, a loop projecting from the mediastinal shadow 1n the infraclavicular
part of the lung field, corresponding to the entire course of the tralobar section of
the vena azygos (Zdansky) (fig. 334a and b).

In the left anterior oblique position, very often the shadow of the azygos ven jons
the superior vena cava and the interlobar fissure of the azygos lobe (Zdansky)
(fig 333b)

Awareness of the lobus vena azygos 1s important if confuston of this common
finding with intrapulmonary fibrosis or pleural strands is to be avorded. Morcover,
through 1t some atypical extenstons of pathologic lung processes become compre-
hensible, tuberculous and nonspecific consolidations can involve the accessory lobe
alone or spare 1t completely. By thickeming of the interlobar pleura the interlobar
strip may become broader and irregularly outlined and the accessory lobe more or
less widely obscured (Hippe and Huhle).
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heart, 2627

Anoxn, 315

Aucerior longicudinat sulcus, 22, 144, 145

Asnterior mediasunal hernva, 2

Antenor weak area, 40, 244

Aorta, 356
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of aorta i, 385
of left ventricle 1, 149
el stenosts and, 194
pure congemtal, 286, 316
Aartic transverse duameter, 360
Aeruc valve
anomahes, 2868
regurgitanon, 138, 184, 191, 206, 370, 375,
427, 44

ancurysm of smus of Valsalva and, 388, 392

. >

Aorue window, 304
Aomitis syphiliies See Syphihtic soruts
Acrtography, 146
aorac aneurysm and, 387
arcus aotae
dexter and, 387
duplex and, 416, 421
coarctanon and, 427, 432
ductus arteriosus and, 441
Apex, carduc, 23, 77
Apeal mpulse, 23, 116, 333
Aplastic lung, 315
Arcus aortae
cucumflexus dexcer, 42367
circumflexus simster, 409, 423
dexter, 275, 297, 304, 4186, 423
duplex, 411
Armored heart, 340ff
Arceriogeaphy, 134
Arteriovenous fistala, 134
Arteriovenous shunts, 1336
pulmonary, 1351, 418
Asaites, 96, 134, 153, 333
Asphywia, 211
Astheme habicus, 36, 47, 51, 83, 92, 93, 102,
09, 110, 119, 136, 207, 368, 373
Asthma  Sre Bronchual asthma

AT, 3%9

Arelectasis, 25, 163, 397

Atheromatosis
20m1c, 186, 368, 369, 377
caleum deposits in, 378
dissecting ancurysm and, 407
clongated aorea from, 374
pulsations of agrta in, 370
syphifitse, 386

Athicte’s heart, 1146

Atresia
sorta, 286
aoruse arch See Cosrctatian
pulmonary attery, 268, 283
tocuspud, 273fF

Aunnal sepral defects, 61, 148, 191, 2636
aomtic aneurysm and, 393
cogectation and, 427
Fisenmnenger's complee and, 108
pencology of Fafior and, 363
pulmonary artery and, 433
pulmonary regurgitanon and, 199, 385

489

pralmonary stenoss and, 279, 280, 2836
transposed vessels and, 292
tricuspid atresia and, 273, 274

{runcus artenosus Qol“l'n\lmsfnd‘ 29_0] e

3, 2706

Atrum
lefr, 150ff
aneurysmal dilatation of, 173
antetior view of, 22,
a0rTiC regurgtation and, 185, 187
artenovenoys shunts and, 185, 187
atrial sepral defect, 266
benbent hearr and, 22§
bronchostenosis from, 56, 1626
oseatncial pericardins and, 334
combuned vatvular lesions and, 198
complete transposition of vessels and, 293
cor pulmonale and, 258
descent of duaphragm and, 16¢
duews artenosus,
esophagus and, 29, 98
moer dynatues of, 62F
Teft anterior ofibique view of, 36, 158
mitral regurgitation and, {81
mitral stenosis and 169, 174
nephrue hypertension and, 203
pulmonary regargitation and, 178
pulmanary stenosts, 285
pulsations of, 37, 53
thyrotoxicosts and, 221
serrebral erosion from, 159
night, 155
anearysm of sims of Valsalva ruprunng
1010,
averior view, {7, 15§
atrial sepral defect, 266
benbert hearr and, 225
combined atnal septal defect and, 267
saner d‘yna‘mms of, 2(:7r

SHLIDPING, IISUEIRE O LUGIA SLZE, 130
Auneular appendage, 25, 148, 157, 169
Azygos van, 109, 313, 317, 343, 446
anturysm of accending 2otea and, 397
antenor view of, {
tight anteriof oblique view of, 33

B

Raphpde ree, 134, 135

Y3, S, .s\lu
Blood loss, 130, 134, 214
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Aotta—Continued adult type of coarctation and, 427
abdomimnal, 383, 4066 aneurysm and, 188
ancurysm athletic heart and, 388
of arch, 3986 coarceation and, 427

ofascending, 329, 383, 387, 3936, 437,438 dffuse rhabdomyomatosis and, 242, 343
of descending, 403 P L P I

angusta, 103, 103, 237, 372fF, 415

anomathes of, 408if
of base, 408

v .
anteror projeetion, 21 | I [ -
ascending nephritic hvpertension and, 20§
anterior view, 21, 356 tespiration and, 1
aortic stenosts with dilavanon of, 191 nghe ventricular dilatation simulatng, 146,
dilaration of, 375 e
left antertor oblique view, 45, 358 sclerosis of aorta with, 375
feft lateral view, 47 thyrototicosts and, 217
Sl s ad ey ot “27 tricuspid atresia and, 278
tumors and, 242
i Aoruc dilatation
anatomic, 185, 191, 207, 240, 286, 366, 374,
. 441
atresia of, 286 dynamic, 186, 191, 220, 3716
childhood, 356, 386 hypertension and, 205
coarctation of, 42617 16t venteicle and, 140, 150
complete transposition of vessels and, 295 myxedema and, 222
density of shadow, 369 syphilis and, 185
descending Aortic distance
ancurysm of, 403 left meduan, 359
anterior vicw of, 23, 357, 359 right medan, 359
aortc valve regurgitation and, 185 Aortic elongation, 21, 57, 97, 105, 378
areus aortac Aornc isthmus, 22, 3
cireumflexus dexrer and, 421, 424 Aortic knob
dexter and, 418 absence of, 356, 366
duplex and, 411 adult type of coarctation and, 429
Ieft antenior ablique view, 45, 46 aneurysm
fefe Tateral view, 47 of arch and, 399
night anterior oblique view, 29, 32, 34, 276 of ascending aorta and, 397
development of, 4050 2orhc msuffciency ands 185
diameter of, 34, 42, 43, 359f arcus aortae
diaphragm and course of, 357, 358 dexter and, 421
ich rigne, 318 duplex and 415
hypertension and, 208 combtned valvular lestons and, 196
hypertonus of, 58 dorsal recumbent position and, 49
hypoplasta of, 104, 286, 374 double, 430
kyphoscoliosis and, 249 expiration and, 106
eft anteror oblique view, 40 hypertension and, 208, 238 )
low right posicion, 379, 405, 411 hvpertrophic left ventricle and, 14
normal posiion of pulmonary artery, and medtan placed heart and, 101 .
dextroposed, 307 new bom or young child, 66, 7. 356
orthostauc reduction of, 93, 104, 373 pseudotruncus arteriosus communis and, 287,
pencardial reflection over, 321 289
pretracheal, 36+ pulsations of, 57, 109, 440
nding, 291 respiration and, 10
sagatral section, 365 sclerosts and movement of, 387
tlerons of, 381 semle heart and, 105
Aoruc arch, 22, 32, 46, 265, 359, 376 shift of, 370
childhood, 68 Aortic length, 359

fmnﬂll section, 3;:4 165
tal scetion, 22, 36!
?ilr:)hc shuft, 67 Aornic measurements, 3591

thoracic deformutics and, 250 Aoruc pulsations, 57, 370 \ -
See also Arcus aortae Aortic regurgitation  See Aortic valve regurgs

Aortic loop, 94, 98, 101, 248. 357, 359, 366,
75, 432

od, 251, 364, 309 435 Taton
Aoc’s‘:‘)fs}?agus and, 38, 398, 415 Aortic nigadity, 58
Aortic-breadth difference, 359, 368 ﬁomc nr]|g, *“’"S'sf}r‘" 419
ortic sclevasts,
Aottic cakification, 205, 368 Aortie scletosts, 0L . 440

Aornic club, 357

Aortic configuration dilatation



wnrs

Candae thromin, 261
Cardiac ronus, NH
Cardfiac rauma, 25T
Carduac varix, 262
Carduac volume, 74, 75, 115, 118, 126
Cardrac warst, 22,9
antenior vsew of, 21, 25, 67
a0ruc valve msufficitncy and, 18+
beriben heare and, 234
calsfication n, 334
chsldsen and new born,
combmcd vabsalar lcsmns and 198
K‘lhmm‘ le and, 23.
SGesphtagmatie level and, o
dilaeanon of nghe ve\\tmk and, 147
CXPITITAN 4 7
funncl chest :nd 253
reeophy of {eft ventngle and, Nv 150
Pc tile type of marmnm and, .
witral srenas and, ?
mtralized sorc hcaxt :nd. 188
nc ntic hypertension and. 2
oary aeeeey zad, 415
Frrowxtons and. 217
trancys anenosus cammums and, 288
Cardmnal vem, lefe,
Czrdtoduphngminc ang(c, 60, 71, 245, 13,
33%

antenor view of, 21, 23, 24, 35, 51
tefe anterior oblque view of, 36, 37
teft ventrcular hypcnmphy and, 131
miteal stenosss and, 177, 199
pencardsal cflusion and, 324, 126
ight sentriculae h)penrophy and, 144
Cardiothoracic ratio, §3
Carotid areery, 46, 416, 418
Castellanos dlassificacion, 205
Catheterizatton
atrenc aoreg, 287
atrtal sepral defect, 2
complete mnsposnmn of vessels, 295
eor trilocalare biatniarum, 273
dectroposed aorta, mormal position of pal-
monary artery, 306
Exserwnenger’s complex, 308
Fallot’s anomaly, 283, 300
hypoplastc aorta, 286
pessistent  canabs  2rmoventricglatis
munis, 270
srtenosus z

com-

289

491

Cincangrocardrogray hy. 13, 51, 62

Glavele, rmsion o,

Chmactéenm, 2

Clubbang of ﬁngm. L35, 265, 270, 272, 290,
308, 318,

Coarcration, 385§, -IZMT

formc cysts, 331
Coeur cn ubob 148, 276, 289, 290, 300ff

Comhmtd septal dcfcus pAL]
Comvmotio cordss,
Compression tess, J S
Concrenio cordis See Creatricnal pcncardms
Conducnion disturbances,
Congenitral aromalies
aorta,
hearr, Zb’ﬁ'
Comoar ovande, 166
Contraction dcbt. 113, 18
Contusto corchs, 255
Jonus
arteriosus, 286
polmonals, 22, 25,
benben heart and 223, 22§
chﬂdbood heact 2ad, 66
linonate and_ 238
!cﬁ teeal view of, 27, 32
nght ecerior ablique view of, 27, 33
right ventncular dilatation and, H} 46
sm‘nnus. 279

bO\Iml
pendulom Sa Heare, pendulous
pulmonale, 154, 2368, 249, 286, 328, 343,
HO
thyreatoucun, 2168
rriloculare buatrtatum, 271, 275
Coronary artery.
aneneysm, 335, 236, 242
calafication, 226, 262
contrast fithng, 226
hematoma of, 136, 343
Coronary msuﬁﬁmncy. 124, 130
Coromary occlusion, 2.
Cotonary seleress, H‘) 21)5 lliff 239, 417
(hmmry sulcus, 20, 16, 1
Correcred transpasition, 314
Carrelatne dcurmmanons. kedis
Lo:rngan pulse, 1+

pulmonary stencats, 279
and ductas artertosus, 265
e 20rtic stenosis, 286
2ussig-Biog syndeome, 298
sransposition of vessels, 203
ncuspid ateessa, 275
tnilogy of Fallot, 283
Tuncas PTCOLS cormmumis, 288
ventnicular sepral defeets, 269, 270
Caat aus, 37, 31, §2, 95,97, 249
Centrat pulmmury congestion, 36
est cureurnference, 79, 80§
heyne-Stohes respmuoﬂ, IHS'J‘ 187,22

fe]

ct

Child heust, 66ff, &

Chlorasss, 214

(& coma, 242, 438

Chorda Botally, 43¢

Creserienal pencardivss, 37, 245, 251, 255, 13260

3ngl€- 38, 40, 244
Coswmulus(mal pleura, 2
Crista supravencrsculars, 63, 303, 313
Crossed tcanspasieion, 314
Cyanasts
arteriovenous shunts and, 13§
atreie Jorta and, 1%
atesat septad defect and,
camabis atnoventucalacis and, 270
coarctanon and, 427
<ot trloculare bratnacum, 271
Fallot’s tetralogy 2ad, 289
primary pulmonacy sclerasts and, 238
pseudotruncus srteriosus cO'n\m\mls ind, 289
palmonary artecy dx\:hcm and, 4
pulmonary seerosts md, 279
sits inversys and, 3
Taussig-Bmy x)ndmmc and, 297
thoracie defarmirties and, 250
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Blood pressure, §8, 109, 130, 132, 199, 200, retrosternal aorta, 390
427 thromb, 230, 233, 262

Blood velocty, 114 transverse sinus, 342

Blond volume, 92, 103, 113 trigonum fibrosurmn, 25&

Body cardiac length, 86 valves, 257, 343

Body cardiac surface, 86 Canalis atrioventniculans communts peesistens,
Body rectangle, 79, 86 270ff

Bone formation, 350
Bornharde formula, 85
Boter posttion, 1¥
Boung, 123 .

Br. 71,72, 84 .

Brachiocephalic vessels, 34, 418, 423, 430 hw, 20
Bradycardia, 54, 222, 337 Cardiac asthma, 153
athlete and resning, 125, 127 Carduac breadeh, 71, 91, 94
enlarged heare from, 132 Carduc bulge, 23, 56, 220
left ventricular dilatavion aud, 152 Cardiae dynamucs, 626
Branchual cleft arterics, 4086, 418 Carduac elonganion, 117, 129
Branham's sign, 134 Cardiac funcrion, rocntgenologic test of, 110ff
Broad diameter, 71 Cardiac herghr, 72
Broadbent's sign, 333 Cardiac mcﬁnzntm, 47,71
Broncht, 17, 26 Ser alsa. Angle of cardiae inchnanion
antertor view of, 17 Carduc length, 70, 9+
left anterior abhque view, 416F Cardiac measurements, 681, 166
PO el nd e Cardiac mobality, 1, 52, 338

Cardiac plasucity, 52

. ' , Cardiac pulmonary stasis  See Pulmonary con-
gesnon
cor pulmonale and. 236. 238 Cardiac quotient, 86, 239
mspiratory cardiac enlargement in, 107, 108,  Cardiac rate, 78, 92, 114, 134, 217
240 Carduac rectangle, 71, 76, 94
Bronchia) cyst, 332 Cardiac size
Bronchieetasis, 245, 310 acute blood loss, 130, 214
Bronchitis, 236 adrenahin and, 127,
Bronchostenosis, 108, 389, 397, 400, 437 age and, 88, 126, 207, 217
rown atrophy, 137 alcohalism and, 305
Bulbus cordis, 271 amyl mtete and, 132
Bulbus truncus torsion, 291 anerma and, 131
arteriovenous shunts and, 135
c blood pressure changes and, 204
cardiothoracic ratio and, 83
Cachexia, 215, 217, 369 childhood, 79
atrophy of heart from, 137 correlative determinations of, 776
orthostauc eardize reduction i, 92, 104 deep msprcation and, 107
Calcsficarion dmwresis and, 131
abdomunal aorta, 383 erect position and, 92
annult fibrost, 257, 342 essential hyperrension and, 209
aorta, 205, 369, 378, 381 fluid 1neake and loss and, 131
sortic valve, 226, 2570 glycogen storage disease and, 225
brachiocephalic vesscls, 378, 381 heart rate and, 131
cardiac ancurysm, 233, 234 honizonta] position and, 78, 90, 94
cardiac skeleton, 226, 257 inspiratory enfatgement, 240
cardizc varices, 262 lateral recumbent position and, 50
coarctation and, 430 k;u ar prssmrt. 206
coronary artery, 226 obesity and, 79
mmmri acchiusion and cicatrrx, 230 position of body and, 49, 90f, 9411, 119
coronary sinus, 3+ sex and, 88
coronary sulcus, 342 respiration and, 106
dysseening ancurysm, 408 transverse cardiac diameter and, 68
ductus artcriosus, 430 ventricular septal defect and, 268
mesenteric artenes, 383 vicarious enfargement and, 137
work and, 114t

smatra) valve, 258

, 213, 226 Cardac skeleton, 257
:‘:yr?ec:nrldfalr'dnzx thminbus‘ 262 Cardiac slenderness, 71, 94
fvic vessels, 383 Cardac surface, 71, 7%
ppfncnrdul. 226, 329, 3397, 344 area of, 91
lcura, 226 recrangle of, 73 .
P monary attery. 435, 437 Candrac famponsde, 255



mspiratory cardiac cnhrgcmml and, 108
mitral stenosis and, 1

mural-aoruic Jesion \nzh 196, 198
pulmonary arterovenous shant and, 136
pulmonary artery and, 61, 416
pulimonary stenosts and, 2

nght ventriclar d!]amuon (mm 219, 238
veutnicular dilatation from,

Endocarditis, 113, 185, 221, Z!O 258, 264, 372,
438

Epmphreme syndrore, 249
Erosion :ncurysm, 386
of clavicle,
of ribs, 391 19% 395 427, 306f
of sternum, 392, ¥
of vertehra, 401, 405. 406

aneurysm and
of aortic arch, 401, 403
of ascending sorta, 397
of descendmg zorra, 404
of mnomunate artery, 398
aortic bed and, 3638
aortic arch and, 251
arcus aortae
errcumflexus dexter, 421
circumflexns simster, 3096
dexter, 421
duplex, ~uzﬁ'
cardiogram, 55, 61
digphragm and, 32, 16
diffuse 2orme dlhlannn and, 152, 3750
dilatation of, 386
dilated pulmonzry anery. and, 165, 433
dneruculum of, 336, 386
ainel chest and, zsx
Kreuzfuchs’ measurement, 366
Toyphoscoliosis 2ad, 251
left atrum and, 29, 30, 162ff

Esseatial hypcrtenslon, 2048
Excirement, 23, 113,
Exercise, 53, 114
Expansile pulsmom. 146
aneurysms and, 391
hilar See Hilar shadow:
Exteeme Fallor, 289, 295, 299, 303

F

cardiae, 242

o
malformavion of, 274, 276, 278, 291, 298,
6

INDEX

pericardial, 343, 388
Filing diaranion, 123, 138f, 146, 152,
8
Foramen ovale, 264, 292
See Atnal septal defects
Foreign bodses, 28 S
Fnk’s mancuver, 29
Fs, 77
Fe, 77
Functional tests, 110ff
Funnel chest, 253

G

Gastric air bubble, 324
Gastrocardiac complex, 247
Gastroentenitis, 68

Glass blowers, 236

Glenard’s maneus er, 92, 103
Glycogen storage disease, 225
Gouter, 97, 126, ‘I7 220, 239

orma, 230,
Gunshot wounds, 230, 255, 329, 438
H
Him-sthtd heart, 217
Hbr.
zdu[r type, 98

anemia and, 2136
arterios enous shunts and, 134
block, 130, 132, 242, 279
child’s, 66
diaphragmaic border of, 23
mamics of; 62ff
obular, 105, 148, 207
ypertonic, 110
hypoplastic, 102, 1034, 238
sdiopathic hypenmphy of, 225
lnfannle type of, 9
smedsan placement er 108
pendulum mos ement of,
plastic model of, 7
pregnancy and, 88
rupture of, 228, 254
small, 1028
trauma of, 254
tumers of, 329
weight of, 78
e also c
Hemangioma, 235, 343, 392, 437
Hemmatoma
chese wall, 408
coronary artery, 226, 236, 343
Htrnﬂz)gos vemn, 313
Hemopericardiom, 228, 243, 255 326
Hepatic congestion, 134, 153,
Hepatc vens, 21, ws, 317
pulsc of, 193, 2
Hereditary hcrnorrhzglc telangrectasia, 13§
HA, 73, /9 85,91, 121
Hﬂr, LA

laxal herma, 248
High alurudes, 215
High nght orta, 418
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Cyanosis—Contnned
transposition of vessels and, 293
tricuspid atresia and, 274
teicuspyd cegurgitation and, 278
truncys arteriosus communis and, 288
ventricular sepeal defects and, 268
Cysuc lymphangioma, 3184
Cysts, 343, 344, 390, 398, 401, 438

D

D, 69, 70, 74
Death, sudden, 128
Decoruication, 333
Dencke's sign, 269
Degpth extension of heart, 75, 91
Depth index, 155
Depth measurement. 74
Dermoid cyst, 173, 332, 386, 390, 400, 406
Dextrocardia, 275, 291, 3116
Dextrogram, 14, 21, 62ff, 281
Dextroposition
aorta, 291ff, 208
heart, 99, 3147
Dextroversion, 311
Duabetes, 119, 278
Diagonal duameter, 69, 121
Draphragm
ascent of, 22, 35, 37, 51, §7, 83,95, 237, 357
cardia¢ border and, 95
cor pulmonale, 239
descent of, 1, 29, 30, 36, 37, 39, 51, §7, 207,
240, 273, 378
elevation of one-half, 99, 248, 394
ev¢ntraton, 315
hernta of, 248
lateral recumbent position and, 50
parests of left, 229, 397, 398, 403
posicion of heart and, 96, 97
pulmonary mfarction and, 354
pulsanions of, 193
systolic movement, 334
tricuspad lesions and, 192
Diaphragmatic pleura, 37
Duarrhes, 68, 1
Digitahs, 222
Dudatation
aortic, 211, 240, 374
aorne syphilis and, 385
aerial, 123
cardiac
beniben and, 223
coranary occlusion and, 228
coronary sclerosis and, 216
dynamiec aogtic, 31T
dynamic, of pulmonary artery, 436
hyperrensson and, 19
increased cardiac filling and, 124
Jarenr, 210
left vfcnmcu:;r. 125
mamfest. 2T
myocardial inpury and, 255
myocarditis }md. 209
ogenic, 1
Physical excrtion and, 126
post-traumatic, 255 T
Palmonary artery, 435
night ventrncular, 125

pulmonary, 236, 33364
o T

INDEX

single sections of heare, 13747
Diotrase, 13
Diphtherta, 209, 436
Displacement of heart, 2436
Dissecting ancurysm, 407 ff
Durests, 130, 190
Double beat, 59, 60
Double contour, 160
DPr, 77
Ductus arteriosus Botally, 136, 439
aortic atresia and, 287
arcus aortac dexeer and, 419, 423
coarctation and, 426
dextroposed aorta and, 299
extreme Fallot and, 289
infannle type coarctation and, 426, 431
pulmonary artery and, 61, 146, 283, 284fF,
393, 433,435
pulmonary infarction and, 354
pulmonary regurgitation and, 285
pulmonaty stenosts and, 280, 284
transposition of vessels and, 292
tocuspid atresia and, 273, 276
ventrscular septal defects and, 268, 270, 273,
6, 285
Ductus Cuvier, 443
Durozter mitral stenosis, 267
Dynanuc ancurysim,
Dynanuc aoruc dilatation, 371
Dysphagta, 164, 377, 401
a0ftic anenrysm and, 400, 40+
arcus aoreae duplex and, 411, 414
nnominate artery ancurysm and, 398
Jeft atral dilatation and, 162
Dysphagia lusoria, 4166
Dyspnea, 177, 187, 225, 250, 278, 435
Dystonia, nenrocirculatory, 120

C

Ebstem’s angle, 327
Ebstein’s discasc, 2786
Echinococeus cyst, 235, 242, 262, 329, 332,
384, 406, 408
Exscnmenger's complex, 268, 303, 307, 317
Electrocardiogram, 61, 120, 126, 130, 213, 225,
29, 249, 263, 274, S14, 427
Electrokymography, 12, 64
aernl,
cardiovascular pulsations and, 54
cicatnicial pencardins and, 337
coarcration and,
coronary occlusion and, 229
mitral stenosis and, 173
pulmonary stenosts and, 281
ericuspid lesions and, 192
Emaciation See Cachexia

coronary, 228
1 ann gt g
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echamical goiter hearr, 218

ledian distances, 68

cdian phccmcm, 101
tdl:n ph!czu formation, 206, 213
lelsmn. 173, 216, 233, 326, 329,

Mcdusnnalplcurz. 95 240. 2H, 329, 330, 336

Mcdyzsmﬂ‘ mmor 5, 242, , 329, 330,
, 343, 3‘70 398, -UT
Altdnsunll \\andr:nng, 17, 50, 51, 245, 252

Meduastnopericarditis

anerior view of, 2
lefe antenor obhquc e of, 37, 38, 40, 41,
43, 4

ehs amekor b vicw of, B

cardstis

Mediastoum

antenor, 47

childhoad, 46

posterior, 29
weak area, 2H
esentesic astery, calaificd, 383

lesocardia, 311, 323, 317

eteorist, 247, 4

ethod of t‘zmmzunm lff

w-lefc drarmeter, 68,

1d-nght dumeter, 68 I07 184, 186, 21
wlary ruberculosis,

itral atresia, 286

1ral configuration, 1426
aoruic ancurysm and, 343
atnial septal defects and, 265
beribers heart and, 223
cardiac tumors and, 242
child heart and, M), 100
w:rcurvm and, 4
pulmonale and, 237 238, 240
:omnary oceluston and, 229
descent of duaphragm and, 95
ductus atteriosus and, 43
elevation of diapheagm and, 98
female heart and, 9%
ﬁmncl chest and, 253
rthyroidism and, 217, 218

mnle type of cosretation and 427
mcdumm\ adbestons and, 2-
rmitral Tegurgitation znd, wa
ptral stenoss and, 1
plenra) adhesions, zis
pleural efiusion and. 243

atmal septal defect, 267

cor pulmonale and, 238

pulmonary artery and, 61, 238, 345, 433

pulmonary aftery ancurysm and, 437
Imonary stenosis and, 280

Miteal regurgatanion, 180f7

Al

el e, 183

rhenmane, 180

silenc. 180

frtral scenosis, 137, 1686

ancurysm of pulmonary arery and. 163
aomme regurgitation and, 1

4ortic stenosis and, 194

See Creatnent pens

atrial septal defect and, 267
atrophy of lefe ventnicle 2nd, 137
cardiac tutmor and,, 242

Durozier type, 267
hydropericardwm and, 179
hvpertension and, 196

lefe atrial enlargement in, 160
patmonary artery dilatation 1, 436
pulmonary edema m, 351
Esulmonaxy regurguation and, 351

Mred artenione cnmn transposition, 295
M), 68,97, 101, 14

Myocardism

calafication, 204, 213

uremic tove damage, ‘oz. 203
Myogenic difatation, 139, 1.
Myomalzcu, 56, no. 137, *zv 230
Myxedema, 222ff, 32
Myxoma, 247

H

P

o

Qbesity, 45, 77, 79 8! 96, 240, 247
Obhqu: heate, 71,

Ollgtmu, 373
Onhodugraphy.s 4,5
Drthopaea, 177

495

o1,
326,

03,

Orthostanc reduction of heart size, 916, 119

Outflow tracrs, 141/
P

Paradovic tespiratory shift, 397
Paradovic Valsalva test, 110, 112
Paralld projection, 2

Paroxysmal mhycardu. 114, 132, 436
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Hilar shadows, 26, 29, 42, 177, 178, 265, 280,
34¢

atrial sepral defects and, 265, 267, 280
benbert heart and, 225
cor pulmonale and, 239, 280
¢rab-shaped, 289
dance, 148
ductus arteriosus and, 280, 440
hyperthyroidism and, 220
mtrinsic pulsations of, 61, 141, 145, 199
mitral regurgitation and, 182
nephritts and, 201
pulmonary congestion and, 43§
tricuspid atresia and, 276
ventricular scptal defects and, 268
HI, 70, 72, 79, 94, 121
Holzknecht's space  See Retrocardiac space
Honizontal orthodiagram, 5,
Hr, 71,73, 79, 86
Hydropericardum, 51, 67, 164, 179, 183, 190,
1ff, 204, 207, 222F, 228, 242, 255,
322, 331, 333, 343
See also Perscardial effusion
Hydropneumopericardmm, 223, 255, 3296
Hydrothorax, 23, 29, 51, 134, 179, 201, 222,
229, 2431f, 315, 349, 397
encapsnlated, 352
mediastinal, 173, 226, 235, 236, 329, 343
medsastinal wandering and, 245
posttion of heart and, §1, 339
Hypertension, 1994, 368, 372, 385
cardiac aneurysm, 232
chronic lead poisoning and, 205
cor pulmonale and, 238
coronary sclerosis and, 225, 22
dilated aorta and, 186, 205
dilated left hearr and, 183, 248
essentral, 204fF, 351
mitral lesion and, 198
mtral stenosis and, 171
myocardial mjury and, 211
pulsmonary congestion 1, 249
renal, 200
Valsalva test and, 130
Hyperthyroidism, 113, 180, 216ff
See also Thyroroxic heart
Hypertrophy, 137
left venericular, 1481
night venericular, 1516
Hypophyseal cachéwia, 93
Hypoplasia

carduc, 102, 104
pulmanary, 315
Hypothyrowdism ~See Myxedema
Hypostasts, pulmonary, 3 $6ff
Hypotonic heart, 110
Hypovia, 215, 238

1

Idiopathic cardrac hypertrophy, 225
Tlummnating gas poisonng, 216
Infanule type of heare, 98
Infarct, pu:lmoniry. q}ls 3‘ﬂ; .

iseases, 91,
E-gﬂi:-muc cardiac myuries, 111, 2096
erior vena cava, 28, 36, 37, 47, 256, 266, 313

INDEX

Infilerates, pulmonary, 345
Inflow stasis, 238
Inflow tracts, 1416F
Infundibular stenosis, 279, 281, 29867
Tnnomimate vem, 21, 33, 41, 44, 67, 179, 374
Intetcoseal artenes, 427
Internal secretions, 127
Interventricular septum, 35, 84

See also Ventricular septal defects
Intramural aortic hematoma, 408
Isthmus stenosis See Coarctation

J

1,76

Joduron, 13
K

KL, 86 B

' 145,
o,

L

L, 70,71, 72, 84
Labor, 120, 149, 203
Lamellar atelectasts, 349
Latent dilacation, 210
Lateral recumbent position, 5Off, 338
Lead poisoning, 205
Left anterior oblique position,” 351
Left lateral position, 47,
Left posterior oblique position, 48
Left rotation of heart, 143, 160
eiomyoma, 242
Length See L.
Leukemia, 214
Lever movement, 56
Levocardia, 315
Levogram, 14, 62f
Ligamenta pulmonum, 37
Ligamentum Botally, 26, 32, 46, 21, 411, 413,
423, 426
Lipoma
cardiac, 242, 388
penicardial, 343, 388
Imax, 74, 76
Lobus venac azygos, 172, 398, 443ff
Longitudinal diameter, 70, 71, 124
Lordosts, 243ff
Low air pressure, 215
Low nghe aornic position, 405, 411
Lung tumors, 346, 386, 388, 401, 438
Lutembacher's syndrome, 179, 267ff
Lymphadenosts, 214
Lymphangius tumora, 236

M

Malana, 209
Mammary fold, 46
Measurements,
aorta, 3596
heare, 681
pulmonary artery, 433
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mechanism of, 348

mitral regurgitation and, 182,

mucral stenosis and, 173, 177, 179 189
nephnns and, 201

Valsalva test, 109

varying stroke volume, 56
vemncuhr fibrillarion, 133
s

tricespid lesions and, 192 nltcmzns 227
Pulmonary edema, 163, 176, 251, 323, 3506 celer, 178, 185, 186, 189, 194, 196, 199, 220,
coronary occlusion and, 229 08, 370, 44
coronary sclerosis and, 228 pzrzdoxus, 31
mitral stenosts and, tardus, 1
myocardial myurres and, 211 Pyelonephrmc contracted kidney, 203
ephriic hypertension and, 201
monary embolism, 236, 3536 R
monary fibrosts, 345, . s .

monary hypertension, 345

monary mnfarction, 349, 354

monary infundibular stenosis, 15

monary ragurgmuon. 61, 146, 148, 199,
440

FrEges

atrial septal defect and, 285
bertber: and, 22§
congenital, 2851

or

L VLILIOULL, 123, 14,
night ventricular, 138, H} 169

pulmonale and, 240 Respiration

Etsenmenger’s complex and, 3

relauve, 1778, 198, 225, Z«iz mt 437, 438

ventricular septal defect and, 2
Pulmonary stasts Se Pu]monary congestion
Pulmonary stenosts, 279ﬂ‘

aneurysm an

atrial sepral dcfm and, 267, 268, 274, 283

congeneal, 279fF

dextroposed aorta with, 218, 316

pulmonary artery and, 433, 435

ventricular sepral defect and, 268
Pulmonary vemns, 21, 26, 32, 47, 157
Pulsations

aoruc, 57, 3706 Re
, 390
aortic regurgitation, 178, 185, 196, 220,
3706

aortic stenos:s, 191

and heart, 106, 209

!el;t anterior view, 36, 37, 154

75, 400, 415
ctrovasal space, 28, 32

Rhabdomyoma, 242, 243

\b erosion  See Erosion, nib
ading aorta, 291, 299
iding pulmonary artecy, 291

arteriovenous shunt, 134 1ght 20rta

atmal sepral defect, 265 high, 297, 418ff

bradvcardia, low, 179, 4

calaified valves, 259 Roentgen cimematography, 1,

cardiac ancursym. 233 Roentgen kymography, 94, 555 64, 138
cardrac borders, 5 a0rta, 61

candiac dllarauon. 56, 148, 303, 327
cor pulmonale, 239

coronary sclerosis, 227

emphy sema, 219

endocarditss, 113

fever, 119

hydropericardiam, 327
hydropneumopericardium, 54, 330
intracardac forergn bodies, 254

Muller test, 109

wmyocardial dzngc. 209, 216, 227, 229, 234
myxedema, 2

paradoic, z-u

pendulous hearts, 103

pericardial dverticulum, 329

pentular structure, 61

physical exertion, 53, 114, 130
pneumothorax, 244, 2

pulmonary arc, 58, 178, 201, 220, 265, 285
syphilitic 2ortrts, 3868

thyrotovicosts, 220fF

aortic knob, 57
aortic sheft, 370
2omc valve regnrgx(anon, 185
arcus aortae duplex, 146
bronchial asthma, 108
caleification, 259
cardiac anevrysm, 234

ronary occlusion, 229
exercise, 118, 129
exptranion, 108
hypettension, 206
w)?xnhymldxsm. 220

¢ atrum, 58, 61

eft ventricle, 55, 113, 125
myocardial injuries, 213, 326
pencardsal adhesions, 337
penicardial calefication, 337
perscardial effusion, 324, 326
nghe atrum, 61
night cardiac border, 59
right vascular band, 60
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Patent ductus e Ductus arteriosus
Pendulous hearr, 13, 23, 36, 37, 83, 101, 128,
192, 199, 374
e

Qs afen & cobommin Lt e

Pericardial calcification, 329, 330, 3396

Pericardial coelomic cyst, 331

Pericardial diverticulum, 156, 173, 242, 244,
329, 3311, 343

Pericardial effusion, 173, 201, 228, 242, 3221,
37

berbert heare and, 225

cardiac aneurysm and, 2316F

cardrac rumor and, 242, 329

coronary artery aneurysm and, 226

coronary occlusion and, 228

dtfferential diagnosts of, 179

encapsulated, 156, 226, 236, 328f, 341

hypertension and, 207

myocardral inyury and, 212

myxedema and, 222

pericardnl tmors and, 242, 329, 143
Perscardial tumors, 235, 243, 331, 332, 343,

6, 388

Pericarditts, 3226F

feral, 315

postinfarction, 228, 229, 233
Pericardium, §4, 57, 95, 3216f
Pernicious anermia, 213
leb lmonary, 438

hiebectasi, p

d 12
ysical exercise, 11467
surface, 95
anum cardiacum, 95
2stic modcl of hearr, 7, 75
ethora, 131
eura, 2431f, 443
mediastinalis, reflectron of, 17, 20, 33, 37, 38,
3

0, 41,
Pleural adhesions, 24, 45, 51, 233, 236, 239,
245, 3115, 334, 345, 358, 360

Pleural calaification, 343
Pleural cffuston, 1, 29, 2431, 326
aneyrysm ofasccndm’g aorta and, 388, 397
o2 e Lol

thyrotoxicosis and, 220

rumors, 386

See alsa Hydrothorax
Pneumatic gotter heart, 218
Pneumoangiocardiography, 136
Preumocamosts, )24):,325%5, 416
:ﬁm;’:{lcﬁmlm, 53, 243, 255, 3296f, 343
Pacumoperitoneum, 20, 37, 3
Preumothorat, $4, 219,243, 2

343, 349

. 285,315,329,

INDEX

Palycythemua, 299, 3556
Pong tese, 110
Positions, typical, 16
antenor
crect, 16
recumbent, 46
right, left lateral recumbent, 50
erect, 1
horizontal, 1, 467
lateral recumbent, 4767
left anterior oblique, 35
left lareral ercer, 47
lefe posterior oblique, 48
posterior erece, 4
night antenior oblique, 276
right lateral erect, 48
nghe postenor oblique, 48
Pregnancy, 51, 88, 96, 97
Pressure test See Valsalya test
Prmary pulmonary sclerosis, 143, 236, 238,
280, 345, 393, 436, 437, 43¢
e LTI
'

2,
Psendotruncus artertosus communis, 289f, 3to,
4

Psoas muscle shadow, 406
Pulmocoronary reftexes, 237
Pulmonary arteriovenous shunts, 135
Pulmonary artery, 25, 26, 32, 433
aneurysm, 170, 418
of zoruc arch and, 401
of ascending aorta and, 393
of sinus of Valsalva and, 393
anomaltes at base of, 279
atresia of, 287, 2986
atreeic transposed, 275, 298
atrsal sepral defects and, 265
beribert and, 223
congemtal ditacation of, 384
cor tnloculare biatriatum 2nd, 271
descent of draphragm and, 101
dilatation of, 146, 170, 218, 4356
dynarue, 218, 279, 436, 340
embohsm of, 236
emphysema and, 436
hyperthyrordism and, 217
hypoplastic, 271
mitral regurgiration and, 182
imueral stenosts and, 89, 170
pleural adhesions to, 246
pulsations of, 58
nding, 291
' .

coronary occlusion and, 229
coronary sclcrosts, 225
hypertension and, 306
hyperthyroidism and, 220
kyphasceliosts and, 251



Suction test See Muller test

coromars, 36, 155, 342
lengitudinalis anterior, 145
Superior vena cava
aneurysm ascending aorta and, 397
antenior view of, 17, 21, 356
atretic aorta and, 287
2zygos vem and, 436
benber: and,
childhood, 67
cicuatnenl pencardws and, 333
cor pulmonale and, 2
doesal recumbent position and, 49
msprration and, 1
lefe antertor oblique view, 32, 33
situs iversus and, 313
thyrotoxicosts and, 220
encuspd lesions, 179, 192, 193
mmor 1n, 243
Surfice Lymoguphy, 11, 60, 116
Swimming, 128
Sympathetic tumors, 388

93,
Tzchycnrdu. 53 9 118, 132, 134, 217, 237,

oractc ndex, 84
oractc phenomena, 333
oracic transversal, 84
horacolysis przecord:acz, 313
orax, newborn,
romby, 230, 23% zol
hromboangitis ob[m.nns 236
rombosis, 228, 229, 2
ymus, 66, 67,7220, 186, 388
uymldccromy, 133, 218, 221, 223
Thyrotoxicoss, 216ff, 430
artertovenous shune 2nd, 134
carduc size 1, 208, 218
dilated pulmonary artery and, 146, 218, 435
orthostanie reduction of cardiac size, 92, 105
pulsations 1

of aorta, 370, 372

of hearr, 23, 54, 213

of pulmomry zncry, 61, 435
Tomography, 136,
Tonsxllms 200, zxo
Tonus,

2orn c 370
Torsion anomahes, 268, 2916

e e

anterior view of, 17

499

compression of, 208, 218,

B

chuldhood, 6

Jeft atewm znd 181, 164

right anterior obhgue view of, 29, 33
Tracheobronchual angle, 17, 34, 42
Transfusions, 131

236, 398, 399,423,

Teanspostuion

of aorta, 29

of great usscls. 272, 274, 275, 291, 2926F,

376
>
Tricuspd atresia, 273
“Tricuspid configuration, 19
189, 1911,

Tricuspid_regurgitation, 179 183,
225, 2781, 250
Tacuspid stenosis, Is6, 1916
Trilogy of Fallor, 2
T,
Truncus artenogus conumuns, 2874, 289, 374,

Tubel'culosls. 236 238 239, 240, 2436, 245,

Tuberous sclemsls‘ 236
Tumors, 235, 242ff, 147
'Iypclpu]sanons 53,126, 152

Trpe I pnlsmons 53,12
yphod fevee, 2

‘Typhus, 209

U

nBr, 71

Umbradil, 13
Unconsciousness, 115
Uremc pericardits, 324
Uroselectan

v

Valsalva eest, 136
anenrysm and, 398
cardiac function and, 130
rutral stenosts and, 174
paradovic, 112
pericardial effusion and, 3
reduction of cardiac size md 7, 107, 108,
11

Valvular calctficanon, 257
Zalvular lesions
acquired, 16861
combuned, 194
Varicose pulmonary phlcbectasia, 438
Vanx, 262
anearysmaticus, 134

brzchmceph:hcz simistra, 33
mammara sinisera, 46
Vascular neurosis, 372
Vasolabiliry, 214
YVasomotor weakness, 92, 112, 164
Vectorcardiogram, 1
Vena cardinals smistra, 313, 318
Venesecrion, 131, 214
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Roentgen kymography—Conrinued
nght ventricle, §
tonus and, 113
tricuspd {estons, 192
Roemfzcnogrzm
adult type of coarctation, 427
anerma, 294
ancurysm
abdoaunal 20rtz, 406
arch of zorra. 398
ascending aafta, 393
descending a0rta, 403
mnomenate artery, 398
renal artery, 384
smus of Valsalva, 392
spleruc arcery, 383
aortic ancurysm, 386
20rnc steansts, 190
aoctic valv regutgitation, 184
arcws aoriae
circumflexys dexrer, 423
crreumflexus simseer, 409
dexter, 421
duplex, 411
arreriovenous shant, 135
atreal septal defect, 265
benber hearr, 223
canabis  atnoventricularss
sistens, 27
cardac aneurysm, 230
cardiac tamors, 239, 142
eicatniesal pernicardius, 332
coarctation, 427
complete transposition of vessels, 292
congenital pulmonary stenosis, 271
congemital tricuspid stenosis, 273
coronary artery sncurysm, 226
coronary occlusion, 228
coronary sclerosis, 22§

commums

cor

pulmonale, 236

tnilocylarre bratniamm, 273
dissecting aneurysm. 407
ductys arteriosus, 440
dysphagia lusons, 418
Lisenmenger's complex, 308
encapsulated pericardial cffusion, 329
gastrocardiac complex, 247
ﬁlymgm storage discase, 225
ertenson, 199
1solated tricuspid atresta, 276
lefe ventricular hypertrophy, 148
lobus venac azygos, 443
mitral regurgication, 180
mutral stenosis, 168
myocarditis, 209
my;]:dcm:j. D%’12
nephntis, 2
opaaue torergn body, 255

ricardial dinerticulum, 331
pericardial effusion 323 m
perssstent atrioventricularys communis,

per-

INDEX

pulmonary regurgitation, 285
pulmonary stenosis, 279
relative pulmonary regurgteation, 178
night atrium, 155
o S .

thoracic deformities, 249

thyrotoxicosis, 216

transposition of vessels, 293

icuspid atresia, 276

wicuspud lesions, 278

tricuspad regurgttation, 278

tricuspud stenosis, 156

trilogy of Fallot, 283

true truncus arteriosus commuonis, 291

varicose pulmonary phlebicctasia, 438

ventricular septal defects, 270
Ruprure

of aorta, 4076

of heart, 228, 25+

s

Sarcoma, 215, 242, 343, 392
Scapula, 29
Searler fever, 209
Sclerosts of gorta, 3816
hosis, 22, 250K, 366
Scnile hearr, 89, 207
Sepsis, 210
Septal defects, 61, 316
See alse Atmal septal defects, Vencricular
scoral defects
erous mflammation, 177
ex, 79, 88
héshin, 223
ilicosis, 346
Strustroposed aorra, 298
Srmstroposed pulmonary artery, 297
Sinus
coronarius, 342
sransversus pericards, 342
of Valsalva, 236, 258, 392ff
Situs
mversus abdommahs, 3096, 3131, 421
viscerum mnversus partialis, 310
viscerum jnversus partialis thoracals, 313
wviscerum inversus torahs, 3
Small heart, 102
Splenic artery calaificarion, 383
Splenic cyst, 343
Stab wound, 134, 225, 230, 255, 329
Step kymography, 11
Sternum
crosion of, 392, 398
shadow of, 6, 47

134
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Venous mfundibulum, 157 dilatation of, 1416
\enous pressare, 135 Fallor znomzly and, 3
Venous pulse, 193, 278 hyp:rrrophv of, 35, 6[ Nlﬁ', 247
Venous return, 92 plasia of, 273, 276, 279
Ventsicle JD v tract, 36, 125, 14141, 190
left mnmf configuration from, 251 .
agenc valve msufﬁmncy and, 84 mueral seenosis and, 301
anterior view of, 2 ou(ﬁow tract of, 15, 22, 36, 62 1414, 190,
cor pulmonale 2nd z-m
enlargement of, 9 pulmun.u stenosis znd, 279
hypertrophy and dlL?rann of, 130, 386, tracuspad ch!on and, !
152ff, 225 ventncular septal drfm and, 268
mflow tract, 36, 64, 124, 125, 149, 153 Ventricular fibnilanon, 133, 255
left anterior obhque view of, 37 Ventricular sepeal dcfm, 269IF 276
left lateral view of, 47 AV ntncuhr scpmm, 22, 35, 36, 141, 231, 257,
nutral regurgtration gnd, 180 7, 2904, 292, 27
mitral seenosis and, 174 Vertebral column 17, 28, 29, 37, 41, 150, 246,

nephritic hypcncmmn =nd. 02
>t 120 162,184 Vertebral eroston, 159, 403, 405, 406
Vertcbromedtastinal pleyra, 1
! Vertical Fearr, 71, 83

Lo, 1o Vertical sufy, 132, 3376

stroke volume, §6 Vital capacuty, 127, 240

underdeveloped, 2866

genmcuhr septal defect and, 2 w
r

gamcrmr view of, 17, 22, 36, 141f “andcnng heart, 51, 99

athletics and, 121 “zrncphnm 202

atrial septal defect and, 301 Weight, 7

cor pulmonale and, 237, 240, 331 Wieland's mnd, 273
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