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PREFACE TO THE SECOND EDITION

There has been a steady progress in the field of cardiovascular roentgenol-
ogy and this is witnessed by the many additions to the text. The captions to
the new illustrative material are rather lengthy but this seems the only way to
presenl cases ina properly integrated and correlated fashion. The new bib-

are indicated by asterisk.

The author owes very much to a number of physicians connected with
Temple University Hospital and Medical School Particular gratitude is
expressed to Prof. W. Edward Chamberlain, head of the Department of
Radiology, in whose department the roentgenologic studies were carried out;
to Prof. Charles L. Brown, head of the Department of Medicine, in whose
department the clinical and electrocardiographic studies were made while on
cardiology service; and to Prof. Lawrence W, Smith, head of the Department
of Pathology, and to his associates Drs. Edwin S. Gault, Emest E. Aegerter,
Augustin R. Peale, Machteld E. Sano, and Anthony L Pietroluongo, all of
whom made possible the anatomic studies.

For the privilege of using their Mustrations, the Zuthor is indebted to Drs.
K. Heckmann (Istanbul, Turkey), G. P. Robb and I. Steinberg {(New York
City), H. M. Stauffer and N, Learner (Philadelphia) and E, Zdansky (Vienna,
Germany) Gracious permission has been given by Dr. M. J. Schlesinger and
the C. V. Moshy Co, St. Louis, Mo. (Am. Heart J.) to cite in detail the
method of injecting and dissecting the heart, and by Drs. G. P. Robb and
I Stenberg and Charles C Thomas, Springfield, II. (Am J. Roentg.) to cite
in detail the method of opacification of the heart and great vessels.

Miss Fay McConkey, my secretary, has conscientiously, intelligently and
patiently helped all along, and to acknowledge this is my sincere desire. Dr.
R. V. Cohen has been kind enongh to read and correct the captions, and Dr.
I. W. Ginsburg has made helpful suggestions for the last chapter. The quality
of the photographic illustrations is a high credit to Mr. W. J Taylor.

Philadelphia,
May, 1942



1look upon reviews as a kind of chiddren’s disease whick more or less
attacks new-born books. There are cases on vecord where the
healthiest died of 1t, and the puniest have often hved through st . .
Attempts have frequently been made to prevent the disease by means
of amulets of prefaces and dedications, or to color them up by per-
sonal pronunciamentos, but 1t does not always help

GEoRG CHRISTIAN LICHTENBERG

PREFACE

The examination of the cardiovascular system by means of the roentgen
rays is but one among several methods of study. The reader will realize that
the application of one method sets very definite limitations to the desire to
know and to understand the “whole.” Thus only certain aspects have been
covered and the space devoted to the different topics is not and could not
be in proportion to their practical significance. Certain aberrations from the
normal in the cardiovascular system can be demonstrated by roentgen studies
only, a certain number are better diagnosed by roentgenologic than by clinicat
methods, while very many early changes can be elicited only by clinical
methods. Often negative roentgen findings are as valuable as positive ones.
To disregard this method means to renounce much of what our best trained
sense, the eye, can perceive. The examination by roentgen rays has rightly
been called an autopsy performed on the living. Its worth as well as its limita-
tion must be evaluated by basic knowledge of the normal and pathological

and physiology of the cardi ular system on the one side, and
of the fundamental, theoretical and applied physical principles of the roentgen
rays on the other. Deficient training and deficient insight into problems will
only lead to disappointment and to misinterpretation of results. It js inherent
in any method that he who uses it tries to do as much as possible with it,
and tends to overestimate its worth the more he knows of it or is limited
to its use; and that he who cannot use a method tends to neglect and to
underestimate it. In brief, this is the danger to the physician who is exclusively
a roentgenologist and for the physician who has httle or no experience with
and no confidence in roentgenology. As late as 1920 the great master Sir
James Mackenzie wrote: “Indeed I am doubtful if an X-ray examination of
the heart has ever thrown the slightest hight on any cardiac condition.” (Ox-
ford Medicine, I1/2, p. 456).

Every roentgen ray study should start with a fluoroscopic examination.
Rotating the patient during fluoroscopy has the same relation to a film record
as a ride through the country has to a picture post-card of the same scenery.
A film record in its frozen aspect expresses the statics, while fluoroscopy ex-
presses the dynamics of the situation, The report itself should consist of two
parts, one the description, the other the interpretation. One should center
on structural and functional changes rather than attempt an etiological
diagnosis. The beginner should strictly adhere to the rule of writing the report
first, independent of the clinical knowledge of the case, and then correlate
both findings. Knowledge of the clinical findings enables the expert to com-

i




PREFACE it

plete the examination in a relatively short time, and special points of interest
suggested by the clinical report can be studied more thoroughly.

Nature is a series of mﬁmte vanatmns and the application of a speual
method of study, y id that there is
no single type of visceral y and physiology. Ni lity, as a statistical
concept, refers to the average or oenf.ral values of the curve of variability;
but many individuals who stray from these values are healthy, anatomically
and functionally. Since there is such range of variation, errors in interpretation
occur and organic disease is occasionally diagnosed when none is present, while
one may fal to recognize such disease when it exists.

\Vhen the physu:an has in mind all the multifarious aspects, he speaks from

g a new case. Experi of this type, however, cannot
be transferred, hence the attempt to reduce to types and to present a statistical
résumé. In this connection, it is perhaps not amiss to cite Armand Trousseau:
“QOf what use is this semblance of precision? When one of our colleagues
showed the medical world the coincidence which exists between diseases of the
heart and acute articular rheumatism, was that beautiful discovery received
the less favorably because the discoverer said ‘very often’ in place of ‘forty-
four times in the hundred’? Was the influence of sulphate of quinine on
miasmatic hypertrophy of the spleen less surely established when Bailly said
‘almost always,’ than if he bad said ‘ninety times in a hundred’?”

Of deficiencies in the presentation of the material, there must be many. To
oo PR L e e e

satisfactory from the point of view of primary roentgenological approach. To
give a description with purely roentgenological criteria as leading features, such
as size, shape, position, pulsatory movements and contrast, becomes too
analytic and calls for another synthesis which necessarily involves much
repetition, The limitations of the middle way which has been adopted are
obvious Also, it seems to the author that never before has the attempt been
made to mtegrate for one organ system, from a roentgenological point of view,

], and pathological features, and experimental prob-
lems and clinical apphcahons It may well be objected that of these non-
Toentgenological facts either too much or not enough has been included. Yet,
the time comes—and must come—when a work is brought to an end.

It may be remembered that it is not the method but the man who uses
the method that decides its value. Arthur Schopenhauer expressed such a
thought when he said “It is less important to see something new than to
think something new of that which everyone sees.”

Particular names, relating to any specific fact, have not been inserted in
the text; not only would it have broken continuity but also it would have been
Imposslble mn spite of repemmn, to give credit to all contributors, Hence

has been subdivided by appertaining chapters, The author has
read in the onginal all articles cited in the biblography, has abstracted nearly
all of them, and will be glad to indicate to any worker in a limited field those
articles whxch have a direct bearing upon his problem. Since a complete
bibliography would exceed pubhcauon limits, many articles have, of necessity,
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been omitted. All references are, directly or indirectly, of some significance for
the roentgenologic approach, although this is not evident from some of the
titles

The beginner and all those without good visual memory will not derive all
the available information from certain text passages, and this applies par-
ticularly to the first part of Chapter III, unless they refer to the illustra-
tions, original roentgenograms and, in addition, a good anatomic modet of the
heart and the great vessels (see figures 9-11). The designation right and left
on the roent orthodi: and ph phs refers to the patient;

el

+ha docimmatiam ctohé aed 1fi o oLo Jum *mn oo Foom e als

and Dr. Wilhelm Dressler in clinical cardiology. The rare privilege and fortune
of being associated with Dr. W. Edward Chamberlain, Professor of Radiology,
Temple University School of Medicine, can be realized only by those who
know him personally, Dr. Chamberlain devotes much of his time and energy
to the reahzation of his idea that the roentgenologist should hold the position
of a consulting phys:cian, It will give the author a great satisfaction if this
treatise should be an aid in attaining this goal.

For the privilege of using their cases and illustrations, the author wishes to
thank Drs. Paul A, Bishop (Philadelphia), John D. Camp (Mayo Clinic,
Rochester), P. Cignolini (Genova, Italy), H. Dietlen (Homburg/Saar, Ger-
many), W Dressler (Vienna, Austria), R. Heim de Balsac (Paris, France),
H. Holfelder (Frankfurt/Main, Germany), George W. Holmes (Boston),
Chevalier L. Jackson (Philadelphia), Charles F. Nichols (Philadelphia},
G. G. Palmieri (Bologna, Italy), M. Sgalitzer (Vienna, Austria), Merril C.
Sosman (Boston), E. Zdansky (Vienna, Austria). All other cases were studied
personally both from the clinical and roentgenological point of view either in
the Temple University Hospital, Philadelphia, Pennsylvania, or in the Herz-
stationhospital, Vienna, Austria.

The assistance of Drs. Mary H. Eashy, Isadore W. Ginsburg, George C.
Henny, Albert K. Merchant, Lester Morrison, A. E, Taft, Henry S. Thomas,
William A. Thornhill, Barton R. Young, in the reading and correction of
manuscript chapters, is gratefully acknowledged. Mr. W. J. Taylor has given
his master techmque to the photographic lustrations. Thanks are expressed
for their most conscientious work to Miss Thelma Stevens in preparing the
index, to Miss Sarah K. Ingram and Miss Catherine McElduff for secretarial
work, and to Miss Marjorie Gerken for reading the proof. Thanks are also
due to the publisher, Mr. Charles C Thomas, for his interest and helpful
cooperation. And the author hopes that others will feel, as he does, that the
appearance of the book is 2 credit to its publisher.

H.R.

Philadelphia,

May 1936
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TECHNIQUE

- © et mev et pabad emall fame

tube is centered on the screen the maximum opening of the shutter should
not exceed the borders of the protecting leadglass screen. The tube and its
frame must be well counterbalanced to permit an easy shift. The screen should
always be kept in a plane !

exactly or almost exactly par-
allel to theplane in which the
tube moves. The roentgen ray
tube must be correctly cen-
tered, especially in relation to
the opening of the shutter. A
detachable crossbar may be
placed in the course of the
rays, its shadow should ap-
pear on the fluorescent screen
exactly in the middle of the

FOCAL SPOT FLUOROSCOPY
FOCAL SPOT ORTHODIAGRAPHY
FOCAL SPOT TELEROENTGENOGRAPHY

L )

— drawing showtng the refationshy)
fuorescent area comespond- 16, L SC U S L couma of
ing to the open space of the 1y, rentgen rays, for the three methods routinely
shutter, and the shadow of used in the roenttenologic study of the heart and
the bars should obviously be  great vessels
as small as possible. By using .

a Pcuer—Bucky diaphragm of the type constructed for fluoroscopic use, valuable
improvement of contrast 1s obtained

Orthodiagraphy consists in outlining the silhouette of shadows visible on
the fiuorescent screens by marking the orthogonal projection as obtained by
the central ray, or, for practical purposes, as obtained by a small bundle of
central rays. If one assumes that the distance of the tube anode is fimte, which
s a rule is 50-80 em. for fluoroscopy, then, because of the divergent course of
the roentgen rays, the image of any object will be larger than the object
itself. If the central ray is moved tangentially along all s:ilhouettes, the borders
of all the objects examined (heart, great vessels, diaphragm, clavicles, etc.)
will show silhouettes which are independent of the distance of the object as

Well ac af tha vaanbmpn maa tiha fram the Anarncennin carsan Snanial dociesy

to be recorded by piercing holes in paper suspended from the wall at the side

of the fluoroscope The location of the central ray is represented by each
puncture,

3






TFCHNIQUE 5

During fiuoroscopy the physician is apt to be subjected to radiation that is
mostly scattered since the primary beam is usually adequately himited by
diaphragms and the screen is faced by lead glass. Exposure to direct radiation
occurs chiefly, first, if the shutter is opened so wide that roentgen rays may
pass outside of the fluoroscopic screen, and second, if the physician places his
unprotected hands in the direct beam. If much fluoroscopy is done, one should
consider the scattered radiation and wear an apron of lead rubber

The fluoroscopic image is dim This arises from two circumstances First,
the fluorescent chemicals now available produce relatively httle fluorescent

. light; only 4% of the roentgen ray energy that reaches the screen is converted
into actinic light. Second, the amount of radiation must be limited to avoid
excessive skin dose, Because of the dimness of the fluoroscopic screen the
acuity of vision is much diminished, and adequate dark adaptation of the eye
becomes necessary (thi} is discussed in chapter V) An increase in the ma,
within certain limits, gives only a modest improvement in brightness, Increas-
ing the voltage from 50 to 63 kv. doubles the brightness of the screen but the
resulting moderate improvement in distinctness is likely to be of no value since
the accompanying increase mn scatter lowers the contrast There is an advan-
tage in increasing the object-screen distance While the brightness diminishes,
the contrast improves. This holds true m spite of the fact that the unsharpress

increases, .

Roentgenography. ArparaTus Three types of roentgen ray apparatus are

n use. In one the roentgen ray tube acts as a rectifier as well as the generator

of roentgen rays. The maximum delivery 1s 85 kv p, 100 ma. In another type

one thermionic valve tube is used as a rectifier The capacity is 100 kv p, 100

ma, Both types represent half-wave rectification, and the current flows

through the tube during alternate half-cycles These apparatuses are not rec-
ded for chest shy The third type refers to the employ-
ment of four thermionic valve tubes for rectification. Here full-wave rectifica-

tion is present and the tube current flows every halicycle This type has a

capaaity of 200 to 500 ma and is recommended

Apparatuses are heavy and costly because of the gmss mefﬁcnency of both

the and The , ie the ratio

of the useful roentgen ray energy to lhe electrical energy input from the high-

tension generator to the roentgen ray tube, Is only one ten-thousandth of one
percent, The tubes must be designed to dissipale heat at a high rate,

In using the customary target-film distance of 180-200 cm, the size of the
focus of the roentgen ray tube does not permit finest definttion hecause of the
necessary high load. In decreasing the size of the focus, one must reduce the
target-film distance to 70-120 cm At this distance the use of a cone is de-
sirable. A tube with a rotating anode (Rotalix) gives very fine definition and
allows for short loads, 7-8 times the energy permlsslble fora slatxonary anode |
Such fine defimtion, as well as overexposure, is needed to d small’
lime salt deposits in 'the coronary atteries or in the heart valves, Fine definition
is lékew\se desu'able fora specxal study of the mtrapulmonary vascular pattern,

HES™
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The simple procedure to be described here requires that the screen be in-
dependent of the tube. The screen is pressed tightly against the patient’s chest
while the tube is being moved from point to point. The shutter is narrowed
so that there remains visible on the fluorescent screen an area of only a few
square centimeters. The desired borders are then brought exactly into the
center of this area by shifting the tube into the necessary position. The shadow
of these borders is marked directly on the glass with a pencil. The largest
possible silhouette is drawn, it corresponds to ventricular diastole for the
heart area and to ventricular systole (discharge) for the large vessel area. The
drawing is accomplished during quite shallow respiration, A hazily outlined
left lower pole region is clearly visualized when the patient takes a deep
breath. The contour should not be traced, however, until the patient has
resumed quiet respiration The contours of the diaphragm are sketched during
the moment of respiratory pause, at the position of proximal (cranial) excur-
sion Care must be taken not to move the screen at any time while the outline
is being drawn.

The use of an extra glass placed on the leadglass screen is to be avoided,
for with increasing distance from the screen, an increasing error is introduced,
caused by parallax. Further, drawing directly on semi-transparent paper placed
over the leadglass is not advisable. Celluloid sheets (film base) may well be
used, however The drawing should be done by moving the pencil back and
forth over the desired short stretch of the border in question. Then the tube
is shifted along for a distance of 2-3 cm, the shutter opened moderately wide,
the new portion of the border visualized, the shutter closed down again to a
very small opening and the drawing continued. For example one may choose
the following sequence: left clavicle, inner and upper left chest wall contour,
left cardiovascular border, left leaf of diaphragm, inner and lower left chest
wall, The procedure is similar on the right side. After completing the tracing,
the tube is moved back along several short stretches-of the outline at the left
side. This check permits one to determine whether or not the patient-screen re-

ionship has ined h d It is mstructive to draw the contours of
the last posterior rib which is visible above the dome of the right leaf of the
diaphragm as well as the outer skin contours With metal marks, the epigastric
notch and, in the male, the nipples can be visualized and drawn. The sketch is
copied on semi-transparent paper for a permanent record. Drawings from ob-
lique positions are done in precisely the same way. The position of the patient
for the two typical oblique views is detailed in the chapter on roentgenography
(see fig. 4) Orthodiagraphy may be used in either the vertical or recumbent
position although the vertical is in more common pse The recumbent position
15 desirable for the examination of patients who are unable to stand or sit, or
whenever a comparison is planned between the petcussion findings, which have
been obtained on the recumbent patient, and the orthodiagraphic findings.
Orthodiagraphy 1s used on the same patient for both vertical and recumbent
positions in order to determine varying degrees of filling of !he heart. Suc.h
variations occur in quite a marked degree under certain conditions where, in-
the last analysis, gravity exerts an untoward effect on the distribution of hloo.d
in the body. A tilt table should therefore be an integral part of the fluoroscopic
equipment,
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up should also be chosen when a patient may not be very ill to begin with but
where an aggravation may be anticipated because of the type of underlying
disease. It will then be possible to have the standard film comparable with
films taken at a later date. The diaphragm ds easily displaced craniad in in-
fants. Therefore the fasting stage should be chosen for them; and pressure on
the abdomen, as exerted in the prone position, should be avoided.

1t is desirable to know in which phase of the cardiac cycle the roentgeno-
gram was recorded and this is indispensable when dealing with a comparison
of heart or vessel size, when studying the relationship of the shape of the
silbouette to the different periods of the heart action, or when the amplitude
of the pulsations is to be measured, We not only need to know exactly and
objectively at which moment of the cardiac cycle the exposure was made,
but we must also be able to take an exposure at a certain predetermined
moment (phase) of the cycle. Several methods by which this may be done are
Tisted below. N

1) by the use of the mechanical impulse of the heart (or the pulse wave in
the carotid, brachial or radial arteries) The simplest method is to have the
operator palpate the pulse and, when 1its peak is reached, close, the exposure
switch. The personal equation is obviously an undesirablé feature of this pro-
cedure. A modification of this method consists of having the pulse thrust
conveyed by air transmission to a tambour or a sensitive oscillometer against
which a tiny mirror is suspended. The mirror reflects, in a certain position,
an intense beam of light into the eye of a photoelectric cell. The current of
this cell is amplified through vacuum tubes and is used to close the roentgen
ray switch. In a more direct modification the tambour carries a platinum pin
lean e e . LR

. . . .
ess of amplification; second, neither the apical nor the carotid thrust can
*be used in a number of cases; third, there is not an exact periodicity between

,the heart contraction and the pulse wave. In addition the distances from the
heart to  stated point on a peripheral vessel varies in different individuals;
and finally the velocity of the pulse wave is not constant, especially in such
conditions as artersosclerosis and aortic valvular disease

2) by the use of the heart sounds. The first heart sound begins at the
anset of ventricular systole and during the moment of the presphygmic period
the volume remains unchanged, representing the maximal diastolic size The
beginning of the second sound corresponds to the end of the period of ventric~
ular discharge, During the moment of the postsphygmic period the minimal

“systolic size is obtained. While listening to the heart sounds, the key of the
switch is closed (personal equation!), or a sound amplifying device can be
used, automatically closing the primary current.

3) by the use ot the differences in density of the heart shadow. Densitometry
shows that the heart shadow undergoes regular changes in density with each
cycle, increasing during diastole (fillmg with blood) and decreasing during
systole (emptying of blood). The current of a photoelectric cell is amplified
and by a string or cathode ray osallograph, and this -
graph may be further used (see 4.) !
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m.otion of the }neart and of the tissues with the heart beat, and it increases in
direct proportion to the exposure time within the limits usually used. It is
therefore desirable to obtain a roentgenogram for the anterior view of an adult
person, when taken at a target-film distance of 182-212 em, (6 to 7 ft.), in one
lwen.tieth of a second or one thirtieth, if possible. Oblique and lateral views
require two to three and one half times mote exposure, other features remain-
ing equal This would require an undue increase in the load on the tube. It is
therefore recommended to choose for these views a distance of 121 em (4 ft.)
and to increase the voltage, if necessary The movement of the heart and lungs
is least near the endpoint of diastole, and phic synchronization
with this phase of the cardiac cycle produces a minimum of blurring, Second,
the roentgen rays emanate not from a point but from a finite area, ie, the
focal spot of the tube, The resulting geometric unsharpness is proportional to
the size of the focal spot On the other hand, an increase in the size of the
focal spot increases the load capacity of the tube and permits reduction of the
exposure time It is therefore mecessary to compromise between unsharpness
due to motion and that due to geometric unsharpness, The best results are
obtained by means of a rotating anode tube Third, films and intensifying
screens produce unsharpness due to the characteristics of the materials of
which they are made.

Two simultaneously exposed films are needed when an attempt is made to
determine the heart volume roentgenographically. In front of and at the side
of the subject are placed two films at right angles Corresponding to these are
two 40 k.w. rotating anode tubes placed at a target-film distance of 2 and
15 m. respectively The two tubes are coupled in parallel, the high tension is
90 kv p., the tube for the front view has 200 ma. and the tube for the side
view 250 ma. The exposure time is one-twentieth of a second, and the ex-
posures are made simultaneously. In order to cut off scattered radiation and
thus prevent blurring, two crossed all-metal grids are used in both of the

planes .

If 2 high speed Potter-Bucky diapt is used and synct d with the
exposure, exposure factors are kept constant except the voltage, which is in-
creased by 15 kv,

To estimate the volume of the heart for the erect and recumbent positions:
Patient places hands over head. Mark skin pomts for subsequent central ray
entry corresponding to ant axillary lme at rt. side and to midlie in back, both
at same level and about 8 cm. above level of nipples All roentgenograms to be
taken with patient holding hands above head and at end of t:dal respiration,
moderately overexposed, if possible at 6 ft. otherwise at 4 ft. focal-film dis-
tance, For erect position. Patient stands 8 min, then ant and It. lateral views.
For recumbent position: a) Patient lies flat on his abdomen for 8 min,
roentgen fay tube above, film below; b) patient lies flat on his back on a
flat bench or table, horizontal course of roentgen rays from rt, to It , film at
patient’s 1t side, . .

Chest roentgenograms may be taken wth the patient in any position. ‘The
upright position is chosen by preference. For gravely 1l patients roentgeno-
grams are best obtained as posterior views, i e, the film is un.d.er the patient’s
back, and the roentgen ray tu})e is fixed overhead to the ceiling Such a set
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over potential, When the control switch is closed, the plate circuit of the
thyrotron is completed and a cond which by its charge had depressed the
grid potential, begins to discharge. The grid potential thus rises and the
thyrotron tube flashes over at the moment the grid attains the flashover po-
tential, Immediate action of the roentgen ray arcuit takes place for the
diastalic position For the systolic position a time delay of 020 sec is mtro-
duced. A specially constructed timer is needed (Hirsch and Schwarzschild).
2. The action current of the heart is led off to an oscillograph amplifier The
oscillograph is combined with an electric motor which drives a constantly
varying resistance and thus the cathode ray crosses the oscillograph’s fluoro-
scopic screen. A clear registation of the R and T deflections 1s obtained by ad-
Justing the amplifier, The motor is furnished with a gear and by means of this
the movement of the cathode ray over the screen can be regulated so that each
turn corresponds to one pulsation. The apparatus time relay is con-
Dected with a contact on the axis of the motor This contact has a correspond-
Ing registered point in the course of the cathode ray. A manually adjustable
Contact in the circuit to the roentgen table prevents exposure before the oscillo-
graph is correctly adjusted When the deswed heart phase is obtained the
manual contact is closed When, in the succeeding round, the cathode ray
Passes the point of contact the roentgen apparatus time relay is closed. At the
Same time the investigator sees from the high tension deflection in the oscillo-
Bram that the setting is still correct {Jonsell).

When the mechanical impulse of the radial artery is used, the following
Staterhents, hold for the average normal case To obtam the systolic ventricu-
lar phase, the exposure is made half-way on the ascending hmb of the radial
tracing; to obtain diastole, two-thirds down on the descending limb.

It may be added here that all mechanical devices work with a certain lag
which should be determined, while electric transmission for practical purposes
Is [ag-free.

The cardiovascular silhouette is, furthermore, influenced by the phases of
Tespiration. Exposures should be best taken at the end of quiet expiration. Poor
Contrast in the lateral views may necessitate a deep inspiratory phase; rou-
tnely, however, this phase should be avoided. The normal shape and size is
altered under such conditions, especiatly if the patient mvoluntarily increases
the intrathoracic pressure. If roentgenograms are taken with an exposure
time sufficiently long to cover several cycles of normal Tespiration, the largest
possible silhouette for this type of respiration is obtained. It is desirat
for certain scientific purposes always to have the same phase of respiration
:s"well as to have objective control of it. Several methods for this purpose

olfow:

(a) a glass tube system is connected with the mouth of the patient.
A mercury column is moved by the respiration and, at one or the other end
of respiration, closes z current for the roentgen ray switch,

(b) the different positions of a spi are regist by a gal
which is coupled with another galvanometer registering the action current of
the heart.

(€) a Politzer bag is held in position in the axilla By rubber tubing, it is
connected with a vertically suspended lever of a tambour tipped with a lead
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4) by the use of the action current of the heart. The relation of the mechani-
cal contraction of the heart to certain phases of the electrocardiogram is well
established. The peak of the R deflection precedes mechanical ventricular
systole; hence an exposure taken at that time will register the maximum of
mechanical ventricular diastole. The interval between the peak of the R de-
flection and the moment of the maximum of ventricular systole is relatively
constant, namely about 0 20 sec., and an exposure with time delay will register
the maximum of ventricular diastole. The relation of the end of the T deflec-
tion to diastole is not quite constant With a few exceptions the R wave is
rather high and steep and is the one deflection of the electrocardiogram which
should be used for timing. Special precautions are necessary because the
electrocardiographic record 1s easily interfered with by the low tension 60 cycle
alternating current as well as by the high voltage, pulsating direct current, The
string of the galvanometer when affected by such induced currents shows
marked vibrations and may easily move out of the field Thus it is necessary to
provide electrostatic shielding. The string ga} should be set up in a
metal covered room, as far away from the roentgen room as possible. The
patient may be protected by a grounded metallic foil. Even better is a metal
booth with an aluminum window permitting the exposure from a roentgen ray
tube situated outside, Ordinary electrodes may be used, but needle electrodes
placed int y ate p ble. The leads from the galvanometer
should run in shielded cables and when entering the room they should cross
at right angles the aerial wires carrying the high voltage The disturbance
caused by the low tension alternating current can also be swell overcome by
inducing & current of equal frequency and opposite phase into the string cir-
cuit. One type of interference with the electrocardiographic record is really
desirable: the onset and duration of the discharge of the transformer (duration
of exposure) causes, by induction, vibrations of the stning and thus registers
the exact time of exposure.

In order to obtain exposures at any desired period of the cardiac cycle a
regulating delay clock is used. The duration of systole and diastole for different
heart rates is known and can be easily d ined from the elect i
If jt is desired to obtain an exposure at ventricular diastole, one will use
a delay of about 0 48 second for a pulse rate of 60; while for a rate of 120,
the delay is about 0 35 second. Obviously, the presence of a regular heart rate
is required when applying this method With this type of technique, roent-
genograms taken at different times show not more than 01 cm. difference
insize At the very beginning of the ventricular systole, during the presphygmic
period, which lasts 0.05 to 0.08 of a second, no change in heart size may be

expected. Whether a change in shape sufficient to be observed roentgeno-
graphically takes place is not known. i

The most satisfactory dewices to obtain roentgenograms at predetermined
moments of the cardiac cycle work as follows 1. The patient’s leads are con-
nected to an amplifier which is connected with 4 special cathode-ray tube. This
permits the operator to select the most suitable lead. The output of the
amplifier is fed into a trigger circuit that consists of a th'yrotmn tube and a

di ified deflecti of the E.C.G. are impressed upon the
r that the peaks never reach the flash-

e
grid of the thyrotron in such a mannei
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tion, the ait enclosed in the lungs will be exposed to the pressure exerted by the
force of retraction of the lungs in addition to the weight and elasticity of the
chest wall. The resulting inadequate filling of the heart will make it appear
smaller than it is actually,

Practical examples are given here as to how requests may be ordered, the
first part stating briefly the diagnosis and, if necessary, the problem involved
The second part refers to the technical procedure,

1. 3} O1d rheumatic heart with mitral valvular lesion; b) Ant. view, 6 ft.,
at end of quiet expiration, moderate averexposure, rt ant abl. view, about
50° rotation, 4 ft ; at end of quiet expiration, moderate overexposure, thick
barfum paste in esophagus.

2 2) Calcific. aortic stenosis; b) rt ant obl view, about 15° ratation,
2 ft.lt. ant. obl, view, about 60° rotation, 2% ft.; both at end of deep
inspiration, overexposure, coned down, center on level of calcific deposits.
Note* mark by fluoroscopy level of calcific deposits by skin pomnts

3. 2} Aneurysm or excessive tortuosity of descending thoracic aorta, b) rt.
ant, obl. view of mid-thoracic spine area, Potter-Bucky diaphragm technic;
It. ant, obl, view, about 40° rotation, 4 ft, at end of quiet expiration, same
with thick barium paste in esophagus

4. 3) Hypertension and left ventricular failure To determine appearance
of lung fields prior to and following treatment b) ant. view, 6 ft, at end of
deep inspiration Note: follow-up film to be done with exactly same technic.

5. a) Glomerulonephritis, preuremic picture b) post view, patient re-
Cl{mbent, 6 or 4 {t, at end of quiet expiration. Note follow-up film to be done
with exactly same technic.

6 a) Bronchial asthma and emph To fl of
Tespiration on heart size. b) ant. view, 6 ft and It ant obl. view, about 60°
rota.tion, 4 ft., all to be taken twice, at end of both deep inspiration and forced
expiration,

7. 2) Severe degree of postural circulatory deficiency. To determine heart
size for vertical and horizontal positions, b) mark orthodiagraphically skin
Points on back of patient (midline) and on right side of patient (center of
cardiac shadow). 1) Patient to stand for 8 min , ant. view, 6 t., end of quiet
ewpiration; It. lateral view, 4 ft, end of quiet expiration II) Patient lying on
g.bdomen on flor for 8 min , tube above, ant. view, 6 ft, end of moderate
inspiration, TII) Patient lying on back on bench for 8 min, tube facing his
. side, honizontal course of rays, It. lat, view, 4 ft, end of moderate in-
spiration, Note: Patient should hold hands over his head for both the
fi pic ang shic procedures. .

Vasocrapry, A contrast substance injected into the vascular system
for the purpose of visualization should fulfili the following requirements: it
should contain the greatest possible number of atoms of a heavy element
o give sufficient contrast even in dilution. It should be water soluble and
Save, Ppreferably, a viscosity similar to blood It should not decompose in the
body and should not precipitate with the blood or other constituents of the

body. 1t should not canse local vascular wall damage or spasm nor remote,
lo:al, general, immediate, or delayed toxic effects. Eimination should be com-
plete and within a relatively short time. It should not be painiul when in-
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ring; its neutral position is indicated on the film holder by a lead strip. During
respiration the lever swings to both sides, away from its neutral position,
and the operator makes the exposure in either phase of respiration—recording
this on a film.

(d) in like manner a pin is fixed to a tambour and, at a certain moment,
dips into mercury, thus closing the switch,

(e) the respiration is recorded on a kymographic drum and the moment
of exposure is marked with a puncture caused by a little spark gap.

The roentgen ray tube should be correctly centered for the midline of the
patient. The height chosen is either at the intersection of the large vessels with
the right heart border; or at the intersection of the pulmonary artery and left
ventricle on the left, The level is marked on the skin of the individual's
back during fluoroscopy by orthodiagraphic procedure. The angles for oblique
positions are defermined in each instance during the act of fluoroscopy. If
this, for any reason, is not done and oblique views are still desired, then
the choice for the right anterior oblique view is 30-40° if the aorta is mainly
to be studied, and 50-60° if the left atrium is under consideration. For the leit
anterior oblique view 40+50° is advisable for the study of the aorta and 50-60°
for the study of the ventricular mass. For the right anterior oblique view, the
patient holds his right arm above the head; the dorsum of the left hand
rests on the crest of the left ilium and as the arm is rotated inward the
showder and elbow are brought forward as far as possible For the left an-
terior oblique view the left arm is on the head, the right arm rotated and
brought forward For this purpose the bisacromial axis should be more ro-
tated than the axis through the hips thus causing a spiral-like rotation of the
trunk,

For each given instance the roentgen technician should be given a state-
ment of the problem involved and detailed instruction how to proceed Other-
wise disappointment will result, It is d for the following di: fon that
instantaneous exposures are used and that the technical data (target-film
distance, time of exposure, kv, ma , view, including degree of rotation) will
either be photographed on the film or entered in the patient’s record in order
to assure adherence to the same techme for follow-up studies 1t js highly

ble to have r taken at a given mnstant of the cardiac cycle,
but this is done at the present time in only a few places. .
Although it is y to take at the end of deep in-~

spiration and there are certain special problems for which this procedure is
desirable (chiefly to enhance contrast), roentgenograms of the heart and
great vessels should generally be taken at the end-point of quiet expiration
because they will then record a more physiological state and will avoid an
abnormal narrowing of the cardiac silhouette which follows an involuntary
Valsalva test When the patient is asked to hold his breath in a position of deep
inspiration, it frequently happens that he more or less involuntarily increases
pressure in his chest with his glottis closed. This situation 1s referred to as the
Valsalva test, which results in an increased pressure in the c?nest accompanied
by a rise of pressure of varying degree in the abdominal cavity. Venous b‘]ogd
flow to the chest and abd is pered. Even with resp 2% sumdsul.l in
a position of maximal inspiration and without action of the muscles of expira-
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is likely to give deficient and misleading results because of the associated
¥as0spasm.

AsteRiocRAPHY. In case rthorotrast, diodrast, or ethyl-tri-iodostearate
are used the intra-arterial injection requires preceding local skin and tis-
sue anesthesia with a few em® of 0.5¢¢ procane hydrochlonde Most of
the other halogen compounds require a central type of anesthesia, general
for the upper and lower extremity, spinal for the lower extremity only. Be-
cause of Joss of muscle tone and fall in blood pressure, certainty these types of
aresthesia may lead to stagnation in some provinces of the arterial tree The
peripheral arteries are injected either by the transcutaneous method or after
exosure by surgical incision, The first method may be applied to the brachial
astery in the antecubital fossa and to the femoral artery in the trigonum or in
the 2dductor canal. The latter method 15 recommended for the common
carotid, subclavian, axillaty, and popliteal artery Highly skilled surgeons
bave injected all these vessels by the transcutaneous route The musculature
of the extremity should be exercised prior to the injection to bring about a
functional hyperemia.

The position for the whole upper extremity is abduction and supination, and
for the whole lower extremity marked outward totation If it 1s a question of
the forearm region alone, pronation ar a lateral position may be chosen. A
dorso-ventral projection is used for the visualization of the vessels of hand and
foot At feast two exposures should be made with a short time interval between
them, The desirable length of this interval depends upon several factors. It
should be shorter when there is relatively httle obstruction to the blood flow,
when using halogen compounds and when the njection of the contrast
medium s made under considerable pressure It should be longer when there
Is considerable obstruction to the blood flow due to multiple and extensive
arterial narrowings, when using the slower moving thorotrast and when the
fnjection of the contrast medium is made under but slight pressure. The
amount of contrast medium required is about 10-15 cm® for the upper ex-
tremity and 20-30 cm®. for the lower extremity. The special technique of

1 ing s is not dardized Hence two examples of procedure
will be given, one (a) for the upper extremity (Mayo clinic) and one (b) for
the lower extremity (Dimtza and Jaeger), Both groups used the transcutane-
9Us Toute of arterial puncture and thorotrast as contrast medium, (a) A
sphygmomanometer cuff i placed around the arm near the shoulder As soon
2 arterial blood from the brachal artery pulses mto the barrel of the syninge
the cuff js rapidly inflated above the systalic blood pressure and the radio-
Pique matenal is injected, The needle 1s withdrawn quickly and the first
toentgenogram is made. The cuff is now deflated quickly to the level of the
\}Aa.stolic blood pressure for a period of 2 to 4 pulse beats, to permit the in-
lected material to be carned farther distally Then the cuff is reinflated
quickly ¢ jts previous pressure and the second roentgenogram is made The
PBrocedure 15 repeated for  third exposure. (b) A 20 by 90 cm. film is used
The radiopaque material is injected into the femoral artery under a 1.8-2
atmospheric Pressure, a special apparatus being used The roentgen-ray tube
1s centered at the proximal end of the film and is tilted 15° distad; the target-
film distance is 134 m. Attached to the tube is a shutter which covers one-half
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jected, and when a paravascular injection occurs, no severe inflammation
should result, .

The four main groups of contrast substances are: 1) Halogen salts in oil—
lipiodol, an iodized oil, and Yombre (a very fine emulsion of tipiodol, with
lecithine, albumin, glucose, glycerine}. 2) Halogen salts in inorganic form—
strontium bromide—(10-30% solution), sodium iodide~(up to 150% solu-
tion), 3) Halogen salts as organic compounds, The brands which are given
in the following table have an jodine content of 42-52% and a 25-40% solu-
tion is used

American Name German Name Chemical Formula

Topax Uroselectan S-jodo-pyridon-2-oxo-N-acetate
of sodium

Neo-Topax Uroselectan B Di-sodium salt of N-methyl-3, §

di-iodo-4-pyridoxyl-2, §-dicar-
boxylic acid -

Skiodan Abrodil Sodium salt of mopo-iodo-me.
thane sulphonic acid

Neoskiodan Per-Abrodil 3, 5 di-iodo-4-pyridon-N-acetic
Diodrast acid diethanolamine,

4) Thorotrast-Thorjum dioxydsol—(25% solution). Thorotrast is radicactive.
Its radioactivity is rather weak; 100 cm® of thorotrast js equivalent to
1.24 X 10-%gm. of radium; its half value 1s reached in 10 years. The alpha
ray activity of 25 cm®, of Thorotrast has been found to be equivalent to a

i of 1.0 mi and a mi of 0.5 mi of radium

None of these chemical substances fulfills all of the above mentioned criteria.
At present substances corresponding to groups 3) and 4) are used exclusively,
Thorotrast would be ideal but possible late effects due to its radioactivity
have made its use open to question, A 25% thorium dioxyd solution and 509
abrodil solution are about equal in density; but the former gives actually bet-
ter contrast because it spreads less rapidly (higher viscosity).

Tt is the molecular weight and not the iodine content of the contrast medium
that influences the degree of radiopacity Thus neo-iopax with a 51% iodine
content and a molecular weight of 493 gives better contrast than does diodrast
that contains 59% iodne but has a molecular weight of 427.

Ethyl-tri-iodostearate 15 2 sol with 50% basic substance and 20% iodine
content This substance is not available in this country at the present time
Selective deposition in the liver and spleen is noted as a side effect; there the
contrast reaches its maximum after about 1 to 1% hours and subsequently
diminishes until disappearance within about 24 hours

Visualization of the aorta requires the use of a highly concentrated mixture
of abrodil (85%—2/3) and sodium iodide (150%—1/3)_.

Vasographic films always should be preceded by 2 plain ~ﬁlm of the same
region. Stereoroentgenography should be used whenevel.' pussnb_le. i .

1t is very important to realize that vasography that is associated with pain
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zontally. If the sound stops at the level of the clavicle or deviates into the
external jugular vein, retraction and slight elevation of the arm is of benefit.
The right heart is reached at a distance of about 60-65 cm., but roentgenologic
control should be used. The organic halogen (jodine) compounds have not
been found to deliver enough contrast. 8-10 cm>. of a sterile 1205 sodum
iodide solution, injected quickly, gives excellent contrast. Following the injec-
tion, a small amount of a physiologic serim or sodium chloride solution is
injected to remove the rest of the contrast substance from the lumen of the
sound. The sound itself outlines the course of the superior vena cava.

The best results in the visualization of the chambers of the heart, the
pulmonary circulation and the great blood vessels have been obtained by the
method of Robb and Steinberg. 7065 diodrast is used, containing 49.87%
iodine. The dosage is from 25-45 cm®. First, the circulation time for the blood
from arm to lung, and from arm to head is determined; the former by injecting
intravenously 1/2 cm® of ether plus 20 cm®, of salt solution (the beginning
of the injection and the detection of ether on the patient’s breath is recorded);
the latter by injecting intravenously 0.3-0.4 cm’, of 2 2% sclution of sodium
cyanide in saline (the interval between the start of the injection and the onset
of hyperpnea is measured) Instead of sodium cyanide one may use calcium
gluconate (causing a sensation of heat), saccharin or decholin (causing a
sweet or bitter taste) Second, the skin over a vein in the cubrtal fossa is
anesthetized with 0 2-0.3 cm® of procaine solution, nicked with a knife blade,
and a 12 gauge needle with attached stopcock is mtroduced into the vein.
Needle and vein are flushed with salt solution every three to four minutes to
prevent dotting. Third, 20 cm?®. of blood is drawn into the syringe filled partly
with diodrast The arm is raised to an angle of approximately 45° above the
horizontal The patient exhales forcibly, inspires quickly and the content of the
syringe is injected in two seconds or less In the emphysematous patient the
mjection is delayed for ¥5-1 sec after the beginning of inspiration, The in-
spiratory position is held until the opaque material has arrived in the pul-
monary arterral tree and the roentgenogram has been made. The inspiratory
position 15 assumed again shortly before the time of opacification of the heart
and the aorta Roentgenograms are taken in the desired positions. Fourth,
after the last exposure the syringe 1s disconnected and needle and vein are
flushed with saline solution,

The following technical points deserve attention. For visualization of the
superior vena cava and the right atrium the time of exposure is 194 sec after
the bemning of the mjection For the right ventricle and the pulmonary artery
tree the time of exposure is 1-2 sec less than the arm to lung circulation time,
usually 3 sec., but 1t may be longer because of slow venous inflow, The time of
exposure for the left ventricle generally varies between 6-9 sec, deducting 1-2
sec. from the arm to head circulation time; it may exceed 20 sec The roent.
genograms require 8-12 kv. more than is usvally used.

The optimdl solution of the problem hes in rapid serial recording of the
various cardiovascular structures during passage of the diodrast, either by

" regular or by photographs of the fl pic screen image,

Immediate effects of the injection are a sensation of heat, the blood pressure

falls but ths rarely exceeds 30 mm Hg, the heart rate increases by an average
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of the beam at its source in one position and which when shifted covers the
other half 'I‘hehshu!!er is placed so that the distal half of the extremity and of
the corresponding portion of the film is protected while the proximal half is
exposed to roentgen rays following the njection. During the subsequent
second exposure the position of the shutter is changed so that the proximal
half of the film is protected The developed film shows the arterial system of
the whole extremity, with the exposure proper for both the thicker proximal
and thinner distal portion of the lower extremity,

VExocrariy The peripheral veins are injected either by the transcutancous
Ene!hod or after exposure by surgical incision The transcutaneous injection
into the antecubital vein will show contrast medium partly in the basilic and
partly in the cephalic vein Since the latter vessel varies in size and point of
entrance into the aillary vein, injection into the basilic is given preference
when the axdlary and subclavian veins are to be studied 20 cm®. of diodrast
or 6 cm® of thorotrast are the then required The t
injection mnto a vesn at the great toe or at the dorsum of the foot will demon-
strate the superficial veins while the deep veins may or may not be visualized.
The deep veins of the leg and most of the thigh are best studied by exposing
under procaine anesthesta the small saphenous vein about one cm. behind the
outer malleolus A fine needle is introduced, first a few cm?. of saline are in-
jected and iollowed by the continuous injection of the radiopaque substance.
The leg is i full external rotation and moderate abduction, A satisfactory
filling of the proximal venous trunks of the thigh cannot be expected until after
60 seconds, and a longer period of time may be required if obstruction causes
resistance to the rate of injectton 20 cm® of diodrast are used The best
results are obtained with the patient standing, sitting; or when lying down, and
the chief interest is mn the veins of the calf region, the lower leg should hang
down vertically or at least the knee should be bent with the foot at the level of
the trunk Incomplete information may be obtained when the lower leg is
horizontal, apparently because of incomplete mixture of blood and contrast
medium on the basis of a difference in specific gravity; an erroneous diagnosis
of thrombosis or block may then be made. When the object of investigation is
the common femoral vein, iliac vein, or inferior vena cava, the large saphenous
vein is exposed under procaine anesthesia at about the level oi the junction
hetween the upper and middle thirds of the thigh A large calibre needle 13

selected, a few cm® of saline are first mjected and followed by injection of

fiopaque matenal to be completed in S seconds A posterior view is obtained.

50% diodrast 1s d for contrast hy of the iliac vein
and inferior vena cava.

The veins are also visualized some time after an arterial injection; as a
matter of fact, a fairly complete visualization of the whole venous system of an
extremity can be obtained by this method only.

Carpro-Purmonocraruy, The right heart and the pulmonary arterial sys-

tem have been demonstrated in the following way. Under local anesthesia a
AN At ada

fossa in the proximal direction. 'Lhe patient sits thasss e dees vie
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there to two other flasks. One contains warm saline, the other the injection
mass. First, the saline is forced through the coronary arteries until the wash-
ings come clear. Then the mass is forced into the vessels at a pressure of
15 cm. Hg. It has been previously made up by soaking 300 grams of finest
gelatine for two hours in 1200 em?®, of distilled water. To this is added 1000
grams of finely powdered barium sulphate, 500 em?. of distilled water and 2
grams of thymol, This is heated over 2 water bath until the gelatine dissolves
and is stirred until the whole mass becomes a homogeneous milky fluid which
is then filtered through two layers of Victoria lawn

The second method depicts only the coarser branches and the visualization
of gross narrowing and occlusion It is performed at the time of the autopsy.
A 200 cm?®, leveling bulb is filled with mercury, the upper level of which should
be 150 mm. plus one-half the thickness of the heart above the bottom of the
tray. The tubing is connected to one of the cannulas which are inserted
into the coronary arteries. With the stopcock of both cannulas open, the mer-
cury is permitted to run into the first cannula until droplets appear at the
opening of the other cannula. The stopcock of the full cannula is then turned
off and mercury pressure is maintained for about 30 seconds The stopcock
of the cannula through which mercury was injected is turned off, the tubing
disconnected, the heart lowered by its base, an hemostat carried through the
aortic onifice and the heart jarred to facilitate the escape of mercury from
the ventricular cavities.

ic of the speci are then taken with a fine
focus tube,

The roentgenographic interpretation of the injected coronary artery system
is very difficult because of the overlapping of the various planes of the heart.
Even the stereoscopic view leaves one m doubt about anastomotic channels
and occlusion of branches. Furth ¢, no final decision as to the patency or
occlusion of any vessel can be made from the roentgenogram alone For in-
stance, an occluded zone of the vessel may be calcified and the shadow of this
calcium may simulate an injection mass in the lumen It is necessary to dissect
the coronary arteries open But a satisfactory dissection of the injected vessels
is almost impossible after the specimen has gone through the process of fixa-
tion.

’s method these difficulties. The coronary artery sys-
tem is njected by a i d radi injection mass; the injected and
vunfixed heart is cut open in a special way and unrolled so that all the coronary
arteries lie in one plane, and finally the colored coronary artery tree is dis-
sected out. Details of the method are as follows. 1. The tinted radiopague
injection mass: 60 gm of lead acetate and 172 em?®, of distilled water, heated
to dissolve, filtered, and allowed to cool (solution A). 24 gm. of disodium
phosphate and 190 cm®. of distilled water, heated to dissolve, filtered, and
allowed to cool (solution B). 1.5 gm of agar-agar are placed in a 2000 cm®, *
bulb flask and there are added in sequence 100 cm® of solution A, 1 em?, of
0.06% phenol red, 70 em?, of solution B, 10% NaOH to first permanent pink
tinge (about 21 cm®.), and the total volume is brought to 200 ecm?®, with
distilled water. The mixture is boiled over a free flame with constant stirring
until the agar dissolves. 8 cm®. of methylene blue or basic fuchsin in saturated

PP aatae W
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of 30 beats/min., dizziness and nausea are observed; occasionally pallor
marked hypotensiori and vomiting. Delayed reactions consist of an occasiona
urticaria or mild local thrombophlebitis.

Certain precautions must be taken when planning for such a study. Sever
liver disorders, nephritis and hyperthyroidism represent contraindications, an
caution must be used in patients with heart disease and circulatory failure
When there is a marked drop in blood pressure, or an allergic tendency
epinephrin should be given. The stomach should be empty. The radiopaqut
solution must be clear and warmed to body temperature, The sensations to by
experienced should be described to the patient in advance.

Another way of registering the cardiac chambers and great vessels filled wit}
radiopaque material consists in making multip of the fl pi
image in rapid succession. A motor rotates a new section of film in a camers
into position automatically after each exposure, With a lense of { 2.0 and
roentgen factors of 85 kv, 150 ma,, target-screen distance of 67 cm. (27
inches), rotating anode tube, it has been possible to obtain a minimum of ten
exposures during an 8 second period of observation.

AortocrAPny. The abdominal aorta has been injected at two different
points; at the level of the 12th thoracic or the 2nd lumbar vertebral body. The
needle is 12-14 cm, long, has an external gauge of 0.12 cm. and contains an ob-
turator to give it sufficient rigidity, The skin point of entrance is 4 fingers
width to the left of the midlne. The direction of the needle is practically ver-
tical to the skin surface For the upper injection the direction is mesiad, ven-
trad and slightly cephalad, parallel with the 12th rib. When the vertebral
body is encountered the needle is sufficiently withdrawn to permit its forward
progress again in a direction tangential to the vertebral body. For the
lower injection the direction is mesiad and ventrad. The procedure as well
as the actual exposure is accomplished with the patient in the prone position.
Pressure is brought upon the proximal region of either femoral artery. General
or spinal anesthesia is required The amount of contrast substance is 20-25
em?®.; this is injected at a rate of 4 cm®. per second, The injected substance is
rapidly diluted to a concentration of approximately 5-6%.

LympuocraprY. The lymphatic vessels and nodes can be demonstrated by
injecting 1-2 cm?®. thorotrast subcut ly, subfascially or int larly
into the extremity of living animals (guinea pigs, rabbits, dogs); they are per-
mitted to run about and roentgenograms are taken in regular intervals ap-
proximately four times during the first hour and four times during the 24 hours;
the next roentgenograms are taken at five day intervals. This method has, in
= few instances, also been applied to man. .

The study of the blood supply to the heart is much enhanced by a roent-
genographic study of the injected specimen. As much blood and clot as pos-
sible are removed from the cardiac cavities by washing Flanged needles or
cannulas are inserted into the orifices of the coronary arteries and tied in
place by passing a ligature after the circumference of the vessel has been
cleared by blunt dissection. Three methods are cited.

The first one is particularly useful in sludy}ng t}{e flfle branches and anas-
tomoses. The specimen is kept on ice and the injection is made 45 hours after
death to allow rigor to pass off. Compressed air is led to 2 Wolff flask and from

v
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ously washed with 100 em?®. of warm physiologic salt solution injected at 15
cm. Hg pressure until no more bubbles arise. The injection mass, kept in 50
cm® tubes, is melted in a bath of boiling water, is cooled and kept liquid by im-
mersion in the same bath as the heart. Both coronary arteries are injected
simultaneously with the warm lead-agar mass at 15 cm Hg pressure, the red
mass into the right and the blue mass into the left coronary cannula. The
pressure in the left coronary artery is then reduced to zero, and that in the
right coronary artery is kept at 15 cm. Hg. The process is then reversed, ie.,
low pressure is maintained in the right coronary artery and high pressure in
the left The heart is then cooled in a bath of 1ced physiologic salt solution.
3. The dissection of the heart to flatten out the coronary arteries: The first
incision starts in the pulmonary artery, opening up the pulmonary valve and
right ventricle on a line just to the right of the anterior interventricular sulcus,
and extending completely to the apex The second incision starts in the aorta,
between the right and left anterior cusps of the aortic valve, behind each of
which is one of the cannulated coronary artery orifices, extends down about
1 ¢m. into the base of the septum, and thus divides again the pulmonary valve
and its ring. The third incision starts at the inferior termination of the second
incision, continuing anteriorly along the base of the interventricular septum to
the upper end of the anterior border of this septum, and then along the
anterior border of this septum, completely to the apex; thus separating the
interventricular septum anteriotly from the ventricles. The fourth incision
starts again at the inferior termination of the second incision, continuing
posteriorly along the base of the interventricular septum to the upper end of
its posterior border, and then along the posterior border of this septum com-
pletely to the apex, thus connecting with the third incision and completely
removing the interventricular septum. The ffth incision starts at the middle
of the free border of the anterior cusp of the mitral valve, this cusp is bisected,
and the incision continued through the mitral ring, and through the aortic
ring to separate the left aortic cusp from the posterior aortic cusp The left
atrium having been entered from below, the incision is carried parallel to the
left side of the interatrial septum to and through the pulmonary veins to unroll
completely the left side of the heart. The sixth inasion starts at the junction of
the anterior and the medial cusps of the tricuspid valve, dividing the tricuspid
ring and continuing across the aortic ring to separate the right anterior aortic
cusp from the postertor aortic cusp. The right atrium having been entered from

below, this incision is carried parallel to the right side of the interatrial septum,
to and through the superior vena caval opening to completely unroll the heart,

4. R hy of the fl d out coronary arteries 5. The opening of

the coronary arteries: The injection mass is a gray mush that is easily re-

moved. The intima of the vessels is tinted red if reached by the mass from the

nght coronary cannula, blue if reached by that from the left, and purple if

reached by both,

Volumetric Reconstruction, The patient is placed on a revolving chair;
this is rotated about a vertical axis which must pass approximately through
the center of the heart. The procedure for the two stage method is as fol-
I‘o.ws‘ T! l:g target.is at the ordinary distance, ie , 60 cm. By central (not ortho-

12 or more drawings are made of the cardiovascular
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Fic 249 yrs, M Hitory Out of reasonably good health the patient developed the
classical clinical picture of cardiac infarction, the EC G showed broadened P deflections,
Q1+, absent intnnsic deflection in CFu, 5-T shghtly elevated i I and CF, slightly depressed
i ITI Congestive heart failure developed and the patient died 312 days following the onset
of illness

Postmortems The heart weighed 600 gms and was enlarged The epicardial surface
was partly normal, partly white and hyalimzed and partly covered with fibrinous exudate.
The left ventricular wall was soft, particularly the ventral and apical portions Schlesinger's
method was used for injecting the cotonary artery tree and dissecting the heart. Almost
the entire heart was supphed with the blue injection materal from the left coronary
artery The nght coronaty artery showed two areas where the Jumen was nearly occluded
(arrows) A branch of this artery (3) was traced by dissection over mnto (2) a branch
of the left circumflex branch (1) A good sized branch of the left circumflex was
occluded over several cms (arrow), and the distal portion of this vessel (6) was traced
by dissection over into (5) another mamn branch of the Jeft crcumflex (4) The left
descending branch was occluded about 3 cms from its mouth by heavy sclerotic plaques
(arrow) and there was present a farrly recent thrombus Another small branch neatby
was also occluded, Microscopic  Corresponding to the area of the occluded right coronary

artery, chronic ditrs and fibrosts; to the area of the occluded branch
of the left fbrous of patchy myosclerosss, area of
Partia D R P D S RS SR i

. . .

alcoholic solution are added After heating for another minute the solution is
strained through gauze, and 35 cm?®, are distributed into 50 em?®. tubes; they
are stoppered and preserved at room temperature, If the mass is to be kept in
stock for any length of time, it is better to add the dyes after Et _hg been
remelted for use just before injecting it into the arteries. 2. The injection ?f
arteries: The right and left coronary arteries are ca.nnulated: The heart is
warmed to 44° C. in 2 bath of physiologic salt solution a{ld is ke?t at this
hout the proced Both coronary arteries are simultane-

ure t!
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sect, the former is cut through in a linear fashion and above this cut a small
box is mounted on the mlav cantainine an slantric lamn tha ewibch oF mhish
is held by the examine

posterior surface of th ,
to which the horizontal movements of this rod are transmitted. When the rod
coincides with the most lateral point of the cardiac contour, the midliné of
the ruler is in the same direction and vertically ahove the tangent from the
focus of the tube to the most lateral point of the cardiac surface The patient
is revolved through 360°. The electric lamp is switched on and off at regular
intervals, all the time letting the shadow of the vertical metal rod coincide
with the most lateral points of the cardiac shadow. The developed bromide
paper shows a mass of lines crossing each other under obtuse angles, delineat-
ing the projection of the heart.

Cinematography. Two main methods are available. 1) Direct method. Here
the roentgen rays act derectly on the film; image and object are grossly iden-
tical in size,

In order to obtain about 16 images per second, theoretically one could
use either a continuously moving or intermittently transported film. The former
method is entirely impractical, for in order to keep the blurring at less
than 0,1 em on a film 12 cm. in length, an exposure of 1/1900 sec. would be
required. With one technique for the second procedure a film strip 10 m. long
is drawn through the frame by rollers for 2 distance of 28 cm. while a mech-
anism of eccentric and connecting rods holds the two intensifying screens apart
and releases a pair of brake shoes designed to prevent movement of the film
during the making of each exposure. When the film has moved 28 cm., the
rollers no longer grip 1t firmly and the brakes are instantaneously applied to
the edges of the film. The intensifying screens are then forced together, and
the new area of film is in place and ready for exposure With a similar tech-
nique for this method 2 roll of film 24 cm wide, perforated along the edges
is driven by sprockets and guided between two ntensifying screens During
the part of the cycle when the film 1s at rest, 1t is clamped between the inten-
sifying screens and a shaft with gears is so connected to the shutter that at this
moment the exposure 1s made The back intensifying screen is then released, the
film moved downward 18 cm., and the above cycle repeated.

[P .
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of the primary current emission continues for a short time. With the latter

method the shutter cousists, for example, of twa lead discs placed closely to-

gether between the roentgen ray tube and the patient and rotated in oppo-

site directions on a common axis A segment being cut from each dise, the
Coa o wo - S LTe

tour and six valve rectification, respectively. The last current may be com”
Eared with 2 continuous emission of light of the same color, the former with .
light that passes through all colors of the spectrum and, within a second, is
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replacing the screen by the cardboard sections; the body of the patient by a
block of plastic material, which rests on a revolving table; the tangential ray
by a metallic wire, one end of which is fixed to a handle, the opposite end being
attached to a point which corresponds in distance and height to the target.
The wire is moved along a cardboard section and in so doing cuts off parts
of the block of plastic material. With each cardboard, this block is rotated into

Fic 3 —Roentgenologic volumetric
reconstruction, method of Palmieri
By central (not orthodiagraphic)
projection 12 or more drawings ate
made of the cardrovascular sithauette
by revolving the patient through
360°, The different tracings are cut
out i cardboard In a second stage
a wire 1s moved along the cardboard
section and parts from a block of
plasic matenal are cut off. With
each cardboard, this block 15 retated
mto  the corresponding  angle.
(Adapted from Palmieri, G G, Arch
Mal Caur, 1921, 14, 440)

the corresponding angle. When the process is finished for each cardboard sil-
- Y ae e e Tr Leom 3oateend awhink

The indicator is fixed to two arms, movable at night angles to tne rays 4uu
its elongation is formed into a metallic string, supported by a bow-like ar-
rangement, and parallel in direction to the central ray. This wire cuts see-
tions out of the plastic material corresponding with the delineated outlines
on the screen. The model is complete when the patient has made 2 complete
rotation. This method as compared with the former has the following dis-
advantages* the patient is exposed longer; a false movement with the indicator
on the screen may destroy the model. . .
Horizontal Orthoprojection. In the prolongation of the axis of 2 rexfalvmg
chair there is mounted abave the stand, a horizontal wood‘en_ dlik which ro-

[N



TECHNIQUE 23

turned on, the focal spot of the tube is at the level of the slit. The record is
represemed by a continyous band whose edges bear waves con'e<pondmg
to the movement of the portion of the cardxovascular system exposed in the
aperture. In the case of the heart border, “the trough of the curve represents
systole and the crest, diastole, In order to record the portion of the cardio-
vascular shadow of which the curve is made, a control film is completed before
the kymographic record is started One can use two independent Jead screens
and place one in front of the left heart contour, the other n front of the right
heart contour Or, again, one with a transverse (horizontal) opening can be
placed over the heart, the corresponding film moving vertically. Another lead
shield with a transverse (vertical) slit is placed over the level of the right
leaf of the diaphragm, the corresponding film moving horizontally: thus
pulsauons may be recorded which are differently directed. When the sht
image is photographed on the movmu film by the rectified full wave 60 cycle
current, imp are regi 1t light and dark bands and can be
used as timing marks,

Multiple Slit. To comprehend the movement of the organ as a whole it is
sufficient to register the individual movements of parts which are separated by
regular, relatively short distances; the movement as a whole may be deduced
from the cobrdination of the single movements. The exposure given each point
of the film is indicated by the ratio of the slit width in millimeters to the
film speed in millimeters per second. The intensity of exposure must be
uniformly maintained throughout the entire time of exposure and constant
potential should be used. The above d ratio (i e., the equivalent single
exposure) should be small, 1 ¢-14¢.

2) The lead screen has many equally spaced, horizontal slits. The length of
the record of the movement of the particular part, exposed in the various
apertures, {s necessarily limited in order to avoid overlapping of the records
Exposure and movement of the film-holder is, therefore, limited to the time
necessary for the film to move slightly less than the distance between the open-
ings The technical details of the method vary with different authorities: size of
the slit 0 04-0.2 cm,, rate of film movement 1-2 cm per second, duration of ex-
posure 1-3 seconds target ﬁlm dr.stance 70-150 cm. In addmon !o the kymo—

cranially or caudally. In the former case, the record is to be read fl’DX!"l above
down; in the latter, from below up. Further, one may turn the film 90° and
then read the record along a horizontal line, in the customary manner. The
kymogram differs from the ordmary roent; enogram Fust 1t 15 crossed by
regularly spaced tmac A Bl

as there were sl ‘

the film moves

in each bar, and crossing it, several waves are noted Lhey correspond to the
line of demarcation between the chadam sact T she
the transparency of the lungs. *

upon the cardiac rate and the

bar the projection of the movement of a very short portion of the silhouette is




22 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

extinguished many times, A six-valve rectified current (three phase constant
potential), at 001 second exposure, equals in precision a four valve vectified
current at 0.25 second exposure and a one valve rectified current at 1.0 second
exposure. The current, obtained by four valve rectification, approaches the
constant potential graph when long, metal shielded and grounded cables are
used; this condenser effect diminishes rapidly, however, for currents stronger
than 50 ma.

2) Indirect method Here the screen image is directly photographed with
a cinematograph camera, the image is therefore much smaller than the object.

In order to record an image on a cinematographic film in the fraction of a
second certain technical requirements are necessary. The screen preferably
should emit a bluish light, and the film should be sensitive to this particular
wave length, The camera lens must have as large an aperture as possible to al-
low the maximum amount of light to pass through it. In a recent study an
1.0.85 (Zeiss R-Biotar) lens was used The distance from the screen to the
front of the camera was 158 cm. and a field of 25 X 45 ¢m. was covered. Diffi-
culty was experienced in obtamning an accurate focus of the screen image; in
order to overcome this, a metallic grid was placed just behind the screen and
used as an object to be photographed when illuminated by the roentgen rays.
Other factors in this study were* a 20 kw Metalix tube (a 10 kw Metalix
tube with a focal spot of 4.1 mm?, was found sufficient for all requirements);
0.5 mm. aluminum filter; 70 ma, 120 kv max.; Tiford SX screen, Gevaert
orthochromatic film, 7 exposures per second were cbtained, each lasting 144
of a second In order to protect the patient from overexposure a synchronizing
switch was used in the circuit; a rotary contact breaker was connected with the
driving spindle of the camera mechanism so that the gen ray tube was
active only during the period of time that the camera shutter was open; since
the time of motion of the film and the time of the stationary period are of
approximately equal length, the dosage is by this means halved.

Further progress has recently been made by using a group of lenses, one of
which has an aspheric surface resulting in an £.0.53.

Most instructive data are obtained by recording the passage of opacified
blood thraugh the heart and great vessels. 30 to 40 em®. of 70% diodrast,
injected intravenously, is used as a contrast medium.

In taking a cinematographic film, it 1s necessary to obtain only one com-
plete cardiac cycle, The resulting negative can be printed off again and again
on a positive film and a cinematic (movie) reel is thus obtained without
exposing the patient too excessively to the roentgen rays,

Kymography. Single Slit, Movements of organs which are visible on the
fluoroscopic screen may be graphically registered. Kymography is a spatial
representation of movements which occur in chronologic sequence A typical
technical arrangemefit is as follows, In front of the patient is placed a
ead screen which can be adjusted in height. This screen has a transverse
(horizontal) shit 03 to 1.0 cm. in width. The level of the aperture is ad-
.justed over the pulsating heart or vascular silhouette as viewed by fluoroscopic
study. On the other side of the lead screen is 2 film holder which, by means
of a motor, is made to travel at an equal given speed (4-5 cm. per second)
at right angles to the directiom of the opening, While the roentgen ray is
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rate of film movement is S ¢m. per second; the duration of exposure 12 sec-
onds; 0.1 cm. film corresponds to 0.02 second. Since the film moves at high
speed and since, in addition, more cardiac cycles are included, the graphic re-
sults are very satisfactory.

Kymogram and Heart Sounds. The heart sounds are transmitted from the
chest wall into 2 microphone, the output of which is amplified by vacuum
tubes. An oscillograph defiects a lead marker which is roentgenographed ona
small film and which moves sy with the k film

Densitometry. The heart varies in thickness during its cycle and there-
fore absorbs varying amounts of roentgen rays. By placing an jonization
chamber in front of the precordium the resulting variation in intensity of the

d rays may be regi d. From this record the varying thickness of
the heart can be determined. One may mark on a finished film points of
equal density. By connecting these points with curves, lines of equal density
are obtained, they are called isograms. In addition, the densest area or the
center of gravily may be determined,

As pared with mect 1 devices, all
practically free of lag.

An evaluation of these different methods, their results, and limitations,
is found in chapter V

logic registration works
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graphically d rated; in two adj bars, of two contiguaus
areas are represented. Wavy lines, caused by the movement of the pulmonic
shadows, are seen farther lateral. Third, the shadows are not of h
density, the varying density of the heart during its cycle being recorded.
The cardiac movement can be reproduced by observing the kymogram
through a grid moving at approximately the same rapidity as during exposure,
with a rotating glass-parailelopiped in front of the eye.
Time periods are recorded during the exposure and permit the analysis of
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Fic 4 ~—Kymographic methods A —smngle st B —single sht, modified
C—multple, 4 shis lisple shits, From

cardiaca e regmografia, Bologna, 1934, p. 2 Courtesy Prof Dr. P Cignolmi,
Genova and L. Capelll, publisher

time rEIaﬁoﬁships. By marking a definite distance corresponding to a certain
fraction of a second on the waves of each bar and connecting these points,
the outline of the entire heart at any particular Instant may be drawn.

b) The grid diaphragm consists of a frame with 12 lead bars, each 24 cm.
in height and 2.3 em. in width Each one contains a horizontal slit 0.2 em.
wide. If the removable bars are arranged in the proper order, the slits are
evenly spaced 1 cm apart. Under fluoroscopic gontro] thest.! bars are so.placcd
that the slits overlap those points of the cardiovascular silhouette which are
chosen for graphic registration. The film represents 12 ver!lcal_ bill‘s; in the
more centrally located bars, to the left and to the ri.ght of the midline, appear
the kymographic records of the different chosen points of the silhouette. The
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ANATOMY AND ROENTGENOQLOGY

Anatomical Facts., A review of certain anatomical facts promates a better
understanding of some of the roentgenologic findings.

Hearr. The heart weight in the newborn is on an average 0.76% of the
body weight. Toward the end of the first year an average ratio of approximately
0.46% is reached and maintained from then on. This relationship between
heart weight and body weight holds true as long as the body weight expresses
a normal, proportional development. By the end of the first year, the left
ventricle has grown proportionately more rapidly, the circumference of the
aorta has almost tripled and that of the pulmonary attery about doubled
The chest gradually becomes flatter from birth through childhood The form
of the heart changes with age In the newborn, the heart is short and ptump,
and the atria are proportionately large, especially the auricular uppendages
The right and left ventricles are almost equal in size. The thymus pushes the
base of the heart dorsad producing a rather horizontal course of the large ves-
sels including the ductus arteriosus. In the second half of the first year, a def-
inite descent of the thoracic and abdominal viscera changes the position of the
heart. In children, the inflow tract predominates over the outflow tract; in
other words, the distance from the auriculoventricular orifice to the apical pole
is greater than the distance from the latter to the aortic and pulmonic orifices

In the aged, the ring of the heart base is wide, the inflow tracts are elongated.
The lower position of the diaphragm stretches the mediastinum vertically.

The ratic of 046% previously mentioned shows an average variation of
8% from the mean figures More extreme variations are encountered in the
presence of unusually high or low body weight. There is no proof, as anatomi-

° - ot * ror of a disproportionate

rty. Anatomical statistics

[ 45-55 years; this, how-

, 1 and must be explained

by the inclusion of hypertensive cases. At 60 or 65 yeats of age, atrophy
tegins and the actual loss of weight of the heart may be as much as 50 grams.

Normal hearts show definite variations in their general shape, independent

of their volume. It can be seen by simple inspection and can be demonstrated
by postmortem measurements that the normal average heart fades out into
two types: one an elongated heart and the other a short,‘giobular heart. The
- “f ke cmbiwn mantne'ar Alamater af tha hanrt
ave
toi
lwi‘ce as much fat is found over the nght heart as over e i, we weignt
of the fat is 5-30% of the heart weight and even higher in the older age
groups. ‘The hearts of many obese people show evidence of hypertrophy and,
in the majority of instances, the weight of the heart plus the gross epicardial
fat is absolutely greatly increased while the ratio of this weight to the body
e

NI

. e
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The size of the heart should be expressed by both weight and volume, the
Tatter referring to the sum of it and cavities. The weight of the mus-
culature, expressed in grams, exceeds jts volume, expressed in em', on an
average by 7.4S%. Anatomic statements as to the volume of the heart usually
refer to the capacity of the beart chambers only; in addition, one must re-
member that postmortem changes alter the size of these cavities. Such capacity
d inations give the following results: about 30 of the total volume for
the right atrium, 2455 each for the right ventricle and left attium and 2252 for
the left ventricle, In a series given by two investigators, the proportion of mus-
cle weight of a chamber to its volume was found to be about 10-13<% for the
right atrium, 55-68¢% for the right ventricle, 9-18% for the left dtrium and
104-110$% for the left ventricle, there are, however, considerable variations
from the average figures. With changes in the heart volume the surface, of
course, changes in a lesser proportion, since doubling the volume of a sphere
requires less than twice its original mass of musculature while a sphere of half
the original volume would require more than half of the original mass of
musculature,

The position of the heart with respect to the antero-posterior dimension of
the thorax is somewhat variable. In the average case and at the level of the
6th thoracic vertebra, it may be assumed that the main axis of the heart
corresponds approximately to the juncture of the ventral and central thirds
of the chest.

The esophagus lies close to the dorsal surface of the pericardium (heart).

AorTa. Normal variations and changes brought about by age constitute
our chief interest,

‘The normal aortic arch changes its direction. In its ventral-proximal portion,
from the origin of the innominate artery to the left border of the trachea, its
course is moderately oblique. In its dorsal-distal portion, it is almost in a
sagittal plane. More ventrad the arch is in direct contact with the left border
of the trachea. Farther dorsad, where it begins to descend, a close relationship
to the esophagus exists. The esophagus has at that level an indentation, called
the aortic arch impression.

In children and adolescents the zortic arch is situated in a slightly oblique
Pplane, ie., it does not present the kinked arrangement of the adult aorta that
permits of a differentiation between a frontal-pretracheal and sagittal.
paratracheal course, In the adult the trachea comes to lie in front of the
esophagus, but the trachea in the child is farther to the right, and thus the
tracheo-aortic distance is greater than the esophago-aortic distance, Very
gradually the trachea moves from right to left and it is apparently due to this
change in position of the trachea that the aorta shows the kinked course in
adult life.

* The dorsal-distal portion of the arch holds an oblique course in the aged.
The descending thoracic aorta has a prevertebral position in its caudal por-
tion in the adult. In the aged its position is almost entirely Pparavertebral,

imes with an d ity dorsad and to the Teft.

The degree of elasticity is inversely proportional to the age. Or to express it
differently, the product of elasticity and age is constant, Elasticity is used hers
in the sense of the power to yield and to resume original form. High elasticity
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means that marked pressure changes cause marked volumetric changes The
change in the retractive capacity of the aorta has been estimated to be as
4:2 1 for the ages25:45:65.

The aortic size increases continuously with age, and while the average cir-
cumference of the aortic root for the age of 20-30 years is" about 59
and 5.5 cm for male and female respectively, the figures for the ages of 70-
80 years are 8 Z and 7.7 cm. To give another figure as expressed by one writer.
the average circumference increases about 209 from the age of 18 to the
age of 50 years Considerable variation is, however, encountered. The figures
given by different authorities for the circumference of aortas studied in a large
number of individuals who were either killed duning the war while in good
health or who died by suicide or following a disease of short duration all point
to the same result. \'ariations of 20¢¢ and 30% from the mean figures in 10
and 30 year age groups respectively, differences of 2.5 em. and such extremes
as 100% 1n 10-year age groups, extreme figures of 4 6 cm. and 7.1 cm. in the
group between 18 and 38 years In people with high body weight, the aorta
is found to be above the average size, while body height 1s no correlation factor.

The concept of the small acrta (aorta angusta) as an anatomico-climeal
entity should be discarded.

It was found for a large number of animals that the aortic cross section
varies approximately as body weight® ™ and as heart weight®®
PuLMoNArRY ARTERY AND VEINS, The pulmonary artery increases in size
with age as does the aorta. The average circumference increases about 11%
from the age of 18 to the age of 50 years. On account of the slower increase in
size, 1t is surpassed by the aorta near the age of 45. The pulmonary artery
points to the left, and 1ts T shaped btfurcation meets the mverted Y bifurca-
tion of the trachea The pulmonary artery divides at the level of the cranial
edge of the left bronchus about 2 cm. below the tracheal bifurcation The main
right pulmonary branch bndges the angle of the tracheal bifurcation, crosses
the main right bronchus behind the sup vena cava, then leans its caudal-dorsal
border against the cranial-ventral border of the bronchus, and both structures
show a spiral twisting which puts the artery on the outside of the bronchus,
the situation which it occupies in the hilum, and artery and bronchus make an
arc equal to an eighth of a circle that overhangs the left atral cap The main
left pulmonary branch arches with a left caudal concavity, which rises in front
of the maint left bronchus at ahout 1 cm above the level of the right pulmonary
branch and Jies in its subsequent course more dorsad, caudad and to the Jeft.
The left (as well as the right) bronchus holds a shghtly dorsal course, and the
esophagus at this level tends to deviate slightly ventrad Hence the root of the
left bronchus frequently tends to cause a shallow indentation on the esophagus
that is oblique from cranial-ventral to caudal-left-dorsal and 2.5 cm. m length.
A uniform distribution scheme for the course of the main bronchial branches
cannot be given, they show considerable variation. Bronchial canals closely ac-
company the arterial subdivisions within the lung parenchyma .These sub-
divisions may reveal two extreme types. The one shows lo.ng main bl:anches
giving off smaller branches at rather sharp angles, the other is characterized by
short main branches, the angulation being less sharp. Asa whcle. lh? dzgree of
angulations decreases from the hilus toward the periphery. The distribution for
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each Iobe is rather characteristic; on the right side are found 3 main branches
for the anterior (upper), 1-2 for the middle and 2 for the postersor (lower
lobe); on the left side 5 for the anterior (upper) and 2 for the posterior
{lower) lobe. The veins have another type of distribution The main trunks are
short and in the immediate vicimty of the mediastinum Even at the lung root,
they represent a complete set of diverging and quickly ramifying branches re-
sembling the fingers of an outstretched hand Some of the larger veins corres-
pond in their course to the arteries and cross each other at the hilus; but gen-
erally bronchi and arteries on the one hand and veins at the other have an al-
ternating course, they cross each other obliquely near the hilus, even perpen-
dicularly in the periphery. Nowhere do the larger pulmonary veins approxi-
mate the size and thickness of the larger pulmonary arteries.

In the newborn the lesser circulation, as represented by arteries and veins, is
comparatively feebly developed on account of the fetal inactivity of the lesser
circulation, However the trunk of the pulmonary artery is well developed. As
compared with the adult, the pulmonary artery and aorta are further apart,
ie,, separated by lymphnodes and mediastinal tissues, but they are noted to be
more in juxtaposition

SUPERIOR AND INFERIOR VENA Cava. A marked variation exists as to size,
For the age groups 30-80 years, 40% for men and 20% for women was found,

PrrICARDIUM. A triangular veil-like fold of mediastinal pleura extends from
the lateral left caudal surface of the pericardium to the diaphragmatic pleura
Usually it approximates the left interlobar fissure. After puberty, fat is found
along its ventral surface. No rigid attachment exists between the free an-
terior pleural portion of the pericardium and the posterior surface of the
sternum

The pericardium usually covers about 5 cm of the pulmonary artery and
about 6-8 cm of the aorta, up to a pomnt near the origin of the innominate
artery. The ligamentum arteriosum, which extends from the aorta to the
pulmonary artery, is covered in part or entirely by pericardium, in the latter
case it produces a fold, clearly visible from the outer aspect. The line of re-
flection of the pericardium shows considerable vanation at its cephalic as-
pect. The dorsal aspect of the inferior vena cava is extrapericardial

In the subserous layers of the pleurae, especially in front of the lower por-
tion of the pericardium, fatty-serous pads, ffinges and folds are found. With
the exception of the first few years of life, they are present in all age groups.
’l;zhey persist i cachectic stages, their fat content is less marked in young and
thir [ Pl .. Sioae Te e

tiss
of - .
though not regularly, there is a pad of fat at the right side and also extrapleural,
in front of the ascending aorta }
Comparison of A ical and R genological Findings. The size
and shape of the heart and of the large vessels change after death. These
changes are partly partly end. in nature. E changes
are, a) a diminution of the elastic traction of the lungs on the pericardial sur-
face at the moment when the chest is opened, b) elevation of the diaphragm,
Endogenous changes are caused by the change in the myocardial tonus and by
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!]:]E .di.sappeara{lce of the blood pressure. The myocardial tonus has already
dlm.lmshed during agony. The heart stops, with a few exceptions, in diastole;
an immediate dissection shows the heart to be definitely larger than it is
found to be later. The postmortem contraction may be complete or incom-
plete. With instantaneous death and with healthy heart muscle its onset is
marked and persists for a long time. The different heart chambers contract to
different degrees, depending upon the devel of the respective muscle
layers. For the normal heart, it can be stated that during rigor mortis the left
ventricle empties nearly all its blood into the empty arteries, and perhaps some
into the left atrium, while the thin-walled right ventricle does not expel an ap-
preciable amount of blood into the lesser circulation which becomes engorged
with blood during agony. Hence, the right ventricle is found to be rather wide
while the left ventricle 1s reduced in size. The heart therefore decreases in its
transverse diameter and appears more pointed. When rigor mortis subsides
the heart muscle relaxes, the blood which meanwhile has coagulated does not
flow back from either the aorta or the left atrium Not later than 24 hours post-
mortem a secondary and final dilatation takes place, Investigations have shown
that rigor mortis may be less marked or even absent with higher degrees of myo-
cardial degeneration, when individuals die of prolonged febrile disease, or with
high fever of short duration and with marked anemia.

Experimental filling of the heart with contrast substance distends the heart
and vessels because there is no tonus to resist. The mass of clotted blood in
the cardiac cavities interferes with filling and varies from one case to another,
To cite two extremes: nothing is found when death occurs from a hemorrhage,
but much is noted when it is due to pneumonia. Also, the proportion of the
width of the large vessels to the width of the heart as compared with the
living is liable to change 1n favor of the vessels with these filling experiments.

The absence of the distending force of the blood pressure and of the tonicity
of the smooth musculature is responsible for a decrease in diameter and length
of the aorta, and is more so in the young than in the aged If the aorta in dogs
is inflated to 2 pressure of 175-180 mm Hp, it can be seen to increase in
Tength as well as in diameter. And 1t has been shown for dogs that the aorta de-
creases 5-12% of its diameter during the first 12 hours postmortem. Filling
experiments on cadavers show the border of the ascending aorta inside t.he
right border of the sternum and separated from the shadow of the superior
vena cava by a free space. If, however, the pressure in the aorta is increased,
for instance by inflating air, then the right border of the acrta approaches
the right caval border, without, however, quite reaching or surpassing it

Fresh postmortem specimens have been filled with varying amounti of
water; the resulting different volumes were d ined and the P 3
I logic projecti btat y orth hy. In order to obtain
the volumetric changes, expressed in cm®, it was necessary to multiply the
changes in area expressed in cm®. by a coefficient which varied from 9-14. |

The poor air content of the lungs after death mtem{es.mgh th; wsua'h-
sation of the outlines of the cardiovascular system, and artificial inflation easily
leads to leakage.

The discrepancy h
marked when we consider certain pulsatory p

between the findings in vivo and 'postmortem is further
by Injection exp t:
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show the left atrium and auricular appendage to be entirely at the dorsal
aspect of the heart; whereas the lefit auricular appendage may be seen in the
living when the left ventricle empties and the heart rotates. The injection of
a contrast substance in the living dog shows systolic disteation of the infun-
dibulum which is found to be absent in the animal sacrificed immediately
after the injection experiment.
1t is not possible to distend the pericardium appreciably in the cadaver. In
the living, however, a considerable stretching does occur, provided ample
time is available.
Our knowledge of the silhouette of the cardiovascular system as well as of
its inner topography is derived, in part, by comparmg the results of the roent-
inations of cadavers, preferably in several positions, with those
obtained by actual anatomic dissection, The following methods have been used-
1) a roentgenogram is made and the silhouette borders are compared with the
subsequent postmortem findings 2) long pins are thrust through the chest
wall, a film is made and after opening the thorax the points are noted where
the pins pierced the heart and large vessels 3) following formalin fixation, parts
of the anterior chest wall are removed, the pericardial cavity is opened, and
differently denticulated and punched strips, nngs, and other pieces of lead are
sewn to different portions of the heart and great vessels, thus designating the
coronary and interventricular sulcus, the apical portion, the atrioventricular
rings and semilunar valves, aorta and pulmonary artery The pericardium
is sewn together, the removed portions of the chest wall are replaced and roent-
genograms are made in different positions. 4) after formalin fixation and
freezing, the chest is cut into frontal sections, the cuts being parallel with the
anterior surface of the chest At each section points or areas of interest are
marked by pieces of mejal or by lead paint Each single section as well as
the superimposed sections can be roentgenographed 5) the cavities are rinsed
to clean them from bloodclots All the onfices are closed with cork stoppers of
appropriate size. Those 1n the topmost orifices (superior vena cava and one
* pulmonary vein) have two holes with a short glass tube in each; those in the
lowest orifices (inferior vena cava and one pulmonary vein) have one hole
with a short glass tube in 1t The heart is vertically suspended in cold water
and liquid gelatine (temperature 40°-42°) 1s poured into one hole of each of
the top influx tubes while the air escapes through the other top outflux tubes.
When this is accomplished, the pressute in 2 manometer that is connected with
the afflux tubes is raised to 8 em. water Finally all tubes are closed and the
gelatine is allowed to sohdify Roentgenographic studies and actual measure-
ments are then carried out on the specimen. 6) (See fig 18-21); the
right and left cardiac cavities including the central veins and arteries are in-
jected with a contrast medium The following technic 1s suggested, After a
median incision on the neck of the cadaver and ligature of superficial veins, -
the right intemal jugular vein and common carotid artery are cut and their
cephalic ends ligated. A metalli, shghtly curved cannula with threaded surface
is introduced into the pro:umal portion of the vemn and a tight ligature is
placed around it A soft urethral catheter of adequate size is introduced into
the artery, and is pushed forward until its tip has passed the aortic valves,
It is then fized by means of a tight ligature. A rigid sound or trocar may have
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to be used in order to penetrate resistant aortic valves, The left cervical
neurovascular trunk is now doubly ligated and cut. A sublaryngeal tracheotomy
is performed, carefully avoiding the cutting of vessels, and a conic cannula is
introduced. The abdominal aorta and inferior vena cava are exposed, ligated
and metallic cannulas with threaded surface introduced proximally,and the
vessels ligated over them. Rubber tubes lead off from the four openings and
all incisions are sutured Ice tongs or toothed retractors are used to hold
the skull and the ‘body is then suspended vertically on a rope or preferably
on a swivel joint in froit of the fluoroscopic (radiographic) table, with the
feet just touching the floor. The lungs are inflated under fluoroscopic con-
trol, iding displacing the diaph too far caudad. Acetate of lead or
2 fairly thick solution of barium sulphate, to which pulverized red oxide of
lead may be added, are used as contrast media The injection is made slowly,
with a syringe holding 150 cm® About 750-1500 cm®. of contrast fluid are
needed to fill one or the other side (cardiac cavities’plus respective vessels).
One proceeds to inject either the right cavities and veins through the cannula in
the jugular vein or the left cavities and arteries through the catheter in the
carotid artery. Roentgenograms are taken, with a target-film distance of 200
cm, or more, preferably in the anterior, left lateral and both anterior oblique
views. The degree of rotation should be carefully noted This being done, one
proceeds to open the proper abdominal tube A part of the contrast medium
escapes, much of 1t is rinsed out by slowly injecting water into the proper
neck tube Contrast medium always remains in the pulmonary artery and
its branches with injection of the right side, in the left atrium and pulmonary
veins when the left side has been injected Occasionally the ventricles cannot
be emptied completely. Other roentgenograms may now be taken to determine
the amount and location of the remnant of contrast material. The injection of
the contralateral cavities and the respective vessels follows and reentgena-
grams are taken agamn, .1 =~ Adamena af eotation
for the oblique views. super-
imposed drawings of tt sective
cavities to each other is investigated,
The following difficulties may be encauntered. The catheter may deviate into
the descending aorta or, having been pushed too far in the correct direction,
may penetrate the ventricular wall. Clots in the cardiac cavities and pulmonary
artery may interfere with complete filling The presence of a pleural effusion
interferes with good visualization, this is overcome, when a laparotomy is done,
by making a small opening with the finger in the lateral-caudal portion of
e diap! ; drai into the abdominal cavity results as soon as in-
flation of the lungs is begun.

Postmortem injection experiments in the new-born give results different
from those obtained in the child or adult The reason for this is the presence of
two fistulas, one within the heart (foramen ovale) and one between the aoria
and pulmonary artery (ductus arteriosus) An injection of contrast medium
into the jugular vemn or inferior vena cava will opacify both vv. cavae, the
whole venous circulation, both atria, both ventricles, aorta and. pulmonary
artery. An injection of contrast mediim, into a carotid artery or in‘o the ab-
dominal aorta will fill both arterial systems including the coronary arteries;
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the aortic and pulmonic leaflets will prevent an appreciable flow of contrast
medium into the left and right ventricles.

A critical attitude is necessary as far as deductions drawn for the anatomy
of the living are concerned In the cadaver the diaphragm is in 2 high position
and the chest is in the expiratory phase, Death, postmortem changes, formalin
fixation, freezing and injection experiments, all occur and are made as a rule
in the horizontal position, whereas most roentgen ray studies of the chest
in the living are made with the subject in the wpright position.

As to the application of the roentgenologic method to the postmortem study
of the blood vessels in health and disease, and especially of the coronary ar-
teries, the reader is referred to the bibliography of this chapter and to

chapter 1.

BraLioGrAPHY

. CHAPTER II ANATOMY

Alberts-Schonberg Die Bestimmung der
Herzgrosse mit besonderer Bertck-

AND ROLNTGENOLOGY

myocardial infarction to the pathologic
findings With particular reference to

achtigung  der  Orth
Di fa T

phie). Fortsckr,
1908, 12, 38

*Aneff, M J, Wiuschimsky, W T,
Radinerspn, A, B Uber den kollate-
ralen Blutkresslauf 1m Herzen bei Ver-
schluss der Mundung der Kranzar-
tetien (syphiltische Mesaortitis) und
bei adhasiver Mediastinoperikarditis
Ztschr kln Med , 1936, 130, 153

Backman, G Gefasse der Lungen und
Modus der Abzweigung der Bronchen
Upsala Likare Fork , 1924, 29, 345

Bardeen, C R * Recent practical con-
tonbutions to  the topographical
anatomy of the heart Wisconsis Med
Journ , 1917, 16, 6

*Bazzochi, G Dah per lo studio del-
l'anatomia quantitativa Dalla nasata
alla piccola puberts Nota 2 Cuore
Arch Iial Anatom , 1935, 34, 265

*Belou, P. Rewsion anatomica del
sistema artenial Buenos Aires, El
Ateneo, 1934

v. Bernuth, F, Radiologische Unter-
suchungen uber die Herzgrosse m
Kindesalter Ergebn san Med, 1031,
39, 69.

*Blumgart, H L, Schlesinger, M J,
Davis, D Studies on the felation of
the climical manifestations of angina
pectons, coronary thrombosis, and

Geb. Réntgenstr,

the e of the collateral circu-
lation Am Heart Journ, 1940, 19, 1

Bordet, E, Giroux Rapport des ac-

, croissements de Fombre du coeur aux
augmentations réelles de son volume,
Arch Mual Coeur, 1924, 17, 404

Boyer, W E. Rontgenographic visu-
alizatton of the coronary artenes
normal and pathological hearts Int.
Chin, 1920, ser 39, 2, 149

Brocqu, P, Mouchet, A Types ana-
tomiques du coeur, Indice ventricu-
lawre Bull Soc Anat, 1920, 90, 213

Campbell, J S Stereoscopic radiogra-
phy of the cororary system Quart
Journ Med, 1929, 22, 247

Castaldr, L, Vanuccy, D Le musure
antropometriche esterne e i pest
viscerali piu importanti considerati
funzione del sesso, etd, statura e costs-
tuzion: Tre centurie di osservazione
nel terntorie Florentino Scritti buol ,
1927, 2,3

*de Castro, U Ricerche di anthropo-
metrna viscerale 1 rapporto alla costi-
tuzione indwiduale Endocrin Patol
Costit, 1935, 10, 317,

Cemné-  Radiographie du mediastin
postérieur sur le cadavre. Bull Soc.
Radiol, 1913, 5, 247,

Chapéron, R Etude anatomo-radio-
logique des vaisseaux de la base du
coeurvus de face Pans, Masson, 1922



40 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

Chiovenda, M : 1l tessuto adiposa sub-
pleurico nelle varie eta della vita, in
condrzioni normali e patologiche, con
particolare referimento alle pieghe
adipose pleuriche, Arck. Ital Anat,
Istol. Patol , 1934, 5, 243.

Clark, A. J.: Comparative physiology of
the heart. Cambndge Univ Press,
1927,

*Cleland, J B : Increase in diameter of
aorta with age. Med Journ Australia,
1936, 1, 818

*Correia, M: Les anastomoses entre
les artéres coronaires du coeur Presse
méd, 1939, 47, 1542

*Cottenot, P, Hem de Bal:aac, R.
Etude anatomo-radiologique expéri-
mentale de P'apparenl circulatoire du

o6

of heart and its relationship to anterior
wall of chest in common beart dis-
eases. Am  Heart Journ., 1340, 19,
141,

*Epstein, B §: A study of cardiac out-
line. Am Heart Journ , 1936, 12, 563,

Evans, W . The course of the esophagus
in health, and in disease of the heart
and great vessels Med. Research
Council rep. no. 208, Londen, His
Majesty’s stat. off.,, 1936.

Ewart, W.: The bronchi and pultmonary
blood vessels, London, Churchill, 1889

Fahr, Th.: Verhalten des Herzens und
der Herzkrankheiten, Handb, d #rzt]
Erfahrungen in Weltkriege 1914/18
ed by v Schjerning, O Leipzig, Barth,
I‘)Zl, 81

Sacctel.

noveau-né normal par
post-mortem, Gynéc Obstétr, 1937,

Cramicianu, A+ Anatomische Studien
uber die Coronararterien und experi-
mentelle Untersuchungen uber ihre
Durchgingigkeit, Virchow’s Arck,
1922, 238, 1.

*Czmér, S ; Urbanyi, E Arteriograph-
ische Beobachtungen an den Herzge-
fassen, Fortschr, Geb Rontgenstr,
1939, 60, 57.

Dapn, D. S: The uncoiled aorta I
Am. Jowrn Roentg, 1030, 23, 358,
Delberm, L; Chapéron, R.: Etude
anatomo-radiologique de  Vombre
médiane cardio-vasculaire vue Je face

Journ Rediol, 1923, 7, 1

Dietlen, H; Schall, L : Die Rontgen-
diagnostik des kindlichen Herzens In
Engel, St, Schall, L, Handb d Ront-
gendiagnostik und -Therapie 1m Kinde-
« salter. Leipzig, Thieme, 1933.

*Donadio, N Sulla forma del cuore e

e Ta ancbibuainna wadil

1940, 1b, 2oz,

Dressler, W.: Die Brustwandpulsationen
als Symptome von Herz- und Gefass-
krankheiten. Wien, Maudrich, 1933,

*Dressler, W.:
pa!hnloglc studies of anterior aspect

Cardac  topography;,

W.: Uber Konty
lung der Hohlen des lebenden rechten
Herzens und der Lungenschlagader
Miinchn med, Wochenschr., 1931, 78,
489

Fryett, A G.: Stereoscopic plates of
heart showing injected coronary arter-
ies.—Radiogtaph of heart, coronary
vem inyected, Arch Roentgen roy,
1906, 10, plates 229, 230

Gerlach W Postmortale Form- und
L mlt

Berucksichts
Ergebn allg Pallwl. ° [mthnl Anat.,
1923, 20/11, 259.

Gewext M: Uber die Schwankung:n des

in den v .
Lebensallem unter normalen und
pathologischen Verhdltnissen. Veroff.
Kriegs- u, Konstitutionspathol, Jena,
Fischer, 1929, H 23

Greenwood, M ; Brown, J, W.* A second
study of the weight, vanability and
correlation of the human viscera Bio-
metrska, 1913, 9, 473

Groedel, F M.: Die rontgen-anatom-
ische Situsuntersuchung des Herzens
und der grossen Gefasse. Zweck,
Bedeutung und seitherige Leistungen
dieses Verfabrens, Deutsch. Arch. klm
Med, 1913, 111, 199

Gross, L * The blood supply to the heart
in its anatomic and clinical aspects
New York, Hoeber, 1921.




ANATOMY AND ROENTGENOLOGY 41

‘Halonen P.I:Die Komnaramnen des
hen Herzens. Mit b

Kisaki, K.- Dle AmI)se des H:rzge-
di

Vet ohit A

Berid der

e
Inen Abschnitte

frage Acta Soc. Med. Fenn “Duo-
decim,” 1938, 21, ser. A, fasc. 1
IR U

cois, 1935,
Hegglin, R.: Uber Organvolumen und

. Organgewicht,  Zestschr.  Konstitu-
tionsl , 1934, 18, 110
Hochrein, M.: Untersuchungen am

venosen Teil des Kreislaufes, Arck
exp. Pathol , 1927, 124, 343

" Husten, K: Anatomische und histo-
logische Untersuchungen uber Weite
Imd \Vand der Huhlv:nen unier

Kr:xshufbedmgungen Verdff Kriegs-
u Konstitutionspathol,, Jena, Fischer,
1926, H 16

Jaffe, R. H., Sternberg,  Uber e
physiologischen Schwankungen des
Aortenumfanges. Med. Khnik, 1919,
15, 1311

Jamin, F; Merkel, H Die Coronar-
arterien des menschlichen Herzens
in stereoskopischen Rontgenbildern
Jena, Fischer, 1907

Jones, E W . A rad hic study of

der
an der Leiche. Acfa schol. med Kioto,
1935, 18, 1, 59, 1936, 18, 139, 164;
1937, l9, 287, 298.

Koch, W, Kong, L Ch: Uber die For-
men des Coronarverschlusses, die
Anderungen im Coronarkreislauf und
die Beziehungen zur angina pectoris.
Bestr pathol. Anat., 1932, 90, 21,

Koch, W, Wieck, W Anatomische
Analyse des Rontgenbildschattens des
Herzens und der Interlobarspalten der
Lungen Jena, Fischer, 1930

*Kreuzfuchs, S, Krause, W: Beobach-
tungen uber Trachea und Arcus
Aortae 1n frubembryonalen Stadien.
Acta radiol, 1937, 18, 476

Laubry, Ch; Chaperon, R: Etude,

méd Franc, 1926, 15, 164

Laubry, Ch ; Cottenot, P, Routier, D.;
Hein de Balsac, R - Etude anatomo-
radiologique du coeur et des gros
vasseaux par opacification Journ.
Radsol,, 1935, 19, 193, 561, 700; 1936,
20, 65

L Ch.; Lehmann, K : L'étude

the coronary arteries in health and
disease. Quart. Journ Med, 1931,
24, 199

Kani, 1.- Systematische Lichtungs- und
Dickenmessungen der grossen Artenen
und jhre Bedeutung fur die Pathologie
der Gefisse Virch, Arch, 1910, 20,

Kaufmanu, L Zur Frage der Aorta an-
gustz. Em Beitrag zu den Normal-
massen des Aortensystems. Verdf
Geb. Kriegs- u Konstil, pathol , Jena,
Fischer, 1919, H 2

Kautz, F. G; Puner, M Extraperi-
cardsal fat bodies Am Journ Roentg,
1936, 35, 40

Keith, T, S.: The cardiac outhne Lancet,
1936, 1, 1466

Kienbock, R Zur Radiologie des Her-
zens Zetschr. klin Med, 1918, 86,
64,

du medlas!m par la radiographie de
profil Notions préparationes a I'¢tude
de T'adénopathie trachéo-bronchique
chez Tenfant. Presse méd, 1520, 37,

Le Wald L. T The relation of the
heart, percardium and the heart
valves to the anterior chest wall. Arch.
Surg, 1923, 6, 89

Lian, C, Guenaux, G* Interprétation
des mages orthodiascopiques du coeur
(récherches expénmentales et déduc-
tions pratiques) Paris méd , 1927, 17,
473

Mehnert, E : Uber die Lagevariationen
der Aorta thoracica des Menschen.
Arch kln Chir., 1899, 58, 183,

Melmkofi, A.: Die Varianten der intra-
pulmonalen Gefasse des Menschen und
der Respirationswege Zeitschr., Anat .
1924, 71, 185,



42 CLINICAL ROF’\'TGFNOLOG\' OF THE CARDIOVASCULAR SYSTEM

\Ionlz F.: Zur Pragc dcs dmsluhschen

supetior ¥ el bordc derecho e la som-

Fassungsvi et
Mxmdm med Wa:hemchr,, 1928, 75

Momz F.; Mohr, W Uber die Kapazi-
tat und die Muskelmasse der mensch-
lichen Herzhohlen Zeitsehr Kreis-
lauff., 1933, 25, 600

Mouchet, A 1 Les artéres coronaires chez
Thomme Paris, Maloine, 1022 Cit
Arek mal coenr, 1924, 17, 479

Mougeot, M A * Présentation de radi
ographies de l'aorta thoracique injec~
tée Déductions pour la radioscopie.
Bull Mém Soc Hop, 1018, 42, 983.

Nichols, B H + Some observations from
a roentgenological study of the aorta

Radiology, 1927,9, 136

*van Nleuwenhunzen, C L C; de
Waard, R H,. De beteekents van het
rontgenologische omlerzook van de
krangvaten na den dood voor een
nieuwer jnzicht in de ontstaanswijze
van angma pecloris en coronarla-
thrombose Nedr! Typdschr Geneesk ,
1037, 81, 4799

Norris, G W, Fetterolf, G The topog-
raphy of the cardiac valves as re-
vealed by the X-rays dm. Jowrn
Med Sci, 1913, 145, 225

Norns, G W ; Landis, H R M: Dis-
eases of the chest and the prmciples

of physical diagnosis Phitadelphia,
Saunders, Sth ed, 1035, pp 162-168

Oberhelman, H A, LeCount, E R

Variations in the anastomosis of the

ra de de los grandes vasos
de Ja base. Semana med., 1032, 2, 391

Perona, P., Ottaviani, G‘: Contributo
alto studio del margme cardio-vascolare
destro Arck. Radiol , 1930, 6, 1079,

Piubl, W ' Die Herzoberflache und shre
praktische Bedeutung Anat. Anz,
1929730, 68, 20,

Porrier, P, Dupuy, P - Les franges séro-
graisseuses  pré-péricardiques  Buk,
Mém, Soc Anat Paris, 1904, 79, 725

*Poppt, A * Studto di biometria del cuore
nel cadavere, in condizioni normali ¢
patologiche I Il metodo Arck Patol
Clin Med , 1039, 19, 357,

*Poppl. A Studio di biometrea del cuore
nel cadavere, in condiziomi normali e
patologiche I Nostre conoscenze
sulla biometnia del cuare net cedavere
(vivista sintetica) Arek Patol Clin
Med , 1939, 20, 143,

Ravina, A, Cottenot, P Opacification
des cavités droites du coeur en systole
et en duastole Bull Mém Soc Hép,
1933, 49, 685,

Reinbery, S A; Lindenbraten, D S.
Anatorusch.rotgenologische  Studien
zur Frage von der Percarditis exsuda-
tiva m fruhen Kindesalter Fortschr
Geb Rontgensir | 1034, 49, 598

Roessle, R, Roulet, F Mass und Zahl
n der Pathologie. Berlin, Springer,
1932

Ruthberger J. Uber die postmortalen

des  Herzens.

coronary arterles and their
JAM A, 1024, 82, 1321

Qestreich, R , de la Camp O Anatomie
und  physikalische Untersuchungs-
methoden, Berhin, Karger, 1905

Q'Kane, G H, Andrew, F D, Warren,
S L A standardization roentgenolog-
jc study of the heart and great vessels
in the left obhique view Am Journ
Roentg . 1930, 23, 373

Pace. D. Saggio di un studio anatomo-

radiografico nelle arterie ronarie
PR A P

Sondéo de corazon I1 La vena cavd

Arc/t ges Physiol | 1903, 99, 385

*Routier, D, Hemn de Balsac, Ger-
beaux, J Etude anatomo-radiologique
des artéres coronaires par la rad-
ographie aprés opacification Arch
Mal Coeur, 1938, 31, 441,

Rouviere, H La projection des onfices
du coeur sur la paro theracique
antérieyr Bull Soc Anat, 1925, 95,
ul

Scammon, R E  Studies on the growth
and structure of the infant thorax
Radiology, 1927, 9, 89.

*Schlesinger, M J An injection plus
dissection study of coronary artery



ANATOMY AND ROENTGENOLOGY

43

S b Physikahsch-anato-

1 and Am Heart

Journ , 1938, 15, 528

*Schlesinger, M. J.© Relation of ana-
lomic pattern to pathologic conditions
of the coronaty arteries Arch Pathol.,
1940, 30, 403.

Sitten, A E.: Zur Kenntnis des Nor-
malen Zeitschr. Konstitutions!, 1932,
16, 308.

Smuth, F. E.: Concerning the anatomy
of the coronary arteries. 4m Journ
Med Sci, 1918, 156, 706

Smith, H L : The relation of thx weight
of the heart to the weight of the body
and of the weight of the hear: to age.
Am Heart Journ , 1928, 4, 79

Smith, H L.; Willius, F. A+ Adiposity
of the heart A chnical and patho-
logical study of one hundred apd
thirty-six obese patients. Arck Int
Med, 1933, 52, 911

Spalteholz, W Die Artenien der Herz-
wand. Anatomische Untersuchungen an
Menschen- und Tierherzen nebst Er-
orterung der Vomusselzung:n fur die

)l eines Koll;
Leipzig, Hirzel, 1924

mische Unlersuchungen zur Lehre von
der allgemeinen Enge des Aortensys-
tems Frankf Zeitschr Patkol., 1909,
3, 283
Suter, F  Uber das Verhﬂllms d:s
unter p! hen
und pathologischen Bedmgung:n Arch,
cxp Pathol., 1897, 39, 289

Taipale, L.- " Herzmodell Rontgenpr ,
1934, 6, 379.
Tandler, J*+ Anatomie des Herzens.

Jena, Fischer, 1913

‘Thoyer-Rozat, P . Contribution a l'étude
anatomo-radiologique de l'aorte, de
Fartére pulmonarre et de la veine cave
supérieure. These de Pans, 1919,

Vischia, Q° Sulle anastornosi delle
arterie coronanie cordis Studio ana-
tomo-radiografico nell'uomo ¢ nei
mammufenn Folia med , 1927, 13, 321,

372.

Volkbardt, Th  Uber den Eintritt der
Totenstarre am menschlicken Herzen
Bestr pathol Anat., 1916, 62, 473

*Wegelus, C  Concerning the differ-
ences between radiological and zna-
tomtcal mtasuremenls A study of

Spee. Bemerkungen betreﬂ'end Span-
nung, B der
Brustorgane des Menschen, Anat

Anz, 1909, 34, 169

*Stewart, ] D, Buchwood, E, Wells,
H G* The effect of atherosclerotic
plaques on the diameter of the lumen
of the coronary arteries, JAMA,
1935, 104, 730

] contours with spe-
cial reference to the preciston of dif-
ferent measuring methods and the
prospects of their development Acta
radiol, 1938, 19, 185

Wheeler, D The radiological examina-
tion of the heart and great vessels.
J Canad 3 4,1929,21, 189



Cruarter I

NORMAL CARDIOVASCULAR SYSTEM, STATIC
INTRATHORACIC

From the viewpoint of radiation physics, the intrathoracic cardiovascula
system g , under normal conditions, a rather mass with the
§xcepticn of transparency due to air in the tracheo-bronchial system; diagnosi
is, therefore, made mainly by contours. Those contours are visible which are
coated b}f the mediastinal pleura, provided normal adjacent lung tissue is pres-
ent. The inner tapography is not directly abserved, The border of the silhouette
shows subdivisions either curved or almost straight and of very similar ap-
pearance for different sithouettes.

The following descriptions should be read together with simultaneous obser-
vation of roentgenograms.

Anterior View. Steuourrte. Right Side. Beginning with the cranial end,
at the clavicle, a straight or very slightly outward convex contour is noted which
corresponds to the § i veim It i caudally in a more or Jess
straight hme which represents the lateral border of the superior vena cava.
Farther caudad the contour becomes slightly convex; this is either the con-
tinuing shadow of the superior vena cava or it may be (see below) the lateral
autlhine of the distal portion of ¢ - © ot T T -eetm - epted,
below which, a well curved bor ‘This
botder corresponds ta the righ - and
diaphragm-liver sithouette may be bridged by a short shadow formation, Its
anatomical basis is not constant; it may correspond to the hepatic veinsorto a
pleuro-pericardial fold with an extra-pencardial fat pad. Lejt Side. Com-
mencing with the cranial end, at the clavicle, a short vertical or ablique border
is represented by the left subclavian artery or vein. This is followed by 2
rather short, semicircular or oval curve; it depicts the fusion of the dorsal
portion of the aortic arch and the descending aorta; its caudal continuation
cisappears, more of less obliquely, within the total shadow and is everlapped
by a second rather flat arch, The junction of these two arches may be seen
to be spanned by a short straight contour, the edge of the ligamentum arteri-
osum. The fiat arch indicates the pulmonary artery in the cranial portion and
in the candal portion the uppermost part of the right ventricle (conus arteri-

. Tt en tmmeTheesee st however, recognized only by
the left auricular appendage.
well-curved, elliptical border,

sack toward the midlice near
" ur. This arch, the longest of
alt, corresponds to the left ventricle. The left cardio—diaphra.gma‘nic angle is
often spanned by a triangular, less dense shadow. This farmatlon is c:;used by
a2 fold which extends from the pericardial surface to bath mediastinal a.nd
diaphragmatic plevrae and, at its ventral surface, it is usually covered with

fat tissue.
44
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The semicircular or oval aortic contour at the cranial aspect of the left side
is absent or only very shallow in children, It frequently reaches as high as the
level of the left clavicle. A slightly better visualization is obtained in re-
cumbency. s

Torograpuy, VisiBLE, The convex contour of the distal part of the ascend-
ing aorta is sometimes visible just inside the shadow of the superior vena cava.
The cranial contour of the aortic knob may be followed mesially until it crosses
into the denser shadow of the spine The lateral contour of the descending aorta

Fic §—Young ma'e, healthy Normal heart Roentgenologic, volumetnc re-
construction  An¢ wmiew: 1t atnum (rt arrow) Pulmonary artery (It upper
arrow) Lt ventnicde (It lower arrow) Post view. 1t ventncle (arrow)
Courtesy Prof Dr G G Palmier, Bologna, Jtaly

is partially visualized through the pulmonic and cardiac shadow. The trans-
parent lumina of the trachea and the main bronchi are visualized by means of
adequate technique

The pericardium has been omitted 1n this description, it would be more
correct to speak of “pericardial surface” instead of “cardiac surface,”

Torocrapry, NOT VISIBLE, STUDIED FROM POSTMORTEM EXPERIMENTS.
1) Vaseular area To the right and dorsad to the ascending aorta is the band-
like superior vena cava It overlaps the ascending aorta in the young but is
overlapped by it n old age, aortic disease, and perhaps occasionally
in the healthy adult Tis upper limit is usually at the level of the
7th (occasionally 8th and even 9th) thoracic vertebra The shape of the
ascending aorta is fusiform; its origin is above the center of the cardiac area,
therefore to the left of the midline, at about the level of the 8th (7th to 9th)
thoracic vertebra. The arch of the aorta in the young hardly reaches the level
of the 4th thoracic segment and has an antero-posterior course, with the
brachio-cephalic vessels situated more in juxtaposition The ascending and
descending aorta may represent a complete spread in the aged. The ascending
aorta is partially ovetlapped by the pulmonary conus and artery. The latter of
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itself has a marked antero-posterior course and is therefore foreshortened, Its
bifurcation corresponds to the middle or upper third of the vascular pedicle.
The main right branch passes below the bifurcation of the trachea. Its caudal
border corresponds about to the lower limit of the superior vena cava The main
left branch passes behind the trunk of the pulmonary artery. 2) Cardiac area, A
rather small, bandlike area along the left contour corresponds to the anterior
wall of the left ventricle. The interventricular sulcus as seen from without is
a misleading landmark for the inner topography since the interventricular

RAO

Fit. 6 —Positions for antertor abhique views Degree of rotation to be degermmed for cach
indwadual by means of fluoroscopy a—¥t ant obl view b—1It ant obl view.

septum is curved medially thereby causing the left and \:ight ventricular
cavities to ovetlap considerably in projection. Thus the medial border of _the
left ventricle is convex, similar to its lateral (left) border. The }eft ventricle
forms the lower pole proper The ventral wall of theA right vcnu_lde takes' up
the central area, it is wider caudal.ly anq smaller cfamally. T_he right ventricu-
lar cavity has two portions One is horizontally fuualzd,v m‘angulzr in shape
and communicates at its base with the right atrium, while its lower contour
forms the lower cardiac border; this is the inflow tract: _Gral'ted on it and situ-
ated vertically is the outflow tract, the infundibulum; its left border is much
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longer than the right and reaches approximately to the level of the intersection
of the left middle and lower contour of the silhouette (point G} (Fig. 31). The
right ventricular lower pole portion is, as a rule, 0.5-3 cm. craniad to the cor-
responding portion of the left ventricle and this is always the case with the
vertical type of heart. The infundibulum and the top portion of the left
ventricle join near the afarementioned point G.

The caudal heart border is visible in the presence of much gas in the stom-
ach, an interposition of the gas-containing colon between the diaphragm and_
the liver; with a pneumoperitoneum when in the upright position; and with a
pneumopericardium when in the Trendelenburg position. The right atrium al-
ways forms the right heart border and occupies the right and right upper area
of the ventral surface. Its medial border may reach as far as the vertebral axis,
The left atrium is superimposed in projection over the inflow tract of the right
ventricle and over the greater part of the might atrium; it extends farther
craniad than the latter Postmortem injections never show it as reaching the

Fic 7—VYoung female, healthy Normal heart R

4nt wew- 1t atrum (1t lower arrow). Craniat portion, ascending aorta (rt upper arrow)
Distal portion aortic arch (1t upper arrow). Lt ventricle (It lower arrow). Rt ant obl
view* normal, almost straight dorsal border, It atrium (rt arrow) Ventral contour craniat
portion ascending aotta (It upper arrow) Rt ventncle (It lower arrow) Lt ant obl view-
rt ventricle (rt arrow) Vessels to neck (upper arrow) Lt atnum (It wpper arrow).
Lt ventncle (it lower atrow) Courtesy Prof Dr G G Palmuers, Bologna, Ttaly
‘

left silhouette contour but it is probable that in the living, during certain
phases of the cardiac cycle, the left aurwcular appendage does form a small
portion of the border.

The aortic valves are situated approximately craniad to the center of the
cardiac area and somewhat to the left of the midline Slightly craniad and to
their left are the pulmonary valves The tricuspid valves are caudad and in
the midline. Slightly cramad and to their left are the mitral valves Variations,
depending upon the shape and the position of the heart, must be considered

The axis of the inferior vena cava corresponds in projection to the right
sternal border.

‘The use of the term “apex of the heart” has been avoided. The term “lower
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pale” which has been substituted is preferable but still far from correct. It
is obviously impossible to determine in any of the projections a ‘localized
“apex” or even the general direction of this apex or lower pole. Furthermore,
it is impossible to state whether this left lower pole points ventrally or dorsally
unless the heart is actually reconstructed as a three.dimensional model.

It is also necessary to emphasize that the left lower pole region does not
give a correct concept of the caudal extension of the heart as may be shown
by adhering to the following routine. The junction of the left lower contour
with the diaphragm may be marked orthodiagraphically. The patient is then
rotated 50° into the left anterior ablique position and the same procedure
is repeated for the most caudal point of the left lower contour. It is found

o° 45° 90° s

Fic 8 —Anatomic specmens were hardened in situ and sketches obtaned by means
of an orthogonal projection Case 1, upper row, died from postnatal hemorrhage (dash
Lne—border of thymus); tase 2, middle row, from bilateral pneumonia; case 3, lower
yow, fom tuberculous meningitis 0”-—ant view, 45°—Jt aut, obl view, 90°—It lat view,
315°—1t ant, obl view, / / / /—rt. heart cavities, \\(\ \ ~—It. heart cavities; respective
stna darker, From Dietlen, H and Schall, L 1 Handb Rontgendiagn u Therapie Kindes-
alter, ed by Engel, St, Schall, L., 1933, p. 400-401. Courtesy Prof Dr. H. Dietlen, Hom-
butg, Saar and G Thieme, Leipzig, publisher

that in %; of all cases this latter level is from 0.5 to 2.0 cm more caudad It
S Ty

LOSRNC YA e VPN
i

@ LR b '

which continues into a straight contour, 'Lhis may or may h?t represent u&e
ventral outline of the ascending aorta, for postmortem opacification experi-
ments have shown that vemrafl to the aorta there may lie a bandlike area c_af
the pedicle, several mm. in width and apparently not formed by the aortic
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wall. Further study on this problem is needed The next arch 1s oblique, long,

slightly curved and finally makes a rather sharp turn inward just above the
draphragm Unless the degree of rotation 1s very slight the right ventricle

v
¥
!
i

Fics 9, 10, 11 —~Dr. Laun Taipale’s model,
photographed in the ant, rt lat and It lat
view. It was reconstructed on the basis of
many roentgen obsersattons on healthy indi-
viduals 1t is highly recommended for the
study of the normal anatomy, particularly for
the roentgenological approach This mede!
may be ordered from A B. Chnstian Nissen
OY., Centrlgatan 3, Helungfors, Finland

Imago cordis radiclegica
PIMET0 Flinate  sectiinks

alone participates in the contour. Dorsal Aspect Approximately at 30-35°
the mediastinal mass becomes separate from the spinal shadow. The size of
the transparent retrovasal and retrocardiac spaces is increased by further
rotation and during inspiration. At a certain angle, a few cm. ventrad to and
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parallel with the spine, a straight contour is noticed which is the ventral as-
pect of the descending aorta. It is best seen within the lower part of the retro-
cardiac space and becomes less and less distinct craniad. Here the transparent
band of the trachea and the Jeft main bronchus is clearly visible and its ventral
edge delineates the silhouette at this level. Hownever, farther dorsad a new
faint border may become sisible, provided the rotation is & d 1t can be
traced through the transparent band of trackea and bronchus and js the dorsal
border of the superior vena cava, Farther caudad, and likewise at a higher
degree of rotation, follows a small, rounded prominence, representing the dor-
sal aspect of the right pulmonary branch. Finally, a rather Rat arch is noted
which increases in its curvature at its lower aspect This silhouette corresponds
to the left atrjum above and
the right atrium below. At a
lesser degree of rotation the
greater part is formed by the
right atrium The cardio-hepatic
angle is bridged by the shadow
of the inferior vena cava.
Topocrapuy, VISIsLE. When
the rotation proceeds to ap-
proximately 35° the aortic
shadow has a club-shaped or
racquet-like appeatance, with
the wider end craniad This is
caused by the oblique course of
the Jeft bronchus, the air con-
tent of which almost completely
extinguishes the shadow of the
rest of the aorta At a'rotation
of 40-50° the courses of the
bronchus and of the ventral

Fic 17—53 yrs, M Duodenal ulcer Normal
¢ cardiovascular system Lt lower thoracc tegion
contour of the ascending aorta  Ant view- 1t lower cardiac contour just visualized

are almost parallel and here the (bl arrows) A tnangulsr shadow extends beyond
aortic shadow assurnes a band- ng with shghtly curved It contour (wh arrows)
like appeatance, The cranial {arked development of extrapencardml pleural

3 31 veil and fat tissue This shadow formation should
contour of the pulmonic arch in  not be weluded when soentzenolopeal eatdiae
front may be seen to curve measurement s taken

through the aortic shadow. In

front of the left bronchus and slightly caudad of the level of the pulmonic arch
a darker, round area is noted This corresponds to the cross section of the left
main branch of the pulmonary artery. Haziness and mottling are present
below the bifurcation, and dorsal to the contour of the left atrium The pul-

monic veins as well as the projection of the right hilus mto the retrocardiac -

space account for this.

The visibility of the aortic arch, dorsad to the trachea, increases with age:
this 15 due primanly to the change in its course,

Topocraruy, Nor VISIBLE, STUDIED FROM POSTMORTEM EXPERIMENTS
1} Vascular area The arch of the aorta is much foreshortened, especially in
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the young, and hardly visible through the transparent air column of the trachea,
The sigmoid portion of the ascending aorta extends considerably caudad and
the origin of the aorta must be located below the middle of the total height
of the cardiovascular area. The axis is vertical or slightly dorsad, but in the
a.ged stightly ventrad. The dorsal and ventral contours never form straight
lines but appear curved, either paralle] 10 each other or in a fusiform shape,

Fics 18, 19—59 yrs, F Aortxc enlargement Death from terebral hemorrhage, Post-
merten opacification Rt ant obl vmews A contrast medium was mnjected through the rt
snternal rugular sein and a roentgen film was taken The barium was then rinsed aat from
both venae cavae and from the rt heart cavittes B contrast medum was injected through
a catheter which had been pushed from the 1t common carotid artery mto the It ventneular
cavity Barum 1s noted to persist, from the previous injection, in the pulmonary artery, in
its branches and in the azygos vair A v azygos (rt, upper wh arrow} Branch of 1t
pulmonary artery (rt lower wh arrow) Pulmonary artery (It upper wh arrow) Outflow
tract rt. ventricle, conus arteriosus (It middle wh arrow) Inflow tract rt ventncle (It
Jower wh arrow) Sup and inf vera cava, entering rt atuum (upper and lower short
- st #xom mememd e ansta fannee chort bl arrow) Sigmoid pouch
arrow) Descending abdomnal

row) Lt ventncle (lower wh

de Balsac R Journ Radol,

+ Balsac and Masson & Cie,

publicher, Paris

The greater the rot;mon, the more will the Jumen of the superior vena cava
r the lumen of the ascending aorta; but the aorta is always situated
ventrad of the supertor vena cava. The right main_ branch of the pulmonax:y
artery crosses the retrovasal space horizontally, while the left d'escends Witl’}m
the shadow the pulmonary trunk. 2} Cardiac area. Both ventricles and atria,
are considerably superimposed on each other, The valve areas can
g a lne which runs from craniad-ventrad to
mitral and tricuspid valves appear from

project oves

respectively,
be approximately placet_i along
caudad-dorsad; pulmonic, aortic,
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above down, with the aortic and mitral valves near the center of the eardiac
area. The left coronary artery shows a long curved arch consisting of the main
branch and the anterior descending branch that curves just inside of the
cranial-ventral silhouette contour. The right coronary artery courses obliquely
caudad-dorsad toward the diaphragm.

Left Anterior Oblique View. Stvnouerte. Ventral Aspect, Like the
anterior view the cranial contour is composed of the innominate vein and

Fios 20, 21.—74 yrs F Aorti and cardiac enlargement Normal BP Death from cerebral
hemorrhage Postmortem opacificatron Li ant obl, wiews A contrast medium was m-
jected through the rt internal yugular vein and a roentgen film was taken The banum
was then nnsed out from both venae cavae and from the rt heart cavities B contrast
medium was wnjected through a catheter which had been pushed from the rt commen
carotid artery into the It ventncular cavity Bartum 1s noted to persist, from the previous
njection, i the pulmonary artery and m its branches A st branch pulmonary artery
(rt upper bi arrow) Lt branch pulmonary artery ()t upper bl arrow) Pulmonary arters
(it bl short arrow) Outflow tract rt ventricle, conus artenosus (rt bl short arrow) Sup.
and 1nf vens cavae, entering rt atrium {upper and Iower short b! arrows) Inflow tract rt
ventricde (lower bl arrow) Coromary vem (wh arrow) B arch of aorta (upper bl
arrow) Ascending aorta, first portion (rt upper bl arrow) Descending abdonunal aorta
(st lower bl arrow) Lt ventricle {wh arrow) From Laubry, Ch, Cottenot, ¥ , Routser,
D, Hem de Bakac, R Presse méd, 1935, Dec 21, fig 10 and 11 Courtesy Dr R Hem
de' Balsac and Masson & Cie, pablisher, Pans ,

the superior vena cava Caudally there follows a shorter convex arch, the
ventral aspect of the ascending aorta This contour changes direction with a
flat angle and below the junction, the silhouette 1s made up either entirely
by the night ventricle (at a higher degree of rotation) or (at a lesser degree)
in its cranial part by the right auricular appendage, and in its caudal aspect
by the right ventricle Craniel Aspect The left border of the brachiocephalic
shadow corresponds to the left carotid artery. Dorsad to it, the curved cutline
of the cranial border of the aortic arch is visible and may be followed into the
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dorsal contour of the descending aorta. Dorsal Aspect. At approximately 40°
the cardiac mass becomes separated from the vertebral shadow. The cranial
contour begins rather indefinitely in the continuation of the left main bron-
cl'xus It is first directed obliquely toward the spine and farther caudad de.
viates from it to fuse with the outline of the left diaphragm. The cranial
portion of this contour outlines the left atrium, the caudal one the left ventricle,

R
A
A ¥ 4t
gt T e
T e S

WS

Fic 23 —Contrast visualization by means

Fic 22 —Contrast visualization by means

of intravenous njection of 70% diodrast
Lt ant obl view Note the cawity of the
it ventncle (1), s curved dorsal outhne
(2) corresponds to the interventricular sep-
tum, the thickness of the wall of the rt
ventricle (3) can be measured ventrally
The pulmonary artery (1), ascending to its
bifurcation, the It main branch (5), and the
smyller branches are clearly outhned Cour-

of intravenous imjectton of 707 diodrast
Lt ant obl view Note the cavity of the
It ventncle (1), uts curved ventral outline

{2) corresponds to the interventnicular
septum, the thickness of the wall of the It.
ventncle (3) may be measured dorsally.
The ascending portion of the aorta (4) 15
covered 1n front by the shadow of the
sup vena cava Courtesy Drs G P, Robb

tesy Drs G P Robband I Stemberg, New and I Stemberg, New York City, NY

York City, NY

Caudal Aspect. The heart border may show near its fusion with the abdominal
shadow a shallow indentation which is better observed while studying the
pulsations. This mdicates the region of the interventricular sulcus.

ToroorAPHY, VISIBLE When the patient is sufficiently turred (45°), a
shadow is seen coursing vertically through the uthne of the ascending aorta.
1t coincides nearly with the termination of the transparent right bronchus and
represents the ventral border of the superior vena cava The area of the bi-
furcation contrasts brightly and is known as the aortic window. A curved
bandlike density is seen crossing it which represents the left main branch of
the p ry artery. A transl area is seen ing the aortic arch
Its right border is formed by the left subclavian artery, the lf.ft border is
formed by the spine, and its base by the arch of the aorta. This is referred to
as the “aortic triangle.”
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.

‘TorocraPHY, Not VISIGLE; STUDIED FROM POSTAMORTEM EXPERIMENTS.
1) Vascular ares The inner_contour of the aotta is nowhere visible with the
possible exception of The very short distance when it crosses the lumen of the
tight bronchus and then only at certain different angles. The inner bor_dgr
closely follows the cranial angle between trachea and left bronchus The origin
of the ascending aorta descends deep into the center of the cardiac silhouette
and the direction of jts axis is from vefitral-cranial toward dorsal-caudal. The
lumen of the superior vena cava overlaps the lumen of the ascending 2orfa
to varying degrees. This depends upon the degree of rotation. Beyond 40°
or 45° jts ventral contour recedes behind the corresponding aortic contour.
The pulmonary artery, together with its two branches, forms a T-like figure,
with the right branch superimposed on the dorsal ascending aortic contour.,
2) Cardiac area. The cranial-dorsal aspect is pied by the left atrium;
the caudal-dorsal aspect by the left ventricle. Both ventricular cavities partly
overlap each other. The ventral aspect is taken up by the superimposed right
ventricle and atrium. The course of the interventricular sulcus is not well
known; it is probably near the center of the cardiac shadow at an angle of
rotation lying between 45° and 55°. The interventricular septum is curved in
a spiral manner, thus a linear projection cannot be obtained. The valve areas,
pulmonic, aortic and tricuspid from above down, can be placed on a line
which runs from craniad-dorsad to caudad-ventrad, with the mitral valves
farther dorsad and between the levels of the aortic and tricuspid valves, The
anterior descending branch of the left coronary artery 15 foreshortened and
descends caudad, the arcumflex branch courses horizontally toward the spine
The right coronary artery curves mn a quarter circle from horizontal to caudad
toward the draphragm and lies near the ventral sithouette border

Lateral View. SILHOUETTE. Ventral Aspect. The arch sequence is as fol-
lows* cranial part of the ascending aorta, pulmonary artery and conus ar-
terigsus, and right ventricle The latter contour fuses with the sternal shadow
in front of 1t. Dorsal Aspect The area of the left atrium is above and that of
the Jeft ventricle below Caudally the inferfor vena cava bridges the cardio-
hepatic angle In the supine posttion the level of the dorsal border of the
cardiac shadow 15 from 6 5-10 cm ventral to the skin of the back This dis~
tance represents 35-50% of the depth diameter of the chest To know this dis-
tance 15 of practical importance when the venous pressure 1s determined by the
drrect method The point of measurement—usually the cubital fossa—should
be placed at the level of the right atrium

There is very httle contrast within the silhouette with the exception of the
tracheobronchial transparency.

Torocrarry, NoT VISIBLE; STUDIED FROM PoStatorTEM EXPERIMENTS,
1) Vascular area. The ascending aorta 1s more convex in alder people The
ventral contour of the ascending aorta and the cranial contour of the pul-
monary artery cross approximately 1 cm. from the formers origin The
Pulmonary artery is overlapped by the ascending aorta and superior vena
cava The latter is situated half-way between the sternum and the spine. 2)
Cardiac area There 1s 2 maximum of overlapping of both ventricular and
atrial cavities, respectively, with the right ventricle slightly surpassing dorsad.
Three valve areas form the corners of a triangle, the pulmonic craniad and
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ventrad, the tricuspid caudad and ventrad, the mitral dorsad and more caudad,
with the aortic valve area situated within the cranial portion of the triangle.
Elements, It is often necessary to analyze one of the single elements, the
whole of which make up the total cardiovascular shadow. Each of these ele-
ments may be studied directly, i, by a tangential view; and indirectly, by
analyzing those changes which occur in the size, shape and position of the
other elements, adjacent or remote. Certan views (positions) are preferable
for certain information. Standardized angles cannot be given for the oblique
views The patient should be rotated under fluoroscopic guidance until the most
information is obtained. Unless otherwise stated, the patient is always con-.

Fic 24 —Schematic drawing to mdicate the concept of the inflow and outfow tracts in
the rt. and It ventricles The heavily drawn lines are roentgenologxcally visible while
the thinly drawn and dashed lines serve for an understanding of the topography of the
surface and deep structures of the heart and great vessels The arrows indicate the
course of blood flow The views are from It to it Ant, rt ant obl and It ant ?bl

In a personal communication, Isaac Starr, M D, pomted out that the physiological
lnes of mmportance would run from the valves, not to the apex, but to the center
of mass of the blood in the ventnicles of the heart Courtesy Doz Dr E. Zdansky,
Vienna, and J Springer, publisher, Vienna From Rintgendiagnostik des Hersens und
der grossen Gefdsse, 1939, Fig 62

sidered as being started from the standard position, namely, the anterior view.
For the study of the single elements of the cardiovascular shadow the follow-
ing views should be chosen . ) )
Left Ventricle. 1) rotation counter-clockwise into the right anterior obh.que
view, for approximately 20° 2) rotation clockwise through the left lateral into
the right posterior oblique view, for 210°. . .
Right ventricle. 1) rotation counter-clockwise into the right lateral view, of
90°. 2) rotation from the left anterior oblique into the left lateral view, for
o
Golfeft atrium. 1) rotation from the right anterior oblique through the right
lateral into the right posterior oblique view, for roughly 90°. _2) rotation fr.om
the left anterior through the left lateral into the left posterior oblique view
o
o ;‘:z}l:: z?ri'um 1) rotation coun!er-f:luckw_ise through the_righl lateta.}’ and
posterior into the left posterior oblique view, for approx;mately 190°. 2)
rotation clockwise into the left anterior ob'hque view, of 30°. .
Ascending aorta, distal portion 1) rotation counter-clockwise into the right
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lateral view, for 90°, 2) rotation clockwise into the left lateral view, for 90°.

Arch of the aorta. Rotation clockwise into the left lateral view, to 90°.

Descending aotta, cranial portion. 1) rotation from the left anterior oblique
into the left lateral view, for 45°, 2) rotation from the posterior into the right
posterior oblique view, of 15°.

Descending aorta, caudal portion. Rotation from the right anterior oblique
into the right lateral view, for roughly 30°.

Pulmonary artery. 1) rotation counter-clockwise into the right anterior
oblique view, to 60°. 2) rotation clockwise for 30°.

Superior vena cava. Rotation counter-clockwise into the right anterior
oblique view, of 70°. .

Inferior vena cava Rotation from the right anterior oblique into the right
lateral view, for approximately 70°.

Constitutional Featutes The general contour of the chest cavity deter-
mines the form and position of all the organs contained. It has been demon-
strated by anatomic sections that the outline of the circumference of the heart
is in close relationship to the form of the circumference of the chest. Hearts
which are located in round chests have a more circular circumference, while
those in flatter chests are more oval. Furthermore, in those which are trans-
versely placed in & broad chest, the right atrium, right and left ventricle are
in contact with the anterior chest wall, while hearts situated vertically in a
narrow chest show practically only the right ventricle in contact, with the right
atrium situated farther dorsad and craniad. Only in rare instances does the
right ventricle form the caudal portion of the right border of the heart. In 2
narrow chest, the arch of the aorta displays a more sagittal course, while the
origins of aorta and pulmonary artery are closer together. In a flat chest, the
course of the aortic arch is decidedly more frontal and the origins of the two
large vessels are farther apart. The translation of such findings into the lan-
guage of roentgenology is indeed simple. :

Individuals in whom the devel of the extremities and the vertical
dimension prevails over the width development, trunk volume and visceral
mass and who show 1 addition a rather frail bone an@ muscular development,
usually give the following ic app e The mediastinal shadow
as a whole is narrow but long The diaphragm is low in position, the 11th
1ib being frequently visible above its right dome, its inspiratory excursion is
relatively limited. The convexity of all contours of the silhouette, in all
views, is only slightly prominent, however, the pulmonic arch is relatively
prominent. There is little angulation between the main axes of the vessel
and heart shadow, respectively The cardiac sihouette is more centrally
located, appears pear-shaped and its area of contact with the abdominal
shadow 15 relatively small The caudal aspect of the right border may show
a shallow intersection which is usually determined only by fluoroscopy. Most
probably the right ventricle participates in the right heart border below
this junction and above the cardio-diaphragmatic angle. The vertical dimen-
sion of the vascular shadow is considerable. The arch of the aorta appears
shart in the left anterior oblique view and is curved on a small radius. The
lateral view reveals a diminished inclination of the medtastinum; both the
dorsal and ventral cardiac sithouette contours are rather flat and the latter is
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often completely visible, The tetrocardiac space is comparatively smafi, Ex-
treme types of hearts as here outlined are known as cor pendulum and drop
heart As to certain aspects in the functional evaluation of the vertical, small
heart, see chapter VII

Individuals in whom the development of trunk and width prevail over
fength and extremity, and who show a marked development of viscera and
muscles reveal a different roentgenological picture The mediastinal shadow as

Fit 2523 yrs, M Schizophremc Hyposthenic constitution Height 170 cm Weight

57 kg Normal clincal eardiovascular findings L 126, B 90, T 94, Th 253 cm. Vertsca!

type of heart with relatively low posiion of diaphragm When T 18 used exclunvely,
| type

the size of heart 13 with this

2 whole is short and wide The diaphragm is high in posnliqn, the.‘)th b or
possibly only the 8th rib 15 visible above the right domei its expiratoty ex-
cursion is diminished The convexity of all contours 9f the silfiouette i3 l.narkcd
and noted in all the views There is a sharp angulation between the main axes
of the vessel and heart shadows, respectively, The heart area appears dGCreas.ed
in height, is boot shaped, is situated predominantly to the le'l't, and fuse§ with
the abdominal shadow to a considerable degree T.he vertical dimension of
the vascular shadow is diminished In the left antenc!r oblique w'lcw.!he arch
of the aorta is curved on a large radius. The lateral view reveals an increased
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inclination of the mediastinum, both the dorsal and ventral cardiac silhouette
contours are sharply curved and {he latter fuses broadly with the sternal
shadow. ‘The retrocardiac space is § d This type is indicated as hori-
zontal or transverse.

Age. The cardiovascular shadow in early childhood reveals less differentia-
tion than in the adult. The formation of well defined arches and their junc-
tions has not yet occurred. The appearance in the newborn is often almost
entirely globular This is due in part to the supenimpasition of the thymus

Fic 26—28 yrs, M healthy, no complamnts No history of athletic activity Hypersthenic
constitution Height 173 e¢m, weight 77 kg, chest arcumference 96 ¢m Normal clhmecal
cardiovascular findings L 121, B 89, T 118, Th 25 4 cm, Oblique type of heart with rela-
tively hugh position of dwphragm

shadow, and also to the fact that the width of the heart is considerable as
compared to 1ts length The atria and auriculae are comparatively large, as is
also the right ventricle Vanations in shape can be accounted for, mainly, by
the varying appearance of the thymic shadow After it has regressed, the
vascular shadow appears short and relatively wide The right cardiac border
is comparatively long, and markedly curved, which featute may continue for
several years There is no aortic knob visible and the ‘pulmonic arch.is not
prominent except during a crying spell The caudal heart border is visible to
a large extent and pccasionally entirely so The transverse position of the heart
begins to change slowly, into an obhque position, between the 6th and 12th
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month. The unequal speed of growth between the lungs and the chest wall,
and between the chest wall and the spine, respectively, Jeads to this descent
of the heart. A more or less definite shape of the cardiovascular shadow is
rather well established between the sixth and eighth year, A typical drop
heart is very rarely met with but otherwise different constitutional types are
observed. The right border of the vascular shadow is always rather straight and
this indicates that the superior vena cava forms this contour, The short and
plump appearance of the vascular pedicle and the relative fullness of the waist-
line of the silhouette, as frequently observed in children, is due in part to
special conditions of projection. In the adult the width of the chest much pre-
vails over its depth; and the angle of inclination of the heart, as seen in the
lateral view, is rather steep. When the chest is relatively small but deep and the
diaphragm rather high, such as noted in childhood, heart and great vessels hold
a somewhat different position: as seen in the lateral view, the great vessels
ascend dorsad rather obliquely and the inclination of the heart is less out-
spoken, Hence, in the anterior view, heart and great vessels reveal a projec-
tivic foreshortening, i e., they are visualized somewhat from below, The vascu-
lar pedicle is short, plump, and the waistline is full. If the chest is now changed
from an erect to 2 somewhat bent-forward position, the fullness of the waist-
line will be noted to diminish promptly Such a situation incidentally holds
true not only for children but is also occasionally noted in pregnant women,
the reason being the same

‘The cardiovascular shadow in the aged shows the vascular shadow compara-
tively long and wide. The right cranial border is rather prominent and convex
and the vertical distance from the right cardiovascular junction to the level of
the cranial contour of the aortic arch is considerably el d, absolutely as
well as relatively, when compared with the height of the heart. It is probable
that the ascending aorta at this level actually represents the mediastinal bor-
der. The aortic knob projects rather far craniad and laterad The left lateral
contour of the descending aorta is visible to a considerable length in its almost
vertical caudal course and 1t may intersect the cardiac shadow in the region

of the left auricular appendage. The cardiac silhouette often reveals a trans-
: ) T Bl s A bmsems deboe cman Catoification s

ht anterior

s L o ormally its
axis converges craniad with the axis of the spine. Here 1t diverges and its course
js toward the ventral chest wall The aortic arch becomes visible; below and
enclosed by it a transparent area is seen, representing a small aortic window.
) T e 1o- e o'WIa shrgughout
the aorta

ig contour

and a large aortic window, The cranial arch contour may be visuahized through

the tracheal transparency.

Relations, The relation of the tracheobronchial tree, that of the esophagus
and of the diaphragm to the cardiovascular system 1s of considerable interest
and mportance 1n ular pathol and, t the normal fea-

tures should be known. . . )
Tracrea. The trachea is seen to be in close relationship to that part of
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the arch where its proximal-ventral portion changes its oblique course into
the distal-dorsal portion which has an almost sagittal direction, Its transparent
band interferes with attempts to measure correctly the cephalic part of the
ascending aorta, in the right anterior oblique view. The elongated and widened
vessel in the aged causes a fairly marked impression on the trachea.
Esorracus. Its lumen 15 demonstrated by means of barium paste. At the
level of the arch one sees 3 curve in the banium stream; this is designated as
the aortic arch impression, The curve is shallow and flat when the deviation
commences below the summit of the arch, Here the esophagus is in close rela-
tronship to the very top portion of
the descending limb In other in-
stances the curve is rather deep, de-
lineating particularly well a part of
the caudal aortie circumference, The
convexity of the curve 15 directed to
the left in both the anterior and right
anterior oblique views Caudad to this
curve, in the right anterior “oblique
view, one sees another dewiation,
rather short and flat in type and
sometimes hardly visible, This curve
is at the level of the right main pul-
monary artery branch but 15 sepa-
rated from 1t by the left mam
bronchus The farther course of the
esophagus reveals a curve of slightest
degree at the level of the left atnum
ts concavity 1s to the left and ven-
trad. It is liable to be absent in
subjects of tall stature and dunng Fic 2778 yss, uF Rt ant obl view-
forced inspiration, while 1t is better ::';‘f‘n‘:;;‘r"“”‘;; g:‘;ﬂ;ﬁsc’;:i’e‘:!z:h:
visualized in subjects of short stature,  at jeyel of aortic arch (ant bl arrow) Dor-
in children and during forced expira-  sal contour of sup vens cava (post bl ar-
tion, The esophagus crosses the lowest ~ row)
third of the descending aorta with a
shght concavity directed to the left With marked elongation of this vessel in
older people a more marked deviation of the barium stream is noted to the
left n the anterior view and dorsad in the left antenor oblique view.
Diaprracas Oblique and lateral views show that the draphragm descends
{rom its dome dorsally and ventrally and the cardiac shadow completely oc-
cupies, in front, the central portions of the costo-diaphragmatic sinus. In the
left anterior oblique view both leaves of the diaphragm are seen to form an
angle. At a rotation of 48° to §5° the dorsal-caudal lower contour intersects
with this angle; in the presence of a globular or transverse type of heart this
angle may be slightly overlapped by the cardiac shadow. With a vertical small
heart the angle is located between the cardiac shadow and the spine.
Influences. Bopy Posirion. The examination of the body in different posi-
tions shows changes in the size, shape and position of the cardiovascular sil-
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pouelle. We are inclined to think too much, perhaps, of marked actual changes
in form and volume. Thus, the dissection of the hearts of dogs whose bodies
were frazen jn different positions shows but httle gravity influence on the
form of the heart We judge changes in position by taking, for instance, the
nibs as landmarks, Here we are dealing with an elastic system subject to many
forces. Thus, with a change from the upright to the recumbent position, the
sternum moves caudad and dorsad, the ribs following. In the lateral prone
positions, the ibs of the descending side move caudad and the depth on this
side is increased. The shifts of organs observed are often only apparent
The change from the recumbent to the vertical position decreases the angu-
lation and narrows and lengthens the vascular shadow. The area and the trans-
verse diameter tend to decrease, especially so if the heart rate increases con-
siderably, and the oblique di: increases M in the lateral view
have shawn in a few cases that the depth diameter decreases as well It is certain
that actual volumetric changes take place
In the recumbent-lateral positions the lower leaf of the diaphragm ascends,
and increases its respiratory excursions, while the upper one descends. The
whole mediastinal shadow sinks into the dependent side and the cardiac
silhouette changes mn outline. The mediastinal shadow returns on deep in-
spiration, against gravity, tonard the midline, The caudal heart border is
considerably influenced by the adjacent, elevated diaphragm and it is advis-
able to study, preferably, the movements of the cranial border of the cardiac
silhouette. The degree of lateral displacement varies from 1.5-3.0 cm, but may
be as high as 50 cm in asthenics, 1n persons who lost weight rapidly, or in
women with poor abdominal muscle tone subseq to many deliveries or to
a very recent delivery. Generally a thin walled and poorly filled heart changes
more readily in position than does a thicker walled and well filled heart A
prerequisite for testing out for lateral displacement is the patient’s ability to
breathe deeply.
Rrspiration Relatively slight changes are noted during quiet respiration
Forced inspiration, with the costal type of respiration prevailing, shows no
vertical shift or only a slight rise. With a prevailing diaphragmatic type of
respiration, a caudal displacement s nioted In addition to the craro-caudal
component, a lateral-medial one is to be considered One observes the left
heart border to move mesiad and in the majority of instances the right heart
horder to move laterad, though to a lesser degree The movement of the right
border may change agam to an inward one which is probably induced
by the tension of the pericardium. The diaphragm may descend far enough so
that an area of decreased density is noted along the caudal heart border. This
does not indicate a complete separation of the heart from the centrum ten-
- dineum though the area of contact is diminished, The pex:icardium alc.mg and
immediately above its caudal insertion takes up the resulting space, with lung
tissue following along its outer surface The whole left contour becomes less
curved. The vascular pedicle is elongated and narrower. The lateral view
in the costal type of respmation, an elevation and
he sternal and cardio-vascular shadow; the retrosternal
d transparency and the shadow of the

reveals, particularly
ventral movement of the | and
and retrocardiac spaces increase in size an
inferior venacava is better visualized.
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Forced expiration shows a rise of the cardiac silhouette together with some
displacement to the left. The angle between the main axis of the vessels and
the heart decreases, and the waist of the left contour is more pronounced. A
considerable portion of the cardiac silhouette fuses with the abdominal shadow.
The vascular pedicle is shortened and becomes wider, The lateral view reveals
the dorsal cardiac contour more curved; the shadow of the inferior vena cava
is no longer visuahized and the retrosternal and retrocardiac spaces diminish
in size and transparency.

The cardiac shadow reveals a pendulum movement, alternating with in-
spiration and expiration, Whether this is an expression of an increased in-
spiratory filling of the right and emptying of the left heart or whether jt is
due to rotation is not definitely known, but it is very probable that the volume
of the heart varies together with marked respiratory changes.

The degree of displacement is more marked during inspiration in the re-
cumbent position and during expiration in the upright position.

Comparison of parrs of films taken during the indpiratory and espiratory
phase of normal respiration shows that in the anterior view, all diameters as
well as the cardiac area are more often increased than decreased dunng in-
spiration.

InTRATHORACIC PrESSURE. Marked changes, even though physiological, con-
siderably influence the filling stage of the heart. The Muller test is performed
by closing the glottis at the end of a full expiration and attempting an in-
spiration It is followed by a rapid increase of the cardiac and supertor vena
cava silhovette The Valsalva test is performed by closing the glottis at the
end of a full mspitation and by forcing expiration. It leads to an increase in
the intrathoracic pressure which 1n turn causes a rather slow decrease in the
size of the cardiovascular silhouette, affecting .all regtons simultaneously The
degree of diminution is influenced by the amount of the muscular effort and
probably depends also upon the condition of the heart muscle The change in
cardiac size from the Muller to the Valsalva test was computed in one in-
stance to be 390 cm® The peripheral arterial resistance also plays a réle be-
cause there is noted a marked diminution of the heart size in hypoplastic
types together with a marked fall in the blood pressure; while in physically
well-trained persons the diminution may be less pronounced and the blood
pressure may even rise to a considerable degree. The majority of individuals
show a tachycardial reaction during the experiment while a few reveal slow,
sluggish pulsations Never do pulsations cease completely. As soon as the
pressure 1s decreased, the heart size returns with a few large amplitudes to its
normal size. The observation of the change of heart size 1s of interest because

similar conditions are present in a number of physio-pathological conditions
such as certain athletic performances, defecation, labor, cough and respiration
of emphysematics and asthmatics.
Lung Pattern and Hilus Region They are chiefly, though not exclusive-
roduced by the blood- ﬁlled \essels whxch fact was percewed by several men
P .

1

monary vessels of one lung in a dog are tied off, the ammal 1s sac‘riﬁced,‘the
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lungs with the trachea are removed and the second lung is carefully rinsed.
Then the lungs are inflated, The two sides vary in appearance, The hgated
side shows a dense hilus shadow and extending from it solid ramifying shad-
ows, with interspersed clear-cut, round, dense areas, The other side shows

yrmpn o

e

b 2
Fic 28 —Arterography {in the living). Appearance of nor-
mal arteries 1z poplteal region Couttesy Prof Dr. M,
Sgalitzer, I Chr Umwv. Klin (Prof Dr. E Ranzi), Vienna

i i ith the trachea are re-
delicate shadows of little density. 2) the lungs with . !

:’:;zed from 2 body. With d inflation t; HhL' :d. t]u_gl}lna

it i i immediate hilu

are noticed but no bronchial W,alg;e“:“-h' t}xe e;l(cleptmn of the imi lmn d,';

i i ! inflation
region. Wit S O, e D eoee maars thass vamvocams Winnd
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inflated lung and the inner surface thereby outlined in the proximal extent,
no shadow can be demonstrated beyond the shadow of the barium sulphate

which corresponds to a continuation
of the bronchial walls 4) the trans-
parent bronchial lumina may be seen
within the collapsed lung of the living
or within areas of infiltration. They
disappear if normal conditions are re-
stored 5) if a lung is collapsed by
means of a pnenmothorax, the contra-
lateral lung soon shows a marked in-
crease in its lung pattern 6) if roent-
genograms are taken with the trunk
dependent, the cranial portion of the
hilus as well as all cramal solid shad-
ows are markedly increased in size
and density while the lung pattern
toward the base is diminished. 7) the
lung pattern increases markedly in
the presence of certain diseases of
the pulmonary artery system 8) the
lung pattern may be decreased in the
presence of stenos’s of the pulmonary
artery. 9) the iung pattern is increased
i the presence of Jeft-sided cardiac
failure 10) if artificial changes in the
intra-alveolar pressure are brought
about, the lung pattern changes, it
decreases with a decreased pressure
and increases with an increased pres-
sure 11) a roentgenogram taken at
the beginning of the apneic pause
demonstrates more pronounced mark-
ings than one taken after 20 seconds
of apnea, 12) the size and density of
the lung pattern is more marked when
the film is made during ventricular
systole and less marked when taken
during diastole 13) m the presence
of a valvular regurgitation of the pul-
monary orifice, the larger solid shad-
ows show definite expansile pulsa-
tions 14) if a contrast medium is -
jected by means of a catheter into
the right heart, the pulmonary artery
with all its branches is mcreased

Fic 29 —Venography (in the Lving) Ap-
pearance of normal vems and their valves
Upper extremity, dependent Courtesy Prof,
Dr M Sgalitzer, T Chir. Univ, Kbin (Prof,
Dr E Ranz), Vienna

grelaﬂy in density. This has been depicted i human beings as well as in ani-

mals,
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Transparent bronchial lumina are clearly seen in each hilus region, Far-
ther away they are noted only in cross section, as a lumen surrounded bya
small ring representing its wall. Due to superimposition and crossing, they blot
out vascular shadows in part or completely. With the walls much thickened
or with the, lumina filled with secretion, visibility is increased. The lung ves-
sels appear partly - - ' 0 ' T 1 the periphery and
decreasing in size r curved course and
with dichotomic . . . . as spots of homo-
geneous density, along the course of solid shadows which fail to be reproduced
in films taken in different positions of the patient. These spots represent
vessels in cross section.

In short, it may be said that an increased air content of the lungs favors
visibility of the blood vessels, a decreased air content favors visibility of the

* bronchial lumina, -

The blood content in the lungs is subject to static displacement and it oc-
curs most frequently in persons with postural circulatory defictency on the
constitutional basis of asthenia, It may be demonstrated roentgenographically
since the apical vascular shadows are small for the erect position while they
become larger, ie., better filled with blood, in recumbency. The constitutional
factor 15 modified by conditional factors such as menstruation, pregnancy, di-
gestion, fluid intake or loss, weight loss, lack of sleep, debilitating diseases,
and any factors that foster fatigue. It has been pomted out that a poor circula-
tion through the upper portions of the lungs in the upright position would
make these areas susceptible to infection with tuberculosis. It is interesting in
this connection to remember that in adolescents and adults the cranial por-
tions of the Iungs are a favored site for the tuberculous infection while in
infants and children location in the middle and basal portions is favored.

Each hilus has for its main elements arterses, veins, broncht—all surrounded
in the more distal portions by lung parenchyma. The visibility of both hilus
regions increases in the presence of a rather narraw and vertical cardiovascu-
lar sithouette The left main branch of the pulmenary artery becomes visible
at the left at a level which corresponds to the most cranial point of the pul-

always be increased by turning the patient 10 to 20° toward the left anterior
ohlique view It is seen, at a greater angle of rotation, within the window of the
aorta. In the right anterior oblique view 1ts origin is noted as a dense round
or oval area, ventrad to the left main bronchus. The Iatter,v in the anteri.or
view, gives off its branch for the anterior (upper) lobe still within the cardio-
vascular shadow. In its further course, and in the presence of a small vertical
heart, 1t is found to accompany the left heart border as a transparent band The
veins with cranial duection cross the descending main arterial branch. They
are not umformly visible, The right main branch of the pulmonary artery usu-
divides before the right border of the large vessel shadow is attained and
f its cranial contour with the mediastinal border is more
h the corresponding findings on the left. The shape

ally b
the intersection o R
caudal as compared Wit
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of the right hilus reminds one of the arrangement of the gray substance in
one-half of a cross section of the spinal cord. The club shaped anterior (upper)
horn corresponds to the dmision of the cranial lobe branch of the pulmonary

Fic 30—Aortography (1n the living) Injection at level of first lumbar segment. Lower
thoracic aorta, its branches and further ramifications are visualzed Courtesy Prof. Dr.
H Holfelder, Frankfurt a/M

artery; the frayed postenior (lower) horn corresponds to the common trunk
for the middle and posterior (lower) lobe The main branch is of 2 comma-
like appearance and curves caudad The right main bronchus subdivides into
the anterior (upper) lobe and middle lobe branch with the right pulmonary
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artery branch situated between. It continues its caudal course between the
right border of the cardiac sithouette and the descending comma-like arterial
branch, and, superimposed upon it in 2 slightly oblique course, blots out some
of this vascular shadow In the presence of 2 degree of right-sided enlargement,
the bronchus can be seen through the heart shadow as a small transparent
band. This is especially well noted in children. Some horizontal or oblique
small vascular shadows may be present which cross arteries and bronchi hori-
zontaily or obliquely. They represent the right pulmonic veins.

The vena azygos may be visible more frequently in children than in adults
in its horizontal course just before entering the sup vena cava. Its shape is
egg-like, with a pointed upper and lower pole, and it is situated to the right of
the trachea just above the right bronchus. Its transverse diameter measures
0.6 cm. in children, and 08.1.0 cm. 1 adults. The density of its shadow in-
creases during inspiration and diminishes during forced expiration.

PERIPHERAL

Normal blood vessels, i e., the column of blood, can be demeonstrated in the
cubital and occasionally in the popliteal region, provided the exposures are
taken with a very low voltage. The presence of thin muscular and larger fatty
layers, occurring in women, favors this demonstration. When a radiopaque
substance is injected into a bload vessel, it will be swept along with the cur-
rent of blood, more swiftly and in a centrifugal direction in an artery; slower
and centripetally in a vein.

ArtERIES. Normal arteries have a direct and largely longitudinal course and

ifest a mini of with each other. The branches show an
orderly arrangement and fine branches, usually few in number, are found to
arise directly from the Jarge trunks.

VEINs. The larger veins of the upper extremity show saccular or mushroom-
like dilatations, corresponding to the level of the valves. This is best observed
with the limb in the dependent position; the apy of the valves changes,
depending upon the direction of projection The leaflets of these valves may
occasionally be seen as linear defects within the contrast medium. Venous
channels are observed connecting larger venous trunks. The direct injection
usually demonstrates one ot several larger superficial veins Injection of super-
ficial veins at the level of the ankle or knee, however, will fill some deeper chan-
nels by means of anastomotic branches., In order to demonstrate the deep
venous trunks, the arterial injection with backflow into the veins is the method
of choice. (As to observations of the blood flow, see chapter V.)

Lyseratics, Following a2 Th injection, the I ic vessels ap-
pear as very fine strands and the regional lymph nodes become visible. The

former disappear within a few days while the latter remain visible because the
contrast medum is stored. Such studies have been made not only on animals
but also on man.
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MEASUREMENT

Measurement (cm. and kg. will be used) is intended to establish standards
for the normal and to decide whether or not a given case is within the range
of normal variation and, if not, to give mathematically the degree of deviation.
The term “range of variation” is preferable to the term “normal” and comprises
all those findings which are most likely to be found in healthy people. From
a mathematical viewpomnt a heart larger than normal indicates merely that
there is less probability of finding this size correlated with normal function.
Our methods of stress the formal itative side of the problem
and are i ient 4s to the functional-qualitative aspect Itis therefore under-
stood that shape and size found to be within the range of normal variation
may well exist together with disturbed function On the other hand, it must
be admitted that a normal function 1s closely connected with a certain optimal
size, at least if we think of function performed over long periods of time.
Because of the latitude of the normal variation, no sharp distinction may be
trawn between findings in the advanced normal range and those considered jn
the incipient abnormal stage. Borderline cases are therefore difficult to evaluate,
It is to be remembered that a heart which is originally small may enlarge
considerably before it exceeds the upper limit, while a heart which is near this
limit to begin with will surpass 1t with very little increase Further, the mus-
cular wall may increase 1n thick without produci: iable alterations
in shape and size of the silhouette.

The application of average figures is of limited value since we are dealing
clinically with one individual and not with an abstract concept derived from
a large number of individuals Even when considering homogeneous groups,
with little differences in weight, height, chest crrcumference, etc, and em-
ploying some of the best critenia, it will be found that, while the mean figures
may be plotted in straight lines with even progression of values for each
increment 1n the critenon, the individual figures are dispersed through a
considerable range If several such homogeneous groups are studied, arranged
n ding or d ding p ion, it is usually found that the maximum
and mnimum figures in each group fall beyond the average figures of one
or more of the adjacent groups To give an example. a group of individuals
bas been subdivided into weight groups of 5 kg and chest eircumference
groups of § cm One group represents persons with a weight of 55-60 kg. and
a chest circumference of 80-85 cm ; for a second group the respective figures
are 75-80 kg and 95-110 cm. The average figures for a diameter or for the
area of the sithouette will be smaller in group 1 as compared with group 2;
but the maximal figures in group 1 may be superior to the minmal figures in
group 2. The use of absolute figures likewise is of little practical use, especially
when considering the nfluence of age and sex. Such absolute figures must be
o H ey 3

1

‘with other ch ics of an individual, The math 1l treat-
ment consists-of obtaining pattial and multiple coefficients of correlation and
75
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of giving to each variable a weight that will produce the highest degree of
correlation between the variables and the criterion. The final purpose is to
prosiuge a prediction formula and to make a statement of this kind: If the
deviation from the predicted figure is . . the degree of probability that we
are t!ea]mg with an abnormal finding is . . . A finding of +10% in a healthy,
physically welHrau}ed person has less significance than the same finding in a
sedentar.y person with a slight increase in blood pressure. Certain difficulties
have arisen in correlation measurements; if one correlates the area’ of the
heart silhouette with the weight of the body (= volume X specific weight)
one may not find the expected correlation, while if one uses the volume of the
heart, one will.

The type of material from which the standards for prediction fables and
formulas were derived should be known: the standards derived from people
in first class physical condition and training are not quite the same as those
of the average population; racial characteristics of build also should be
considered. The applied roentgenologic method should hkewise be known
One cannot compare orthodi Shic with tel hic standards
Suppose that one has available an orthodi and a tel
taken instantaneously at 2 m. distance for each member of a group of healthy
individuals As wsual, the former examination is carried out at the endphase
of tidal respiration and the latter at a moderate degree of inspiration. It i
furthermore that the btained on the tel
gram are corrected on the basis that the object-film distance is 7 5 ¢m. In
determining the transverse diameter (T) by the two methods, a coincidence
within 05 cm is noted for about half of all the cases But T in the tele-
roentgenogram is found to exceed T in the orthodiagram by as much as 1.8
em. and, on the other hand, T in the orthodagram is noted to exceed T in the
teleroentgenogram by as much as 2 4 em Such extreme discrepancies probably
would be less were teleroentgenograms taken at the same predetermined point
of the cardiac cycle and if an involuntary Valsalva effect could be safely ex-
cluded Suffice it here to say that the computation of orthodragraphic size from
corrected teleroentgenographic size, or vice versa, is mot permissible. One
may not compare results obtamed, even though by the same method,
if there was a different phase of respiration or a difference in body pesition.
The necessity of exactness when gaining and comparing figures is perhaps
clearly illustrated by the fact that a sphere of 10.3 em. in diameter has a
volume of 1095 more than one with a diameter of 10 em. Or to give another
example. A heart that has oblique, broad and depth diameters of 13, 10 and 9
cm , respectively, will have a computed volume of 526 5 cm® Add 0S5 cm.'to
every measurement and the volume becomes 609 cm?, which is a 15.7% in-
crease. Such facts are well to bear in mind when one attempts to compare heart
volumes by means of roentgenograms for a given person. While double defer-
minations in the same cardiac phase accord well, the difference between dias-
tolic and systolic volumes will vary from 9-23% with an average of 15%.

‘When examined at different times the normal heart anfi v'essels are n.oted
to be constant in shape and size, provided the Ion?v'ving criteria are identital:
phase of cardiac cycle and respiration, bogy position and hear): ral;. Wl}en
changes occur, they are found to be of minor degree and of short duration
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and should be attributed to changes in filling. The change from standing to
sitting position increases the volume of the heart by an average of 109, and
the change from the standing to the recumbent position will frequently pro-
duce a volumetric increase of 250 cm?,

Only two methods of logil are exact:
one determines the diameter of the arch of the aorta, the other is represented
by the volumetric reconstruction of the heart. Other methods are inexact,
such as the measurement of the ascending aorta; or the determination of the
cardiac area which requires an artificial construction The diameters which are
commonly used do not correspond to any actual anatomical diameters, they

Fic 31 -~Nomenclature i the anterior and lateral views D—intersection of vascular
and cardiac contours at yt D'—intersectton of cardiac and diaphragmatic congours at
©t G—atno-ventnicular border at It, to be determined by fluoroscopy G'—farthest pomnt
2t 1t lower pole remon Long or obhgue diameter (L) connects points D and G (dash
Tine). Brood diameter (B), sum of lengths of 2 perpendiculars dropped from potnts
G and D’ respectively to L (dash-dot Line) Transverse diamteter (T), sum of maumal
horzontal distances of rt and It silhouette borders to mud-sternal hme (sohd hne)
G-G"—It, ventncular ghord, G'-D'—tt ventricular chord (dotted lines) Tp_y,, connects
horzontally the most distant dorsal pont of the sithouette with the ventral inner chest
contour (solid hne). Ty, connects obliquely the farthest dorsal pomnt of the sithouette
ks o aas B PR O Totae e e

are locatéd in planes with different angulation and are practically never ver-
tical to the direction of projection. We are dealing with the two-dimensional
projection of a three-dimensional, irregular body, the shape and position of
which vary from case to case.

The recent introduction of contrast vi: ion has made possible to a
certain degree the measurement of the herght, width and thickness of the
chamber walls and the length and thickness of the vascular walls

The availahla anatamical datn ava af hat 1i#la sca Fam tha sanctaanat. ©
approach, F
the anatom '
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refer to the capacity of the chambers and not to the sum of the capacity plus
muscle mass.

Measuremen}s and figures will refer, unless otherwise noted, to the orthodia-
gram and standing position (see figure 26),

A ratller' lengthy presentation of the available data seems necessary; partly
because it is nowhere else available, partly in order to justify the conclusions
at the end of this chapter,

Measurement of Cardiac Shadow. ABSOLUTE F1GURES, LINEAR, AREAL
VOLUMETRIC. dnterior View. 1) The long or oblique diameter (L) is the

Fi. 32—Schematic honzontal and sagttal section through the chest to demonstrate
the advantage of using the oblique rather than the horizonal depth diameter of the
heart The sternum 15 physiologically shghtly deprested 1n the majonty of cases Hence
a line that 15 drawn tangentially at the ventral contour of the heart may he slightly m
front of a line that 15 drawn tangentnlly at the dorsal contour of the sternum The
horizontal depth diameter 15 obtaned by drawing i the lateral view a lne ‘that
connects the dorsal contours of the cardiac and sternal shadows It 15 thus assumed
that the ventral cardiac and dorsal sternal contours comade Swnce this 18 frequently
not the case, the depth diameter of the heart may be actually greater The oblique
diameter, which 15 the sum of the two lnes drawn perpendicularly on a lLne that

connects the of the trachea with the ventral costo-diaphragmatic
junction, has its ventral starting point at a clearly defined border of the heart Adapted
from. Palmien, G G, Bull Ser Med, 1939, 111, 482

distance from the junction of the cardiac with the vascular silhouette at the
right (point D) to the farthermost point at the left lower pole (point G’).
The exact outhne of this region must be vistble. While difficulty is often
encountered in determining , in the roent the contour of
the left lower pole, it is almost always possible to trace this contour orthodia-
graphically during fluoroscopy. The average for the adult male is 13 6 cm The
approximate minimal and maximal figures are respectively 11 and 15 5 cm.—
Anatomical measurements on hearts of 275 subjects who had died quite sud-
denly and without cardiovascular disease, showed an average figure of 12.6 cm.
for L. .

The broad diameter (B) represents the sum of the lengths of two per-
pendiculars dropped to the hine of the long diameter; one from the junction




MEASURCMENT 7

of the right lower border with the diaphragm (point D*) and the other from
the junction of the left auricular, pulmonic artery or pulmonary conal arch
with the left ventricular border (point G) The average for the adult male is
98 em. The i minimal and imal figures are respectively 8 and
112 em,

The transverse diameter (T) represents the sum of the maximal distance
of the right and left silhouette borders to the midsternal line, The average for
the adult male is 12.2 em. The approximate minimal and maximal figures are
respectively 9.2 and 14.5 cm

All these figures are on the average 12 cm. less for the adult female; but
when related to the same weight the difference is found to be less, namely,
0.2-05 cm

The respective average figures for the newborn (teleroentgenogram, recum-
bent position) are 5.4 em. for L, 40 cm for B and 51 ecm for T

The left ventricular chord (LV), from G to G’ subtends the arc of the
left lower ventricular silhouette The average, minimal and maximal figures
for the adult male were found to be 9 6 (6 6-12 5) cm , for the adult female 8.5
{60-10.5) em, The right ventricular chord (RV) connects G’ and D’.

Normally the following size relations exist L>T>B=RV>LV.

The angle of inclination is formed by the limbs L and a honizontal line from
G toward the midline (some choose to determine this angle as formed by
L and the midline). The average angle is about 43°, hearts with a definitely
greater angle, and as much as 57° was found, are vertical hearts, those witha
definitely smaller angle, and as little as 20° was found, are horizontal or trans-
verse hearts T is usually in a reverse ratio to this angle. Formulas in which
T is used increase in reliability when the value of the angle is also introduced.

2) The area (A-cm?) is ined by the ric determi of the
completed sithouette- the cranial and caudal limits of the cardiac sithouette
are drawn by rather conjectural delineation The caudal border is often drawn
too flatly and with the conventional cranial border a part of the conus
arterfosus is lost While area determinations by the same individual, but
at different times, show an error of 2-5%, it is usually greater when done by
different examiners and differences as high as 2055 may be found. The average
and approximate minimal and maximal figures for the adult male (orthodia-
gram, standing position) are 10Z (75-130) em?, for the adult female 99
(60-110) em?. The figures for the area as projected into the horizontal plane
are almost the same In the recumbent position the figures are on the average
20% greater The area in the newhorn varies from 15-17 cm?,

‘The heart silhouette has been considered as an ellipse; the area then is the
product of the perpendicular long and short diameters times 0 7854 (x/4);
as compared with the area the variation was found to be 2 6-6.9% The high
correlation between the area and the L X B product (see later) has led several
authors to use L X B mstead of the area

3) The index of depth determines the depth of a point on the dorsal surface
of the left ventricle, With a target screen distance of 60 cm. the extreme point
on the left lower contour 15 marked orthodiagraphically. The tube is then
§hifted 10 em. toward the midline and the projection of an extreme left point
is marked again. The distance corresponds to the index; its upper limit is 1.4
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cm. An increase would indicate an increased dorsal prominence of the left
ventricle. However, the index is influenced by several other factors; it changes
wi.th horizontal ansi verﬁc@l displacement. And misleading figures are also ob-
tained when the distance is too great from the left lower pole portion to the
screen. In order to corregt this, one must either increase the standard target-
screen distance or diminish the standard Iateral shift, or both.

4) A depth diameter was determined in the silhouette projected into the
horizontal plane, its figures varied for adult males from 9-11.5 cm. and for
adult females from 7.3-10.0 em.

Oblique and Lateral Views. 1) In order to examine the heart in the direction
of its main axis, an angle of 20-35° in the right anterior oblique view is chosen
To see the heart perpendicular to its other axs, an angle of 55-70° in the left
anterior oblique view is used, A vertical line has been drawn within the sil-
houette in the left anterior oblique view in an attempt to represent the inter-
ventricular septum, But neither is there agreement as to the most desirable -
angle nor are the landmarks for the cephalic end of this line certain; in addi-
tion, the septum lies in a curved plane.

2) Different depth diameters have been determined in the lateral view;
symbols for them are not as yet standardized and those used here are sug-
gested for acceptance. To_nor is drawn from the most distant dorsal point
of the silhouette horizontally to the frontal inner chest contour. It should be
noted that this contour is not quite identical with the anterior cardiac contour.
If frontal planes are laid through these contours, the latter are found to be
somewhat more ventrad than the former. This fact is cleatly demonstrated by
volumetric reconstruction. The average, minimal and maximal figures for the
adult male (orthodiagram, standing position), as given by three different
authors are 9.4 (7 6-10.9), 9.6 (7.1-11 6) and 90 (8 1-9.9) cm. For the adult
female one investigator found 8.3 (7.0-10.5) em. Ty, encloses an angle with the
horizontal line; it connects the most distant dorsal point with a point just
below the junction of the ventral cardiac contour with the sternal shadow, It
varies for adult males from 6 7-10 7 cm., with an average of 8.7 cm, for adult
females from 6.3-9.6 cm., with an average of 7 8 cm. Tp_y is constructed simi-
larly to B 1n the anterior view. It represents the sum of the lengths of two
perpendiculars dropped from the farthest ventral and dorsal contours respec-
tively to a line which connects the caudal end of the trachea with the sterno-
diaphragmatic angle The average, minimal and maximal figures for adult males
were found to be 9.3 (7.1-11.5) cm, the average, mimimal and maximal figures
for the angle enclosed between this and a horizontal line, are 45° (25-67°).

3) The angle of disappearance determines the degree of dorsal development
of the left vehtricle. The patient is rotated from the posterior into the right
posterior oblique view, with the right shoulder as a pivot, the left shouh}er
moving increasingly away from the screen The shadows of the heart and spine
travel in opposite directions until at a certain angle the extreme left heart
contour just disappears in the spinal shadow. This .angle may be measured
by placing and fixing a rod on the patient’s bagk just below the scapular
angles. Two small lead crosses are attached at a distance of 20 cm. “:hen the
desired angle of obhquity is reached, 5he distance of the lead marks is deter-
mined orthodiagraphically and if divided by 20, the cosine of the angle is



MEASUREMLNT AR}

obtained, The upper limit of this index is 35°. There is but little value in this
procedure because extrinsic factors interfere, such as the curvature of the
spine, the respiratory phase, air in the stomach, displacement of the heart to
the left, etc.

Volumetric Determinations. These may be actual as a volumetric recon-
struction deseribed in Chapter 1. The volume is obtamed by immersion of the

+reconstructed model in water and is found to be 600-700 cny®. for the male and

430-500 cm®. for the female. On such a mode! the individual shape of the heart
may be cleatly seen, and the direction of the axis of the heart, connecting the
region of the entrance of the inferior vena cava with the apical pole region,
can be determined. It enclozes, i the horizontal plane, an angle with the
antero-posterior axis, which is open ventrally and shows an average of 42°. The
other, much less exact method, involves the use of formulae, if such formulae
ate used they should be tested in comparing the results with the actual figures
obtained by reconstruction in the living This has been done and the following
formulae permit an appromimate determination of the cardiac volume, 1)
V=133 X A X Tp.ror (taken 1n thelt ant obl view) The error was found

+b
to be from +7.6% to +24055. 2) V = o (be + ca + ad + dby;

(@ + b = B; c and d equals the distance from D and G’ respectively to a
pomt on L midway between the base pomts of both B lines); the heart is
considered as made up of 4 regular elliptoids with a depth equaling a + b.
This formula simplified reads 0.5236 X L X B2, The maximal deviations
were found by one investigator to be —7 3% and +26 6%, by another,
~12.2%; and +20.9%. The weakness of this formula §s that it assumes the
depth of the heart—the antero-posterior dimension—to be always in an identi-
cal ratio to the diameter B. This is not so and a figure of +20.9% was actually
found for a heart which was relatively Jarge and flat 3) V=045 X LX B
X T, The average, mmimal and maximal figures for this value for males,
1925 yrs, were 569 (407-835) em® 4) Another formula was tested by
actually determining the volume 1n well filled and hardened postmortem speci-
mens and roentgenologically, A and Tp_n.r It is based upon the following prin-
ciple. The volume of any regular body may be determined if the size of its
parallel projection and its greatest diameter in the direction of projection are
known; it equals the product of these factors multiplied by a constant, which
depends upon the geometric form of the body It1s 0667 for an ellipsoid, 0.59
fora parabaoloid. Choosing a figure in between the formula reads V = 063 X
X Tp_por This formula 1s considered to have a maximal error of 15%, The
average figures for a group of adult males were 630 cm? , for a group of adult
females 46~ - s e
Were 387 ¢
for femate
grams wer o
the entargement of the heart shadow on the film with the constant factor being
67, the minimal and maximal figutes were noted to be 457 and 963 cm?,
Related to the same body weight (50-60 kg.), a male group was found to
exceed a female group by an average of 75 cm?, Another investigator noted the
heart volume of females to be 15-25% smaller as compared with males of the
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same weight and width of chest. §) V = 053 X A", 6) V=064 X A%,
These two formulae were derived from combined roentgenological and ana-
tomical studies on cadavers.

The comparative value of the two equations referred to in the preceding
paragraph under 3) and 4) has been tested as follows. Plastic heart models
were made from 20 healthy individuals and from 10 bearers of heart disease
These models were a) submerged n water in order to determine the actual
volume, and b) teleroentgenographed for the anterior and lateral views after
the end points of the dizmeters had been identified on these models bj means
;){ulead marks The extreme deviations from the actual volume figures were as

oliows

Equation for V Hearts
Normal Diseased
045 X L X B X Ty +8%, —8%, +15%, —10%,
063 X A X Tppor +16%, —1%, +42%, +4%.

Therefore the farmula 045 X L X B X Tp._y, is recommended.

CORRELATIONS BETWEEN ABsoLUTE Ficures oF Carplac SIZE anp BE-
TWEEN THESE FIGURES AND CERTAIN Bopy MEeAsuReMENTs The coefficient
of correlation (r) will be mentioned repeatedly. A cotrelation of zero denotes
a complete lack of relationship and signifies that one measure is of no value
1 predicting the other A correlation coefficient of one or minus one denotes
complete mutual interdependence, directly and inversely respectively. Figures
for the standard deviations have been omitted for the sake of brevity.

Unless otherwise noted, figures refer to the examination in the upright posi-
tion and to orthodiagrams,

The results which have been obtained by a number of investigators are
given first for the static-anatomical aspect, to be followed by a functional-
physiological approach

Anterior view. 1. Correlation between figures of cardiac sihouette, cardiac
volume, cardiac angulation.

1) Diameters and diameters B is 65-88% of L with an average of 75%-
This is in good relation to the anatomical figure of 805 as obtained in a great
number of normal hearts B prevalls in silhouettes commonly encountered
with the constitutional form of the longitype L prevails in the brachitype—

. I

is for S years of age 1.43, for 10 years 133,

The average figure for

for adults 122. o
2) Diameters and area For the recumbent position, the areas of different

silhouettes were found to be related as the squares of the respective L figures,
with an error of not more than 109%.—There is a high correlation between
L X B and A {r =085 and 0694 by two authors) and the L X B prctjuct
(heart rectangle) may be therefore used instead of A. But it shou]{i be realized
that L X B on the average equals A X 138 The shape of the silhouette, as

expressed by the L ratio has no correlation with A, i e, one may find smaller
B
as well as larger areas in different constitutional types
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3) Diameters, areas and Inclination. The coefficient between the angle
of inclination with L is zero, with B ~— 0.21, with A 0.029 and with T 053;
ie, T depends not only upon the size but in a far-reaching degree upon the
position of the silhouette. Formulae and tables which use T exclusively are
therefore of lrmited value.

II Correlation of figures of cardiac silhouette with certain body meas-
urements :

a) With Weight (W) and Height ().

W and H appear in most prediction formulae. The importance of H has
been overestimated, mainly because it possesses only one-third of the varia.
bility of W. H 1s a valuable criterion only when it is found together with a
proportional general body development There is an advantage in retaining H
in formulae because the errors introduced when it is omitted accumulate in
obese subjects, Height groups were found to be better criteria than age groups
for children W is a better criterion than H but fails in the presence of
obesity; also the heart is found to be relatively smaller in people with a great
body mass (megalosomics).

1) Diameters T correlates better with W than with H For 2300 selected
indhviduals, age 20-30 years, r for WV was 0.40-0 57 (four authors), for H 0 12-
021 (three authors) For people taller than the average for weight, T tends to
indcate smaller hearts while for people shorter than normal for weight, it tends
to indhcate larger hearts. This is explained by the value of T depending much
on body build T in children (teleroentgenograms, distance 182 § ¢cm) ex-
pressed in % of H was found to decrease on the average from 8 4% at 2 years
to 6 8% at 13 years T correlated with W, in infants, not better than 0.244.—
The correlation coefficients for W and H respectively were by another author
found to be for L 0 385 and 0 287, for B 0311 and 0434, B correlates some-
what better with H, L somewhat better with W For Tp 1, and W, r is 0 36
and for Tp_ner and H, r is 0.22.—A prediction formula for T 1s. 0.1094 X
Age -~ 01941 X H + 08179 X W + 95 8625 with r 0.588 and 0693 re-
spectively in two studies Prediction formulae for T mn children and
adolescents (teleroentgenograms, distance 1825 cm with correction for
distortion due to divergence) are 00637 X W + 75 and 000490 X H +
00569 X W + 7.1, with r 081 in both instances, In the following average
ratios, figures in the brackets indicate the ratios obtained in the recumbent
XL
w

2) Area and diameters r for W and A is 0480, r for H and A is 0313;
A, like L, correlates better with W.—A prediction formula for A in adults is:
00204 X Age + 0.8668 X H + 0337 X W — 63 8049 with r 0.578 and
0.547 respectively 1 two studies For children and adolescents beyond the
age of 24; years and below the height of 160 cm. A equals 0.18 X H -+
1045 X W + 13.7 (teleroentgenograms, distance 182.5 em. with correction
for distortion due to divergence), r was found to be 0925, This formula has
been tested by another author who found that in 47% of a group of normal
children the actual area was 11-30% greater than the predicted area —Here
1t may be remembered that until puberty there is little difference in the size

o B
position

BXL
=201 51),—;-—=0746 (0934).
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of t?le heart between gitls and boys.—It has been suggested not to correlate
A directly with W but with its 24 power. It was found for children at the age

101
W equals 722-788 with an average of 750; in stout
and edematous children this quotient tends to be smaller, in undernourished
children higher. In 5% of normal children, however, abnormal figures were
found. The relation of A to W deserves further study, .

‘The exponent for W in its relation to heart weight has been determined in a
larger Anatomical serfes and the average somatic exponent was found to be
0.8181 for males and 0.7247 for females, the anatomical material, however,
was not without objection since W was abnormally low in a number of in-
stances because of preceding diseases of long duration.

In the following average ratios, figures in the brackets indicate the ratios

A
of 6-12 years that

A
obtained in the recumbent position; W = L51 {191); " = 0.563 {0.71).

b) With horizontal chest diameters, computed volume of chest and trunk,
size of fist.

Unless otherwise mentioned, Th is measured orthodiagraphically and diago-
nally between both inner chest contours; some draw it at the level of the costo-
phrenic sinuses, a few at the level of the dome of the right diaphragm.

1) Diameters. The correlation coefficient of B and Th (external transverse
chest diameter at the level of the 4th rib) is 0.32, of L and Th 0.408—1In
the following average ratio the figure in the bracket indicates the ratio ob-

BXL
= ortho-
HXTh 0.3 (0356) (Th taken
diagraphically at the 4th interspace). For children beyond the age of 2 years

tained in the recumbent position:

BX Lb equaled on the average 29.3;

81 5% of all cases showed a variation from 24.6-34 0 and 92.5%% from 23.2-
35.5.—The correlation coefficient for T and Th was found by one authm: to
be 0.435 (Th taken as an external measurement at the level of the 4th rib).
by another one 0.28 (Th taken orthodiagraphically at the level of the costo-
diaphragmatic sinuses). For the recumbent position the figures for the T:Th
ratio varied from 42%-55%. Two different investigators foum} the range of
variation (teleroentgenogram, distance 182.5 cm ) 369%-5 7.% with an average
of 45% and 49 $% respectively. For a large group of.dnldren (partly tele-
roentgenograms, distance 182.5 cm., and partly orthodiagrams) t.he range of
variation for 25 of the cases was 44-50%: for },g 41-54% and in 25% the
ratio was above 50%. The “cardio-thoracic :atm” should therefore be con-
o T e Reemtsize,

ircumference) is 0.220, of -

/ing average ratios, figures
in the brackets indicate the ratio obtamed m the recumbent position:
BXL 5 —fi = 0831 (1.038).—One prediction formula *

= 141 (L165); 73 Gir 831 (1.038) 2

(teleroentgenograms, djstance 150 cm.),

W, H G etion formula for T is:
. 4 = + ~— 4 0.3. Another prediction formula for T is:
for T reads: 7 T 30
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~—00593 X Age —0.9143 X H + 0.9594 X W — 0.2095 X ant.-post. ext.
diameter of chest +.00256 X lat. ext. diameter of chest 4 0.4986 X girth
+ 208.2 (chest measurements taken at level of third intercostal space) ; r was
found to be 0.681~Similarly as to the T:Th ratio, it was found that the
D'G’:Cir ratio shows marked individual variations and is much influenced by
body build; while small figures for D'G’ (7-8 cm.) occurred only with Cir less
than 80 cm., and high figures (14-15 e¢m.} with Cir only above 90 cm., there
was no parallelism found for the range of 80-90 cm. for Cir.

Tt is necessary now to define the terms chest and trunk value, as used in

| \

F1c 33 —This drawing shows how to compare the size of a
patient’s carduac silhouette with that of his clenched fist
The cardiac silbouette was drawn orthodiagraphcally, copied
on a semitransparent sheet, and the sheet was rotated by
about 180° to enable the patient to conveniently place his
fist 1n the sihouette

An approximate agreement of the cardiac area wath the
Size of the fist 1s noted Hence cardiac enlargement 1s
excluded

anthropumetrics. The chest value is expressed by the product of height of
sternum X transverse chest diameter X antero-posterior chest diameter (both
taken at the level of the 4th mb) The trunk value consists of the sum of
}he chest, upper and lower abdominal values. The upper abdominal value
1 expressed by the product of xipho-epigastric distance X transverse hypo-
chondrium_ diameter X antero-posterior hypochondrium diameter; the lower
abdominal value is expressed by the product of pubo-epigastric distance X
transverse pelvic (bicrestal) diameter X antero-posterior hypochondrium di-
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ameter For B and chest value r = 0.312, for trunk value r =
. = 0341; for L
and chest value r = 0 231, for trunk valué r = 030 T :
= 1; for T
r = 0.233, for trunk value'r = 0.343. 7 for T and chest value
Laennec studied the close anatomical relationshy i
p between the size of the
heart and the fist It was noted that the ratio of L to the length of the clenched

"+ r £te= 9yrg of football, baseball and
rcumference 100 ecm Apecal
B 10, Th 248 em Transverse
within normal hrmts, not ex-
i3 1nstance

fist (distance from the metacarpo-phalangeal joint of the 5th finger to the
inter-phalangeal joint of the thumb) equals 1.39-1.56

2) Area. The correlation coefficient of A and Th (external transverse chest
diameter at the level of 4th nb) is 0421.~—A prediction formula for A is:
— 06132 X Age + 00504 X H + 05787 X W -—0.1805 X ant -post, ext. -
diameter of chest + 01601 X lat. ext diameter of chest —0,2876 X girth +  *
81 18 (chest measurements taken at level of third intercostal space); r was
found to be 0.575.—In the following average ratios the figures in the brackets

(Th taken

A
indicate the ratios obtained m the recumbent position: "X Th

A
orthodiagraphically at the 4th interspace) = 0226 (027), o = 1059



)
MEASUREMENT 87

(1.34); = 0.625 (0.789).—For children beyond the age of 2 years

H X Cir
) H X Th
(teleroentgenograms, distance 150 em.) — equaled on the average 39 3;

81% of all cases showed a variation from 33 3-453 and 91.5% from 31.4-
47.2 —The coefficient of A and Cir was 0332, of A and surface of chest area

PRI o L P 1 )

el pRaTy [ATYESY Ty S R B ™ F pA i
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A
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Fic. 35 —The graphs represent distnbution curves The number of cases are plotted on
the abscissa; on the ordinate the depth dumeter of the heart (Hp) taken m the lateral
view, expressed 1n per cent of the transverse diameter (Hr,) and of the oblique or Jong
diameter (Hy) both taken i the anterior view The sohd lines represent the Hp Hr,
Tatto, the broken lmes the Hp HL ratio m = male, f = female From Roesler, H, Am
Journ Roentg, 1934, 32, 464 Courtesy Charles C Thomas, pubhsher

0314, For A and the chest value, r was 0258, for A and the trunk value, r
was 0.373.

Tt is advised, for practical purposes, to place the right fist of tke individual
over the orthodiagraphic silhouette so that L is approximately identical with
the line connecting the proximal and ulnar end of the fist with the inter-
phalangeal joint of the index finger. For this purpose the sheet on which the
silhouette was drawn is turned by approximately 180° One finds that under
normal conditions the outlines of fist and silhouette almost coincide.

€) With the surface area and age

The surface area of the body equals W°425 X H°?25 X 71.84 and most
imvestigators agree that there is no practical advantage in using it. One author,
however, found the r for body surface Aand A as high as 0 84-0 92, Tn another
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ameter For B and chest value r = 0,312, for trunk value r = 0341; for L
and chest value r = 0231, for trunk value r = 0.301; for T and chest value
r = 0233, for trunk value r = 0.343.

Laennec studied the clase anatomical relationship between the size of the
heart and the fist. It was noted that the ratio of L to the length of the clenched

Fi1g 34 —22 yrs, M No complaints, No history of nfection 8355 of foothall, baseball and
hockey Athlec type Height 170 cm,, weight 84 kg, chest circumference 100 ¢m Apreaf
thrust barely pajpable Rate 66 BP 138/80 L 147, T 144, B 10, Th 248 cm Transverse
type of heart with relatively high position of duaphragm Heart within narmal hmts, not ev-
ceeding size of fist. The T/Th ratio would be misleading in this instance

fist (distance from the metacarpo-phalangeal joint of the 5th finger to the
nger-phalangeal joint of the thumb) equals 1.39-1 56,

2) Area The correlation coefficient of A and Th (external transverse chest
diameter at the level of 4th rib) is 0421.—A prediction formula for A is:
— 06132 X Age + 00504 X H + 0,5787 X W —0.1805 X ant.-post ext
diameter of chest + 6.1601 X lat ext. diameter of chest — 02876 X girth +
8118 (chest measurements taken at level of third intercostal space); t was
found to be 0.575.—In the following average ratios the figures in the brackets

{Th taken

indicate the ratios obtained in the recumbent position X Th

A
orthodiagraphically at the 4th interspace) = 0.226 {027); o = 1.059
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« body surface A
study the quotient of —O—}EX—EC—— showed a mean of 17.2 for normal chil-

dren; 98% of all cases shoned a lower limit of 14 —Age is not significant as a
correlation factor for the adult, For children H and W are used preferably.

Left Anterior Oblique View. The range of variation for the ratio of the
depth diameter (40°-45°) to T (ant view) was determined as 1.1-1.4 with an
average of 1.25; the ratio of this depth diameter to a chest diameter, drawn
from the projection of the anterior, right chest wall to the projection of the left
costovertebral articulation, was found to be on the average Z 02 with a range
of variation from 1.8-2 3 (teleroentgenograms, distance 182.5 cm.).—At an

Case 1 Case 2
Fig 36 Fig 37
Age 24 yrs 28 yrs.
Height 167 em 177 em
Weight 63 ky 68 kg
Chest circ. 81 em 8 em
L 124 em. 125 em
B 106 em. 89 em
T 128 em 101 cm. .- . ;;‘:‘::m- - Q1
L+B+T 3sBem. C 3LSem
73 cm 92 cm
LXBXT, 9595 w038 . . ¢
In 558% 36% mn. 550%
L av  663% IR 1
T mact  750%
B 688% 1034% . .
Ty <, 011% mm. 6257
= 5705 % el e s
max  8505%
Th 262 em 238 em N
Thy, 64 cm 118 cm v 415% et e - ®
Thy 244% 5% stthouette
Th
305 cm 260 em
140 cm 248 em EE Y
159% 943%

The cardiac sithouette of case 1 1s larger than that of case 2 (ant view) ... (1—
The cardiac volume of case 1 1s certanly not larger but most probably smaller than
that of case 2. . (2 (The L X B X Tp product has a durect relation to the actual
heart volume )

The heart of case 1 15 rather large (ant. view) but shallow (lat view); that of case 2
rather small (ant. view) but deep (lat. view) .. (3, (4, (S

The chest of case 1 is shallow, that of case 2 deep (lat views) . .. (6,

‘These two cases represent !ypcs at either end of the normal distnbution curve for heart
and chest shapes.
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Fies 36, 37 —~Two healthy medical slud!l\(s, one with a shaflow, the other with 2 deep
chest, The mumate formx! reLu r heast and chest xypcs ts shown m the
follawng figu st hast mmomriimatianey
at level of §
verse  diamet ' .
Thy-sitmno- - . - L
chest, Thy 4ay
senies (see Fig
case 2 hattom
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with L {r = 0.275) and with B {r = 0.203). Better, however, is the correla.
T,

LA 2 with B (r = — 0 535). That

withL (r = ~~0482) and of

means that with an increase in the figures of the diameters in the anterior view
there goes a relative or in extreme instances even absolute decrease in the
dizmeter in the lateral view (depth) and vice versa. This antagonism between
the two dimensions of the heart may be considered as a special feature of the
general anthrop ic law of P ion.—It was found for the constitu-
tional brachitype that Tp_sr and L show a prevalence while B tends to be
smaller; for the constitutional longitype B was found to prevail while Tp_sc
and L tend to be smaller,

2) Diameters and area The coefficient of correlation for Tpy, and A is

0248 while for A and T::"

indicates that with an increase in A the depth of the heart tends to be smaller
and vice versa: relatie antagonism of area as noted in the anterior view and
depth, respectively.

3) Diameters, area and volume Two studies are available One author
found r for V (V=045 X L X B X Tp ) and B 0950, for V and L 0 686,
for V and T 0575 Another author noted r for V (V=063 X A X Tp_nor)
and B 051, for V and L 056, for V and T 0 60 However if V was correlated
with the sum of T plus To.nor, I increased to 0 82 —The shape of the silhou-

tion of

, T equals — O 755. This high inverse relation again

ette, as expressed by the B ratio has no correlation with V, i e, one may find in

different constitutional types smaller as well as larger volumes That the same
A may accompany a different depth dimension and volume (V = 0.63 X
A X To.ner) is shown by the following figures. In 5 healthy people (average
height of 170 em , =3 5%, average werght of 64 5 kg, =4 6%; and average
chest circumference of 92 5 em , +-3 8%) A was 104 cm® (£0%), but Tp.ter
varied from 8-10 2 cm and V from 525-669 cm®.

4) Diameters, volume and inclination The angles of inclination in the
anterior and lateral view, respectively, reveal no strict parallelism V (045 X
L X B X Tp.nr) likewise shows practically no correlation with the angle of
inclination (lateral view)

I Correlation of figures of cardiac silhouette and cardiac volume with
certain body measurements.

1) Diameters and area The average sternovertebral diameter of the chest
{Chp) is 41.5% of Th (anterior view), If one arranges a large senes in

descending order of the —ﬁn ratio, one finds at esther end cases in which Chy

ts small or large, as compared with the average figure In the former group, Tp
is found to be absolutely smaller than the average, while T and L show a rela-

tive increase In the latter group, the ratio Tn is somewhat increased. To give

Chy
an esample. If T—:'- changes from the average 41.5% to 35 5%, l,; becomes
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angle of 85° the depth diameter was found to be on the average 70% of the
sternovertebral distance. - ©

Lateral Vicw, 1. Correlation between figures of cardiac silhouette and cardiac
angulation,

_The oblique depth drameter shows practically no correlation with the in-
clination of the heart, as observed in the lateral view, and its use is therefore,
perhaps, to be preferred over the horizontal depth diameter, which has a cor-
relation coefficient of 0 341.

1. Cotrelation of figures of cardiac sithouette with certain body measure-
ments

a) With Wand H

There is a good correlation between Tp and W H infiuences Tp only if H
is proportionate to W —A prediction formula for T + Tp_p- reads: 0 2854 X
Age — 04894 X H + 1.3450 X W + 185 84; r was found to be 0.700

b) With horizontal chest diameters and computed volume of chest and trunk.

A prediction formula for T + Ty o I5: — 0.1918 X Age — 11737 X H +
11080 X W — 00706 X ant.-post. ext. diameter of chest -+ 00784 X lat.
ext diameter of chest + 0 7598 X girth + 260.306 (chest measurements taken
at level of third interspace); r was found to be 0 734.

- cr t mtomteen mestomias chacs dinmatar 10 Ty, varied for

to 2 11. It varied for
- itoz.11.

The correlation coefficient between Ty, and an external antero-posterior
chest diameter was 0.477, between To,r and an external antero-posterior
hypochondrium diameter 0 401. Similarly, r was for Tp_p.. and these diameters
0.494 and 0 504 respectively,

Anterior and Latergl Views 1. Correlations between figures of cardiac sil-
houette, cardiac volume, cardiac angulation,

T
1) Diameters and diameters. The range of variation for ’—I‘z is considerable,
it is for 9/10 of all cases, adolescent and adults, males and females 62.5%-
T,
§5 09 with an average of 73%. The corresponding figures for TD are 550%-

To.por

75 0% with an average of 66.3%. Likewise the range of vanation for

was 60-85% for 82 6% of all the cases .
If one arranpes a large series in descending order of the TFZ ratio, one finds
at either end cases in whom Ty is small or large, as compared with the average

figure, In the former group T and L are found to be absolutely greater than
the average, in the latter group T and I, are found to be absolutely smaller

o
than the average If one arranges the same series in descending order of the T

end eases in which Tp is small or Jarge, as com-
he latter group L is found to be absolutely
it was found that Tp_yr correlates poorly

ratio one will find again at either
pared with average figures In tl
smaller than the average. Similarly,
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disease, hyperthy}oidism, anemia, hypertension, angina pectoris, well com-
pensated valvular disease; there was no failure, either in the past or at the
time of the examination. The following correlation coefficients were obtained:

Output per beat and V 051
Output per minute and A 0.43
Output per minute and V 0.59
Work per beat and A 0.77
Work per beat and V 0.76
Work per minuteand A 0.69
Work per minute and V 069

Tt follows that cardiac work, which under basal conditions s mainly deter.
mined by the product of the volume of expelled blood times the arterial re-
sistance, is of chief interest in relation to cardiac size. (Cardiat output is of
great importance in relation to basal metabolism and body size.)

2) @) Material: 31 healthy subjects. The work per beat in gram-meters
was expressed by the equation 25 7 + 00431 X V, the standard deviation was
21.3 gram-meters

B) Material. 31 healthy subjects, 47 hospital cases without circulatory
disease and 14 hypotensive cases The work per beat in gram-meters was ex-
pressed by the equation 151 4- 00523 X V, the standard deviation was 21.3
gram-meters. The output per beat in cm*, was given by the equation 29.33 -+
0.0213 X V, the standard deviation was 169 cm®.

The following prediction formula was then derived: 0052 X V — (left
ventricle work per beat in gr.-m) = K. If K is greater than 27 the chances
that there is abnormal myocardial function are about 97.5 in 100. If K is
greater than 20, the chances of abnormality are 95 in 100, if greater than 12
the chances are 90 in 100,

b) Acetylene gas method 1) V = 0.63 X A X To_yer, teleroentgenograms,
distance 200 cm, Material healthy subjects, 33 adults and 14 gils, age 10-14
years. The correlation coefficient for output per beat and V was found to be
0.84. The index ——V— was 7.0-13.5 for 95% of all cases. This index

stroke volume
surpassed the normal limit in all instances of failure. 2) Kymographte method,
determiming the systolic and diastolic outline The output per beat was deter-
mined from the equation 0.67 (Ap'** — As? **) wherein Ap and As represent
the sithouette areas during ventricular diastole and systole. Since in this study
the equation for the relation of A to V was V = 0.64 X A+, it follows that
the net stroke output would be almost exactly equal to the maximal volume
difference beween systole and diastole, the total stroke cutput, i.e, pulmonary
plus systemic circulation, would be twice this value
. A : N

The ratic e volume has been studied for a group of girls over a period
of several years of development (puberty), it remained constant.

Summary. The following points deserve attention.

1) The only correct determination of heart size consists in the actual
volumetric reconstruction, None of the formulae devised for computation of
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. T
67.6% instead of the average 73 0% and -ED— becomes 70.9% instead of the

average 66.2%. It thus can be concluded that first, a deficient or excessive
developme'nt of the chest (and trunk) is associated with a corresponding de-
crease or nerease in the depth of the heart: shallow and deep heart respec-
tively; second, an antagonism is noted again, at least for cases deviating from
the average values, between T and L (lateral-lateral development) and Ty, (an-
tero-posterior development). It was shown already in an old study, 25 years
ago, that in patients with flat chests the depth of the heart is diminished cor-
respondingly: two men with H 175 cm, W 61 and 83 kg. and an external
antero-posterior chest diameter of 17.5 and 23 cm., respectively, showed A
(anterior view) to be almost identical—140 and 137 cm?.; the corresponding
heart depth figures (lateral view), however, were 7.5 and 12.2 cm. respectively.
The antagonism between area and depth dimension of the heart can be found
in the same study; in two women, each with H 164 cm. and W 58 kg., with
external antero-posterior chest diameters of 15 and 20 cm., A (anterior view)
was found to be 109 and 84 cm?®, respectively; the corresponding figures for the
depth of the heart (lateral view) were 7 and 10.7 ¢m respectively.

2) Volume, V (045 X L X B X Tp.) correlates better with W
(r = 0571) than with H (r = 0.386). Another investigator gave for
V (0.63 X A X Tp.sor) and W, r = 082, and for V and body surface,
r = 0.84. These figures are unusually high, (the material consisted of 33

v
adults only; teleroentgenograms, distance 200 ¢m ) —The ratio w or the

number of cm® of heart volume per kg. body weight, has been determined in
three different studies, in two of which the orthodiagraphic method and the
formula V = 0.63 X A X Tp_ser were used, while m the third study tele-
roentgenograms were taken at rectangular directions and corrections were
applied for the enlargement of the heart shadow on the film with the constant
factor 0 67. In the first two studies the minimal and maximal figures were 6.5,
6.7 and 115, 11.8, in the third study they were 7 and 13.—A prediction
formula for the heart volume in males is V= 8W + 65 (=12%) and for

A .
females V. = 5W + 150 (£12%). w (V = 05236 X L X B?) was found

for adults to be 6-10, for children 11-13 (indicating a proportionately
greater heart volume) —The correlation coefficient for V (045 X L X B X
Tp.r) and Cir was 0302, for V and chest value 0.391 (here it is interesting
to note that the correlation coefficient for heart weight and chest value was
0.381, as d ated in an i ical study), for V and trunk
value 0.580.

CoRRELATIONS BETWEEN Carotac Size, Carprac OUTPUT AND CA.RDIAC
) -=-wme a2 S etimaters have studied the relation of

. the Iatter factors were deter-

A% }
a) Ethy! fodide method; V = 1066 (K = 0.53, omitted). . )
mals and subjects affected by functional heart
y

1) Material: 39 cases, nor
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only if the distal portion of the arch holds an orthogonal, axial direction; this
is realized for the anterior view in a good number of instances In other cases,
however, this portion of the arch has a definitely oblique course. It extends far

1
0O

Fio, 38 —Diagrammatic sketch to illustrate measurement of
aortic arch (method of Kreuzfuchs) Upper part of diagram
frepresents anterior view with esophagus outhned by means
of banum paste Lower part illustrates horzontal cross-
section at level.of arch Left side of diagram represents
normal condition, note change in course of aortic arch.
proximal portion obliquely directed, distal portion has
antero-postertor direction Right side of dugram represents
findings with elongation and tortuosity of aorta, note change
in course of aortic arch not only prouimal postion but also
distal portion is obliquely directed The size of aottic arch
is determned by subtracting 02 cm (1e thickness of
esophageal wall) from a ditance which connects lateral
contour of aortic knob with medwal contour of esophageal
lumen, as outlined by banium—distance g, i side In n-
stances of elongation of aortic arch, this distance gives false
(1e too great) figures—distance g, 72 side Here a correc-
tion is obtamed by taking measurement with a slght degree
of rotation, toward the rt ant obl view Courtesy Doz
Dr. E Zdansky, Vienna and G Thieme, publisher, Leipaig.
From Fortschr Geb Rintgensir, 1932, 45, 40

dorsad and to the left. The convexity of the aortic knob is formed by a Iower
Segment of the aorta than that which makes contact with the esophagus. This
is noted particularly in the presence of elongation or dilatation of the aorta, in
association with a high posttion of the diaphram or with a substernal goiter,
Since the course of the second part of the arch is no longer sagittal we are deal-
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the heart volume guarantees a sufficiently small error, and only those can
give approvimately satisfactory results which ‘consider three dimensions of
the cardiac shadow.

2) L and B should be used in addition fo T or may well replace it The
L X B product may well be used instead of A. It is necessary to consider
the depth of the heart because a certain relative antagonism exists between
the figures for the diameters and area in the anterior view and the diameters
in the lateral view (law of compensation) This is of greater significance in
those instances where a deficient or excessive constitutional development is
present It will be found for the majority of instances that cardiac silhouettes
which are absolutely larger in the anterior view are absolutely larger in the
lateral view also, and vice versa.

3) Considerable variation exists concerning the relation between the size
of the silkouette and external somatic measurements. The correlation coeffi-
cient often stays too low to have great statistical significance The correlation
between external and internal measurements is much better manifested in the
horzontal than in the longitudinal section of the body; thus a deficient or
excessive antero-posterior development of the chest (trunk) and heart are
rather well correlated.

4) The practical value of comparing the area of the orthodiagraphic sil-
houette with the size of the fist has been suggested This correlation was found
empirically and needs further statistical study; it seems to work less well for
certain hearts the constitutional shape of which deviates markedly from the
average. §

5) Recent investigations have demonstrated a correlation between card_lac
size and werk of the heart; this correlation seems to be of higher stan‘§t.1cal
significance than many of the external somatic measurements and, in addition,
seems to serve as a reliable measure for the functional state of the heart. In-
vestigations are needed on a larger series of normal subjects and actual vo.lu-
metric reconstruction of the individual hearts should replace computation
formulae.

Measurement of the Aortic Shadow. Arcr. Anterior Piew The esopha-
gus is visualized by means of a barium paste At_ the Tevel of ‘the arch, the
esophagus is seen to deviate to the right in a meniscus-like fashion. The con-
tours of the barium stream and of the aortic knob may be completed to form
a2 circle Tn an anatomic cross section the sequence from right to left is: \\!all
of the esophagus, its lumen (filled with barium), wall of the esophagus aglam;
connective tissue, wall of the aorta, 1ts lumen, .\vall of the aorta again, .ulrllg

tissue, In marking, orthodiagrapbically, the aortic knob and the most mEdli y
situated point along the barium contour by short vertfcat !mcs, xf?,dc.h'a“mg
tangents to the circle, one obtains a horl?ontal, connecting Iu.le. Thlsh istance,
when reduced by 03 cm., equals the diameter of this portion of t! e'aor:\.
The 0.3 cm corresponds to the size of the wall of the esophagus l?lus_‘“”wd: ‘:
size of the aortic wall, plus mediastinal pleura, plus the connective ’;5“3 a
camaratac the parta from the esophagus This figure may be .gre‘ater‘, ! zi\fiverz
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tracheo-bronchial contour is identical, or almost identical, with the actual dor-
sal contour of the cranial (distal) portion of the ascending aorta. But one cannot
prove it. And the figures thus obtained may be too small by reason of the
fact that some of the aortic and superimposed superior vena cava shadow is
lost within the tracheo-bronchial air column On the other hand, too large fig-
ures may result because of =uperpo<1tlon ol’ the superior vena cava shadow, The
ventral landmark of btedly very often rep d by
the ventral contour of the cranial (dxs(al) portion of the ascending aorta That
this is not always the case has been shown convinengly by the sludy of the
opacified aorta in the cadaver and of the calafied dorta in the living: the
actual aortic contour may occasionally be farther inside (dorsad) and thus not
coincide with the ventral medi 1 contour, M then would result
in figures that are too large

The close relationship of the arch to the trachea permits an attempt to
measure the arch in this position. Elongation and tortuosity cause much in-
accuracy,

Lejt Anterior Oblique View. One notices at a certain angle of rotation and
approximately 0 5-1 5 cm. below the angle of bifurcation the termination of
the air column of the right main bronchus. The short line of termunation,
rather hazy and indeterminable in many cases, runs almost parallel to the
ventral convex contour of the ascending aorta A horizontal line is drawn to
connect a point slightly above the junction of the silhouettes of ascending
aorta and right heart with the vertical line of bronchial termination and has
been dered to the di of the ding aorta. The measure.
ment may be attempted only within a very short distance Caudally, between
aorta, superior vena cava and bronchi, lies the right branch of the pulmonary
a.rlery in contact with the dorsal contour of the aorta, Cranially, at the level
of the bifurcation, the aorta curves dorsad and both of its borders become n-
visible. Figures are said to vary from 1.9-2.9 cm. and to coincide fairly well with
those \vhlch were obtained by measurement in the right anterior oblique posi-
tion (see preceding cnticism).

A measurement of the ascending aorta is correct only when both ventral and
dorsal contours are visible This is noted in the presence of extensive deposits
of lime salts and is encountered very rarely indeed. A marked increase in
contrast as noted in the higher age group and with  emphysema increases the
pmba!nllly that the will be app correct. In sum-
marizing one may state that an exact measurment is usually not possible.

It has been reported that a close correlation exists between the mean of the
figures for the ascending zorta plus arch and Th (width of the chest at the
Tevel of the dome of the right dxaphragm) The average for the age group of
20-30 years was 1055, increasing to a maximum of 25-30% for the age groups
of 46-50 years The aforementioned criticism should be remembered 3

The total width of the vascular shadow has been measured in the anterior
view and 6.0 cm was given as the upper limit. This method is altogether un-
reliable, The width of the aortic loop i is influenced by many factors, such as the
position of the diaphragm, or a but slightly scotiotic spine. In addmon the
superio vena cava participates to a varying degree in the formation of the ngh*
vascular contour,
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ing not with 3 circle but with an oval, the diameter of which is greater than the
true cross section of the aorta, The point of the aorta farthest to the left is not
situatgd exactly opposite to the junction with the esophagus but is more dorsad
The line connecting the center of the esophageal concavity with the most
prominent Dart of the aortic knob is not horizontal but ebligue and inclined
either caudad or cephalad as it passes lateral. Such 2 measurement gives ab-
normally large figures, A correct measurement is still possible. One turns the
patient for a few degrees mto the right anterior obligue position, The ortho-
gonal, axial direction of the distal-dorsal portion of the arch is thus regained
and with it, its circular projection.

The distance from the barium curve that outlines the medial border of the
aortic arch to the left border of the aortic knob, in healthy adults, may be as
low as 1.8 cm, for the gracile build and as high as 30 em for an oversized
individual In the younger age group an average of 2.3-25 cm is commonly
found, while beyond the age of sixty 2.8-3 2 cm. is normal In children the
distance is about 0.8 cm at the age of five and increases to about 1.4 cm at the
age of fifteen In order to obtan the actual diameter of the aortic vessel, 0.3
cm shauld be deducted from the figures obtained in adults and 0.2 cm from
the figures for children.

The measurement is done at the level of the isthmus of the aotta and fus
portion is known to vary considerably in size. The difference in size between
the isthmus and the ascending portion has been determined anatomically and
was found to vary from 03 to 0.8 cm. One investigator found an average ratio
of 3:4, another of 4'5, The measurement is impracticable in the presence of
marked scoliosis and displacement of mediastinal organs and with a disease
process between the esophagus and the aorta. .

A similar principle of measurement is involved when making use of the x

. filled tracheal lumen. A connecting ke is drawn between the aortic knob and
the ait contour; 03 em is deducted, accounting for the size of the wall of the
trachea plus twice the size of the aortic wall, plus medsastinal pleura, plus the
connective tissue that separates the aorta from the trachea As compared with
the method which makes use of the aortic arch impression on the esophas
one finds the fizures to be less correct This is accounted iu‘r by the presence of

vertical diam-

he level of the

summit of the aortic arch shadow and 1f 1ts Cauaal ent 15 suud 10 colneide
well with the caudal margin of the aostic arch. i .

AScANDING PORTION {ATTEMPTS). Altention is directed to the detailed

roentgenologic-anatomic description in chapter 11L
e .4 g Aklemsss Uiown At about 35-40° the clear cuntout basweer‘l

ve ascending aorta. Many auwius have auviees - o
;:a;::iecally at aglevel halfwayybemeen the sortic arch and the pulénanar_v
‘conus. The normal figures are said to vary fom 1 8 to 3 0 cm, mainly .epednd-
ing upon age. The criticism of this measurement can be s‘hartly summarized a<
B e o rt¥e that in a large number of instances the venfraf
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A heart with a T of 15 cm., one third to the nght and two thirds to the left,
with its main axis 10 ¢cm. away from the film shows, at a distance of 200 em.
a magnification of 0.86 ¢cm. = 5.7¢¢; at a distance of 300 cm. this is re-
duced to one-half. For an infant nith a T of 6 cm the magnification for 200
em was found to be 0 07 em., for a child witha T of 10 em, 019 cm.

In order to correct the distortion due to divergence of the rays, a correction
factor should be determined; it is always <1. It is derived from the target-
film distance, distance of the center of the heart from the ventral chest wall,
(vide supra), and distance of the ventral, bony-carttlaginous chest wall from
the film.

In order to obtain for the same heart size but with different heart-film
distances a constant magnification of 555, a different target-film distance must
be employed, Example: for a heart-film distance of 5 9 ¢m 124 em, for 9 15
m—~-191 em. and for 13.7 cm —289 cm The magnification for the lateral chest
contours, as compared vwith the heart contours, is necessarily increased. The
magnification of the area of a normal sized heart silhouette, the center of which
is considered to be 10 cm, distant from the film, and for a target film distance
of 200 em, amounts to about 10%. The degree of magnification is increased
in the oblique and lateral views because of the increased object-film distance;
~and it is increased in the event of enlargement of the cardiovascular shadow,
partly, because the points along the silhouette are farther away from the mid-
lne of projection and, partly, because therr distances from the film are in-
creased

Orthodiagraphy represents a parallel projection It permits of a greater de-
gree of completion for the caudal heart border and an exact determination of
the junction between atria and ventricles; ventricles and great vessels; and
among the great vessels It is of mnestimable teaching value in that it neces-
sitates the completion of the fluoroscopic observation and jmpression by an
objective drawing: it 1s inexpensive. It requires a technic which must be
mastered thoroughly and requires great accuracy for its application, for in-
stance, to err 2 cm 1n centering, will mvolve an error of 4 mm, for each heart
border Nevertheless the personal equation 1s idable, orthod:
from different institutions are usually different as to the shape of the single
arches and the distinctness with which the junctions are marked, Teleroent-
genography, within the commonly used dstances, 15 a central projection; it
records by photographic means complete detail and charts, as Jandmarks, all
bony structures of the chest, it involves some expense and requires for special
Purposes a careful technique

It is usually believed that teleroentgenography is the more accurate pro-
cedure; in a certain sense, however, this is a false assumption If one compares
separate, carefully made orthodiagrams with various routine teleroentgeno-
grams, both made of the same patient, it will be found, as a rule, that the
?umerical differences are greater m the teleroentgenograms The greater error
in the teleroentgenogram lies partly with differences in projection and parily
with differences in the respiratory and cardiac phases i

Criteria of Compari While orthodi: are ptable as records
of a single examination, they cannot be accepted for purposes of comparison,
unless the changes of shape and size are very marked or unless a very special
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Pulmlonary Artery Branch, The large comma or sickle-like right lover
branch js well visualized in the anterior view and even better with a slight
.degree_of ro}ation into the right anterior oblique view. It is situated in the
immediate vicinity of and lateral to the right main bronchus, and their borders
are almost parallel for a distance of several cm. Here the measurement is
mker.i The average figure for the diameter is 1.0 cm.

Distance of Silhouctte from Anterior Plane. The distance of the farthest
lateral points of the cardiovascular silhouette from the film and skin Jevel
respectively may be determined by any of the methods which are used for
foreign body determination The average skin distance for the right border

o
' Target-Film Distance 2 m,
Distance of heart diameter
from plane of film (X) Error
9 cm 124%
9215 cm, 47 %
. 13.76 em, 8%
x=Hipd "
Constant Eror of 5% .
Distance of heart diameter Target-Film
T from plane of film (X) distance
x 59 cm 1240 m
915 em 1908 m
1376 cm. 2839 m
A
Fic 39 m Te If two exposures of several seconds dura-

tion are taken at the target-film distance H and by stereoscopic shift (distance D, 1 cm
per 10 cm target-film distance), the twe resulting respective cardiac borders will be
separated by the distance A x 1s the distance of the mam diameter of the heart from the
plane of projection and can be determuned from the known factors H, A, D The dezrce
of magnification depends, of course, upon the distance x The respective errors for 2 m,
due to magmfication, exprested n %, are given in the upper half of the table Three
examples are rhosen In order to obtamn 2 constant error of magmfication of 5%, the
target-film distance would bave to be changed for different values of x, this 15 given m
the lower half of the table Adapted from Haret and Framn, Bull Mém Soc Redrel,

1932, 20, 35.

is 4-6 cm , for the left lower pole region 3-4.5 cm. for the ascending aorta 5-7
cm., and for the pulmonary artery 5 cm.

Magnification in Teleroentgenograms and Comparison of Ortho-
diagrams with Teler genog) Ordinarily teleroen iins are
obtained by central projection. The degree of magnification is delem:nned by
the target-film and object-film distance, and by the size of the object and
its position in relation to the central ray, The main axis or 'the center of
the heart is approximately at the border of the ventral and middle third of
the antero-posterior chest diameter. The depth of the most lateral pomnts of the
cardiovascular silhouette is determined by any of the methods used for the
determination of foreign bodies. .

"The results which are obtained by actually comparing orthodiagrams and
tient are far from satisfactory; the reason is that
n are seldom identical

teleroentgenograms of the patient a ac!
the cardiac phase, phase of respiration, and body positior
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technique is used (vide infra). The important problem in comparison of records,
taken of the same patient at different times, necessitates discussion of certain
standards for that comparison; the errors commonly committed; and the
methods of recognizing and avoiding them

1) The target-film distance must be maintained inviolate Changes of =10
cm, are negligible for standard distances in excess of 180 cm, The identity of
this distance is recognized by measuring the width of the chest. It is necessary
that the respiratory phase be, identical and that practically no weight varia-
tions oceur.

2) The target, the midline of the patient and the midline of the film must
be centered. The deviations must not exceed 1-2 cm. for the tube and 3-4 cm.
for the patient. a) A vertical lead mark a few cm. in length should be attached
to the top of the film holder, indicating the midline and 2 similar lead mark
be fixed along several of the upper thoracic spinous processes The shadows of
these vertical marks must coincide n the various films b) A horizontal lead
mark, a few em. in length, is held by an arm which is fixed to the frame and
moves with the film holder; its distance, from the tube, is approximately 30
cm and the height of the arm is one-half the vertical length of the film holder
(film). A similar mark is attached to the film holder on the same side, The
shadows of these two horizontal marks must coincide in the several films.
Vertical deviations of the tube will cause a different projection of the heart
and diaphragmatic contours in relation to the intercostal spaces, it will there-
fore not be possible to judge as to whether the diaphragmatic position has actu-
ally changed or not. Changes in the vertical position of the chest are usually
slight; however, special consideration is to be given to this point in growing
children.

3) The chest must not undergo any change in position either in the sense
of a) rotation along its long axis, or b) increased lordosis or kyphosis The
best method for recognizing such alterations is 2 careful study of the bony
skeleton of the chest. The ventral and dorsal portions of the ribs show a net-
work pattern on the film with small, differentiated and characteristic meshes
which are symmetrical for identical rib crossings at either side, provided the
chest is symmetrically built. Any change in the position of the chest is
recognized by a variation in the shape of the rib pattern, Such changes are
best studied by sketching the rib pattern of each film on transparent paper or
film base, with superposition of these copies Films are comparable enly if
two such tracings are as identical as are two superimposed prints of one and
the same film. Rotations are especially Iikely to cause distortion of the vascular
shadaw, In order to avoid too great alteration in the chest position, the use
of 2 binder is advisable.

4) The position of the diaphragm must be identical; it is determined by
relating the dome of the right leaf to the last visible dorsal ib or intercostal
space. The respiratory phase and the degree of the abdominal content are to
be reckoned with The same respiratory phase 1s guaranteed either by usinglong
time exposures which include several cycles of the respiration or by making
use of the technieal devices referred to in chapter I. Deep inspiration is to be
avoided as previously indicated. At the time of the follow up study, the dia-
phragm may be found in 2 position either farther craniad or caudad with
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c.hanges in body weight usually responsible for it, In the former case, a laxa-
tive may be employed; in the latter, an elastic bandage around the abdomen
When cardiac failure subsides, lowering of the diaphragm follows a shrinking
Iver and reduced ahdominal distension, and the position of the heart changes.
Comparison of heart size in these instances becomes practically impossible.

5) :l“he phase of the cardiac cycle must be identical, This is obtained either
by using exposures of longer duration and thus procuring the largest possible
cardrovascular silhouette for a given view and distarice, ot by taking exposures
at a determined phase, as discussed in chapter I

The following detaled technique has been used to gain comparable orthodia-
gfaphic records. a) a narrow strip of lead is apphed along the spine, from the
sixth cervical to the eighth thoracic vertebra. a wire is fixed down the anterior
mudline from the jugular notch to the region of the umbilicus, cross wires are
placed across the sternal angle and also across the sternum at the level of the
fourth intercostal space. Finally, small wires are placed over each nipple and
the masimal apex beat. b) a wire 1s strung along the center of the table; two
others are placed at right angles to the former, 60 and 70 cm. respectively from
the head-end of the table The patient is examined in the recumbent position
so that the respective longitudinal lead stripes, wires and upper cross wires are
superimposed with the lower cross wires 1n parallel

Statements referring to changes in the size of the cardiovascular silhouette
are acceptable only when careful critena are fulfilled Recourse to the majority
of publications upon this subject reveals much evidence of vast waste of both
energy and material, with concomitant confusion and contradictory conclusions

BIBLIOGRAPHY
CHAPTER IV MEASUREMENT

Bakwin, H , Bakwin R M Body build

de Abreu M  Essar sur une nouvelle
n infants VI Growth of the cardiac

rachologte vasculaire Pars, Masson,
1026

*de Abreu, M FEtudes radiologiques sur
le poumon et le médiastin Radiologie
vascutarre (aorte) Paris, Masson &
Cie, 1030

Achelis, W Orthodiagraphische Herz-

untersuchungen bei Tuberhulosen
Deutsch Arck klin Med, 1911 104,
353

Andrew, F D, Warren, S L Distor-
tion in roentgenograms tahen at vari
aus target film distances Am Journ
Roentg . 1929, 22, 332

Bainton, ] H . The transverse diameter
of the heart Am Heart Jowrn . 1932
7,330

Bamton, J H The sifhouette of the
heart and the aortic arch Am Heart
Journ , 1933, 8, 616

silhouette and the thoraco-abdominal
cavity Am Journ Dis Children,
1935, 49, 861

Bamberg, K, Putag, H Die Herz
grosse im Sauglingsalter auf Grund
von Rontgenfernaufnabmen Zeitschr
Knderkedk, 1919, 20, 195

Barbier, Boyron Impertance de Ia
statique diaphrzgmatique dans la
lecture de I'orthodiagramme cardiague
Lyon méd , 1938 161, 502

Bardeen, C R Tables for aid mn the
determination of the relative size of
the heart by means of the Roentgen-
ray Am Journ Roentg, 1917, 4, 604

Bardeen C. R Determmation of the
size of the heart by means of the X-
rays Am Journ Anat., 1918,23, 423

Bardeen, C R Estimation of cardiac



MEASUREMENT

with body weight and height. Am.
Heart Jour., 1940, 19, 417

Fugmann, W.: Dur Beurterung der
Gygsse des menschlichen Herzens
Untersuchungen zu dem von H. Raut-
mann  angegebenen Korrelationsver-
Tahren zur Bestimmung der orthodia-
graphischen Herzgrosse Zeitsehr Kon-
shtutions], 1928, 13, 554

Gunelli, S: Ricerche radiologiche sul
volume del cuore e sull'indice cardiaco
individuale fier bambini dai 6 a1 12
anni, Diario Radiol,, 1931, 10, 161

Giordane, G : Nuov: contnibuti entier e
spenmentali allo studio chinico del
solume del cvore Rsv Radiol Fis
Med, 1930,2, 26

105

Modern Concepls of Cardiovascular
Disease, 1938,7,no 7

Haret, Fran A propos de I'éxamen
radiologique du coeur (étude quanti-
tative) Bull Mém Soc Radiol, 1932,
20, 35

Haudek, M  Eine Reviston der Meth-
odik der rontgenologischen Herzgros-
senbeurteilung  Jakresk drztl  Fort-
bidd | 1918,9, H 8

Hecht, H F Die Verwertung der ortho-
d hrsch Hergflach

fur die Beurteilung der Herzgrosse im
Kindesalter Johrd Kinderheilk , 1931,
133, 26

Herrnheiser, G Die Tiefenlzge der im
Orthodmgmmm randbildenden Herz-

Glatt, B: Zur Methodik vergleichend:

Fortschr Geb. Ront-

metrischer Untersuchungen besonders
des Herzgewichtes Brol Zentralbl,
1919, 39, 406

Gordon, W.; Adams, W - Estimation of
cardiac transverse diameter in children
and companson with cardiac area
Am Journ Med Sci, 1934, 188, 491

Gray, H: The relation of weight to
chest-girth, stature and stem length
Am Journ Physic Anthrop, 1925, 5,
51

Groedel, F M.: Die Dimensionen des
normalen Aortenorthodiagramms Berl,
klin Wochenschr , 1918 55, 327

Guarini, C.: La d del vol-

genm, 1021, 28, 372

Hodges, F. Y, Eyster, J] A E.- Esti-
matton of transverse cardiac diameter
m man Arch Int Med, 1926, 37,
706

Hodges, P C - Compansen of the teleo-

with the

Am Journ Roentg, 1024, 11, 466

Hodges, P C, Adams, W, Gordon, W :
Estimation of cardiac area m children.
J.A 3.4, 1933, 101, 914

Hodges, P C; Eyster, ] A E. Esti-
mation of cardiac area in man Am
Jour Roenlg 1924 12 252

ume del cuore con 1 metodr radiologiei
propositi da Vaquez e Bordet ed il
metodo Rummo Rif. Med, 1923, 39,

‘Gullmann W : Uber die Bestimmung
der sogenannten Herzgrosse mittels
Rontgenstrahlen. Zestschr. klin Med ,
1906, 58, 353

Hammer, G Die mntgenolognschen
by

fethod.

Farlxchr Geb Réntgenstr., 1918, 25,

Hammer. G : Die Herzflache als Mass-
stab fur die Herzgrossenbestimmung
Fortschr, Geb. Réntgenstr , 1928, 38,
1000

*Hampton, A. O: Roentgenological
measurements of the thoracic aorta.

Tkefenknolcn Mundm med W ﬂch.
enschr., 1921, 68, 485

Imamura, A.; Nukada, S: Uber ortho-
diagraphusche Herzuntersuchungen hei
gesunden Japanemn 3fiiz med Fak
Univ Tokyo, 1913, 11, 197.

Jalet, J Des dwerses erreurs que I'on
peut commettre su cours de la ré.
cherche de I'ndice de Vaquez-Bordet,
et de leur importance relative Arch.
d'Electr. Méd, 1929, 37, 267

Jaubert de Beamjeu, A . Modifications
des méthodes amencaines pour la
mesure du diametre transverse propre
des ventricules du coeur. Bull Soc.
Radiol , 1932, 20, 326

*Jonsell, S: A method for the deter.
mination of the beart size by tele-



104 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR iSYS’H‘ZI\I

volumetria cardaca: proposta di un

nuovo metodo e suo controllo anato-

mico. Cuore e Cirend , 1928, 12, 405,
Cignoln, P : Cuore e costituzione (me-

*Ederken, J . A comparison of the ortho-
diagram with the teleoroentgenogram,
Am_ Heart Journ , 1040, 20, 77,

*Egeiken, J; Wood, F.C*+ An ortho-

study of 291 college stu-

todo di cl i
del fascio cardiovasculare) Radiol
med, 1933, 20, 138

Claytor, Th A, Mernl, W. H Ortho-
diagraphy in the study of the heart
and great vessels Am Jowrn Med
Sci, 1009, 138, 549

Cohn, A E  An mvestigation of the
size of the heart m soldiers by the
teleroentgen method Arch Int Med,
1920, 25, 499,

*Comeau, W J; White, P D* An
evaluation of heart volume determina-
tions by the Rohrer-Kahlstorf formula
as a clinical method of measurmg
heatt size Am Heort Journ, 1939,
17, 158

*Comeau, W J; White, PD  Body

similar body height and weight Am
Heart Journ , 1939, 17, 616

*Cotnim, E  Roentgenography with the
aid of a chart marked off n squares
in the measurement of the cardiovas-
cular system Am Journ. Roentg,
1942, 47, 377

Dann, 0 S Some observations o the
value of the index and angle of
Bordet-Vaquez in cardiac examination
Arck Int Med, 1923, 31, 269

Dedic, St Die proportionelle Aorten-
messung in  der  Ronigenologte.
Fortschr Geb Rontgenstr, 1934, 50,
42

Deneke, Th  Die Aorta im Rontgen-
bilde Deutsck med Wochenschr,
1924, 50, 293.

Dietlen, H Uber Herzgrosse und Herz-
messung Khn Wochenschr, 1922, 1,
2097. R

Dietlen, H, Schall, L . Dic Rontgen-
diagnostik des kindlichen Herzens In
Engel, St, Schall, L, Handb d Ront-
gendiagnostik w —Therapte im Kinde-
salter Thieme, Leipzig, 1933

dents who showed no evidence of
heart disease. Am Heart Journ , 1937,
13, 387,

v Engelmayer, E  Aortenmessung mit-
tels Fallkasette, Rontgenpr., 1935, 7,
197.

Eyster, J A, E. The size of the heart
in the normal and in organic heart
disease Radiology, 1927, 8, 300

Eyster, J A, E: Determmation of car-
diac  hypertrophy by Roentgen-ray
methods Arck Imt Med,, 1928, 41,
667

Fletschner, F - Discussion of measure-
ment of aorta Wiemer Gesellsch
Rontgenk , March 2, 1926, Fortschr.
Geb. Rontgenstr, 1926, 34, 778

Fossier, A E.* Size of the normal heart
JAM A, 1924, 82, 2016

Fossier, A E- A cntique on the de-
termination of the size of the normal
heart by roentgenology MMed Jowrn
Record, 1925, 121, 227,

Fray, W W Mensuration of the heart
and chest 1n the left posteroanterior
oblique positon, 2 comparative study.

L Relation of the transverse di-
ameter of the heart to the thorax

Am Journ Roenlg, 1932, 27,

177. !

Determmation of type of cardiac

enlargement (right or left) Am

Journ Roentg, 1932, 27, 363

Correlative measurements of the

aortic arch and the thorax Am

Journ Roentg, 1932, 27, 585

Companson of the transverse di-

ameters of the beart and the

cardiothoracic indices of the chest
obtained from the posterior-
anterior and left anterior obhque
chest films Am Journ Roentg,

1932, 27, 729

*Fray, W W : The cardiomensurator, an
instrument for the detection of cardiac
enlargement by direct correfation of
the transverse diameter of the heart

I

=

w



MFPASUREMFNT 107

*Ludwiz, H. Rontgenologische Beur-
teilung der Herzgrosse bei der Trau.
Fortschr Geb. Réntgenstr., 1941, 63,
3.,

Lysholm, E.; Nylin, G; Quarna, K+ '

The relation between the heart volume
and stroke volume under physiological
and pathological conditions  Aeta
radiol , 1934, 15, 233,

Manara, M : 1t rapporto fra il diametro
trasverso cardiaco et 1l dametro tras-
erso toracico nelle varie costituzione
morfologiche, Rif Med, 1026, 42,
821,

*Maresh, M. M ; Wasburn, A H  Size
of the heart in healthy children
Roentgen measurements of the cardiac
area and transverse diameter for sixty-
seven children between birth and the
age of six years Am. Journ Dis
Children, 1938, 56, 31

Martinet, A * Morphologie corporelle et
morphologie cardioaortique  Presse
méd , 1020, 28, 302

*Marzocehi, G . La grandezza, la varia-
biltt e le correlazions del cuore nella
pubertd Radiol med, 1038, 25, 436

Moreau, L: Récherches radiologiques
sur l'angle d'mchinaison du cceur hu-

 main Comp! Rend Aced Sciences,
1917, 164, 1014

Moreau, L. A propos des mensurations
de 1a crosse aortique Bull Soc Ra-
diol,, 1929, 17, 215

Moritz, F: OUber orthodiagraphische
Untersuchungen am Herzen Miinchn
med Wochenschr., 1902, 49, 1

Monutz F: Zur Beurteilung der Herz-
Brosse Fortschr. Geb Rantgenstr,
1928, 38, 993

Moritz, F: Uber die Norm der Grosse
und Form des Herzens beim Manne
Deutsch Arch. klin 3Med , 1931, 171,
431 Uber die Norm der Grosse und
Form des Herzens bei der Frau
Deutsch Arch ki Med , 1632, 172,
462, Uber die Norm der Grosse und
Form des Herzens baum Manne und
der Frau Deutsch Arch. klin Med,
1032, 174, 330

*Newcomer, E; Newcomer, N B.

Heart measurements Rodiology, 1936,
27,521

Nylin G The relation between heart
volume and stroke volume in recum-
bent and erect positions Skandin
dArck Physiol, 1934, 69, 232

Nylin, G The physiology of the circu-
lation dunng puberty Acte med
Scand , 1035, suppl 69

*Nyhn, G, Sallstrom, T, Agren, O
Physiologische und pathologische Herz-
volumen-schwankungen Verk dsuisch
Ges Kreslonff, 1039, 12, 360

Orlandim, L La grandezza del cuore

nei vechi Ruiv Radiol Fis Med,
1933, 7, 427
Otten. M Die Bedeutung der Ortho-

dragraphie fur die Erkennung der be-
gnnenden Herzerwerterung Orthodia-
graphische Untersuchungen an gesun-
den und kranken Herzen Deutsch
Arch kbm Med , 1012, 105, 370

Palmeen, G G Ortodiagrafia e cardio-
volumetnia. Grorn Clim Med , 1920
1, 146

Palnueri, G G Sul valore della ncerca
dell angolo di scomparsa della punta
(metodo Vaquez-Bordet) come indice
del volume relativo del cuore Varia-
ziont d1 tale angolo nello stesso indi-
viduo e loro cause Mal Cuore, 1920,
4, 184 .

*Palmieri, G G Sull'indagine radio-
logica del cuore i prolezione latero-
laterale  Bull Sc1 med, 1939, 111,
482

Perrin, D, Mathevet, J Les dimen-
sions du ceeur chez Venfant Arch
Mal Cenr, 1031, 24, 106

Putter A Der intrapulmonale Sauer-
stofiverbrauch des Menschen Zettschr
ki Med , 1011, 73, 342

*Quaresma, L Geometrische Messung
des Aortendurchmessers  Fortschr
Geb Rdntgensir , 1037, 56, 743

Rautmann, H  Untersuchungen uber die
Norm Verdff Kriegs- u Konststu-
tionspathol , 1921, H 6

Rautmann, H ; Heiss, F * Zur Kenatms
der korrelativen Variabilitat der ortho-
diagraphischen Herzgrosse Zestschr
Konstitutionsl, 1928, 13, 567



106 CLINICAL ROENTGENCLOGY OF THE CARDIOVASCULAR SYSTEM

roentgenography (a heart volume in-
dex) Acta radiol., 1939, 20, 325

der Region der Aottenkuppe. Minchn
med Wockenschr., 1021, 68, 1011,
hs, S: A

Josephi, M. G: M, of the

K.

size of the heart in normal children
Am. Journ Dis. Children, 1935, 50,
929,
Kahistorf, A Uber eine orthodn-
\

mittels transparenter Kreise, Mediz
Klinik.,, 1935, 31, 1274.

*Kreuzfuchs, S+ Aortenverlauf und
Messbarkeit im Kindesalter. Fortschr
Geb. Ro: ., 1936, 54, 396

graphische *Her immung,
Fortschr Geb Routgenstr, 1932, 45,
123

Kahlstorf, A Uber Korrelationen der
linearen Herzmasse und des Herz-
volumens Kim Wochenschr, 1033,
12, 262

*Kahlstorf, A Moglichkeiten und Er-
gebnisse rontgenologischer Herzvol-
umenbestimmungen ~ Kfin ~ Woch-
enschr, 1938, 17, 223

Karshner, R G ; Kennicott, R H A
practical method of Roentgen exami-
nation of the heart based upon a study
of one hundred consecutive normal
and abnormal cases Am. Jown
Roentg , 1922, 9, 304

Laubry, C; Mallet, L.; Hirschberg, F.-
Léxamen radiologique du coeur en
position transverse gauche, Arck Mal,
Coenr, 1921, 14, 394,

Lehmkuhl, H - Beitrag zur Réntgenolo-
gie des kindlichen Herzens Fortschr
Geb Rontgenstr,, 1928, 38, 696

Levy-Dorn, M.- Emfacke Massstabe
fiir die normale Herzgrdsse im Ront-

genbilde, Berl klin Wochenschr,
1910, 47, 2017
Levy-Dorn, M Zur Beurtejlung der

Herzgrosse Berl. klin Wochenschr,
1916, 53, 624,

*Levy-Dom, Moller, S+ Einfache
Massstabe fur die normale Herz-
grosse im Ré bilde Zeitschr. kin

*Keys, A, Friedell, H L
of heart size with roentgenkymograph
Proc. Soc Exp Biol. Med, 1939, 40,

267

*Keys, A, Fredell, H L Measure-
ment of the stroke output of the hu-
man heart by me?tgenkymography
Proc. Soc Exp Biol. Med, 1939, 40,
554.

*Keys, A; Fredell, H L; Garland,
L H., Madrazo, M F; Rigler, L. G
The Roentgen kymographic evaluation
of the size and function of the heart
Am Journ Roentg, 1940, 44, 8035

Kirsch, O. Grundlagen der orthodia-
graphischen Herzgrossen-f!m_‘d '{ho-

im
Abh  Kinderheilk, Berlin, Karger,
1929.

Klason, T. On horizontal orthopro-
jection of the heart Acfe radsol,
1930, 11, 57,

Koler, A.. Rontgenology. The border-
lands of the normal and easly patho-
logical in the skiagram. ’l'xansl‘v by
Turobull, A. New York, W. Woad
Co, 1931 .

Kreuzfuchs, S: Uber die Topographic

Med., 1911, 72, 563

Lian, C.; Guénaux, G: Interprétation
des jmages orthoradioscopiques du
coeur (récherches expérimentales et
déductions pratiques) Parss méd,
1027, 17, 473

Lian, Guénaux; Renault: Procedé
sumple, pérmettant 2 l'ade dune
réglette de mesurer 1'angle formé par
T'axe transversal d'un sujet avec I'écran
radioscopique Bull Mém Soc. Ra-
drol, 1925, 13, 103

*Liljestrand, G ; Lysholm, R; Nylin,
G, Zachrisson, C. G+ The normal
heart volume in man Am. Hearl
Journ , 1939, 17, 406

Lincoln, E M, Spillman, R.. Studies on
the hearts of normal children IL
Roentgen ray studies, Am Journ Dis.
Clhuldren, 1928, 35, 791

*Ludwig, H. Rontgenologische Beur-
teilung der Herzgrosse. Fortschr Geb
Rénlgenstr., 1939, 99, 1

*Ludwig, H- Wertere Untersuchungen
zur rontgenologischen Beurteilung der
Herzgrosse. Fortschr. Geb, Rant-
genstr., 1939, 59, 139, 250



MFASUREMENT

table based on the teleoroentgeno-

gam. Am Heer! Journ, 1939, 17, 02,

*Ungerleider, H. E ; Gubner, R : Teleo-
k hy: Its licati

109

derkedk , 1029, 48, 428,
White, P. D; Camp, P. D:; A com-
parison of orthodugrafic and tele-

to the study of heart size, output and
aortjc elasticity. Rodiology, 1939, 33,
407,

Van Zwaluwenburg, J. G; Warren,
L. E.: The diagnostic value of the
orthodiagram in heart disease Arch
Int Med., 1911, 7, 137

Veith, A : Uber orthodiagrafische Herz-
untersuchungen  bei Kmndern m
«schulpflichtigen Alter Jakhrb Ksnder-
heilk, 1908, 68, 205.

dalla Volta, A Le correlaziom fra vol-
ume del sangue, volume del cuore ¢
tip1 costituzionati, Bull Scienze med ,
1932, 104, 65.

Voss, E : Rontgenographische Grossen-
bestimmungen des Herzens im Sdug-
Jings- und Kindesalter Zeitschr Kin-

of the

heart and thorax. Anmm. Imt Med,
1932, 6, 469

Wuson, M G.- Clinical radioscopic
studies of the heart in children.
Roentgenologic  criterta  af  cardac
enlargement. Size of angle of clearance
of left ventricle as cnterron of ven-
tricular enlargement Am. Journ Dis.
Children, 1934, 47, 750

Zdansky, E * Zur Kritik der Kreuzfuchs-
schen Aortenmessung, Fortschr Geb,
Rontgenstr, 1932, 45, 40

Zehbe, M : Uber Frontaluntersuchung.
Fortschr. Geb Rontgenstr, 1917/18,
25, 111

Ziskin, Th  Development and size of
the heart in children Am Journ Dis.
Children, 1925, 30, 851,



108  CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

Reich, L: Das Rontgenbild und die
orthodiagraphische Messung der Aorta
1m 2. schragen Durchmesser Fortschr,
Geb Rontgensir , 1926, 34, 322, 472.

Robinson, B., A dissertation on the food
and discharges of human bodres Lon-
don, Nourze, 1748

Roester, H : The relation of the shape
of the heart to the shape of the chest,
with special reference to the antero-
Pposterior dimension and the morphol-
ogy of various normal beart types A
contnbution to the questron of ac-
curary of ordmary roentgenological
methods of heart measurement Am.
Journ Roentg, 1934, 32, 464

Rohrer, F Volumbestimmung  von
Korperhohlen und Organen auf ortho-
diagraphischen Wege Fortsch Geb
Rontgenstr , 1916/17, 24, 285

Rossi, A Sulta forme del cuore umano.
IV Le dimensiom medie del cuore
Giorn Chn Med | 1922, 3, 401

Rossi, A., Perona, P La morfologia del
cuore considerata 1n rapporio ail’evo-
luzione organica, studio clinico-radio-

logico Areh Patol Chin Med, 1924,
3, 445
Salotti, A 11 volume del cuore ai raggi
X Atts Soc Med Chir Padova, 1927,
March 27
Sauver, E  Orthodiagraphische Herz-
" Rindasal

1
Zestschr Kinderhedk , 1034, 56, 416
Schiassi, F * La pubertd nel sesso mas-
clile  (Studio  costituzidnale sulla
popolazione emihana) Endocrinol
Patol Cosiat , 1033, 8, 315.
*Schiassi, F La valutazione del cuore,
della capacita vitale, del volume del
torace e dell’addome nella pubertd
Influenza della velative ipoplasia car-
diopolmenare sullo  sviluppo delle
donne Minerva med , 1937, 28, 323.
Seham, M, Shapiro, M J; Hilbert,
E. H* The early duagnosis of rheu-
matic beart disease in children Am.
Journ Dis Children, 1931, 42, 503.
*Singer-Schuler, W.* Das Ruhe'-}*llcrz-
! und seine
zu emigen anderen physiclogischen

Grossen  Zeitschr. ges. exp. Mcd,
1933, 88, 17.

Skinner, E F.: The cardio-thoracic in-
dex: 2 clinical method of expressing
the size of the heart. Brit. Med
Journ, 1927, 1, 1053.

Smith, B : Teleroentgen measurements
of the hearts of normal soldiers. Arch.
Int, Med , 1920, 25, 522,

Smith, H W, Bloedorn, W, A.:_The
size of the normal heart, a teleroent-
gen study U. S Nav. med Bull,
1922, 16, 219.

Starr, I, Collins, L H ; Woed, F. C.*
Studies of the basal work and dutput
of the heart in clinical conditions
fourn Ciin fnvesty, 1933, 12, 15

Starr, I ; Donal, I 5; Margolies, A,
Shaw, R, Collms, L. H; Gamble,
C J: Studies of the eart and circu-
- - T eela

Investig , 1934, 13, 561

Stumpf., P!, Furst, Th.- Ergebnisse von
Kreislaufuntersuchungen an Jugend-
lichen Minchn med Wochenschr.,
1931, 73, 1097

Surmont, ] Etude technique de I'éx-
amen radiologique du cceur Sur une
méthode précise de téléradiographie
cardiaque Arck Mal. Ceur, 1932,
25, 148

Taipale, L Uber einen neuen rontgeno-
logischen Index der Herzgrosse Duo-
decim, 1927, 43, 32.

v Teubern, K: Ofthodiagraphische
Messungen des Herzens und des
3 : 4

Fortschr, Geb Réntgenstr, 1916/17,
24, 549

*Tilk, G. U: Untersuchungen uber die
Abbanaicked Gefassh ‘

s
von der Thoraxtiefe, Zeitschr Kreis-
louff , 1937, 29, 2.

Treadgold, H. A; Burton, H L. Re-
lationship of heart size and body build
to cardiovascular efficiency Lancet,
1932,1, 277.

*Ungerleider, H E; Clark, C. Pt A
study of the transverse diameter of
the heart silhouette with prediction



DYNAMICS OF THE CARDIOVASCULAR SYSTEM 1

ly detesmine the shape or size of the structure producing it and therefore is not
a reliable basis for estimating the movement of the structure. The pulsatory
changes occur in a three-dimensional space while the registration and observa-
tion of these pulsations take place in one plane. In no position is it possible to
observe or register the ac!ivity of all four heart chambers simultaneously, and
linear or area changes in the sense of increase or decrease, as observed 1n one
position, may be well compensated in another

5) The pericarditim covers the whole heart and the roots of the large ves-
sels; it is fixed along the lung roots, diaphragm, inferior vena cava and to some
degrce in the anterior mediastinum. It cannot therefore fnllmv the movements of
the heart. Strictly speaking, we register Ity of the
pericardial surface caused by the underlying heart action and extrapericardial
vascular movements.

6) Along the surface of the mediastinum, with the exception of a small
frontal area, a pressure is sustained which is expressed by the atmospheric pres-
sure minus the traction exerted by the elasticity of the lungs which are dis-
tended beyond their equilibrium This traction or suction effect is said to
amount to several kilograms and is multiplied about three times during forced
inspiration. It is increased during the Miller test and decreased during the
Valsalva test and also when the elastic property of the lung tissue diminishes
(emphysema, collapse). This suction effect becomes affectual during the
ventricular systolic diminution of heart size and presumably prevents the
thin-walled atria from collapsing at that time.

7) The roentgenologic medial movement of the left lower cardiac contour is
usually identified with systole; this is only partly correct Ventricular systole
starts with a short period of rising tension. This isometric contraction is ap-
parently associated with some degree of rotation and change of shape of the
heart. The “roentgenologic” systole, in the conventional sense, obviously inds-
cates the period of ventricular emptying It bas been demonstrated that during
eatly systole, when the apex and base are moving rapidly toward each other,
the left ventricular border is actually moving outward instead of inward, and
that this movement is followed and continued, to be sure, by the relatively
slow inward movement Therefore in studying a graph that depicts the move-
ment of the Jateral wall, one cannot quite identify it with a ventricular volume

*curve, notwithstanding their bl

It must be realized that the pulsatory movements of some structures are
normally not visible. These are that part of the ventral heart border which is
in the immediate vicinity of the sternum; the atno-ventnicular septum includ-
ing the movement of the heart valves, the first part of the ascending aorta in
its total circumference, the mesial contours of the superior vena cava, the
ascending portion and arch of the aorta and pulmonary artery, the greater
part of the caudal heart border where it fuses with the liver shadow. It is also
difficult to see pulsations in the left lo“er pole regmn in the presence of a well-

Aavelannd {="anm et Tl
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septum mwards the apex. This movemenl is normally not visible by roentgen
Tays. 2) a centripetal and centrifugal movement at the margin which is

'
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General Remarks. It is important to hear in mind the following facts
one undertakes the roentgenological observation and study of cardio-
vascular pulsations .

1) The fluoroscopic and graphic registration of these pulsations is practically
aly\ays undertaken with central projection (divergent rays).-The actual am-
plitude o.f movements is increased, depending upon the target-screen (film),
target-object and object-screen (film) distance. While parallel projection de-
lneates the most laterally distant points of an object, central projection strikes
tangentially the more posteriorly and centrally located points,

.2) The actual amplitude of a movement is fully registered only when its
direction 1s at right angles to the direction of the central ray As the direction
of the movement approaches that of the ray projection, the projection of the
amplitude corresponcingly diminishes The of any point in question
is the result of various components, none of which can be exactly determined,
and it is practically impossible to draw conclusions as to the magnitude of but “
one of these components—in this case that of pulsation There are, m addition,
two other complicating factors a) One cannot determine the actual size of the
lateral movement of the heart wall because the point 1n question would have to
move exclusively parallel to the plane of observation and exactly longitudinal
m the slot used for kymographic registration, i e, at right angle to the direc-
tion of motion of the film b) Lack of movement does not indicate that the
underlying part did not pulsate since displacement opposite to the direction of
pulsation may have had a counteracting effect. For instance, a point at the
surface of the left ventricle changes its position during systole on account of
the following movements centripetal (decrease in the heart volume), centri-
fugal (increase in the curvature, of the surface), ventral and cranial (lever-like
displacement), ventral and mesial (torsion of the heart). To these intrinsic
changes in volume, shape and posttion may be added the influence of respira-
tion Thus any given point on the cardiac silhouette may at successive mo-
ments correspond to different anatomical points

3) The following experiment shows that the pendulating and rotary motion

of the heart as a whole is so well marked during systole as to entirely obscure
any possible systolic contraction of the outer contours of the ventricular wall

Metallic indicators were inserted at definite spots in the wall of the left ven-

tricle 1n sheep The paths of these indicators were recorded !{y roentgen
cinematography, and E.C G ’s were taken simultaneously. Screen ?xcl'mes were
cinematographed in five different directions The paths of t.he indicators as

shown on the films were graphically recorded, picture by picture, to ob.tam

1) an idea of the spatial paths of the various indicators, 2) a time comparison

with the EC G. . . . .
4) A study of the movements of the silhouette border yields mforx.na.uon
regarding the movement of shadows. But the shadow does not characteristical-

.-
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10 em in contrast to the average reading distance of 38 to 40 cm. A refraction
should be had prior to fluoroscopic work to insure maimum visual acuity. In
the group with normal accommodation for their age it should be taken into
deration that, if their dation near point 1s greater than 10 cm,
compensation should be made by finding the lense suitable for this work, The
table for normal accommodation for the different ages can be found in any
standard textbook of ophthalmalogy In the presbyopic group bifocal addition
should be strong enough to effect a clear focus at 10 cm A rough approxima-
tien for the completely presbyopic group is a plus 8 diopter addition
Darx ApartaTiON OF THE EVE Intensity discrimination and visual acuity,
cotresponding roughly to contrast and sharpness in roentgenograms, deterior-
ate as a result of lowering of the brightness level. The retinal elements con-
cerned with vision are the rods and cones. Both contain pigments Vision at
high illuminations is color vision and 15 most efficiently carried on by the cones
in the center of the retina, while vision at low intensities of lumination is
colorless and is essentially carnied on by the rods in the periphery of the retina
On an abrupt change from hight to darkness the visual acuity dimimishes while
there is an increase in the light sensibility of the peripheral portion of the
retina This quantitative increase in the retinal sensitivity 1s designated as dark
adaptation, It occurs in two parts The first begins at once, 1s due to cone
function, is over in 3 or 4 minutes, and the increase m sensitivity is ap-
proximately ten-fold. The second part begins somewhat later, is due to rod
function and increases in the form of a loganthmic curve, the knee of which is
reached after 20 {g 30 munutes or more, After a 20 mnute interval the in-
crease in sensitivity is at least 1000-fold and it continues to increase for many
hours, though not in comparable degrees Dark adaptation takes a shorter time
if the transition is made from artificial light nstead of daylight—particularly
sunlight Hemeralopia or mght blindness, which 1s failure to see clearly in dim
light, is due to vitamin A deficiency This vitamin 1s an essential constitutent
of the retinal pigments, and the effect of an inadequate supply is to slow down
the rate-of regeneration of these pigmems Active vitamin A is available in the .
butterfat of milk, the yolk of eggs, in fish liver oils and, to a lesser degree, in
certain animal fals Provitamin A occurs in carrots and green leaves Vitamin
A adequacy 15 nut only governed by intake but also by absorption, and by the
of p A into the active form. Hemeralopia is
particularly found in patients with liver damage that is most outspoken i
cirrhosis of the liver, with 2 marked degree of thyrotoxicosis, with diabetes, or
Sa 2 T Y T e i e

paratively large diameter 1n the dark tends to require less time for dark adap-
tation It is well to remember that the pupil diameter in the dark decreases

with age. Reunal mummauon is of course reduced if the pupils are miotic and
P

to describe the normal will merely give an average picture
Anlerior View, The left lower border shows allemately a rapid inward
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Toentgenologically distinctly recognized as a pulsatory movement, Tt js im-
portant to bear in mind that the longitudinal component is far greater than the
movement that appears at the margin ‘The following proofs support this state-
ment. 1) in animals. if lipiedol is 1njected into the pericardial cavity of rab-
bits, it gathers principally in the atrio-ventricular groove; its movement, as
registered by kymography, amounts to 14-14 of the total length of the heart
while the border of the silhouette, including the apical portion, moves but little.
If barbed points of a fish hook or bits of silver wire are placed near the atrio-
ventricular groove, these movements are seen to be far greater than the undu.
lations of the ventriculat border. 2) in man. a) whole bullets or fragments
were observed to be located within the heart near the atrio-ventricular septum.
The amount of excursion was 1-3 em, which is much more than the visible
outer pulsations Calcareous deposits in this septum can be observed to move
- P e Dl 3

Yn mmoe tamard tha

‘The patient was placed in such a position of recumbency that both the move-
ments fell into the horizontal slit of the roentgenkymograph, The correspond- '
ing movement of the left ventricular border was small in comparison with the
degree of longitudinal shortening, b) one may consider the left ventricle
as a parabolaid with a height of 10 ¢m. and having as a base (mitral
ring) a circle with a radius of 3.5 cm If one now assumes that all parts, with
the exception of the base, move medially a distance which corresponds to the
visible pulsations and if one computes the difference in volume one obtains a
figure which is far below the figure for the normal stroke volume, therefore
an extensive movement of the base must be present. ¢) a wax model of both
ventricles representing a volume of about 400 cm®, may be constructed
The normal stroke volume of 120 cm?® is not obtained by subtracting from all
surfaces the equivalent of the normal outer roentgenological amplitude. It
is necessary to remove an additional layer of 2.5 cm. thickness from the base.

A differentiation of the pulsations of single heart cavities is undoubtedly
made difficult on account of the fact that the pericardium bridges over and
smooths out separating grooves.

Fluoroscopy. Information is improved by the following factors: good con-
trast, the presence of a slower heart rate, ncreased distance between the
fluorescent screen and chest wall of the patient which magnifies all move-
ments, alternate use of a smaller and a wider aperture of the shutter, and
slight to-and-fro, rotations of the patient Small objects are observed more
readily when they are in motion The comparison of the impx"bvemen.l of the
visibihity of small objects as a result of motion over that obta:fled' by increas-
ing the current strength, made it possible to establish a quantitative estimate

of this improvement. It approstmates 10-15%. On account of the ra;lther poor
%, "--- -4 - very short distance; it

+ the right and left side
ta be 2 help A fine-grid

Potter-Bucky diaphragm 1s usetul in unprovuig Llun:u,St .
Accommoly;u;o}ix or THE Eve.-It should be realized that when studying
details of the fluoroscopic jmage the observation distance may be as close as
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rather indefinite short movement which sometimes appears to precede slightly
the movement caudal to it. While the left lower contour moves medial, this area
shows 2 short caudal displacement, N

The right lower border has an amplitude of about 02-0.3 ¢m. and shows
different types of movements. It may move in a lateral direction while the left
lower contour moves mesiad; it may have, especially at a low heart rate, a
medial direction so that the whole heart shadow contracts in a concentric
fashion; sometimes the cranial third starts with the medial movement, and this

r i
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Fic. 4 drawing of of It and rt heart borders for
an average case, showing of marginal . i
change and positional change (pendulum-like swing) The shaded hine (Res) represents
the actual resultant graph as 4 summation effect of the two movements, which are repre-
sented graphically by the dot-dash hne, Vo (volumetne change), and by the broken hne,
P (positional chaage) S, expulsion peniod Note that the trough at rt side ss reached
later than on & sde I{ the pendulum movement would exceed the masgnal volumetnic
movement, small peaks would appear m the graph on the 1t side durmg the evpulsion
pertod, and these may be interpreted erroneously as evidence for‘a true atnal movement
Courtesy Dr K Heckmann, formerly of Munich, now of Istanbul, and J Springer,
publisher, Berlin From Ergebr snn Med , 1937, 52, 569

is followed by the caudal two thirds, a double stroke med:al movement is like-
wise observed; and finally there may be a short rapid medial movement, fol-
lowed by a movement in the opposite direction. With the vertical small heart
the cranial portion may show a definite, systolic lateral movement. Marked
rotation of the heart including the conus arteniosus, probably in connection
with an abnormal narrowness of the right atrium, may account for this; or it
may be merely an expression of a marked pendulum movement. The caudal
heart border is to some extent visible under the following circumstances; (a)
with the presence of air in the upper pole of the stomach, (b) in the vertical
beart; (c) during forced inspiration; and (d) while the examination is made
in a marked lordotic position and/or when the position of the roentgen ray
tube is lowered. The whole caudal heart border is visible if gas or air is present
between the surface of the hver and the diaphragm This is the case with
interposition of the colon and with pneumoperitoneum; the heart appears in a
more transverse position and one mnotices between the right and the middle
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movement, and a slower outward movement. The inward movement seems to
vary in speed for different people; it usually has the appearance of a super-
ficial, wave-like motion which progresses from the base toward the Jower
pole. The greatest amplitude, varying from 02-0.5 em., is found, in the up-
nght position, to be usually about 1 5-2.0 cm. above the lower pole; however,
there may be no gross preponderance at any one region. In the recumbent and
right fateral positions the maximum is found nearer to the base, dbout half-
way along the arch. In the left lateral position, the maximum is near the lower

Fre 45 —Schematie drawmg of kymographic movements of 1t cardiac border for two
areas, A, corresponding to apical portion, and B, corresponding to basal portron It is
assumed for A, 2n area near the apical portion, that there 1s a summation effect of the
marginal movements due to volumetnic changes, dot-dash hne {a), and due to systolc
change in shape, broken hne (b) The shaded hne represents the resultant graph (Res)
Tt 15 assumed for B, an arez near the basal portion, that there 1s an opposite effect of
the marginal movements due to volumetnic changes, dot-dash line (a), and due to systolic
change n shape, broken Ime (b) The shaded line represents resultant graph (Res).
S5, expulsion period of the cardiac cycle When companing B, which represents a movement
at the base of the It contour, and A, which represents a movement near the apical
partien of the 1t contour, it 15 noted that the wwatd movement at the base precedes
the mward movement at the apex Thu leaves one with the impression of a rather slow,
penstaltic-hke movement which, of course, does mot eust since the exatation of the
bacal and apical portions of the ventricles takes place  a muumal fractton of a second
so that the resulting contraction must be observed by the eye to be simultaneous Hence
an interference of volumetnic changes and of changes m shape may result m a type of
movement which sumulates a peristaltic movement Couttesy Dr K Heckmann, formerly
of Munich, now of Istanbul, and J Springer, publisher, Berhn From Ergebn inn Med,
1937, 52, 576

pole. With the vertical type of heart, the maximum is found to be at the
: . 1 NIRRT =
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a decrease m the heart rate. By turning the patient §llghtly into the oblique
positions it is noted that the maximum of the amplitude shifts In the left
anterior obligue view it moves toward the lower pole; for the tran§verse]§ype
of heart the necessary angle of rotation is larger. In the right anterior ?hhnq;:e
view 1t moves toward the base and finally disappears As .cornpared. with the
average oblique type, the angle at which this moveme:n disappears xIs greater
for the vertical and smaller for the transverse type. Near the cranial portion
of the left lower border, there is observed either an area of quiescence or a
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the outlime 15 observed Craniad an indentation is often observed above which
the pulsations are less vigorous and different in time The level of this indenta-
tion changes during the cardiac cycle. We are obviously dealing with the left
atrioventricular border, Near the diaphragmatic border, or just above it, one
can oceasionally observe another indentation, best seen during systole and in
vertical hearts; this 1s another point of relatisely little motion, a kind of groove
It most probably represents the juncture of the ventricular walls with the
caudal end of the mterventricular septum As far as it is visible the caudal
contour shows mainly a vertically directed movement. In front, the pulsa-
tions are much smaller; at a certain angle one may observe a time difference
between a longer lower and shorter upper portion.

With 2 sufficient degree of angulation, the cranial-ventral contour {ascend-
ing aorta) shows well marked movements. Pulsations are often though not
always visible along the cranial contour of the aortic arch, dorsad to the
trachea, and along the dorsal contour of the very first portion of the descend-
ing aorta; the rapidity and size of the excursions as well as the special condi-
tions of contrast play a réle The mner contour of the aorta is not visible and
therefore does not reveal pulsattons Within the clear space of the aortic
window a faint movement of the edge of a cranial-convex shadow may be seen;
it is the pulsating left main branch of the pulmonary artery.

Children show comparatively large excursions in proportion to the heart
size

Kymographic studies have shown that over long periods the pulsations re-
main constant n extent and nature for a gven individual and for any par-
ticular region of the cardiac contour, provided the physiologic conditions re-
main unchanged.

All pulsations are mcreased following exercise.

Graphic Registration. RoENTGENOGRAPRY. The study of instantaneous
roentgenograms, taken at determined points of the cardiac cycle, has shown
the following findmngs for typical cases. In the antertor view and at the time
of ventricular contraction, the left lower contour moves mesiad, the lower
pole mesiad and craniad, simultaneously the right lower contour moves laterad
The left auriculoventricular junction may be clearly seen to be displaced
caudad during a period which corresponds in the electrocardiogram to'the dis-
tance from the end of the R to the end of the T wave Sometimes, however, this

bdivision cannot be lized and the second pulmonic contour simply
continues into the third leit ventricular contour The cardiac shadow as a
whole takes on a more globular form. In the left anterior oblique view the
indentation between heart and aortic contour n front descends toward the
end of systole and ascends toward the end of diastole, When correlated with
the electrocardiogram, the cardiac shadow is found in this view to present its
largest projection at the time of the Q-R imterval, ie, at the very beginning
of the electric systole and preceding the mechanical systole of the ventricles.

CinEMaTocraPHY Only 2 few mormal cases have been studied in detail.
For the anterior view the cranial and caudal parts of the left Jower contour
are found not to move simultaneously durng systole, the former moves laterad

2/15 second after the latter has begun its diastolic excursion. The caudal
portion of the right lower contour maves mesiad simultaneously with the left
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thlrfls of the. caudal heart border a change in the type of pulsations, indicating
the mter‘secnfm between the right atrium and the right ventricle

’l?he direction of pulsations of the caudal heart border, if visible, is craniad
during systole.

.'I‘he amplitude tends to decrease during inspiration, especially in people
thl:; a Iarg‘e d:lest capacity and powerful inspiratory muscles, and to increase
during expiration

Tl.m great vessel bo.xders on the left side show a rather quick lateral and
cranial movement which takes place almost simultaneously with the medial
movement of the left lower cardiac border. Thus a kind of see-saw action
is observed. The amplitude at the aortic knob averages 0.2 cm. and when
different cases are studied one finds much less variation as compared with
the respective left lower ventricular contours. At the right there may be hardly
any movement at all, especially when the contour appears quite straight; with-
in the great vessel shadow there may be noted occasional and barely visible
pulsations (aorta}; or the whole right contour may pulsate laterally, simui-
taneously with the pulsations at the left side; this is well marked when the
contour is convex Or the straight contour may, especially in the presence of
a high diaphragm or in the recumbent position, present a faint wave-like mo-
tion; and finally the caudal and cranial contours may show slight differences.
In a word, we are dealing with pulsations of the aorta, transmitted or direct,
and of the superior vena cava, and combinations of them. The aortic arch,
below the * == == t—eadatals bn sh wiaht and tn tha loft of the midline is
not visible -
able chang N it
these pulsations by no means express changes in the lumen only but that a
pulsatory change in the position of the vessel exists,

The intrapulmonary vessels in exther hilar region may show shght pulsations,
especially in cases with a slow heart rate, with vigorous heart action, and in
children. Contrast is an influencing factor, Pulsations are best observed at
a certain degree of rotation, slight rotation for the right hilus; more for the
left
Right Anlerior Oblique View Both ventral and dorsal pulsations ate quite
small, The cranial portion of the ventral cardiac contour (conus pul-
monalis) and the ventral and cranial contour of the visible portion of
the aorta reveal more pronounced movements The dorsal contour of the
ascending aorta does not show any movement, neither does the ventral con-
tour of the descending aorta, if visible at a higher degree of rotation The
caudal cardiac contour has vertically directed movements. In turning toward
the right lateral position, marked pulsations suddenly appear along. thg cauPlaI-
dorsal aspect of the cardiac shadow, ie., the left ventricular area is visualized

ag?:/.l Anterior Oblique View. One notices the maximtlm o.f pulsations dorsal-
1y, even taking into consideration the wmcreased magnification by central pro-
- %4t - fawban awavy fram the screen and the pulsations are

view. In its caudal portion, just

sination of a ventral and dorsal

\-vith a cranial and caudal movement, ana an almost peristaltic-like change in
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often show the following details Cor ling to the begi of the ascend-
ing limb (diastole), there is noted a medial ventricular movement which
flattens out, then follows a slight rise, a sudden peak and a fall (atrial systole).

Corresponding to the peak of the ven-
tricular graph at the left side there
occurs a sudden, shght lateral move-
ment; ths is-either due to a volumetric
change or represents a displacement of
the right atnum dunng the pre-
sphygmic ventricular petiod While the
ventricular limb descends (systole),
the atrial graph often shows a flat
descent, 2 movement toward the mid-
line, in spite of the fact that this is
the peniod of atnal filling This medial
movement of the ventnicular type is

- especially pronounced at the right heart
border near the diaphragm It has been
interpreted as a proof that the night
ventricle is forming a part of the lower
right heart border but this assumption
is not conclusive.

During deep, forced inspiration one
often notices the following changes
The graph corresponding to the left
lower contour shows very little or no
change of the base line, while the height
of the diastolic excursion decreases
The graph of the nght lower contour
shows that the descent during ventricu-
lar diastole is much flatter, and during
ventricular systole there is a nse, or
outward movement The former findng
may perhaps be interpreted as mter-
ference with atrial emptying, the lat-
ter, as beng caused by mcreased influx
of blood These changes just described
and observed on each side, explain, at
least in part, the pendulum movement

OB
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48 —Healthy indisidual  Kymo-
graphic traangs It and rt cardiac bor-
ders Film moved from above down-
ward Upper line- begmning of ventricu-
lar systole (It ), closure time of a-v valves
(rt) Lower hne beginming of ventnicu-
lar diastole (It ), opeming of a-v valves
and beminming of atrial emptying (rt) In
this instance, movements of both cardac
borders occur mawly in the opposite di-
rection During fluoroscopy there results
a pumping type of cardiac action Cour-
tesy Doz Dr E Zdansky, Viennma and
G Theme, publcher, Lepzg From
Fortschr Geb Rontgenstr, 1933, 47, 648

Tracings of the region of the aortic knob show the typical arterial graph,
a short steep nse and a longer obhque descent. The right vascular contour
may be represented by tracings which contain all details of a phlebogram;
n other instances the tracng 1s indistinct; and again in others, aortic

pulsations are registered

Multiple St 1t has been demonstrated for the anterior view that the
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lower pole while the movements of the cranial portion are simultaneous wit
the left auricular region. -

Kn(oc:mﬂw. Single Stit, A typical tracing of the 2eft lower contour, i
the anterior view, has the folfowing appearance. It consists first of one rathe:
long and rather ohblique ascending branch. This corresponds to the diastolic
filling. In the beginning it rise
with 2 steeper portion, exptessing
the sudden blood flow into the
ventricle; this is followed by a flat
pact which ends with a short rise,
registering the additional inflow of
bload, caused by the atrial sys-
tole; but the preatest volume is
almost reached when atrial systole
takes place. The ascending and
descending branches ate separated
by a rounded peak. At this turn-
mg point a small positive wave
may be seen which, when corre-
lated with the electrocardiogram,
corresponds to the end of the T
wave. The descending branch Js
shorter and steeper. It corresponds
to the systohic emptying. Such
tracings for different normal hearts

Fic 47 -~Healthy mdividual Kymographic

traongs of it and rt cardac borders Film
maved from above downward Upper ine be-
gnming of ventricular systele (It), closure
tame of a-v valves (31 ) Middle Yne. beguonng
of ventmicular duastole (It.), opemng of a-v
valves and beginming of disstalic atnal eropty-
mg (11) Lower hne addibional vise 1 diastolic
ventricylar fifing (It), due to atrial systole
(i} In ths instance, movements of both
cardiac borders oceur mataly in the same direc~
nion During Buorescopy a pendulum type of
eardiae action results Courtesy Doz Dr
Zdansky, Veenna and G Thieme, pubbsbes,
Lepng From Fortschr Geb. Rontgensty , 1933,
47, 613

are fundamentally similar,

A certain point in the kymo-
graphic turve will always corre
spond to a certain point in a
i made elec dit
gram, provided the same point
at the sithouette is chosen When
kymograms are taken from differ-
ent points, for instance along the
left lower silhouette contour,
identical points in the different
kymographic curves will not, how-
ever, quite correspond to identi-

cal pownts in the respective electrocardiograms . .
Tracings of the right lower contour show marked individual differences In

comparing the graphs of bath heart contours, one may find that they are
roughly similar so that they enclose a band which has @ dg-zag form; this
chviously corresponds to the type of pendulum movement which can oc-
casionally be easily observed by ﬂuaros‘cap)". Th; main prancbes of 1}3e sva
graphs may also have an opposite direction, o relation to the midline;
the enclosing band appears alternately sma}ler and lafgex'3 this n.bvmusly ot
responds to the type of concentric narrowing and widening which is readily

ebserved in fluorascopy. The snalysis of the graph of the right contour wilf
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medially-laterally but also proumally during the systole and distally during
the diastole. A small peak or serration appears in the trough at the beginning
of the diastolic limb « This should be correlated with the aortic valve closure
and is particularly well noted tn hypertensives This finding expresses a jerk-
like shift of the heart to the left, and is caused by the impact of blood in the
aorta and a rebound resulting therefrom, It was interesting to find that maxi-
mum inspiration increases the caudal amplitudes while maximum expiration in-
creases the cranial amplitudes In the left anterior oblique view, a Iarge dias-
tolic ventncular excursion can be demonstrated. The right lower contour in the

mmtadtan st Alans —tthas nn atwial s amicieddan am o mivad bema Af

single sht kymographic records do not support this statement The region of
the left auricular appendage yields the following various tracings: a descent,
preceding the presphygmic period of the ventricle; a descent together with left
ventricular contraction, a steep nse together with the top of the aortic and
pulmonic tracing; or an elevation and decrease at the time of valvular closure.
Obviously it is influenced by the adjacent heart chambers and large vessels.
The posnt of quiescence, at the border of the left lower contour and region of
the left auricular appendage or base of the pulmonary artery, moves slightly
caudad during systole and shightly craniad during diastole.

The graphs of the pulmonaty artery shadow show a flattened peak, those
of the aortic shadow a sharp lateral thrust and a slowly descending limb which
is broken by a notch, this depicts the closure of the semilunar valves. The
movement of the medial aortic arch border can be ascertained aiter the
esophagus is outlined with barium paste When comparing this movement
with the one observed along the lateral arch contour (aortic knob) one finds
that the direction of pulsation is the same and the amplitudes almost identical
in degree, ie., the change in posttion which the vessel undergoes greatly
exceeds the actual volumetric change. The amplitude of the movement is fore-
shortened by projection because it can be demonstrated in the oblique views
that the arch moves p jnantly in the ventro-dorsal and d tral
direction, respectively When studying the shadow of the cranial portion
of the ascendmg aorta in the right anterior oblique view, one finds some

inumty in the total . This again makes it very pmbable that
a displacement of the aorta as a whole 15 an important component in the
visible aortic pulsations There is no close relation between the amphitudes of
aortic and left ventricular borders Vaniations, from case to case, in the elastic
property and vasomotor mnnervation of the aortic wall, and in the status of
blood pressure and pulse pressure, may account for such discrepancy The fol-
lowing concept has recently been suggested for the aortic type of movement of
the right vascular border, observable in the anterior view. It is a summative
movement due to an aortic as well as to a transmitted ventricular component
The aortic component itself consists of a true widening of the vessel plus a
pulsatory change in position As the ventricles fill, the medually directed move-
ment of the ascending aorta changes into a slow Iateral movement During the
moment of isometric contraction, the ventricles suddenly become erect, which ~
causes a qumker lateral movement of the 2orta and this is sustained by (he rise
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different portions of the left Iower contour do not reach the maximum outer or
minimum inner contour at the same time. The medial mavement commences
somewhat later in the caudal parts One author found a time difference of about
0.08 sec., others 01-0.28 sec. (for a cardiac cycle of 0.7-0.9 sec.) On the other
hand the lateral movement very frequently hegins earlier in the caudal parts,
To Interpret such findings as evidence for a kind of peristaltic movement that
takes place in a cranfo-caudal direction js against all of our physiological’

b \
F1c 49 —Graphic registration of movements of silhouette borders in a healthy wdividual
Sxmlﬂ:aneouspngw!muon by means of mulbple-sht bymography {method of S;umpi)e.
Graphs appear in borizantal bars By laying off on the waves of each bar a defimte “Dzsttaréle
and connecting these homologous ponts, the shape and outhne of the mgnks‘ctm
at any particular 1nstant may be shown Courtesy Dr I Seth Hirsch, New York City

itati tricular parts in less
knowledge because the excitation wave reaches all ven! a
than 0081 sec, It is true that the mavement of the various points takes pla;:e
with a time interval that can easily be perceived by lhe.eye. Butd t}';at ;:g:r);
proves that the movements of the §had§)w bon:ler are u:l?u‘er_l‘ce_:_ u?'._ r

In the apical reg‘ion the waves are more roundish since the apex moves not only
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in the blood pressure as the left ventricle empties its blood into the aorta, The
ascending aorta will be drawn caudad and to the left when the expulsion period
is finished The maximum right-sided movement is always found to precede the
maximum left-sided movement but this time interval 1s not constant; it is
smaller during inspiration and greater during expiration, This phasic displace-
ment between right and left contours dimimishes with a marked aortic effect, as
with a high pulse’ pressure, while a lengthening 1s found with 2 marked ven-
tricular effect, as with a high position of the diaph or cardiac

with increased cardiac amplitude.

When kymograms are correlated with simultaneously made electrocardio-
grams, one must consider an experimental error of about’0.03 of a second;
this is caused by the width of the slit. In comparing the ventricular complex of
the electrocardiogram with the left lower contour in the anterior view,
one author has stated that the peak of the kymographic wave begins on the
average 0.09 of a second after the beginning of the ventricular complex and
may occur as late as 0.13 of a second after it This relationship does not seem
to be so simple since other investigators have found the followmng- 1) that the
caudal portion of this contour may start its medial movement with the be-
ginning, and end it with the end of the ventricular complex, during which time
a lateral movement was noted in the more cranial portions. At the same time
the right lower contour moves opposite to the left caudal portions (pendulum
movement); 2) with the same or a sirular type of movement of the left
lower contour the right lower contour may move laterally only in parts; 3)
the caudal parts of the left lower contour move laterally while the cranial
portions move medially. The end of the T wave of the electrocardiogram cor-
responds in time to the trough of the graph, which represents the change from
the emptying to the filling phase of the heart.

The heart sounds coincide in the following manner with the kymographic
traangs. The first heart sound occurs within 0.05 sec of the peak of the ven-
tricular wave The second heart sound corresponds to the deepest portion of
the trough of the ventricular graphs (aorta, pulmonary artery).

DensiToMETRY. It can be demonstrated that the densest area in a heart
film is quite a distance to the left of the midline Comparison of the iono-
graphic curve, 2s obtained with the previ mentioned ionization chamber,
with the heart border simultaneously recorded by means of a roentgencine-
matogram and electrocardiograms, shows that the change from the minimum to

are displaced along the film in the same way that the slots are displaced mn making the
lm This can be done 1n one of three ways First, by carefully reading from a trme trac-
ing on the film the time displacement from an arbitrary zero pomnt of each one of the
cardiovascular border graphs and then making the proper time shift as mdicated by the
11me enlaramont af sach il slat Garand b malkeme o e af o made Lo - os <1oas
‘

cycle Or third, by cutting the film 1 longitudinal sttips Corresponding to the bars and
shifting these strips so that the black reference marks are arranged transversely 1n one
line then all points on any transverse line will be 1n phase
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Fi 50 —Graphic registration of movements of sithouette borders n a healthy individual
Simultaneous registration by means of multiple, interrupted sht kymography The black
horizontal bars indicate fevel of different shts Graphs appear 1n corresponding vertical
bars Respective contours from rt to It, starting and ending with * rt lawtr'taxdlac,
the film. Such pomts have not occurred at the same wnstant of the heart cycle because
the slots do hot he on such a hne To compare positions of the cardiovascular border at

any one instant of the heart cycle, it is necessary to measure the shadow at points which
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in the blood pressure as the left ventricle empties its blood into the aorta. The
ascending aorta will be drawn caudad and to the left when the expulsion period
is finished The maximum right-sided movement is always found to precede the
maximum left-sided movement but this time interval is not constant; it is
smaller during inspiration and greater during expiration. This phasic displace-
ment between right and left contours diminishes with a marked aortic effect, as
with a high pulse* presture, while a lengthening is found with a marked ven-
tricular effect, as with a high position of the diaphragm or cardiac enlargement
with increased cardiac amplitude

When ky are C d with si ly made electrocardio-
grams, one must consider an experimental error of about’0 03 of a second;
this is caused by the width of the sht, In comparing the ventricular complex of
the electrocardiogram with the left lower contour in the anterior view,
one author has stated that the peak of the kymographic wave begins on the
average 009 of a second after the beginning of the ventricular complex and
may occur as late as 0.13 of a second after it. This relationship does not seem
to be so simple since other investigators have found the followng- 1) that the
caudal portion of this contour may start its medial movement with the be-
ginning, and end it with the end of the ventricular complex, during which time
a lateral movement was noted in the more cranial portions, At the same time
the right lower contour moves opposite to the left caudal porttons (pendulum
movement), 2) with the same or a similar type of movement of the left
lower contour the right lower contour may move laterally only in parts, 3)
the caudal parts of the left lower contour move laterally while the cranjal
portions move medially. The end of the T wave of the electrocardiogram cor-
responds in time to the trough of the graph, which represents the change from
the emptying to the filling phase of the heart.

The heart sounds coincide in the following manner with the kymographic
tracings. The first heart sound occurs within 005 sec of the peak of the ven-
tricular wave The second heart sound corresponds to the deepest portion of
the trough of the ventricular graphs (aorta, pulmonary artery).

DeNsITOMETRY. It can be demonstrated that the densest area in 2 heart
film 15 quite a distance to the left of the midline Comparison of the iono-
graphic curve, as obtained with the p y joned ionization chamber,
with the heart border simultaneously recorded by means of a roentgencine-
matogram and electrocardiograms, shows that the change from the mmimum to

are displaced along the film 1n the same way that the slots are displaced in making the
film Ths can be done in one of three ways First, by carefully reading from a time trac-
g on the film the time displacement from an arbitrary zero point of each one of the
cardiovascular border graphs and then making the proper time shift as mdicated by the
time displacement of each individual slot Second, by making nse of a mask having slots
cut n 1, corresponding exactly to the slots of the ongmal lead bars as shown on the film
By moving such a mask along the film, the pomnts on each graph showing through the
slots will be in phase, that 15, will bave occurred at exactly the same time m the heart
cycle Or third, by cutting the film in longitudinal stnps corresponding to the bats and
shifting these strips so that the black reference marks are arranged transversely in one
Ine: then all points on any transverse line will be 1n phase
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the maximum of heart filling is nicely correlated with the T wave in the
electrocardiogram.,

Stroxe VoLume. The problem involved may be stated as follows: does the
visible volumetric diminution of the heart closely correlate with the total
stroke volume or a constant fraction thereof? The answer has to come from
roentgenologic studies carried out parallel with gasanalytic determinations. A
few critical remarks and qualifying statements are appropriate.

The roentgenologic method of determining the volume of the heart quite
frequently starts out from the frontal area of the heart, In an attempt to deter-
mine the true area one must take into consideration several points. Fitst, 2
correction must be obtained because of the finite target-film distance; when
using the kymographic method, the distance is perhaps 165 cm. (66 inches).
Second, a correction must be obtained for the object-film distance; this re-
quires measurement in a lateral view. Third, the cranial and caudal silhouette
borders can be determined only arhitrarily There should be added the fact
that the ratio between the frontal area and the depth of the heart, as deter-
mined for different individuals, is not constant (see chapter 1V).

It has been stated previously that the movements of the shadow borders are
influenced by factors other than volumetric changes, namely, changes in shape
and position; and that the study of the lateral movement of the heart, as
registered by kymographic procedures, does not take into consideration that
silhouette points move obliquely to the plane of observation and obliquely to
the slot. i e., not at right angles to the direction of motion of the film, Further-
more, changes in shape and size in the frontal plane need not be parallelled by
changes in shape and size in the sagittal (antero-posterior) plane, It has also
been pointed out previously that the marginal movements of the cardiac sil-
houette express only a part of the total volumetric changes, the other and more

important part being represented by the longitudinal shortening of the ven-
.- R -—t—nsaler 2007, of the

olic vol-
linclude

the right atrial shadow, would be greater than woutd ve taittuaws srom the
ventricles alone. It should be remembered in this connection that the atria are
displaced by internal stress. The difficulty of estimating the systolic dn'mnu-
tion of the ventricular lumina from the degree of margmal movements is ex-
emplified in the following observation. during fluoroscopi¢ examination a pa-
tient with a left-sided pneumothorax showed the marginal movements at the
left side becoming small during inspiration in association with a fall Jn the
intrathoracic pressure, and there appeared wide: inal ions during ex-
piration when the intrathoracic pressure rose. The stroke volume was deter-
mined for a few seconds during respiratory standstill for both phas;s of
, and the figures for inspiration and expiratiqn were. practically
the same, namely, 36.5 cc. and 37.5 ce. tespectively, Finally, it l_'xas been
realized and should be kept m mind that an aortic or mitral regurgitation leads
to 2 leak that has been calculated to range from 14 to more than 50% of the

respiration,

oss cardiac stroke. ) 5
ngn a given kymogram the peaks indicate diastole, the valleys systole, and
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the base line corresponds to the bottom of the exposed strip in which the refer-
ence notch occurs The distance of the bottom of the valley from the base line
is measured with dividers, and it represents the same moment of time in each
of the exposed strips. This distance is laid off on each strip on both sides of the
heart, and the points of intersection of the heart shadow with this distance
represent the contour of the systohc projection. The diastolic outline is
similarly obtained by using as reference the outermost peak of the same notch
taken for the systolic reference. One, may also correlate a kymographic curve
with an electrocardiogram taken simultaneously. The beginning of the iso-
metric contraction corresponds to Q or R of the initial deflection; the begin-
ning of the ejection period is noted at the beginning of the sudden outward
thrust in the aortic graph, and the end of the ejection period is marked by the
second heart sound that has a fairly close relation to the end of the T deflec-
tion (exceptions occur). One draws in the exposed strip a vertical line through
the peak of the ventricular curve that corresponds to the beginning of ejection
{as determined from the aortic curve), and a vertical hne from that point at
the bottom that corresponds to the Q or R in the E.C.G The difference be-
tween the foot point of these two lines represents the ventricular volumetric
difference at the beginning and end of the ejection period

An attempt to arnve at a formula for the stroke volume of the heart could
take into consideration some of the difficulties pointed out above while other
unknown quantities had to remam untouched. The formula that suggests the
stroke volume of the heart, based upon roentgenologic data, reads as follows:
063 X Ag** — A,'** (where A and A, represent the diastolic and systolic
areas in the frontal plane) When applied for individuals without valve defects,
an excellent correlation was obtained with the stroke output as determined by
the acetylene rebreathing method.

It would seem logical to determine volumetric differences of the heart froma
plane that shows the greatest amplitude of pulsations, and this is the left an-
tenor obhique view

Summary. Though fluoroscopy provides valuable information, the detailed
analysis of the pulsations as well as their correlation (electrocardiogram,
heart sounds) rests with the graphic methods Of these, single-slit roentgen-
kymography shows the maximum of detail In order to compare the activity
of many points of the silhouette simultaneously, multiple sht or surface ky-
mography, cinematography and to some degree instantaneous roentgenograms
taken at determined phases are used The correlation of the shape and the
size of the silhouette, as taken m different views and at identical moments
Zf téhe cardiac cycle, would be of great wterest and value This remains to

e done.

The functional evaluation of pulsations rests also, in the main, with further
investigation Limtations exist due to the fact that first, the visible pulsations
depict only a part of the total mechanical action and second, that they are
wfluenced by the rotation of the heart as well as by forces acting on the
surface of the heart

The ! of the cardi; lar pulsations is compli-
cated, partly on account ' of intrnsic factors, partly on account of conditions




126 CLINICAL ROENTGLNOLOGY OF THE CARDIOVASCULAR SYSTEM

of }i.rujection. Under normal conditions only the outer pulsations can be
studied. Those of the atrio-ventricular septum, of the medial and inner con-
tours of the aorta, pulmonary artery and superior vena cava, of the supra-
valvular portion of the ascending aorta and of @ part of the lower heart border
are not visualized and therefore are not available for study. M of
a limited portion of the medial contour of the arch may be studied after
visualization of the esophagus by means of barium paste. The visible pulsa-
tions express mainly volumetric, pressure and rotatory changes and are
modified by different factors such as pericardial covering, position and intra-
thoracic pressure. As a whole, one type of movement may be correlated with
the emptying, anaother with the filling period of the ventricles. During the
emptying period the heart silhouette is more globular and its base is more
caudal. It may also show either a true or an apparent pendulum movement
from the left toward the right side of the chest. Points near the interventricu-
lar septum show a smaller amplitude. The aorta shows a displacement
as a whole as well as changes in diameter. Neither the medial nor the laterat
mavement of the whole left contour, which corresponds to the ventricular
region, takes place simultaneously. The largest pulsations occur along the
dorsal ventricular contour. The movement of the right heart border is quite
variable by reason of the fact that atrial and ventricular actions conflict.
The pulsations along the right vascular contour are either of a venous, ar-
terial, or mixed type.

Adjacent Organs. Esophagus. The 1 pic and k; phic study
of the barium-filled esophagus reveals definite displacements at the level of
the ventricular mass, mainly in the dorsal and ventral”direction—a kind
of pendulum movement. At the level of the left atrium one notices rather
variable findings in different people. Fund lly the dorsal ent
seems more rapid, it probably consists of two waves, one shortly pl’eCCleg
the ventricular mechanical systole which may be caused either by the. atrial
contraction or by transmission in connection with the ventricular period of
rising tension, the second, smaller one, apparently takes place .betwgen ven-
tricular systole and diastole and is perhaps caused by the diastolic atrial
enfargement. .

Liver and Diaphragm. The kymographic study and fl obse'rva-
tion of the diaphragm shows the presence of small pulsations on both sides.
The medial portion of the left leaf, in the immediate vicinity _of the hea.rt,
and as seen from in front, moves n the same direction as the vmb!e Pomon
of the heart: craniad durng systole, caudad during_diasmle. This is best
noted during forced inspiration and also with the vertical type of heart. The
findings during forced expiration and with the transverse type of heart re-
main ta he investigated The right Jeaf shows a more .r"{pl‘d. _cal‘xda.l movement

~ Aaninla

the juge 31 i Wavi, 4nL s
the jugular vein; the cranial movement cu_rresponas s 4 ;
mov]ergent of the‘ diaphragm results in a slight reduction of the thoracic volume

during ventricular systole.
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Lung vessels A chest film taken during respiratory standstill with an ex-
posure time of perhaps 4 second shows considerable blurring of both the
cardiovascular borders and all intrapulmonary vascular shadows If several
chest films of the same individual are made, with an exposure time of 1/15-
1/20 sec., some will show blurring, especially of the hilar vessel shadows,
some will nat. This blurring will be noticed in none of the various chest films
made in 1/40 sec If films with an exposufe of 1/15-1/20 sec. are now taken
at determined moments of the cardiac cycle 1t is seen that the intrapulmonary
blurring is most pronounced at the time of the systolic discharge and absent
during the diastolic period. If the technical set-up permits, roentgenograms of
the chest should therefore be taken at the moment in which the ventricles are
almost at the end of the diastolic phase Exposures made during systole like-
wise show the hilar vessels larger in size than in films made during diastole
The of the int 'y vessels are partly a displacement by the
mechanical movement of the heart (this holds true especially in the central
portions of the lungs) and partly volume changes and changes in their course.
They ate perhaps also caused by vibration within the elastic lung tissue.

Blood Flow. This has been studied by i ducing a contrast sub
in the vessels of animals.

If a few cm* of 10-30% hsmuthol are injected into the femoral vein
of dogs, the centripetal course of the artificial embolus is stopped with each
ventricular systole. In the right heart & whirlng movement takes place,
the ejection is not complete with one beat. This could indicate that the
ventricle normally does not completely empty; however, it should be re-
membered that we are dealing with a substance of higher specific gravity
than blood. The same argument holds true for the process of embolization
of the lung where one finds that the basal portions are favored (more so on
the nght side) because changes in the position of the body demonstrate tke in-
fiuence of gravity

Seventy per cent sodium iodide or abrodil was injected into the superior
vena cava of dogs and roentgenograms were taken during both systole and
diastole The anterjor view shows the right atrum to be almost vertical
in shape during ventricular systole and crescent shaped during diastole, with
the aunctla leaping over the infundibulum of the right ventricle. The right
ventricle durng systole has a hornshaped appearance, at the beight of sys-
tole the infundibulum and the very apical portion contam contrast-substance
while n the middle portion the walls seem to be i contact. During diastole
the lumen of the right ventricle is much larger, its outer border comvex, its
inner border vertical In the lateral view during ventricular systole there are
seen both the injected coronary artertes and the funnel that 1s formed by the
closed atrto-ventricular orifice During diastole’ a large column of contrast-

. substance is seen extending through this orffice The pulmonary artery is
smaller Fluoroscopy shows cloudy shadows moving from the base toward the
apex where they turn around and disappear craniad. When the animals are
dymg, the contrast-substance scarcely enters the tight ventricle and enters not
at all into the pulmonary artery, while the atrium forms a wide sac.

Thorotrast was injected 1nto the jugular vem of dogs and cats The amount
was }4-2% of the body weight, and the duration of the injection was several
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minutes, Then the right ventricle was noted during systole to become smaller
and to shorten in its basal portion by about one-third Following systole blood
shot from the right atrium into the right ventricle—first in a thin stream and
subsequently in the form of a wide band The wedge or tongue-like shadows
of the auricular appendages enlarged during ventricular systole and ap-
parently took up complementary spaces. The shift of the aorta between the
systolic and diastolic positions was'as great as the size of the lumen proper.
Fiity per cent sodium iodide was injected into the femoral and external
jugular veins of dogs, cats and rabbuts, and the size of superior and inferior
vena cava, as influenced by respiration, was studied by roentgencinematog-
raphy. An inspiratory constriction of the inferior vena cava at its exit from
the diaphragm, and natrowing in its intrahepatic portion, were definitely
demonstrated. In another series of experiments thorotrast was injected directly
into the wall of the vena cava in dogs. This permitted the study of any changes
in diameter. No sigmficant changes in the diameter of the thoracic portion
of the vena cava were observed when the dog was lying on its side, but slight
changes in diameter occurred during the respiratory cycle when the dog was
standing. Conclusions as to conditions in man cannot, however, be drawn
from this because dogs and cats have a muscular band, and rabbits have
bundles of collagen fibers which loop aver the inferior vena cava at the caval

foramen.
The bulbus of the aorta was injected in rabbits by introducing a catheter
through the carotid artery. R and electr i were €OT-

related and it was demonstrated that the coronary arteries very probably
filled mainly during systole.

Venous air embolism permits the visualization of a collection of air in the
cranial portion of the right ventricle with a bulging out of the adjacent
wall,

In man, the course of a contrast-substance in the veins has been s.md'x‘ed‘
The veins of the arm show definite changes in their lumen for which respiration,
1 and perhaps chemical stimulation are responsible. The
blood does not necessarily flow along the shortest possible route toward the
heart. It may deviate near the narrowed portions into sma'l]er _branches, thus
pursuing a zig-zag course, The flow in the axillary veins is acceferat'ed‘
Contrast-substance was injected mto the saphenous vein and the emptying
time for the recumbent position determined, it was § to 30 seconds 1n normals,
but up to 2 mmutes when there had been bed rest for a good number of
days This slowing was counteracted by inhalation of COz~ and was nu,t ob;
served at all in patients affected by t icosis People with well-develop:

musculature of good tonus have a rather rapid venous current. Elevat.mn of
the leg, and muscular contractions will always increase the velocity of

the current )
As to the intracardiac injection of contrast-substance in man, see chapter I.
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Cnarter VI

ANATOMICAL—CLINICAL—ROENTGENOLOGIC
CONSIDERATIONS

Palpation, Percussion and Auscultation, The principles upon which
palpation and percussion depend differ from those upon which the roentgen
silhouette is based. It 1s therefore erroneous to expect identical results when
applying these two methods. The roentgenologic projection is independent of
conditions between the silhouette of the heart and the place of projection. It
is an objective method. The status of the heart action, the distance of the
heart from the surface, as well as individual differences in lung volume, curva-
ture and elastiaity of the chest, etc., influence the results of the subjective
methods of palpation and percussion. The clinician who, with full knowledge
of the differences and limitations, checks his percussion with the results offered
by the roentgenologic method, will attain 2 much greater degree of accuracy.
Perhaps it may be said that before orthodiagraphy was introduced there was
no uniformity of opinion among clinicians as to the shape or extent of the
cardjovascular dullness.

When a radiopaque landmark is fixed over the apical thrust, one notices
that for perpendicular roentgent projection it seldom coincides, with the
Jeft lower pole region, although it tends to comcide with the left heart
border. If the apical thrust is defined as the definite forward lift, imparted
to the chest wall at a right angle, it is usually found to be located ! to 4 em.
above the roentgenologic lower pole and it is approximately thrice as frequent
outside the silhouette as inside. It follows then that there is clinically a
greater tendency toward overestimation than toward underestimation of
the heart size This projection of the apical thrust beyond the silbouette is
especially marked in two conditions First, in the presence of a narrow chest
where the lateral chest walls slope backward; second, when the transmission
of the impulse radiates due to overactivity of the heart (thyrotoxicosis,
exercise).

In order to check the results obtained by percussion one may proceed to
fasten short pleces of wire along the outline of the cardiac dullness and make
an orth a bly at 300 cm. distance.
A simpler method is to mark the outhre of percuss:on by means of a colored
penal and to draw with 2 pen orthodiagraphically the autlive of the sil-
houette directly upon the skin of the individual. Caution is required when the
ordinary orthodiagraphic tracing sheet is compared with the percussion
outline on the chest of the patient, It leads to error if the sheet is placed

in direct contact with the chest, especially if the tracing of the clavicles is
directly superimposed tpon the clavicles per se. The transparent sheet must
be held vertically and must touch the chest only in the lower stemal region.
The correct height is obtained if by process of visualization, the clavicles on
the orthodiagram are brought into the same horizontal level with the clavicles
themselves. In correlating the clenched fist with the orthodiagraphic sil-
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emptying period of ventricular systole; second, if the senses of touch and
vision are acted upon simultaneously by a stimulus, it will require approxi-
mately 001 sec. longer for it to be perceived by the eye. This law holds for
optimal visual stimuli, while with the poor intensities upon the screen the delay
is greater, for the latent period between the advent of the stimulus and the
beginning of the sensation increases with a decrease of the stimulating light.
If now, while observing the fluoroscopic actwvity of the heart, one listens
simultaneously to the heart sounds, an even more puzzling fact is observed.
The first sound is heard during (roentgenologic) diastole, the second sound
during ( logic) systole. The explanation is f similar
to the previous one, the first sound occurs while roentgenologically the sil-
houette is still large, i.e, before the emptying period begins. At the end of
this period, the second sound is produced, while the silhouette still remains
small since the vehtricles are not yet relaxed sufficiently to be filled from the
atria. Second, if stimuli reach eye and ear simultaneously, the perception
by the eye 1s delayed approximately 004 to 006 seconds; and again the
delay is actually greater because we are not dealing with optimal but rather
with poor light intensities. Another psychological fact is here to be con-
sidered: with the stimulus levels for touch and light and for sound and light
equal, we will perceive first that sensation to which we attend.

Physical activity. It can be demonstrated in animal physiology from the
heart weight
body weight
functional demands. Related to the same body size, birds have hearts nearly
twice as large as mammals. The highest ratios in birds are found in those
species which are distinguished for powers of flight or running or for loudness
of singing. Comparing birds of the same species, one finds that the athletic
members have much higher ratios; thus the ratio for the tame duck is
06-0.7% and for the wild duck 106-11%. If one excludes, among the
mammals, the smallest representatives, all of which have high ratios because
of the high metabolic rate, one can divide the remamnder into two classes:
those which are capable of continuous and severe muscular exerase and those
which are not. The ratio in the former group 1s above 0 6% and in the
latter below 0 6% Bats have exceptionally heavy hearts; their hearts are as
large as those of birds of similar size and the ratio of 1.21% surpasses that
of the deer (115). Athletic members again have gher ratios. The average
ratio for racing greyhounds was found to be 1349 (with a maximum of
1.73%) while the average ratio for mongrel dogs is 0.8% (with 2 maximum
of 10%). The average ratio for thoroughbred race horses was found to be
092% (with a maximum of 1.162), while the average ratio for ordinary
horses is 0.68% Selection seems to play a role because greyhound pups and
yearling race horses have a ratio already above the average. The ratio for
the hare is three times that of the rabbit. Animals with powerful hearts have
relatively extensively developed right ventricles

In order to evaluate tha affart nf avarrica on tha hanet anfmeals Looo L
submitted to certain ex
a period of 3-6 months
in 24 hours The heart v

ratio that the mass of the heart is directly correlated with the



134 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

houette, the sheet is turned counter-clockwise, until the oblique diameter
Is identical with & diameter of the fist, which extends from its ulnar and proxi-
mal end to the interphalangeal joint of the index finger.

Approxiately identical results may be expected, theoretically, for hoth
percussion and Roentgen projection, This is fulfilled for an ared extending
several cm outside each parastemal hine. The normal vascular mass, howevey,
s too far distant from the anterior chest wall to produce, under normal con-
ditions, any appreciable dullness, The right heart border is likewise rather
deep, the wall of the right atrium very thin, and considerable lung tissue over-
lies it. Therefore on percussion of the right heart its border is located ap-
parently more medial than the roentgenologic border. At the left side, in
the third intercostal space and over the fourth rib, corresponding to the waist
of the heart and to the upper portion of the ventricular region, there is usvally
exceflent coincidence. Farther out and downward, the direction of percussion
and of the roentgenologic projection diverges more and more and consequently
the difference in the results gbtaned by the two methods becomes marked.
It is a common error to place, by percussion, the left contour too far to the
left and too far cephalad, This applies to both normal and pathological hearts.
Underestimation, however, is the rule in the presence of emphysema.

A number of authorities have determined the average and maximal differ-
ences between the results of the two methods. Individual methods of, and
capacity for, percussion as well as the use of the two roentgenological methods
(orthodiagraphy or tel g hy at ahout 200 cm, distance) explain
some divergence in results. On an average, one may state that in 50-.60%
there is agreement within a lLimit of 0.5.0 75 em. Experienced examiners
have found maximal deviations of 2-2.5 em, The average difference {or each
side is xoughly 1-1.5 cm. but it is usually greater in enlzfrged heatts, in. older
people, in women, in the presence of emphysema, obesity anFl defo.rrmly of
the chest. Wherever the roentgenological method is available di by the
method of percussion does not hold its former significance L.

It can be mentioned only briefly here that clinical methods may give in-
formation not obtainable roentgenologically, There follow t\vo.exaxfnples In
the presence of right ventricular hypertrophy, and for the ?nterxor view there .
may be almost normal figures in, and but moderate change in the spap? of, thev
cardiac silhouette; but the palpating hand feels the pathognomonic sign ofa
heaving lower sternal portion, provided that there is an assoc.\ated enlarge-
ment of the Jeft atrum. The left lower pole region of zhg sﬂhcuene. ?f] l:
high grade mitral valvular lesion, may reveal mentgenolugxc;lly!no ﬁusx
pulsations and yet movement can be seen Or palpated on the g s Iwam; he

If one observes the fluoroscopic activity of the heart and palpa

i t simultaneously, an observation is made which is perhaps some-
apical thrus ?"3 the a ical, thrust precedes the inward movement and wix.h
T e s 5 ‘while the heart is moving outward, This

igher heart rates it seems to occur X s 1101
::\%v:d ‘movement caincides with the radial pulse which is known to follow

i for these observa-

. after the ventricular systole. The exp]anatl?n
:1/:13 xze:s iaol!u:vs'. first, it should be recaffed that the apical thrust corresponds
tnuthe riod of rising tension in the ventricles and rep’resents the very eagly
part ofpe the systple while the “roentg )! systole” corresp to the
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emptying period of ventricular systole; second, if the senses of touch and
vision are acted upon simultaneously by a stimulus, it will require approxi-
mately 001 sec. longer for it to be perceived by the eye. This law holds for
optimal visual stimuli, while with the poor inten«ities upon the screen the delay
is greater, for the latent period between the advent of the stimulus and the
beginning of the ion i with a decrease of the stimulating bght.
If now, while observing the fluoroscopic activity of the heart, one listens
simultaneously to the heart sounds, an even more puzzling fact is observed.
‘The first sound is heard during (roentgenologic) diastole, the second sound
during (roentgenologic) systole. The explanation is fundamentally similar
to the previous one; the first sound occurs while roentgenologically the sil-
houette is still large, i.e., before the emptying period begins. At the end of
this period, the second sound is produced, while the silhouette still remains
small since the ventricles are not yet relaxed sufficiently to be filled from the
atria. Second, if stimuli reach eye and ear simultaneously, the perception
by the eye is delayed approximately 004 to 006 seconds; and again the
delay is actually greater because we are not dealing with optimal but rather
with poor light intensities, Another psychological fact is here to be con-
sidered: with the stimulus levels for touch and hight and for sound and light
equal, we will perceive first that sensation to which we attend

Physical activity, It can be d d in animal physiology from the
heart weight
body weight
functional demands, Related to the same body size, birds have hearts nearly
twice as large as mammals. The highest ratios in birds are found in those
speates which are distinguished for powers of flight or running or for Ioudness
of singing. Comparing birds of the same species, one finds that the athletic
members have much higher ratios; thus the ratio for the tame duck is
06-0.7% and for the wild duck 1.06-1.15. If one excludes, among the
mammals, the smallest representatives, all of which have high rattos because
of the high metabolic rate, one can divide the remainder into two classes.
those which are capable of continuous and severe muscular exercise and those
which are not. The ratio in the former group is above 06% and in the
latter below 0 6%. Bats have exceptionally heavy hearts, their hearts are as
large as those of birds of similar size and the ratio of 1.219% surpasses that
of the deer (1.15). Athletic members again have higher ratios The average
tatio for racing greyhounds was found to be 1.34¢5 (with a2 maximum of
1.73%) while the average ratio for mongrel dogs is 08% (with a maximum
of 10%). The average ratio for thoroughbred race horses was found to be
092% (with a maximum of 1.155), while the average ratio for ordinary
borses is 0.68%. Selection seems to play a rdle because greyhound pups and
Yearling race horses have a ratio already above the average. The ratio for

e hare is three times that of the rabbit. Animals with powerful hearts have
relatively extensively developed right ventricles.

In order to evaluate the effect of exercise on the heart, animals have been
submitted to certain experiments. One month old rats were kept running for
?-pericd of 3-6 months in a revolving cage, as much as 10 miles was covered
in 24 hours, The heart weights of 5 animals showed a difference of 7 3-37.7%

| —

ratio that the mass of the heart is directly correlated with the
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?oyette., the sheet Js tumed counter-clockwise, until the oblique diameter
is identical wnl‘h a diameter of the fist, which extends from its ulnar and proxi-
mal end to the interphalangeal joint of the index finger. .
Appr.oxialely {dentical resu.lts may be expected, theoretically, for both
percussion. and 'Roentgen projection. This is fulfilled for an ared extending
several cm. outside each parastemal line. The normal vascular mass, howevey,
s too far distant from the antetior chest wall to produce, under normal con-
ditions, any appreciable dullness. The right heart border is likewise rather
deep, the wall of the right atrium very thin, and considerable lung tissue over-
lies it. Therefore on percussion of the right heart its border js located ap-
partently more medial than the roentgenologic border. At the left side, in
the third intercostal space and over the fourth rib, corresponding to the waist
of the heart and to the upper portion of the ventricular region, there is usually
excellent coincidence. Farther out and downward, the direction of percussion
and of the roentgenologic projection diverges more and more and consequently
the difference in the results obtained by the two methods becomes marked
It is a common error to place, by percussion, the left contour too far to the
left and too far cephalad. This applies to both normal and pathalogical hearts
Underestimation, however, is the rule in the presence of emphysema. N

A number of authorities have determined the averape and maximal differ-
ences between the results of the two methods. Individual methods of, and
capacity for, percussion as well as the use of the two roentgenological methods
(orthodiagraphy or teleroentgenography at about 200 cm. distance) explain
some divergence in results. On an average, one may state that in 50-60%
there is agreement within a Iimit of 05-0.75 em. Experienced examiners
have found maximal deviations of 2-2.5 cm, The average difference for each
side is roughly 1-1 5 cm. but it is usually greater in enlarged hearts, in older
people, in women, in the presence of emphysema, obesity and deformity of
the chest. Wherever the roentgenological method is available diagnosis by the
method of percussion does not held its former significance. -

It can be mentioned only hriefly here that clmical methods may give in-
formation not obtainable roentgenologically. There follow two examples. In
the presence of right ventricular hypertrophy, and for the anterior view there .
may be almost normal figures in, and but moderate change in the sl'lap(.e of, the
cardiac silhouette, but the palpating hand feels the Pathognompmc sign of 2
heaving lowey sternal portion, provided that there is an assoc.lated enlarge-
ment of the left atnum The [eft lower pole region of the sm;ouecce'q[ 2
high grade mitral valvular lesion, may reveal roentgenologically no visible
pulsations and yet movement can be seen or palpated on the chest wall.

If one observes the fluoroscopic activity of the heart and palpates the
apical thrust simultaneously, an observation is m.ade which is pEl’h-"lPSdSm{’é;
what unexpected: the apical thrust precedes the inward movement and wi

i it seems to occur while the heart
?xi%v};‘;lh;;:e:gz lctuim:ides with the radial pulse whi_ch is known to follow
1/10 sec., after the ventricular systole. The explanation for these ohserva-
tions is as follows: first, it should be recalleq that the apical thrust corresponds
to the period of rising tension in the venh'xcle.s and rep‘l’:smts the very ea:}lly
part of the systole while the systole” cor to the

is moving outward. This
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cardiac area growth curse was determined in the pre-exercise period as well
as throughout the whole study for both exercised and control dogs. The ratio
of cardiac volume (V = 0.44 X A%) was determined. The results were
as follows: 7 of the 8 dogs showed an increase within 3 to 5 weeks after the
beginning of exercise and 5 of the 8 exercised dogs either overtook or sur-
passed their controls or drew away from the controls during the period of
exercise. All dogs were sacrificed. As compared with the controls, heart weights
increased 5% and 13% for the runners and swimmers respectively; the heart
weight-body weight ratios were increased 1195 and 17%; the heart weight-
leg muscle weight ratio exceeded 5.4% and 14% respectively, ie, the heart
musculature had grown proportionately more than the peripheral musculature.
Another experimenter kept dogs running for prolonged periods, A subsequent
microscopic study revealed an increase in the size of the nuclei for both heart
and skeletal muscle fibers while an mcrease in the size of the fibers was limited
to the heart muscle

The relatively small number of animals used in all these experiments, the
type of exercise, the possible variant response of the growing and the grownup

organism, and the lack of complete uniformity in the results must be borne
in mind.

Rabbits which were driven to exhaustion showed no definite changes in the
silhouette although postmortem studies revealed acute dilatation of the right
ventricle. Another investigator reported diminution of the cardiac area as great
as minus 19% Finally, it should be added that animals which have been
chased to death reveal signs of severe autointoxication but no cardiac enlarge-
ment

The detection of possible changes in the size and shape of the heart in
man under the influence of sudden or prolonged physical activity is dependent
mainly on the roentgenological method

It is of fundamental importance to realize that single or numerous feats
of physical activity will elicit diiferent responses from the cardiovascular sys-
tem. A cardiac enlargement may be expected if there is cardiovascular disease
present as found in the course of infections, such as tonsillitis, sore throat,
grippe, low-grade rheumatic fever, or accompanying hypertensive or coronary
artery disease. It is therefore advisable, after a patient has had an acute in-
fectious disease, to warn him agamst undergoing any strenuous training for
a period of at least several weeks, and sometimes Months,

An able pathologist has recently analyzed the heart findings in 76 athletes
who died during full physical activity, most of them instantaneously. He
concluded that 14 instances revealed evidence of either definite or probable
cardiac hypertrophy, A entical analysis reveals that 7 cases should be dis.
carded, 6 because of definite heart disease and 1, 2 woman, because of a recent

delivery. Out of the remaining 18, there are figures for both heart weight and
body weight available in 8 instances. In some of these 8 cases, an increase in
the heart weight was assumed to be present because the average figures were
exceeded Out of this series 3 cases unquestionably showed cardiac ‘hyper-
trophy. In 2 second series by the same author, compnising 9 cases in whom
death had also occured quickly, one case showed definite cardiac hyper-
trophy. The ages varied between 21 and 25 years Microscopic studies on
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(average 23.3%) in favor of the exercised rats and further experiments showed
that the increase in weight was related to the amount of exercise taken. An.
other author trained 22 rats (running in a revolving drum) for 60 days, 52-
144 km. having been covered. Then all animals were retired to inactivity and
smalt groups sacrificed at intervals. In those sacrificed immediately, the heart
weight constituted 0.5-0.6% of the body weight; 8.9 days after cessation of
training one found 0.42%, and the percentage had receded to normal values
—0.33-0.36% —at the 48th day. A third author experimented with two
groups of rats (their age is not stated); one group was wild, the other was
a group of laboratory animals. They were chased around in a room daily until
greatly fatigued, sacrificed in from 3 to 37 days and carefully dissected The
changes to be described were found in the laboratory rats enly (9 rats with
5 serving as controls). In those animals sacrificed after the 23rd day an
heart weight
body weight
was observed. Elongation of the heart prevailed and the increase in mass
affected the right ventricle relatively more than the left. A fourth experimenter
forced 22 rats to swim strenuously. Cardiac hypertrophy invariably resulted

The right ventricle was most affected; the right atrium ranged second, and
the left ventricle participated frequently but not regularly. Three rats that
had been swimming, and 2 rats that had been running, were sacrificed 5 to
6 months later, and the hearts were found to have normal weights. The chief
involvement of the heart was closely related to the type of exercise; swim-
ming affected the right heart, and the effect of running was more marked in

the left heart,

The :":" We‘,g:t ratio of the wild rabhit is 0.33%. After caging it was

ol ‘WEl;
reduced to )(:J.ZS% and approaches that of the tame rabbit (0.24%); there
was no corresponding loss in skeletal musculature,

‘The following experiments on animals are of interest, Five dogs were re-
quired to walk thrice daily on a motor-driven treadmill a distance of 2-3 km.
and 1000-1400 m uphill in ¥ to 34 of an hour. As compared with 3 controls,
it was found that skeletal and cardiac muscle hyper.tmphied to the same
extent, i.e., the ratio remained unchanged. Other exper however, ob-
tained different results Five dogs, 6 to 1834 months of age, were kept running
on a treadmill for a total of 120-414 hours over a period of 3-6 mymhs.
‘The ratios—average 0,849 —were definitely greater than thl_’se of their un-
exercised litter mates—0.56%. The changes were gre'ater in the growing
dogs as compared with the adult dogs. Anotl_xet investigator used 6 young
dogs of the same litter, four as controls, one in a cage, while the snxt}:k\\}as
allowed to play all day long, and for the last two rr.mnlhs had to wal ﬂz:r
houts up to elevations of 200 m. The lateral orthodlagr.aphxc area; for the
resting and exercised dogs were 30 and 35 5 o’ respectively and the ral;:;
0.55% and 0,62 respectively. Roentgenographic observations were reporte
on growing dogs, some of which were caused to exercise as long as 1%

eats, runming on a tread wheel and swimming with we_ng:i!s fﬂa{i‘fi ab;::
\he shoulders, while Ltter mates were held as unexercised controls.

increase in the total heart weight as well as in the ratio total
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should be borne in mind that if a group of athletes are examined roentgenolog:-
cally, immediately following the end of exercise, a different time will elapse
for each of them until his record is taken. Where exercise is exhaustive, both
the systolic and diastolic blood pressure may fall considerably below average
normal figures. S} it is almost impossible to make a roentgenological study
while the exercise is ccminuing Exceptions, however, are certain exercises such
as elevating a leg, swmgmg dumb-| bells, or muscular acuvnty w}ule ndmg 2
bicycle Orth h 1
phases and cinematography have shown no or only very slight pIus or minus
changes In the latter cases errors in technique may account for this Kymo-
graphic studies have shown an increase in the amplitude of pulsations during
exercise of 40-60%5. The heart rate during exercise rarely increases more
than three times the original. This, in connection with the limited increase of
the visible amplitude, can hardly be assumed to explain the enormous increase
in the stroke volume unless the movements of the atrioventricular septum in-
crease very considerably. The fact that the normal heart does not increase in
size during exercise, is incompatible with the prevaiing view of the physi-
ologists, namely, that the increased afflux of venous blood during diastole
produces a temporary dilatation of the ventricles of the heart, so that the
muscle fibers are Jengthened prior to the systole and consequently enabled
to contract more powerfully. Rather it would seem that the greater amount
of work is accomplished by an increase 1n the emptying power and a decrease
in the rest volume of the heart. Nothing is known as to the size and pulsations
of the heart when the dead pont 1s reached and during the phase of the second
wind,
The chinical concept of an acute, almost physiological cardiac

following very strenuous exercise, was dxsproved 20 years ago by roentgen
study The diffuse apical impulse, changes in the positton of the ribs and of
the diaphragm, and in the air-filing of the lungs had misled the clinician,
Immediately following completion of athletic exercise there is a moderate
diminutron of the cardiac silhouette. This was observed in such a high per-
centage and in so many nstances that it cannot be accounted for on the ground
of erroneous interpretation due to faulty technique This diminution is ex-
pressed in T and L and by volumetric determination by means of the formula
A X Tp X 063. One would be inclined to attribute 1t to an increased dis-
chatge. But since this diminution was found to persist, even for a great number
of hours jollowing very strenuots exerctse, other factors (tonus?) must play a
role. An average of minus 6- 7% for lmear or area measurements is given by
most autherities, An increase in the size of the silhouette has been noted in in-
dividuals who display a tendency to an orthostatic diminution of the silhouette
in the upright position. The deepened respiration and the mcreased tone of the
peripheral vessels and skeletal musculature last beyond the effort period. This
brings about an emptying of the peripheral blood depots, and hence an in-

creased influx of blood results. A widenmng of a prevmusly normal sﬂhouette
has been gbseryea = wasmnnms wha anllanpad énlla o T

it 15 interesting
with some myoc
crease. Further studies shonld be made with material of this sort
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the status of the heart musculature were not reported for most of these cases,
but macroscopically there was no evidence for disease, Another case has
reported, age 31, where the microscopic study revealed fibrous scars in one’of
the papillary muscles but nothing else. Thus there are now available 4 hearts
of athletes (two of mountain climbers and skiers, one of an all-round man
with preference for running, one of a physical educator wha excelled in
gymnastics, and one of a professional hoxer) in whom the average total heart
weight was 452.4 grams, and the average heart muscle weight 387 grams. These
figutes definitely exceed the average weight for normal hearts. The common
anatomical shape of these hearts was elongation with but little or no widening,

It is interesting to recall a statistical study which showed that out of a
total of 38,269 American college men, the life expectation of the 4,976 athletes
compared well with that of their classmates. Constitutional jnadequacies, ex-
treme youth, severe emotional influences (shell-shock), and lack of proper
physical training are either contributing or even, occasionally, etiologic factors
which, in connection with strenuous physical activity, may bring about cardiac
enlargement. The proof fies in the fact that therapeutic reduction, by means
of rest and digitalis, is possible.

Changes 1n the heart size may occur during exercise, following exercise, or
may be occasioned by a period of prolonged training.

For the general roentgenologic problems, the reader is referred to chapter
1V, and more especially to the “criteria of comparison.” Some special points
are as follows: 1) the position of the diaphragm following strenuous exercise is
rarely the same as before; in some instances it is lower because of increased
lung volume, while in others it is higher, especially when exercise has led to
complete exhaustion. The lower chest aperture is often eleva.ted and d_le
depth of the chest increased; this in tum may influence the dlaphx:agmahc
position, The type of respiration is likely to be more coftal Lhzu? dn}phrag‘
matic and, especially with exercises of speed and locomotion, the inspiratory
stage is sustained 2) the phase of the cardiac cycle is important because of
the changes in the venous return and in the systolic discharge. It seems,
that with marked tachycardia, there is a tendency to sketgh the denser, systohc
silhouette orthadiagraphically. 3) the difficulty in obtaining re:iords during ot
immeduately after exercise which may be favorably compared with those taken
at rest is obvious. In addition the changes which are ei;‘)ected ?mount to
only a few percent for b T '“‘”‘""‘t
ments do not account fc . N
the heart undergoes son 2

has the largest volume. * R ’
ta nart for reasons which have already been discussed in chapter 1V, 1 pat! 13

onclusions from the results which were oblaied ulllitwatiy susv g
Eiscc;las to the changes which would take place during exercise. But lmmedmtel);
on cessation of exercise, the vencus inflow to the heart dlm)mshe_? be}c‘zuselo
the cessation of the pumping action of the skeletal muscles, while the pu hse
rate falls more slowly. Consequently, the output of the beart excee(ris a} e
venous inflow and the diastolic volume either falls to normal or below. It also
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demands the greatest O, consumption per kg Skiing is usually performed at
higher altitudes.

In the former group {tests of speed), the roentgenological heart stze is, for
practical purposes, always found to be normal In the latter group (tests of
endurance), a number of healthy athletes show a tendency to relatively larger
silhouettes; nearly always, however, stll within the norm, if only sufficient
correlation factors are considered.
Thus marathon runners, bicycle
riders, oarsmen, skiers, and to some
degree swimmers and ricksha pullers
are the groups where the average
heart size is relatively high and where
single cases definitely reach the upper
Fmits of normal Roentgenological
studies on hard manual workers gave
no evidence of cardiac enlargement
Many of the hearts in athletes show
more rounding of the right lower and
the upper portion of the left lower
contours than is customarily seen in
people without adequate physical

, traiming In skiers, often the left lower

pottion of the heart shadow seems
rather prommnent, while in swimmers
some straightening of the waist of the
heart may be noted It is pethaps a
post hoc propter hoc proposition to

Fic 52—36 yrs, M Perfectly well Com-
pehitive athletics for 14 years skating, bi-

assume that athletics of this sort -

cause such development of the heart T 147 o™, Th 233 em

It 1s possible that men who have

hearts slightly larger than the average have a natural superiority for such
forms of athletics

It is not uncommon to observe during the period of severe training that
the heart shadow increases moderately during the course of 4-6 weeks and
Tecedes at about the satne rate following cessation of tramning Though it is

. true that slowing of the heart rate to about 60 per minute is often observed,
this does not seem to explain the increase in size entirely. Thus increase is
perhaps related to a higher vagal tonus.

It is interesting in this connection to compare certain findings in the athletic
hate and the non-athletic rabbit, The former has a resting pulse rate of
60-70, the latter of 205, After vagal section the respective rates are 264
and 321, i e,, simple ablation of the vagal control enables the hare to increase
its circulation 4 fold, whereas the rabbit by this means can produce an increase
of only 1.6 fold.

Whether the process underlying the increase in heart size during the training
period is only a stretching of the muscle fiber or whether there is also an
actual growth of heart musculature, we do not know As previously cited,
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The statements as to the findings of heart size after prolonged physical
activity (military service, heavy manual laboy, athletics) are greatly at varj-
ance. Those who claim enlargements seem, as a rule, to have come to this
conclusion either because hearts which were not normal to begin with were
included, or because they compared their figures with certain standards with-
out considering the total physical de-
velopment. It should be a strict rule
that any suspected abnormal findings
of the heart size shall be evaluated
only in connection with the total body
development of the bearer, Often, too,
average figures only were considered
instead of the range of variation. And
finally it is conceivable that a beart
which was originally undersized will,
under the influences of training, de-
velop to normal size. Athletes seldom
if ever show what one would call a
small heart. But otherwise marked
vanations are observed as one might
expect,

Different physiological responses
are to be expected with different
forms of physical activity. Tests of
strength are often performed as static

Fic S1—21yrs, M History not sigruficant
No complaints 7 yrs of fvothal}, baseball,
track and wrestling Height 173 ¢m, weight
19 kg, chest arcumference 96 cm Apical
thrust barely palpable Heart rate 56-60 B.P.,
128780 Orthadiagraphic projection of car~
diac sifhovette on ant, chest wall, This
procedure 1s not as correct as an ordmary
orthodiagram, The following figures refer to
this orthodiagram, those in brackets to the
measurement taken from the drawing on the
skin, L 150 [146], B 111 [114], T 14.8
[1521, Th 267 cm The sithouette just
exceeds the size of the fist Heart size at the
upper ot of normal, perhaps shightly ex-
ceeding 1t

exercise, here belong stages in the
act of weightlifting The pumping
action of continuously contracting
and relaxing muscles is absent and
this interferes with the venous re-
turn; in addition, the intrathoracic
pressure is considerably increased.
The degree of increase of intratho-
racic pressure which is needed to
cause a brief, marked interference
with the heart size, varies apparently
for diHferent individusls Dyname ex-
ercises can be subdivided into tests of
speed, where efficiency in locomotion

is needed in a given unit of time; and info tests of endurarice, Where Jess work
is accomplished in the unit of time, and a demand for efficiency in effort Es
made upon the muscle unit, A 100 m. race induces rapid changes in the physi-
ology of the body but is followed by rapid regression; it can almost be ac-
complished by taking one single breath. Other tests of §Peed are represer?ted
by tennis, boxing, fencing Tests of endurance are skx_mg, rowing, cyding,
swimming, and running for long distances. A great capacity of the hcfﬂl fora
protonged increased stroke volume is demanded. Swimming, for instance,
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only a part of the general problem in evaluating the functional state and
capacity of the cardiovascular system.

Pregnancy. As one may expect, the heart shows a physiological reaction
in the sense of progressive changes during pregnancy, and regressive ones
fallowing delivery. During pregnancy the basal metabolism is increased 10-20%
{average); a mean of plus 10% is found for the stroke volume. The weight
of the heart muscle increases without, however, surpassing normal limits, and
the ratio of heart weight to body weight remams constant. The displacement of
the apical thrust and the increase in dullness to percussion, which is caused
by a closer relation of the mass of the heart to the anterior chest wall, easily
misleads one to clinically diagnose a dilatation, especially when associated
with the common finding of murmurs and accentuation of the second pulmonic
sound,

The roentgenological evaluation has mainly two factors to consider. The
first is the change in diaphragmatic position; the cranial shift varies from
zero to 4 ¢m. for different individuals, with an average of 1.5 to 2 cm The
effect of this shift depends, however, upon the spatial conditions in the chest.
If, for instance, the distance of the aortic arch to the upper chest aperture is
short to begin with, the vessel shadows will be larger because of a wider
spread; whereas slight changes occur with greater original distance. The dis-
placement by the elevation of the diaphragm is less than one is inclined to
believe since the lateral, visible portions move more cranially than the cen-
trum tendineum does. The second factor is a change in projection. Because
of the shift in the center of gravity the body of the pregnant woman assumes
an increased lumbar lordosis. This causes a change in the antero-posterior
angulation of the heart. Roentgenological statements of definite cardiac en-
1 are and may be explained in a twofold manner, First,
roentgenograms which were taken at 150 cm. were compared with standard
figures obtained by orthodiagraphy; second, the pleuropericardial triangular
shadow was not differentiated from the cardiac shadow and was thus included
in the measurement.

1 1 :

are ly noted along the silhouette, including
the contour of the superior vena cava. Clinically one observes an exaggeration
of the jugular pulse All these findings should be explained by the increase in
the amount of circulating bleod .

In taking as standard figures which were obtained at the time of three month
pregnancies, it was found that until the end of the seventh month, one-
third of the heart shadows showed an increase in diameters of more than
0.7 em There were more cases without changes than with changes. During
the eighth and ninth month, one-half the total cases showed an increase, These
figutes were greater in the presence of functional cardiac disturbances, The
increase affects T and L and the average increase of T amotnts to 1 to 2 cm.
Studies undertaken 8 days before and after delivery showed a decrease for
the latter period of 077 em for T, and of 097 cm for L. It was attempted
to determine the volumetric changes in applying the formula V = A X Tp
X 063 and an average increase of 50 to 75 cm®, during pregnancy was found;
heart volume . .

TFody weght remained practically unchanged As compared

but the ratio
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actual heart weight changes have been observed in animals, We also do not
!mow w!:ether such a possible increase in the mass of the heart musculature
in man js in proportion to the rest of the musculature of the hody or not.

The amplitude of pulsations is relatively large but proportionate to the
slower heart rate, especially during the period of training.

Many factors must be considered for their effect on heart size and amplitude
A few of these are: blood pressure, venous return, length of the diastolic
period, amount of resting blood in the heart, amount of circulating blood,
intrathoracic pressure, fluid loss, pH concentration, sympatheticotonic, humoral
and nervous regulation.

In those cases where the size of the heart reaches the borderline, one single
roentgenologic study is of limited value; follow up studies at intervals of 4-8

Fic 53—22 yrs, M History: Tonsillitis
six mos. ago followed by tonsillectomy
There were eght years of competitive
athletics compnsmg football, baseball and
hockey There were no complaints ¥Find-
ngs: The ht. was 167 5 cm. (5 it 7in ), the
wt 873 kg (192 1b) and the chest creum-
ference in expiration 987 ¢m (39 m)
‘The apical thrust was just palpable 10§
cm to the It of the midine There was
a short systolic apical murmur that was not
transmitted, and P: was not accentuated,
the rate was 72/mmn, and the BP 138/82,

Orthodiagrams. The sohd line tracing
was taken during the trammg penod, and
the dotted lLne traung after athletic
activity had been discontinued for a period
of four weeks The measurements at these
two occasions were as follows,

Furst 4 wks later
Obhque diameter 157 em 141 enn.
Broad dizmeter 104 em 97 em
Product of these two 1633 em? 1368 cm
Width of chest 236 em, 239 ecm

Comment. A regression of -heart size following cessation of strenuous athletic traming

is demonstrated
From Roesler, H, 4m, Journ Roenlg, 1936, 36, 319, Courtesy Chatles C Thomas,

publisher, Sprngfeld, TII

weeks will give more valuable information, Constancy of the heart size permits
a liberal attitude while the tendency to progression requires strict limitation
or complete cessation of physical activity. Strictest adherence to the require-
ments for comparative roentgenograms, as outlmed in chapter 1V, is im-
perative. _ i
That cardiac enlargement has been and is being diagnosed roenfgeno]oglca]ly
where there was and is none, cannot be doubted. 'Minor deviations from the
norm may escape diagnosis. In case of deﬁnite_cardsac enlargement, one should
r athletic activity only as a contributing factor and search for other,

nside; 2  for other
o enlargement, important as its recognition is, 15

primaty etiology. Cardiac
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changing the venous inflow into the heart, the blood pressure and the nervous
tonus, pitressin exerts a direct effect on the coronary arteries in the form
of spasm, This coronary spasm, as observed in dogs, is associated with acute
cardiac dilatation. Coronary spasm, together with the fall in blood pressure,
leads to a marked increase in the cardiac rate which tends to diminish the
heart size; this change in cardiac rate may be counteracted by vagal paralysis
(atropin). Within Z min following a pitressin injection, there results en-
largement of the heart which seems to affect the right heart more as indicated
by the shape of the silhouette in the different views. T increases about 30%.
The lung fields, duting the acute phase of dilatation, show no signs of conges-
tion whatsoever, The rabbit’s heart hkewise reacts with enlargement and
simultaneous conduction disturbances

Digitalis. (a) Animals. 1) the cardiac area in a dog was shown to decrease
from 55 to 33 cm?® under the influence of a lethal dose. This corresponds to
the maximal systolic ventricular contraction. An increase near the time of the
exitus is accounted for by an enlargement of the right atrium 2) dogs with
cardiac epl; due to 1 di amﬁcially produced mitral re-
gurgitation, but without failure, were given digitalis A decrease of the cardiac
area and an increase of the ventricular contractions resulted. The previous
findings recurred as the dlgltahs effect rl1<appeared The determination of
the extent of the cardiac i 1s made on ky hic tracings, draw-
ing tangents to the troughs and crests and finding the average dxstance in
a single respiratory cycle. While the 1 drawn are ind\ of the
magnification resulting from the central projection, the absolute figures appear
increased and the magnification changes with alterations in the heart size.
3) following digitalis medication, for a target film distance of 85 em., and
with a heart rate of not more than 30 per minute, the increase in the ampli-
tude at the left contour for 6 normal dogs was found to be 39-113%, and
for the right contour 26-67%. 4) Strophantin was shown to produce in rabbits
a transient decrease of the cardiac area. This was particularly marked when
the heart muscle had previously been damaged by repeated injections of
spartein sulpbate and epmephnn chloride 5) if the heart of normal dogs is

bjected to if dilatation of the heart may oceur. For
teleroentgenograms, it amounts to plus 9-1355 for the cardiac area after one
hour of fibrillation. Now if 25-50% of the Iethal dose of digitalis is given
{and while fibrillation still persists) the size, one hour later, will be plus 0-6%
of the original value for the area. One hour later (the normal thythm being
reached) the area vanes from minus 9% to plus 4% as compared with the
figures before the beginning of the experiment

b) Man. The evaluation of the digitalis effect 1s simpler for the normal
heart. Following a sufficient amount of the drug, as shown by the characteristic
changes in the electrocardiogram, the cardiac area was found to diminish
7-15%. Further, an insignificant decrease in the heart rate is associated with
a decrease in its output, Digitalis in the presence of cardiac failure brings about
changes which licate the logical interpretation, viz., slowing of
the heart rate, especially in the presence of a\mmlar fibrillation; an increase
in the output; a change in the blood distribution; a decrease in the venous
pressure; a diminution in the size of the lver caused by the beginning of




144 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

with .these minor and physiological changes, marked dilatations, without re-
gression, were observed to take place in the presence of mitral valvular disease.
and there was steplike progression during the course of repeated pregnancies.

An anatomico-clinical entity in the sense of heart disease in association with
uterine myomata does not exist, If cardiac enlargement is found together with
the presenice of myoma, then hypertension, coronary artery disease or anemia
must be thought of.

Study of Pharmacelogical Effects. Amylnitrite dilates the peripheral
vessels, lowers the blood pressure, increases the heart rate, decreases the
vagus tonus and increases the accelerans tonus. In the great majority of both
men and cats there results a temporary moderate decrease of the cardiac sithou-
ette. This was observed by teleroentgenograms, giving due consideration to the
phase of the cardiac cycle, and by combined kymography of both heart
borders. With the latter method it was shown that the amplitude does not
change and the actual linear decrease has a matimum of about 11%. A marked
increase in the B . . PPN laitrita
and nitroglycer
at an increase: ,
the type of pulsations along the contour of the superior vena cava have not
been reported.

Atropine causes tachycardia by decrease or paralysis of the vagal tonus.
‘There results a decrease in the cardiac silhouette which is observed by tele-

genog , orthodi hy and k phy. The degree of the decrease
depends upon the degree of tachycardia. Maximal changes for the area are
minus 15-20%, for the actual linear dimension minus 14%, as obtained by
different investigators and methods.

Adrenalin increases the blood pressure, causes tachycardia and sympathetic
stimulation, The second and third factors counteract the first in its in-
fluence upon the heart size. Dilatation of normal hearts fs never observed

mt—seVeiianlls tn taka nlocs in man hut is observed in animals; it is likely

nts for this. In about half of

decrease; the same decrease

is observed in the amplitude, though not regularly by any means, Hearts,

which were affected by valvular lesions, showed an increase in the silhouette,

this interesting fact should be studied further with cobperation between cli-

nicans and roentgenologists. A case with Addison’s disease fias been reported

in which the heart size increased during attacks of low blood pressure Follm.v-

ing adrenalin injection, the heart size decreased together with an increase in
the blood pressure. o .

Neosynephrin. When 3 to 10 mgm, of this sympathomimetic drug are in-
jected, the heart rate will slow to 30 to 45 beats_per minute, and' this deg\"ee
of bradycardia may persist for as fong as 80 minutes The cardiac area in-

creases from 5 to 20%. 3
¥stut-melns Whon thiz dme is given to patients who display rpentgfnclnglc
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changing the venous inflow into the heart, the blood pressure and the nervous
tonus, pitressin exerts a direct effect on thé coronary arteries in the form
of spasm. This coronary spasm, as observed in dogs, is associated with acute
cardiac dilatation. Coronary spasm, together with the fall in blood pressure,
leads to 2 marked increase in the cardiac rate which tends to diminish the
heart size; this change in cardiac rate may be counteracted by vagal paralysis
(atropin). Within 2 min following a pitressin njection, there results en-
largement of the heart which seems to affect the right heart more as indicated
by the shape of the silbouette in the different views. T increases about 30%.
The lung fields, during the acute phase of dilatation, show no signs of conges-
uon \whatsoever The rabbit’s heart likewise reacts with enlargement and
conduction disturb:

Dugitalis, (a) Animals, 1) the cardxac area in a dog was shown to decrease
from 55 to 33 cm® under the influence of a lethal dose. This corresponds to
the maximal systolic ventricular contraction, An increase near the time of the
exitus is accounted for by an enlargement of the right atrium. 2) dogs with
cardiac enlargement due to long-standing, artificially produced mitral re-
gurgitation, but without failure, were given digitalis, A decrease of the cardiac
area and an increase of the ventricular contractions resulted. The previous
findings recurred as the digitalis effect disappeared The determination of
the extent of the cardiac de is made on ky phic tracings, draw-
ing tangents to the troughs and crests and finding the average distance in
a single respiratory cycle, While the lusions drawn are independent of the
magnification resulting from the central projection, the absolute figures appear
increased and the magnification changes with alterations in the heart size.
3) following digitahis medication, for a target film distance of 85 cm., and
with a heart rate of not more thar 30 per minute, the increase in the ampli-
tude at the left contour for 6 normal dogs was found to be 39-113%, and
for the right contour 26-67%. 4) Strophantin was shown to produce in rabbits
a transient decrease of the cardiac area. This was particularly marked when
the heart muscle had previously been damaged by repeated injections of
spartein sulphate and epinephrin chloride §) if the heart of normal dogs is
subjected to auricular fibrillaton, dilatation of the heart may occur. For
teleroentgenograms, it amounts to plus 9-13% for the cardiac area after one
hour of fibrillation. Now 1f 25-50% of the lethal dose of digitalis is given
{and while fibrillation still persists) the size, one hour later, will be plus 0-6%
of the original value for the area One hour later (the normal rhythm being
reached) the area varies from minus 9% to plus 4% as compared with the
figures before the beginning of the experiment

b) Man. The evaluation of the digitalis effect is simpler for the normal
heart. Following a sufficient amount of the drug, as shown by the characteristic
changes i the electrocardiogram, the cardiac area was found to diminish
7-15%. Further, an msignificant decrease in the heart rate is associated with
a decrease n its output Digitalis in the presence of cardiac fallure brings about
changes which li the inter , viz slowmg of *
the heart rate, especially in the presence of auricular ﬁbnllanon an increase
in the output; a change in the blood distribution; a decrease in the venous
pressure, a diminution in the size of the liver caused by the beginning of
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diurgsis apd consequent_change in the diaphragmatic position, After due
cox}sxd‘eratlon' and ch'oosmg cases without liver enlargement there is still
a significant increase in the amplitude of pulsations of the left lower contour;
and a decr_ease of the cardiac area is observed to take place within 24 hours
after sufﬁaent dosage (08 to 1.8 grams). Simple fluoroscopic observation
convincingly shows this increase in amplitude. It has also been stated that
the ventricular systolic contour, which appears rather fiat during the stage
of failure, becomes more curved when compensation is reached. Neatly all
the studies have been undertaken upon indiiduals with a mitral valvular
lesion Should digitalis be capable of diminishing the size of the right ventricle,
then a preater part of the left ventricle should consequently participate more
in forming the contour because of the clockwise rotation of the heart, This
would change the amplitude and it also would very likely account for changes
in the area. Further studies are therefore required on persons with left ven-
tricular failure but with relatively little or no enlargement ot failure of the
right ventricle. Digitalls (16 to 1.8 grams) in the presznce of heart disease
shows no uniform effects with respect to the size of the cardiac area A diminu-
tion of the area was associated with a decrease of cardiac output m the pres-
ence of avricular fibrillation while with sinus rhythm a diminution of the
silhouette was found to be associated with either a decrease or increase in
cardiac output, ie., the heart behaved either like a normal or like a failing
heart. Studies on patients with severe heart failure and normal sinus rhythm
have been undertaken to test out the effect of a crystallme cardiac glycoside
of digitalis lanata. When 1.6 mgm. (eight cm ®) of lanatoside ¢ were injected
intravenously, the transverse diameter of the cardiac silhouette was shown by
roentgenkymograms to diminish 0.5 to 2.0 cm. within a period of 30 to 60
min And within the same time an incréase was noted in the systolic and
diastolic volume differences, indicative of an increase in the stroke output.

Following digitalis medication, a definite decrease in the heart area was
observed in soldiers who, during the war, developed cardiac dilatation follow-
ing enormous physical overexertion. Hypertension, valvular defects and §bnor-
mal heart rhythms were excluded and cardiac failure was absent; their age
graup was 19 to 32 years Such observations make 1t seem more than probable
that digitalis has an effect on ‘the tonus of the heart muscle

Dilatation and Hypertrophy. It is almost needless to point out that more
than one ettologic factor may be responsible for cardiac enlargement. T? u.te
only 2 few examples: In four-fifths of patients wit_h_ coronaty thro'r:lbosl in

combination of emphysema and hypertension 1s common.

Enlargement may affect the chamt of the heart t lly. In respfzct
to the left ventricle, the following factors may be menuone'd.: Hypertension
(of any etiology, including acute and chroni.c glamenﬂo.nep.hnus, an.d coatcta-
tion of the aorta); aortic regurgitation, mltral. regurgitation, aortic stenosis
- (hypertrophy prevails); cotonaty artery sclerosis; aneurysm o['zhe wall. ’I:m.a
right ventricle is invol d pred ly in the p of mitral stenosis;
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in the Jate stages of congestive failure from almost any cause; occasionally
in the presence of systemlc hypertension thhout failyre; chronic disease of
the p Y P such as emphysema; obstructive disease in the
lesser circulation (sclerosxs, endarterms, chronic embolization); tricuspid
regurgitation; interatrial septal defect; pulmonic regurgitation or stenosis
(hypertrophy prevails); B-avitaminosis, The left atrium is particularly en-
larged in the presence of mitral valvular disease; and this is especially the
case when the disease results from fibrosis of the wall following rheumatic
myocarditis, but is also observed with failure of the left ventricle, For the
right atrium, causative factors are right ventricular failure, tricuspid regurgi-
tation or stenosis, and the interatrial septal defect. It should be stated that the
degree of enlargement in the presence of valvular lesions does not always
seem to be closely correlated with the apparent extra load.

The more generalized form of enlargement is noted with a number of con-
ditions—some common and some rare, viz., combined valvular lesions, ad-
vanced stages of congestive failure of varied etiology, myocardial lesions in the
course of rheumatic fever, diphtheria, grippe, typhoid fever, Fiedler's type of
myocarditis, myxedema, acromegaly, and severe and prolonged anemiz. In this
connection it 15 proper to state that all myocardtal lesions of toxic-infectious,
endocrine or nutritive origin may, but do not necessarily, lead to cardiac en-
largement. Among other causes may be mentioned arteriovenous fistula,
matked bradycardia, glycogen storage disease, rhabdomyomatosis, hemo-
chromatosis with infantilism, transposition of the great arterial vessels, com-
mon arterial trunk, origin of one or both coronary arteries from the pulmonary
artery, or bilocular and trilocular heart.

Acute dilatation of the heart is undouhtedly a rare condition. Perhaps the
best instance of its occurrence is that following severe toxic damage such as
noted in the presence of dlphthermc infection. The right heart may- dilate

to Contrary to common belief, general en-
largement does 1 not usually follow an atlad. of coronary lhrombosls Thxs re-

A healthy heart may dilate suddenly. This is clearly noted in fluoroscopy
during the pause following a premature ventricular beat, likewise, when the
breath is held, the glottis closed, and a strong inspiratory effort is made
Strenuous exertion never causes dilatation of a healthy heart, Paroxysmal
rapid heart action may be followed by dilatation, but only in connection with
the development of congestive failure Care should be taken not to confuse acute
dilatation of the hea.rt with collectmn of fluid in the pericardial cavity,

‘While the jol of the heart muscle as a means
of adaptation, the clhinician Is inclined to correlate these findings with potential
or actual myocardial insufficiency In the presence of coronary artery disease,
cardiac enlargement is a much less valuable guide than in valvular lesions.
Anginal failure is compatible with a normal heart size, Patients with coronary
artery disease who develop cardiac infarction oiten reveal no change in heart.
size on follow-up studies, When this is the course of the disease, it will be
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found that a fairly active life is carried on much more commonly as compare
with those who either had cardiac enlargement to begin with or who develo
cardiac enlargement subsequent to the attack of cardiac infarction ‘

Congestive failure rarely occurs in the presence of normal-sized hearts By
in this connection it should be remembered that in chronic constrictive peri
cardial disease the heart is prevented from increasing in size and that failure o
the circulation nevertheless develops sooner or later,

Patients with cardiac entargement have, as a rule, 2 diminished capatity fo
work The term enlargement in this connection refers mainly to the ventricula
mass, The general remark holds true that the larger the heart, the worse th
exercise tolerance, experience with individual cases, however, shows excep
PRAUE RN Ceha Lol
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mote frequently, and the same holds true of the occurrence of thrombosis along
the atrial wall or 1n the coronary arteries, It may also be stated that there is ne
strict proportion between the degree of enlargement and the signs and symp-
toms of heart failure. Heart size is not more than a fair prognostic eriterion,
and the clinician never should omit obtaining a correct idea as to the general
exercise tolerance of a patient. Furthermore, the etiology and special ana-
tomical features of a disease process are important items in the prognostic
evaluation and should always be taken into consideration. It is known that
sudden death often occurs in the presence of syphilitic coronary ostium
stenosis with or without associated aortic regurgitation, or in the presence of 2
high degree of aortic stenosis, and that in both instances this oceurs regard-
fess of heart size The correlation of cardiac enlargement with mortality seems
to be highest for patients with rheumatic valvular leslons. In one such very
careful study on 1164 cases, it was found that the mortabty quota for all
valvular lesions together for three groups of heart sizes, as .determmed by
orthodiagraphy, was as follows. For approximately normal-sized hearts the
ratio of actual to, expected deaths was 420 percent, for moderately enlarged
hearts 589 per cent, and for greatly enlarged hearts 1092 per cent .
“The rate and degree of development of enlargement depends first upon the
severity of the disease. The more marked, for instance, the Soxic damage, the
greater will be the cardiac enlargement, A second factor which conmbgtcs 1o
asvdine enlargement is physical overexertion while the dise?sg'_p{ocefss is S\:‘}.‘

ever, progression takes place over shorter perious UL Ll wiw st o v ¢ :
to o!y:tain exact information as to the rate of progression. An Increase, espe
cially if rapid, gives a poor prognostic outlook This holds particularly true in

myocarditis,

To make a chagnosis of cardiac enlargement involves a serious responsibility.

An erroneous diagnosis may unjustifiably withhold normal and healthy gc(i\u-
ty from a youngster, may deprive 2 man and his f'amily the benef»t of afife msur;
zzxce policy, and may become most unnhecessarily for the patient a source o

i i in him or her the seed of inferiority feelngs. l}ul even if
'a:xls_ly and_ Hgflcaar:‘:ﬁlachlm nt is blished beyond doubt, it will gen-
o
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erally be wise not to use this term in conversing with the patient because what
is a truth to the physician may be a nightmare to the patient .

Two anatomical forms of dilatation are distinguished, the myogenic and
tonogenic type. Both types may easily be combined. The former is found with
diffuse damage to the ventricular and is ck ized by the
predominance of the width over the length figures for one or both ventricles.
The latter is encountered in the presence of increased resistance ahead of
the respective ventricle, the vemncular musculature is not diseased. The
process seems to be ible if the ceases to act, This
type of dilatation develops in two stages and proceeds in the direction opposite
to that of the blood current. First the outflow tract, i e., the part from the apical
portion to the semilunar valves will be affected; thus, 2 predominant elonga-
tion results When the right ventricle is affected, its top portion, the conus,
shows the most marked changes, though the anterior portron of the septum
and apical portion is elongated also. A counter-clockwise rotation of the whole
heart is noted when visualized from the base. When the left ventricle is affected,
its anterior wall and adjacent portion of the septum are lengthened with some
widening of the apical portion. A clockwise rotation of the whole heart is
noted when visualized from the base. In a second stage the inflow tract, ie.,
the part from the apical portion to the respective atrioventricular valves will

* be affected, thus a globulisation results. The posterior portions of the wall and
septum for the respective ventricles are involved. As soon as the process sur-
passe§ the apical pomon, the degree of the respective rotation of the heart

until i p ly when dilatation has reached or
d the respectiv 1 ricular ostium.

As to whether or not jt is possible to differentiate menlgenolo"mlly the
myogenic and the second stage of tonogenic dilatation remains for further in-
vestigation. The first stage of tonogenic dilatation, as expressed by a moderate
elongation of the silhouette for the left ventricle and by a prominence of the
conus region for the right ventricle, is noted roentgenologically.

The following remarks refer particularly to the roentgenological aspects of
enlargement of the heart

The principal expansion of the left ventricle is dorsad but also to the left,
right and ventrad The left lower pole portion appears drawn out in the sil-
houette. A marked bulge of the left lower contour may be caused by a ven-
tricular aneurysm. The silhouette 15 modified when the heart is primanly in
median position and here a more globular shape 15 found.

The principal expanston of the right ventricle is to the left but also ventrad,
dorsad and to the right Since the normal rounding of the left lower border in
the anterior view is caused by the left ventricle, the left border of the silhouette
will become steeper the more the right ventricle participates in the formation
of the ventral heart wall Smallness of the left ventricle has a similar effect

An increase in the distance from the midline and an increased bulging
of the right lower cardiac border cannot always be taken as a sign of en-
largement of the right atrium but may be due to enlargement of the right
ventricle,

The left atrium enlarges into the posterior mediastinum with some prev.
alence towards the right side.
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1f a change in the silhouette is observed to take lace withis
p.rovided the criteria for comparison films are ﬁlx)lﬁllez‘i lt‘il:’n;af;wbgag:;;?;],
exther_ wit.h a change in the heart size or with the develop’ment or resorption :;
a pericaridial effusion. Acute dilatation of the heart is far more often diag-
xtllc::::) l:l;:l: 2?[:1?]1})1’ l;:n'e_sem; it 15 noted gccasionally,‘ however, as in coronary

iphtheria, When congestive heart failure supervenes the pul-
monaty artery with its branches, the Iung fields, the superior vena cava and
the right atrium, rather th'an the ventricular mass provide evidence of change,
Results of careful percussion make it almost certain that the right ventricle
may undergo 'changes in size of which the ordinary roentgenogram gives no
evidence; obviously, these changes take place in the antero-posterior direction.

It has been stated that a marked change of the shape of the silbouette in
the course of changes in the position of the diaphragm with respiration indi-
!:ates a poor tonus of the myocardium, Further investigation into this problem
is needed. It is true that greatly hypertrophied hearts show hardly any changes
in shape under such conditions.

Congestive Lung Failure. The roentgenologic observation of the lung
ﬁ.elds is a most valuable means of direct study of the lesser circulation. It
gives information concetning the blood and fluid content of the lung tissues.
It permits one to distinguish between different types and degrees of congestive
lung failure and thus to evaluate the hemodynamic circulatory disproportion’
on either side of the lesser circulation, Positive roentgenologic findings may
precede the clinical findings of rales; and signs and symptoms of failure in
the lesser or greater circulation need not be concomitant, 4

1) One type of congestive lung failure which js comparatively rare may be
characterized by: “active, hypertensive, central pulmonary, interstitial and
i , ed t ion; sut ” 1t is rather pil
and deserves careful attention. It is most probably related to left ventricular
failure, Azotemic cardio-renal disease (both acute and chronic) is the usual
etiology. Some of the features resulting from the disturbance of metabolism in
the presence of uremia are chemical irritation, fibrinous exudation and de-
creased tendency to resorption. These individuals have dyspnea, little or no ex-
pectoration, gailop rhythm, an increase in the systolic pressure and, unless
there is aortic regurgitation present, there is increase in the diastolic pressure
also. These patients are afebrile, and if crepitant rales are heard they often do
not occur in basal location. Roentgenologically, the central and median-basal
portions of the lungs display a cloudy opacity which is largely symmetrical but
not homogeneous. It consists of wide streaks and denser, flzky and mottled
areas, all hazily outlined and confluent The transparent bands of the larger
bronchi may be visible. Formations of vascular,dendritic character are not
seen. The heart shadow may or may not be appreciably enlarged but its outline
may be hardly visible because of lack of contrasts, The peripheral parts of the
lungs remain transparent, ie., the amcal, lateral and basal-lateral areas. The

opacities in the long fields may di quickly under ’ a or if, m the
case of acute glomerulonephritis, anuria ceases. They may diminish if addition-
al right ventricular failure is added to the picture. X .

i ivalent for the pul -y opacities is -

The L N .
tion of fluid into the interstices of the Jungs and finally into the alveolar spaces.
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Obliterative bronchiolitis has also been noted. The sites of preference are the
well aerated and actively arterialized portions of the lungs, The roentgenologic
picture cannot be explained by vascular dilatation, the appearance is quite
different and the postmortem examination of people who die in an attack of
pulmenary edema may show no overfilling of the lungs with blood. It is not a
charactenistic picture and, from a purely descriptive point of view, might
resemble an inflammatory process or the changes that have been noted with
periarteritis nodosa, The process 1s located centrally and it is therefore not
surprising to find relatively few rales as the clinical sign in many casef.

2) Another type of congestive lung failure is not se umform but is quite
different from the first one. This might be called: “predominantly passive,
hypertensive, diffuse pulmonary vascular overfilling; chronic; with perivas-

Fics, 54, 55—18 yrs, M BModerate dyspnea and cough A few rales over the lungs
BP 180/110 Acute glomerulonephntis with anuna Ant wview moderate enlargement of
silhouette, predominantly to It. Extensive changes m the central portion of eitber lung

daphragm somewhat lower also Lung fields show practically normal appearance.

cular and interstitial reaction.” It varies in degree and is most typical in the
presence of chronic mitral valvular lesions. The following description may
be given for some of these cases. The vascular portion of the hilus is increased
in size and opacity, the outhnes are perhaps not distinct; the bronchial
transparency is less visble. The lung fields are transparent, the vascular
shadows are more prominent toward the base where there may be somewhat
less contrast. A greater number of cases will reveal the following appearance:
the vascular portion of the hilus shows additional vessel shadows, some in
cross section, some in longitudinal section, the outlines of this whole central
Tegion are somewhat indefinite. Farther toward the periphery, the vascular
shadows are not very definite and are increased in number; they may be
observed in the extreme periphery In addition, a fine areolar or marbled pat-
tern is wvisible. The contrast decreases defimitely toward the base and during
fluoroscopy the ribs are rather pootly visualized In other cases, multiple small
nodular shadows are added to the areolar network; they may have an extensive
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distribution and may perhaps be so diffuse as to leave only the apical portions
free; their presence produces a fine mottled, miliary appearance of the lung
fields. In other instances, hazily outlined cloudy areas of varying size and
of little density are visible, and are arranged along fibrotic strands or around
foci of calcification; or they may spread near the interlobar fissures, or along
the periphery, or near the contours of the chest and of the diaphragm The
caudal-dorsal portions of the lungs do not increase greatly in transparency
during deep inspiration. Pleural effusions may or may not be present

The following anatomic changes account for these pictures. All the blood
vessels are fuller and the blood content of the lungs is farther increased by the
opening of reserve capillaries. The blood velocity is diminished more in the
basal portions and in these less aerated areas the passive hyperemia, accom-
panied by some transudation, is most marked. Furthermore, the lymphatic
vessels which are located in the interstitial tissues and around blood vessels
and bronchi are congested. The hilar and intrapulmonary lymph nodes are
edematous and their sinuses and adjacent lymph channels are filled with
fluid. Marked transudation is found along the bronchi and larger vessels and
around areas of induration and consolidation (of any etiology), along 2
thickened pleura and apparently wherever normal respiratory changes are
interfered with. Finally, nodules which are just visible to the naked eye,
represented by large groups of heart failure cells, are found in cases of mitral
stenosis,

The azypos vein curves ventrad around the cranio-dorsal aspect of the right
main bronchus and, in emptying into the superior vena cava, it casts a drop-
like shadow that measures 0§ by 1.5 cm and is normally visible in abm.'lt 15
0 20% of the cases This shadow increases considerably in the course of right-
sided failure but its wisibility may be interfered with by hilar stasis, promi-
nence »f the superior vena cava shadow, or anatomical variations in the course
of the vessel.

Pulmonary congestion that develops within a relatively short time, such as
observed in the course of left ventricular failure due to hypertension, aortic
valvular disease, or cardiac infarction, differs somewhat in appearance from
the usual variety observed most typically with mitral stenosis. In the former,
diffuse haziness, sometimes accompanied by cloudy shadows, prevails over the
increase in pulmonary markings noted in the usual variety. The reason for this
15 edematous inibition of the lung tissue, and here the ‘widening of the large

appearance and
1ng felds of pa-
tients with long-standing mitral stenosis is observed. The ﬁx;ely supple(:
is also observed in mliary tuberculosis, in early stages o
D ogenons i bronchrolitty obli and in the diffuse type
of tuberous bome formation, though in the latter case tltehdensnt.y is very
i is i th car
ked. A diffuse pet-like e is also with |

;;:phangitis and with di d small t e Mixed forms are

ceen with purpura and chronic purulent bronchiolitis. -
" In the presence of mitral valvular dfsease, :dequa!e and_ SUCfcssI'u t erapy

will not bring about a 1 £ of the
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ical findings but a remarkable increase in the transparency and better defini-
tion of the vascular structures in the hilus region is noted in those instances
where failure was present.

3) The ch feristic indication of | y edema is the precence of ill-
defined, large and conﬂuent shadows i in (he lung ﬁelds with preference for the
penlular region, and this bas been noted i in 2 variety of conditions, Pneumonia

ly and err d instead With respect to acute left
heart failure we mention: tardlac infarction; hypertensive-atherosclerotic dis-
ease; coronary ostium stenosis in connection with syphilitic aortitis (with or

Fic 36—62 yrs, M History Progressive
dyspnea dunng the past 3 mos Findings
Wt 63% kg (1401b) Left and nght sided
failure was present and Cheyme-Stokes res-
prration was marked The apical thrust was
in the 6th 1 sp in the ant aillary hne
There was a systolic apical murmur, gallop
thythm and accentuation of Py, the rate was
144/mn, BP 120/80 Fundi Normal
Unne with trace of albumn, urea n 31
mgm S, no anemia, Wassermann negative
ECG: Sr, It bundle branch block

Roentgenogram  Ant view Heart en-

~larged and of aoruc configuration Small
amount of fluid at rt base Advanced degree
of pulmonary congestion

Course The patient improved slowly on
bedrest and digitahis The urea n fell to 16
mgm % The BP readings were normal at
all tmes The wt dimumished to 482 kg
(106 Ib) The Cheyne-Stokes respiration
perasted however in spite of intravenous ammophylhn medication Suddenty fever and
cyanosis developed Death (3 wks following roentgenographic study)

Postmortem  The heart weighed 450 gm The left ventricle was enlarged and hyper-
trophied The maw coronary artenes and their tentral branches showed calafication and
narrowing but nowhere a complete occlusion The mitral leaflets showed fnable vegeta-
tions, there was no evidence of a previous rheumatic mfection Microscopic The heart
muscle showed an acute rheumatic myocardits The Jungs were moderately rongested
and there was an acute lower lobe pneumoma The kidneys showed an early arterio-
and arteriolar nephroscleresis

Comment* The patient had atherosclerotic coronary artery disease with a super-
imposed acute rheymatic myocarditis, hypertension may have been present 1 the past,

. An advanced degree of 15

:
|
’
F

without aortic regurgitation), certain types of mitral stenosis characterized by
absence of congestive faiture and showing only moderate enlargement of the
left atrium and perslstem smus rhylhm With respect to a combmed dlsturb-

anna nf Rland oo oo s S GREPPRR DL

ditions possessing the common factor of shock (atony of the capillanes and
venules, hemo ration) To cite surgical interven-
tion, burns, intoxications (from mercuric chlonde lluminating gas, rattle-
snake bite, toxemias of pregnancy), internal periorauuns and hemorrhagic
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Fi, 57—68 yrs, M History 6 mos ago sudden attack of substernal oppression with
radtion, lasting for one day Smce then typical effort angma 6 days ago sudden onset
of dyspnea followed by cough, hemoptysss, ankle edema Findings. A shght degree of
cyanosts, Cheyne-Stokes respiation, shght pretibial edema and a few basal rales were
noted The heart revealed gallop, apical sounds of low intensity, As accentuated, BP
120/95 Fundi Chorodal atheroscleross Blood wureza n 46 mgm %, creatinin 21
mgm %, sugar 107 mgm %, cholesterol 224 mgm %. Kidneys Urine sp gr 1032, trace
of albumin, urea clearance 35% ECG Nsr, normal P and P-R, mtial deflection
with maximal voltage m lmb leads of 6 mm, Qs present, very small imtial upward
stroke 1n CFz 4 5, S to Tz 2 archied, Th ssoelectric, Ts , sharply mverted, T positive in chest leads

Ant view: The heart 1s enlarged The pleura 15 thickened at rt Pulmonary congestion
15 present Adjacent to the left lung root a fairly well arcumscribed area of increased
denstty 15 noted (bl arrow)

Course: Low grade fever persisted for the first week Then the B P. started to fall,
remained below 100 and was 70/60 for the last two days of ife Gallop rhythm and ,
Cheyne-Stokes respiration persisted ~The peripheral edema disappeared under the influence
of digitais and mercupurm, but pulmonary rales persisted Death.

Postmartem (18 days followmng the roentgenogram) - The lungs were edematous with
patchy bronchopnetmoma An misrct was noted mn the cramal-ventral portion of the
left lower lobe, pyramudal in shape and measuring 3 cm on a side The nght pleural
cavity was obhiterated by adhesions On the ventral surface of the It ventricle the
pericardium and epicardum were adherent over an area Mmeasunng about 4 cm in
dameter The entire left coronary artery was found to show consderable atherosclerosis
with narrowmg of the lumen The anterior descending branch of this artery was com-
pletely obstrugted by an athero ‘ e
was a myocardia) mfarction, ©
point of infarction, 1e, in the
ventricles near the base, the 1
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Fic. 58—50 yrs, M. History: Well in the
past 3 wks pror to death & sudden cutting
pain appeared 1n the 1t chest with slow re-
covery during the subsequent week A few
days later pamn of the same character in the
It chest posteriorly, aggravated by respira-
tien, chull, no cough, no hemoptysis Find-
ings: Temp 399° C (103 4/5° F) Rapd
and shallow respiration, rales at both bases,
mpawed percussion noted and diminished
breath sounds at It base, Normal heart
sounds, rate 120/min, thythm regular, B P.
126/76 Whe, 13050 with 85% polys
Blood sugar 152 mgm %, Wassermann
begative Fundi normal

Roentgenograms, ant and lat wiews,
illustr, omitted: Abrormal homageneous
density just above the It leaf of the dia-
‘phragm and extending dorsad into the It
lower lobe The intetlobar septum 15 dusplaced dorsad Fluoroscopy showed limited mave-
ment of the It. leaf of the diaphragm

Course, The temperature became normal 4 days later W B C 9050 with 77 polys

Roentgenogram (6 days following the previous one) - Ant view The area of abnormal

density at the It base has and partial tion is noted There
remains a sharply demarcated band of homogeneous density 3 cm above the It leaf of
the duphragm and parallel to it Fl showed y of the
duaphragm

Course 3 days later the temperature rose to 38° C (100° F) Some moist rales were
heard at the rt base and bronchovesicular breathing at the It While on the bed pan the
patient developed generalized convulsions and died within a few min

Postrmortem* The heart weighed 550 gms, was moderately dilated and showed a marked
loss of tone The coronary arteries were about normal for this age, the valves were
normal Microscopic* Myocardzal degeneration A thrombus 18 cm in length was m the
pulmonary artery and m its two mam branches The It lung showed an infarct in the
caudal portion of the It lower lobe measunng 4 cm at ats base and ivolving about
7 ¢m of the lateral angle There was 2 diffuse reaction around it but no consohdation.
There was a locahzed area of dense adhestons to the panetal pleura at the caudal and
postero-lateral aspect of the It lower lobe All organs showed congestion

€omment Within a short period the patient had three attacks of pulmonary embohzation
of which the third one was fatal. The of the second p
1nfarct is fauly charactenstic If the patient had lived, a hnear shadow at the It base rm,ht
have been the only remnant of the disease process

ventral surface of the heart diagonally, involving the ventral portion of the It. ventncular
wall, and the 1t side of the infarction crossing the interventricular septum, running dorsad,
so that the entire apex, meluding its dorsal portion, was infarcted In one area in the
center of mfarction so much necrosis had occurred that only the epicardivm appeared
to prevent rupture The endocardium over the infarcted area was covered by a thick
l2yer of thrombosis Other portions of the endocardirm, the valves and the nght coronary
artery were healthy for the age of the mdividual

Comment+ This patient was afficted by coronary artery disease He had a cardiac
infarction 1n the past The course of & very recent cardiac wfarction was aggravated by
pulmonary infarction The ECG findings are charactenstic for the former lesion, and
the roentgenogram 13 hughly suggestive of the latter
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Fic 57—68 yrs, M History 6 mos ago sudden attack of substernal oppression with
rachation, lasting for one day Since then typical effort angina 6 days ago sudden onset
of dyspnea followed by cough, hemoptysis, ankle edema Findings A shght degree of
cyanosis, Cheyne-Stokes respiration, shight pretibial edema and a few basal rales were
noted The heart revealed gallop, apical sounds of low mtensity, As accentuated, BP
120/95 Fundt Choroidal atherosclerosis Blood: urea n 46 mgm %, creatmin 21
mgm %, sugar 107 mgm %, cholesterol 224 mgm % Kidneys. Urme sp gr 1032, trace
of albumun, urea clearance 35% ECG . Nsr, normal P and P-R, imtial deflection
with maximal voltage in hmb leads of 6 mm, Qus present, very small mitial upward
stroke in CFux, S to Ts  archied, Ts poelectnc, T s sharply inverted, T positive 1 chest leads

Ant view: The heart 1s enlarged The pleura is thickened at rt Pulmonary congestion
is present. Adjacent to the left lung root a farly well crcumscribed area of ncreased
density 15 noted (bl arrow)

Course; Low grade fever persisted for the first week Then the BP started to fall,
remained below 100 and was 70/60 for the last two days of hfe Gallop rhythm and ,
Cheyne-Stokes respiration persisted -The peripheral edema disappeared under the influence
of digtalis and mercupurin, but pulmonary rales persisted Death

Postmortems (18 days following the roentgenogram) The lungs were edematous with
patchy bronchopneumonta An infarct was noted in the cranial-ventral portion of the
left lower lobe, pyramidal in shape and measuring 3 ¢m on a side The night pleural
cavity was obliterated by adhesions On the ventral surface of the It ventricle the
pericardum and epicardium were adherent over an area measunng about 4 cm in
chameter The entire left coronary artery was found to show considerable atherosclerosis

with narrowing of the Jumen The anterior descending branch of this attery was com-
- e == = ==s71 1 cm from s orign There

of the pyramid lymng at the
dway between the It and rt
on the it. side to cross the
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pancreatitis Pulmonary edema has been observed in patients who, during the
post-operative course, nere given excessive amounts of fluid parenterally.

4) Evidence of congestive lung failure need not accompany cardiovascular
failure or embarrassment. This fact is observed i a good many instances in
the following conditions- tricuspid valvular disease; stenosis of the pulmonary
onifice or artery; constrictive adhesive pericardial and mediastino-pericardial
disease; thyrotoxicosis, beriberi. A discussion of this interesting fact will be
found under these respective titles.

HyprotHORAX IN HEART FarLure Hydrothorax may result from either
systemic or pulmonary venous engorgement, or from the two combined The
parietal pleural veins drain into the superior vena cava or its tributanes,
mainly by the azygos veins, which are also connected with tributaries of the
inferior vena cava via the lumbar veins The visceral pleura drains almost
entirely into the pulmonary veins. Hence, when pulmonary drainage by the
left heart is inefficient, pleural transudation will result A relationship exists
between the site of the hydrothorax and the underlying type of heart condition
A left-sided hydrothorax is favored by hypertension, left heart failure and
normal rhythm, It would seem that enlargement of the left ventricle has an
unfavorable effect on the arculation of the lower lobe of the left lung, either
directly by compression, or indirectly by pressure on or displacement of the
left pulmonary veins. In contrast to this, a right-sided hydrothorax is favored
by mitral stenosis, combined right and left heart failure, and auricular fibrilla-
tion. It may be that the enlarged nght atrium affects the right lung root. Pure
right heart failure, such as noted with tnicuspid valve disease, produces ascites
without hydrothorax The site of a hydrothorax may be further determined
by local conditions such as pulmonary infarction or contralateral ‘obliteration
of the pleural space. A chronic hydrothorax often follows pulmonary infarction
but may finally resolve completely.

falled to excrete sufficient diodrast from the bloodstream to cast a shadow within 70 min
following the 1njection of the dye

Course. The dyspnea responded only slightly to digitalis Within one week the urea n
Tose to 192 mgm %, the creatinine to 14 mgm % Convulsine seizures and uremic frost
appeared. The BP remaned high to the last Death

Postmortem (10 days following the roentgenogram) The heart weighed 550 gms. The It
ventncle was especally hypertrophied and dilated The coronary artenes showed no gross
evidence of atherosclerosts The valve leafiets were notmal The aotta showed a moderate
amount of atherosclerosts but no gross evidence of sypmlitic infection The It Jung was
partly compressed by the large heart, and there was an mfarct in the lower lobe of the
it. lung Kudneys were pale and granular, calices and pelves normal Microscopic Heart:

e TII, and chrome pencarditis Aorta calafying

atherosclerosis and syph\huc aortitis Kidneys severe bemign nephrosclerosis with sec-
ondary glomerular fibrosis and atrophy

Comment An example of nephrosclerosis ending 1n renal falure There was also
present cardiac enlargement and failure as well as a syphihtic aortitis and osteitis The
ECG revealed relatively hitle changes. The configuration of the heart as visualized 1n
the roentgenogram may be designated as mitralized aortic The lungfields reveal increased
vascular mjection The hazy appearance 1n the 1t lower lung field 15 probably due to
pulmonary wfarction, which was found at necropsy. The roentgenographic features of
pulmonary infarction are sometimes rather sndistinct
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Fic $9—37 yrs, ¥ History The patient had had § pregnanties and was first studied
5 yrs previously, when 7 mos pregnant agan and pre-eclamptic. Findings (then). No
evidence for congestive heart falure The heart rate was 140/min, BP 235/140, Hb
13 gms, rbc 43 mill, urea n 35 mgm %, Wassermann negative Unine spec grav
1021, 700 mgm albumin 1n 100 cc, red blood cells, hyaline and granular casts Fundi®
Marked angiospasm of all arterioles with few hemorrhages and exudates in the penphery
Next day expulsion of stilborn fetus Fundi Masuve cotton wool exudates and more
hemorrhages but no edema of discs, a few days later absorption of etudates Course
Headache and fatigue were promimnent A few weeks prior to adnussion, dyspnea on effort
and nocturnal cardiac asthma developed Findings Ht 152 cm (S it), wt 482 kg
{106 1) Temp 378° C (100° F) Congestive failure was present 1n both the greater
and lesser circulation The heart was enlarged, the apical thrust heaving, the lower sternum
dull to percussion, and the chestwall revealed a systohic shuft both to the It and ventrad
A low grade gallop rhythm was noted, with 2 marked basal accentuation It more than rt
The rate was 120/mun, the rhythm regular BP 250/170 Hb 8 gms, rbc 35 mill,
urea n 70 mgm %, Creatinmne 48 mgm %5 Unne- spec grav 1012, albumin 250 mgm
in 100 cc, granular casts Fundi Resolving retimitis of severe angiospastic hypestension
with grade II sclerosis, a few scattered hemorrhages and exudates, 2 few areas of pigment
prohferation, no edema of discs ECG - Sr, rate of 130 min, P-R 012 sec, mitial
deflection with Increased voltage and It aus dev, mimal depression of 5-T mterval m
leads T, I, T of low voltage in leads 1, III, of normal voltage 1n leads 1T, CFy

Ant View. Pulmonary congestion is noted, in additton there 1s marked haziness through- ,
out the lower half of the 1t Jung field. The heart is much enlarged Roentgenograms of
Lhe skeleton showed eburnation of the 1t aleum and 12th thoracic \trfebra. The kidaeys
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Fluoroscopy is superior to roent graphy in the di is of small
amounts of fluid. With the former the roentgen tube may be easily centered at
the level of the suspected fluid collection, and by rotating the patient, while
ordering deep in- and expiration, the shifting fluid level will be readily ob-
served. The amount of fluid at the left side is often underestimated because
the diaphragm is depressed.

Pleural effusions are noted as a part of the disturbed water balance in acute
gl lonephritis Their p does not necessarily indicate heart falure

Puraonary Inrarcrion ann Ensouisat, Pulmonary infarction is an event
that occurs more frequently than is commonly realized. Its clinical and roent-

logi i ions are often ly interpreted Infarction may
occur in the ambulatory patient and is then sometimes diagnosed as tuber-
culosis, while in the bed-ridden patient pneumonia is more likely to be con-
sidered. The proper diagnosis of nfarction is of practical importance. If a
shadow is interpreted to be of embolic origin rather than tuberculous or pneu-
monic, it serves as the only warning signal of a fatal massive embolus Pul-
monary infarction in a patent afflicted by heart disease should be looked upon
as a serious prognostic sign because the course of the disease will be aggra-
vated, and not infrequently such an event marks the beginning of the end An
acute hemorrhagic lesion, in the presence of pulmonary stasis, may result
from local vascular thrombosis. However, it would seem that the usual causal
event is an embolus, the source of which is derived from thrombi that most fre-
quently arise in the veins of the calf or the foot sole, occasionally in the pelvic
vemns and at the endocardial surface of the heart Embolism need not cause
infarction, as in the event of an acute fatal outcome Massive embolism into
either or both maimn branches of the pulmonary artery, if survived, may result
in right heart strain due to superimposed thrombotic extension and organiza-
tion, Embolism 1nto 2 healthy Iung may apparently merely lead to local

and the tricuspid leaflets were thickened The epicardium of the rt atnum and of a
part of the rt. ventncle was cavered by fibrnopurulent exudate Microscopic The heart
musdle revealed only a shght degrec of fibrosis On a lonpitudmal section throsgh the
1t lung (C) one saw the lower lobe dense and deep red with a very recent and large
infarction, measunng about 5 by 6 cm 1n diameter The arteral thrombus responsible
for this infarction could be demonstrated There was an old and smaller infarct 1n the
periphery The 1t pleural cawity contaned SO0 cc of turbid flnd, and the pleura
showed a fibrino-purulent exudate There was no flud m the It pleural cavity Micro-
scopie. No ewvidence for pneumona and no growth m the bactenological tulture of
pleural fluid

Comment* Pulmonary infarction mn a cardiac patient very often leads to a rapd
downhull course The reason for this is not fully understood The roentgenographic
appearance of the nght lower lung field, n conjunction with cardiac enlargement and
pulmonary congestion, was highly suggestive of pulmonary nfarction, although not
speafic of course As a matter of fact, the findings of high fever, igh leucocyte count
and pneumococci 1n the sputum pointed towards pneumonia Both ECG tracangs
zeveal the pattern of the P mutrale The tracng taken following the pulmonary
infarction shows a deep S deflection 1n lead I, such as noted in the course of this
condition, while the appearance of the S-T intervals might have been caused by the
effect of digitalis and also by tachycardia
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Rute 78/cin,

Post, View (B)
configuration Both hilar regions reveal a marked degree of congestion A large area

of density 15 poted 1 the rt lower lung field It is homogeneous in character and
rather sharply demarcated m fts cramial and mesial aspects,

Course: Next day rectal temp. 401° C (105° F). Jaundiee appeared, and the cterus
index was 30 umts The sputum showed type IV pneumococcus Sulphathiazol was
started, One day later vascular shock and death

Postmortem:

walls thickened Stenosis of th
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Fics 60, 61, 62—26 yrs, M History. Rheumatic fever
at age 12 16 mos ago attack of “lobar pneumoma”
with onset of dyspnea shortly afterward Findings 6 mos
ago- Marked cardiac enlargement, aortic stenosis and
mutral stenosis, RP 110/70, congestive failure, ECG.
{6-8) Nsr, rate 72/min, P deflections widened to 012
sec, notched, prominent in leads I, II, no aus dev, Tus
posttive, T negative Course Improvement on prolonged
medication with dipitalis and mercunal dwretics One
week prior to admission the patient vomted and there-
fore stopped taking digitalis, and 3 days later hemoptysis
started with troublesome cough followed by severe night
lower chest pain Findings Rectal temp 3935°
(103 3/5° F), Respiration 30/min 1 spite of morphia,
cyanosis, no edema, na hepatic enlargement, Expansion
of rt. chest much dimunshed, lower half dull to percus-
sion postertorly and laterally, suggestion of fnction
fremitus Hemoptyses Heart enlarged with precordial
forward lift and broadened aprcal thrust m Stht sp in
ant awll line, apical presystohc and systohe and basal
systolie murmur, Pz acc BP 110/70 ECG (9+16):Sr,
rate 13z/min, Py notched and broadened, P-R interval
012 sec, mtial deflection with deep S, 1t awms dev
(plus 125%), S-T mtervals shghtly depressed 1n leads T,
11, elevated in chest Jeads, T deflections almost isoelectnc
Urine, 750 mgm albumin m 100 cc, whe 23100 with
89% polys

The heart 15 much enlarged, revealing 2 combihed mitral-aorhic

The heart weighed 550 grams AU four cavities were enlarged and the

e mitral and aortic onfices was present, with caleification,
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anemia, leaving the bronchial arteries to carry on nutrition. Commonly, how-
ever, and frequently in the presence of pulmonary stasis, an acute hemor-
rhagic lesion results, T\m d\ﬂerem sequellae are possible. The first is resolu-
tion, for which a prereq: is a functionally normal pul y circulation
"This is spoken of as an incomplete infarct. The second which is the usual
course of events, is organization, here the involved area shrinks and hence the
size of the lung is reduced. Finally a scar results. Three quartérs of all the
infarets lodge in the lower (posterior) lobes, and some preference is noted for
the right side. Infarcts are often single but may occasionally be multiple, The
lesions are located peripherally and thus involve one or more pleural surfaces.
The sites favored are likely to be the costophrenic angles, the ventral or dorsal
mediastinal margins, or the margins of the middle Jobe Since infarcts are in
contact with visceral pleural surfaces, their shape is dependent ipon the shape
of the lung portion that is involved. The long axis of the infarct is always
paraliel to the longest pleural surface involved. The medial or cardiac margin
of an infarct is convex towards the heart, The size of infarcts varies, depending
in part upon the size of the vessel involved. The greater part of a lobe is occa-
sionally involved, and then colliquative necrosis may set in and result in the
final formation of a cavity.

From this discussion it 15 evident that the roentgenographic diagnosis of
pulmonary infarction 1s rather difficult and that the interpretation of the find.
ings will depend, in part, upon the clinical data First of all, patients may
undergo pulmonary embolism not folloned by the formation of an infarct.
The lung area corresponding to the embohzed arterjal branch is xschemxc, ie.,
the zone is clarified and shows inished or absent . This s
more clearly evident 1n those cases with a congested Jung On the proxlmal side
of this area the vascular pattem is well preserved. A progressive increase of the
anemic area is generally indicative of a poor prognosis; central thrombotic
extension is taking place. Obhque or lateral views are usually more mformatlvc
than the routme anterior view. The same 2p of localized 1
transparency occurs with bronch and iated valve-like mechan.
ism. As far as areas of consolidation are concerned, attention is directed to
certain diagnostic difficulties. First, one is not able to detect 2 definite area of
consolidation until perhaps after the first 24 hours, or longer, following the
onset of clinical symptoms, Second, the shadow of an accompanying pleural
effusion may conceal the pulmonary leSion proper. Third, focal changes in

lungs are not visualized too well Fourth, intense pulmonary con-
gestion and edema, in the presence of heart disease, need not be diffuse and
hence may imitate pulmonary infarction, Since infarcts may involve any
peripheral portion of the lung, including the surfaces of the interlobar fissures,
it is imperative to obtain both oblique and at least one lateral view in addition
to the routine antetior view. Failure to do so explains, in part, the unsatisfac-
tory state of diagnosis heretofore. Grave illness of the patient, however, may
Tequire limitation to a single posterior view. Contrary to certain writings,
infarct shadows are rarely triangular 1 shape, nor does the apex of a Pyra-
midal shadow pomt towards the heart Provided a tangential view is ob-
tained—and hence the necessity of choosing a proper projection—the cardiac
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Fios 63, 64—33 yrs M History Rheumatic fever at age 17 Had stx attacks of
hemoptysis during the past 2 yrs He worked unti) very recently as a brick layer Was
on dizitalis Repeated hemoptyses occurred during the past 5 days Findings There
was no fever, dyspnea, cyanosis and pallor were noted, there was no peripheral
congestion, The heart was large, with a systolic precordial bft and a mutral stenosis
murmur  Anrcular fibrillation was present, vr 88, pr 82, BP 112/78 There was
dullness to percussion and marked diminution i breath sounds around the dorsal-caudal
third of the rt lung with a few rales ventrally Rbe 38 mull, hb 103 gms, wbe
16800 with 87% polys

Course* A profuse hemoptvsis persisted 24 hrs later the patient was in vascular
shock, BP 80742 Rbe 28 mill, hb 85 gms wbhe 41000 with 90% polys ECG .
Auric fibrill, 1t ax _dev

Roentgenograms Post wview Large heact of muteal configuration A large acez of
uniform density 15 noted which occupies the caudal arez of the rt lung except a small
area at the cardio-hepatic angle There 15 an mncrease 1n the vascular markings Lt post
obl view The area of consolidation extends far dorsad

Course  The profuse hemoptysis persisted, the anemia mcreased and the ‘patient died
the next day

Postmortem The heatt weighed 550 gms The epicardial surface of both atria was
granular and hemorrhazic There was a marked degree of calafic mutral stenosss, the
aperture measuning but 1 cm n chameter There was a large firmly adherent thrombus
m the Isft atnum The coronary orifices were patent There was atheroma of the
pulmonary artery and its valves Microscopic  Myocardial hypertrophy and degenera-
tion The 1t. pleural cavity contaned 200 c¢m?® of browmsh fud, and a fibrnous
pleunitis was present dorsally and laterally The trachea and bronchi contamed clotted
blood The 1t lung weighed 700 gms The rt lung weighed 1150 gms The artenes
revealed many fatty atherosclerotic intimal plaques The 1t lower Jobe was dark red
and completely solidificd with the exception of a sharply defineated thin margin i the
apical remon The cut surface was of red-homogeneous appearance, not granufar nor
spongy ‘The bronchioles contained red blood A bleeding point i the vascular tree
could not be discovered Mucroscopic: Infarction with supenmposed intersutal
preumonitis

Comment+ The patient was afflicted by a severe degree of utral stenosss, yet capabfe
of domg strenuous work As so frequently happens, pulmonary infarction caused
sudden asgrasation and death The mnfarction of nearly a whole lobe is uncommon,
and such severe and persistent hemoptysis resulting 1s apparently a great ranty
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showed normal muscle development (mucrophotogram, D) The rt. leaf of the diaphragm
showed an absence of the muscle layer 1, serosal loung, 2, blood vessel, 3, dense
fibrous tissue, 4, loose fibrous tissue, S, serosal lmmg (mmcrophotogram, E).

Comment: This 1 of th led to such 2 dimaution
of the chest volume that death resulted from pulmonary atelectass.
A}

margin of an infarct shows a convex, slightly irregular, hump-shaped outline,
Some of the shadows are roughly arrcular in shape and suggest a lung tumor or
abscess. This may be caused by two or even more infarcts projected in 2 cer-
tain direction. of the lateral-caudal margins of the middle lobe
will produce a long narrow shadow Or one notes a hazy clouding at the base
which partly or completely obscures the dome of the diaphragm. These find-
ings must be differentiated from a small pleural effusion The latter reveals a
concave cranial border with density highest in the axilla, while an infarct does
not produce such a picture unless, of course, 1t 1s complicated by an associated
pleural effusion Such 2 basal location is frequently associated with an eleva-
tion of the corresponding dome of the diaphragm, this is probably due to
inhibition of the respiration and is much less frequently noted with other lung
diseases associated with pleurisy. This abnormally elevated position of the
diaphragm may not be visualized unts! the overlying density clears. 11 defined
Tobulizations are suggestive of multiple infarcts The presence of normally
aerated lung between multiple areas of peripheral consolidation is in favor of
infarction and against a lesion due to bronchial obstruction. Haziness of in-
faret areas is caused by a sur ding reactive infl 'y zone or by an

panying pleurisy. Resol of an incomplete infarct shows as an area
of reticular appearance that progressively clears entirely Usually, however,
cicatricial formation results in dense, band-shaped or narrow wedge-shaped
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Fies 65, 86, 67, 68, a9 —~0 fays, F Hustory:
4 aisters and 4 brothers well Dyspnea started
on the Jth day of lfe Findings Dyspues,
Cyanosss, and ekydrayion were noted The rt
border of the heart was 1 cm to the it of the
sternum, and the apical theust was i the ant.
axilary fwe, there wera no murmurs, fate
2384mm The breath sounds were absent oo
the 1t side whie on the it sde numerous
atelectatic rates, parnhcufarly at the base, were
noted, with breath sounds comung through
quite loudly and with a suggestion of bronthal
Lreatune The fiver way not palpated, both
kidnevs could be easily felt The blood shawed
evidence for dehydration

Ant view {A) The dense shadow In the rt
chest tavity cotresponds (o the £t Jobe of the
Wwer, below which (1) the air-filled colon
noted, (2) the cardiac shadow takes up the &
Balf of the &t chest cavity, (3) but Iittie aera-
hion of lung Dssue 15 present K¢ Jab. yirw (B)
Only the dorsal aspect of the 1t leaf of the
diaphragm 13 noted (1), whie the &t leaf 1
seen alnost n its enbIEty (2, 2), 207 33 Doted i

the stomach (3}, and @ the Colon (4], the 3iter projecting into the dense shadow
of the ft Wver lohe (%), aefated fung tissue takes up the space between both the

steenutn and hver (6}
Course Death 1 dsys later

Postmortem  The beart was displaced and weighed 30 gris It was shghtly enlagged
but otherwise normal The grest vecsels were normis! Both ungs were almost completely
stelectate The hver weighed 125 gms Tts latge rt lobe projected cramsd far nto the
chest cavaty but was separsted from the chest contents by & thin serous fembrane,
This wembrane tepresented the ventral portion of the se Jest of the diaphragm while
ns dorsal pornon contmesd muscle The 1t Jeaf of the diaphragm wes Rormal in

BpTEATAN!
normal Al organs revealed

ce and was muscular {picture i sty, C) Both phiesic netves wete grossly
congestron  Mucroscopic  The M, leaf of the duphragm

P
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shadows.' They are frequently seen at the hase of the lung or perhaps an inch
above the dome of the diaphragm, Bronchostenosis with secondary obstructive
atelectasis causes an identical appearance.

Disturbed Function of and Abnormal Findings Along the Dia-
phragm. The optimum of the circulation cannot be maintained without a
normal functioning diaphragm. Fluoroscopic examination has shown that
the diaphragmatic excursions diminish or cease sub to a lap H
to this the postoperative depression of the circulation is partly attributed.
Interesting experiments concerning the pre- and post-operative blood flow are
cited in chapter XIV.

A diminished diaphragmatic excursion is observed in certain individuals
with a long, flat chest and a low position of the diaphragm. Some of them re-
veal definite postural deficiency with increased lordosis of the lumbar region,
marked torsion of the pelvis, poor abdominal muscle tone; signs and symptoms
of marked vasomotor insufficiency are present in the upright position such as
dizziness, tachycardia, fall in blood pressure; physical exertion occaslons
shortness of breath; and if, in addition, pain is found and perhaps a murmur,
heart disease may be erroneously diagnosed. .

There are cases where the chest wall is lifted craniad during inspiration
while the diaphragm practically does not move. One may make the mistake of
interpreting this relatively slight or apparently caudal movement of the dia-
phragm during inspiration as an actual one although it has not moved.

Left-sided relaxation of the diaphragm, due to eithet congenital muscular
deficiency or to paralysis of the phrenic nerve, and left-sided herniation cause
a considerable displacement of the cardiac silhouette. Following phrenic nerve
interruption, the corresponding leaf of the diaphragm rises The heart shifts
towards the other side n about half the cases following left-sided operation,
and in nearly all cases following a right-sided operation, In no instance does
such a shift exceed 3 6 em. A para-esophageal hernia may displace the heart
ventrad and is occasionally related to attacks of retrosternal pain. A depression
of the left daphragmatic contour 15 visualized in the presence of a large lgf!
heart or when the pericardial cavity is markedly distended. The fight dia-
phragmatic contour 15 seen depressed by a huge, aneurysmal dilatation ?f the
left atrium, These changes in contour are best studied with the patient in the
prone position. . )

Certain pulsatory observations should be added here. The fluid lz.:vel. in
the stomach shows considerable motion in the presence of aortic regurg}tatlun.
Tricuspid regurgitation occasions a positive ventricular h'.ver pulse which can
be observed along the contour of the right leaf of the diaphragm.




ANATOMlCA’L-—CLli\'lC:\L~ROEl\'TGENOLOGlC CONSIDERATIONS {07

letes. Harper's Monthly Magasine,
1928, July.

*Durien, H ; Lequime, J. Aspects radio-
fogiques de la veine azygos au cours
de linsuffisance cardiaque Arck Mal
Coeur, 1938, 31, 609

*Ebrich, W., McIntosh, J F. The
pathogenesis  of bronchiolitis  ob-
hterans  Observations in cases of
Bright's disease Arch Pathol, 1932
13, 69.

1 o im -
Fortschkr Geb Rantgenstr, 1919/21,
27, 403

Fowler, W H.; Ritchie, W T. Ortho-
radiography of the heart and aorta
Edinb Med Journ, 1912, ns 9, 197

Frey, W Herz und Schwangerschaft.
Leipzig, Thieme, 1923

Friedman, J C, Strauss, S: Observa-
tions on changes n the size and shape
of hearts during the progress of com-

Eumer, K* Ergebni ort

phischer Herzuntersuchungen ber Ge-
packmarschen Zetschr exp Med,
1928, 60, 521.

*Erdélyi, V - Die Form des Sportherzens
im Rontgenbilde  Wiener med
Wockenschr., 1937, 87, 2903

Exner, S: Physiologie der Grosshirn-
tinde Tn Herrmann's Handb d
Physiol, 1871, 11/2, 260

Eyster, J. A E  Further studies in car-
diac hypertrophy Am Journ Physiol,
1930, 93, 647

Faber, B ; Kjaergaard, H Kymographic
studies on the mfluence of brief mus-
cular work upon the heart function
Acta Med Scand 1936, 89, 537

*Fabr, G, LaDue, ] S A roentgen-
kymographie study of the effect of
intravenous Lanatoside C upon the
digstalic volume and stroke output of
the faling heart Proc Am  Soc

~ Pharm. exp Therap, J Phorm exp
Therap, 1041, 72, 14

Fahr, G., Wangensteen, O , Sperling, $
Effect of evercise on size of heart 1n
normal and pencardiotomized dogs
Proc Soc exp Biol Med 1929/30,
27,454

Farrell, ] T; Langan, P C, Gordon,
B A Roentgen ray study of a group
of long-distance runners With special
reference to the effects of exercise on
the size of the heart Am Journ 3 cd

Ser, 1929, 177, 304

*Ferrebee, ] W , Ragem, Ch, Atchley.
D W, Loeb, R F. Desoxycortico~
sterone esters, certam effects m the
treatment of Addison’s disease
JAMA L1930, 113 1725

Foerster, A Ein Beitrag zur Frage der

Arch Int Med, 1923, 32,

601

*Frommel, E, Zimmet, D - Etude fur
Vaction cardiaque de lextrait hypo-
physaire posténeur 11 Ischémie
coronarienne et awre cardizque Arch
Int Méd éxp, 1937,12, 323

*Fucct, N Aspetta e comportaments
della scissura interlobare sup d nelle
cardiopatie; rifievi radiologici  ed
anatomo-patologici Rif med, 1936,
52, 641

Gedda, L, Lupo, M Rucerche radio-
grafiche sulle modificazioni cardio-
polmonari che seguono lo svuotamento
de1 serbatort sanguigni Mnerva med ,
1033, 2, 454

Gerhardt, C  De site et magnmitudine
cordis gravidarum I D Jena, 1862

Goldenberg, M, Zdansky, E  Uber die
akute Herzerweiterung im Coronar-
keampf Kiim Wockenschr , 1932, 11,
1498

Gordon, B, Strong G F  Studies on
the rabbut’s heart IT Effect of vigor~
ous exeraise on the size of the normal
and abnormal heart Arch Int Med,
1923, 32, 517

Gordon B, Wells, G The effect of
amylnitnte, bleeding and epinephnn
on the blood pressure and the size of
the cat’s heart Arck Int Med, 1924,
33,738

Gotthardt P P Kymodensographische
Untersuchungen des Herzens Fortschr
Geb Rontgenstr , 1029, 39, 1

Gotthardt P P Herz und Sport
Munchn med Wockenschr, 1929, 76,
1117,

*Gravier, Tourmawe, Bourret Les
embolies pu'monaires au cours de

‘



166 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR S’YSTEM

Bordet, E © La dilatation du ceeur Paris,
Bailliére, 1926

*Bordet, E ; Fischgold, H * Radiokymo-
graphe du ceeur et des vaisseaux.
Pans, Masson, 1037

Bouchard, Ch; Balhazard Le cceur a
T'état normal et au cours de Ja gros-
sesse Compl Rend. Acad Sciences,
1902, 135, 931

Brams, A W, Arens, R A« The effect
of distention of the stomach and colon
on the location of cardiac dullness
Am Journ Med Sci, 1927, 174, 633.

Brams, A W ; Strauss, A H : The effect
of amylnytnite on the size of the heart
and the width of the aortic shadow as
determined roentgenologically Am
Journ. Med Sci, 1930, 180, 618

Bramwell, C, Ellis, R Some chserva-
tions on the circulatory mechamsm in

Cohn, A, E.; Stewart, H. J.: The rela-
tion between cardiac size and cardiac
output per minute folluwmg the ad-
ministration of digitalis in normal
dogs Journ, Chn Investig, 1929, 6,

Cohn, A E; Stewart, H. J: The rela-
tion between cardlac size and cardiac
output per minute following the ad-
ministration of digitalis in dogs in
which the heart is enlarged Jowrn
Cln, Investig, 1929, 6, 79

*Caoper, E L.; OSullvan, J ; Hughes,
E  Athletics and heart: An electro-
cardiographic and radiological study
of the response of the healthy and dis-
eased heart to exercise Med Journ
Australia, 1937, 1, 569.

*Corréa, J. B : Aspecto radiogrifica do
edema agude do pulmie Awn Paut
Med Char., 1939, 37, 487.

*Cossio, P ; Berconsky, I; Gamba, R.
Corazon pul y osificacion nodu-

Marathon Runners Quart  Journ
Afed, 1930731, 24, 329.

Bruns, O. Welche Faktoren b
die  Herzgrosse? Munchn  med

Wochenschr , 1909, 56, 1003

de la Camp Experimentelle Studien
uber die acute Herzdilatation Zeitschr,
klm Med., 1904, 5%, 1.

Carreras, F , Cortes, Ch  Cardiopathies
et grossesse Bull Soc. d'Obstétr.
Gynéc, 1930, 19, 35

¥Cassinis, U Consxderazmm sul cuore
di militari sportivi e non sportivi
Giorn med mil , 1937, 85, 461

Chapman, J. F: Passive congestion of
the Jungs in the presence of coronary
sclerasis Radsology, 1931, 17, 342

Clark, A J Comparative physiology of
the heart. Cambridge, Umiv Press,
1927,

#Clauser, F  Cuore e stato puerperale
Ann. Ostetr Gmecol, 1927, 49, 173

Cluzet, J . Etude électrocardiographique
et radioscopique du ceeur des athlétes
Lyon méd , 1919, 128, 563

Coe, F. O; Otell, L S: Acute pul-
monary edema Am Journ Roenig,
1932, 27, 101

Coln, A E Stewart, H J. Ewvadence
that dngnahs influences contraction of
the heart in man Jourss Chn Inves-

g, 1924, 1, 97.

lar del pulmon Rev Arg. Cardiol,
1941, 7, 385

Detherm, Bordet; Thoyer-Rozat; Fisch-
gold. Epreuves fonctionelles due coeur
et radiokymographta Bull Mém So¢
Hop, 1934, 50, 339.

Deutsch, F, Kauf, E.- Heart and ath-
Tetrcs Chm:al rescarches upon the
influence of athletics on the heart
Transl by Warfield, L M, St. Louis,
Mosby, 1927

Dietlen, H Die Perkussion der wahren
Herzgrenzen  Deutsch  Arch  Rim
Med, 1906/7, 88, 286

Dietlen, H , Moritz, F - Uber das Ver-
halten des Herzens nach langandauern-
dem und anstrengendem Radfakren
Miinchn med. Wochenschr , 1908, 55,
489

Donng, G Uber lmkssel(lge lonogene

lon im  Ti
(Bei Emengung des grossen I\mslauis
durch Queckstlberembolie und durch
Gefassunterbindungen). Zeilschr. exp
Med, 1934, 94, 766

Dreysel, M : Uber Herzbypertrophie bei
Schwangeren und Wochnerinnen I,
Munchen, 1801

Dubhn, L I- Longevity of college ath-




ANATOMICAL—CLINICAL—ROENTGENOLOGIC CONSIDERATIONS

gesunden und kranken Zustand Wein,
Springer, 1927,

Hodges, P.; Eyster, J. A, E+ Estima-
tion of cardiac area in man. Am
Journ. Roenlg , 1924, 12, 252

Hoffman, A : Giebt es eine acute schnell
vorubergehende Erweiterung des nor-
malen Herzens? Verk 20. Kongr. inn
Med , 1902, 308,

‘Hnlman, E: Hemlcardnac hypertrophy
due to increased

169

Herzgrossenbestimmungen an Ringern.
Deutsch. med. Wockenschr., 1913, 39,
1389,

Kaufmann, R.: Uber Herzerweiterungen
Wiener Arch inn. Med , 1920, 1, 211,

Kaufmann, R; Meyer, H, H: Uber
therapeutische  Herzverkleinerungen
Med. Klink, 1917, 13, 1154,

Kaup, J; Gotthard, P.; Hoferer, E;
Spatz, H. Untersuchungen anldsslich
der 1027,

Journ Thorac. Surg, 1940, 9, 262

1 . “Die 1t loeisch
Diagnostik  der Erkrankungen der
Brusteingeweide. Hamburg, Grafe u
Sillem, 1901, 202.

Jagic, N.; Kreuzfuchs, . Zur Perkus-
sion der Aorta auf der vorderen Brust-
wand unter Rontgenkontrolle. 3fed
Klimsk , 1921, 17, 1262.

‘Jellcn, J The roentgenologlcal mani-

with mfax:lxcn of the Iung Am Journ
Roentg, 1939, 41, 001

Jensen, F.G ; Nurgaard, H Récherches
cliniques, roentgénologiques et électro-
cardiographiques sur les femmes saines
au cours de la grossesse normale.
Compt Rend Soc. Biwol, 1926, 94,
1213,

*Jesser, J. H ; de Takits, G Visualiza-
tion of the pulmonary artery dunng
its embolic obstruction Arch Surg,
1941, 42, 1034.

Jundell, L: Die chronischen Anstren-
gungsveranderungen des Herzens. Eine
Studie uber die Prognose der chroni-
schen

Minchn med. Wochenschr., 1927, 74,
1002,

*Kerber, B.: Experimentelle Studien
uber venose Luftembolie. Fortschr.
Geb. Ronlgensir, 1938, 57, 439,

*Keys, A., Fnedell, H L: Size and
stroke of the heart in young men in
relation to athletic activity, Science,
1938, 88, 456,

*Reys, A ; Violante, A. Production of
bradycardxa in normal man by Neo-
sy'nephrin Proc. Soc. Ezp. Biol Med,
1940, 44, 4

Klenbo:k R.; Sehg, Aj; Be:k R..

Munchn med Wnchm:dm 1907, 54,
1427,

Kirch, E : Dilatation und Hypertrophie
des Herzens Klin Wockenschr,, 1930,

9, 769
Kirch, E.© Der Entw:cklungsablauf der
itigen
tion bei Mensch und Versuchstier
und seine’ physiologische Erklirung.
Virchow’s Arck , 1933, 291, 683
Karch, E : Anatomische Grundlagen des
Verh deutsch. Gesellsch.

(beim Sport und Training). Nord
Med Ark, 1912, Afd II, H. 3, Nr. 9
Jundell, L; S)ogren T. Die akuten
Ansuengﬂngsverindemngen des Her-
zens Eine Studie iber die Enmwirkun-

gen mammaler Korperanstrengungen,

(des Sporis und des Tramings) auf
das Herz, Nwd med. Ark, 1912, Afd
11, H 1, No

Kahlslorf A Ude H Dle Kndcmngen
von H

mn Med, 1935,47,73

*Kirch, E . Herzkrdftigung und echte
Herzhypertrophie durch Sport (an
Hand neuer Sektionsfille), Zestschr,
Kreislauff., 1936, 28, 893

*Kirck, E., Nurmberger, W.: Entwick-

and i ideration of

nach korpelhcher Arbext Zeitschr.
ki, Med, 1933, 125, 85
Katz, L ; Leyboﬁ M. Romgenologlsche

puimonary infarction. Am  Jown
Roentg, 1930 23, 265.
Klaften. E ; Palugyay, J : Vergleichende



168 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

infarctus du myocarde Lyon méd,
1037, 160, 357,

Grober, J . Untersuchungen zur Arbeit-
shypertrophie des Herzens. Deutsch.
Arch kin. Med , 1907, 91, 502,

Grober, J.: Uber die Beziehung zwischen
Korperarbeit und der Masse des
Herzens und seiner Teile. Arck exp.
Pathol , 1908, 59, 424,

Grober, J.: Uber Massenverhaltnisse am
Vogetherzen Arch. Physsol, 1908, 125,

507

Groedel, F. M- Ist dic sogenannte
absolute Herzdampfung mit Hilfe der
Rontgenstrahlen nachwesbar? Fort-
schr. Geb. Réntgensir., 1912/13, 19,
437,

Groedel, F. M : Was leistet das Ront-
geaverfahren fur die Funktionsprufung
der Herzens? Deutsch. Arch kElin.
Med., 1922, 138, 145

“‘Grluss, A.: Knotige Knochenbildung bei

tion, Einige kritische Bemerkungen

Uber I. Jundell’s und T. Sjogren’s

Abhandlung “Die A .
derungen des Herzens* Nord. Med.
Ark., Afd. 11, H. 2, N, 8 A,

Herrmann, G R.: The heart of the rac-
ing greybound. Hypertrophy of the
heart. Proc. Soc. Exp. Biol, Med,
1926, 23, 856.

Herrmann, G R : The heart of the
thoroughbred race-horse Proc. Soc
Exp. Biol. Med, 1029, 26, 549,

*Herrmann, W. G.: Pulmonary changes
in a case of perfarteritis nodosa, Am
Journ Roentg, 1933, 29, 607.

Herscher; Haret; Frain: Communica-
tion entre artére pulmonaire et une
ectasie de Paorte ascendante. Bul!
Mém. Soc. Radiol , 1931, 19, 445.

Herxheimer, H.* Grundriss der Sport-
medizin Leipzig, Thieme, 1933,

Herzog* Bed der R !

Fortschr. Geb. Réontgensir., 1938, 58,

33.

*Guardabassi, L.: Ricerche sulla valuta-
zione morfologica del cuore con
metodo radiologico tridimensionale nei
culton dello sport. Radiol med , 1937,
24, 843,

Hahn, M ; Herxheimer, H ; Brose, W :
p o d und Leb

nose der Sporisleute im  Alter.
Dentsch, med. Wochenschr., 1925, 51,
1205

*Hampton, A. O; Castleman, B+ Cor-
relation of postmortem chest tele-
roentgenograms with autopsy findings,
with special reference tn pulmonary
embolism and infarction, Am Journ
Roentg , 1940, 43, 305,

dahl B.:

.1 Die
derungen bei Skilaofern. Arb. physiol,
1938, 10, 228 X
Hatai, S: On the influence of exercise
on the growth of organs in the albmo
rat. Anat Record, 1915, 9, 647.
Haug, K.; Jaenisch, R . Uber experi-

suchung ber cardialer Lungenstauung
Fortschr. Geb. Rontgenstr., 1931, 44,
442,

Hesse, R . Das Herzgewicht der Wirbel-
tiere. Zool. Jakrb., Abt. allg. Zool,
1921, 38, 243,

*Heynemann, Th: Herz- und Zwerch-
fellstand wahrend der Schwanger-
schaft. Zeitschr. Geburish, Gyndk,
1913, 74, 854.

Hiramatsu, T : Uber den Einfluss der
korperlichen Anstrengung auf das
Herz Mitt. med. Fakult, Tokyo, 1919,
22, 190.

Hirsch, C: Uber die Bezichungen
zwischen dem Herzmuskel vad Kor-
permuskulatur und iber sein Ver-
halten bei Herzhypertrophie, Deutsch.
Arch, klin Med , 1899, 64, 597.

*Hursch, I S; Gubner, R : Apphcation
of roentgenkymography to the study
of normal and abnormal cardizc phy-
siology. Am. Heart Journ, 1936, 12,
413

K.: Die pul isch
B d Wiener

mentell erzeugte akute V
der Herzgrosse beim  Menschen
Zeitschr. khm Med, 1930, 114, 773.

Henschen, S. E : ‘Sport und Herzdilata-

es

Arch, mn. Med, 1923, 5, 451; 1925,
8, 205. .
Hitzenberger, K.: Das Zwerchfell im



ANATOMICAL—CLINICAL—ROENTGENOLOGIC CONSIDERATIONS 171

in locating the heart and supenor
meduastinal vessels Am Heart Journ,
1938, 15, 515.

*Maislich, R.; Bobrezkaja, W
Grosse des Herzens bei Sch

Uber die

Muller, W.: Die Massenverhaltnisse des
menschhichen Herzens Hamburg, Voss
1883, p 217,

*Nhegeli, Th : Bewegungsablauf der ex-

i 1] L ke Journ

Forischr,, Geb Réntgenstr, 1936, 54,
574

*Martin, B.: Uber experimentell erzeugte
Lungenembolie bei Hunden, durch
kinematographische Aufnahmen fest.
gehalten Arch Rl Chir., 1929, 155,

577.

. Meakins, J C,; Gunson, E B Ortho-
diagraphic observations on the size of
the heart in cases of so-called “irnta-
ble keart,” Heart, 1920, 7, 1

Meldoless, G., Meldolest, G Contributo
allo studio radiologico delle pulsazion:
cardiache negh stati fisologict ¢
patologici del circolo Radiol med,
1926, 13, 597

Meldolesi, G, Meldoless, G Studio
clinico-radiologico del disegno pal-
monate (vascolare) in condizion: nor-
malt e patologiche Polichmico, 1933,
40, 738 (Sez med )

Miller, H M., Gershon-Cohen, J A
comparative climcal and Roentgen
study of the heart borders Med. Clin
North Am , 1930, 13, 909

Moon, V. H The origmn of one type of
secondary pneumonia Am  Journ
Pathol , 1933, 9, 899

Moritz, F : Uber die orthodiagraphischen
Untersuchungen am Herzen Miinchn
med Wochenschr,, 1902, 49, 1

Montz, F Eimige Bemerkungen zu der
Frage der perkutonschen Darstellung
der gesamten Vorderflache des Herz-
ens Deutsch Arch klin Med, 1906,
88, 276

Moutz, F Uber funktionelle Verklemne-
Tung des Herzens Minchn med
Waockenschr , 1908, 55, 713

Moritz, F  Grosse und Form des
Herzens bei Mestern 1 Sport
Deutsch Arch kbn Med, 1934, 176,
455

Muller, R, Jaschke, R Zur Frage der
Herzgrgsse am Ende der Schwanger-
schaft Munchn. med. Wochenschr,
1911, 58, 2205

intern Chir , 1938, 3, 441

*Nehl, L W, Alexander, J: An estr-
mate of the value of phrenic nerve
interruption for phthisis based on 654
cases Journ Thorac Surg, 1933, 2,
549

*Nessa, C B, Rigler, L G. The roent-
genological manifestations of pul-
monary edema Radiology, 1941, 37,
35

5

Nicolas, G F., Zuntz, N * Fullung und
Entleerung des Herzens bei Rube und
Arbeit Berl, klin Wochenschr , 1914,
51, 821

Nornis, G W, Landis, H R M - Dis-
eases of the chest and the principles
of physical diagnosis Philadelphia,
Saunders, 5th ed, 1935, pp 228-247

Nuvol, U Comportamento del cuore e
dell'aorta in un caso di morbo di
Addison Radsol med., 1925, 12, 337

Palmen, G G  Antiche e nuove
ncerche sugli spostamente deli'apice
del cuore 3fal Cuore, 1922, 6, 157

Parkinson, ] Enlargement of the heart
Lancet, 1936, T, 1337, 1391

Parrot, C - Uber die Grossenverhaltmsse
des Herzens ber Vogem I D
Munchen, 1803

Paterson, R, Paterson, E* An evperi-
ment on the effect of exercse on the
heart in athletes Am Journ Roentg,
1935, 34, 158

Piedallu, P Contribution a TI'étude et
Vinterpretation des phenoménes car-
dio-vasculaires engendres par Peffort.
(Le coeur dans le sport ) Thése, Paris,
1925

Pint, G, Ratt,, M M Resultante fun-
zonali e radiologiche 1n soggetts fem-
mimli sportwvi Ressegna Med appl.
Lavoro mdustr , 1933, 4, 388

Podkaminsky, NA Bertrage zur patho-
logischen Arbertsphysiologie 1. Mtt.
Das Herz des Lasttragers im Rontgen-
bilde Arb phystol, 1929, 1, 306

Potam De la mensuration du cceur par



170 CLINICAL ROENTGEUNOLOGY OF THE CARDIOVASCULAR SYSTEM

Untersuchungen uber Lage und Aus-
dehnung von Herz und Lunge in der
Schwangerschaft und 1m Wochenbett
Arck Gynak, 1927, 131, 347.

*Klags, E. J: Untersuchungen uber
die Ruckbildung der Uberanstren-
gungsdilatation des Herzens bei
emem dI Wettk

ses pulmonaires. Presse Méd, 1029,
37, 1653,

*Laubry, Ch; Soul#é, P., Poumeau-
Delille: Aspects radiologiques trom-
peuses du poumon cardiaque. Bulf
Mém. Soc. Hép., 1934, 58, 404

*Lauter, S ; Schmitz, F.: Zur Frage der
Digitaliswi Kim  Wochenschr,

lex Zeitschr. Kresslauff., 1939, 31:7

*Klima, R ; Rosegger, H: Eigenartige
Krankheitsbilder zufolge von Lun-
genodem ber Niereninsufficienz Med
Klimk, 1936, 32, 85

Knoll, W - Herztransversaldurchmesser
bei Skiliufern Arbeitsphysiol, 1931/
32,5, 351,

*Kohlmann, G: Die Klinik und Ront-

es
Fortschr. Geb Rontgenstr, 1924, 32,
1

*Kohlman, G  Neue Beobachtungen
uber den Lungeninfarkt Verk. deutsch
Rontgen Ges., 21, 26, in Fortschr. Geb
Rontgensir , 1930, 42,

Korns, H M Notes on heart failure
with teport of a case of pure left
ventnicular failure Am Heart Journ,
1932, 8, 242.

*Krause, G. R, Chester, E M Infarc-
tion of the lung A clinical and roent-
genologic study Arch Int Med , 1041,
67,1144

Kronenberger, F.; Leeser, F  Isolerte
Dilatation des rechten Vorhofes
Rontgenpr , 1930, 2, 924

Kudisch, B M Uber die funktionell-

-

“LZ Maskad | dar Kardarante

Tadhs, B. Expeumentelles, nhex Herz-
muskel und Arbeit drck exp Pathol
Pharm , 1906, 55, 288

Kulbs, F. Uber den Einfluss der Be-

wegung auf den wachsenden und |

erwachsenen  Orgamsmus  Deutsch
med Wochenschr , 1912, 38, 1916.
Kurtz, Ch M ; White, P. D * The per-
cussion of the heart borders and the
Roentgen ray shadow of the heart.
Am Journ Med Scs, 1028, 176, 181
Laubry, Ch; Chaperon, R., Séjourné :
Etude radiologique des stases veineu-

1936, 15, 1515,

Lee, R, J.; Dodd, W. J.; Young, E L*
A study of the effect of rowing on the
heart Boston med. Surg Journ , 1915,
173, 409

*Lelong, M ; Bernard, J : L'image radio-
logique de Feedéme aigu du pousmon
Ann Méd., 1937, 42, 624

*Levitin, J: Interlobar effusion asso-
ciated with heart fajlure Radiology,
1937, 29, 190.

*Levy, H: Atypical Roentgen appear
ance of pulmonary infarction in pa-
tients with heart failure Am Jourt
Roentg, 1936, 35, 635.

Libensky, W Die Orthodiagraphe als
Kontrolle der Wirkung der Digitalis-
therapie Zewschr. kln. Med., 1914,
80, 30

Loeper, M ; Dubois, H; Wagner, C
Action de I'adrénaline sur Je cour
étudié par la radroscopie. Compt
Rend. Soc Biol, 1918, 81, 85.

Luton, S Comparison of methods used
for estimating the size of the heart
South Med Journ, 1930, 23, 681.

McCrea, F. D, Eyster, ] A E; Meek,
W. J. The effect of exercise upor
dastolic  heart size. Am. Journ
Physiol , 1927, 83, 678.

Mahaim, I: Des vanations de l'mfllce

3 fandenr dans les réactions
volumétriques du coeur Ann Méd.
1926, 20, 73. .

Mahaim, I Des réactions volumétriques
due coeur de I'kypertrophie 2 la dilata-
tion. Ann Méd, 1928, 23, 79 .

*Mainland, D.; Gordon, E J : The posi~
tions of organs determined from
thoracic radiographs of young adult

ST e

anedine anet

P



ANATOMICAL—CLINICALROENTGENOLOGIC CONSIPERATIONS 173

monary infarction Quart Journ. Med ,
1938, 7, 85

*Starr, I ; Gamble, C I ; Margolies, A ;
Donas, J. S, Jr.; Joseph, N ; Eagle,
E: A clinical study of the action of
10 commonly used drtigs on cardiac
output, work and size; on respiration,
on metabolic rate and on the electro-
cardiogram  Journ Clin  Investig,
1937, 16, 799,

Steinkaus, A. FL: Chronic efiects of ex-
ercise Physiol. Rev., 1933, 13, 102

Steinhaus, A, H.; Hoyt, L. A; Rice,
H. A.: Studies in the physiology of
exertise X. The effects of running and
swimming on the organ weights of
growing dogs Am, Journ Physiol,
1932, 99, 512

Steinheus, A H 5 Kimaiz, J. P, Launt-
sen, K.. Studies on the physiology of
exercise VIIT: The chronic effect of
running and swimming on the hearts
of growing dogs as revealed by roent.
genography. Am Jours, Physiol | 1932,

, 487,

*Sterbng, H. W; Baganz, C. N-
Changes in the cardiac shadow follow-
ing pharmocological “shock” therapy
of schizophrenia Anm. Int. Med,
1941, 15, 580

Stewart, H J, Cohn, A E - Studies on
the effect of the action of digitalis on
the output of blood from the heart II
The effect on the output of the hearts
of dogs subject to artificaal auricular
fibnllation Journ Chm  Investig,
1932, 11, 897,

Stewart, H. J ; Cohn, A E : Studies on
the effect of the action of digitalis on
the output of blood from the heart
111 1. The effect on the output in
normal human hearts 2, The effect on
the output of hearts in heart failure
with congestion, in human bemngs
Iggm Cln Investig, 1932, 11, 017,

*Stewart, H J ; Crane, N. F ; Deitnck,
J E; Thompsun W. P Actmn of
ngxlahs in compensated heart disease
Arch Int Med , 1938, 62, 547,

*Stewart, H J., Delmck J E; Crane,”
N, F; Wheeler C. H Action ol

Digitalis in uncompensated heart dis-
ease, Arch Int, Med , 1938, 62, 569,
#Stieve, H * Uber den Einfluss der Um-
welt auf die Grosse des Herzens Med.
Khnik , 1938, 34, 5,42

Strong, G F.; Gordon, B+ Studies on
the rabbit’s heart I Effect of stro-
phantin on the size of the normal and
of the abnormal heart, Arck Int
Med 1923, 32, 510

Stumpf, Pl: X-ray kymography of the
heart. Brit Journ. Radwol, 1934, 7.

Tallquist, T W : Ist das hypoplastische
Herz einer kompensatorischen Hyper-
trophie fahig? 34th Kongr mn Med,
1922, p 219,

Thorner, W Trainingsersuche an Hun-
den I Der Emfluss der Lavfarbeit
auf das Herz Arbestsphysiol , 1930,

3,1

*Thomer, W - Tramingsversuche an
Hunden, III Histologische Beobach-
tungen an Herz- und Skeletmuskeln,
Arbestsphysiol , 1935, 8, 359

Thooris, A : Le vie par le stade. Paris,
Legrand, 1924,

Treadgold, H A, Burton, H L Rela-
tionship of heart stze and body bwld
to cardwvascular efficiency Lancet,
1932, 1, 277

Treupel, G, Engels, W - Orthoperkus-
sion, Orthodiagraphie und relative
Herzdimpfung, Zestschr. klin Med,
1906, 59, 141

Tung, C L, Hsieh, C K.; Bien, C. WV,
Dieuaide, F R « The hearts of ricksha
pullers A study of the effect of
chronic exertion on the cardiovascutar
system Am Hear! Journ, 1934, 10,
71

*Urban, N Untersuchungen uber die
Hetzgrosse ber 9-15 jahrigen Knaben
unter Berucksichtigung threr Bean-
spruchung 1m Jungvolkdienst Afo-
natsschr, Kinderk, 1939, 79, 91

Weber, A, Allendorf, F Uber Perkus-
sion der wahren Herzgrenzen Deutsch’
Arck klin BMed , 1911, 104, 340

Weiser, E. Klinische Beobachtungen
uber Herzerweiterung TWiener Arch
inn Med , 1923, 5,473



172 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

Ia percussion et par la radiograpﬁie;
comparaison des deux methodes
Semaine méd., 1901, 21, 417,
*Pruvost, P; Delore, Grenet: Aspects
radiographiques simulant la tuber.

chez les cardiaques décompensés, leur
fréquence et leur signification, Les
“scissurites cardiaques.” Arch Méd,
Chir. App. Resp , 1931, 12, 200,
Roubier, Ch ; Plauchu, M.; Sur certains
aspects hi de Peedéme

cufose chez un cardio rénal azotémi
Arek. Méd. Chir. App. Resp, 1937,
12, 211t

*v Radwany, A, Uber den Zusammen.
hang  zwischen ! Uterusmyom und
Herzveranderungen, Zbl Gynak ,1936,
80, 2798

Rautmann, H Die Wirkungen mus.
kuldrer Arbeit beim Turnen und Sport
auf die Organe des Kreislaufes,
Ergebn ges Med, 1927, 10, 235;
1928, 12, 439, )

Rautmann, H* Zur Frage der Herz-
grosse bei Sportsleuten Klin, Wochen-
scl;r, 1927, 6, no 44 (Sonderbeil. p.
23).

Rautmann, H . Die Wirkung sportlhicher
Tatigkestt auf die Kreislauf- und
At

pulmonaite chez les cardio-rénaux
Lyos méd,, 1933, 152, 137,

Roubier, Ch.; Plauchu, M + Sur certains
aspects radiographiques de l'edéime
pulmonaire chez les cardio-rénaux
azotémuques. Arch Méd Chir. App
Resp., 1934, 9, 189,

*Salinger, H.: Die Knochenbildungen in
der Lunge mit besonderer Berucksich-
tigung der tuberdsen Form. Forfschr,
Geb. Rontgenstr, 1932, 46, 270.

Schenk, P : Arztliche Beobachtungen bei
den Gepackmirschen der Heeresmels-
terschaften 1927, Verdff, Heeressan

. wes, 1928, H, 83,

Scherf, D; Zdansky, E.: Uber de
Becinflussung der Herzgrisse durch
Atropin, Adrenal Amylnnri

sowie den Stoff
sel. Deutsch med Wochenschr , 1932,
59, 1238, 1278.

*Reindell, H.: Klinische und anato-
mische Beobachtungen uber den Ein-
fluss sporthcher Tatigkeit auf das
Herz eines Hochleistungssportlers.
Zeitschr. klin Med., 1040, 128, 635

Rohinson, B - A dissertation on the food
and discharges of buman bodjes Lon-
don, Nourse, 1748

Roesler, H : A contnibution to the roent-
genological study of the heart size in
athletes, Am Journ. Roenfy, 1936,
36, 849

Raesler, H Exercise and the heart
Jonrn Health Physic. Educat, 1036,
7,471

*Roesler, H: Cardiac hypertrophy and

dilatation In Stroud, W D., The di?g-

ung
Wiener Arch, inn, Med , 1929, 16, 399

Schieffer- Uber Hersvergrissserung in-
folge Radfahrens Deutsch Arch. klin
Med, 1907, 89, 604.

Schieffer: Uber den Eiofluss des Mlitar-
dienstes auf die Heszgrosse. Dentsch
Arch kln Med , 1908, 92, 392,

Schroeder, C.: Uber die Herzarbeit in
der Schwangerschaft. Arch. Gynik,
1932, 150, 1,

Schroeder, E. Beitrag zur Kenntnis der
pulmonalen Stase, insbesondere der
Y P

et Lung
Deutsch. med. Wochenschr,, 1931, 57,

927,

Schwarz, G: Uber rontgenoskopische
Messung und Analyse der Herzkam-
meraktion Med Klinik, 1920, 16,
9t -

Secher, K.: E:

e U h

nosis and treatment of card
diseases, vol. 1, chapter XVIIL Phila-
delphia, F. A. Davis Co, }q4o, .
Rosenbages, H. Uber einige Bcf:e-
hungen zwischen histologischen Veran-
derungen und Rontgenbild bei der
chromschen Stauungslunge. Fortschr,
Geb. Rontgenstr., 1928, 38, 3.53.
*Roubler, Cht Les fmages scissurales

gen iiber die Grosse des Herzens nach
einem Aufhoren des Trainierens.
Zeitschr. exp. Mediz, 1923, 32, 290.

Shattuck, G. C.: Preliminary report on
contro] of percussion by means of the
Roentgen ray. Boston Med. Surg.
Journ , 1914, 70, 190,

*Smith, K. Sh.: The radiology of pul-



CuArtER VII

CARDIOVASCULAR DISEASE FROM THE VIEWPOINT
OF ETIOLOGY .

Avitaminosis, It was thought until rather recently that the more severe
forms of deficiency of vitamins B,, C and D revealed signs and symptoms
referable to the cardiovascular system, but it now seems probable that the
myocardial disturbances reported as accompanying C and D deficiency are
cansed by the simultaneous presence of B, deficiency, and it 1s with this in
mind that the following paragraphs on rickets and scurvy should be read

Rickers (D avitaminosis), There are two anatomical studies available,
One author describes a moderate degree of enlargement of the left ventricle,
with dilatation prevailing over hypertrophy and with the right heart participat-
ng when respiration was interfered with No explanation has been offered for
these findings The other group of investigators refer to dilatation and hyper-
trophy of the right ventricle with only an occasional instance of associated left
ventricular enlargement Marked thoracic deformity and interference with res-
piratton seem to account for these findings Both thoracic and ciaphragmatic
respiration are impaired when the rigidity of the respiratory frame is lost,
Interference with the expansion of the chest will interfere with the circulation
An actual loss of intrathoracic space during inspiration 1s observed 1n very
severe cases, A deformity progressively develops whereby the heart 15 im-
prisoned in the space bounded in front by the sternum and cartilages and at
the sides by the wall of costochondral enlargements which project into the
cavity of the thorax. Atelectasis of the lungs is commen.

The cardiac silhouette is found disproportionately large for the size of
the chest and is accompanied at either side by longitudinal shadows with
Indefinite margins, prod by the atel tung beneath the costochondral
Jjunctions; the latter add to the shadow as healing 1s accompanied by the
deposition of lime salts Scattered areas of atelectasis and chronic indurative
Ppneumonia are noted in the lung fields,

An experienced pediatrician observed regression of the enlarged silhouette
subsequent to treatment with Viosterol.

Scurvy (C avitaminosis). Right ventricular hypertrophy and dilatation of
the heart was often found in young children who, after a prolonged course,
ched from this disease, The osseous changes in the ribs and the subperiosteal
hemorrhages cause thoracic pain, the respiration is inhibited and this acts un-
favorably on the circulation Bronchitis and pnenmonia may play an addi-
tional réle. Cardiac enlargement, and occasionally pericardial effusion or
hemorrhagic pericarditis, were found in adults Roentgen studies apparently
have not been published.

; BEkLumu {B, avitaminosis, thiamine hydrochlonde deficiency). Here a
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genologic amplitude was associated with exactly the same alterations in the
shape of the kymographic waves s referred to above. Proper nutrition with
the addition of vitamin B, brought about a complete return to normal,

In the Occident severe thiamine hydrochloride deficiency occurs chiefly in
alcoholics. It may also be observed in patients who are on a very restricted
diet, or who suffer from chronic diarrhea or diabetes, or who have had surgical
resections of the intestine. The chnical picture 1s not 1dentical with the oriental
beriberi, and this may be partly due to the fact that the majority of patients
under consideration do not perform prolonged hard work. Roentgenologically
the presence of pulmonary congestion has been mentioned but the descriptions
from the Orient stress the predomnance of right-sided failure. Dramatic im-
provements have been observed also in the occidental group accompanied by
regression in the size of the silhouette following the use of vitamin B,.

Disturbance of Metabolism and Internal Secretion. Opesiry. This
condition promotes cardiac impairment and occasionally may become the
responsible factor for the development of cardiac failure, The chinical determina-
tion of heart size is extremely chfficult. Two errors are likely to be committed.
One is the assumption of right sided enlargement. The broad contact of the
heart with the anterior chest wall, together with a shift to the right because
of the absolute and usually relatively high position of the left leaf of the
diaphragm, is responsible for this. The other error is the assumption of
aortitis, the result of frequently finding an accentuated second aortic sound and
systolic murmur. This is explained displ: of the ding portion
of the aorta ventrad and to the right.

Adiposity of the heart is understood to mean an increase in the amount
of fat in the connective tissue located subepicardially, between the muscle bun-
dles and muscle fibers and pericardially (periapically). The periapical fat
layer may reach a thickness of 25 em and a width of 5 cm and the
epicardial Jayer may be as thick as 2 em It affects chiefly the right ventricular
surface; its lines of demarcation against the cardiac musele may be sharp or
entirely obliterated.

The roentgenological study of the chest in obese individuals reveals a some-
what high position of the diaphragm and a broad contact of the cardiac and
abdominal shadows The vascular shadow is relatively broad and shert and
its right border is often quite straight and shows pulsations characteristic for
the venous type. The right border of the silhouette is short The appearance of
the whole silhouette corresponds to the findings which are ordinarily noted
during the phase of expiration or when a patient is examined in the recumbent
position. A greater portion of the caudal heart border is visualized during

inspiration and when the target is centered at a level more caudad than usual,
ie., over the ninth or tenth vertebral segment instead of the sixth The in-
creased width of the vascular shadow is occasioned by a greater spread of
the aortic loop and an actual dilatation of the aorta may be easly exclided
in the oblique views. "The left lower pole region can seldom be distinguished
clearly. Upon eursory examination, it appears to extend in a rather straight
or slightly concave line toward the diaphragmatic contour. Fluoroscopy with a
small shutter, preferably using radiation of greater wave length (low voltage),
Permits one to see the pulsating, convexly curved left lower pole within the
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the Orient. The seriousness of the cardiovascular syndrome was and is probab-
Iy due to the fact that it develops in people who perform strenuous work. The
acute pernicious form is called Shoshin in Japan. The disease affects all age
groups; breast fed infants acquire the disorder if the mother has a latent or
very mild form of beriberi. Authorities on the tropical beriberi ate not inclined
to accept the diagnosis of beriberi heart unless it is associated with neuritic
berberi signs.

Anatomically one finds a marked enlargement of the right heart affecting
especially the conus arteriosus, and dilatation of the intrapericardiac portion of
the pulmonary artery and of both the central and peripheral, veins, The left
side of the heart, as a rule, shows no enlargement whatsoever, A pericardial
effusion may be present but not necessarily so. There is a loss of tone in the
heart muscle, The clinical picture is domnated by right sided failure, some-
times fulminating in type. The cause of this is thought to be primarily 2
dilatation of all the peripheral small arterioles resulting in a kind of diffuse
arteri is. These floodgates may be closed, with benefit to the
patient, by the administration of pitressin,

The logical apf

Mo d: sod

app e, in a  case, is ct
by a globular enlargement of the heart with a marked bulge of the right lower
border and of the pulmonic arch which is displaced eraniad and may reve.al
vigorous pulsation. The latter finding should be attributed either to a dynamic
dilatation of the pulmonary artery or, what is more likely, to a prominence
of the conus arteriosus The vascular shadow often is enlarged to the right,
indicating an enlarged superior vena cava. The pulmonary branches are not
enlarged and there is no evidence of congestive failure in the lesser circulation,
With the amelioration of the disease, the cardiovascular silhouette narrows a.nd
the p ic arch promi; disapp Ricebran extract was shown to br}ng
about rapid improvement of this condition. Following two intramuscular vite-
min injections, the cardiac area in an infant diminished as much as 20% vyllhm
two days. Regression of heart size is unquestioned. Often, however, it is not
possible to compare the silhouettes correctly because the diaphragm dcsce.nds
as congestive failure disappears Studies on the influence of pitressin medica-
tion on the size and shape of the silhouette should be of interest. Instructive
facts have been obtained from ky hic ohservations. A slight
increase in the size of the amplitude of the heart shadow is noted during the
early phases of the disease, As 1t advantes, and as the heart enlarges and ‘_ﬁ'ﬂt‘i
on a globular shape, an alteration is noted in the character of the pulsations.
The normal shape of kymographic waves, as registered along the lower left
silhouette border, resembles the shape of closed scissor, or a trapezium, o a
mortise-chisel. But here the waves become rounded. As the disease and .gardmc
enlargement progress, the waves become shallow and broad, And during the
Shoshin stage the amplitude is almost nil.Tless than 0..05. to 0.1 cm. Th;se
swave form alterations are thought to be quite characteristic, a‘nd t):'e{r study
will enable one to suspect the presence of a cardiac benberi. With clinical im-

134 da baloan wlana wnnh factor than tha rearec.

‘t;‘e;\:'et‘:‘(ﬂ:;élops, and the increase in heart size and the diminution of roent-

.
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cardiac enlargement do not necessarily run parallel ‘The clinical finding of a
booming first sound, thrill, sphit sounds and auricular fibrillation often necessi-
tates the differential diagnosis between this condition and mitral stenosis. The
dlinical evaluation of the heart size in the presence of thyrotoxicosis s quite
difficult because the forcible heart action easily leads to a false impression of
enlargement.

Before ascribing cardiac enlargement to thyrotoxicosis, it must be taken into
consideration that it may be accounted for by associated cardiovascular dis-
ease. This, perhaps, may be responsible in part for the fact that the number of
enlarged hearts increases with age However, the duration of the process may
be a decidipg factor, Certainly in cases with gross cardiac enlargement, other
coincidental eardiovascular disease should be suspected If enlargement is pres-
ent and due only to the thyrotoxic factor, it is generally of only slight or mod-
erate degree. The incidence, obviously, varies with the type of material. In four
publications, each dealing with a series of not less than 125 and not more than
200 cases, an enlargement 1s referred to in 449, 459, 465, and 479 respec-
tively. Another author msists upon a figure of 83% for 80 cases but in this
group 2 marked filling out of the waist of the heart was considered as 2 criteri~
on of enlargement Most of these patients were hospitalized and the figures
would be far lower if milder cases were also included In a recent series of 102
noncomphcated thyrotoxic cases, 265 showed the cardiac area to exceed the
normal hmits All instances i which auncular fibrillation is established for at
least a few months’ duration and cases with failure show enlargement, while
paroxysmal attacks of fibrillation are easily compatible with a normal size No
enlargement should be expected when the symptoms are mild and of shorter
duration, The form of the cardiac silhouette may be globular with a widening
either to the left or to both sides It 1s hardly possible to decide roentgenologi-
cally which ventricle 15 more affected. The left atnium is usually not enlarged,
or at least not out of proportion to other chambers of the heart, high degrees
of enlargement are not observed.

A marked bulging along the upper aspect of the left cardiac contour, cor-
responding to the conus arteriosts, is not noted. More craniad, however, the
Ppulmonic arch is quite often prominent, independent of any other change in
beart size This prominence may either appear as a convexity or merely render
the left profile straight, it is sometimes concealed within the shadow of the
upper portion of the descending aorta or of a prominent upper ventricular
contour as in the case of cardiac enlargement. It can be better visualized by
Totation toward the right anterior oblique view. It is more often recorded on
orthodiagrams than on films with short exposure, since in the latter case the
phase of diastolic collapse often will be registered The length of the arch is
frequently increased, its average for 51 cases having been determined as 5.6 «
cm These changes in the pulmonic arch are often visible at an early stage
of the disease and quite marked with higher degrees of toxicity. The shape
of the total silhouette has been described as having a resemblance to a ham.
The hilar vessels retain their normal size. It is remarkable that even in the
presence of failure, the roentgenological signs of lung congestion (see chapter
VI) are but little marked.

The aortic arch is found to reach far craniad in a number of instances but
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non-pulsating, less dense, triangular shadow that consists of extrapericardial
fz}t and the ligamentous fold extending between pericardium, mediastinal and
dfﬂphragmatic pleurae, Ordinary chest films, as a rule, do not permit of this
diffetentiation because of the use of higher voltage and insufficient exposure,
and because of the lack of aid which is offered by the study of pulsations.
Fluoms_copy of the chest of obese individuals causes overestimation of the
heart size hecause of the increased object-screen distance. Orthodiagrams or
teleroentgenograms are, therefore, of
importance. Another feature in fluo-
roscopy is a certain haziness of all
contours. This 1s caused by the in-
creased amount of secondary radia-
tion -

It should be possible, theoretically,
to visualize the epicarcial fat layer
provided it fs large enough and suffi-
ciently well demarcated from the
cardiac muscle, A tangential view of
the right ventricular region should be
more valuable than the straight an-
terior view. Requirements for this
are: shott exposure, good contrast
(rotating  grid-chaphragm),’ good
definition (fine focal spot) and 2n
exposure to penetrate the mass of the

FiG 7055 yrs, F Palpitation and weak-
ness snce age 51 Weght Joss and precordial
pamn at effort since age 54 Nodular thyraid
gland  Cardiac hyperactivity, tachycardia
First apreal sound booming, harsh systohie
murmur and faint thulf over pulmonic area.
BP 130/60 ECG essentially normal
BMR 440% Thyrotouicosis dnié wiew
absence of cardiac enlargement Marked
- B A )

e

chinical signs.

heart satisfactorily, This requires 2
multiple of the time used with the
ordinary standard chest technique
GOITER, It occurs in the newborn in
endemic goiter regions’ and is found
to be accompanied by heart weights
exceeding the average figures. This
fact makes it very probable that the
roentgenological observation of en-
larged silhouette areas was correct
and not merely caused by thymic en-
largement Right-sided cardiac en
Jargement was simulated m one rar¢
case hy a large intrathoracic goiter,

probably atising from aberrant thyroid tissue 1n the mediastinum For further
remarks see tracheobronchial stenosis (this chapter). .
TuyroToxicosis. The roentgenological appearance of shape and activity
fficiently ch Tsti

ially with marked degrees

is, fn many i
of toxicity. It is

helpful, therefore, in determininrg causes of obscure cardiac

symptoms or enlargement, with or without failure. It may actually lea.d .'he
clinician to suspect goiterous etiology. But even with the established clinical
diagnosis, the knowledge of the exact degree of enlargemgnt and hy;?emctmty
aids in judging the severity of the lesion. However, severity of the disease and
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cardiac enlargement do not necessarily run parallel. The clinical finding of a
booming first sound, thrill, split sounds and auricular fibrillation often necessi-
tates the differential diagnosis between this condition and mitral stenosis The
clinical evaluation of the heart size in the presence of thyrotoxicosis is quite
difficult because the forcible heart action easily leads to a false impression of
enlargement,

Before ascribing cardiac enlargement to lhyroto“cosls 1! must be taken into
consideration that it may be d for by c ular dis-
ease This, perhaps, may be responsible in part for the fact that the number of
enjarged hearts increases with age However, the duration of the process may
be a deciding factor. Certanly in cases with gross cardiac enlargement, other
comncidental cardiovascular disease should be suspected If enlargement is pres-
ent and due only to the thyrotoxic factor, it is generally of only slight or mod-
erate degree. The incidence, obviously, varies with the type of material. In four
publications, each dealing with a series of not less than 125 and not more than
200 cases, an enlargement 1s referred to in 44, 45%, 46% and 47% respec-
tively. Another author insists upon a figure of 83% for 80 cases but in this
group a marked filing out of the watst of the heart was considered as a criteri-
on of enlargement Most of these patients were hospitalized and the figures
would be far lower if milder cases were also included In a recent series of 102
noncomplicated thyrotoxic cases, 265% showed the cardiac area to exceed the
normal limits. All instances in which auricular fibrillation 15 estabhished for at
least a few months’ duration and cases with failure show enlargement, while
paroxysmal attacks of fibrillation are easily compatible with a normal size. No
enlargement should be expected when the symptoms are mild and of shorter
duration The form of the cardiac stlhouette may be globular with a widening
either to the left or to both sides It 1s hardly possible to decide roentgenologi-
cally which ventricle is more affected The left atrium is usually not enlarged,
or at least not out of proportion to other chambers of the heart, high degrees
of enlargement are not observed.

A marked bulging along the upper aspect of the left cardiac contour, cor-
responding to the conus arteriosus, is not noted. More craniad, however, the
pulmome arch is quite often promnent, independent of any other change in
heart size, This prominence may either appear as a convexity or merely render
the left profile straight, it 15 sometimes concealed within the shadow of the
upper portion of the descending aorta or of a prominent upper ventricular
contour as in the case of cardiac enlargement. It can be better visualized by
rotation toward the right anterior oblique view It is more often recorded on
orthodiagrams than on films with short exposure, since in the latter case the
phase of diastolic collapse often will be registered. The length of the arch is
frequently increased, its average for 51 cases having been determined as 5.6 »
cm, These changes in the pulmonic arch are often visible at an early stage
of the disease and quite marked with higher degrees of toxicity. The shape
of the total silhouette has been described as having a resemblance to a ham.
The hilar vessels retain their normal size, It is remarkable that even in the
presence of failure, the roentgenological signs of lung congestion (see chapter
VI) are but little ‘marked

The aortic arch is found to reach far craniad in a number of instances but
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the aort.ic knob is not unduly small, It is not especially prominent unless made
50 .by displacement from a substernal goiter. Often the superior vena cava is
quite prominent. This finding is independent of congestive failure.

The hypertrophy and enlargement is accounted for partly by a direct foxic
effecc on the muscle cells and partly by the increased amount of work. The
mrculati‘ng blood volume, the minute and stroke volume and the blood velocity

<

1-17-41-
T - -=- sas~'est oo of pregnancy, the wt, was 709 kg
. [ enlargement of the thyroid gland
. 5in). A typical thyrotoxicosis was
R . sud Bmr plus 55% ECG ' Sry
rate 126/min, T deflections of low voltage
Orthodiagram, Mmimal ent of the silh Fl showed overactive

pulsations.
Course: The patient was kept on Lugol's solutron for a period of 10 days. The
ECG. then showed a rate of 90/mmn and the voltage of the T deflections had
the and in the orthodugram

increased FI py showed Jess
the silhouette was a tnfle smaller. The next day a subtotal thyroidectomy was per-
formed, Mic Diffuse tovic Pl ic type One week later the

, € 3
bmr. was plus 12%, the ECG showed a rate of 100/min, and the T deflections of

normal voltage
Orthodiagram: Normal sized silbouette, smaller as compared with the findings 2 wks
ago
gL‘ﬂmmmt: The heart of this thyrotovic patent already showed ymprovement unde'r
the influence of the preoperative 1odine treatment, as revealed by both the roentgenclogic
and electrocardiographic study. Further progress was noted one week postoperatively,
at which time the heart unquestionably had receded in size snd the abnormal findugs
in the ECG. had disappeared

are increased, The lumen of the pulmonary artery in 6 cases was found at
necropsy to be- 17% larger than the aorta, but the expected finding for this
“et .%eem ol R0% Annther investigator reported the lumen of

. * , and 56% above the average

ease appear unusual in type,

“ﬂabby." or hypotonic. ‘Lhey are someumes sucreased in amplitude along the

e .
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cardiac sithouette and are conspicuous aléng the pulmonic arch, aortic knob,
ascending aorta and superior vena cava, as observed in the different views.
Clinically, one notices a marked increase in the jugular pulse as an expression
of the increase in blood velocity. The adjacent intrapulmonary shadows like-
wise reveal an increase in their movements. Kymographic tracings of the left
lower ventricular contour reveal a deviation from the normal graphic ap-

2-18-38]

3 E
: 4
L .1
i

, |
1

H

i

. ) o

Fics. 72, 73 —66 yrs, F Goutdr since age 31 Partial thyroidectomy age 1. Nervousness,
weakness, palpitation since age 44 Shght degree of failure and irregular heart action since
age 64. Carduc enlargement and hyperactinity, boomung first sound, P, accentuated,
thythm wregular, rate 116 Tibial edema, slight BP. 160/80 ECG . auricular fibnllation,
Tis positive, It axs dev Bmr + 126 Touc adenoma An! wvrew- moderate en-
largement of silhouette L 152, B 115, T 158, Ty, 110 e {on 7 foot flm) Shght promu~
nente pulmonary conus (bl arrow) Descending thoratic aorta promunent (wh amow).
Substernal goiter with displacement of trachea to rt. No congestine lung failure, Lat view
{illustration omutted)- It atnum slightly prominent, descending thoracic aorta elongated.
Course removal of thyroid, leaving only 1/40 of tissue Microscop'e nodular hyperplasia.
Follow up study two years later feels well, guned 10 kg m weght Apical thrust
farther in; no edemz, no hyperactivity, heart sounds normal without basal accentuation,
thythm regular, rate 82 BP. 145/90 ECG - nsr, a-v conduction time 022 sec, T, »
postive, It axis dev Bmr —26% Ant wmew normal sued sihoueite L 140, B 102,
T 126, T, 197 em (on 7 foot film), Vascular shadow unchanged. Trachea nat cisplaced
Lat. view (llustration omitted). It atrum not enlarged Rib pattern and duphragm
position are practically exactly comparable in the two films Defimte regression m cardiac
size has oceurred

pearance. The diastolic rise is rather steep without formation of a plateau
and the duration of the medial movement is quicker and greater in extent
than in the normal heart beating at approximately the same rate; the plateau
formation of the systolic stage is almost absent Crests and troughs somewhat
Tesemble a sinus curve. How far hypotonicity of the myocardium may account
for these changes remains to be investigated.

| a—
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.The roentgenological difterentiation between the hearts ip thyratoxic and
mlt_ral valvular disease is simple, especially when the thyrotoxicosis is in an
active phase The mitral heart is lacking in hyperactive pulsations and they
may even be absent in the lower poler region. The middle portion of the
left contour, the conus region, is the most prominent area, The aortic knob is
quite small, sometimes invisible. The enlargement of the left atrium with the
consequent displacement of the esophagus is marked and the lung fields reveal
a more or less characteristic appearance as described in chapter VI,

The preoperative period, with rest in bed and iodine medication, 1s an m-
portant part of the treatment because it is then that cardiac enlargement may
be reduced, During this period the basal metabolic rate, the pulse rate and the
pulse pressure are observed to diminish, and auricular fibrillation may occa-
sionally change to a normal sinus thythm It has even been stated that the pro-
portion of hearts reduced in size as the result of the whole treatment 15 no
greater than that resulting from the preliminary bed rest and 10dine medica-
tion
With the improvement of the condition, after operation or irradiation, the
pulsations are seen to return to a normal aspect The prominence of the
pulmonic arch likewise disappears in about three-fourths of all cases within
a period of a few months, The cardiac shadow which has been normal in size
remains unchanged or may slightly increase with a gain in body weight.
Whether this increase corresponds to an actual volumetric increase or is only
apparent, is not known Perhaps where marked wasting with some anemma
has existed previously, there is an actual increase but it should be recalled that
an increase in hody weight tends to raise the diaphragm and so to increase
certain diameters. Where congestjve failure with aurcular fibrillation has
existed, marked reductions in size have been noted but it is almost impossible
to compare correctly roent of the same indi 1 taken during
and after the stage of congestive failure Where enlargement often associated
with auricular fibnllation was present, a diminution certainly may take place
but, as far as we know, does not necessarily do so This problem is complicated
because associated catdiovascular disease has not always been sufficiently con-
sidered from the statistical aspect and because an exact roentgenological tech-
nique has been adhered to in only one study. An increase m the size of the
silhouette at some t:me following thyroidectomy might point to the dévelop-
ment of a postoperative myxedema

MyXEDEMA. An enlargement of the silhoue:te

B

occurs but is not a necessary
amdnamaraont fo hilatara] and

accom] and

restmk - g‘;slitl

lesser ly
to- st oo at~os e pulsation 1s sluggisn aud the

presence of a large silhouette in
o and hydrothorax are rarely ob-
4 sed by associated cardiovascular

SETVeU ALU 1 prtoves sy 1 . b )
disease The widening of the silhouette is caused either by cardiac dxlgtatmn or
by pericardial effusion or is due to a combination of bot.h factors Which factor
plays the more predominant rdle is not yet known but it seems that effusion is
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more often present than is
proven by paracentesis.
After thyroid medication the size of the silhouette usually undergoes a slow

In three i s its p was

Fucs 74 75 —0 yrs F History uadache, pm)xule vommn pnrmnc'e for varm

weather, fatigue and visual dh an undue gamn i wt.
dunng the past year Fmdings Ht 127 cm (50"), wt 274 Ag (60% Ib) The
reaction pattern was slow The skin was cool, coarse, and dry There was pallor of the
mucous membranes The face was puffed Exammation of the heart revealed nothing
significant The blood showed hb 11 gms, rbe 38 mill, cholesterol 584 mzm %%
The bmr was mnus 36% Other laboratory studies were of no sgmificance ECG
1 St with an occasional premature auncular beat, rate 72/mun, P deflections of low

voltage, 1mtial deflection with maumal voltage of 8% mm, T negative m leads I and
11, 1soelectne 11T

Ant wiew. Cardiovascular sihouette normal as to <ize, shapa and position

Course. A subsequent study showed the BP 00/60, and the bm munus 4256, 4755
The wisual fields were normal The child was placed on thyrod evtract, graduaily
ncreasing from 003 gms (grs ) to 012 gms {(grs II) daly Within several wmeeks
the child lost the symptoms referred to above The cholesterol was 168 mgm e, and
the bmr was minus §5, 2% ECG Sr with sinus arthvthmm, rate 90/min The
voltage of P and QRS tncremed, the latter now maumal 12 mm T positive 1n the
three leads

Comment  An nstance of juvende myvedema associated with normal cardio-
roentgenologic findings If, 1 the presence of myxedema, the sihouette 15 found to be
enlarged, one should consider the possibility of pencardial flud If actual cardac
enlargement 15 proven to be present m assoctation with hypothyroidism, one should
mvestigate the duration of the latter and consider the possibility that wt may have
acted on an already damaged heart muscle

regression The minimum, as a rule, 1s reached during the course of a few
months The greater the degree of enlargement, the greater the amount of re-
duction If this is marked, resorption of fluid is most apt to account for it, at
least in part

‘Total ablation of the thyroid gland is followed by myxedema The silhouettes
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(_al' those patients who had congestive failure before operation show variations
in changes which seem to be the result of two opposing factors; first, the effect
of the hypothyroid state tending to increase the size of the silhouette, and
second, the restoration of circulatory compensation tending to decrease the

Fics 76, 77, 78 —45 yrs, F. Typical myt-
edema. (a) Before therapy Bmr. —327%
(b) 16 days later. Patient received 73 grs
Armour’s thyroid Sithouette dimimished
size Bmr —4% {(c) 6 months later After
additional 190 grs. Armour’s thyroid bmr
~3%. Sihouette considerably further de-
creased, Courtesy Dr George W Holmes,
Dr James H Means and Dr. J. Lerman
Mass Gen'l Hosp, Boston.

size of the silhouette. The difficulty, however, in comparing this size during
f e 3 Eeas wacenct®edde Sl b b iy miind, Cases without
: " enlargement of the stl-

5 . ial
£GALY. The heart is found to be considerably enlarged as a partial
eq;‘rg:s?z; of the splanchnomegaly. Cardiac hypertrophy and dilatation were
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produced experimentally in dogs by feeding anterior pituitary extracts. The
average heart weight was 380 grams as compared with 180 grams of the control
animals,

The cases which have been reported had acromegaly over a period of many
years. A few roentgenological observations indicate that with shorter duration
the silhouette is not necessarily enlarged.

Disturbance of Arterial Blood Pressure, of Volume and Constituents
of the Blood. GLOMERULONEPHRITIS. a) Acute. Postmortem studies have
demonstrated that in a certain percentage of cases, dilatation of the heart occurs
as early as the first or second week of the disease, and hypertrophy even during
the second or third week, Clinically there may also be present dyspnea, shght
cyanosis, cough, crepitant rales, gallop rhythm, systolic murmurs, and E.C.G.
evidence of left ventricular strain,

Rarely will one have at one’s disposal the roentgen findings of the patient’s
cardiovascular silhouette prior to the onset of the iliness. But in comparing
one’s observation with those of a few weeks later, when clinical and laboratory
findings are normal again, one notices that an enlargement of a minor degree
is commonly associated with the acute phase of the disease. There is an in-
crease in the blood pressure and most probably an increase in the amount
of circulating blood (prevalence of plasma over blood cell volume). Some
widening of the pedicle with an of the ic arch is
also occasionally found An enlargement of the silhouette may be due to the
heart proper and this may reasonably be assumed to be the case in the absence
of peripheral edema, plenral fluid or pulmonary edema. In many instances,
however, an accumulation of pericardial fluid is responsible for the enlarge-
ment of the silkouette and this may be safely diagnosed to be the case in the
presence of peripheral edema, pleural fiuid or pulmonary edema, Another point
deserves consideration. Acute nephritis is usually associated with a relatively
high position of the diaphragm Water retention in the abdominal viscera and
cavity is responsible for it. This may or may not be striking, and may not be
recognized until the renal process is subsiding with the a( of
associated wide-spread capillary damage and disturbance of the blood chemis-
try. The shape of the silhouette will be influenced, of course, by the position of
the diaphragm.

The anuric state is accompanied by a peculiar app of the lung fields
(described in chapter VI), which 15 accounted for by interalveolar trans-
udation, particularly affecting the central portions of the lung. A diminished
lransparency of the lung fields may alsu be found m three addmunal msla.nces
which can well be found in i ES degree of congt lung
failure of the common type, pleural transudation, and edema of the soft tissues
of the chest wall.

b) Subacute and chronic The first roentgenological sign of left ventricular
hypertrophy appears apparently in the form of a slight bulging in the middle
portion of the left lower contour and precedes the caudal displacement of the
lower pole region. Sufficient statistical data are not at hand to permit a state-
ment as to how much time must elapse until the hypertrophy becomes recog-
nizahle roentgenologically.

In acute nephritis the heart seems to dilate primanly, while in essential
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Fies 79, 80, 81, 82 —48 yrs, M History 2 wks after a severe sore throat, the urwiary
output dunminished A few days later ankle edema and dyspnea appeared Findings
(1-13) Low grade fever, shght degree of cyanosis and dyspnea, pretibal and sacral
edema,- pleural effusion—lt more than 1t Apual thrust foreeful, 13 cm to It of
mdhne m Sth 1 sp BP 156/90 Hb 10 gms, rbc 32 mill, wbe¢ 8150, urea 1
23 mgm %, total protemn S63, alb 356, glob 207 gms n 100 cc, a/g rato 17,
€O, combintng power 4¢ volumes% Cloud of albumn, numerous casts and rhe’s
urine  Hemolytic and vindans streptococar m throat

Course 1000 ¢c of flurd were removed from the It pleural cavity

Ant View (1-15, A} Fhud 13 noted at both bases, more on the It The central lung
fields show a dumnished transparency, but the penpheral and cramal portions appear
normal, the vascular pattern 15 not increased The size of the cardmc sijhouvette 15
difficult to evaluate; apparently there 15 httle enlargement The diphragm is unduly

hich
A e +a *< was done at the It side, yielding
. 1 100 diastohe The tempera-
‘The patient became restless,
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hypertension hypertrophy is thought by some to be the first response, No es-
sential anatomical differences are noted for the heart in the later and advanced
stages of either condition The average lower blood pressure and shorter dura-

the neck veins were engorged and cyanosis was present, the lungs showed moist rales,
a marked dullness to percussion over the lower half of the sternum was noted with
notmal findings over the upper half, the heart rate was mcreased 2nd a very pronounced
gallop was heard Fundi Slight degree of relinal edema, a few superfial hemorrhages
and an occasional spot of catton-wool exudate, no evidence of artenolasclerosis ECG
{1-18): N'st, rate 135/oun, normal P and P-R, imtial deflection shows It axs dev,
maumal voltage in hmb leads 634 mm, S-T, arched, Ti neg, Tra pos, T in CFue
plus-minus In the course of 13 hours patient was given 003 gm (grs %) of morphine
sulph sc, 12 cat umts of digalen 1m, 08 gm (grs XI) of amunophylin 1v,, and
otyzen inbalation, and patient tmproved Findings A marked degres of gallop stul
persisted BP between 150 and 165 systolic, 98 and 108 dustolic Hb 10 gms, rbe.
37 mill, whe 20100. urea n 75 mgm%, creatinin 15 mgm% Patient was
started on sultapyndine 1 g (grs XV) q 4 hrs for 6 days, and lld for subsequent
whk Within 2% brs the fever the gallop ly and the
patient felt better A small blood caused of Cheyne-Stoki
respiration, pulmonary rales and a rate of 160/mn, with morphine 2nd ammnophylhn
bringing rehef Gradual and steady improvement then followed From 1-23 to 2-14 the
urea n fell from %0 to 13 mgm % Albumin, casts and rbc’s persisted in the urnne
Treatment was bed rest, low-salt znd high-protein diet Drgtalis was discontinued
on 2-13
Ant View (2-23, B) There 1s flmd at the It base The lung fields reveal normal
transparency The vascular pattern 15 sightly increased The cardiae silhouette 1s
enlarged, with the contours revealing no subdivision (most probably pencardial
effuston)
. Course~ The retimus cleared completely Findings BP 166/115 Fluoroscopy (3-27)-
Entwrely normal of chest and silhouette, obhque diameter,
orthodiagraphic, 142 em ECG (3-27), Nsr, rate 72/min, rormal P and P-R,
mtial deflection with it axis dev and normal voltage, normal 5-T segments, T positive
in I, I, TII, CFys One month later, the BP bhad veached a normal level The urne
stll revealed abnormal findings when' the patient everted himself
Ant View (4-25, C) Normal appearance of chest and cardiovascular sithouette.
Course 5 mos. later there was an almost complete recovery The BP was 130/95.
The urine was free of albumm but showed an occasional rare cast, and a positive
reaction to occult blood persisted The urea n was 18 mzm %o, and the urea clearance
was 807
Comment A Clmcal Left ventncular failure commonly accornpanies acute glomert~
lonephniis The outstanding diagnostic features are Gallop and pulmonary congestion
{dyspnea) In this case two nteresting facts were demonstrated First, the untoward
effect of mtravenous flnd (blood) Second, the unfavorable effect of infection, for no
sooner had sulfapyndine become efiective than both the fever and gatlop disappeared
B Electrocardiographic  The first tracing, which should be compared with the second
one, revealed the pattern of acute left ventncular stran, 1e, 2 negatne T in Jead I
The low voltage was due to water retention m the body tissues and cavities C Radio-
logic The first roentgenogram shows evidence of water retention High position of the
diaphragm, flud chiefly 10 the left pleural cavity (this 1s rather charactenstically noted
with left ventncular faflre provided sinus rhythm s present), and central, interstitial
and perhaps also parenchymal-edemia Note absence of congestion mn the peripheral
lung fields The second roentgenogram reveals the presence of pleural find exclusely
at left and, most probably, flud i the pencardial cavity The diaphragm has not yet
reached 1ts normal possion This 15 evident by wnspecting the thurd roentgenogram,
which was exposed at the end of quiet expiration Note here the normal size of the
heart Courtesy of Dr Edward Weis Temple Unmiversity Hospital, Phuladelphia, Pa
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Fics, 83, 84, 8556 and 61 years, 3, History: Malaria
Ci at age 42 When seen first he had sul-

fered for two years from mild effort dyspnea, abdaminal
discomfort. and weight loss. Findings+ There was no evi-
dence of falure The lver and spleen were shghdy e
larged The heart was in vertical position and showed a mod.
erate degree of enlargement to the left, The B.P, vaned at
different times between normal and 155/110 The unne
showed albumin, The blood showed normal npn and
protemns, hb. 145 gms, rbe. 5 mull, whe, 24650 with
86% polys. No evidence for parasites Wassermann test
negattve. ECG Minumal notchmng of P, otherwise not-

mal, Repeated follow-up studies for a penod of 4 yrs, showed no particular changes
The shght enlargement of hver and spleen and the leucotytosis persited The sed-
mentation test was 9 mm and there was no fever at any time, The B P, readings showed
elevation at times Fundi Mimmal amount of sclerosis, no retmutis. ECG (2-21-40)
Essentially same as previously Subsequently the patient lost 1 weight and complained
of muscle cramps Findings: Wt 564 kg (124 lbs). The chinical picture was one of
urerma ‘There was no ewdence for heart falure The heart was considerably enlarged,
rate §0/mm BP 180/110 The unne showed much albumum, its speafic gravity vaned
hetween 1008 and 1009 The urea clearance was between § and 107% of the normal
Hbh 0 gms, rbe 33 mill, whe 28250 with 91% polys Urea n 128 mgm %%
creatmine 13.4 mgm %, CO, combining power 26 vol%, proteins 665 grams with an
a/g matio of 15, caltwum 76 mgm %, phosphorus 12 mem.%6 Fundi. Marked athero-
sclerosis of choraidal vessels, attenuation of penpheral retmal arterioles ECG (7-7-413:
As compared with the previous tracing two changes had occurred first, a .msrkd
Jowering of the voltage of T in all leads, second, a lengthemng of the Q-T interval
Roemigenogram, post view (3-17-41)° The heart is generally cnlarng but more s0
on the leff. The lung fields are of normal appearance Lel't basal adhesion noted
Course: ‘The clinica) picture was one of progressve, quiet uremia On 8-19 an octa-
sional hemoptysis occurred, and a few days later edema of the legs developed. The wi.
Gas 60 kg. (131 1b), The respiration was somewhat ceepened but there was no dyspn:i
A few rales were heard antenorly. Roeatgenogram (8-25) - Definite changes were not
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ion of life in nephritics lead, as a whole, to an average lesser degree of hyper-
rophy and dilatation. The level and the duration of the blood pressure eleva-
ion represent only one factor influencing the size of the heart, e., chiefly the
eft ventricle. Other factors to be considered are the constitutional capacity to
levelop cardiac hypertrophy; and the damage resulting from physical over-
xertion, emotional strain or excess fluid intake. Nor is there a strict correla-
ion between heart size and renal failure Cardiac enlargement is frequently,
but not regularly, met with in the final stage of chronic nephritis and pyelone-
hritis, Roentgenologic evidence of left heart failure is noted if the clinical
picture ends with heart failure, but this is not the common course of events
The left atrium is then also enlarged. The lung fields during the final stage may
eyt - . . P -

spi . n

me

dilatation. Roenlgen studies on this type of case have not been repoxted
EssENTIAL VascuLar HYPERTENSION. One cannot expect a characteristic

appearance of the cardiovascular sithouette Here some of the influencing fac-

in the lung fields and they were the same as observed later. The degree of anemiz
increased, hb § gms, rbe. 1.9 mill Pulmonary rales continued off and on and were
of uregular distribution

Roentgenogram, post, view, (9-5-41): Small patchy densities of irregular distribution
are noted, The diapragm 15 higher than previously

Course: At no time was there fever, por did cardiac failure appear at any time The
wrea n rose to 165 mgm %5, and the CO, combning power was 14 vol %. Death (one
week following the last roentgenogram)

Postmortems: The weight of the heart was 575 gms ’rhere was present dilatation and
3 mid degree of There were pal areas 1n the myocardum.
The valves and coronary arteries were normal Mlcroscopm. Uremic myocardial de-
generation The left pleural cavity was obhiterated The weight of each lung was 325 gms

parts were well aerated The cut surface showed everywhere not very recent
hemorrhages which had begun to diffuse out into the lung tissue They measured about
05 cm. m dmmeler and averaged about one to two to !he square mch of cut surface
patchy macular
The kidneys showed a third stage of diffuse g!amemlon:phnus. The hiver weighed 1400
gms, and the spleen was enl.

Comsment: The patient suffered from chromec glomerulonephntis that led to renal
falure. The change 1n the roentgenologic appearance of the lung fields was due to the
widespread appearance of patchy macular and i

both undoubtedly sequelae to the disturbed chemustry of the body tissues Neither
congeshion nor nfarction accounted for these findings The position of the diaphmgm
m the two roentgenograms 15 not identical Antipating an aggravation of the patient’s
condition, the technician had been requested to take the first roentgenogram with the
patient m recumbency and to obtain the exposure at the end of tidal respiration. How-~
ever, an exposure at the end of forced mspiration was obtamed When the second
Toentgenogram was obtamned the patient was semuicomatose, and cooperation in the sense
of forced mspiration, m order to duphcate the former condition, was 1mpossible, The
enlargement of the heart was presumably due to myocardial disease on the basis of
prolonged renal faflure and hypertension The appearsnce of ECG changes indicated
myocardial dysfunction and a lowering of the blood calcium—both on the basis of
severe renal faure.
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tors are: the type of hypertension, permanent or transitory, affecting the
systolic level only or both systolic and diastolic levels; the degre’e and dur:lion
of Ehe hypertension; the age and constitutional type of the patient; or compli-
cating factors such as cotonary artery disease, anemia, aortitis, valvular disease,
and presence or absence of failure An increased prominence of the aortic
shadow, especially in the region of the knob, and of the descending aorta is
often present but may quite as well occur with atherosclerotic dilatation or
merely in connection with more advanced age

The gortic shadow appears in all views to be moderately and uniformly di-

Tics 86, 87 —12 yrs, F Headache, weakness, dyspnea on exertion Weight 24 kg, hezht
142 em Apical thrust heaving, shghtly displaced. A, much accentuated B P. 235/160 Kid-
neys shaw low concentrating ability Blood urea n mnsing from 13 to 120 ECG* It
axis dev Mahgnant hypertension and nephrosclerosis dnt view It ventncular sithouette
15 promunent to It and caudad (bl arrow) Aortic shadow 1s moderately widened 2nd
lateral contour of distal portion of astending aorta (wh arrow) s in a hne with contour
of rt. cardac border Lt anf 08! wiew Promunence and roundiog of It ventricilae top-
tour (bl arrow) Prommence of ventral aortic contour (wh arrow) Dynamic dilatation
of aorta, Postmortem Marked hypertrophy of It. veatricle, average thickness of wall 24
em Aorta small, arcumference 4 ¢ni

lated when young individuals are affected either by primary malignant or sec-

ondary nephritic hypertensive disease, especially if a high diastolic pressure I8

present, Here the internal pressure is the sole cause of dilatation, the post-
C e . RIS 2
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ci‘l’h‘e aortics’ © 7 7 P I EUEE PP
pears slightly .

the left clc s . )
o ner blique view, the shadow of the second portion

prominent. In the left anterior o!
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of the arch may overlap dorsally the shadow of the spine A cylndrical dilata-
tion with a more marked prominence in the région of the ascending aorta ren-
ders the presence of syphilitic aortitis probable. There is no doubt, however,
that marked and prolonged hypertension in the adult is compatible with a nor-
mal roentgenological appearance of the aortic shadow The degree of the pulsa-
tory amplitude is hkewise not umform The presence of a wide pulse pressure
tends to be combined with larger excursions, but these tend to become dimin-
ished when the diastolic pressure is high and during the stage of failure. Often,
especially by observation mn the ablique views, it becomes obvious that we are

Fio 83—0ld man Hypertensive and atherosclerotic cardiovascular disease

Ant view marked enlargement’ of
1t ventncle caudad and to It (It lower arrow) Caudal shift of intersection
between rt vascular and cardiac border {rt arrow), caused by enlargement of
ascending aorta Distal portion of arch (It upper arrow) Lt ant obl wew:
promunence of It ventncle dorsad (It arrow) Enlargement and wide swing
of aortic arch (upper arrow) Courtesy Prof Dr G G Palmien, Bologna, Ttaly

dealing, in the main, with a displacement of the aortic shadow m toto rather
than with a marked expansile change There 15 commonly noted m well com-
pensated cases an increased amphtude of the left auricular appendage
Provided the hypertensive stage has endured for a considerable period, the
cardiac silhouette 1s usually shightly enlarged This enlargement 1s to the left,
caudad and dorsad exclusively The left lower contour 15 elliptical with the
main bulge craniad to the left lower pole region L increases proportionately
more than T. Occasionally one meets with a case normal in appearance despite
long standing and marked hypertension and the ordinary diameters may be
within the norrnal imits 1n rather a large percentage The silhouette of some pa-
tients progresses very slowly indeed, sometimes only 2 few mm over years; it
seems reasonable to assume that 1n these cases very little coronary artery dis-

- -~
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0
Fic, 89 —25 yrs , F, Recurrent headache and
epistaxis, Apical thrust resistant A, accen-
tuated. B P. 240/120, Blood urea increased

Ant. wew: aortic configuration, marked
elongation of It lower contour,.L 151,
B 103, T 139, Th 244 em. Aortic shadow
shghtly prominent at either side, Rt. ant.
obl. view (illustration omitted): It, atrium
not enlarged Death due to cerebral hemor-
rhage during sexual intercourse. Postmortem
marked hypertrophy, moderate dilatation It.
ventricle, Arteno-and artenolosclerosss of
kidneys. Aorta small, without intimal
changes, .
10-10-36 ]&

Fic 90~—59 and 62 yrs, M. History. The patient was studied for other than signs or
symptoms referable to the c-v system Findmgs (age 59) There was no falure, A:
was accentuated, the B P. wvas 180/120 Fundi Grade I arteriolosclerosts, hypertensive type,
and grade I chorodal sclerosis, ECG St with premature auricular beats, It. axts dev,
T,s positive.

LOrItJ;x’admgmm: Very shght of the It
the aortic shadow of increased depsity

Course: Three yrs later agam complamts not referable to the c-v system, but also
headaches Findungs (age 62) There was no failure, the heart was slightly enlarged and
A, accentuated, the B P, was 200/130. Fund: Grade I plus arteriolosclerosis, hypertenstve
type, and grade IIL choroidal sclerosis EC.G : St with premature auricular beats, It
axs dev, Ti nearly on base Ime, Tz positive.

Orthodiagram+ As compared with the previous study,

area Fl showed

a moderate increase i heart

ted.
size and & more marked promunence of the aorta are nof s continued efet
Comment* The hypertensive condition was w:'ll }ol:;;(ed but its col s

expressed itself m alterations of both the
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FEBR. 1934

Fic. 9144 and 51 yrs., M. History This high strung and emottonally unstable patient
was aware of high blood pressure for the past 10 yrs There was no apprecable effort
hmitation Findings. The heart was not enlarged, there was an ameal systohe murmur
of mimmal degree, not heard over the aorta A: was accentuated There was no gallop,
BP. Systolic from 126 to 180, diastohic from 93 to 132 Wassermann negative ECG ¢
Normal with the exception of notched P

Orthodsagram Normal size and shape of heart Aoruic loop rather full-sized

Follow-up, 7 yrs later Only considerable effort would bring on dyspnea Findings:
The heart was enlarged, there was noted a well-marked apical systole murmur transe
mitted to the surroundings, and a systohc murmur of minor degree over the base As was
accentuated There was no gallop nor evidence for fallure BP - Systohe from 130 to 190,
diastohe from 78 to 110 The laboratory findings were essentially normal evcept for
albuminuna ECG  As compared with the previous study, the following changes were
noted: The QRS complex showed an increase 1 voltage, and there was It aus dev, the
S-T mterval was depressed 1n lead I, T, was negatne, and Ta positive

Orthodsagram. The heart 1 enlarged, chiefly 1n the It ventncular pottion A marked
degree of tortuosity of the aorta 1s noted

Comment. This patient was afiicted by a fluctuating type of bypertension, and de~
veloped heart murmurs of atherosclerotic ongin Orthodrgrams and ECG's obtamed
seven years apart, at different points 1n the course of the disease, illustrate the develop.
ment of It ventricular enlargement Marked tortuosity of the aorta developed dinng
this period

ease is present In those instances where the basal cardiac work (as determined
by the ethyl iodide method) 1s not increased, the cardiac shadow is not found
enlarged; the amount of enlargement 1s stated to be closely proportional to in.
creased basal cardiac work. Some deepening of the waist of the silhouette (an
aortic configuration) is common An exception is found in individuals who rep-
resent, to begin with, a vertical type of the cardiovascular shadow; patticularly
with the drop heart the changes may be minimal and detectable only by means
of follow-up studies conducted over a period of years Other factors which will
counteract the trend to progression in heart size are weight reduction and ac.
ceptance of the necessity for a quiet hife. To some patients this latter require-
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F1 92—47 and 5334 yrs, M. History.
When first seen the patient had had the
anginal syndrome for one month Find-
ings (age 47): Wt 831 kz (185 1b)
Thete was no evidence of falure A
shght degree of It. ventricular hyper-
trophy and accentuation of A was
noted Rate 83/min, rhythm regular
BP 170/100, ECG » Evidence of an-
tertor infarction, no aus dev Other
Iaboratory findings were without sig-
nificance i

Orthodsagram  (1-20-35). The It
ventnicular area 1s shghtly enlarged and
the obhque diameter measures 14 em
The It atrium 1s not enlarged The lung
fields showed normal transpagency

Course: Three yrs later g mmor
posterior infarction occurred Two mos
later 2 munor antenor mfarction, the patient making 2 mice recovery. Findings (3-29-38)
showed no change 1n heart size (illustr omitted) nor in the blood pressure level Angnal
distress was very shght Three and one-half yrs later msomma developed A few wks
later zcute pulmonary congestion occurred'dunng sevual intercourse In spite of this
experience and weakness, the patient did not report until 10 days later Findings
{age 53%:) Wt 832 kg (183 Ib) Cheyne-Stokes respiration, a few rt sided
rales were noted, the hver was questionably enlarged, and the neck vems showed 2
normal systolic collapse The It ventricle was much enlarged and hypertrophied, a gallop
and basal accentuation were heard, there were mo murmurs Rate 100/mm, rhythm
regular BP 180/95 ECG * Simlar to previous tratings except that It, atus dev was
present

Orthodiagram (8-6-41) The cardiac slhouette 15 much enlarged, with particular
reference to the It ventncular area, and the oblique diameter measures 198 cm The
It. atnum m the ‘The were very small The lung
fields showed a marked diminution of transparency, the vascular markings were in-
creased and hazily outhined but there was no basal flmd

Course- Treatment consisted in bedrest, opiates for several mights, diptahs, amino-
phylin by rectum, hmitatton of food, flud and salt, 5 days later improvement was
outspoken Findings The pulmonary rales and gallop had disappeared Auncular fbrl-
lation was noted and verified electrocardiographically, there was no pulse defiat, and
the ventricular rate was 72/min BP 180/100 3 days later improvement had pro-
gressed Findings: Wt 80 kg (176 1b) Sinus rhythm present, rate 98/mmn B P. 160/90

Orthodiagram (8-15-#1)* The size of the cardiac silhouette has markedly receded and
the obhque diameter measures 161 cm A trace of It atnal enlargement 15 noted The
pulsations were fairly well vizualized The transparency of the lung fields had increased
and the vascufar pattern was less marked

Course. Three weeks later sudden chest pain developed and death occurred withn
a few mn

Comment. The pauent had hypestension and obstructive coronary artery disease
Angma of effort was present and several cardiac farctions occurred 5% yrs following
the first observation acute left ventricular falure took place At that time the heart

to mu treatment soon Jed to chmical

and simultaneously the heart had regressed m smze That the rtgrcsslﬂl‘l
in the size of the sihouette was not-—or not chiefly—due to a of d
fwd 15 made highly probable by the following facts, When the sihouette was larxl;ialf.
1ts vascular pedicle was not unduly shoriened and flid was not present in the plmh
spaces. To judge from the increased thoracic width at that time, the volume of (Ie
abdominal viscera must have bee‘n increased, yet lhe‘dnphmgm was depressed, obviously
He to the weight of the blood in the excessively dilated cardiac cavities

size had p
\mprovement,
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ment is temperamentally acceptable, to others it may be re-enforced by the
added imperative of other illness, but medical advice should emphasize the
need for its acceptance.

As far as prognosis is concerned, the size of the heart is of limited signifi-
cance, Large hearts may cumpensate for a period of many years, while smaller
ones may fail quickly

A correlation study has been carried out showing the comparative relation of

logic and ophthal pic findings and of roentgenclogic and electro-
cardiographic findings Heart size was evaluated from fluoroscopic and ortho-
diagraphic studies, the ophthalmoscopic observations referred to the degree of
arteriolosclerosis of the hypertensive type, and the E C G. alterations were
scrutinized with regard to final deflection changes and axis deviation. It was
demonstrated that although there is a trenc toward a positive correlation be-
lween raentgenologic ﬁndings as to heart size and the respective findings of

ophth and electroc phy, respectively, the degree of correla-
tion is not of high statistical slgmﬁcance The same held true when the corre-
lation was carried out for electrocardi ic as ¢ d to ophthalmo-

scopic findings. Although there 15 an imadequate currelauon between these
three criteria, it is desirable in a given case of hypertension to have an evalua-
tion of heart size, eye ground and electrocardiogram.

An increase in the size of the heart was observed in dogs in which hyper-
tension had been produced by bilateral constriction of the renal arteries None
of the animals developed signs or symptoms of congestive heart failure.

Congestive faure is practically always associated with a considerable en-
largement of the silhouette Angina pectoris, however, is compatible with
normal cardiac size Many attacks of angina pectoris are associated with a
paroxysmal hypertensive state It would be interesting to study the size of
the aorta during an attack and in the intervals between attacks. With progres-
sive enlargement, the waist of the heart tends to straighten out, there is an in-

. h . A L. e . e

riod may well be that of an organic mitral valvular disease. But in contradis-
tinction to a primary mitral heart, the aortic shadow, especially in the region
of the knob, remains clearly visible, while with the mcrease in height of the
mass of the heart shadow, and with the presence of right sided failure, a pre-
viously convexly-outhned right vascular contour may be replaced by the
straight contour of the enlarged superior vena cava At this stage pulsations
}'Aave diminished markedly and the lung fields show signs of congestive lung
ailure,

SU’DDEN Hvx»c-n:nsxon Th)s occurs wnh a disturbance either of lhe central

TR AP I

- PRI

bral anemia are allied with it Only a few roentgenological observauons exist,
Occasionally one is made during fluoroscopy when the patient begins to faint.
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Fios 93, 94, 9543 and 46 yrs, M History. Nocturia was present since childhood. The
patient had developed ascites Not until then had dyspnea of effort and digestve dis-
turbances appeared Several paracenteses had been done, an elevation of the B P. was
found Findings There was na dyspnea, no cyanosis, no engorgement of the neck vems
There was present some pretibual edema, ascites, and enlargement of the hver, Nothing
particular was noted with respect to the chest wall and the heart except an accentuation
of A B, 180/115 The blood showed hb. 95 gms, rbc 4.3 mill, S8 gms proten
with normal a/g ratio, Van den Bergh was normal, urea n between 22 and 30 mgm %
Special tests showed marked impairment of kidney function Fundi Retwnal arteriolo-
sclerosis, grade II plus, hypertensive type ECG (no precedmg cigitahs medication)
Nasr, wtial deflection 008 sec wide, slurred, no axis dev, S-T segment shghtly de-
pressed 1n Timb Jeads, and T of Jow voltage m leads I, IL

Orthodiagrams (ant and It ant obl views) The dphragm 13 elevated in conjunction
with the ascites The heart 15 practically normal in size While there is some overfapping
with the spine, in the It ant obl view, this could be attnbuted to the elevation of the
heart The ascending portion of the aorta 1s somewhat promument Fluoroscopy revealed
the pulsations along the cardiac borders to be at the lower hmit of normal, and thost
along the aortic contours at the upper hmit, the lungfields showed normal transpar-

ency.
Course. Asates and edema of legs disappeared BP elevatton persisted Within one
year evertional dyspnea appeared, and cardiac enlargement was noted clinically Findings

We 856 ke (122 Ib) Respiration was deepened, there was no evidence for congestvé
. . .- £1r -~ sb eneva vhanchs hut there were no

' ' - - = There was 50
I " - ~ o evidence of
nen;m, urea n was 37 MEM./o, LIEAWML o supuey - . 0y combming
:mwer ‘was §3 vol % Funds, Retinal arteriolosclerosis, grade III plus, hypertensive type,



CARDIOVASCULAR DISEASE: ETIOLOGY 197

mild edema of dises and several fine retinal hemorrhages
ECG (no preceding digitals medication): As compared with 3 yrs pnor, the
wntial deflection again shows absence of It aus devistion, but its voltage 1 somewhat
greater in leads I, II, CF. In leads I and II the S-T segments are defimtely depressed,
and the T deflections negative
Orthkodiagrams (ant, and It. ant obl wviews} As compared with 3 yrs. pnor, we note*
Lung volume has obviously wncreased, the duphragm is lower 1 position The heart
has ‘much 'increased 1n size, and this refers particularly to the It ventnele Fluoroscopy
revealed a moderate degree of pulmonary and o of
diaphragmatic movements
Course: The patient was placed on digitalis He grew progressively worse. Two months
later paroxysmal, nocturnal pulmenary congestion appeared Findings® A uremic picture
was present with penipheral edema and pulmonary congestion but mo fever The heart
revealed a gallop rhythm, and soon afterward a pencardal fnction rub appeared
BP, 240/160 The urine showed 450 mgm % of albumin and a few casts The bloed
showed hb 7.5 gms, rbc 3 mll, wbc 13000 with 95% polys, the urea n was
120 mgm%, creatinn 82 mgm ¢, the plasma COy combimng power 36 vol %,
+ protein and a/g ratio normal Fundi Tn addition to retinal artertolosclerosss, there were
noted angiospasm, hemorrhages, cotton wool exudates, edema of dists and retinae, and
engorgement of retinal veins
Post view* The sithouette reveals an aortic configuration Basal Auid--more at Jt than
at rt—is noted In addition to vascular engorgement, the lung fields show also a
mottled type of density Note The duifference m density between the it and It half
of the chest 1s due, at least in part, to extraneous techmical conditions
Postmortem (4 days later) The weight of the heart, including the great vessels, was
680 pms. The apical portion af the heart was much rounded The rt ventricular
cavity was sht-ke 1n shape, is wal was 06 cm thick The It. ventrcular cavity
was also narrowed, measuring 3 7 cm wide and 77 em high, 1ts wall was 22 cm thuck,
and the postertor papillary muscle measured 16 cm 1n diameter The valves appeared
normal, and the coronary artenes showed non-obstructrve atherosclerosis The sorta
showed atherosclerosis, its diameter above the aortic cusps was 65 cm The heart muscle
tevealed no outspoken degenerative changes, neither macro- nor microscopically A
uremic pencarditis was present Both pleural cavities contamed flsd 600 em® 1 the It.
and 100 cm® 1n the 1t The lungs showed mild bron-
chitss, and multiple, small and firm reddish areas that proved, on mucroscopic study, to be
acute congestion with actual small hemorrhages There was no evidence for nfarction.
The hiver showed only enlargement with congestion The kidneys were small and white,
weighed 75 and 80 gms , the dagnosts was of malg-
nant type supenmposed upon a bemgn hypertension
Comment- A 3 yr follow-up study of a patient aflicted by berign hypertension, turning
mto the malignant phase with death resulting from renal failure Several features are of
particular interest a) Chinical, when studied for the first ime The presence of ascites
and edema of the lower extremities was a diagnostic problem Heart falure did not
account for 1t, portal arrhosis and—as a remote possibiity—constriction about the
inf vena tava were thought of, but could be ruled out by the further course and on
the basis of the postmortem study Nutntional-anemic factors may have accounted for 1t
Lt ventncular hypertrophy certanly must have been present, yet no chnical evidence
could be ehcited This 1s to be accounted for by the absence of any enlargement b)’ Elec-
trocardiographic The absence of It axis deviation persisted i spite of progression of 1t
ventncular hypertrophy The cause for this s not clearly understood, for while emphysema
Was present yet the rt. ventncle remained small as compared with the It ventricle As
the QRS area increased 1n leads I and II, the S-T and T alterations in these Jeads became
more marked ¢} Roentgenologic The ascending hmb of the aorta was prommnent, yet
there was no enlargement found anatomically, the dilatation observed dunng hfe was,
therefore, dynamuc n nature Progression in the size of the It. ventncle may be studied
from both the ant and It ant obl views. The mottled and patchy pulmonary changes
were due to focal areas of congestion and hemorrhage Lt ventricular falure with
normal rhythm favors flud accumulation n the It pleural cavity, this was observed
in the roentgenogram and venfied anatomcally.
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The rate slows considerably and the silhouette widens in a globular fashion.
Those with marked tachycardia will perhaps reveal a narrowing of the sil-
houette but observations along this line are needed. In two other observations
2 marked fall in the blood pressure was induced by moderate exertion, and the
heart rate showed no marked increase; the aortic shadow was noted to decrease
considerably, and the size of the aortic arch dimimshed as much as from 3 9 to
2.6 cm, in the one instance, and from 2 9 to 2.3 in the other.

Cuances IN Freune. With a marked loss of blood, the time comes when
the amount of fluid returning to the heart is so limited that size and stroke
volume must decrease Secondary entrance of tissue fluids and stagnant blood
maintain the cir ion. The logical heart size d in dogs
when about 20% of the blood volume is removed by venesection, but in
about one hour the silhouette has returned to 1ts original size, The same amount
of blood injected into a dog leads to a corresponding increase in the silhouette,
but for a shorter period. This increase seems to be associated with a simul-
taneous increase in venous pressure. The effect of blood loss in man has
been studied in blood donors with a loss of eight to ten percent of the total
blood volume within a few minutes The reported findings of a decrease in
the area of only 2-6% found by correction from films taken at 100 em,
distance do not permit of any conclusions whatever No definite results as
‘to changes in size were found with the ordinary roentgen technique in cases
where therapeutic venesection was undertaken because of heart failure, except
that the degree of congestive lung failure diminished Two cases with great en-
largement, however, have been studied by means of the volumetric reconstruc-
tion method and volumetric differences were found, amounting to as much
as 500 em®,

Course Bed rest, flud hmtation, digitals, and opuates for laryngeal pamn were ad-
vised This was carned out elsewhere, and caltum and vitamins were added Reexamuina-
lion 18 days later Findings Wt 709 kg (136 Ib) The patient felt better The basal
breath sounds were harsh but rales had disappeared The area of cardiac dullness seemed
diminshed but the character of the -apical sounds was unchanged Gatlop was not
present, the systohc ameal murmur was of low intensity The rate was 84/mun, and the
BP 175/105 A glucose tolerance test showed a diabetic curve Fundt Grade I plus of
retinal arteriolosclerosis, hypertensive type ECG - St with a few premature ventricular
beats, P widened to 012 ser, P-R interval prolonged to 022 sec, it aus dev, S-T and
T reveal digitahs effect, Q=T segment 035 sec, normal (upper mit of normal for cycle
Iength of 0714 sec being 0376 sec )

Ant view. The appearance of the lung vessels and lung fields 1s nearly normal The
slhouette is maderately enlarged to the It As compared with the previous study, the level
of the diaphragm 15 caudad by about half of a dorsal interspgce

Course* The patient was kept m bed on 2 mamtenance dose of digitals, fud re-
stiction, and a diabetic diet He received daily radiation treatment to the neck, a total *
of 4000 r units 1n the course of 3 weeks Alfter that period huis wt was 659 kg (145 Ib)
The rate was 84/min, and the BP 160/90, and the apical murmur was nearly gone
3 mos later the laryngeal Jeston had disappeared The cardiac findings were unchanged,
there were no complamts, and part-time professional actmvity had been resumed One year
Iater local recurrence requinng tracheotom:

Comment The patient had developed left ventncular falure This was accidentally
discovered Proper management led to improvement, which found its roentgenologic
Evpression 1n regression of heart size and of p ary i
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The following four case reports are i ing in this c
One patient with cachexia due to undernourishment received twice an
infusion of 850 ecm®. of salme and at both times the T and A figures
for the silhouette increased 11-12% .—Another patient was much de-
hydrated due to vomiting and diarrhea. The infusion of 1030 cm?. of
saline increased both T and Tp by 11%.—A man, a printer by profession,
suffered from lead poisoning and vomited excessively. His body weight was
45.5 kg., the hb. was 72% and the rbc. 3.8 millions, The blood plasma
volume was 27,5 cm®. and the blood volume 55 cm®. per kg. body weight
, T was 83 cm. The vomiting was treated by liver therapy. 20 days later the
body weight was 50.4 kg, the hb was 665 and the rbc. 3.84 millions.

of ases, the relative lengths of the bars indicate the distnbution into the classes The
sums of thesc honzontal bars have been treated in the same way, giving an additional
bar, indicative of the average distribution of these selected cases Each of the vertical
columns has been hikewrse totaled, and the percentage of each class has been computed
-~This percentage has been plotted as a divided vertical bar, so that, regardless of the
number of cases, the relative lengths of the bars indicate the distnbution into the
classes The sums of these vertical bars have been treated n the same way, giving
an additional vertial bar, ndicative of the average distnbution of these selected
cases
An analysis of table A reveals The horizontal bars indicate an increase of group III
retinal artenolosclerosis with progressive change in heart suze The progression for group IL
15 not regular However, if one fuses the rows for moderate and marked cardiac enlarge-
ment, the tncrease for group 1I 1s quite striking, as compared to the average (lower
night hand corner), and as compared to the percentage of cases with normal heart size
The vertical bars mdicate 1 general an increase mn cardiac enlargement accompanying
progression in retinal vascular sclerosis Certanly, as retinal pathologic changes increase,
the incdence of no cardiac enlargement 15 progresaively reduced, and 1n this series normal
eart size does not happen to comtide with group III retinal artenolosclerosis (third row,
first column) Exceptions to this positive cotrelation are shown i those hypertensive
patients who have an assocation of normal radiological heart size with a higher degree
(group II) of retina) artenolosclerosis {three cases, first row, second column) Concluion:
There 15 a trend towards a positive correlation between cardiac enlargement and the
grade of the retinal artenolar changes
An analysis of table B reveals The honzontal bars indicate an increase of cardiac
enlargement in cases with electrocardiographic final deflection changes, as compared to
the average (lower night hand corner), and as compared to the cases with absence of
final deflection changes The vertical bars indicate a steady increase in the percentage ot
tases with electrocardiographic final deflection changes as the radiologic examination shows
an mcrease 1 the size of the heart It 15 possible for hypertensive patients to show an
association of final deflection changes, without left atis deviation, with a normal heart
size (two cases, first row, second column) Conversely, one finds that an absence of final
deflection changes and of left axis deviation, 15 compatible with 2 marked degree of cardiac
enlargement (two cases, third row, first column) Conclusion There 1S a trend towards a
positive ) between hic changes and cardiac enlargement
It has thus been demonstrated that with essent:al hypertension there is a trend towards &
posttive correlation between menlg:nolo"lc findings as to heart sze and ophthalmoscopic

an finding , but that the degree of correlation 15 not
of high statistical sxgmﬂc.m:e Th: same holds true if the correlation s carmed out
between elect and findings Swce there 15 an inadequate
comrelation between the mm enteria in question, 1t 15 desirable to have m A given case
of essenhial h; 1| of heart size,

From Roesler, H, G|bson, G G, Hussey, R, Ann Int Med, 1940, 13, 1814 Courtesy
Ann Int Med and Lancaster Pxess, Lancaster, Pa, publi sher
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The blood plasma volume was 53 cm?. and the blood volume 82 em?, per
kg. body weight. T had risen to 10.6 cm-—A very small cardiac silhauette
was noted in a young man who had suffered a severe intestinal hemorrhage
ThF body weight was 505 kg. and the hb, 24%. Four months later the
weight had risen to 72.5 kg. and the hb. to 87%. T had increased 13%
and A 19%, with the position of the diaphragm neatly jdentical,

Fic. 9921, 24 and 30 yis, M Hs-

tory. In school up to the age of 18 the
pattent Bad been active in swimming,
tenmis and traci, runmng He then be-

came introspective, over-cautious, and
discountinued all physical activity Com-
plaimnts referred to tiredness, also an ele-
vation of the BP. had been noted
9-3-~35  Findings (age 21). Ht 185 em (6
2-19-4) 21m), wt 705 kg (155 Ib). Introvert
personahity showing marked vasolability
The heart was negative except for a rate
of 120/mn BP 1$5/85 The ECG
showed a tendency to rt ax dev Flu-
oroscopy showed for the upnght pos-
tion & rather small heart shadow b
vertical position and_with tachycardiac
action, for the recumbent position the
size of the heart defimtely incressed
and the rate slowed considerably
Course  The patient ganed some sel{-confidence and gradually improved He stil exer-
cused but httle Findings (age 24) Wt 724 kg (159 1b) The cardiac findings were
normal, the rate was 106/min and the B P, 145/80 ECG : Unchanged .
Orthodiagram: Vertical sihouetie of pearly normal size
Course The patient was advised to be physically more active He worked now hard for
2 yrs assembling heavy engmes, did calisthenics, walked 2 miles every evening, skated,
etc Findings (age 30)* Wt 764 kg (168 Ib.) The carduac findings were normal, the rate
was 83/min and the BP 125/80 ECG The degree of rt ax dev, lessened, Tos were
of better voltage
Orthodiagram  As compared with the findings of 534 yrs ago, an increase i the size
of the silhouette s observed, also the aortic knob 15 more conspicuous. There 1s 2 shght
increase n the width of the chest
Comment The increase in heart size here observed 1s attributed to a better filing
connection with the beneficial effect of prolonged ohystcal actvity on the body tonus
Inctease 1n age, of course, cannot account for the change n heart size and probably
does mot account for the change in the size of the aorta, which 1s also better filled
Increase in weight does not account for an apparent mcrease in heart size due to change,in
position because very Litle alteration in the height of the diaphragm 1s noted

Certain small hearts are found to be small only when examined in qmc
vertical position, Owing to deficient muscular tonus of the diaphragmatic,
abdominal and peripheral muscles, possibly also by reason of vasomotor
weakness, blood fails to enter the general circulation but returns if t.be
subject assumes a horizontal position and the sithouette immedx'ate'ly in-
creases. Tt also increases when the patient is examined while standing in
water up to the level of the umbilicus It may be found to be increased during
an examination in the upright posttion when elastic bandages have previously
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been applied in the recumbent position Such observations have been made on
avariety of patients, all tending to suffer from dizziness, headache, palpitation,
psychic and physical exhaustion, and showing a tendency to low blood pressure
levels and to tachycardia, arfd all improving in the recumbent position. Some
are of the asthenic-gracile type, some ate or have been recently afflicted by
infectious-toxic conditions, in others there are present diseases of the central
nervous system that have been referred to previously, Since the factors regu-
fating the blood flow to the heart vary considerably at different times and even
within a short period, the degree of orthestatic diminution may vary consid-
erably for a given patient Thus it seems justified to state that the influence of
the filling of the heart on its size is underrated and that the constitutional fac-
tor is often too greatly stressed One should make a diagnosis of constitutional-
ly small and hypoplastic heart only when the heart is found to be small under
conditions of optimal filling, i e, in the recumbent position, and when it is not
accounted for by erther peripheral vasomotor failure or a diminution of blood
volume, such as may, for instance, accompany diarrhea or cachexia.

Suprarenal insufficiency deserves special consideration. The diminution in
cardiac volume is very outspoken when a cnsis 1s impending in Addison’s
disease. This coincides with a loss of sodium and water and with a low blood
pressure A normal heart size 1s regained following adequate treatment with
cortical extract. An overdosage of the hormone, particularly when associated
with an mjudicious salt and water intake, may bring about cardiac enlarge-
ment and congestive failure Patients in the critical phase of Addison’s disease
die readily on effort and therefore roentgenologic studies are better avoided or
at least limited to the recumbent posifion

The problem of posture and circulation was approached in the following
instructive experiment Rabbits have a poorly developed mechanism to coun-
teract the effect of gravity on the circulation When kept in the upright posi-
ton, circulatory and respiratory failure tesults; the collapse time i3 30 to
160 minutes for male and 10 to 25 minutes for female animals. A roentgeno-
gram taken toward the end of the collapse shows a narrowing of the cardiac
sxlhoume and postmortem study reveals the cardiac cavities empty of blood.
Cutting the aortic depressor and camud sinus nerves xesults in vasoconstric-
tion, the collapse time is mark ged, the of the size of
the silhouette delayed, and poslmortem study reveals the cardiac cavities part-
ly filled with blood; the right side more so than the left.

In man, a lxgalure about both upper femoral regions may decrease the size
of the s:lhouette, as does also pressure at the site of an arteriovenous an-
astomosis,

ANEMIA With a severe degree of anemia—the hemoglobin falling below
50%—the work of the heart has to increase appreciably If such an anemia
lasts for a long period, some degree of cardiac enlargement may result. It does
not seem to matter whether the anemia be of the primary macrocytic type or of
lhe secondary type due to hemorrhages or to parasitic infections such as
malariae. A tendency to enlarge-
ment wxll be fostered by consxderab]e demands on the circulation, such as oc-
casioned by heavy work, pregnancy or fever. Anemia of nutnitional origin may




204 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

be associated with Thiamin deficiency. N Tusions of the small
pulmonary arteries have been associated with the cardiac enlargement nioted in
sickle cell znemia. Functional cardiac murmurs, occasionally even diastolic
in character, are commonly present. An exaggerated type of activity is observed
fluoroscopically, possibly in connection with the increase in blood velocity,
With a marked improvement of the blood picture, this hyperactivity is noted
to disappear. The presence of haziness of the lung fields together with denser,
wider, hilus shadows indicates circulatory insufficiency, as also do the findings
of arterial oxygen deficiency, venous hypertension and cardiac dilatation.
‘These lung findings are reversible in direct proportion to the improvement of
the blood picture. Convincing observations have been made of the regression
in heart size which accompanies an improvement in the blood picture. In other
instances the roentgenologic technic used was not sufficiently exacting to per-
mit accurate observations on the comparatively small changes in cardiac di-
mensions. A comparison of the heart size becomes 1mpossible in those cases of
anemia which are connected with leukemia, in which the size of the spleen
undergoes changes during the course of therapy. A report on 3 members of 2
family who were affected by hemolytic icterus with associated cardiac enlarge-
ment is interesting; following therapeutic splenectomy the silhouette became
normal in size in each case. .
Porycyraemia. The total blood volume is considerably increased in ﬂ.us.
condition. Anatomical studies have revealed that the pulmonary artery and its
branches are considerably dilated; usually more than the vessels of the greater
circulation Vasomotor influences seem to play a minor réle for the lesser
circulation so that the amount of blood has a determining influence on the
size of the vessels. The vascular shadows appear markedly increased‘in the
roentgenogram, often with an additional areolar pattern and fine stipphrg

similar to the appearance in miliary tuberculosis and certain cases of mitral
Tt ' f s msmies e Shacactes haws heen ob-

lowing
stance,

by pﬁenylhydrazine), the transparency of the lung fields was observed to m)-
crease, and theie was an approach of the vascular pattern toward 3 mormal
appearance, .
StarvaTion, The heart dimimishes in volume and in weight. This bas been
shown to be most marked in children and adofescents. Dogs were submitted
to inanition until they lost about one-third of their body weight. The roentgeno-
logical determination of the area in two directions revealed a dm"nn‘uno‘n whicl
varied from 8 to 23%. In the dog which showed the 23% dxmmuu_nn, the
actual loss in blood volume was determined to be 51%. The decrease in hegl
size takes place rather slowly, but during a subsequent feeding period the
size is rapidly attained. X
‘orl;n}:;sical Agc‘:ltsyand Poisoning. The pmbllem of df'rm’m:hed air pre'srwf
is of interest in the fields of aviation and rpounlam climbing Two factors m.(el'a
play; the low air pressure and low partial oxygen pressure. Percusslo;]l in :
low z’air pressure chamber, corresponding to an altitude of :5-7000 m., s d?:;zn
dilatation. Tt was likewise found in those members of the Himalaya expe' i "
who nearly gained the summit, and it was thought to take from seven
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fourteen days for a complele retumn to normal. In no instance was dilatation
found v in the hers of the Andes cxpedmuu {at about
4700 m.). Attempts to study the heart size roentgenologically in a low air pres-
sure chamber met with great difficulties. The respiration became rapid and
deep. The expansion of the intestinal gas, the volume of which doubles at an al-
titude of 6000 m., drives the diaphragm cranially. The individuals who sub-
mitted to the experiment became restless, tired, uncodperative, underwent con-
vulsions, and had to be forcibly restrained from making viclent movements.
Where parts of the roentgen equipment (tube and high voltage wires) are en-
closed in the chamber, special insulation is necessary to prevent sparks at such
low pressures, and in addition the output of energy fails considerably. This
problem remains to be studied along with the study of the heart size when only
the oxygen content is lowered. It is known that respiration of air which con-
tains only 85 of oxygen often causes electrocardiographic changes and some-
times cardlac pain, both thought to be an expression of anoxemia of the heart
muscle.

When the breath is retained suﬁciendy long, asphyxia sets in and the
sithouette, by flucroscopic examination, is seen to broaden after 50 to 60
seconds hme elapsed. When respxrauon with 3055 carbon dioxide is induced
in anesthetized dogs a consi ing of the sith develops which
persists for many hours. The hearts of these sacrificed animals show a marked
dilatation, especially of the right ventricle, and poor tonus of the muscle.

Poisening with illuminating gos may be added here. The bloed pressure
falls iderably and the reveals necrosis and
hemorrhage of the heart muscle and enormous vascular dilatation. Dilatation
of the heart has been reported roentgenologically but does not seem to be a
constant finding. The hearts of rabbits dilate, although cats demonstrate no
changes. Cardiac dilatation with rapid changes has been reported for intoxica-
tions with war gases {oxychloride, surpalite}). Cardiac enlargement accom-
panied by increased pulsations along the pulmonary artery has been noted in
some patiets afflicted by so-called endemic dropsy. This syndrome is observed
m Indiz .nd is probably caused by the ingestion of mustard ofl that has been

d with oil ob d from A

An incres  *n the external femperature tends to increase the dirculating
blood vol’ TIhe size of the cardiac sithouette was determined orthodia-
graphically 1ollowing hot and cold baths and it was found to be usually
diminished after the former and usually increased after the latter. Since the
diaphragm was not always found to be 1dentical these experiments should be
repeated employing a careful roentgenographic technique.

Operation. Roentgenologic studies of heart size and activity during the
stage of operation have not been reported. Postoperative findings do not
necessarily permit us to draw conclusions as to the operative period. Certainly
uniform changes cannot be expected when one considers the many influencing
factors such as the status of the cardiovascular system, the type of anesthesia,
blood loss, changes in blood pressure, degree of anoxemia and diminished
activity of the respiratory muscles. Possible differences in the diaphragmatic
position interfere with a correct comparison of roentgenological records. Two
authorities have compared the pre- and post-operative orthodiagraphical find-
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be associated w_ith Thiamin deficiency. Numerous occlusions of ‘the small
pulmonary arteries have been associated with the cardiac enlargement noted in
sickle cell anemia. Functional cardiac murmurs, occasionally even diastolic
in character, are commonly present. An exaggerated type of activity is observed
flueroscopically, possibly in connection with the increase in blood velocity.
With a marked improvement of the blood picture, this hyperactivity is noted
to disappear, ‘The presence of haziness of the lung fields together with denser,
wider, hilus shadows indi circulatory insuffi , 35 also do the findings
of arterial oxygen deficiency, venous hypertension and cardiac dilatation.
These lung findings are reversible in direct proportion to the improvement of
the blood picture Convincing cbservations have been made of the regression
in heart size which accompanies an improvement in the blood picture. In other
instances the roentgenologic technic used was not sufficiently exacting to per-
mit accurate observations on the comparatively small changes in cardiac di-
mensions. A comparison of the heart size becomes impossible in those cases of
anemia which are connected with leukemia, in which the size of the spleen
undergoes changes during the course of therapy. A report on 3 members of a
family who were affected by hemolytic icterus with associated cardiac enlarge-
ment is int ; following therapeutic spl the sithouette became
normal ip size in each case. .
PorycytuemiA The total blood volume is considerably increased in this .
condition. Anatomical studies have revealed that the pulmonary artery and its
branches are considerably dilated; usually more than the vessels of the greater
circulation Vasomotor influences seem to play a minor role for the lesser
circulation so that the amount of blood bas & determining influence on the
size of the vessels, The vascular shadows appear markedly increased In ihe
roentgenogram, often with an additional areolar pattern and fine stippling
© M4 4. eecscvamnn in milary trherculosis and certain cases of mitra
. racter, have been ob-
largement. I':allowmg
therapeutic reduction of the red blood cells and bioou volume {for instarce,
by phenylhydrazine), the transparency of the lung fields was observed to m;
crease, and thete was an approach of the vascular pattern toward & norma:
a arance,
pgimvmmm The heart diminishes in volume and 1n weight, This has beeg
shown to be most marked in children and adoIES.cen_!s. I{o;s vere submxtti

; s in blood volume was determined to be 51%. 1ne decredse w s~
:icz[em:lall{: ;larllace rather sl‘owtg, but during a subsequent feeding period ibe
is rapidly attained, .

iorfr’n}f;ssilz;]‘i\rg;tsyand Poisoning. The problem ?f d.imini:hed air pre‘n‘ll:f:
is of interest in the fields of aviation and mountam climbing. Two factots m.ﬂ i
play; the low air pressure and low p_arﬁal oxygeEx pressure. Permss(zgolw 5
low air pressure chamber, corresponding to an altitude of :5~7000 m., o
dilatation. It was likewise found in um'se mermbers of the Himalaya expe e
who nearly gained the summit, and it was thought to take from seve
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fourteen days for a cumplete teturn to normal. In no instance was dilatation
found lly in the sbers of the Andes expedition (at about
4700 1 ). Attempts to study the heart size roentgenologically in a low air pres-
sure chamber met with great difficulties. The respiration became rapid and
deep. The expansion of the intestinal gas, the volume of which doubles at an al-
titude of 6000 m., drives the diaphragm cranially. The individuals who sub-
mitted to the experiment became restless, tired, uncooperative, underwent con-
vulsions, and had to be forcibly restrained from making violent movements
Where parls of the roentgen equipment (tube and high voltage wires) are en-
closed in the chamber, special insulation is necessary to prevent sparks at Such
low pressures, and in addition the output of energy falls considerably. This
problem remains to be studied along with the study of the heart size when only
the oxygen content is lowered. It is known that respiration of air which con-
tains only 8% of oxygen often causes electrocardiographic changes and some-
times cardiac pain, both thought to be an expression of anoxemia of the heart
muscle

When the breath is retamed sufﬁcxenlly long, asphyxia sets in and the
is seen to broaden after 50 to 60
seconds have elapsed. When respiration with 3095 carbon dioxide is induced
in anesthetized dogs a considerable widening of the silhouette develops which
persists for many hours. The hearts of these sacrificed animals show a marked
dilatation, especially of the right ventricle, and poor tonus of the muscle.

Poisoning with illuminating gas may be added here. The blood pressure
falls considerably and the postmortem examination reveals necrosis and
hemorrhage of the heart muscle and enormous vascular dilatation Dilatation
of the heart has been reported roentgenologically but does not seem to be a
constant finding. The hearts of rabbits dilate, although cats demonstrate no
changes. Cardiac dilatation with rapid changes has been reported for intowica-
tions with war gases (oxy ide, lite). Cardiac enl accom-
panied by increased pulsations along the pulmonary artery has been noted in
some pati~ts afflicted by so-called endemic dropsy This syndrome is observed
in Indiz .nd is probably caused by the ingestion of mustard oil that has been
adulterated with oil obtained from Argemona mexicana

An increas in the external temperature tends to increase the circulating
blood vol* The size of the cardize silhouette was determined orthodia-
graphically 1ollowing hot and cold baths and it was found to be usually
diminished after the former and usually increased after the latter Since the
dizphragm was not always found to be identical these experiments should be
repeated employing a careful roentgenographic technique

Operation. Roentgenologic studies of heart size and activity during the
stage of operation have not been reported. Postoperative findings do not
necessarily permit us to draw conclusions as to the operative period. Certainly
uniform changes cannot be expected when one considers the many influencing
factors such as the status of the cardiovascular system, the type of anesthesia,
blood loss, changes in blood pressure, degree of anovemia and diminished
activity of the respiratory muscles, Passible differences in the diaphragmatic
position interfere with a correct comparison of roentgenologlcal records Two

authonties have comp the pre- and post-operative orth find-

e
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1
FIcs, 100, 101—14 yrs, M History.
Enlargement of the rt, leg had been
present since birth Findings: Ht 125
em (4t 11 m), wt 382 kg (83 1b).
The rt. lez was enlarged, showed in-
creased warmth, promunent vems, u-
. ceration over the internal malleolus,
and a systolic murmur and thnll over
the femoral artery The venous pulsa-
tions w the neck were ncreased and
- showed a normal systolic colfapse. The
heart was moderately enlarged, the api-
cal thrust was heaving A third sound
(not gallop) and shott systolc mur-
mur were heard at the apex but dis-
appeared on compression of the 1t
femoral artery; furthermore, suth com-
COMPRESSION OF BT FEMORAL ART presston changed the heart rate from 88
to 66/mmn and the brachial B P, from
100/48 to 100/66 Osallometnc read-
ings showed the ampltude at the rt
leg five times Jarger than at the It
m the femoral

veins to the head was
a It. leg ven at the
saturation), which 1
(94 2% of saturation)
in artenal blood. EC G : Normat findings
Orthodiagram* Silhouclte moderately enlarged Diameters. Obhque 128 em, broad
93 cm, depth 94 cm, computed volume 504 cm”. Fluoroscopy showed an mereased
de of C of the rt. mgutnal area did pot cause a change 10

o
heart size but there was a

of the
Course: Vews of the rt. leg were sclerosed or exased at different occasions Mcro-
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ings; one found no uniform changes, while the other found an increase in the
size of the area of the cardiac sithouette of from 8-12 cm® and a diminution
of the amplitude of pulsations only,in those cases where tests had revealed
functional alterations of the myocardium. For further data the reader is re-
ferred to a discussion of disturbed function of the diaphragm (see chapter
AUIN

Arterio-Venous Anastomosis. Such an abnormal communication leads
10 a shunt of arterial blood nte the venous system without passing through
a capillary bed Whether the anastomosis be acquired, traumatic or congenital,
and whether the seat be in the greater circulation ot, as rarely happens, in the
lesser airculation, cardiac dilatation and hypertrophy result, provided the fistu-
la is wide enough Signs and symptoms of failure in both the greater and lesser
circulation may develop The stroke and minute volume is considerably in-
creased as is also the heart rate and the pulse pressure. The cardiac silhouette
in most cases shows a globular enlargement which is sometimes very consider-
able, there is often an increased amphtude and some prominence of the pul-
monic arch; engorgement in the lesser circulation can be quite marked Shut-
ting off the shunt by simple compression may lead to a narrowing of the cardi-
ac silhouette notwithstanding the resulting slowing of the heart rate, The nar-
Towing may be limited to the right side or affect the entire silhouette. At the
same time the extent of pulsation and prominence of the pulmonic arch may
diminish together with the roentgenologic signs of congestive lung failure.
Murmurs which have been present can disappear completely. When by surgical
intervention the shunt is closed, a regression of the cardiac silhouette and of
the abnormal lung pattern occurs within a comparatively short time along with
a return to normal chinical findings

Two other forms of arterio-venous shunts may be mentioned here. One
is the interatrial septal defect which represents an intracardiac fistula The
other is represented by thyrotowicosis and beniberi Here a widemng of the
sinall arterioles permuts a leaking of blood, without much resistance, from the
end of the arterial into the capillary and venous systems.

Deformity of the Chest Wall. Typical anatomic changes in the shape
and position of the heart and great vessels are found in connection with certain
thoracic deformities, The knowledge of these thoracic cage deformities prevents
the embarrassment of erroneous interpretation where a normal cardiovascular
system actually is present. This is all the more important since the clinician
finds it difficult to interpret his auscultatory and percussory findings in the
presence of thoracic deformities and needs to rely much more upon the roent-
genologic exammation

Kypnoscoriosts a) Right convex A moderate degree of this deformity
is rather common The right chest cavity is anatnmlcally diminished in all
its dimensions while the left side, though diminished in height, has a greater

scopic: The vems were thick-walled, suggesting that these vessels had taken over some
of the functions of artertes (microphotogram) The cardiac findings remamned unaltered

Comment: An imstance of congemital phlebartenectasis of one extremity with secandary
cardiae involvement,



208

CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

Aju0 o Joma

WY YT, IQEIpKUed Jwey Jo WA AW [eIuozucy mHm
YL ‘86 I "PASIIINID S1enoyps Impied pue IR jo yBuy
WBRH uonendjed pue Jope uo vaudsiq SIS01[05 YIS pue st

s0qdAY PANTTIY ‘POOYPIT W swds Jo sisopm

T 341 03 uonTUWEN 3y) Sunu
+5T AprTwixeadde 3o s8ue uo sasoput eI
SO quy  SpUmOS Sy YewnoN sisoueds ySis Asay 3Y 0f IgSem ‘un zgr

[ 4q pajeuapun aq ppnoa ozs
SINT WIEW A} Tmara ‘o7 wd 2 gt

RIQNE, IV *SIA £g— g0t ‘701 sorg




CARDIOVASCULAR DISEASE: ETIOLOGY 209

- volume, The anterior view shows the upper mediastinal shadow much en-
larged. During the early days of roentgenology, a diagnosis of aneurysm
or tumor was often made in these cases. A horizontal shift of the fluoroscopic
tube, however, informs the examiner that this shadow moves much more than
the cardiovascular shadow and is therefore located in 2 more posterior plane, i e,
nearer to the target of the tube This fact is likewise revealed by rotation of
the patient, and also by means of a small shutter that makes possible better
vizualization of the transparent areas of the intervertebral discs The mass of
the cardiac silhouette is definitely too far to the left, and the left lower con-
tour may almost reach the left mnner chest wall contour in projection. The whole
left contour is straight, the pulmonic arch prominent, the aortic knob is well
seen and the aortic arch approaches the jugular notch The aortic bed of the
esophagus is flat and long Further caudad there is often a slight indentation
where the esophagus crosses the left main bronchus, but its whole course is
only slightly curved and does not follow closely the course of the spine. The
right anterior oblique view shows a deep retrocardiac space, and the shadow
of the descending aorta 15 very clearly seen,

The straight left contour and the decreased distance to the left are changed
into a silhouette of normal appearance as soon as the patient is rotated into
the left anterior oblique view until the spine projects as a straight band.
This procedure proves what can also be verified by a postmortem study, that
the heart, in the presence of a right convex kyphoscoliosis has undergone a
counter-clockwise rotation When the kyphosis attans greater degree, the
straight left contour becomes less pronounced

b) Left convex. This deformity is less common than the former and is

easily overlooked Since the greater part of the cardiovascular silhouette is
situated to the left, the = * o e ’
into the left lung field. - -
tion in the anterior viev .
With the seat of scoliosis at the upper or muddle third of the chest the
vascular shadow appears much enlarged; and with a very pronounced degree
of scoliosis a vertical transparent area is visualized m the center of this upper
mediastinal shadow With the maximum of scohosis at a lower level, the median
position persists but the vascular shadow is not broad The barium-filled
esophagus reveals 2 moderate deviation to the left without, however, closely
following the shadow of the spme. The apparent zortic dilatation is obviously
caused by the displacement of the shadow of the descending aorta combined
with the deviation of the spine to the left The transparent area is nothing else
than the window of the aorta which is normally seen only after rotation into
the left anterior oblique view. The descending aorta will also be displaced by
a lower scoliosis but 1ts shadow will be hidden behind the cardiac shadow, and
its course is not interfered with at the level of the upper mediastinum. The
normal size of the aorta 1s revealed in the oblique views.

The whole silhouette will appear normal if the patient is rotated into the
right anterior oblique view until the spine projects as a straight band This pro-
cedure proves that the heart has undergone a clockwise rotation in the presence
of aleft convex scoltosis, and that in addstion the descending aorta 15 displaced

Pure Kvrnosis Ths is rather rare as an 1solated deformity and is often
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complicated by a slight degree of lateral curvature The etiology is most com-
monly a tuberculous destruction of several vertebral badies with a resulting
angular kink of the spine. Unless the site of the angulation is at the uppermost
level of the thoracic spine, the height of the chest is considesably diminsched.
The narrow intercostal spaces produce a diminution in the transparency of
the lung fields, but the presence of a normat vascular pattern should prevent
one from making the erroneous diagnosis of congestive lung failure. The
cardiac sthouette, as observed m the anterior view, is in median postion,
relatively small, globular and dips into the abdominal shadow The vascular
shadow is also dimimshed m height, and the nght contour is straight (unless
marked aortic dilatation s present) The lateral view reveals 5 very deep
chest, and the cardiae sithouette has the appearance of an egg lying on its

Fics 104, 10528 y55, M A funnel chest was acquired follow ieg burtal under debns No
complants Physicaly well Depth of funnel 415 cm Doderate tachycardia, otherise
chnical Rindings negative dat teews sibowette m foto 100 far to jt A poruon of thersac
sprne s \stble above diaphragm  Because of displatement of heart, vasculss smlclurt;
of mednd portons of M fung bave become clearly visble Lt It v depression o
sternum (b} arrow} and veniral horder of heart (wh arrow)

depth

side as it rests broadly upon the diphragm which ascends dorsad The ]

of this sithouette exceeds the transverse dimension in the antetior wew
the normal ratio of Tp T has changed from an average of about 23% 10 2
maxsmum of 150% The esophagus appears short in the anterior view a%d
rather straght in its course Iu the lateral view it is seen to deviate at l“e
tevel of the diaphragm and to pursue a ventral course toward s Siaphrag-
matic passage Anatomuc studies indicate the presence of 2 museular Qn-
teaction rather than an actual decrease in length, This lateral view Pm":
{hat the heart, in the presence of a kyphosis, has undergo_ne a dlsplf&cem;;‘
with lowering of the base as the outstanding feature Its size s cqns:dera iy
ted when the ination is hmited to the anterior vxc.w,d The
yEsT. This deformity may be either congenital or acquired. 1
deﬁrz;?:: ocf the sternum is commonly frund in jts lower third. Anami;m;:;:
sections demonstrate & displacerrgen‘l o(_ the mass of the hearchta\\tﬁ; 4 e
Jeft chest cavity and a matked diminution of the depth of the hear

under-
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level of the depression. The anterior view shows no striking changes in the
silhouette which, on the whole, lies too far to the left; the right border may
completely disappear within the spinal shadow. The density of the silhouette
is somewhat diminished and the shadow of the spine is rather well seen through
the right part of the sithouette. The esophagus deviates to the left of the
midline, The lateral view reveals the depressed sternum in profile and the
dimi d antero-p jor d fon of the heart which may be only 50%
of the transverse dimension as measured in the anterior view. High degrees
of funnel chest may be associated with circulatory embarrassment, and opera-
tive procedures may lead to marked improvement and a retum of the sil-
houette to its normal position.

In summarizing, it may be stated: Right convex kyphoscoliosis leads to a
left shift and mitral configuration; correction is made by rotation into the
left anterior oblique view Left convex kyphoscoliosis produces a right shift and
an apparent widening of the aortic shadow; correction is made by rotation
into the right anterior oblique view. Kyphosis causes a foreshortening, which
is revealed by 2 lateral view, A funnel chest causes a left shift and a decrease
in density, findings which are understood when observed in a lateral view,

Trauma, ConTusion. In only a few instances of contusion have roentgen
studies been made, In one case with traumatic rupture of the aortic valves, in
a young man, an aortic configuration and enlargement of the left ventricle
were demonstrated,

Recent experimental studies upon animals have revealed very interesting
findings. Similar findings may perhaps be expected in man if serial studies are
made, starting as soon as possible following trauma to the chest. Contusion of
the chests of rabbits and of cats by a stroke of the reflex hammer leads to a
sudden spherical enlargement of the silhouette, with an average area increase
of 23, for rabbits and 12% for cats, the degree of dilatation is proportional
to the degree of trauma There ensues a fall of arterial and a rise of venous
pressure. The very marked electrocardiographic changes rule out mere reflex
effect The regression is found to occur after several mnutes or even hours
but may be prolonged and followed by a secondary diatation. In animals
which have been sensitized by horse serum, a peculiar silhouette results follow-
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ferior portion of the septum Furthermore, the atria show marked dilatation.
Coronary occlusion, however, is not noted

ForeicN Bobies. Stab and gunshot wounds are specifically to be con-
sidered, A hemorrhage into the pericard is of great signi and often
is an indication for surgical mtervention (The appearance is dealt with in
chapter XI) Though many surgical operations on the heart have been suc-
cessful, approximately one-fourth of these patients develop a postoperative
pericarditis and mediastinopericarditis A ligature of a coronary artery branch
may lead to an infarct Thus late abnormal roentgenological findings are to be
expected,

Missiles may reach the heart directly or by way of the venous system and
may be dislodged from the heart into both the lesser and the greater circula-
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tion Tt therefore becomes necessary to submit the patient in whom an in-

tracardlac or abdomml missile has been diagnosed to another roentgen study
heduled operation Furiher, the chest must be

y
included in the ion when, following a penetrating abdominal
wound, the missile is not found in this region. At least fifty percent of all




CARDIOVASCULAR DISEASE: ETIOLOGY 213

patients with a metallic foreign body in or upon the heart suffer from pain,
dizziness, oppression, dyspnea, and attacks of irregular heart action. Often
the presence of these foreign bodies has not been suspected clinically and
patients have been considered neurotics and malingerers. In addition, the
localizing diagnosis of these missiles is important because the site of entrance is
not a reliable criterion for their final resting place. Migration of these foreign
bodies has been roentgenologically demonstrated not only from the inferior
vena cava and hepatic veins into the right heart but also backward from the
right atrium into the hypogastric and femoral vein. They may also migrate
from the right heart into the bifurcation or into one of the main branches of
the pulmonary artery; or from the left ventricle into the carotid, subclavian
and femoral arteries, Usually, however, the missiles become lodged in the
heart or in its jmmediate environment Location within a cavity is indicated
by a dancing, whorl-like movement, “like a pill shaken in a box.” Marked
, occurring sp ly or induced by changes in the position
of the body are necessary for the localization of a foreign body in the cavity
of the heart, Peculiar movements are often observed, for instance, a wandering
motion along the inner lower margin of the left ventricle; then with systole an
upward movement along the interventricular septum and slowly down along the
upper and outer margin toward the apcal region during diastole Further,
lhe foreign body may remain qmescent durmg several cardmc cyclcs and then
St s eerved to
1 “like a
superior
and inferior vena cava. Sooner or later these peculiar movements ccase and
become dependent upon the action of the heart and respiratory inluences,
indicating that the missile has hecome embedded As a whoale, intramural
foreign bodies show a pendul in type o(
are explained by the iact that the fibers in dlffEIEnt layers of the ventricular
muscle extend in different directions Bullets may partially project into a cavi-
ty and receive an impulse from the blood current Finally, the movement is de-
termined by the topical site Those rmssiles which are fixed close to the base of
the heart move extensively with each systole to the left and caudad, the extent
of the amplitude being 1 tb 3 cm Thus is proof of the wide physiological excur-
sion in the region of the atrio-ventricular septum Fixation m the left or ante-
rior wall shows a systolic movment to the right and caudad. This is substantia-
tion of the physiological rotatory movement of the heart. Were the heart a
spherical body, there would be no difficulty in clearly distinguishing between
intra- and extracardial location The presence of grooves on the surface, how-
ever, often makes this differential diagnosis impossible in the case of small
metallic foreign bodies Free shifting along the surface of the heart is observed
in the location of a misstle in the pericardial cavity; especially in the presence
of an effusion Later, organization takes place and the diagnosis as to super-
ficial, intramural, mtrapf:ncardlac or extrapericardiac site becomes difficult
Tra.nsml!led cardiac pulsations are noted in the case of missiles with a medi-
astinal anchorage.
ROENTGEN RAvs. The heart and the pericardium might be expected to
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undergo damage when a sufficiently large amount of radiation fs given over
the chest.

The experimental results which were obtained on animals are interesting
but a critical persual of the available data clearly reveals that the amount of
irradiation used in these experiments was much greater than is ever used on
man. This applies particularly to small animals, the deeper tissues of which re-
ceive a very large percentage of the surface dose.

In the course of several months, dogs and sheep were given a total of §
to 19 erythema doses .(ED ) over the entire chest, Nearly all the animals
died. The anatomical findings consisted of pericardial effusion, marked dilata-
tion of the heart affecting chiefly the right side, edema of the connective tissue,
varying forms of muscle fiber ‘degeneration, capillary hyperemia, hemorthagic
infiltration of the right atrium, thickening of the coronary artery branches and
degeneration of the sino-auricular node, although httle change was observed iz
the bundle and its branches. It is not surprising that an increase of the heart
rate occurred and that marked electrocardiographic vaniations were observed,
such as inversion of T waves in one or more leads and in some instances auric-
ular fibrillation and flutter. N

The precorcial area of rats and rabbits was given 2 E D. within twelve
weeks. Degeneration and necrosis, varying degrees of inflammatory reaction
and early intérstitial proliferation were found Bronchitis and pleuro-
pulmonitis were present as 2 direct result of irradiation. Chromatolysis and
lipoidosis of the ganglions and edema of the nerve trunks in the mediastinu{n
as well as destruction of the lymphoid tissue was demonstrated. Thus it is
more than probable that cell disintegration and bacterial infection are re-
sponsible, at least in part, for the microscopic findings in the heart muscle. .

The available experimental data indicate that the heart muscle is less sensl-
tive to irradiation by roentgen rays than are lungs and pleura, The applicauqn
of a large dosage is followed by mfl 'y and d ive changes in
tissues ather than the heart muscle, but the circulation of products of dI.S-
integration and a superimposed bacterial infection may well occasion toxic
changes in the heart muscle itself A very large amount of irradiation, how-
ever, does cause direct damage to the heart muscle

Other expertments were directed toward the influence of the roentgen rays
upon blood vessels. The right extremities of dogs were irradiated and later the
animals were satnificed. The vessels in the extremities were injected with 2
contrast medium and comparative roentgenograms were made upon frozen
sections of all extremities. Two ED. given within three months bad no
effect. Following the application of 3E D in 8 weeks, 2 x_larrowing ‘u.f i.he Xesse'lj
was noted; 4 E D. given within 6 s
the number of visible vessels, whi

een given over a period of ¢
::tdrebmitiesgal dogs wergeirradlated with 24-3 .E.D, the ammals sa?nhceg
and the reaction of arterial strips was tested In respect to Adrenalin an
galvanic current, Tt was found on comparison to be dxft'ex:em from t'he reaction
of the arterial strips of the non-irradiated left extremities. et
In man the heart Is exposed to roentgen rays during the m:adxan?n !;‘ea r:eee “
of breast, mediastinal, pleural and lung tumors. The material which has been
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studied from the standpoint of possible damage to the heart is too meager to
permit of definite conclusions. One author reports the case of a patient with
mediastinal lymphogranuloma; 4 series of radiation treatment were given dur-
ing one year, each consisting of 10 areas Each area received 2 Sabouraud doses
through 0 8 cm "Al. The postmortem examnation disclosed the tumor to be com-
pletely sclerosed. The epicardium was covered with fibrinous material, The heart

Frcs 110, 111 —19 yrs, F Pneumoma at age 11 Productive cough for past 4 years Pul-
monary abscess diagnosed at age 18 Bronchoscopy foul purulent exudate from abscess
mrt lower lobe Ané view 1t cardiac border cannot be determined An almost spherical
shadow measuring about 8 em 1n diameter 1s noted tn mesial basal portion of rt lung
field, rezularly outhined, with shifting fluid level Rt half of cardiac silbouette resembles
a pneumopeticardium R lat wtew flud collection centrally located Roentgenologically,
an empyema of was first and surgery made pul-

monzary abscess probable. Microscopic Dermowdeyst

muscle showed, in parts, different types of degeneration such as occur in
many infectious-toxic states In addition, a peculiar ballooning of the sarcolem-
mal sheaths was noted and also necross of the myoplasm and plasmoptysis
tosuch a degree that the sarcolemmal sheaths appeared empty Another investi-
gator cites the case of an individual who had a right sided mediastinal tumor
which was later ascertained to be a teratoma. He first received 4 X 144 ED
and then twice 4 X 30% ED. over 3 areas through 005 cm Zn and with
236% depth dose Four years later the treatment was repeated with 2 X 40%
ED,; this was followed by irregulanty of the pulse, dyspnea, pericarditts and
p}eurilis, night lower lobe collapse and cardiac failure. Another treatment was
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other authorities have reported their microscopic findings in a series of 10
cases which had been irradiated over the precordial region during the course
of treatment for thoracic and intrathoracic malignancy. Ten other cases which
received no direct irradiation and four with malignancy but without frradia-
tion were chosen as controls. The type of irradiation was characterized by
200 kv., 0.5 mm. Cu, X 0.16; the skin received 40-140% E.D., the tumors
70-140% E.D. In two cases radium was applied in the esophagus The hearts
were thought to show definitely more pathological changes than the controls
and these changes consisted of interstitial fibrosis, hyaline and fatty degenera-
tion of muscle fibers with occasional breaks in their continuity, and edema
of the heart wall. The value of these conclusions is, however, limited by the
fact that 6 out of the 10 cases were beyond the age of 40 and that, in addition,
data are lacking regarding the findings in the coronary arteries. Such studies
should be repeated with limitatioh to younger age groups. On the other hand,
the histological examination of a heart which had received 234 E.D. duringa
five weeks’ course of saturation treat-
ment for mediastinal neoplasm and
which was studied 3 weeks later, re-
vealed the absence of any pathological
changes.

A critical perusal of the avalable
material leads to the conclusion that
microscopic changes which were
thought tq be characteristic and spe-
cific for damage by roentgen rays do
not exist The proof of such damage
rests upon the appearance of cardio-
vascular failure and changes in the
electrocardiographic tracings, espe-
cially negativity of T waves, follow-
ing irradiation over the heart area.

The type and amount of irradia-
tion in man which brings about a gen-
eral systemic effect and depression 13

F16 112 —21 mos, M Asp.ration of peanut
fragment 3 weeks previous, followed by
cough and vomuting Thoracocentesis 3 days
previcus elsewhere Cardic dyllness to rt
Tachycardia Ant view: partal collapse It
lung, It.-sided pneumothorax, shift of medi-
astinum to rt Course: improvement follow-
mg removal foreign body Courtesy Dr
C. L. Jackson, Temple Unvernity Hospital,
Philadelphua

rays are

fall in blood pressure is greatest in cachectic patients and i

accompanied by a fall in blood pres-
sure which may continue for a few
days and which has been reported fo
be followed by another similar phase
between the 25th and 35th day and
to be followed occasionally by even 3
third decline between the 50th and
70th day. Such periodic alternations
in the biological effect of roentgen

well known, for instance, in the course of the skin erythema. The

n those irradiated

i is perhaps
er the abdomen A fall after a treatment with }onger exposure is pel
:::/counted for by the relaxed position of the patient during this prolonged

jrradiation.
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A case has been reported in which irradiation of the bones for polycythemia
was followed first by auricular flutter and 10 days later by coronary throm-
bosis This was anatomically verified and was causally related to the irradia-
tion, It should be remembered however that polycythemia in itself favors
the deve! of vascular th of the neck and upper
mediastinum for thyrotoxicosis has in a few mstances led to precordial and
retrosternal pain, fever, and E.C.G.
changes of the type associated with
pericarditis; recovery occurred within
a few days.

Cardiovascular disturbances have
often been noted with the Coutard
type of protracted treatment for tu-
mors of the pharynx and larynx The
large total amount of irradiation as
well 25 a possible effect on the carotid
sinus must be considered It was ob-
served that several individuals devel-
oped aneurysmal d latation 1n the re-
gion of the carotids two years after
this treatment. The effect is said to be
proportional to the total amount and
independent of the daily dose. The
disturbances take place in the second
and third week of treatment The sys-
tolic and pulse pressures are lowered,
tachycardia, embryonic and irregular
rthythms are noted and the heart
sounds become of low intensity The
E CG. in a series of 47 cases showed

Fic 113 —Middle aged, M Chromic tuber-

culosis for several years dnmt view: ex-
tensive productive wfiltration 1n both cranial
lung fields with marked shnnkage Hilar

lowering of the voltage of the T de-
flections 8 times, and a depression of
the S-T segments with a lowered T n
23 instances Carciopaths develop
bronchopneumoma as a  frequent

structures displaced cramad Vascular shad-
ows toward caudal lung portions as well
as 1t mediastinal border straightened From
Roesler, H, in Diagnostic Roentgenology,
Nelson's Loose-Leaf System, ed, by Ross
Golden, 1936, p 220 Courtesy Th Nelson &
Sons, New York

complication, especially during the
time of the radioepithelitis

It is difficult to evaluate the direct and indirect effect of the rays in these
cases.

Tracheobronchial Stenosis, The effect of prolonged tracheal stenosis on
the heart size in man is not clearly understood It is doubtful that stenosis
caused by goiter necessarily leads to cardiac hypertrophy and dilatation. It
is possible that emphysema plays a réle Concomitant toxic influences must
likewise be considered Observations referring to larger series are of an earlier
date and while toxic conditions were excluded on clinical grounds yet hasal
ions were not available. No definite correlation was
found between the cardiac affection and the degree and duration of the steno-
sis, and post-operatively there was no demonstrable change in the heart size
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Tracheal stenosis with a valve mechanism was produced in animals in sucha
manner that inspiration was embarrassed while free expiration was permitted,
a moderaté enlargement of the cardiac silhouette resulted and, when the an-
mals were sacrificed, the right heart chambers were found to be dilated.

A marked degree of tracheal stenosis in connection with the inspiratery pull
of the diaphragm and the elevation of the chest leads to a retraction of the

TABLE—PNEUMOTHORAX, RESPIRATION AND MEDIASTINUM

Type of Pneumothorax Phase of Durection Toward Alterations  Remarks
Resprration Which Mediastinal in the Col-
Shadow Moves lapsed Lung

I Closed
A) With Negative Inspinum  Pneumothorax Larger
Pressure ,
Expirum  Normal Lung  Smaller
B) With Positive Inspirium  Pneumothorax, 0
Pressure or Immobile
Expirjum  Normal Lung, Depression of the
or Immobile - Diaphragm
II Open
A) With Bronchial
Fistula

1) With Wide Open Inspirium Normal Lung 0 Slight Degree of
Communication 3Disp]acemenl

Expirium  Mid-line

2) With Valve Ef- Inspirium Immobile
fect, Permutting
Insprratory  En-
trance Expinum Normal Lung Smaller
B) With Wide Chest- Inspirium Normal Lung Smaller
wall Fistula Expirium  Pnevmothora Larger Extreme Degree
of Displacement

i i i f a crossed profile
Jower chest. This, in a lateral view, gives the appearance o ro.
and .the Underly’mg mechanism must be differentiated from that.“}glch
is responsible for a crossed profile in the presence of chronic mediastino-

icardial disease. .
perlcardid Cadne im tha trachea are Jikelv to produce a valve-Iike mechanism.
ted and,

1bly: an

Wit Ldes .
acute heart tamponade,
houette attains normal size dur

de, a squeezing out of the heart, occurs ‘I'he cardiac §ll-
ing the phase of inspiration Such an obstructive
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effect was experimentally produced in dogs and a diminution of 7-10% of
the silhouette area was observed. Bronchial stenosis of one slde, or predominat-
ing on one side, leads to a respi 'y shift of the medi: ‘The rapidity
and degree of !hls shift depends upon the degree and location of the stenosis,
upon the mobility of the mediastinum and upon the depth of the inspiration.
Complete stenosis of a main bronchus shows this shift into the affected side with
quiet inspiration and an accentuation of the shift with deep inspiration.
Partial stenosis of the bronchus of the posterior (lower) lobe shows no, or
only a minimal, shift of the cardac silhouette; but there is a marked shift in
the presence of a complete stenosis When an acute obstructive unilateral
emphysema results, as observed for instance in the presence of foreign bodies,
the mediastinal shadow appears displaced away from the affected side. Sec-
ondary atelectasis of larger lung areas causes a deviation of the medastinal
shadow toward the affected side.

Pleuropulmonary Disease. INTRODUCTORY REMARKS, Various pathologic
chest conditions may cast a strain on the right heart. Faulty respiration, in
the wide sense of the word, 1s frequently the etiologic factor Reference is made
to diffuse narrowing of the bronchial tree (asthma, chronic bronchitis),
tracheal stenosis, kyphoscohosis, v pleural dhesi physema, ex-
tensive h destruction, is, obl ive vascular
process, pulmonary embohsm, and paralysis of the mutc]es of respiration. The

study il for two reasons First, it is clinically im-
possiblé to determine hear( size in the presence of several of the conditions just
referred to. Second, one may make an important observation during fluoro-
scopy, i e, an inspiratory increase and an expiratory decrease of the silhouette,
Since this observation seems to be a partial clue to the problem of right heart
strain and fal]ure, and since the functional disturbance mvolved seems to be

to pathol and i d by cl , a short
discussion is appropriate. The lungs are made up of elastic and non-elastic
elements, They may be hkened to the structure of a garter whose weave shows
an interlacing of non-elastic hemp and elastic rubber. The latter furnishes the
distensibility, provided the non-elastic elements are plaited at the rubber’s
state of rest. When the rubber disintegrates, the unplaited garter occupies a
greater length and will not yield to traction The mediastinum is held in po-
sition by the normal lungs as by two elastic cables, acting as physiologic-
brake factors, This brake factor is abolished as soon as air 15 interposed be-
tween the heart and the lungs, such as 1s the case with a preumopericardium
ar with a and ly the type of cardiac pulsations
changes immediately to a more vigorous action On the other hand, an aug-
mentation of this brake factor may be observed. When one lung 1s extensively
sclerosed, it Ioses 1ts elasticity and acts as a rigid cable. The energy that would
normally be used to distend a normal lung is exerted from the chest wall as
direct traction and there results a y shft of the mediastinal shadow.
When both lungs lose their elasticity as a result of sclerosis, infiltration or loss
of the elastic system, something must yield with the nspiratory distension of
the chest cavity, and consequently there results an inspiratory distention of
the cardiac sithouette. This distention is noted in the various views Simul-
taneous with this distention, the amplitude of pulsations tends to diminish, The
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silhouette decreases in size during expiration. These changes are always best
{mted along the border of the right atrium. The blood pressure level varies It
is low_er during inspiration, higher during expiration, and there is a paradoical
“pulse in t?xe periphery. Whenever inspiration coincides with cardiac systole. the
latter is inhibited. It is conceivable that this interference, continuing over 2
peniod of years, contributes to the development of right heart hypertrophy and,
finally, to failure. Further studies are required in order to establish the sig-
nificance of intrabronchial, in- "
trapleural and mediastinal pres-
sure changes that may, be asso-
ciated with marked silhouette
changes during the respiratory
cycle. Another point deserves
attention. Tt has been demon-
strated by means of animal ex-
perimentation that the pressure
in the pulmonary artery 2nd
right ventricle are closely re-
lated to the degree of pulmo-
nary distention. Apparently the
stretching of the capillaries be-
yond a certain point increases
Fre 114 --33 yrs, F P 1! the . to blood flow.
pleurisy in past. Dyspnea and palpitation Asthenic 1 istention
type Moderate cyanosss, Fibrous type of tubercy-  1ience pulmonary  cist
losts and bronchrectssts Hard eervical and axtllary  Produces hypertension in .the
nodes palpable Heart not enlarged P, accentuated — pulmonary artery circufation,
ECG. nsr, nght axs dev Ant wew: cardizc  and greater work is required
silbousttes of vertical type; prominence of pulmon- o ‘the right ventricle
1carch Extensive calcification of mediastinal lymph .
rodes Putmonary fibrons and bronclhectsss, pre-  PNEUMOTHORAX. The fmpors
dominantly at It Group of large calafied lymph tant findings are the respiratory
nodes of extra-thoracic locahization changes of the mediastinum and
the appearance of changed ac-

tivity along the cardiac sithouette Different types of pneumothorax cause var-
ous respiratory movements of the mediastinum_(This is outlined in the table )
Marked differences in pressure may lead to a herniation of one Iung into the
opposite side. This is made possible by the presence of the weak areas in the
mediastinum, one ventrad and craniad, the other dorsad and more caudad The
shadow of the mediastinal pleurae appears as an arclike dense line in one or the
other lung field It must be differentiated from the arclike appearance of the
distended pericardium in the presence of air in the pericardial cavity (this 1s
discussed 1n chapter XI). Lateral views commonly reveal a dorsal displace-
ment of the cardiovascular silhouette in the presence of a pneumothorax, The
volume of the heart has been determined prior to and following pneumothoraX,
and a significant diminution in size has been frequently observed Anatomical
- B S ek br e lilatati

in a few cases,
he pulmonary artery may

diminished and therefore

UL L e
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only rarely has a pulsatory, systolic expansion been observed More often one
observes a vibratory movement, the speed of which is greater than the heart
rate.

With the chest wall closed, the heart is embedded between the lungs, which

Fio 115—0 yrs, M Emph: R Tumet

Ant view globular heart without of pi ry conus
and artery {arrow) Rt ant obl vew normal findmgs along dorsal border,
no enlargement of 1t atnum (It arrow) Cranial portion rt ventricle prominent
(conus artenosus), (It upper arrow) Rt ventncle, caudal portion (lt. lower
arrow) «Courtesy Prof Dr G G Palmien, Bologna, Haly

exercise traction upon its entire surface By operung the chest wall or by intro-
ducing air or gas into the pleural cavity this effect is eliminated, the restric-
tions on the heart movements cease and large pulsations result It 1s necessary,
however, that the air shall reach the mediastinal surface, accumnulation along
the parjetal surface apparently does not cause such changes When the pulsa-
tions of a dog’s heart are pared, first under fi and then in the
open chest with collapsed lungs, an affe 15 noted; when in the
Tecumbent position, the heart 1s seen to fall dorsad and to the left during
diastole and to spring ventrad and to the right with each systole and a twisting
rotation is cbserved As soon as the lungs are fully inflated and the heart is
supported on both sides, the rotation of the organ ceases A further proof of
this assumption is afforded by the following observation in man During the in-
spiratory lateral displacement of the heart the partially collapsed lung may
move more slowly than does the cardiac shadow, contact therefore results and
at once the abnormally large pulsations cease During expiration, the cardiac
shadow and lung separate agamn and at once the normal pulsations are replaced
by the abnormal type. These abnormal pulsations are observed only on the
side of the pneumothorax and are much more marked when the pneumothorax
is left sided As compared with normal activity these pulsations are larger in
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amplitude, they seem to take place at a greater speed, even in the absence of
tachycardia and are pecubarly flopping in type. Atrial and ventricular move-
ments can be well differentiated In addition, there s a matked vertical, heav-
ing component in all the visible movements. Rotation is undoubtedly marked;
this perhaps accounts for the rather surprising fact that a kymographic study
registered the outward movement mainly as systolic and the inward movement
mainly as diastolic.

Fics 116, 117 —45 yrs, M Asthma and emphysema since age 40 Marked weight Llﬂ
Productive, purdlent cough Clubbimg, cyanoss, edema, hepatic enlargement and asoles
Moist sibilant rales over lungs Bload n sputum. P:4, B.P 115/60 ECG * nsr, r‘;s

axis dev, T, diphasic Emphysema, bronchiectasis, cor pulmonale Ant view mﬁr]:st
atea globular, promunence of pulmorc arch Heavy densiy throughout both lung feldy
extending along broncho-vascular trunks Rt ant, obl wvtew. marked bulge ventra ’tw)
responding to cramal and ventral portion of rt ventricle (conus artenosus) (wh “mnol
Prominence of pulmonic hnob into’ posteror mediastnum (bl arrow) Lt. atrum e
enlarged Orthodiagraphic measurements L 147 cm, B 124 ¢m, T 136 cm, Tp 11 ¢,

_2 308% (orm av 730%), — 748% (norm av 6637) Course: severe cardiac
L
farture, death within three months Right and shght

lIso cause prominence
wncrease the depth of the heart as the measurement reveals They al A
of xrnass of heart crantad and vefitrad which is best visualized in oblique and lateral views

t

A marked displacement of the mediastinum, as may occur in the presenclg
of a pneumothorax with posttive pressure, le‘ads to signs and symptoms :n
cardiac failure and the roentgenological findings may prevent the clinici
from making an erroneous chinical diagnosis of pulmonary d1§ab111ty. ot

Marked differences in the volume of bot.h.lungs lead to a dx:ﬂacemer; o
the mediastinal shadow. Among rare conditions of an increase of one lung

volume, congenital in origin, and usually observed only in chi]dren;‘a{e '."’?
» . A Yy 1a
ia and diffuse cystic or ic ; i
ngf:g:s :: the volume of one lung is usually acquired, though congenital
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malformation exists. In such conditions as are commonly typified by tubercu-
lous sclerosis, the assumption that mediastinal displacement is necessarily
caused by a pleural affection, is certainly erroneous. Marked displacement in
the presence of pulmonary pathology does not necessarily indrcate an adhesive
pleural process and is therefore no contraindication to a therapeutic preumo-
thorax. The ordinary roentgenologic technic, when employed on patients with
advanced fibrothorax, will frequently fail to disclose the location and struc-
tural slate of the heart, the greal vessels and the pulmonary urculanon Suc-
cessful 15 obtained in such i by the rapid i in-
jection of a concentrated solution of diodrast and by taking the roentgeno-
gram at the moment of opaaification of the structures to be visualized. These
displacements are especially marked in younger people where the healthy lung
compensates by expansion and hypertrophy. The presence of massive atelec-
tasis in one lung leads to a displacement of the mediastinal structure toward
the diseased side. Pneumonia of one whole lung or only of its posterior {lower)
lobe causes a similar effect in early childhood but the finding of displacement is
not constant in adults,

TupercuLosts, Patients with certain forms of tuberculosis of the lung may
present signs and symptoms similar to or identical with those found in primary
cardiovascular disease. In the exudative type of tuberculosis and generalized,
hematogenous dissemination of the disease a toxic condition is found with
pallor, cyanosis, tachycard:a, nstability of the pulse and low blood pressure,
In the chronic fibrotic type that 1s characterized by pleural thickening, scle-
rosis and emphysema, and by displacement, Lmkmg and denudauon of thc
large vessels, there occurs a d ly ical embar
leads to palpitation, oppression and ar hunger on exertion, murmurs and often
2 marked accentuation of the second pulmonic sound may be heard.

Respiratory displacement has already been mentioned. A fibrotic retraction
in the anterior (upper) lobes, often combined with compensatory basal em-
physema, results in a straightening of the borders of the silhouette, in addition,
the main pulmonary vessels are displaced craniad and become kinked, and the
vessel shadows of the caudal lung areas run straight hke extended fingers. A
marked degree of left anterior (upper) lobe fibrosis may lead to an undue
prominence of the pulmonic arch of the silhouette A complete displacement
af the heart to the left and dorsad leads to rotation and kinking of the aortic
arch, Serial studies nere published reporting observation of some enlargement
of the cardiac sithouette to the right as fibrosts and emphysema developed,
and occasionally also in the course of acute infiltrations

It is a common impression that the cardiac sithouette 1s small n tuberculosis
of the lungs Such a general statement 1s not acceptable; it is not reasonable to
assume that tuberculosis with its different clinicoanatomical forms exerts a
uniform influence on the heart The argument that a certain constitutional type
should predispose to infection with tuberculosts is likewise hardly acceptable
since constitution, in the anatomical sense, does not play a dominant role in
the devel of tuberculosis In some postmortem experience
shows small hearts having a total weight below normal, particularly in patients

- with miliary tuberculosis or caseous This is to be expected with a
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amphtude', they seem to take place at a greater speed, even in the absence of
tachycardia and are peculiarly flopping in type. Atrial and ventricular move-
ments can be well differentiated, In addition, there is a marked vertical, heay-
Ing component in all the visible movements. Rotation is undaubtedly m’arked‘
thls_ perhaps accounts for the rather surprising tact that a kymographic stud)"
reg}stered the outward movement mainly as systolic and the inward movement
mainly as diastolic.

Fics 116, 11735 yrs, M Asthma and emphysema since age 30 Marked weight lost
Productive, purulent cough Clubbmg, cyznosis, edema, hepatic enlargement and ascites
Mot sibilant rales over Jungs Blood in sputum P4, BP 115/60 ECG nsr, nght

axs dev, T, diphasic Emph br cor Ant vrew cardiac
area globutar, promunence of pulmonic arch Heavy density throughout both lung fields,
extending along broncho-vascular trunks Rt ant obl wview marked bulge ventrad, cor-
responding to cramal and ventral portion of rt ventricle {conus arteriosus) (wh arrow)
Promumence of pulmonic knob into” posterior mediastmum (bl arrow). Lt, atrum not
enlarged Orthodiagraphuc measurements L 147 em, B 124 em, T 136 cm, Ty, 1 cm,

> o
— 308% (norm av 730%), — 748% (norm av 663%) Course severe cardiac
L

* failure, death within three months. Right ventncular hypertrophy and shght enlargement
increase the depth of the heart as the measurement reveals They also cause promunence
of mass of heart cramad and ventrad which 1s best visuahized 1n oblique and lateral views

A marked displacement of the mediastinum, as may occur in the presence
of a pneumothorax with positive pressure, leads to signs and symptoms of
cardiac failure and the roentgenological findings may prevent the clinician
from making an erroneous clinical diagnosis of pulmonary disability.

Marked differences in the volume of both Iungs lead to a displacement of
the mediastinal shadow. Among rare conditions of an increase of one lung
volume, congenital in origin, and usually observed only in children, are true
hyperplasia and diffuse cystic or bronchiectatic degeneration A palho)ogl.cal
decrease in the volume of one lung is usually acquired, though congenital
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todc or wasting disease. In other instances although the total weight is still
within normal limits, a separate dissection of the right and left ventricles re-
veals a functional predominance of the former. This may be observed with the
chronic-cirrhotic type. Also there has been noted a moderate degree of right
ventricular enlargement, but never 1s there present an excessive degree of hy-
pertrophy. There seem to be three explanations for the erroneous general state-
ment of a small heart. First, chest fitms are usually taken on deep inspiration;
second, the comparison of the actual )t ] heart size is not made
against adequate standards, i.e., with the same physical characteristics, such
2s muscular devel chest cire e and the like; third, the diag-
nosis of 2 small heart may be made only when the depth development and
the examination in the recumbent position confirm the results obtained by
the examination in the anterior view and upright posttion. With these criteria
in mind, it may be stated that about two-thirds of all these hearts are of
adequate size and perhaps less than 10% are actually small.

AvrErcic BRONCHIAL Astna; Earrivsessa, The cardiac silhouette remains
singularly free from enlargement in asthma As a matter of fact it seems to
tend toward Jower limits, even when we consider cases without low position
of the diaphragm. But, 1t should be remembered that asthmatics also have a
tendency to be underweight, often exhibit a flabby, poorly developed muscular
system, and always have a poor respiratory action even in periods of remis-
sion. During severe attacks one finds prominence of the pulmonic arch and the
lung vessels, and inspiratory distention of the silhouette The heart volume in
one such case was determined to be 650 cm® during inspiration and 530 em®.
during expiration. That the faulty respiratory mechanism seems to have an
effect on the heart, is shown by an anatomic study on 70 cases where the chief
clinical diagnosis had been bronchial asthma Only two cases were complicated
by hypertension The quotient of actual heart weight to body weight was com-
pared with the quotient of expected heart weight to body weight. 15 cases re-
vealed normal ﬁgures, 9 were below normal, and 46 wen: above normal. To
what degree phy might have mft d the d of
cardiac hypertrophy 1s unknown.

In true emphysema, the lungs are depnved oI lhexr elashc elements and the

force which causes physi d or di: The
velocity of the blood thmugh the lungs is not al(ered some dilatation of the
pulmonary artery and its branches, often bined with ath and with

some right sided hypertrophy, makes the presence of hypertension in the lesser
cu'cula!mn probable The poor action of the diaphragm removes a powerful

spaces Normal acimi were not found. The small bronch: and bronchioles wete dilated,
shomang cell mfilteations and plugging by aggregates of sloughed eells. The vessels showed
a hyperplastic type of sclerosis with duminution of thewr luma

Comment: An instance of chronic cor pulmonale The chief pulmonary lesion was
a congemtal polycystic duease Occupational bharmful influences probably played an
additional rdle Neither chronic pulmonary suppuration nor syphihs seemed to be etio-
logical factars, and vascular sclerosis was not the predominant pathology The elwmical
picture was governed by madequate otygenation of the blood There was present stram
on the 1t ventncle, hypertrophy and dilatation affecting particularly its outflow tract.
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Figs 118, 119—60 yrs, M History Worlang as a brass finisher, the patient had been
mhahing brass dust for a period of 47 yrs He had been eoughing for the past 15, dyspnoic
for the past § yrs, and orthopnea had developed recently, Precordial pam accompanied
paroxysms of cough Findings: There was no fever, the skin was dusky, and clubbing
was noted There was no evidence for congestive failure n the greater circulation. In-
spiratory and expiratory wheezing and moist-crackhng rales were heard over the lungs
The heart was moderately enlarged, the rate was 125/min, a gallop thythm was heard,
and P, was accentuated A paradovical pulse was noted BP 140/95, The blood showed
hb. 16 gms, rbe 66 mill, Wassermann test posttive The fundi showed a mimmal
degree of arteriolosclerosis Circulation time for arm to tongue (sacchann) was 185
sec, and arm to lung (ether) 113 sec ECG (next day) Nsr, it aus deviation, Ta
negative.

Ant view (11-26-40) The lung fields show a diffuse, finely mottled and partly stongy
type of density These changes obscure, to a certain degree, the cardiac borders The heart
is moderately enlarged, and some prommnence of the pulmomc arch 15 noted (1), On
finoroscopy the diaphragm was noted to move very poorly Ri. ont obl wew: Small
bronchrectatic cavities are noted in the 1t lower lung field The heart reveals no promimnence
corresponding ta the It, atnal area (2) but, ventrally, the it ventncle bulges (3)

Course Otygen mhalations and codemne sulphate gave rehef and prolonged bed rest
was beneficial Digitalis seemed to have no appreciable effect The pulmonary findngs *
remamned essentially unchanged, the gallop rhythm disappeared and the BP remained
at about 110/80 The vital capacity was 23%, the arculation time for arm to tongue
{saccharm) was 165 sec and for arm to lung (ether) 70 sec ,

Postmortem (2-18-41, on embalmed body): The heart weighed 580 gms and was
cousiderably enlarged The rt. ventrcle was larger than the lt, its lumen was greatly
dilated, 1ts wall measured 1.3 ¢m m thickness, and, corresponding to the outflow tract,
the wall was so promment as to be almost aneurysmal 1n extent, The It ventricle was
dilated, 1ts wall measured 16 cm The onfices were normal, the diameter of the pulmonic
orfice was 30 cm and that of the aortic onfice, 26 ¢m The coronaty a'r!enes were

lobes so that the surface showed a pebbled appearance ‘Lhe cysts measured 1rowm vwt
to 0.3 ¢em i diameter. About the lateral and ventral borders bullous distentions were
present, the largest of which measured 25 cm. in dimeter, The bronch: and arterial
vessels showed nothng of sigmificance There was present acute and chronic congestiott
Microscopic. Besides the supportive tissue and the blood vessels, the lung tissue c?nslﬁltd
of very wrregular spaces of all sizes which were hned w:lth tall columnar epithelium re- 3
sembling bronchial mucosa Dense fibrous copnective tissue surrounded the epithelial
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touc or wasting disease. In other instances although the total weight is still
within normal limits, a separate dissection of the right and left ventricles re-
veals a functional predominance of the former. This may be observed with the
chronic-cirrhotic type. Also there has been noted a moderate degree of right
ventricular enlargement, but never is there present an excessive degree of hy-
pertrophy. There seem to be three explanations for the erroneous general state-
ment of a small keart, First, chest films are usually taken on deep inspiration;
second, the comparison of the actual roentgenological heart size is not made
agamsl adcquate standa:ds, ie, v,nh the same physical characteristics, such

chest ¢ e and the like; third, the diag-
nosis of a small heart may be made only when the depth development and
the examination in the recumbent position confirm the results obtained by
the examination in the anterior view and upright position, With these criteria
in mind, it may be stated that about two-thirds of all these hearts are of
adequate size and perhaps less than 10% are actually small.

Arrercic BRoNCHIAL AsTiMA; EMPHYSEMA The cardiac silhouette remains
singularly free from enlargement in asthma As a matter of fact it seems to
tend toward lower limits, even when we consider cases without low position
of the diaphragm. But, it should be remembered that asthmatics also have a
tendency to be underweight, often exhibit a flabby, poorly developed muscular
system, and always have a poor respiratory action even in periods of remis-
sion. During severe attacks one finds prominence of the pulmonic arch and the
lung vessels, and inspiratory distention of the silhouette The heart volume in
cne such case was determined to be 650 cm®, during inspiration and 530 em®.
during expiration, That the faulty respiratory mechanism seems to have an
effect oxi the heart, is shown by an anatomic study on 70 cases where the chief
clinical diagnosis had been bronchial asthma, Only two cases were complicated
by hypertension. The quotient of actual heart weight to body weight was com-
pared with the quotient of expected heart weight to body weight 15 cases re-
vealed normal ﬁgures 9 were below normal, and 46 were above normal, To
what degree might have infl d the devel of
cardiac hypertrophy is unknown

In true emphysema the lungs are depnved of then' elashc elements and the
force which causes physit is d or d The
velocity of the blood through the Jungs is not altered, some dilatation of the
pulmonary artery and its branches, often combined with atheroma and with
some right sided hypertrophy, makes the presence of hypertension in the lesser
circulation probable. The poor action of the diaphragm removes a powerful

spaces Normal acini were not found The small bronchi and bronchioles were difated,
showing eell infiltrations and pluggmg by aggregates of sloughed cells The vessels shawed
2 hyperplastic type of sclerosis with duminution of their lumina

Comment: An instance of chrontc cor pulmonale The chief pulmonary lesion was
a congemtal polycystic disease Occuptional harmful mfluences probably played an
additional rdle Neither chronic pulmonary suppuration nor syphilis seemed to be etio-
logical factors, and vascular sclerosis was not the predommnant pathology The clinical
picture was governed by inadequate oxygenation of the blood There was present strain
on the xt ventricle, hypertrophy and dilatation affecting particularly its outflow tract,
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Fics 118, 119—60 yrs, M History, Working as a brass fimsher, the patient had been
tnhaling brass dust for @ penod of 47 yrs He had been coughing for the past 15, dyspaoic
for the past 5 yrs, and orthopnea had developed recently. Precordial pamn accompaied
paroxysms of cough Findings There was no fever, the skin was dusky, and clubbing
was noted There was no evidence for congestive fadure in the greater circulation In-
fpiratory and expiratory wheezing and most-crackling rales were heard over the lungs
The heart was moderately enlarged, the rate was 125/mun, a gallop thythm was beard.
and P, was accentuated A paradowcal pulse was noted B P 140795 The blood showed
hb 16 gms, rbc 66 mill, Wassermann test positive The fundt showed 2 mimmal
degree of artemolosclerosis Circulation time for arm to tongue (sacchann) was 18.5
se¢c, and arm to lung (ether) 11.3 sec. ECG (next day): Nisr, rt ams deviation, T
negative

Ant view (11-26-40) The lung fields show a diffuse, finely mottled and partly stnngy
type of density These changes obscute, to a certain degree, the cardiac horders The hear!
is moderately enlarged, and some promimnence of the pulmomc arch is noted (1) On
fluoroscopy the diaphragm was noted to move very pootly Rt ant obi vew: Small
bronchiectatic cavities are noted n t T - e
corresponding to the . atnal area (.

Course  Oxygen inhalations and :
was benefical Digitalis seemed to
remamned essentially unchanged, the gallop rhythm disappeared and the B P, remamned
at about 110/80 The vital capacity was 23%, the arculation time for arm to tongue
{saccharn) was 16 5 sec and for arm to lung (ether) 70 sec

Postmortem (2-18-31, on embalmed body). The heart weighed 580 gms and was
considerably enlarged The t. ventncle was larger than the lt, its lumen was greatly
dilated, its wall measured 13 em 1 thickness, and, corresponding to the outflow tract
the wall was s promunent as to be almost aneurysmal in extent The It ventncle was
dilated, 1ts wall measured 16§ cm The ortfices were normal, the drameter of the pulmonic
onfice was 30 ¢m and that of the aortic onfice, 26 cm The coronary artenes were
normal. Microscopic  The heart muscle showed and a grade IT
The Jungs showed a spongy This was 1m both lower lobes
and the rt mddle lobe, and was generally more prevalent toward the periphery of the
lobes so that the surface showed a pebbled appearance The cysts measured from 008
to 0.3 em 1 diameter. About the lateral and ventral borders bullous distentrons were
present, the lasgest of which measured 2.5 cm i diameter. The, broncht and artenal
vessels showed nothing of sigmficance There was present acute and chromc congestion
Mucroscopic - Besides the supportive tissue 2nd the blood vessels, the lung tissue conslsted
ar spaces of all sizes which were lined with tall columnar epithelium re-
Dense fibrous connective tissue surrounded the epithehal

of very wureguk
sembling bronchial mucosa
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factor from the circulation; artificial elevation of the diaphragm by elastic
bandage or p itoneum actually imp: the cir ion. Although
emphysema unfavorably affects the respiration, the cardiac factor is seldom
pronounced until late in the disease or unless there is present heart disease of
other etiology. Hypertension is actually found to be a common complication.
When heart failure occurs on the basis of emphysema, it is right heart failure
with normal rhythm, and it is terminal The postmortem findings are frequent-
ly those of right ventricular hypertrophy and dilatation, but this is apparently
not an absolute rule, and the reason for the heart muscle remaining thin
throughout 1n some instances 1s unknown

When one limits the roentgenclogic study to the anterior view, failure
to disclose prominence of the pulmonic arch and conus of the right ventricle
will frequently result. It is imperative, therefore, to rotate the patient into
the right anterior oblique view. Roentgenologically, perhaps one-third of
the patients do not have any cardiac enlargement, nor do therr lung vessels
reveal changes. There is a di , however, to if it the heart
size unless the oblique and lateral views are mncluded in the study, and
the use of the cardio-thoracic ratio is certainly misleading Enlargement to the
left is due to either right or left ventricular preponderance, in the latter case
it is usually in connection with hypertensive and atherosclerotic disease. Great
enlargement of the right heart is rare A subdivision at the right Jower sil-
houette border just above the might cardio-hepatic angle indicates that the
right ventricle participates in the formation of the right border. When enlarge-
ment is caused by the right ventricle, one observes the following in the oblique
views: Left. the projection and curvature of the ventral border exceeds that of
the dorsal Right: the cranial-ventral contour freq y bulges, the bulge
representing the pulmonary artery in the upper portion and the conus of the
right ventricle in the lower A line of junction between these two elements
cannot be identified. A ventral bulge further caudad indicates involvement of
the body of the right ventricle The depth development of these hearts is con-
siderable. While the average ratio of Tp T equals 73, it was found to be
80% for a group of hearts m emphysema The left atrium plays no réle in this
increased depth because this cavity remains unaffected in non-complicated
emphysema, and it 1s this which accounts for the freedom from auricular
fibrillation The middle left arch, as visualized in the anterior view, is often
though not always prominent. Sometimes its prominence is chscured by the
shadow of the enfarged left man branch of the pulmonary artery. In what

Telative degrees this proj is o of the pul 'y artery proper
and the conus of the right ventricle, 1s a question which has been approached
by correlated ic studies and by visualizing the heart and

the thoracic blood vessels by the injection of a concentrated solution of dio-
drast, Vanable findings were obtained by the former studies: the prominent
arc could be accounted for either by the pulmonary artery alone, or pre-
dominantly by the conus, or by the pulmonary artery in the upper two-thirds
and by the conus in the lower third A contrast study has been carried out for
one case which revealed that the conus did not participate but that the whole
arc was formed by the enlarged pulmonary artery, which, in addition, was dis-
Placed craniad and to the left by the elongated right ventricle. In at least half



226 CLINICAL ROENTGENOLOGY OF THI CARDIOVASCULAR S‘YSTEM

F1c 120 —46 yrs, M Pneumonia and pleu-
tisy at age 32 Dyspnea and palpitation on
exertion since then, Edema first occurred at
age 3% Cough and bronchitis Cyanoss, ex-
piratory dyspnea, emphyrema Heart action
not palpable Lower sternal portion dull on
percussion, Sounds fait, Prace B P 100/65
ECG . nsr, 1t axis dev Ant view dia-
pbragm 1 low postion, of diminished eg-
cursion Catdiac shadow elongated caudad.
L 152, B 96, T 124, Th 252 cm,
Rt. lower cardiag contour reveals sub~
dision (bl arrow) into longer cranial and
shorter caudal portion; the former bulges

ot

fwano) "

L A

|

[
ot
NE2

.

laterally 04 cm. during each
Frommnence of second It arch {pulmonary
. ER el v

Fic 121 —Emphysematous dyspneic p-
tient. K; hic tracing of It and 1t

trudes in front P p
fung abscess, bronchiectasts of rt, ant iobe,
purulent bronchitis, tilateral pleural adhe-
stons Marked hypertrophy and dilatation of
. ventrnicle whick forms apical portion
Width of rt. ventnicle 9 5 em, of It, ventncle
§ ¢m Atra neither enfarged nor hypertro-

cardiac borders, Fifm moved from sbove
downward, The diaphragm was in ex-
treme low position, flat, almest immo-
bide and could not cause any shift of
the cardiac borders. An inspiratory wid.
ening of the cardiac shadow is noted

teral t of the

phied No valvular disease. Ath I
changes in pulmonary branches, microscopic
examination not undertaken, Incadence of rt.
veptncular hypertrophy and ddatation sec-
ondary to pulmonary disease The rt. ven-
tricle forms the audal portion of the .
cardize border The inspiratory distention
affects the thin-walled st atnum only. The
increase in heart size was expressed by L
only and the 5t. ventricle caused an enlarge-
ment to the )t, and caudad

cardiac horders). This 15 followed by 82
expiratory narrowing of the cardiac sil-
houette (simultancous, steep, medial
movement of either cardiac border), vs
— beginping of ventricular yystole, D ~—
beginning of veatricular diastole. Feom
Fortschr, Geb Rontgenstr, 1933, A9,
240 Courtesy Doz, Dr, E Zdansky,
Vienna and G, Thieme, publiber,
Leipzg. -
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of all cases the lung fields show the hilar (arterial) vessels to be prominent,
and occasionally there is noted a minor degree of intrinsic pulsations. In the left
anterior oblique view the left main branch of the pulmonary artery is noted to
be unduly prominent, i.e., larger and denser than in normals. Finally, the in-
spiratory distention of lhe sllhouette
followed by an expi
previously referred to, should be men-
tioned

Pxeumocontosts, The substance
that produces changes of significance
is free silica (SiO,). Its particles are
phagocytized and carried into the
lymph channels, which become ob-
structed. Fibrosis is stimulated and
the tissue thus formed around the
bronchi and small branches of the
pulmonary arteries gradually replaces
the lung tissue. Extensive paren-
chymatous, interstitial and vascular > g
disease explains the anatomical find-
ing of nght ventricular hypertrophy

[ S |

Its muscle weight amounts, on an
average, to 40-48% of the total ven-
tricular musculature as compared
with a normal figure of 36%; and the
increased resistance m the lesser cir-
culation accounts for the fact that at
the age of 45-50 years the pulmonic
Toot is larger than the aomc root
e jon with tubercul

Fic 126 —51 yrs, M Miner nearly entire
adult Lfe Cough, expectoration Pneumo-
comosis Ant wew lung fields reveal pneu-
mocomosis Low position of diaphragm,
cardiac  shouette not enlarged: Marked
prommence of pulmonary conus and artery
{bl arrow) As a result of the resistance in
the lesser crculation, the outflow tract of
the rt ventnele, and the pulmonary artery
are affected Courtesy Dr Charles F Nichols,

exudative lung disease apparently
may counteract the development of right ventricular hypertrophy Out of 35
cases, who died in nghtsided failure and who showed right ventricular enlarge-
ment, there were 13 who had pure sihicosis, and of these 11 revealed defimte
right ventricular hypertrophy Twenty-two of the cases showed a combination
of silicosis wth tuberculosis, and of these only 9 showed hypenrophy
Patients with severe emp and reveal
dyspnea and cyanosis and are sometimes lhought to have primary cardiovas-
cular disease. Though heart failure may be present, the two findings can often

Comment In patients with h: P ularly when 1t 15

bronghial increase and y decrease 1n heart size 15 noted.
‘Whenever msplmtmn comcxdcs with cardiac systole, me latter 1s ntubited This seems
to cause the paradoxical pulse sometimes observed chmcally It 15 conceivable that this
mnterference, contmumg over a period of years, contnbutes to the development of right
heart hypertrophy and, finally, to falure That an actual change mn the heart size takes
place, 15 proven by observation n more than one plane The practical absence of dia-
phragmatic movement elmnates a major vanable 1n this conclusion
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Fics. 122,123, 1
studied 7 and §
severe, persisten
Findings: Wt 6@
were noted The
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cardha (pt had epinephrin) and
- anntoe D

not enlarged
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during expiration,
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INSPIRATION ©

- the past 8 yrs When
, were pormal Recently
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! - sate degree of tachy:
a typical paradoxical pulse were preseat. BP 125/85
11 mndt pornted, Ry relatively low, no axis dev, 5-Tas

sty

.
' L

- ahng only a mmnimal amplitude on respiration;
[he heart 1s 1n 2 rather vertical jtion and i
nution in heart sze during expiration and 8o
tion were noted, L2, ont. obl view: Again the heart sze dimunishes
dunng nspiration,
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lung failure this fact should be remembered. Obliterative pleurisy permits
the persistence of fissures and lacunae in the interlobar septum. Fluid can
collect here and produce a well-demarcated round or oval homogeneous shadow
which has been erroneously interpreted as benign or malignant tumor, gumma
or exudative tubercular infiltration, Its disap with cardiac comp

tion, and its reappearance with failure proves it a small, encapsulated inter-
lobar hydrothorax, For further discussion see chapter VI.
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Craprer VIII

CARDIOVASCULAR DISEASE FROM THE VIEWPOINT
OF STRUCTURAL CHANGES

Myocardial Disease. INFECTIOUS AND Tox1c ConNpiTions. Such conditions
are more frequent than is commonly realized. In addition to the better known
etiological factors such as diphtheria, rheumatic, scarlet and typhoid fevers,
pneumonia, grippe, tonsillitis, and the entity known as interstitial myocarditis,
there still remain obscure factors that need elucidation. The roentgenologic
study refers chiefly to an evaluation of heart size. It has been mentioned in
previous chapters that findings obtained when a patient 1s studied in the up-
right position may differ from those obtained in the recumbent position This
fact apphes particularly to the cases under consideration here Patients in an
infectious or toxic state are prone to suffer from peripheral véasomotor failure,
and their lendency to go into a collapse i isa well known clinical fact. This

ible for an inad filling of the heart when
the patient is slzm(hrvy Evaluation of heart size, therefore, should be carried
out under optimal ﬁllmg conditions, and these are present in the recumbent
position Since enlargement of the heart may not be detected in the standing
position, the term “latent dilatation” has been coined. However, some degree
of enlargement resulting from chronic or recurrent infectious and toxic states
may be revealed even by examination in the upright position True hypertro-
phy may then be noted anatomically in addition to dilatation Physical exer-
tion superimposed on a diseased heart muscle probably fosters such develop-
ment. Advanced enlargement usually shows association with heart failure and
ultimately ends in death When the dynamics of the heart muscle have already
been altered prior to the onset of diffuse muscular damage, one notes that the
process of dilatation prevails for those chambers that were already under
strain
Diphtherie. Cardiac ications are estimated to appear in 10-30% of all
cases. The type of the epidemic and the early and adequate treatment are in-
fluencing factors Cardiac dilatation may develop rapidly, but not to an
excessive degree, It is known from senal roentgenological studies that if
dilatation occurs, it may commonly be expected to begmn during the second
week, to reach the maximum m the third week, and to regress in one to two
weeks. In malignant cases, widening of the silhouette may set in as early as the
third or fourth day and reach a maximum on the eighth day The conus dilata-
tion is quite outstanding The linear mncrease may amount to not more than 1
cm. on the average with perhaps a maximum of 3 cm. Shortly before death ad-
ditional increase may be observed. The dilatation m the non-lethal cases rarely
exceeds 1.5 cm, for L

‘The roentgenologic observation of regression of the heart size is an excellent
Pprognostic criterion In exceptional cases some degree of dilatation may per-
sist for several months Physical exertion during convalescence may bring
about cardiac failure, and then an acute dilatation is observed roentgenologi-
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cally, The widening of the silhouette always seems to be associated with &~

259

diminution of the amplitude of pulsations. Widening of the vascular shadow

to the right is also described.

Scarlet Fever, A widening of the silhouette has been observed to take place

%

Fic. 133 —26 ys, M Health ecellent up to
10 months previous, active mn all types of
athleties Then developed sore throat and
tonsillar abscess This followed by dyspnea,
weakness, precordial eppression and occa-
sionally nse in temperature Never recovered
No cyanosis. ‘Dyspnta on eﬂort“ H_eart

[Pt

post-infectious  myocarditis  dnt  view-
moderate enlargement of silhouette L 142,
B 104, T 138, Th 246 cm Amphtude of
pulsations very small 1t ant obl view
(llustration ormtted) 1t atrum not ap-
preciably enlarged

X AN

)

Frc 134 —16 yrs, M A few months previous
streptococtie bloodstream mfection dunng
which a loud systohe murmur was heard.
Referred for evaluation of cardiovascular
system Normal chmeal and ECG  find-
ngs Ant mew sithouette normal m size,
shape and pulsations; L 119 e¢m, B. 96
em  Patient’s fist fits exactly into sl
houette Course. quet ife for three months
then college athletics resumed This fol~
Jowed by exhaustton and dyspnea Follow
up study. apiwcal thrust shghtly increased,
otherwise normal chinical and ECG find-
mngs Ant view- sihouette now shghtly en~
Jarged, exceedng size of fist, pulsations nor-
mal, L 126 cm, B 101 tm Course: ath~
letic activities discontinued Re-examina~
tion 6 weeks later Ant wrew- L 122 cm,
B 95 em, practically wdentical with figures
from first examnation Example of 1n-
fluence of athletic activity on a heart which
had been damaged by a preceding infection

This fact was brought out by functional re-
sponse only (dyspnea, cardiac enlargement).

at the end of the first or at the beginning of the second week, amounting to
an increase of 10-22% for the cardiac area,

Prieumonia. No material is available which fulfills the criteria for exact
comparison. Displacements of the cardiac shadow and indistinctness of the
border in case of extensive infiltration complicate the evaluation Tt is stated
that lobar pneumonia causes dilatation more often than does bronchopneu-

monia.

Myocardstis. Roentgenological studies of the purulent form are unknown.
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O

8-i2-29

9-4.29

Fic. 131 —38 yrs, M. Always well, Paroxys-
mal attacks of dyspnea for several weeks,
lasting several hours Moderate degree of
cyanosis, dyspnez and lwer enlargement,

B

F16 132 —45 yrs, M, Always in good health,
active i athletics; military service during
war. Progressive dyspnea for 8 months No
pam, no palputation. Pallor, shght degree of
cyanosis, dyspnea at complete rest Cardic

! s apical thrust not palpable

Marked pes ardiae en),

apical thrust widened, not resistant Gallop
thythm Rate 96, BP 105/70 Wassermann
negative, E.CG * nsr, a-v conduction time
022 sec, QRS of low voltage, notched, deep
Qs, Ty, , 150¢electrie, Ty negative Two roent-
gen ray studies with nterval of three weeks
Duuretic treatment dunng this time caused

Marked, diffuse tremor of chest wall over
cardiac area Permanent gallop rhythm
Rate 114 BP 110/65. Occasionally shght
elevation m temperature, two chills during
observation period of 7 weeks ECG

nsr, mal deflection slurred, deep Qo It
ax dev, Ty 1soclectric. dnt view: eleva-
ton of h b much en-

6 kg weight Joss Ant wiews:
of sithouette without characteristic configura-
tion,

L B T Th
156 107 155 295
152 101 135 237

Pulsatory amplitude quite small at both ex-
aminations Course severe fatlure following
gnippe infection Sudden geath Postmortem.
marked dilatation of rt. ventricle Parietal
endocarditis and estensive thrombosis in It.
ventricle. Micrascopic  findings®  thrombi

" - 3 iwteie a emmering n hpart
phragm and heart became lawer m position
T dimimished proportionately more than the
other two diameters It is doubtful as to
whether the heart size changed; resorption
of some pencardial fluid might have oc-
curred, The small pulsations, observed 1 the
presence of cardiac enfargement of not ex-
cessive degree, expressed poor riyocardil
function.

larged, simular to shapeless Jump of dough
Hardly any pulsatory ampltude L 155,
B 114, T 174, Th 275 cm, Postmortem.
hypertrophy and dilatation of both ventn-
cles, dilatation of zt. atnum, Panetal
thrombi and remnants of patietal endo-
carditss in It ventricle. No valvular disease.
Opeming of each coronary ostium normal 10
size, Descending branch of It coronary
artery moderately harrowed Myocardium
remarkable for its flabbiness, 1t almost
flowed m the hand Microscopic: no myo-
carditis, no appreciable degree of coronary
sclerosis. Diffuse small scars in myocardm,
more extensively in subendocardial layers
An 1nstance of primary myocardial disease
(toxic? fnfectious?)  Predominance of
transverse dumension which 1 either found
with marked perccacdial effusion or when
carchac dilatation is accompanied by a loss
of muscular tonus Roentgenological ap-
eatance of what has been described 23
“flabby heart"
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Another type, interstitial, diffuse or focal, with but little or no parenchym-
atous necrosis, and without vascular endarterifis, is often overlooked in its
milder forms. With or without known preceding infection, tachycardia, dyspnea
and oppression, gallop thythm and often abnormal electrocardiographic find-
ings are present and last for perhaps a week or so. The roentgenologic findings
may be negative in every respect. Other forms have a prolonged course with
development of definite cardiac hypertrophy and dilatation, and show signs
and symptoms of cardiac failure. Roentgenologically, one finds a globular en-
largement of both sides with some straightening of the left border. The extent

Prominence is noted of 1, It atnum dorsad, and of 2, rt ventncle ventrad Lt ant. obl
viewy 3, 1t bronchus elevated and narrowed, due to enlargement of It atnum Note
) These roentgenograms were taken during a bout of sinus tachycardia with a gh
rate; b) here and subsequently, the target-film dictance was 6 ft for the ant view
and 4 ft, for the oblique views
Course: Bed rest and 12 cat umts of digitals 1 the course of 3 days Findings Temp
normal There was no cyanosis and the hiver was normal 1n size The apical thrust was
widened and heaving 1 the Sth 1sp 2 cm to the 1t of the mud-clavicular hne, with
the precordial area no longer revealng a systolic forward thrust Py was moderately
atcentuated, & very short systohc aprcal murmur was heard n the semilateral position
following exeruise The rhythm was regular, the rate 64/min BP 115/65 ECG .,
Nsr, P-R interval 016 sec, 5-Ti chightly depressed, Tyas positive
Ant vtew- The silhouette 1s still large but shows regression 1n size The air content and
* the vascular pattern of the lung fields 1s practically normal Rt ant obl vrew The dorsal
and ventral promnence has receded Lt ent obl mew The dorsal and ventral prominence
has receded In particular the lumen of the It bronchus is larger and its course steeper
Course Circulation time for arm to tongue (sacchann) 135 sec, whe 13750 with
$9% polys, sedimentation rate 10 mm /1 hr Computed volume of heart, determmned
orthoduagraphcally, $68 cm® For a penod of four weeks the patient was kept on dgi-
talls and stnct bed rest The basic heart rate was 72 to 80/mun, but at times there was
stnus tachycardia with & rate up to 150/min The patient was permtted to be out of bed
for one week. Re-exanmnation (1-20-40) showed no evidence for infection nor for failure,
there was no galtop rhythm and no murmur but the apical thrust had moved out 14 cm.
The ECG (18 cat umts of digitahs duning the precedg 16 days) showed nsr, rate
100/min, P 010 rec in width and notched,
voltage of Pry 2 mm, P-R interval 016 see, ¢
electrical aus plus 60° (see illus) The com-
puted volume of the heart was 685 cm' She
was now kept on a mamtenance dose of
digitalis, was permitted to walk short dis-
tances, and to go to shool Re.examination
wo months later revealed the findings essen-
tially unchanged, she still showed a tendency
to develop attacks of smus tachycardia at
times She had no complaints The wt was
459 kg (101 1b) The computed volume of
the heart was 707 em' She was permitted to
£9 to school, abstaining from physical exertion
For more than 2 year she took daly 01 gm (grs 1ss) of digitshs and 06 gm (grs 1X) of
f(:u\mix:le sulp}aal‘e Findings (6-64}, 1% yrs l_nllowmg the first study) Wt 477 kg (108

electneal axms plus 42° (see illus ) (continued on p 252)



230 CLINICAL ROENTGENOLOGY dF THE CARDIOVASCULAR SYSTEM

135 -6

Fics 135, 136, 137, 138, 139, 10, 141, 132, 143, 143 —11 and 1236 yrs, - Holoh
Negative for rheumatic fever and chorea Two wks pror to the first evamation, the
patient had a sore throat, and evperfenced malaise, thete was 2 temporasy smprovementi
3 days prior cough and hemoptysis occurred and several attatks of tathyeatdia were noted,
o anted duration and associated with an almost mpesceptible radial puke Findioky
Rectal tethp 377° C (100° F) There was a shght degree of cyanoss and pallor and,
while the veins 1 the neck were not engorged, the Yver was found ta be shghtly en
larged There were a few rales along the base of the rt lung. The heart was ‘markedly
enlarged with widened and heaving apical fhrust m the oth isp in the ant aull [ine
O the precorchal ares presentiog & forward thrust duning systole Ps wes accenth
Aled. there were mo mupnuss The thythm was Tegulsr, the mie at s 139/man s
ey 250/min Rt 48 mdl, hh 12 gs, whe 20500 wath 15% polys ECG2
Basically sr, rate 130/mn P 012 sec in width and notched, P-R mterval 016 3¢+
elettrical axis plus S0°, Trs of low voltage Altermation with bouts of auncular tachy*
cardia with a rate as g as 251/

Ant view: The sibouetse 15 enlarged The wassthne is full, and a mtral configuration
is moted, There 15 present a shht degree of pulmonary congestion Kt ant obl witw’
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Another type, interstitial, diffuse or focal, with but little or no parenchym-
atous necrosis, and without vascular endarteritis, is often overlooked in its
milder forms. With or without known preceding infection, tachycardia, dyspnea
and oppression, gallop rhythm and often abnormal electrocardiographic find-
ings are present and last for perhaps a week or so. The roentgenologic findings
may be negative in every respect. Other forms have a prolonged course with
development of definite cardiac hypertrophy and dilatation, and show signs
and symptoms of cardiac failure Roentgenologically, one finds a globular en-
largement of both sides with some straightening of the left border, The extent

Prominence 15 hoted of 1, It atnum dorsad, and of 2, st ventricle ventrad Lt ant. obl
view+ 3, It. bronchus elevated and narrowed, due to enlargement of It atrium Note-
a) These roentgenograms were taken dunng a bout of sinus tachycardia with a high
rate; b) here and subsequently, the target-flm dutance was 6 ft for the ant view
and 4 ft for the obhque views
Course: Bed rest and 12 cat units of digitalis 1 the course of 3 days Findings Temp
normal There was no cyanosts and the hver was normal m size The apical thrust was
widened and heaving m the Sth isp 2 cm to the It of the mid-clavicular lme, with
the precordial area no longer revealng a systohic forward thrust P: was moderately
accentuated, a very short systohc apical murmur was heard mn the semilateral position
following exertise The rhythm was regular, the rate 63/min. BP, 11563 ECG -
Nsr, P-R interval 016 sec, 5-Ti shghtly depresced, Ti xa positive
Ant. view- The sthouette 15 still large but shows regression 1n size The awr content and
* the vascular pattemn of the lung fields 15 practically normal Rt ant obl wiew, The dorsal
and ventral prominence has receded Lt ont ob! wrew The dorsal and ventral promwmence
has receded In particular the lumen of the 1t bronchus s larger and its coarse steeper
Course* Circulation time for arm to tongue (sacchann) 135 sec, whe, 13750 with
59% polys, sedimentation rate 10 mm /1 hr Computed volume of beart, determined
orthodizgraphically, 568 ¢m® For a period of four weeks the patient was kept on digi-
tahs and stnct bed rest The basic heart rate was 72 to 80/mmn, but at times there was
sinus tachycardia with a rate up to 150/min The patient was permitted to be out of bed
for one week Re-eranunation (1-20-40) thowed no evidence for infection nor for failure,
there was no gallop rhythm and no murmur but the apical thrust had moved out 1% em
The ECG (18 cat units of diptalis duning the preceding 16 days) showed nsv, rate
100/min, P 010 sec. m width and notched,
voltage of Pia 2 mm, P-R interval 016 sec,
electrical aus plus 60° (see dlus) The com-
puted volume of the heart was 685 cm' She
was now kept on a mamntenance dose of
digitalis, was permutted to walk short dis-
tances, and to go to school Re-examtnation
Lwo months later revealed the findings essen-
tially unchanged, she sull thowed a tendency
to develop attacks of sinus tachycardia at
times She had no complamts The wt was
450 kg (101 1) The computed volume of
the heart was 707 cm® She was permutted to
g: 1o school, abstaining from physical evertion

first apical sound impure, with murmurs absent 1n 2ny position, and also following exerese,
BP 110/60 EC.G (no medication for preceding 7 days): St with snus arrhythmia, av.
rate 90/min P 009 sec in wadth, voltage of Pss 34 to 134 mm, P-R interval 014 sec,
electncal axis plus 42° (zee 1llus ) (continued on p_ 252}
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of pulsations is markedly diminished. This type of myocarditis occurs in alt
age groups. If it is enc d in childhood, its roentgenological
in the prolonged, often lethal form, resembles the so~ca11eduidi0pa!‘hfc con-
genital hypertrophy of the heart (see this chapter) and pericardial effusion. A
peculiar type of myocarditis often associated with mural thrombi has been
described in conjunction with child beating No role is played by hypertension,
toxemia of pregnancy, bacterial infection, or thyroid or coronary artery dis-
ease. Serous heart failure and cardiac enlargement tends to develop during the
postpartum petiod. Embolization is a frequent event. Some cases go on 1o
death. Others recover and then a regression n heart size is observed,
Rheumatic Infection. A focal, interstitial myocarditis is invariably found,
and changes in the coronary arteries are often met with, Not all patients with
active theumatic carditis show cardiac enlargement, This is probably due to
adequate management, which chiefly means reducing the load on the beart lo2
minimum by complete bed rest. When cardiac enlargement does result, it is

Ant. and both obligue views  As compared with the previous studies, a Tegress:on I
keart size 1s nated, though a modetate degree of enlargement 35 still present Lomputed
volume of heart, determined orthodragraphically, 524 em*

Comment+ The regression 1n heatt size 15 mstructive with respect to both the 4-day
interval at the begmpmng and the 134-yr follow-up study Detasled figures are a3
follows*

View Diameter Date
Tasget-fitm distance 12-9-39 121330 6-6-41
Ant Oblique 163 em WSem  B5em
6 ft * Broad 127 14 101
Rt, ant obl} From conus to junc- 126 108 95
44t f uon of nf vena cava
with rt atral border
Lt ant obl]
4t { From cardio-hepatic 13.7 125 s
angle to caudal border
of It bronchus
w wath, and

The patient probably had mutral stenosis and cardiac enlargement to begh 4
myocarditis plus rapid heart action brought on additional enlargement Bed rest an
medication with digitalss Jed to a reduction in heart size There was np_parently a tAran'
sient. increase in heart size again, judgng by the orthod, b \{
but as time went on a define dimution took place, though a moderate degree of en-
largement persisted Note the {oltowing features a} Roentgenologic- The regression in
Theart size seemed to afect all the cavities and, 1n particular, as visualzed m the 1t nn]\
obl view, the course of the It branchus changed b) Chnical As the enlarged 5t venmc:
contracted, it took on a greater depth and, held ventrad by the enlarged 3t atnum, 3
cawsed a Systolic forward hft over the precordum, This sign disappeared 2s car l:;
t receded c) EJ ds hic. The change 1 the electrical aus indicat
disappearance of cardiac strain of the nghtsided type Aud the return to normal of the
P deflection pointed to 2 dimmndtion n the size of :he It atrium and prgba:;y:‘cﬂlﬂc;“
bt 1 d a), nd
ez of the ﬁ‘:xdv:;s 1 the beginmng were compatible with the anatomic diagnosis of
riosis except that the auscultatory evidence was facking Probably sn instanee

the

A pumb
mitral ste
of mute mitral stenosis.
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primarily caused by the myocardial injury, and the most important contrib-
uting factor is physical exertion, Progressive cardiac enlargement means per-
sistent active infection, and in children and adolescents congestive heart failure
develops because of such infection A marked degree of cardiac enlargement is
of serious prognostic import, It has been claimed that the inactive rheumatic
heart in the growing organism may decrease in size, in relation to the chest,
until it becomes normal in size This claim requires further study because a
critical analysis of published material reveals: first, that silhouettes were
smaller but also the position of the diaphragm was lower; second, that the
presence and subsequent resorption of pencardial flnd was not excluded with
certainty,

The chief clinical findings in a typical mstance of rheumatic pericarditis are.
a massive dullness on percussion over the sternum that frequently extends
rather far laterally in the second and third left interspaces; a friction rub; oc-
casionally severe precordial pain that 1s relieved when the patient sits up or
leans forward Quite frequently the amount of exudate is small and no charac.
teristic roentgen findings are visible, but occasionally a rapid accumulation of
a considerable degree is observed. Resorption may also occur rapidly—even
within a few days It may so happen that digitalis 1s used simultaneously and
the regression in the size of the silhouette may then be erroneously attributed
to its pharmacological effect on the heart muscle That the heart has actually
receded in size can be ascertamed roentgenologically perhaps only by demon-
strating reduction in size of single cavities of the heart This, however, may be
expected only for cases that had p ty shown an blished valvular
lesion, Active rheumatic myocarditis is hkely to cause enlargement of those
cavities that are already under considerable strain, such as the left ventricle in
the presence of an aortic valvular lesion, or the left atrium and the right ven-
tricle in the presence of a mitral leston These chambers may recede in size on
subsidence of the acute rheumatic process. When the process becomes inactive,
it will be seen that the already established alteration in the size and shape of
the heart, du¢ to a chronic valvular lesion; is constant This rule of irreversi-
bility does not hold for the recurrence and subsidence of rheumatic activity,

The early stage of 2 valvu]ar lesion cannot be diagnosed by the roent-
genologic study. Full-sized p jons are noted 1n conj ion with an existing
. Myocarditis, They are not speclﬁc in character and cannot be dxslmguxshed
" from those that are observed in the course of anemia, thyrotoxicosis or febrile
diseases,

It cannot be emphasized too strongly that unnecessary heart enlargement
may result when physical activity is resumed while the infectious process is
still active or when the period of convalescence 15 too abbreviated. The ad-
visability of resuming normal activity or continuing restricted activity rests
with the functional response For this, the size of the heart represents one of
the objective criteria Cons!ancy of the heart size and shape permits a liberal
attitude; progression in size and change in shape indicates the necessity of
complete bed rest, The practical procedure is to make a standard roentgeno-
gram of the chest during the earliest possible period of the disease. This pro-
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cedure must be repeated at intervals of 2-3 weeks at first, and at intervals of
4-5 wgeks for six months after the stage of convalescence is Teached, A well
established technique and the application of all the criteria for compar.ison are
of fundamental importance, (Details have been given in chapter 1V).
Non-INFLamMAaTORY CONDITIONS. The most common etiology is repre.
sented by coronary artery disease. The association of coronary artery sclerosis

8-18-34

/j 10-534
Fic 145—54 yrs, M Duabetes for 10 yrs
Known to have had B.P 140/90 Somewhat
exhausted for 2 days. No pain, no dyspnez
Heferred because of marked tachycardia,
Absence of failure. Rate 190, B.P. 105/75,
ECG: paroxysmal auncular fibnllation;
high take off leads I, IT, low take off leads
I, 1V, Qu'absent, Tu postive Carding s~
farction with antenor seat dat view: por-
mal findings as to size and shape, pulsa~
tions small (tachyeardia) Course: recovery.
Follow up study 6 weeks later: no signs

of falure Rate 103. BP 140/95 ECG:
nsr, findings of former antenor nfarction.

with other conditions, notably hyper-
tension, which cause enlargement,
makes it difficult to gauge the extent
of its influence However, by virtue of *
resulting chronic ‘myocardial ische-
mia, coronary artery sclerosis is ap-
parently the sole cause of cardiac en-
largement in some cases. But many 2
patient, who subsequently will devel-
op cardiac infarction, reveals a nor-
mal heart size The enlargement usu-
ally is predominantly to the leit side
and au aortic configutation prevails
with a plump left ventricular contour.
The aortic shadow is rather promi-
nent, corresponding to the age of the
patient. There is no undue enlarge-
ment of the left atrium unless definite
failure'is present, The amplitude of
pulsations is usually in inverse ratio
to the size of the silhouette. This will
be understood if we assume for the
sake of simplicity, that the heart is &
sphere; then its volume is 25 r'z; ¥
having a smaller and larger figure for
two hearts, respectively, it follows
that in order to reduce both spheres
imately the same amount of

Ant, view: slight of )
to It, 06 cm along cramal aspect of left
ventricular contour, 10 ¢m near apical re-
gion, as compared with previous findings.
Pulsations quite small

Y apf
em®, (systole) the r of the smaller
sphere must be reduced mote than the
r of the larger. Some hearts are very
large, even without complicating em-

physema or hypertension, though the possibility of a pre-existing hypertensive

state should not be forgotten, and their silhouettes may resem!

ble that of perl'-

cardial effusion No definite correlation can be established between the size
of the sithouette and the degree of distutbed function, The appearance of the
jung fields, however, permits some conclusions as to the degree of ]e{!‘ver?!ncu-
lar failure. When compensation is restored under the influence of digitalis and
rest, an increase in the pulsations along the borders of the silhouette is noted,

especially in the left lower pole region,
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10-5-40 1-18-40

Fic 146 —49 years, F History Weight Joss and occasional palpitation Nothing powted to
ardac infarction 1n the past, there was no effort imitation Hospitalzed to standardize
diabetic condition that was first noted two yrs pnor Findmngs Ht 150 cm (4 ft 101n),
wt. 628 kg (138 Ib). The heart was normal, BP 140/80 Fundi Normal Wbe 6650
Blood sugar 187 to 243 mgm %, Wassermann negative ECG St rate 96/min , normal
P and P-R, (us present, S-T segments shightly depressed mn 1, 11, CFa, Ts negative

Orthodiagram (10-5-40) Transverse sihouelte of normal size Fluoroscopy showed mot- *
mal pulsations
Course: On 10-11, the day she was to e discharged, she went into an attack of rage
because she was to be demonstrated to students, and within one hr developed the
chmeal picture of carduc infarction, venfied electrocardiograptucally and followed by
fever, leucocytosis and mild left ventnicular failure A locahzed systohc pulsation could
be palpated 1n the 3rd and 4th It interspaces a few days later Findings (11-18) Wi
582 kg (128 1b) The abnormal pulsation persisted, there was no ewvidence for failure,
BP. 115/70 ECG: Sr, rate 132/min, QRS dimimshed 1n voltage, absence of the
notmal intnnsic deflection n CFy, S-T segments arched and T negative in I, II, CF,

Orthodiagram {11-18-40) The cardiac silhouette has increased 1m size, the obhque
diameter 15 135 ¢m as compared with 119 cm previously Fluoroscopy revealed no
conclusive abnormality of pulsations but simultaneous palpation demonstrated the area
of abnormal chest wall pulsations to comade with the upper and m.ddle portion of the
left ventricular area

Course: Re-examination 1S mos. later showed all the objective cardiac findings un-
changed BP 140/90 The patient had led a life without physical overexertion and had
no complaints

Comtment, Unquestionably this diabetic patient had degenerative heart disease to begin
with The shape of the cnginal EC G even rases the question of a mmnor posterior
mfarction 1n the past The shape and size of the heart were normal An anterior -
farction developed and was soon followed by the chmical findings indicative of cardiac
aneurysm The cardiac sithouette revealed an increase i size without any assof
clmeal endence oi falure One of the pot wmifrequent instances where the climcal diag-
nostic method—p: superior to the method
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P.referably,. one should not niake a diagnosis of so-called rdiopathic {con-
genital} cardiac hypertrophy. While it must be readily admitted that several
cases on record seem to represent a kind of muscular &igantism, yet many suck
cases hgve been shown to reveal one of the following conditions: muscular de-
generation and replacement fibrosis of infectious and toxic origin, cornary

A AN

Fi6 147—~42 yrs, M. Attacks of angina
pectoris since age 36 Dyspnea since age 40
Apical thrust in awllary line, of increased
resistance  Gallop thythm Solt apteal sys-
tohe murmur. Heart sounds hardly audible,
Jtachycardia, rate regular BP 110/95
M linnl wamntt i dab meem annrmens

of sortic shadow Congestive lung falure
Lt ant., obl wview (illustration omtted)

mass of heart bulges dorsad and caudad
Pulsations small Sudden death Postmor-
tem coronary sclerosis; myocardsal fibrosis.
Aneurysm of internal wall and apwcal por-
tian of left ventricle The wall was thinned
out from within and 1t was not possible
to make diagriosts of aneurysm from outer
aspect of specmen only An example of
difficulty of roentgenological diagnosis of
aneurysm of heart in the presence of a very
large silbouette Pulsations are commonly
found to be small or even absent unless a
marked degree of valvular régurgitation 5
present.,

Hched

artery disease, abnormal origin of one
or both coronary arteries, glycogen
storage disease, diffuse rhabdomyo-
matosis In addition, vitamin B, de-
ficiency should be thought of. In ali
these instances, death usually occurs
within the first two years of ife pre-
ceded by signs and symptons of car-
diac failure, The roentgen ray appear-
ance of the silhouette is that of a
large, globular mass with predomi-
nant enlargement to the left, The sil-
houette may resemble that of a peri-
cardal effusion.

Cardiac Infarction and Cardiac
Aneurysm. Inrarction. This is a
relatively frequent event and com-
‘monly follows coronaty artety throm-
bosis. The latter conditjon most fre-
quently is an episode mn the course
of coronary atherosclerosis So-cafled
acute dilatation of the heart does not
occur in conjunction with cardiac in-
farction, However, cardiac enlarge-
ment develops with the appearance
of congestive heart failure, and 2
localized enlargement, a cardiat
aneurysm, may soon make its appear-
ance. The heart size may remain nor-
mal even follawing recurrent attacks
of carchac infarction However, per-
baps two-thirds of all the patients
who have recovered from cardjac in-
farction do show enlargement of the
heart, by far the most important
cause being hypertension, Certain sig-
nificant relations of heart swe o

functignal capacity and life expectan-~
incid f sub: attacks of

cy have been First, the

cardiac infarction is somewhat higher in cases with

0
enlargement than in those

with a heart of normal size. Second, the probability that, following recovery
from an attack of cardiac infarction, a patient will be able to lead a fairly
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active life is almost twice as great i those with normal sized hearts as in those
with cardiac enlargement. Third, the heart 1s increased in size in nearly all
cases in which dyspnea is the sole cause of restricted actwity. Fourth, the onset
and incidence of angma pectoris subsequent to the attack of cardiac mfarctmn
is ot related to the size of the heart Fifth, congestive failure is found only in
patients with enlarged hearts. And ﬁnally, sixth, patients with large hearts
average almost as long lives as those with normal sized hearts
The type of pulsations that are roentgenologically observed with cardiac in-
farction are of interest, but for the diagnosts of mfarction—omitting here from
consideration certain features in the history and clmical findings—the roent-
genologic method has not the value of the electrocardiographic method This
holds true for afl phases of the condition But it 1s appropriate to point out
that the E C.G. may be influenced by digitahis medication or by association
with an interventricular conduction disturbance, both of which complicate the
diagnosis; that infarctions of multtple seat may cause difficulties in interpreta-
tion, and that, as time goes on, a previously abnormal tracing may return to a
perfectly normal pattern It 1s chiefly for these reasons that the roentgenologic
study of pulsations is of value
That pulsations corresponding to an infarcted muscle area would undergo
alterations, mlghl be postulated a prion This has been substantiated by ani-
mal experi ion Almost 1) g occlusion of branches of
the coronary arteries in the dog, the regton of the heart muscle involved ceases
to contract, and a reversal of movement takes place during systole The raised
intraventricular pressure distends the 1schemic area
An opportunity to study acute cardiac infarctton in man offers itself in those
not too infrequent instances where 2 roentgenologic study 1s undertaken be-
cause of chest pain thought to be of other than cardiac origin, or where the
particular diagnosis of infarction is not readily suspected because of a general
cardiac picture, But if the diagnosis of acute cardiac nfarction 1s once estab-
lished, the patient must be saved from any effort and excitement and, there-
fore, must not be submitted to a roentgenologic examination
‘When an attempt is made to diagnose local muscle changes by the study of
pulsations, the following points deserve attention First, absent or even reverse
pulsations occur at the apical region when the heart 15 considerably enlarged
Second, in using a kymograph, uts horizontal shits record only the horizontal
component of motion and, since the cramo-caudal movement may prevail in
the apical area (and this certamly holds true for the vertical type of heart), the
graph is likely to show a loss of excursion in this area—a loss that is only ap-
parent, Third, observauon is made difficult in the presence of a fairly large-
sized e i t lar shadow Tt th follows that the supta-
apical area in a normal or only shightly enlarged heart affords the best chance
for a diagnosis. Fourth, as compared with the basal portions of the left lower
contour, the supra-apical area normally shows a lag m movement, and this
finding must not be interpreted as abnormal Fluoroscopic examination is best
carried out jn the anterior view with the patient holding his breath in deep
inspiration A rapid heart action is unsuitable for diagnosts, and a temporary
slowing may be obtained by pressure on the carotid sinus This should be ap-
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FIos 148, 149, 150—52 yrs,
M. History: § yrs ago the
patient had a kidney opera-
tion During the past few
mos he developed polydypsia,
polyuna, and orcasional dysp-
hea on exertion, He experi-
enced teght retrasternsl pan
with radiation mto the It
arm, lsting mtermuttently for
a period of 4 days 3 wks
later the pain returned, was
more severe and constant
nature  After 3 days he
sought medical advice, feelng
fant. Findings- Pallor and
shght cyanosis were noted
The heart was moderately en-
larged to the Jt, and an em-
bryonic thythm was heard
BP  148/100 The blood
showed 260 mgm % of sugar,

21 mgm % of urea n.; the Wassermann test was negafive, 18150 Jeucacytes, and a sedi-
mentation, tate of 19 wwm /1 hr The urine showed § gms of segar w 100 4, many
leucocytes and a few rbc’s ECG . Nsr, P and P-R normal, mtial deflecton with
Qu, deep Sy, absence of ‘intnnsic deflection 1n the chest leads, S-T interval elevated m
Jead T and the chest Jeads, depressed in feads IT and IT

Course» A shght degree of fever Jasted for 6 days A transient fnction rub was
heard A glucose tolerance test showed a typical diabetic curve Insulin and diet wer;
mstituted The sedimentation rate remawned elevated Serial E C G’s showed appearance o}
2 negative T in Jead I and the chest leads, and bundle branch block at times Climseally,
the patient did well The BP vaned- systohe from 100 to 110 and dustolc from 70'13
80 In the fourth week followmg his adrussion, he developed an upper respiratory I
fection; low grade fever appearsd; dyspnea, cyanoss, tachycardia, and pulmonary

ere noted .

m:ﬁ“ﬁ.’:ﬁ The cardiac contour 15 prominent to the It with of the npl:;‘
region obscured by some pleural find at the It base. Pulmonary coagestion 15 nott
Intravenous pyelography showed extensive pyelonephrosis of the ri. kidney. -

Course: Digutalization was stituted and the patient’s condition jmproved temporarily-
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plied on one side only, the patient must be recumbent, and even then the pro-
cedure Is not altogether safe for patients who have far advanced degenerative
heart disease

A localized systolic expansion, which is a reversal of the normal, is a positive
finding, and a localized diminution or absence of pulsation is a highly sugges-
tive finding. Such findings, when obtained by fluoroscopy, are frequently in-
definite, and graphic registration is therefore desirable. The extent of the in-
farcted area seems to be of greater import than its location, It would seem that
even roentgenkymographic studies do not enable one to reliably locate the site
of the infarct. This is perhaps partly a corollary to the fact that multiple in-
farcts are frequently found on postmortem study Findings may be positive at
first but may become non-conclusive subsequently. .

ANEurYsst It occurs in about 9% of all cases of cardiac infarction studied
at necropsg. By far the most common cause of such aneurysms is coronary oc-
clusion, Location of this process in the anterior descending branch of the left
coronary artery may lead to the formation of an aneurysm that is situated at
the apex or at the ventral wall of the left ventricle, or which may involve both
areas Aneurysms of apical location, while of course supradiaphragmatic in
nature, are buried in the left liver lobe, A large sized aneurysm of the ventral
portion of the left ventricular wall, including the interventricular septum, may
extend to the right and thus considerably displace the might ventricle to the
tight. The dorsal wall of the left ventricle will be infarcted when the circumflex
branch of the left coronary artery is occluded, but aneurysm formation in this
area is infrequent. Patients afflicted by cardiac aneurysm do not generally have
a hypertensive background, and it seems that a ventricular wall thickened
from hypertension is less prone to yield when infarcted than a heart with a
rtearly normal wall An aneurysmal thinning may develop within a few weeks

Low grade fever persisted Suddenly there developed severe abdorunal pain and dis-
tention, pulsations 1n the lower extremities dimumshed Death within two days

Postmortem: The heatt was cnlarged There was a shght bulge noted mn the supra-
apical arez with discoloration and softness on palpation (hardened spectmen) The
Sup vena cava, rt ventnicle, and It atrum were found to be enlarged The It
ventricle showed a thinmng out of its wall over a large area, extending from the aprcal
Partion into the lower two-thurds of the interventricular septum The wall measured 04
fo 05 cm. tinck, and showed marked fibrosis and a mote recent mfarctton (opened
specimen) The coronary arteries and therr branches showed ewidence of marked
atherosclerosis The descending branch of the Mt coronary artery was completely
occluded The valvular onfices were normal Microscopic  Fibrosis, healed mfarction and
tecent infarction Both lungs were congested, and there was a large area of a very recent
infarction in the rt, lower lobe There were about 100 cc of fluid i the It plenral
€avity, The xt kidney showed pyelonephrosis The superior mesenteric artery was throm-
bosed, the tail of the thrombus protruding into the aottic lumen

Comment. Cardiac mfarction led to an aneurysmal thinnng out of the left ventncular
wall Left i falure was. d by infection, and
Was accompanied by an hydrothorax hmted to the It side Left ventncular failure asso-
ciated with regular rhythm favors the development of a left sided effusion. The patient’s
grave condition did not warrant a fluoroscopic study which might have helped to establih
the osis of cardiac aneurysm The electrocardiographic finding was highly suggestive
Pulmonary infarction and mesentenc artery thrombosis were the final events and the
¢ause of death Courtesy Dr L A Soloff, Temple University Hospital
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after cardiac infarction. With progressive healing, the affected portion of the
ventricular wall becomes thinner and a bulge may or may not result. The
thinning out process may manifest itsell by a shallow pitting on the inner sur-
face of the ventricle and will thus be perceived only upon inspection of the
inside of the heart, The resistance of the fibrous and attenuated ventncular
wall may be considerably fortified by the thickening of the epicardium result-
g from an adherent pericardium and the deposit of layers of thrombotic clot

FIG 15157 yrs, M Status anginozus 4 yrs previous and agan a few

months previous Normal heart sounds No abnormal pulsations
ECG deep Q:s deep Ti 25 (two infarcts with different site)
Coronary artery disease, cardiac mnfarction. Ant_wiew aortic configura~
tion, bulging prominence corresponding to czrdiac aneurysm following
infarction area of left ventricle (wh arrows) Courtesy Dr R. Hift
and Dr W Dressler, Vienna

along the inner surface Calaification accasionally occurs in the wall of aneu-
rysms and in adjacent thrombi. o ) i

The most important and most frequent c]mll‘z’l.l sign of cardiac aneurysm b
volving the ventral portion of the heart is a localized area of pglsauun_, usu;_h ,:
at or above the level of the left fifth rib, near the mid-clavicular fine.
presence of a cardiac aneurysm does not exclude good effort capacity. diac

Concerning static aspects, it would seem that the percentage‘ of f\ar ;r
aneurysms Wwithout sigmficant roentgenologic changes 15 rather lughli Vm)z’
experienced author reported that in one-half of his cases, dnagfmse mtlhfn"
basis of typical chest wall puls;mons, history dapd E.C G, findjngs, nothing

istic was revealed by the roentgen studies. .

d‘?}?:‘:li:imf)sis of an aneurysm is very difficult or impussbl? in tvo typ;;ef:
Jocation. First, and this is common, whea _conﬁned to l'he apical regéo::ﬁe" -
the aneurysm develops at the diaphragmatic and hepatic surface, an e &
noted merely an elongation of the left loner pole area. Second, an:



CARDIOVASCULAR DISEASL: STRUCTURAL CHANGES 261

rare, when the aneurysm affects the right side of the left ventricle, including
the greater part of the septum. Then there results an uncharacteristic enlarge-
ment to the right. Such a finding should arouse suspicion in the case of a
patient without evidence for heart failure n the past or present but with a
relevant history and positive ECG findings. A rounded and enlarged left
ventricle in a patient known to have had coronary thrombosis, and for swhom
previous hypertension has been excluded, raises the question of the possibility
of a cardiac aneurysm The study of the vascular pedicle will be of help. In
spite of a large-sized left ventricle, the pedicle js found to be slender, In con-
trast to this, when hypertension is the cause of left ventricular enlargement,

Fic 15265 yrs, M Angina on gffort ane year Attack coronary
thrombosis three months previous following which patient stayed m bed
but two days Systolic hfting over anteror chest wall BP 120/50
ECG type Ts cardiac infarction, deep Qs and Qi, sharply negative
T, and Ty Lt ant obl wiew (st degree) - bulmng prominence along
1t contour (bl arrows) Fluoroscopy reveals systolic laterally directed
pulsations, corresponding 1 tume to chest wzll pulsations Cardiac aneu-
rysm following wfarction Courtesy Dr W Drescler, Vienna

one notes a broad vascular pedicle, which results from unfolding of the aorta
The chief positive finding refers to a change in the ventncular contour, namely
the presence of a bulge, The shape of this prominence is oval and it is more
curved than the rest of the heart border, but a more angular outline is occa-
sionally observed. The contour 1s smooth and 1n no view can the mass be
separated from the bulk of the carciac shadow The size varies from a emall
protuberance to a large mass that may extend as far as the left chest wall. An
aneurysm of the ventral wall of the left ventricle will present itself in the
anterior view as follows When 1t mvolves the cranial or middle portion, a bulge,
or more rarely a locatized lump, is noted When the caudal half is involved, this
part of the heart shadow takes on a blunt and sometimes nearly rectangular ap.
pearance. A ventral location escapes detection from the front. Hence the im-
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after cardiac infarction. With progressive healing. i

vef\tricular wall becomex thinnergand 2 bulge xi,ayht;raﬂnfgyiao?el:\’;lff;::
thinnmg out process may manifest itself by a shallow pitting on the inner sur-
{acs of the ventricle and will thus be perceived only upon inspection of the
inside of the heart The resistance of the fibrons and attenuated ventricular
wall may be considerably fortified by the thickening of the epicardium result-
ing from an adherent pericardum and the deposit of layers of thrombotic clot

F1c 151 —57 yrs, M Status anginosus 4 y13 previous and again a few
months previous Norma! heart sounds Np abnormal pulsations
ECG deep Q:s deep Ty ;s (two infarcts with different site)
Cotronary artery disease, cardrac infarchion Ant piew, aortic configura~
tion, bulging prominence corresponding to cardiac aneurysm following
nfarction arey of Jeft ventncle (wh. artows) Courtesy Dr R. Hilt

and Dr W Dressler, Vienna

along the inner surface Calcification occastonally occurs in the wall of aneu-
rysms and n adjacent thromb 3

The most important and most frequent clinical sign of cardiac aneurysm in-
volving the ventral portion of the heart 1s 2 localized area of pulsation, usually
at or above the level of the left fifth rib, near the mid-clavicular lme. The
presence of a cardiac aneurysm does not exclude good effort capacity. |

Concerning static aspects, it would seem that the percentage of cardiac
aneurysms without sigmficant roentgenologic changes is rather high A very
experienced author reported that in one-half of his cases, diagnosed on }h:
basis of typical chest wall pulsations, history and E.C.G. findings, nothing
characteristic was revealed by the roentgen studies.

The diagnosis of an aneurysm is very difficult or impossible in two types of
{ocation. Fitst, and this is common, when confined to the apical region. Hc\:e
the aneurysm develops at the diaphragmatic and hepatic surface, and thete i
noted merely an elongation of the left Jower pole area Second; and this is
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partance of rotating the patient slowly into the right anterior oblique view. In
this view the pouch projects ventrad so that its cranial margin forms a more or
less abrupt ledge on the ventral contour of the heart, On examination in the
leit anterior oblique view the aneurysm, if large enough, will project as a dense
shadow within the cardiac shadow proper. The caudal extent of an aneurysm
can be studied to advantage by letting the patient have alternate draughts of
sodium bicarbonate and tartaric acid in solution. An aneurysm of the dorsal-
cranial wall of the left ventricle, if small, is invisible from the front, If the size
is considerable, there is noted a bulge filling the waist-line but stiil separated
by 2 notch of the left ventricular contour In the left anterior oblique view the
dorso-cranial portion of the silhouette bulges, and in both oblique views a
barium-filled esophagus reveals a localized displacement so that occasionally
even dysphagia has been noted. An indentation of the esophagus will also ap-
parently follow if the ventral portion of the left ventricle is the seat of a rather
large aneurysm, It is caused by mere displacement of the remainder of the
left ventricular mass plus the left atrium. Follow-up studies on the size and
shape of cardiac aneurysms have revealed interesting observations. No change
may take place over a period of years, or the bulge may progress in size; or the
original pouch-like prominence may gradually smooth out and fuse more or
less with the rest of the cardiac contour. Differential diagnosis of cardiac
aneurysm should take into consideration an aneurysm of the sinus of Valsalva,
of intrapericardial seat, that may project from the cranial portion of the heart
in the region of the conus of the night ventricle, Calcification may mvalve the
wall, the adjacent thrombi, or both. Its usttal location is in the area of the left
.

widened to 014 sec, notched, deep S 1n hmb leads, ntnnsic deflection absent in chest
leads, ST interval elevated in leads 1, IT and chest leads, depressed m lead I1I, T negative
1 leads 1 and lateral-dovsal chest leads, positive 1n leads IL, TIT and ventral chest leads
(Tlustration. A shows orthodiagram wmdicating points where EC G's were obtamed by
m:;s of the exploring chest electrode and where the mechanical movements were refis-
tered )

Ant view (B). The pulmonary vascular markings are slightly accentuated, and at the
It side an area of fibrowss 15 noted Both the great vessels and the heart are shghtly
shifted to the rt, There 15 & large bulge extending to the 1t and caudad from the hear};
here encirchng hme salt deposits are noted (bl arrow) Fluoroscopy revealed famnt
pulsations along this bulge Rt ont obl view (C) The bulge extends ventrad, and lime
salt deposits are agan poted (wh arrow) The esophagus deviates dorsad Lt ant obl
view (D) The heart 1 shehtly shifted ventrad while the bulge extends far dorsad In both
ablique views the mass 15 seen to bulge into the stomach air bubble

Comment A large cardiac aneurysm developed following mnfarcation of the heart The
effort capacity of the patient was reasonably satisfactory The diagnosis 15 based on the
history, and on ehmeal, €l hic and findings  With respect
to the latter, attention 15 directed to the unusually large size of the aneurysm and to
ealcification in 1ts wall There s no other etiology to account.for “left ventrcular enlarge-
ment ” The discrepancy between the size of the left ventncle and the rather slender vascular
pecicde makes improbable a previous hypertension, which condition 1s commonly asso-
cated with a broad vaschlar pedicle due to unfolding of the aorta Note the abrupt ledge
along the eranul margn of the cardic contour which 15 particularly evident 1 the st
ant, obl view Mild dysphagia should be accounted for by the duplacement and narrowmng
of the esophagus There i no evidence for constnctive pencardial disease which, although
1t may be associated with calcification, could nat account for the huge size of the sithouette
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Fios 383, 154, 135, 156 —62 yrs, M Hustory 9 yrs ago the patient developed retro-
sternal burming, profuse persprration, and was gravely 1] Subseguently he resumed and
continued activaty with moderston On walking quickly, or with emotional disturbances,
the angmal syndrome appeared, and orcasonally a mid degree of paroxysmal nocturmsl
dyspnea occurred There was never ewvidence for comgestive falture. The chief camplaints
referred to msomma and pecubar paresthesias sn the eatrematies There was a mild
degree of swallowing dificulty Studies 3 yrs pnor revealed essentially the same findings
as reported below Fudings Wt 573 kg (126 15) The respiratory rate was 32/min,
a few rales were noted at the rt base, and the venaus pressure was somewhat increased
The taudal-dorsal-lateral portions of the §i lung revealed some dullness to percussion,
and the breath sounds were dinumshed The cardiac dullress extended from the lowes
part of the stemum into the awulla Systohc pulations were noted, extending from
the cranial border of the It 5th £th hallway between mpple and It parasternal hne to
the 1t Sth 18p m the audaxiiary line Over this area the two heart sounds were of Jow
ntenity but there was no gallop The rate was 90/min with an occasionaf es BP.
110/76. Fundi showed nasal arterioles narrowed without ewidence of sclerosis Blood
chemutry normal, ECG  {no digitalis medication), St with occasional premature
uercular and centncular beats, P 010 sec 1 width, P-R pormal, wmtual deflection
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has been noted. Death ultimately resulted because of the malignant character
of these tumors,

Differentiation from penicardial tumors and diverticulae and from certain
cystic mediastinal tumors situated in the immediate vicinity of the cardio-
vascular silhouette might require a diagnostic pneumopenicardium and pneu-
mothorax, Most of these localized bulgings which have been verified were
located on the right side.

Hydatid cysts which can extensively involve the heart and the cardio-

. e

PO

Fics 157, 158 =85 yrs, M Always well until recent development of gactric malignancy
Good cardiac function, no murmurs, BP 120/80 EC G normal 4nt wiew elongation
of aorta Normal appearance of cardrac silhouette Sickle-hke area of calcification 15 noted
(bl arrow); flworoscopy reveals marked movement Rt amt obl wew hme salt deposits
clearly demonstrated (b1 arrow) Calufication m the fibrous ning at the base of the mitral
vales, discovered in the course of routine study of the chest

pericardiovascular surface have been reported by roentgen studies, they cause
little interfence, although as soon as they burst, sudden death occurs as a result
of embolization

Cardiac Calcification. The amount of the calcareous deposits in the heart
is relatively small and conditions of contrast are not favorable Full adapta-
tion of the eye and the use of a small shutter in fluoroscopy is of paramount
imporance A small grid Potter-Bucky diaphragm may be used to great ad-
vantage. The roentgenographical demonstration requires the use of a fine
focal spot, shortest possible exposures, and some over exposure The method
of choice is the use of a Rotalix tuhe with a small cone, at a target-film distance
0f 90-120 em Extrinsic areas of calcification such as costal cartilages, bronchi
and glands are excluded by adequate rotation in fluoroscopy and by films
which are either taken from several angles or by stereoscopic roentgenography,

Mitral and Aortsic Ring The skeleton of the heart is placed between
atria and ventricles. It consists of the membranous septum, fibtous trigona
and fibrous annuli, The fibrous annuli for both the aortic and mitral valves
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'lowe.r pole, and its appearance is cup-shaped Occasionally a good part of the
b.ulgm'g left lower contour is encircled by a thin layer of calcium deposits. Cal-
cification of the pericardium never affects this area exclusively, As a matter of
fazft, in th'e presence of pericardial calcification it is not uncommen to see the
apical region free when there are extensive calcareous deposits around the rest
of the heart.

The stugly of pulsations along an aneurysm reveals ro uniform behavior
‘They are either absent or mdefinite They may not follow in orderly sequence
O they are not synchronous with the pulsations of the adjacent heart contour.
A paradoxical movement is not infrequently noted, namely, outward during
systole; and, correspondingly, an appreciable thrust on palpation.

GrycoceN Storack Disease. This condition is known only in infants The
abnormal deposition occurs especially in the parenchymatous organs Pre-
dominant or exclusive enlargement of the liver and kidneys represents one type
Another is characterized by an enormous enlargement of the heart affecting
both the muscle mass and the size of the cawities Extensive deposition of
glycogen i the heart muscle may, however, exist without enlargement Certan
cases which have been published under the title of idiopathic congenital hyper-
trophy undoubtedly belong in this group of glycogenosis The few available
roentgen ray studies reveal a large globular silhouette

Cardiac Tumors. The clinical picture produced by tumors of the heart
varies enormously, depending upen size, location, etc. Certain roentgenological
findings, taken with the climcal picture, may be considered as indirect signs
Thus, a tumor or tumor-like thrombus of the left atrium may induce 2
marked degree of functional matral stenosis and lead to the development of
a silhouette which in all views is typical of a mitral heart As another example,
the vascular shadow appears markedly enlarged to the right when a sarcoma
developing in the right atrium leads to a great enlargement and secondary
thrombosis in the superior vena cava. Localized hulkimess of the silhouette
is"mot common Such a localized protrusion, however, was observed in one
instance near the base of the heart and to the left, together with the cI‘imm]
finding of a systolic impulse, Postmortem examination revealed a ca\ina!ed
gumma which commumecated with the left ventricular cavity. Ma.hgnant
sumors which reach the epicardial surface are soon followed by pericardial
effusion; other tumors increase in 2 diffuse manner {multicentric) a.nd lead
to an enlargement of the silhouette which Is not characteristic This holds
true for the epicardzal as well as for the myocardial growth The latter type
is represented by the difiuse rhabdomyosarcoma An enlargement of the sil-

houette, with visible pulmonary metastases, should make oné consider.a
T miiessie bmnars in the heart and/or pericardial

mtradstinction

’ nce of Iocalled
out-pocketings of the sihouette, SMOGLILY LULIHES tue ww o .ntrapen'ca}:dlal
site; they are homogeneous i nature. Only one type of cardiac tumgr sbi\::
espansile pulsation—the ang Deep n ray t Ias been
carried out in cases suspected as cardhac and ./or per:card}al tumors In c: »u.
where the tumor was radiosensitive, a regression 1n the size of the silhouette
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undergo dystrophic changes in a certain number of aging hearts, passing from
fatty degeneration through necrosis and atheroma to calcification, which may
reach such a degree as to produce disturbances in function, causing mmal
stenosis and/or regurgitation and aortic stenosis. The calcareous deposits often
extend far into the ventricular musculature and may reach the size of the little
finger. The degree of associated coronary artery disease is not greater than one
would expect to encounter in a group of patients of the same age without a
marked macroscopic degree of annular and valvular calcification, Calcification
is also sometimes observed as a late result of syphilitic and rheumatic valvular
disease, though usually sparing the roots of the valves.

The approximate position of the different valve areas has been discussed
in chapter IIT Some change in their topographical relationship takes place
necessarily in the presence of marked cardiac hypertrophy and dilatation.
Suffice it to say here that in the anterior view the mitral valves are caudad and
slightly to the left, and in the left anterior oblique view they are caudad and

Postmortem: The weight of the heart was 475 gms The left ventricle was hypertrophied
The thickness of the It ventncular wall was 3 0 cm and that of the st ventnicular wall 06 em
The cavity of the It ventnicle measured 3 5 cm in 1ts widest diameter, and the Jumen of
the 1t ventricular cavity was greatly narrowed The aortic cusps were deformed, thickened,
and showed calaification which extended toward the mitral leaflets but did not mvolve
them There was an advanced degree of stenosis of the aortic onfice The ascending aorta
was dilated and bulged ventrad In the region of the bulge the curcumference of the 2orta
Was 104 em, and above this the vessel narrowed down to 85 em The remainder of the
a0rta showed numerous atheroscleratic plaques but there was 1o ulceration nor calcification
The coronaty artenes showed very httle evidence of atherosclerosis Microscopic. Heart
muscle, patchy myosclerosts, ascending por-
tion of aorta, moderate degree of athero-
sclerosis and presence of a marked amount
of elastic tissue, ovcupying practically the
entire medal coat ¥n the stomach there was
a large penetrating ulcer near the pylonc
nng with erosion of an artery on its base
and a massive hemorrhage Hardened speci-
men (D), lower half showing caudal aspect
of heart, upper half showing cramal aspect
Of base of heart with onfices 5, 1t ventricle,
6, It. ventricle; 7, mitral onfice, 8, trcuspd
eniice, 9, pulmonic onfice, center, deformed
and caleified aortic cusps with gravely ste-
nosed onfice Roenfgenagram of base of heart
{E): 10, mitral onfice, 11, tricuspid onifice,
12, pulmomic onfice, center, calafic deposits
about aottic nng and cusps, lumen of rt coronary artery (wh arrow)

Comment: The high grade aortic stenosis was well tolerated, and the patient’s dealh
was not related to 1t Roentgenologically, there was noted 1 Evidence of It ventricular
hyperlrophy, without an appreciable degree of dilatation 2 Prommnence of the ascending

‘This was more marked than one would expect for this hody build and age, and it
was not due to disease of the wall As a matter of fact the amount of elastic tissue was
great This patient was probably for many years the bearer of a dynamically ditated aorta,
in connection with the valvular lesion, and this dilatation became finally fixed anztomically
3. Calafication of the aortic onfice
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“’"‘_!'I-ledo‘ [’ Q"ci s
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Fics. 159, 160, 161, 162, 163—63 yrs, M History Operation for gastric ulcer 7 yr5
previously, recurrent abdominal pain recently No dyspnea, no dizzy spells Findings.
Slender bmld Emphysema was noted but there was no evidence for failure Left ventricular
hypertrophy was palpated but a thntl could not be felt over the aorta A systohic murmur
heard over the aorta was transmutted to the meck and to the apical area, A, was almost
wmaudible BP 90/80 There was a muild hypochromic anema, Wassermann negative,
gastnc analysis grade 11T hyperacidity and hypomotiity Fundi- Normal, EC G , Nsr,, rate
82/mun , left axis dev and slurnng, S-T depressed and T negative-to-diphasic m hmb Teads,
T 1soelectric in CF, Fluoroscopy and roentgenograms of stomach showed Jarge ulcer crater-
Ant view (A)- Moderate degree of emphysema Aortic configuration of sithouette with
elongation of aorta. 1, promunence of ascending aorta; 2, It. ventricle with rounded-off
contour Lt ant obl view (B): 3, prominence of ascending aorta, 4, It. ventricle, over-
tapping the spine; calafication of aottic ring and cusp area (bl arrow). Lt, ant, obl view,
coned down, ngher penetration (C) . Calctfication of aortic ring and cusp area (bl arronsh
Course. Death following two severe gastnic hemorrhages
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of the heart in man, and of lipiodol deposits and metallic bodies intro-
duced around and in the atrioventricular groove in animals, serve to prove
the fallacy of cardiac output determinations which have for their basis the
difference in the size of the cardiac sihouette in systale and diastole, A
study of the locations of these deposits also has an important anatomical
bearing because it shows the position of the mitral and aortic valves in the
living. Judging from the available matenal, 1t seems permissible to state that
these valves are farther to the right, ie, nearer to the midline, n the living
than one might expect from the anatomical textbooks

Coronary Arteries. Arteriosclerotic calcification of the media of these vessels

Dot

Fip 165.~Mitral ‘valvular disease, predominant stenosis Roentgenologic, volu-
metric reconstruction Ant view peat shaped appearance with enlargement to
1t and It cramad Cranial shift of intersection between rt vascular and cardiac
border (it arrow), caused by increase of heart mass in heght Prominence
of conus atteriosus (It lower arrow) Distal portion of arch not well marked (It
upper arrow) Lt lat view. enlargement It atrum {(arrow) Courtesy Prof
Dr.G G Palmien, Bologna, Ttaly

exclusively, in contrast to the penipheral vascular system, is extremely rare
The atherosclerotic process may be in the nature of a calcifying stenosing
type or of a chmically berugn form with 1igid walls and a wide lumen

. Afairly large amount of calcareous material s necessary before roentgenolog-
Ical visualization becomes possible The degree of calcification is no measure
for a stenosing process Calcification of the left coronary artery i1s more fre-
quent and the chance to detect 1t 1s greatest 1n the left anterior oblique view
because the anterior descending branch 1s then much foreshortened and any
dense deposits will thus be intensified by projection Calcific deposits reveal
Tovements as follows' the anterior descending branch of the left coronary
ag(ery moves cranial and caudal when studied n the right anterior oblique
view while for the left anterior oblique view a jerky movement and elliptical
course is noted, the longitudinal axis of which extends from cramal-ventral to
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definitely to the left of the aortic valves. Though the visibility in the

view s not a!togfather goad, yet differentiation if the two ca]lc/ifln:dtveal?:[;rx
valve ring areas is satisfactory. The mitral valve area should be looked for
fmx:ard the dorsal one.-thl'rd of the cardiac shadow while the aortic valve ares
is likely to be. found in the middle one-third. In the anterior view, these cal
careous depf)slls may be expected near the midline, sometimes a few cm, to
the left of it, at about the middle or within the lower third of the mass of
t?’e cfu'dxac shadot. The projection of choice, for the beginning of the examina-
tion is a slight degree of right anterior oblique position (10-20°). Calcareous
fieposxls in the fibrous rings are usually large and dense, sometimes sickle-like
in appearance.

Fluoroscopy is indispensable in the diagnosis because the characteristic
finding of these deposits is motion A very small shutter must be nsed, These
movements are quite extensive; &
much as Z em. in length, far greater
than is noted at the peripheral bor-
ders of the heart. They are dancing of
jerking in character, the speed of
movement is not constant but rathet
sudden and steplike. The direction i
toward the left lower pole during sys-
tole, the type an eliptic rotation In-
trinsic movements of the valves are
occasionally noted and 1f both 2ortic
and mitral valves are calcified they
may move independently. In those
cases in which a bandlike calcification
is seen, the length will vary consider-
ably in different positions but in all of
them these deposits will appear with-
m the cardiac shadow. The finding in-
side the heart shadow of a caluific
shadow having the form and charac
teristic movements desctibed above
leaves scarcely any other diagnostic
possibility than that of valve ring of
valve calcification Calcified thrombi

Fic 164 —6% yrs, F Angma pecton» since
age 57, worse during last six months Car-
round or oval

duac hindings grossly megative B P, 130/83
Moderate penpheral sclerosis ECG  essen-
tually normal Rt ant obl wew. marked
calafication i descending branch of It.
coronary artery (short bl arrows) Courtesy
Dr, Mern! C Sosman, Peter Bént Brgham
Hospital, Boston.

has an important physiolo
gives proof, or rather one o
ventricular septum 15 of prime
tion, and consequently for the 3
the roentgenological observations o

present rather large,
masses Extrinsic areas of calcifica-
tion may be projected outside of the
heart shadow by rotating the patient.

The study of the movements of the
calcified heart skeleton and valves

gical aspect. The large amphitude of these pulsations
f the proofs, that the pump-like action of the atro-
importance in the mechanics of cardiac contrac
e discharge of blood. These findings, together with
f billets which have lodged near the base
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is represented by metastatic calcification in osteitis fibrosa cystica, or by septic,
toxic and pyemic conditions, all with renal involvement. A second group is ac-
counted for by wall endocarditis. Coronary artery disease seems to be an occa-
sicnal factor, although perhaps only a coutributory one, in producing a rather
diffuse calcifying degeneration, Calcification occurs in the wall of cardiac
aneurysms and has already been dealt with The calcifying process in constric-
tive adhesive pericardial disease often extends into the cardiac musculature but
there is no way to differentiate such cases roentgenologically from others in
which the process is limited to the pericardial layers Sharply defined, round or
oval, irregularly calafied areas in the region of the atria may represent old or-
ganized thrombi,

Acquired Valvular Lesions. These lead to characteristic changes, the
degree of which depends upon several factors: degree and duration of the
lesion; presence or absence of associated disease either in the heart muscle
itself or in the peripheral circulation, physical demands on and constitutional
type of the bearer. A more exact determination of heart size 1n the presence of a
theumatic valvular lesion is significant for prognosis. That life expectancy be-
comes shorter as cardiac enlargement increases, is shown by the following
study. By the use of the cardiothoracic ratio the size of the heart was evaluated
in 1164 patients afflicted with various types of rheumatic valvular lesions, The
mortality quota was determined by follow-up studses. The ratio of actual to
expected deaths for three groups with normal, slightly-to-moderately enlarged,
and much enlarged hearts was 420%, 589% and 1092, respectively.

Mitral, Anatomicat Finpines Quite frequently a combination of stenosis
and regurgitation is found. Isolated regurgitation is quite rare in the adult who
is afflicted by an old rheumatic valvular lesion The ordmary combination of
stenosis and regyrgitation results in varying degrees of hypertrophy and
dilatation of the right ventricle and left atrium and, eventually, of the right
atrium With mutral stenosis, the left ventricle 1s unchanged in size, or is quite
small, and only an inconspicuous portion 15 visible from in front. The right
ventricle expands far to the left since its outflow tract lies to the left and the
left ventrirle offers little resi Mitral itation causes enl of
the left ventricle; this prevents a marked expansion of the right ventricle to the
left, hence the latter is forced for the most part to enlarge craniad. Thus
the conus region is promi in this condition also. The enl of the
right ventricle produces a counter-clockwise rotation of the mass of the heart
and preat vessels, when visualized from the base, This 1s less pronounced with
associated left ventricular enlargement As a result of this rotation, parts of
the right ventricle, especially the conus arteriosus, participate in the formation
of the left border, the aortic loop holds a more sagittal course and the left
lower pole region is displaced dorsad, Clinically the region of the apical thrust
is likely to show a systolic depression. The mass of the right ventricle is
found to be predominantly to the left of the midline; its development in
the direction of the Jong axis of the body increases the height of the heart and
its develop in the jor direction leads to a broad contact with
the anterior chest wall, ing in § d flatness to fon and a

forward lift on inspection and palpation. A ventral displacement of the aorta
and pulmonary artery is also present.
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caudal-dorsal, The right coronary artery is best observed in the left anterior
oblique view and shows chiefly a cranial and cauda) movement, which is side-
wise to the course of the vessel. The following technical conditions will give
optimal results in roentgenography: 40 k.. rotating anode tube, 70 em.
tarket-film distance, 400 ma. and up to 85 k.v. Speed films reveal linear and
segmental shadows, sometimes double and parallel, arranged in a flattened arc.,
Differentiation from calcification of the mutral ring and mitral and aortic
valves is not difficult. The superficial site, the different structure and the

inimal t are sufficiently ch istic. Differsntiation from peri-

FI6 166—18 yrs, M Chorea and theumatic fever at age 12. Repeated

16.
tacks parovysmal dyspnea and bloody expectoration since age |
Palptation Svstolic propilsion of 2nd retraction of apical

vegion Presystolic and systolic thrill and murmur at apex Pif-, BP ~
90/78 ECG - nsr. Mitral stenosts with attacks of severe cardiac
asthma, Ant. wew. aortic knob small. Pulmenary conus promnent
(bl arrow), Cardiac shadow much higher than vascular shadow. Intra-
pulmonary vascular shadows increased in size and pumber, causmg m
part a fine mottled appearance of lung fields Lumma of some
broncht visible (short wh, arrows).

cardial calcification located along the coronay sulcus is more c?nlusmg ar:,(:
must be based upen a difierent structural appearance: more solid in 1hedczseb
pericardial disease. Extrinsic areas of calcification must be exclude b [y
fluoroscopy and by films taken from different angles or by stereoscopic ro
ge;tls::g‘;yr‘r.ls rarely occur and they probably come in conjunction wlﬂ;] 2
congenital structural anomaly plus calcific degeneration. Qne such t;as;asf
been observed which revealed llilur'ingdhfe a shallow outpouching near the H
ification was obtained. i .
P’-’?E?;ll:x::;ng:?amrdium‘ ‘The number of cases in this grr;l.xp lsrirer:zatl-]
d if one excludes calcification in cardiac aneurysms and thrombi, no
genclogi intravital di: is has app 1y been made so far. One group
g
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The left atrium enlarges in wk direction space is towards
the spine, diaphragm, bifurcation of the trachea and structures of the root of
the right Jung. A considerable enlargement towards the left side is unusual;
the auricular appendage may or may not participate in the formation of the
left heart border. The expansion of the left atrium induces varying degrees of
the following displacements of the adjacent structures' right ventricle and
tight atrium ventrad; aorta and pulmonary artery ventrad and craniad;
bifurcation of the trachez and left
bronchus dorsad and craniad; esoph-
agus dorsad and to the right. Oc-
casionally, however, the esophagus is
displaced to the left; fibrous adhe-
sions may account for this When this
occurs the average angle of the tra-
cheal bifurcation is 95° (minimal
78°, maximal 117°), the normal fig-
ures are 69°, 58° and 78°, respective-
ly. The lumen of the left bronchus
and of the esophagus may be consid-
erably narrowed. Atelectasis of the

Fic 171—33 ys, F Rheumatic history

base of the left lung may result, for
instance, in the course of bronchitic
mucous membrane swelling and this
has sometimes been erroneously in-
d as i i
tion, Rarely is the swallowing func-
tion interfered with. The structures
of the mnght hilus are displaced
craniad and to the right in those in-
stances in which the atrium expands
far toward the right side. Excessive
degrees of enlargement always bear to
the right, are in no relationship to the
type of the lesion of the mitral orifice
and represent a true aneurysm forma-

Delivertes § and 3 years previous Cardio-
vascular fadure for six months Mitral
stenosis and regurgiation, wnactive. Rate
regular Ant view: progresion of size of
sihouette over course of 6 years 1s noted,
with increasing mitrakzation of shape and
lowenng of diaphragm  Esophagus dis-
placed to rt and dorsad,

L B T
1921 123 88 121
1922 136 101 136
1928 158 ns 150
1927 193 10 174

Postmortem mitral stenosis and regurgita-
tion Marked hypertrophy and dilatation
of both ventncles and both atria

(1991—8 yrs following first study) Wi 741 kg (163 Ib) Heart somewhat larger than

previously, otherwise no chang

es ECG Auncular fibnllation

Ant view. The sihouette has increased, and the configuration 15 unchanged The It
atnum 15 ust about sisible at the rt cardiac border (5) Lt J6f view There 15 2 marked
prommence of the st ventncle ventrad and cramad, and of the It atnum dorsad It 15
furthermore noted that the width and depth of the chest have mcreased, as compared with

the findings 8 yrs ago
PRVETRE VU AR
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Fues 167, 108, 169, 170 —24 and 32 vry, M History Rheumatic mfection at the age of
9 vrs Complants referred to dyspnea on eftort and an oceasional hemoptysis. Findings
(1933) Wt 754 kz (166 1b) There was no evidence for falure There was a systohc
precordial fornard hft, and marked pulsations were noted in the 3rd and th interspaces
The findings were those of mutral stenosis with 2 slight degres of mitral, and perhaps abo
aortic, regurmtaton BP 120/70 ECG  Nsr, P widened to 013 tec and notched,

it aus dev.
Ant view The diaphragm s low, and the vascular pulmonary markings are increased

The cardiac silhouette s enlarged, with the conus of the rt ventricle unduly promment (1)
Lt lat. view. The It \entricle 15 prominent ventrad (2), and, dorsally, the It ventngle {3
appears normal There 1s a moderate prominence of the It atnum (4) dorsally Note:
These and the following roentgenograms were taken at a 4 ft target-film distance The 1t
ant, obl view showed the conus prominence ventrad

Course: 4 yrs later (1037) awricular fibnlfation became established There were mid
rheumatic pains at times The effort capaaity decreased somewhat The patient fed a quiet
hfe and took dizitalis rezularly At no time did he develop congestive failure Findinzs

e
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P
chapter X). The external outline of the prlmonary artery and of the dilated
conus arteriosus form a diagonal which merges caudally into the more or less
steep line of the left heart border, The lumen of the aorta tends to be narrow in
those cases in which the mitral lesion was acquired during childhood or
adolescence and where there is predominance of stenosis. As previously men-
tioned the course of the aortic arch is almost sagittal,

RoENTGENoLOGICAL FINDINGs. STATIC ASPECTS, Anterior View. With ac-
tuired mitral lesions the aortic knob is small or entirely hidden within the
shadow of the spine. The second arch joms the aortic knob high cranially and

appears, provided that the aortic
knob is not visible, as a first arch. It
is more or less prominent and may be
distinguished from another convex
arch situated further caudad, ie, the
conus, or both arches may blend.
The waist of the heart appears filled
out or, to express it differently, the
distance of the silhouette from the
midline, at this level, is considerably
increased above normal findings; the
normal concavity 1s often replaced by
a convexity. Because of the consider-
able length of this middle arc, a
lowering of the intersection with the
left lower contour results, The latter
may be steep and but little curved
and the distance of its farthest point
to the left of the midline is well within
normal limits; this finding is char-
actenstically noted in the presence of
a high degree of mitral stenosis, unless
a very marked increase in the size of
the night ventricle causes an increase
in the development to the left. In the
presence of well marked regurgitation
ane finds the contour longer, more
curved, and that the distance of its
farthest pomnt to the left of the mid-
line is increased above normal figures.
The right side of the vascular contour
is straight in outline and relatively
short, The right cardiac contour is
longer than normal, markedly curved
and the distance of its farthest point
to the midlne is considerable The
silhouette in mitral disease thus varies

between the form of a vertically
ared oo ond o Frfomecde e N o 3

N AN

r—-’

i

F1c 174—31 yrs, F Dyspnea, cough and
paipitation for years Asthemt type, small
linear chest Herght 175 cm, weight 44 kg
Mytral stenous without cardiac enlargement,
ECG nsr, nght axis dev, moderate de-
gree Ant wmew  sibouette vertical, Upper
third small vascular shadow with moderate
prominence of pulmonic arch Mddle third:
contours of sihouette promment on either
side, cofresponding to It atnum (bl ar-
rows) T at this Jevel 77 cm Lower third:
area not enlarged L 107, B 85, T, 8% ¢m
Fluoroscopy mesial movement of middle
It. contour precedes mesial movement of
lower 1t. contour. Hilar vessels shghtly en-
larzed Low position of diaphragm with
basal adhesions Obl wviews (illustrations
omitted) - narrowing of retrocardac area at
level of It atnum, no undue prominence
ventrally An example of the efiect of mitral
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tion, the wall being extensively fibrosed and th i i
€ 4 e content in exceptional cases
amounting to as much as 2 liters of blood. Chest wall pulsations al;xd auricular
fibritlation are concomitant clinical findings, and atelectasis at the Tight base
'and a depression of the diaphragm and the Jiver surface are noted anatomical-
y.
The part of the heart that becomes prominent between the pulmonary
artery and the left ventricle i< either the conus of the right ventricle or the

Fity 172, 173 —42 and 38 yrs . M Hustory  Etfort hmutation had started 7 yrs previously
Findings (6 yrs previously) A mild degree of congestive failure was noted The heart was
vety large, a precordial forward hift, a double mitra] valvular lesion, auricular fibnilation,
and a normal blood pressure were noted

Orthodiagram (4-19-35) Lacge heart showinz a tymeal putral configuration and &
marked prommence of the left atnum posteriorly,

Course. The patient rested most of the time and took Qigtabs regularly Fatigse ard
dyspnea were always present and there was mild congestive fallure at times Findings
Essentially the same as previously except that the heart had further enlarged

Orthodiagram (7-23-41) The sze of the silhouette 1s further increased and the left
atrum now bulges into the sight lung ficld Roentgenogram: Lipiodol was mjected through
a catheter passed mto the trachea n order to outhne the trachea and the man bronch
One notes the widened angle of the bifurcation of the trachea, and the elevation of the
bronchu, particularly of the left one (¥l arrow)

Comment- A demonstration of the influence of left atrial enlargement ,on the angle of
the tracheal bifiurcation and on the position of the mam bronchi.

enlarged left auricular app or the prominence may be compos d of both
of these, The more marked the conus enlargement and the rotation ?i the
heart 1o the Jeft, the less will the left auricular appendage participate in lthe
formation of the border, it may still encircle the conus, or it may stay behind
it, Low position of the diaphragm tends to ratate the heart to the right, hence
the conus becomes less prominent and the left auricular appendage more 50 !

The lumen of the pulmonary astery is found to be slightly or moderately
enlarged, and the vessel is displaced craniad, ventrad and to the left (see afso

' G
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Fias 177, 178, 179 28 yrs, F Chore

2t age 7 apd 8, valvidar esion smma o
18 Rhenmatic fever at age

Latxe heart  Mitral stenosia and rt

Burgitation, _ sortic regurgttation I P.

s3/60 ECG - awncular *fibnitation

Ant trew large mhn“t}“d mtrat ¢

fguration  Batur ophaigs
vEilised to deviate to 1t (i arrow)
Rorne noh wisihie (e Wi 2Tiowys
rommenice of It stium nto It lung
el Gower “wh asrowy. K1 ant bl
55 of heart protrudes ventrad
and dorsad, displacement of esophagus
Dark_oval nate roof_of
atrium (short bl armw), !Dlrcspvndmg
to It bronchus which is elevated so

Tmuch that s course 18 praclnc:lly wen-
tical with direct uon. of projection L#

o
bronchus moped to be elevated (bl
srrow)” Atic arch vl Capper. wh
arrow) Unusual” development” of "t
i far o et Covetesy Dr Gorge
W FHotmes, Mass Gent Hosp . Tostan

the enlarged left atrum in connection with the total increase in the depth
of the heart, and is influenced by the sterno-vertebral diameter of the chest.
With minor degrees of enlargement of the left atmum the course of the
esophagus shows no deviation from the midline, but wnh modem!e or e'(cesswe
distention there 15 invanably it This d

above, usually 1s to the nght, rarely to the left With minor degrces of displace-
ment, 1t superimposes or just surpasses the border of the spine, with greater
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Adequate technique permits visualization of a denser area within the sil-
houelle,‘usuaﬂy best seen in the area to the right of the spine; this additional
shadow is produced by the left atrium, Thus in certajn instances a double in-
stead.uf a single right cardiac contour is noted; the intersection of the upper
arch is easily followed as it curves caudally and mesially. The upper contout
corresponds to the left atrium, the lower to the right atrium and their different
depths can be easily demonstrated as follows: First, by a horizontal shift of the
roentgen ray tube, the degree of excursion for the two respective contours is
different, greater for the cranial, smaller for the cauda! contour {parallax);
second, by slow rotation into the two anterior oblique views; it is noted that
the cranial shadow corresponds to a mass farther dorsad whereas the caudal

JN A . .
Fics 173,176 ~31 yrs, F Rheumatsc fever in childhood Palpitation and moderate dvspaca
on exertion since age 16 Never had signs of congestive farlure Marked cardiac enlarge-
ment with dullpess 1 the rt intrascapular space and marked fransmusston of systole
murmur along spme ECG - auncular fibnllation Mitral etenosis and regurgilation,
Jnactive Ant vvew: the 2 films were (aken at an tterval of 3 yrs. Tybical mitral configura-
ton {a} L 18, B 121 (measured to promunence at It contour), T 168, Th 218 em Central
pulmonary vessels enlarged Double contour at rt The upper one corTésponds to an anturys-
mal enlargement of It. atrum (wh arrow), the lower one fo contour of 1t atrum {bl
arrow) (b) L 191, B 132 {measured to prominence at It contour), T 179 em Th uo-
changed, The 1t cardiac contour 15 now entirely formed by ancutysmatically diated It

atnum

shadow is farther ventrad, Finally, the entire nght cardiac contour may be
formed exclusively by the left atnum (aneurysm) approaching or blending
with the right chest wall shadow; the right atrial border is then noted 1o
be mesial, within the total cardiac shadow. The right hilus structures are
elevated, and the medial aspect of the diaph ic contour depi d, -It
follows that the right cardrac border can be formed either by the right or, in
these rare instances, by the left atrium. And while in the former case a marked
dilatation to the right is always associated with clinical signs and symptoms
of right-sided failure (chstension of the right ventricle or of the right attium
or of both), the latter finding 1s compatible with a fairly good compensation
since the otber three chambers need not reveal simultaneously a high degree

largement. .
or%\]c gegree of displacement of the esophagus is determined by the size of
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raion  Barum  filled esopbarus
visualized to deviate to st. (bl arrow)
Aortic knoh visble (upper wit 2reow)s
rominence of It atrium into ft Jun
eld (lower wh arrow) Rf ant obl

much that its course 13 practically den.
tieal with direction of projecton Lt
ant bl trew large It strum projects
far dorsad (lower wh arrow) Lt

the enlarged left atrum in connecuon with the tota] increase in the depth
d b;

of the heart, and is infl y the st al diameter of the chest.
With mimor degrees of enlargement of the left atrium the course of the
esuphagus shows no deviation from the midline, but \vuh modera(c or excsswe
ion there is b d ion This d i
above, usually is to the nght, rarely to the left. With mnor degrees of displace-
ment, it superimposes or just surpasses the border of the spine, with greater
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yrs, M History First attack of irregular

¥ics 180, 181, 182, 183, 184, 135.—39 and 44
Occasional

heart action & yre. prior to first comun:
hemoptysis Pat working but easly fatigued Findings (age 39): Ht 168 cm (S ft. 6in),
wt. 614 kg (135 Ib) A shght degree of cyanosis and dyspnea on effort, but not at rest,
were noted The lungs revealed harsh basal breath sounds and a few rales The beart
showed a precordral bulge and a systolic forward lift, with the apical thrust m the 6th
tsp mud-axill line, heaving and resstant; systohc soft tissue depression m Sth 1sp ; and
at the apex a dwstohe thull and rumble, P: was accentuated B P, 120/60 Rhythm irregu-
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degrees it projects a definite distance from it. A comparatively small lateral
shift is compahb]e with a marked dorsal displacement; the lateral shift pre-
dominates in other instances. The lumen above the cranial turning pomt may
be widened, thus representing a prestenotic dilatation. When the size of the
lumen at the segment of deviation is studied in different views, a proper
opinion of the shape of the lumen of the deviated portion of the esophagus may
be obtained by a study in two views that are at right angles to each other.

lar, vr 66, pr 50 ECG. Auricular fibrillation, no axis dev., dumtalis efiect Other
Inboratory findings essentially normal.

Ant view (A) Small calafic nodules are distnibuted throughout the lung fields (ar-
rows). The vaseular pattern 15 but moderately increased. The sithouette 13 Jarge and has
a mitral configuration (orthodiagraphic oblique diameter 178 em) The rt. border bulges
considerably to the rt and also craniad, and is formed by the very large left atnum.
Ret. Ant obl wiew (B): The rt. ventricle bulges ventrally and the It atrum dorsally; the
esophagus 1s much displaced

Course The patient rested much, took digitabs, and for § yrs s condition changed
very little There followed an attack of precordial distress, wheezmg and coughimz The
local M D, stated- “Heart ok, you have asthma”; two hypo’s (? adrenahn) gave no
Tehef Three wks later a similar attack; 1 wk later hemoptysss, and the week following
that an attack of sharp pam in It. side of the chest was experienced Findings (age +4).
Wt 537 kg (129 1b) Vems in neck full, hver shghily enlarged, fine monst basal rales.
Orthodiagram  The prominence of the 1t heart border, 1e, of the It atnum, has increased
Sudden death 4 days later

: The heart was y large and, emptied of blood, weizhed 750 gms
The 1t. border extended to the posterior awllary hne The ventncles occupied a transverse
position m the chest, the rt. ventricle being found to the left of a hine drawn through the
It sterno-clavicular junction, and thus was suuated far to the left. The rt atrivm was
much dilated and thin walled The It atnum was very much enlarged and extended 4 ¢m
to the rt of the rt atnal border The marked enlargement of the It atnum had the
following effects 2) 1t caused a muld mndentation on the surface of the rt. Lver lobe, b) 1t
pushed the rt atrium ventrad, c) it pushed the rt main branch of the pulmonary artery
and the aortic arch cramad and dorsad, d) it caused both venae cavae to slope obhquely
dorsad, and e) it widened the angle of the and displaced the esoph: dorsad
and to the rt Dense fibrous tissue bridged the gap between the It. and rt atnia The epi-
and myocardium of the 1t. atrium could be easily stripped off, leaving the thickened and
fibrous endocardium The mutral valve leaflets were thickened and calaified, and the putral
onfice admitted only the tip of the lttle ﬂn'er Mlcmscop|c The wall of the It. atrum
showed grade 4 of and old pen-
carditis, probably rheumatic in ongin Greal \tssels ‘The aorta was small while the
pulmonary artery and its branches were about normal Lungs Recent infarct m rt lower
lobe, numerous small, calaified shotty nodules could be palpated throughout Microscopic:
‘The nodules were made up of adult bone contatming marrow spaces and even a suggestion
of marrow cells—multiple osteomata Hardened specumen, ant view (C) 1, arch of 20mta;
2, sup vena cava, 3, 1t mam branch of pulm artery, 4, aneurysmatically enlarged .
atnum, 5, fibrous tissue bridging gap between It and rt atrium; 6, rt atnum; 7, rt
ventnicle, 8,1t ventricle, 9, It auncular appendage, 10, pulm artery. Note the very large
It atnum displaces the it ventcle to the 1t and the rt man pulmonary artery branch
craniad Rt ant obl view (D) 11, ascending aorta; 12, sup venma cava; 13, branches
of it main pulm mery, 14, aneurysmaucany enlarged It atrium, the epi- and myncardmm

PPN etrnnad af 18 5 ateui T4 b s amboicla lata Sha Anen
anc Coe .

ma -
Itz -

bra i .

ma . . .
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Fics 180, 1t
heart action ' b
hemoptysis "

wt 614 kg (135 1b). A shght degree of cyanous and dyspnea on effort, but not at rest,
were noted The lungs revealed harsh basal breath sounds and a few rales The heart
showed 2 precordial bulge and a systolic forward Lft, with the apical thrust m the 6th
isp md-amll Lne, heaving and restant; systolic soft tissue depression in Sth 1sp ; and
at the apex g drastohc thnll and umble; Py was accentuated B P. 120/90 Rhythm sregu-
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piration is not uncommonly seen and this phase 01 respiration should be
avoided in taking films or evaluating the position of the esophagus during
fluoroscopy. The bend is likewise fairly well marked in healthy children.

When the left bronchus has become sufficiently elevated, its lumen may
be visualized as a disc-like transp area just above the roof of the left
atnum.

The azortic shadow is short There is a considerable prominence noted in the
region of the conus, and the mass of the right ventricle bulges in front. This
leads, as the lateral views reveal, to a broad contact with the inner aspect of the
antenor chest wall.

Left Anterior Oblique View. The aortic window is considerably narrowed
The main development of the mass of the heart is ventrad and toward the
left upper quadrant. The junction of the cardiac and vascular contour in
front is further craniad than normal, while dorsally one cannat always deter-
mine very ‘distinctly the intersection between the left atrial and ventricular
borders on account of nterference with the shadow of the spine, other vascular
structures and the diminished transparency of the lung fields. The left ventric-
ular contour is apt to project, at the average middle degree of rotation, into
or beyond the spinal shadow This is either an expression of enlargement of
this cavity or of mere displacement dorsad. The contour of the aortic arch
is visualized poorly or not at all.

A deviation of the esophagus dorsad is not noted except in those instances
in which the anterior view reveals the left sided type of displacement. The
lumen of the left bronchus 1s often found to be displaced i the cranial direc-
tion and a marked degree of narrowing can be present.

This description of the typical changes will be followed by a short discussion
of some special features,

‘The volumetric reconstruction of hearts with mitral valvular lesion (pre-
dominance of stenosis) shows the left lower pole directed dorsad and craniad
and this dorsal displacement may be so marked that the clinical apical thrust
must obviously be caused in these instances by the right ventricle

The roentgenological findings pertan to the chronic stage of the disease,
They are ionally of decisive d. ic value for the chmnician, especially
in the presence of rapid heart action and auricular fibnllatron and also in
instances of hemoptysis. Chinically thyrotoxic hearts may easily imitate the

findings of mutral stenosis (see chapter VII) An early stage of the disease
may well be associated with normal roentgen ray findings and an answer to
the chnical question as to whether one 1s dealing with an organic or functional
murmur 1s then often impossible. We do not know the average length of the
interval between the onset of the endo-myocarditic rheumatic lesion and the
appearance of changes n the silhouette. The amount of bed rest and physical
activity seem to be among the influencing factors.

m .

of

for right ventricular enlargement 1s absent No direct relation exists between
the size of the left atrium and the degree of pulmonary overfilling, As a matter
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There is seen a narrowing in one plane, while in the other the size is notmal or
even slightly increased, and the esophagus assumes the shape of a scabbard. An
adequate technique permits of visualization of the widened angle of the trach
eal bifurcation (this has also been demonstrated by injection of lipiodol),
and, in certain instances, the narrowed lumen of the left bronchus.

Right dnterior Oblsque View. A few cases have been observed in which a
prominence at the level of the left atrium was lacking in spite of the chnical
finding of long standing mitral valvular disease and corresponding characteristic
‘raentgen ray appearance in the anterior view. The only anatemical explanation
which ¢an be offered is that the presence of dense mediastinal adhesions ob-
scures 2n enlargy . A balloon-like promi which completely or partly
obliterates the transparent retrocardiac space, is a typical finding. In the
great majority of i a triangular, transp space remajps visible
above the diaphragmatic contour and is noted to increase in size doring in-
spiration The retrocardiac space is not only completely overshadawed in
the presence of an aneursymal dilatation but, in addition, the mass of the left
atrium considerably overlaps the vertebral shadow. The esophagus is displaced
dorsad, with the cranial tuming point rather abrupt,

A dorsal shallow bulge of tte esophagus, without an abrupt change in the
direction of its cranial segment, is noted when the depth of the heart is in-
creased in the course of marked right ventricular dilatation and also when
the base of the left atrium is displaced dorsad and craniad due to marked Jeit
ventricular dilatation. Care should be exercised to avoid diagnosing a definite
enlargement of the left atrium in these instances; though it must be admn}ted
that it is not possible either to prove or disprove the presence of a minor
degree of enlargement. A slight dorsad curving of the esophagus during ex-

Comment, 1) The radiolomic and anatomic features of an excessive enlargement of the
1t atnum have been demonstrated The radiolomc sihouette in such cases may sesemble
that seen tn the presence of pericardial effusion 2) The functional status of the heart was
rather satusfactory for a number of years in <pite of such a large sithouette Thl;ﬂls
explained by the fact that the enlargement of the heart cluefly affected the ntn;.hw h:
the ventnicles were not over-distended The final downhull course was probably awded by ¢ e
appearance of a pulmonary mfarct, 3) Nodular bone formation in the lungs acv:u]rls :e
assocnatton with chronic mutral heart disease Healed mihary tuberculosis and rmul 1pd
osteochondromata gue similar radiologic features, 4) With respect to the ph‘:e an‘
character of the apica) thrust, the following points deserve attention® The normal ;1:‘::‘
thrust 15 caused by the It venincle, the clief factors being the tever-like lerwnrd wod
craniad movement of the apical portion, the clock-wise rotation of the heatt, m]mly
Increased consistency of the heart muscle As long as the It ventncle 13 not co::gm d
displaced dorsad, a normal circumsenbed apical thrust may persist 1n the ‘v;' i
considerabie enlargement of the tt ventricle, the ventral wall of the heart 1s mawnly

iy i v: he chest
by 1. and so 1s the apical thrust, the It ventricle haymg P:en_ ]i'us}ieda‘\n:{ i‘t::r:" e

W Awell

‘ - . presence
acement

WHEIELY W Iam wnd os s © cotre-
n The displacement of the It
bsolute or relative

of the enlatged rt. ventricle to tne It

tio)
shands to the precordm but rather to the axillary por
V::ride to !heplt , by the excessively enlarged It atrium, is aided by the 3!

- stallness of the it. ventricle.
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increased rotation of the heart, perhaps in connection with a higher position of
the diaphtagm, ar an actual increased dilatation of either the conus or pul-
monary artery, or both, or perhaps a combination of all of these factors.
An m:pn'atory posmon of the rib cage and a rather low position of the
is ly noted, especially in the presence of marked mitral
stenosis. It Is assumed that by this mechanism the resistance to the bleod
flow through the caplllams of the lungs is kept as low as possible. Some
degree of kyphosis is not rare, particularly in the presence of aneurysmal dila-
tation of the left atrium,
Dynamic Aspects, The caudal portion of the left lower cardiac contour

Fic 186 —Young male, aortic C

Ant witw. moderate enlarge-
ment of . ventricle caudad and to It (It arrow) Rt ventncle (st
lower atrow) Lt ant obl wiew promunence of It ventncle dorsad (It
lower arrow) Rt ventricle (st lower arrow) Cramal portion ascending
aorta {1t upper arrow) Lt atnum (1t upper arrow) Courtesy Prof
Dr G G Palmien, Bologna, Italy

often appears quite immobile 1n the anterior view when mtra) stenosis pre-
dominates (rotation of the heart) Here the cardiogram of the apieal region is
likely to be normal The pulsations are actually not absent; they take place
mafnly in the direction of the ray projection This can be substantiated by
turning the patient into the left anterior oblique view, the pukahons are
then noted to extend farther and farther toward the lower pole region until a

is seen. A study shows a slow diastolic
rise for these pulsations along the left lower contour. With marked predomi-
nance of mitral regurgitation, which causes hittle or no rotation at ali of the
heart, pulsations are noted along the whole left lower cardiac contour, and
their litude is often i d in with the of the
additional amount of blood The cardiogram of the apical region is positive.
A kymographic study shows a rapid dlas!ohc rise
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of .fact, a very large left atrium is compatible with very little pulmonary over-
filling; the large sac acts as a big pool for blood and thus takes off 2 load from
the lesser circulation.

The appearance of the lung fields during the chronic stage of mitral disease

ha§ been referred to in chapter VI. Two further points deserve attention.
Failure of the right heart with associated congestion in the greater circulation
may, squ\yhat paradoxically, bring relief to the patient. Orthopnea and basal
rates diminish Roentgenographically, the transparency of the lung fields in-
creases, and the hilar shadows diminish in volume and increase in sharpness of
outline. Physical exertion, the postpartum period or a febrile bronchitis favor
the appearance of a transtent pulmonary edema. Hazy and cloudy shadows of
rather irregular distribution are then noted in the lung fields.
. '}'he inner topography of mitral hearts has been recently studied in the
living by means of a contrast medium, with the resulting suggestion that the
elevation of the left bronchus may be caused by the enlarged pulmonic veins
rather than by the left atrium directly.

The changes in the silhouette which are noted in the course of a partial
occlusion of the mitral orifice by a tumor are identical with those caused by
mitral stenosis of common rheumatic etiology. Calcareous degeneration of the
left fibrous annulus and of the mitral valves leads to the typical roentgen ap-
pearance of an ordinary mitral valvular affection. For the roentgenological
diagnosis of these intracardiac calcareous deposits, see the preceding pages
of this chapter, Thrarabi cannot be visualized unless they contain areas ol
calcification.

Differential Diagnosis. A straight or convexly prominent middle portion ?f
the left cardiac contour, often in association with a poorly visible aortic
knob, is commonly-noted in the presence of mitral valvular disease and hence
the term “mitral-configuration.” This term is purely descriptive and does not
necessanly indicate that the mitral valves are affected. Such a (left) contour
is seen physiologically in young individuals, especially of the hyposthenic
type, and more often of the female sex, who often exhibit signs and symptoms
of neurocirculatory asthenia, The presence of breathlessness a.nd sysfﬁllc
(functional) murmurs may lead to the erroneous clinical diagnosis of mllra.d
valvular disease. This configuration is likewise noted in the following com%\-
tions: emphysema, pneumoconiosis, a displacement due to a fibrotic process in
the left upper lobe, thyrotoxicosis, beriberi, certain congenital ca.rdwvaSC“Ia'
malformations like patency of the ductus arteriosus, acquired disease ?f the
pulmonary orifice and,/or artery, right convex scoliosis of the spine leading to
Totation of the heart, and sowetimes in cannection with adhesive m ediastino-
pericardial disease. The size of the left atrium, the appearance of the lung
fields, and the pulsatory phenomena along the silhouette are of aid in dxﬁeff’-n—
tial diagnosis; further discussion is given n the l’espe'cﬁve chapters dealing
with the aforementioned lesions The clinical study is of first importance,
Excessive enlargement of the left auricular apl?endage, of unknown etiology,
is a very rare condition The rest of the heart is normal. . o th

The median convexity is often observed to be more prominent during ar:
stagie of heart failure Tt is not known whether the cause for this finding TS
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see-saw action results. The lateral movement of the cranial (left atrial) con~
tour is simultaneous with the ventncular systole (this has been verified by

hy) and exp the ion of the thin wall by regurgitating
blood This lateral movement is transmitted to the right hilus vessels, the
pulsations of which should not be interpreted as intrinsic because no change in
volume or density is nated and the phenomenon is limited to the right hilus
onl;

I);m some cases the left anterior oblique view permits one to observe pulsations
along the caudal wall of the left man bronchus during ventricular systole.
caused by the distention of the left atrium This is also noted during bronchos-
copy.
l1:‘Ayortit:. AnatomicaL Finnings, The etiologies are theumatism, syphilis and
atheroscelerotic degeneration The existence of functional regurgitation de-
scribed by some in severe hypertension and anemia is doubted by others
A cystic degeneration of the med:a of the aorta may lead to a sufficient degree
of dilatation of the aorta to cause functional regurgitation Isolated stenosis of
the aortic onfice is relatively rare and may be either acquired or congenital in
origim.,

Isolated aortic stenosis causes only moderate enlargement of the left
ventricle but a marked dilatation is noted in the presence of aortic regurgita-
tion In certain instances, however, dilatation may be absent, viz, with as-
sociated constrictive pericardial disease, in individuals with very poor general
muscular development (asthenic type), and when only a short time has elapsed
since the devel of valvular Dilatation affects especially
the outflow tract so that the anterior wall of the left ventricle bulges con-
siderably; the left ventricle is not demarcated by the anterior longitudinal
sulcus but by a furrow a few em. further mesiad which can be easily located
by palpation, and orignates where the thin, slightly depressed wall of the
right ventricle meets the hypertrophied, bulging left ventricle. The inter-
ventricular septum bulges much farther to the nght than the position of
the interventricular sulcus would suggest The main development is dorsad
and here the left ventricle extends farther to the rght than under normal
conditions Marked enlargement of the left ventricle is commonly noted with
the rheumatic eticlogy and is easily ible with good P ion, but
failure is the rule in the presence of marked enlargement in association with
syphilitic regurgitation, stenosis of one or both coronary artery openings ac-
counts for this The leit atrium reveals hypertrophy but no dilatation, at least
not during the phase of compensation.

The ascending portion of the aorta is commonly dilated when syphilis causes
valvular regurgitation, excepting those cases 1n which the valves are affected
very early by the supravalvular site of the process Both free aortic regurglla-
tion and predommanl stenosis of the aortic onfice, of rheumatic origin, may be

d with defimte dilatation of the ding aorta This is referred to as
dynamic dilatation although the exact cause is not fully determined as yet.
Long standing dynamic dilatation may finally lead to a fixed dilatation, ic, a
dilatation that would also be present at postmortem investigation

ROENTGENOLOGICAL FINDINGS, STATIC ASPECTS. Anterior View. In the
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Pulsations at the level of the left auricular appendage alternate with those
along the ventricular contour and are best noted in those Instances in which
first the w_aist of sithouette is more or less preserved, i.e., rotation of the heari
and prominence of the conus arteriosus are not marked, and second where the

. volume and pressure changes in the left atrium are considerable as in mitral
regurgitation. The pulsatory movements are less distinct or invisible in the

Fic 18734 yrs, M Rheumatic fever,
pericarditis and subsequent aortic valvular
Jesion at age 20. Always physically fit No
complaints  Apical thrust heaving in 6th
intercostal space, width of 2 fingers outside
of midclavicular line Systolic depression of
lower sternal portion Maumum dastolic
murmur in 4th It intercostal space, BP,-
135/2s ECG,* nsr, It axs dev Rheu-
matic aortic regurgitation, full compensa-
tion Ant view typical aorfc configuration
with of It ventncle d

and to It. L 154, B 108, T 148, Th 23 em
Pulsatory amplhtude ncreased along all
contours Lt ant obl wiew (tllustration
omitted) © it ventricular area extends far
dorsad, 1t. atnium not entarged These roent-

genological findings were entirely unchanged
over a period of 12 years.

A

Fic. 18324 yrs, M Rheumatic fever
and aortic valvular endorarditis at age 22
Asthenic type Heart not enlarged. Typial
rheumatic aortic regurgitation Rate 76,
BP 120/50 Ant view: sihouette of ver-
tical type L 13, B 101, T 103, Th 243 em
Aortle knob slightly promnent. Low posi-
tion of dizphragm Fluoroscopy reveals
shghtly increased pulsations at left Jower
pole Absence of cardiac enfargement and ab-
sence of “typical™ configuration m the pres-
ence of an aortic regurmtation of 2 years
duration The heart primanly was obviously
of vertical, small type Exclusive use of Teor
of the T/Th ratio would lead to the €r-
roneous assumption of an actually small
beart, This error is prevented by using L
and B

presence of auricular fibrillation. Other factors, as yet not well understood,

seem to influence the visibility of these
. : T

pulsations, In two instances of rm‘.tral
study revealed the following finding

regurgi
During early

a B e
‘diastnle, the Jeit aunicular appendage showed instead of the nor-

mal emptying a distension which lasted for %5 second.
‘When the extension of the left atrium into the right lung ﬁelﬁi partly overlaps
the right atrial border, a peculiar appearance can be noted in 2 good many

instances: the cranial and caudal contour alternate in movement so that 2
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tour projects into or, more often, far beyond the vertebral shadow,
‘The volumetric reconstruction of hearts with an zortic valvular lesion shows
a tendency for the left lower pole to be directed slightly ventrad
An early stage of the disease may well be associated with normal roentgen
ray findings and, as already stated for mitral valvular lesions, we do not know
the average length of the interval between the onset of the valvular defect
and the appearance of changes in the silhouette. With rheumatic etiology the
age at which the lesion is acquired and the amount of bed rest or degree of
physical activity seem 1o be but two of several influencing factors.
Calcareous degeneration of the aortic ring and the aortic valves should be
mof M tenhod faw e aestainndad acnaaiaTle whan an aqrtic valvular lesion
. individual, though
the roentgenologi-
cal diagnosis of these calcareous deposits see the preceding pages of this
chapter,
Dafferential Diagmzxi: Some prominence of the aortic shadow to the right
and left and a prommence of the left lower conwur assoclated wnh a deepen-

o P T

the sortic valves are affected. Such a configuration is seen among aged in-
dwnduals usually in combination with hypertenslon physxologlcaﬂy in the
o

_____ sein L n menntal dednaamant af 8 wnmn And i maner

the silkouette is of aid in differential diagnosis but clinical study is of primary
importance,

As heart failure develops, an enlargement of the sithouette occurs to the
right, to the left, and craniad, and the waist of the heart becomes less pro-
nounced. This is spoken of as the “mitralization”: the secondary enlargement
of the right ventricle accounts for it. The prominence of the aortic knob per-
sists. The area correspnndmg to the left atrium is noted, in the oblique views,
to be d d. The of the lung fields decreases and
the lung pattern increases, the hilar vessels scarcely ever reach the size which
is nated in the presence of chronic mitral valvular disease

Experimentally produced aortic regurgitation in animals very early shows
some enlargement of the silhouette which becomes more marked in the course
of a few weeks.

Dynamic Aspects In the presence of isolated or predominant aortic
valvular regurgitation the findings are as follows: The maximum of pulsations
15 noted 1n the lower pofe region while their amphtude §s less in the basal por-
tions. The change from the systolic to the diastolic form takes place very rap-
1dly and umfcrmly The marked increase in the pulsations along the left ven-
tricular contour is also easily observed in the left anterior and in the Jateral
\'rie_ws. ‘The movements of the aortic shadow are exaggerated correspondingly
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presence of adrtic valvular regurgitation the aortic knob is usually prominent
The degree of promi is in part d ined by the phase of the cardiac
cycle in which the observation 1s made Farther caudad the left contour is
rather concave in its upper portion and then swings into the efongated, elfip-
tical, markedly convex contour of the left ventricle. Thus the waist of the heart
is very much increased. An exception is noted in those instances in which
valvular regurgitation is super-
imposed on a heart which is in
the vertical position at the start,
The right side of the vascular
conteur is in its greater part
convex 1n outline. Again, the
degree of prominence depends
upon the phase of the cardiac
cycle. The intersection between
vascular and cardiac contour Is
often lonered and the distance
from the mdline to the right
contour is often moderately in’
creased for both contours Dis-
placement accounts for it pti-
Fic 189 —27 y1s, M Rheumatic fever at 2ge 18 manly. The shape of the silkou-
No complaints Heart shghtly enlrged, apical ette in the presence of valvular
it dovly e, Tomeslseness of s - regurgation s this bt
‘without 'y nl . -
Slght enlargement of slhouette. Lt tywer contonr  Weened ta 8 duck, boot, or f:;;
globular 1n appesrance, expressing morked hyper-  Zontally placed egg The tran
trophy with but shght dilatation (bl, arrows) verse position of the heart is,
however, more apparent than
“real because of the fact that a considerable portion of the heart shad?‘\' pene-
trates deeply into the abdominal shadow. In the presente of stenpsis of the
aortic orifice, there is nothing unusual noted as to the aottic shadow; the Jelt
lower cardiac contour is rounded An appreciable degree of enla:ggmem is ab-
sent and when found the presence of an aortic valvular regurgitation or other

1, the ventrice-
n increases, the

transparent retrocardiac space is seen in its entire length; its width is usual])'
somewhat smaller in those instances in which the cardiac enlargement 1
considerable. A slight narrowing at the level of the le_iz atr}um may or‘mﬂ)’
not be present, In the former case, one may be dealing with ap aciual E\;‘
largement. of the left atrium or merely with a dorsal @sp?ac;ment, The eso;; -
agus is either not displaced at all or only to an insignificant dggm; it
abrupt dorsal deviation of the barium stream favors the diagnosis of ¥
ial enlargement. .
atr;l"e AntEn‘ar Obligue View. The convexity of the aostic contour in imn‘:
is moderately increased The window qf the aorta is preserved The ‘ma\‘
development of the mass of the heart is dorsad and toward the left e\ﬂ_
quadrant, and at the average middle degree of rotation the left ventricular con:
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tour projects into or, more often, far beyond the vertebral skadaw.

The volumetric reconstruction of Eearts with an aortic valvular lesion shaws
a tendency for the left lower pole to be directed slizhtly ventrad.

An early stage of the disease rmay well be 2ssociated with rormal roentzen
ray findings and, as already stated for mitral valvelar lesions, we do not keow
the average length of the interval between the onset of the valvelar defect
2nd the appearance of changes in the silhorette. With rbeurmatic eticlogy the
age at which the lesion is acquired 2ad the amount of bed rest or degree of
physical 2ctivity seem to be but two of several inflnencing factors.

Calcaregus degeneration of the aortic ring and the aortic valves should be
carefully looked for and anticipated especially when zn zortic valvular lesion
of uzexplaired etiology is found in a middle 2ged or older individual, though
it also occurs with the rheurmatic and syphilitic types. For the roentgenclogi-
cal diagnosis of these calcareous deposits ses the preceding pagzes of this
chapter.
ifferentizl Diagrosis. Some prominence of the zortic shadow to the right
2nd left, and 2 prominence of the left lower contour zssodated with a deepen-
ing of the waist are comemonly noted in the presence of aortic valvolar disease
and hence the term “zortic confguration.” This term is purely dcscn'pti\! 23
is also the term “mitral configuration,” and dees not necessarily indicate that
tke aortic valves are afected. Such a mnﬁvunmm is =ec:= 2mong aged o~
dxvld"..'lh wsually in combinati mr.h

sk anle i e o e (T

importznce.

As heart faflure develops, an exlargement of the silkovette ocorms to the
right, to the left, and craniad, and the waist of the heart becomes less pro~
counced. This is spoken of 2s the “mitralization™: the secondary enlargement
of the right ventricle accounts for it. The p’nrr.m:rce of tke aortic knob per-
sists. The area cnrrt<pcndmg to the left atrium is noted, in the cblique views,
to be d The T 'y of the lung felds decreases and
the lung pattern increases; the hilar vessels scarcely ever reach the size which
is moted b in the presence of chronic mitral vabvular disezse.

E aortic tion in animals very early shows
some cn!axgm:znt of the siThouette w}nch becomes more rarked in the course
of a few weeks.

Dyxawne Aspects. In the presence of isolated or predominart aortic
valvular regurgitation the findings are as follows: The matimum of pulsations
is noted in thc lower pole region y while their amplitude ks less in the basal por~
tions. The change from the systolic to the diastolic form takes place very rap-
idly and um!orm!} The marked increase in the pulsaticns along the Teft ven-
tricular contour is also easily observed in the left anterior and in the lateral
views. The movements of the 2ortic shadow are exaggerated correspondingly,
1t bas been stated, as a result of kymographic studies, that the out-threst be-
gins almost =xmn!uneev.Lly with the closure of the witral valves, being rore
marked near the cardizc shadow; that there follows first 2 :udd,gn retraction
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EN

Fies 190, 191, 192, 193, 104, 195, 196,
197, 19854 and 57 yrs, M History:
Negatie for rheumatism Complaints re-
ferred to repeated spelis of diznness and
shght dy=prea on more than usual effort.*
Findings (age S4) Ht Sft 610, wt 69
kz (152 ib) There was pallor but no
evidence for faillure The apical thrust was
heaving in the 5th tsp in the ant axli

Ime, a systohe thnll was felt over the
aortee area, with a rough systolic murmur
transmitted into the neck As was inaudi-
ble, and a very shott diastolic whiff was
heard The radial pulse was rather small

Rate 78/min, thythm regular BP 120/
73 ECG Nsr, normal P and P-R,
nitial deflection of increased voltage and
width—0 12 sec, slurred, it axis dev,
ST segments depressed in leads T and 11+

‘T deep negative 1n I and II, posttive in
III Blood® Count normal, Wassermann
negative Fluoroscopy Large heart with
2ortic conifiguration, tortuosity of zorta,

ralufied nortic valves visuahized

Course: In addition to dizzy spells, there occurred a few syncopal attacks with general-
1zed convulsions followed by shght coma After 2 yrs the patient stopped working He took
digitalis only wregularly One yr. later onset of congestwe fmlure Findings (age §7)
Cheyne-Stokes respiration, pulmonary most rales and systemic congestion were noted The
apicat thrust wes heaving in the 6th 15p In the ant axl, ne On auscultation, findings
were the same as previously The radial pulse was small and of the plateau type BP,
90/60, rhythm regular Fundi negative

Ant view (A), An aortic configuration with a marked degree of enlargement of the
left ventncle to the left and caudad 1s noted, and the waisthine of the sihouette is deepened
The aorta 1s normal 1n size The lung pattern 1s nearly normal 1n appearance RE. ant. obl
view (B) 1, trachea, 2, bifurcation of trachea, 3,3, dorsal and \enllral aspects of tortuous



200 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

fmd then the true aortic wave, which shows a prominent incisura, correspond-
ing to the second sound. Because of the wide excursions one is able to see the
aortic arch in the oblique views in the young where under normal conditions
fluoroscopy does not permit its visualization. It is observed in the anterior view
qlat the amplitude of the right cardiac border is also increased, Further analy-
sis reveals a pendulum movement for the whole heart shadow. A kymographic
study shows that the lateral moavement of the right cardiac border is simul-
taneous with that of the contour of the ascending aorta, precedes by a fraction

descending aorta, 4, it ventricle; 5, It. ventnicle; 6, conus of st ventncle, 7, bifurcation
of pulm, art , 8, ascending acrta Lt ant, obl. trew (C): 9, trachea, 10, ascending aorta,
11, bifurcation of pulm artery, 12, 1t, atnum and ventncle; 13, kt, ventricle, enlarged;
14, It atnum, 15, It main bronchus; 16, tortuous descending aorta Same view, special
techmque (D): Calcareous deposits are noted (bl atrows), they correspond to the posi-
tion of the aortic ning
Course* Rapid recovery took place under morphine, digitalis, aminophylin, and
restriction of fluid and salt One week later congestive failure recurred and was followed
by an embolic occlusion of the It, femoral artery The rhythm remamed regular all of the
tme Carduc asthma did not appear untl the last day of hfe
Postmortem The weight of the unopened heart together with the large vessels was 1060
ems The myocardium of the left ventricle measured 25 cm i thickness, and the cavity
was 45 cm 10 dameter Massive caltium deposits completely distorted the normal anatomy
of the mortic valves, causing a very marked degree of stenosis, with the aortic orifice
measuring at no place more than 02 cm n width The calcium deposits extended up the
dorsal wall of the ascending aorta mto the rizht atrium, and tended to parnally occlude
the ostiz of the coronary arteries The aorta mself appeared to be fawly free of athero-
sclerosis There was patchy consolidation 1n the It lower lobe, a It. sided purulent pleunsy
and congestion i all the organs Microscopic The heart revealed rather diffuse fibross,
many areas showed recent muscle fiber degeneration Hardened specsmen, Ant view (E)*
17, arch of aorta, 18, sup vena cava, 19, rt atrium, 20, 1t ventricle, 21, sulcus corre-
sponding to the inferventricular septum, 22, it ventricle, 23, It auricular appeadagei
24, pulm artery, 25, descending thoracic aorta, 26, hizamentum arterosum Rt ant obl
view (F) 27, arch of aorta, 28, ascending aorta, 29, sup vena cava; 30, descending aorta;
31,1t atnum, 32, 1t ventncle, 33, 1t ventricle, 34, conus of rt, ventricle, 35, pulm artery.
Lt ant obl view (G) 36, arch of aorta, 37, higamentum arteriosum; 38, ascending aoria;
39, pulm artery, 40, rt auncular appendage, 41, rt. ventacle; 42, It ventricle, 43, de-
scending thoracic aorta, tortuous, 4, It auncular appendage; 45, It branch of pulm
artery Same view, roentgenogram, Haordened specimen (H) The calcareous depun!: ‘,l,
and around the aoftic onfice are noted 1n the center of the picture. Using the terms “right'
and “left” with respect to the specimen, we note From the center atself arices the ascending
aorta, coursing up and to the nght, there follow the arch and the descending pomfm of
the aorta To the nght and downward from the center, the nght ventricular cavity 15
seen, from it ascends the pulmonary astery up and to the nght, to the left and downward
extends the left ventncular cavity; note its thick walls, mcluding the interventricular
septum The left atnal cavity evtends to the left and upward Same view, 'Hardmuf
specimen, opened (I) 16, arch of adrta, 47, It auncular appendage, 48, ascending dorta;
40, calcareous deposits around aortic anifice, 30, pulm artery and pottion of conus, partly
dissected off and pulled away, 51, It ventnicular cavity, outflow tract, 52,1t ventricular
cavity, inflow tract, §3, mitral onifice, 54, descending aorta, SS, It. atrium
Comment The clinical picture was charactenstic of aortic stenosis The ECG showed
evidence of left ventricular strmn There were noted radiologically It ventneular enlarge-
ment, calcareous aortic valve disease, and tortuosity of the descending thoracic awm?
Compensatton was remarkable for a rumber of years While the coranary flow must have,

been madequate, angina pectons was not noted at any tume, and carciac asthma came

only as a termmal event
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Fic 199 —Graphic regutration of movements of silhouette borders 1n a case of aortic
regurgitation Simultaneous registration by means of multiple interrupted sht kymography
The black honzontal bars indicate level of dafferent shits Graphs appear 1 corresponding
vertical bars Respective contours from rt to ft 1t cardiac, 1t vascular, pulmonary
arch, aortc knob, It upper ventncular, It lower ventricular An increased amphtude of
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Fies 200, 201, 20257 yrs, M Well w
to age 43 when he served as soldier In-
fectious state dunng which he contirued
military exercise, This was followed by pro-
gressive dyspnea, heart palpitation and pul-
sations of veins of neck. Cyanosis, markel
positive venous and Lver pulse. No cardac
murmur  Systolic retraction over seven!
nbs and intercostal spaces at It BP 115/80
E.CG : auncular fbnllation; rt. axis dev,
Dugnosis: postendocarditic  tricusp'd re-
gurgitition, Ant. view: large sithouette
Prominence of contour superior vena cava
{upper rt. wh. arrow). Spherical rt. cardiac

contour, large rt atrium Absence of congestive lung failure Fluoroscopy* Pulsations elong
st and greater part of It cardiac contours vigorous (Jream J, that of aortic knob and It
tower pole region small This indicates that greater part of Jt cardiac contour 18 formed by
1 ventncle Contour of supenot vena tava promment {wh arrow) Ri. out. obl view*
Ventrally, mass of heart hes upon area; marked of 1t
rventncle (wh arrow), pulsations increased here Dorsally, caudal balf of retrocard ac space
obhterated, entargement of rt atnum (bl. arrow), Lt ant 0bl view. aneurysmal dilatation
of supenor vena cava (wh atrow), aortic arch just visible (bl arrow) Pulsations large
ventrally (rt ventricle), small dorsally (It ventncle). Postmortem : marked hypertrophy and
dilatation of 1t ventricle Lt ventncle tiot vistble in situ -Rt, atrium size of fist. Trcuspid
orifice much dulated without endocarditic changes Superior vena cava at entrance into 1t
atrum 85 em 1n size No valvular lesion, no pulmonary artery sclerosis; ho mlcr:asmpfﬁ
* A ai . tFla & wava eagp nf rolabwa trenenid remprmitation of 14 years' dura-

. . 2 1¢ha-

e - . celoped

. w » .- 2 - PRI . of Tong.
duration, - .

of a second the lateral uvement of the aortic knob and follows by a fraction
of a second the metlial movement of the left lower cardiac contour, Thus, when
the left lower cardiac contour has already started its lateral movement, lt!he
right cardiac contour reaches its peak on the tracing. It seems possible tdal
the lateral movement of the right cardiac contour is caused by the sudden
distention of the bulb of the aorta . )
Exaggerated pulsations have not been noted in instances of so-called !u:xcc
tional aortic regurgitation as occasionally observed in the course of sev) T

i
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lated for such cases.

Simultaneous with the marked systolic diminution of the sithouette, a
marked depression of the anterior chest wall may be observed. Since an
2bnormally large quantity of blood flows, during systole, from the dilated

Fics, 203, 204 —18 yrs, M Tonsilltis and rheumatic fever at age 14 Congestive fallure
since age 17, Shght cyanosis and subicterus. Precordial bulge Systolic thnll and murmur
at apex, transmitted to axils Py accentuated, systolic murmur at lower sternal area
BP. 102/80 Liver enlarged with systohic regurgitation murmur and systohe pulse EC G

nsr, 1t axis dev Ant wew. large sibouette, mitral arch at
middle height and It (wh arrow) conus arterosus Prominence of rt atnal contour
atrt (lower bl arrow) Hilar vessels insignificantly enlarged (upper bl arrow), absence
of definite congestive lung failure Rt ant obl wirw mass of heart more ventral Caudal
portion of posterior mediastimum overlapped at level of rt atrum (lower bl arrow)
Vascular shadows project over middle beght of posterior mediastinum (upper bl arrow)
Postmortem, mitral stenosis, mitral regurgitation, shght Trcuspd regurgitation Recurrent
endocarditis of mitral, tncuspid and aortic valves Marked degree of rt ventncular and
atral and dilatation of It atnum Recent pencarditis with
begurning obhteranon of pericardial cavity

left ventricle into the arteries and since the bulk of it leaves the thoracic
cavity, a rapid fall in the intrathoracic pressure results; and since the in-
creased aspiration of air and influx of venous blood is not sufficient to com-
pensate for this fall in pressure, it is compensated for by a reduction in the
volume of the chest cavity resulting in a flattening of its curvature
In the presence of isolated stenosis of the aortic orifice one notes a relatively
slow systolic change, tardus in type, in the shape of the left lower cardiac
contour and the aortic shadow
Pulmonic. Stenosis 15 discussed in chapter XII, regurgitation in chapter X.
Tricuspid. Lesions affecting this onfice :xduslve]y are very rare, Their
combination with the common types of rheumatic valvular disease, however,
eccurs in about 209 of such cases and is discussed below, Both stenosis and
ion lead to an of the nght atrium; the right
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3-30-41

VENTRQI.»

Fics 205, 206, 207, 208, 209 —44 ¥5S,
F History Rheumatic fever at age 10
Progressive effort limitation with the
appearance of cardiac failure for the
PosT. B. past year Findings Congestive failare
was noted with marked engorgement of
the neck vemns and of the hver, both
showing  palpable ventricular-systolit
pulsations The heart was enlarg

+,

1
i There was a systolic and diastohc apicat
A murmur, and P; was accentuated BP

150/110, but on subsequent examina-
tions normal readings were obtained
ECG Sr, rate 115/mn, Py widensd
to 011 sec, P-R 014 sec., tmtal deflec-
tion shows nght axs deviation, avs
plus 105°, S-T interval mfuenced by
digrtalis medication
VENTRAL Course Venesection became necessicy,
mercurial compounds were given Intra-
venously, and digitalis orally Findings BP 130/9 The arculation time for arm
tongue (saccharin) was 30 sec, and for arm to lung (ether) 22 sec The laboratory
findings for the blood were essentially normal Soon afterwards auricular fbrilfation

developed and hecame permanent.

GAUDAL
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ventricle remains relatively small in the presence of stenosis and is very large
in the presence of regurgitation.

The right cardiac contour bulges almost spherically when a well marked tri-
cuspid lesion is present, and the shadow of the superior vena cava is definitely
widened and may even reveal a convex bulge. An abnormal widening of the
vascular shadow caudal of the medial left clavicular portion may be present
and is produced by the left innominate vein The caudal portion of the retro-
cardiac space, as visualized in the right anterior oblique view, is encroached
upon; this corresponds to the level of the right atrium. The left atrium is rarely
very large but more commonly found to be smaller than one would expect in
the presence of an associated mitral valvular lesion The diminished load on
the lesser circulation accounts for this finding. The same factor is responsible
for the relatively small degrec of congestion in the lung fields in these cases.
‘When an organic, compensated tricuspid regurgitation is present, one notes two
interesting facts in the anterior view. First, the basal (cranial) and middle por-
tions of the left cardiac contour reveal an increased amplitude of pulsations
which is also noted along the shadow of the superior vena cava but neither at
the aortic knob nor at the left lower pole region. This proves that the right ven-
tricle forms a considerable part of the left cardiac contour. Second, a slight,
pulsalory movement may be noted along the contour of the right leai of the

ing the systolic of the liver, such a hver pulse is,
however, not characteristic of tricuspid regurgitation alone since it is also
found wn!h several other cardlac Islons.

p shows an

widen-

Ant view. Moderate degrec of It -convex scoliosss 15 noted The silhouette 15 enlarged
Note 1, prommnence of pulmonic arch, 2, increased convexity of the rt atnal border The
lung fields reveal engorgement Rt ant obl view The It atnum i considerably enlarged

Course: The degree of congestive failure was temporanly mproved The expansile hver
pulsations continued The patent developed a nght-uided flacad hemplega, fever, swal-
lowing dufficulties Cheyne-Stokes respiration appeared Death occurred 4 days later

Postmortem. There was an embolus in the It mud-cerebral artery The weight of the
heart was 500 gms It was dilated, pa ticulazly m the rt atnal portion, and was hyper-
trophied The mutral ostium was stenosed, and the leaflets heavily calafied One tncuspid
leaflet was definitely fibrosed and rolled m The pulmonary artery was entarged Micro-
scopie: Mitral and trieuspid leaflets showed fibrosis and small round cell mfiltration; the
former was also calafied

Hardened specimen- Ant view (A) 3, arch of aorta, 4, sup vena cava, 5, rt. atnum,
6,1t ventncle; 7, It ventricle, 8, 1t auncular appendage, 9, pulm artery Post. view (B)-
10, arch of aorta; 12, It maim branch of pulm. art , 12, It atnum, 13, It. ventncle; 14,
1t ventncle, 15, rt atrium, 16, It main branch of pulm art, 17, sup vena cava The
great vessels and the walls of the four cavities were removed The remamng base of the
heart, with the valve onfices, was placed m an oblique and slanting position approximating
the mntravital posttion Cranial view (C) 18, stenosed and calified mutral onfice; 19, tn-
msf'd onfice, 20, pulmonic onfice, 21, aortic onfice Caudal view (D) - 22, stenosed mitral

atnum, a5 visualized m the roentgenogram, is evident m the anatome specunen The
and of the valve onfices 1 demonstrated by peoper

anatomical dissection -



296 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM
[ ———— e oyen
T 4-15-37 ” TR 4n18.1

s~ 2

i

471248

[ b st o wias zaw G JRAD e

Fics. 210, 211, 212, 213 —47, 50 and 52% yrs, M History: Negatwe for rheumatism
Patient was known to have hypertension and a shght degree of albuminuria at tumes, the
fluid 1ntake was excessive Sleep good, no headache, hardly any effort mitation on activity
Findings (age 47)* Wt. 827 kg. (182 1b) No ewidence for failure The apical thrust was
sightly dusplaced down and out, not heaving A short presystohc and dastolic apical
Murmur was heard, Py was not accentuated, no basal murmur. Rhythm regular, rate
66/min, B P. 185/95. Fundt Retinal arterolar sclerosis, grade I, hypertensve type, with

moderate attenuation of all, and spasticity of both inferor nasal, artenoles; very Lttle
. iy S e e s L, L L B GG N,
- . + eats depressed

- BN negative

. . . Blood cells,

good concentration.

Ant, view (A): Normal appearance of the lung fields The beart is slightly enlarged
the It, ventncular portion Re. ant obl wview (B): 1, shght prominence of conus of rt.
ventncle; 2, practically no enlargement of It atrmum dorsally, .

Cerrser A faidy gond brognoss was given There were advised fluid limitation, &
grad_el d.minution of phyzical activities . the years abead, and medication with xantlun
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ing of the upper right portion of the silhouette, which corresponds to the
area of the superior vena cava.

Combined Lesions, The predominance of the respective roentgenologic
characteristics depends upon several factors: the severity of the lesion, the
time relationship of the onset and development of these lesions, the con-
stitutional type of the patient and the posuibility of other, associated cardio-
vascular disease. The, presence of an aortic itation modifies the £
appearance of a mitral heart in the following manner. The aortic knob is

products at times. Two yrs later the patient noted he had lost bis “pep,” and, slthough
active and playing golf, he had to “take things easier,” but there was no definite effort
dyspaea, The family physician had noted a complete irregulanty of the heart, and had
prescnbed digitalis, The fluld intake was still excessive, 414 hters (5 qts.) in 24 hrs.
Findings (age 30): No evidence for falure The heart was enlarged, and auscultatory
findings were the same as previowsly. Rhythm irregular, vr 86, pr 80/mmn B.P 205/105
Fundi: Retinal arteriolar sclerosis grade II, post-spastic type, numerous small Jocalized and
several large areas of srtenolar marrowing, very httle {ncreased visibility of the refiex
stnipe, beginning arterio-venous compression, no edema, no retmitss, definite progression
of the vascular lesion with evidence of previous vaso-spastic episodes, which are now less
active than before. EC G : Auncular fibrillation, 1t axis dev, less marked than previously,
T deflections mfivenced by digitahs medicatton Blood: Urea n. 14 mgm %, cholesterol
380 mgm 5o, Urlne: Trace of albumin, no casts, a few red blood cells, good concentration
Fluoroscopy: Normal appearance of lung fields As compared to findiogs 3 yrs previous:
2} Minimsl increase in heart size, 02 cm on both the oblique and broad diameters, b)
shght increase in the size of the It atrium Recommendations were® Some curtailment of
physical activities, Lumitation of fluids and salt, 2 trial with 2 diet Jow 1n cholesterol,

italis, and a vacation in Flonda 2 mos later, while vacationng 1n Florida, he overate,
went to the races, stayed up late, etc. The systohic BP rose to 240, and a shght attack
of cardiac asthma occurred After a few days of bed rest and medication with difaudid,
he exerted humself agam, and an attack of pulmonary edema occurred from which be
recovered quickly. He was placed on & stnet regimen for one month, then re-exammed.
Findings (age 5034): Wt 70 kg (154 1b). No evidence for falure The beart had furtber
enlarged and, in addition to the apical diastolc murmur, there was now heard a hollow
dustohic murmur to the left of the stetnum, and i was moderately ateentuated VR 70,
PR 68/min Radiul pulse shghtly collapsing BP 185/80 ECG - Unchanged. Blood:
Urea n 19 mgm %, cholesterol 283 mgm % Unne Spec gr 1023, 12 hr Addis count
reveals vol 980 cm’, rbe 10 mill, Whe 12 null, casts 34 mll, protein 90 mgm %

Amt_view (C)- A shght increase of the vascular pattern i the lung fields is noted. The
beart is definitely enlarged in both It and xt ventnicular portions Rt ant obl. vsew (D):
1, defimte promnence of conus of rt. ventncle; 2, enlargement of It. atrum dorsally
Fluoroscopy. As compared to the findings of 3 mos ago a) Definite Wcrease in beart
size; the oblique diameter increased by 2.3 em, the broad diameter by 16 cm b) Further
increase in the size of the It atrum

Cowrse* In additon to medication and hmutation of fwd and saMt, the patient was
placed on stnct curtaiment of physical actnity On this program he has been downg
sabisfattonly for an observation peniod of 214 yrs, Examnation at that tme (age 5214
¥15.) showed the chnical and laboratory findings unchanged The size of the heart, as
:lmutx:d orthodiagraphucally, showed an increase of not more than 04 cm in the oblique

ameter,

Comment This patient suffersd from hypertensive and valvular disease, the latter prob-
ably of the atherosclerotsc vanety For a penod of 3 yrs he did quite well, although some
degree of effort hmitation made its appearance, Left ventncular fallure came on quite
suddenly. This was probably due to 1mproper habits plus the fact that an sortic regurgi-
tation had developed in addition to the mitral stenosis present A definite progresmon i
the heart size was observed. The unnary findings, in the absence of congestive failure.
mdicated that the patient had entered the “nephnitic” phase of nephroselerosis.
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better visualized and reveals some increase in the amplitude of pulsations
In those instances in which the presence of a rather steep course of the left
lower contour indicates the prevalence of mitral stenosis, the pulsations, in-
stead of being almost absent, are here easily seen. The presence of a mitral
valvular lesion modifies the roentgen appearance of an aortic heart in the
following manner. The waist of the heart is not so deep, the left atrium re-
veals enlargement in the oblique views and the vascular structures in the lung

fields are more prominent,
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CrarTer IX
DISEASES OF THE AORTA

_Changes in the volume, density and pulsations of the aorta represent the
chief roent logical ifestations of any of the diseases affecting it.

The diagnosis of widening of the aortic shadow should rot be made until
th.exce has b?en a careful analysis of the various views and an evaluation of
clinical findings, viz, age, body weight, blood pressure, and presence or ab-
sence of aortic valvular lesjon, > !

A formal description will be given first, to be followed by a discussion of
the different etiological factors. )

Rt_)c‘ntgcnologic Findings. WipeniNG anp Eroxcarion, Under normat
conditions, in the anterior view, a vertical tangential Line, which 15 drawn
through the right vascular contour, is found to be medial to a similar hne
drawn through the right cardiac contour. Occasionally this distance may be
zero and the zorta still be within normal limits but this occurs oaly
in older people and in the presence of high blood pressure, Whenever
the tangential line through the vascular contour is found to be lateral to the
ling corresponding to the right cardiac contour, fusiform dilatation is present.

However, this dilatation may be only dynamic in character. With an adequate
T " Tt M sm e omd b netet chadow can be demon-

rate, the aorta bulggs
addition its density is

greater than that of the atrium. The notch which separates the right vascular
and cardrac contours is displaced caudad when the aorta is enlarged and as3
result the right cardiac border is shorter than normal The left anterior obligue
view best demonstrates the presence of a moderate bulging where normally 2
mildly curved contour is noted. Under normal citcumstances the cephalic por-
tion of the vascular contour at the right is never convexly outlined If t}\\s
condition is found, the diagnosis of enlargement of the aorta at the first portiont
of the arch is definitely justified. Cephalic extension of the arch to the Jevet
of the jugular notch usually indicates dilatation but the vessel may be seen
at this level when kyphosis of the lower cervical and upper dorsal spine exist.
This is especially so in the aged Broadening of the distal portion of t.he arch
and of the very beginning of the d ding aorta is exp: d by an increase
in the figures for the chord and radius of the aortic hemicircle. An inctease it
the left horizontal dimension of the aortic shadow is noted when the descendu:ng
aorta is widened but, since this measurement is mcreased if the aorta lies in
the paravertebral position, it is necessary to take additional views to dif-
ferentiate elongation and diiatation. .
A widening of the aortic shadow is )) iated with an expa
of the vascular shadow above jt. The wider arch is responsible for this ap-
pearance though occasionally one or more of the bradﬂo-cep%\alic vessels
may be considerably enlarged. During fluoroscopy of stout individuals whose
ventral chest wall slopes considerably, one should not be misled by 2 shadow
310
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in the superior mid-portion of the chest which simulates intra-thoracic goiter.
This shadow in reality is produced by extrathoracic fatty tissue located above
the level of the clavicles in the neck or by an enlarged thyroid gland The
shadow will disappear during fluoroscopy if the patient leans forward and it is
therefore not visua'ized on the film since the ventral chest projection is taken in
this position

Elongation of the aorta 15 characterized in the anterior view by three find-
ings. The first 15 an abnormally long distance from the level of the right cardio-
vascular junction to the level at which the cephalic aspect of the zortic knob
deviates medially. The second finding is an abnormal prominence of the aortic
knob cephalically and to the left, erther projecting toward the caudal aspect of
the left clavicle or toward the cephalic aspect of the sternoclavicular junction.
The size of the knob itself 1s unchanged unless there is an assaciated ditatation
present S il the ement of the d ding aorta forms the left
border of the aortic shadow and the more mesially situated left border of the
arch is visualized inside. The third finding is an abnormal prominence of the
descending aorta into the left or, very rarely, into the tight lung field The lat-
eral contour of the aorta 1s curved and intersects the cardiac contour at differ-
ent levels for mdividual cases, most commonly at the auriculo-ventricular junc-
tion. Below the level of intersection the vessel is situated more mesially, dorsad
to the cardiac silhouette. The medial contour of the descending aorta becomes
visible within the lung field only with extreme degrees of elongation As com-
pared with the demsity cast by the ascending aorta, the shadow of the de-
scending aorta is definitely less In the main, the difference in the object-
film (ur screen) distance accounts for this. Simple elongation is differentiated
from 2 fusiform aneurysm by the use of additional views in the oblique posi-
tions.

The left antertor oblique view reveals two charactenstic findings The arch
displays 2 wider swing, the type of curve resembling a aucle, there is con-
siderable overlapping with the vertebral shadow, and the window of the aorta
1s large. The middle portion of the descending aorta swings far dorsad, its
caudal portion ventrad, thus a marked curve or even a kink at the inner con-
tour results Just below the level of the arch, an indentation of the lateral wall
of the descending aorta is sometimes seen This indentation might be mistaken
for narrowing of the aorta as is present in coarctation but the latter condition
can be ruled out by lack of rib erosion and clnical study

€2 rmmtammone D s ‘e .

R N

becomes visible

The best explanation for the abnormal course of the aorta is the conception
that the vessel has become too long between its two points of fixation, the
heart and the diaphragm .

In the presence of elongation and dilatation of the aorta, particularly of
the atheromatous type as encountered in older people, the course of the esoph-
agus is likely to show the following features: 1) the aortic bed at the level of
the arch is deep and the left circumference of the esophageal wall extends in a
diverticular fashion around a part of the caudal portion of the arch, this ap-
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pearance has been likened to a ball in a sochet; 2) it follows rather closely the
deviation of the vessel and is therefore often found to the left of the midlme;
3) it bends around the aorta at the midthoracic level, Subsequent examination
in the lateral view reveals a marked convexity ventrally and this has been er-
roneously interpreted as evidence of the presence of an aneurysm of the
descending aorta,

IncreasED Density, The findmg of an increased density of the aortic

S

T

Fics, 214, 215 -—51 yrs, M. History Penile lesion 10 yrs ago that was treated Comphm:
referable to gastne uleer Findings Mild emphysema was noted, there were no mu;ml\go
and Ai was shghtly accentuated The BP varied at different times between 115 anf 9
systohc and 60 te 100 dastolic Wassermann negative FCG - Sr, moderate degree

It ax dev.

Roentgenograms A (laken dunng tidal ). A moderate Sh:l kﬁ;
ascending 2orta 13 noted {(arrow) B (taken at the end of deep msplratmn) . The : pe
the silhouette has changed and, i partieular, the ascending aorta is 1.ml promunent e the

Comment; Presumably an instance of an asymptomatic syphibtic aortitis Note bt
disadvantage for the roentgenologic diagnosis of aortic disease with the roentgenogr
taken at the end of deep inspiration

shadow is based upen a subjective impresston whick necessarily will have to be

j d of densitometric determination, The evalua-
replaced by the ol‘JJEctlve n‘le‘tho_. of densitometric etermination. The et

i the pres-
15 to com-

;a;:e, by ﬂuon‘)scopy, both the density of '!he vascular (aort'lc) and vlenmé:;z:
area, Provided that cardiac enlarge.ment s absent, th.e aortic afea :is' ess WO
upder normal conditions. The aortic shadow is definitely increaset u}lo;; s
when, in the left anterioroblique view, the contours of the arch.are ea$ ydursa!
withix’-n the transparency of the tracheal lumen ?x.]d when e:;her 'te e
or both contours of the dcscer‘ldmg aorta are visible lhrorxg out th g
length. Intrinsic factors which influence the degree of density are the
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eter of the blood column and the condition of the wall (thickness and physico-
chemical character of the constituent parts), The effect of changes in the
wall on the degree of density may be easily proved. First, a normal-sized
aortic shadow may be very dense. Second, a widened aomc shadow for
instance, in the course of one year, may become denser without any further

progress in the size of the vessel. Not
until lime salt deposits are present to
a considerable degree and especially
when they are arranged in plaques
will they be detected roentgenologic-
ally and usually only when there is a
favorable summation of the shadows
in the direction of projection (tan-
gential effect), The region of the
aortic knob may thus serve as an ex-
ample It is exceptional to note an un-
mottled of
the aortic shadow, and extensive de-
grees of an encasing type of caleifica-
tion are likewise rarely observed.
Lime-salt deposits appear sharply de-
fined and are noted a few mm within
the vascular contour. The presence of
a sufficient amount and extension in
the wall of the ascending aorta per-
mits correct measurement of the lu-
men of this vessel and visualization
of the inner and outer contours. With
a fluoroscopic study of pulsation there
is revealed, at least for this type of
vessel, a considerable shift as a whole,
best observed during the systohc
phase
Etiological Consideration Syeu-
1u1s The diagnosis of the early stage
seems to belong entitely to the chni-
cian. The following, general state-
ment, with the understanding that
certan exceptions exist, seems justi-
fied: the more experienced the clim-

Fic 216--47 yrs, M Known to have
valvular leson for 14 yrs Pulsations to
tt of sternum, site of systohc and diastohc
thn!l and maximum systolic and diastolic
murmur BP 205/80 ECG - left aus
dev, T, 5,» negative Wassermann posittve
Ant wiew typical aortic configuration,
L177,B 126, T 17.3, Th 262 em Marked
widening  of sortic shadow, particularly
along rt_cranal contour Fluoroscopy shows
amphtude of pulsations increased along all
contours Course* sudden death. Postmor-
tem left ventricular wall thickness 3 cm ;
syphihtic aortitis affecting greater part of
theracic aerta with saccular dilatation of
ascending portion and marked ngidity of
wall, stenosis of coronary artery onfices
and syphihitic aortic regurgitation. Roent-
gen examination added nothing to climical
diagnosis Marked pulsations along aortic
contours are not necessanly explamed by
wall distension only but may be caused by
a shift of the vessel as a whole

cian, the less the roentgenogram is needed for diagnosis at that stage of the
disease. There is no close correlation between the clinical signs and symptoms
and the degree of dilatation of the vessel as revealed by the roentgen rays and
by the ical study. The ct istic finding of a 1 musical-
metallic second aortic sound, preceded by a short systolic murmur is often
associated with entirely normal roentgenological findings

‘The mere fact that a postmortem study may reveal the syphilitic aorta to be
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Fies 217, 218, 21955 yre, M
Syphlitic infection at age 25 Fu!
tompensation, retrosternal oppres
sion. Aortitis with 2ortic regyrata
tion, BP, 160/45.  Wassermsna
positive dnt, view: enlargement o
heart, bredominantly to It Aortec
shadow diffusely  widened and
plump in appearance Lime st de-
posits noted along contour of &
cending aorta (wh arrow) Rt et
obl. view: hime salt deposts outlne
fusiform dilatation of ascendmg
aorta (wh zrrows); ventral eon-
tour of It bronchus (bl arrow) It
15 0brrous that an attempted meas

C)
urement between ventral contours of ascending aorta and bronchus w"‘l‘m ﬂinzufmz
erroncous values as to size of aorta Note how far caudally root of ‘°’Ma vicw: cardiac
cardiac shadow Ventral contour desc aorta (short bl arrow). Lt ant. o Contours of wid-
silhouette extends far into shadow of spime (!t ventricular ,‘"""g‘"‘"“)d rsal contours of
ened ascending aorta clearly visualized (wh arrows) Ventral and onology Nelson's
trachea (bl short arfows) From Roesler, H, in Dignostic Rmﬂghf ‘Nelion & Sons,
Loosg-Leaf System, ed. by Ross Golden, 1936, p 239-241 Caurtesy TI

New York,

of normal diameter and normal thickness, indicates that it may “c}fﬂl::“fir:e
possible to establish during life a positive dxag}msl§ by roentgen ;za{f)ma e
it may be a difficult matter at necropsy to d{s.tnngunsgr be‘tween a} e ety &6
aorta and syphilitic aortitis because syphilitic aortitis is very Aiqliml'ted "
companied by atheromatous changes in the aorta, and this is no
i anced years. .
Pﬂxeg;fsluos’e];d‘éilaled }a,orta, occuring under the age of 45, in éhe‘i::}l:ir;;z{
aortic regurgitation and of hypertension present or past, and w
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tion and yet disease in this region may result in a malignant course by pro-
ducing stenosis of the coronary orifices. The visible part of the ascending
portion is said to reveal increased pulsations during the stage which precedes
cicatrization This sign needs further study, Aortic valvular regurgitation must
be carefully excluded and the
examination repeated in order
to overcome the patient’s emo-
tional reaction.

A markedly convet promi-
nence of the ascending aotta,
together with increased pulsa-
tions limited to this area, are
quite characteristic findings.
The vascular contour is defi-
nitely convexly curved The use
of the left anterior oblique view
is quite indispensable A fusi-
form dilatation in the right an-
terjor oblique view with cephal-
ically convergent borders can

be diagnosed only when the
density of the aortic shadow is
<imultaneously increased, and
this is affirmed when the bor-
ders are outlined by lime salt
deposits TIts size 15 thus deter-

Frc. 220 —About 50 315, M Retrosternal burning
sensation Upper sternal area flat on percussion,
A, high pitched Wassérmann positive. Syphiliie
aortitis Ant wmew cardmc silhouette not enlarged,
aortic configuration, shight. Diffuse wndening of
aortic shadow, descnibed as chimney type. Cavi-
tation m rt. lung Course- death from pulmonary
tuberculosis,

mined by a comparison with the

size of the arch (barium method) and will demonstrate a greater difference
than encountered normally (seé chapter IV). In other instances a moderate
degree of diffuse widening of the entire aortic shadow is noted which, in the
anterior view, produces the impression of a chimney situated on the base of the
heart

Syphilitic aortitis has been too often diagnosed in children since in them it
1S a rare anatomical finding.

Dilatation of the aorta progresses slonly. Search for the appearance of
aortic valvular regurgitation or for a marked increase in the blood pressure
is indicated whenever progression is observed to take place within a relatively
short time. Marked elongation (tortuosity) is not a characteristic finding of
syphilitic aortitis and must be ascribed to associated changes in connection
with greater age, atherosclerosis and hypertension Widening of the vascular
lumen has already been stated o cause a moderate increase in density. A
marked increase in density must be ascuibed euther to a pathological thicken-
ing of the wall, occasionally combined with media calcification, or to calcifying
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Lao: .. . PPN -

Fics 221, 222, 223, 224, 225, 226, 227 —6% yis, M Hustory. Progressive exertional and
noctumnal dyspnea during the past S yrs Shght ankle edema at times Findmgs Wt 51k
(112 Ib) Tabes dorsalis was present ClI Stok shight of the
liver, emphysema, and a few basal rales were noted The heart was enlarged and byper-
trophued, the apical thrust was in the 5th 1sp wn ant awllary Hue, the upper sternal area
was dull 1o percussion, the apical sounds dull, 2 short systohc murmur was noted at bsse
and aper, and Ay had a igh pitech BP, 130/65 Fundi: Atherosclerosis of choroidat
vessels, semle fibrosis of Tetwat arteroles Blood and spinal Wassermann positive Blood
count and chemustry normal ECG  Left bundle branch block with at times 2) s0U5
rhythm with prematute beats of auncular, nodal, and ventricular ong, b) auriculas

fibnillation
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Ant wew (A) Heart enlarged,
aorta iffusely diated Rt ant obl
wew (B) 1, arch of aorta, dilated,
2, sup vema ana, 3, tt atowm,
4, 1t ventricle, 5, It ventricle, 6,6,
outflow tract of rt ventncle and
pulm artery, promment, 7, ascend-
ing aorta, dilated, 8, trachea Lt ant
obl view (C) 9, ascendmg aorta,
dilated, 10, bifurcation of puim
artery, 11, rt auncular appendage,
12, rt ventnle, 13, It ventrcle, en-
larged, 14, It atrium, 15, arch of
aorta, dilated, 16, 1t main bronchus

Course  Faiure progressed 12
days before death a basal diastohc
murmur was perceived for the first
time, short and harsh in character,
1t was also heard over the subclavian
artery on the nght BP. 124/60.
Pulmonary 1nfarction  developed
Death 4 mos following the radio~
togsc study.

Postmortem: The weght of the
heart together with the aorta was
750 gms Both ventndles were en-
larged The pencardium was adherent

at the base of the aorta The aorta was dilated throughout, its diameter at the arch
measured 6 cm., a typical syphilitic aortits with associated mild atherosclerosis was noted,
the aortic cusps were shghtly thickened, and the ostia of the coronary artenes were not
narrowed, (the artenes themselves were not dissected) The organs were congested, and an
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a_theroma which is likely to be present in the older age group, or to a combina-
tion of both factors. The contours of the aortic shadow are sharply defined pro-
vided the exposure time is sufficiently short. An irregularity 1n outline of the
aortic shadow is often due to pleuro-mediastinal disease, Changes caused by
periaortitis seem to be too significant to be considered,

The aortic arch impression on the esophagui is hardly changed if the disease

% Fic 22843 yrs, M Syphibtic wfection

. at age 24, Apical thrust heaving A, greally
accentuated  BP. 240/140 Spinal flud

Wassermann positive  Ant, view: vettical,
position of silhouette with aortic configuna-
tion L 133,B103,T118, Th217em Lt
lower contour markedly rounded. Aortic
shadow small. Obl wviews {llustrations
omitted) : normal appearance of aortic shad-
ow. Death caused by apoplexy, Postmor-
tem: syphiltic sortitis Lmuted to supra-
valvular part of aorta with stenosis of
both coronary artery onfices Marked hyper-
trophy of left ventricle Atherosclerosis of
abdominal aorta Note normal aortic shadow
despite hypertension and syphilitic gottitis
Unless calafication is present, supravalvular
portion of aorta is fnaccessible fn roentgen
examination,

pracess affects the ascending aorta or the first portion of the arch With the
distal-dorsal portion of the arch involved the distance from the barium curve
to the aortic knob surpasses normal figures,

ATHEROSCLER0SIS That part of the aorta which is commonly submitted to
a roentgenological study, ascending, arch and upper descending portions, often

infarct at the base of the nght lung was found Hardened specimen, ant wiew (D) 17,
wvessels to neck, 18, sup vena cava, 19, ascending aorta, dilated, 20, it atrum, 22, 1t ven-
tricle; 22,1t venteicle, 23, It aurtcular appendage, 24, pulm artery, 25, descending thoracie
aorta, dilated; 26, arch of aorta, dilated Rt ant obl wiew (E) 21, arch of aorta, dilated,
28, sup vena cava, 29, rt atnum, 30, It ventricle, 31, It ventncle, 32, outflow tract of
1t ventncle and pulm artery, promment, 33, ascending aorta, chlated Same specimen
with window section (F). 34, arch of aorta, dilated, 35, sup vena cava, 36, 2ortic onifice,
cusps nearly normal, 37, coronary sinus, 38, 1t atmal cavity, 39, rt ventncular cavity wall
thickened, 40, It ventricle, 41, pulm artery, 42, ascending aorta, dilated, wall thickened,
intima puckered Lt ant obl wew (G)° 33, ascending aorta, dilated, 44, bifurcation of
pulm artery, 43, rt auncular appendage, 46, 1t veatricle, 47, It ventricle, enlarged, 43,

f aorta, dilated
" caéi‘n"m’"m“c“:fi,i enlargement, and falure were prabably on the basis of athero-
scleross rather than on the basis of the syphilitic aortitis, because the ostia of the coronary
artenes were patent, and aortic regurgitation was not present untl very late and thc:
relative in nature The diagnosis of syphiltic aortiuis could be exsily established by bot!

chneal and radrologic exammation
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reveals anatomically but hittle change as compared with the Jower thoracic and
abdominal portion.

Atherosclerosis, as a rule, leads neither to elongation nor to dilatation The
Tatter exists more frequently i the older age groups. The older the individual
the more broadening may be expected However, it must be remembered that
the physiologically-large aorta in aged individuals is easily compatible with
absence of atherosclerotic process The induration of the wall alone, without

RA O

Fic 229—57 yrs, F Progressive cardiovascular failure since age 54 Mitral stenosis and
aortic regurgitation BP 190/60 ECG auncular fibnllation Wassermann positive
Ant wew. marked enlargement of sithouette, combination of mitral and aortic configura-
tion L 172, B 126, T 17.2, Th 25 cm Contour of descending aorta prominent, density
of aortic shadow defimitely increased Fluoroscopy showed increased pulsation of It. lower
contour Rt ant obl wiew+ marked enlargement of It atnium Postmortem. rheumatic
mutral stenosis and aortic regurgitation, syphilitic aortitis of entire thoracic aorta; marked
hypertrophy and dilatation of both ventncles and enlargement of It atrium The presence
of vascular syphilis had not been suspected, ether cimically or roentgenologically

deposition of lime salts, does not influence the density of the aortic shadow,
but an increase in the lumen of the vessel or mn the thickness of the wall, or of
both, and the presence of diffuse calcification do cause the aortic shadow to ap+
pear dense Lame salt deposits are usually localized and can be well demon-
strated, especially on tangential views They have been noted 1n younger in-
dividuals and indicate a prematunty of this process Combination with syphi<
litic aortstis occurs It is well to point out that the association with, or absence
of, syphilitic aortutis often can be decided only by a microscopic study.

‘The ngid aortic vessel is displaced during the act of swallowing and this
may amount to more than 1 cm. at the level of the aortic arch. This test is
performed with the patient’s head elevated so that trachea and esophagus are
stretched.

Rutumatisst Aortitis and penaortitis have been described anatomically
and a fewroentgen ray findings are available, but conclusions must be deferred
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EL:;‘ T BRI T e e
E:g.a,: rigm I oAl . 1

Fics 230, 231, 232, 233 —48 and 50 yrs, M History Rheumatic fever at age 17. Onset
of occasional famnting attacks a few yrs later Anginal syndrome and effort dyspnea for
the past few mos Findings There was no evidence for cardiac hypertrophy and no thall
There was a rough systolic murmur at apex and base, the latter transmatted to the neck
vessels, with a squeaky character over the lower sternum There was a faut distolic
smidsternal murmur with As tnaudible The rhythm was regular BP 92/70 Fluoroscopy
tevealed moderate promunence of the ascending aorta, heart at upper hmit of normal size
with rounding off of the It ventricular contour and calafication of the aortic ring

Course: Observatton over a period of 2 yrs showed httle change except that a thnll
appeated over the aortic area and that the It ventncle increased n size. At no ime »as
there congestive fature ECG . Sr, rate 72/mmn, P deflections notched, QRS slurred
with It, ax dev, T positwe n I, II, CF,

Ant, view (A) An gortic configuration 1s noted, the It. ventnicular contour is rounded
off and the ascending himb of the aorta 1s moderately prominent Rt. ant obl, view (B-
coned down, overpenetration): Calafication of the aortic ring area is noted Fluoroscopy
showed dancing movements of these calafic deposits

Course: The patient died suddenly § mos Iater
Postmortem, The heart weighed 520 gms The It ventricular wall measured up to 34
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until cases are found in which these findings are corroborated The possibility
of a dynamic dilatation in connection with aortic valvular regurgitation and in-
creased blood pressure should be bome in mind.

Cystic Mepiat. Necrosts, Mi shows a wid d de-
generation of both muscular and elastic tissues and the formation "of small
cystic areas. The etiology of the process is unknown, There may result a diffuse
e e e v [N PR

Aneurysm. Troracic, This is known to occur in about one-fifth of all cases
affected by syphilitic aortitis and is observed in two forms, diffuse (cylindrical
and fusiform) and as a saccular out-pouching. Fusiform aneurysms rarely
reach the great size of the saccular variety. With the most common etiological
factor, syphilis, the other adjacent parts of the aorta are usually also found
to be diseased, resulting in some widening The frequency of localization is
greatest for the ascending portion, next follows the arch and finally the de-
scending part Combinations also occur; aneurysms affecting simultaneously
the ascending and arch portion are rather common. The heart is either not
mfluenced at all, is displaced, or changed in size and shape when any one of
the following complications or comhnation of them is present, viz.: aortic
valvular regurgitation, coronary artery disease, hypertension There should be
added the rare instances when an aneurysm compresses the pulmonary artery
or ruptures either into it, the superior vena cava, or the nght heart The diag-
nosis is of importance, first of all from the vietpomnt of prognosis. As to
therapy, it may be stated that the antisyphilitic treatment does not bring about
a change in the size of the aneurysm as has been often erroneously stated,
but it may prevent further progression of the disease process. A fall in the

em an thickness, and thin grayish strands ran through the myocardium, the thickness of
the 1t ventncular wall was up to 15 cm The aortic nng was nizid and extremely hard
The aortic tusps were ngzd, adherent, produced a marked degree of stenosis and some
degree of regurgitation Thewr aortic surface coptamed many hard nodules that extended
from the free margin to the siuses of Vakalva The coronary onfices as well as the
toronary arteries were widely patent with a few plaques 1n the latter The root of the
aorta measured 9 ¢m n width and there was a muumal number of yellowish plaques
The mitral leaflets and thewr chordae tendinae were shightly thickened Microscopic Heart
muscle, patthy myosclerosis, ascending portion of aorta, presence of a marked amount of
elastic tissue, occupying practically the entire medial coat Hardened specimen, base of
heart (C) The tncuspd ning has been removed The mutral, tricuspid and pulmonic
onfices are wdicated by the appropnate mitials The narrowed aortic onfice and the
calafic deposits that caver a part of the cusps are visualized The coronary arteries have
been dissected out and are opened, It {wh arrow) and rt {b) arrow) Roemigenogram of
tame speaimen (D) Note the extensive calafication of aortic nng and cusps and a few
calafic plaques 1n the coronary artenes

Comment - The aortic val\'u]ar lumn. mamly t(enou: o d:mcm, was chiefly mmn-
whle far abart Tmtat an fn ne mn oo

the aortic orihce
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bleod pressure, hownever, may lead to some diminution in the size of the
aneurysm, Also intra-aneurysmal thrombosis may cause a reduction in appar-
ent size of the aneurysm. !
Aneurysms of the thoracic aorta may be the cause of symptoms which are
mstakenly referred to, for instance, bronchi, lungs or esophagus,
1t should be borne in mind that not all aneurysms are demonstrable by
gen ray methods. Small out-pouchings from the sinuses of Valsalva, which
are directed towards exther atrium or the right ventricle, and smalt pouches
located in the concave or convex aspect of the arch, are examples. Generally
speaking, the diagnosis is more difficult when the aneurysm s pedunculated,

Fics 234, 235 —80 yrs, M 4, moderately accentuated B P, pormal. Aat view: Aottic
)

, marked and y of aorta. Sue adequate for ths ag;
{Upper Bl arrow) medial contour of arch of aorta; (fower bl arsow) contnu;zo( S/ ;
monary artery, (wb arrow) lateral conteur of descending sorta Xt onf 0l r’l”sxtyv
ascending and descending aorta may be vasualized separately becaase of sncreased to uvdmg
Caurse of ascending sorta deviates ventrad Ventral contour of distal portion of a-scfﬂhnk
aorta (wh, arrow), dorsal contour of thoracre descending aorta (upper bl xrrbo;vv:;mw)
along ventral contour of caudal portion of descending thoramic aorta {fower

or of very small or very large size, while relatively little difficulty is ex
fenced with the medium sized aneurysms, X
pefl“;?i pic study of pulsations has its ic humitations. Evpﬂr:ﬂ:
pulsations may or may nat be visible. Some of .the faf:tars which re.ndﬂ” l‘:;'
movements imperceptible are thickening and inelasticity of the vessel a‘rmv;
presence of a thrombus in the sac, an unusually large ane\}rysm,' aa‘rjdiumv
communication between the vessel and the aneurysm, anda faﬂing {nyoc's -
If accessible to palpati Y the chm‘;cal percep! of these i
i ive than the fluoroscopic aspect N
moli:é?%rfes;eﬁm(ion of the margins of the sac may be due to dzmn;ut:n! ﬁ:
aeration of the surrounding Iung because of extravasation qf blaaﬂ .;ﬂmfm
aneurysm or because of atelectasis, A large pleural effx.xsxf)n Wi g]e mm,
also with visualization of the sae. ’I’he. shadow of the. sac is x'nsepaz'z:. b
that of the remainder of the aortic sithouette and, in certain positions,
continuity of the vessel and aneurysmal v."an can be seen.” <omdle and
A careful analysis will d that, in the of large spi
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saccu]ar aneurysms, the widening of the aortic shadow is not limited to the
sac, but extends over adjacent portions of the vessel or affects it in its whole
course. In short, the underlying disease often affects the vessel over a greater
distance than is apparent at first sight. Portions of the vessel are displaced
beyond their normal positions because of the lengthening of the entire vassgl
(interpolation of the aneurysmal mass). Exceptions to this rule are found in

Fies 236, 237, 238, 239 —50 yrs, F Angina pectons on effort A, moderately accentuated,

BP. 15/80 Chest dnz view bme salt deposs n aortic aeck (bl arrow) Kt ant obl.
view  extensive deposits 1 descending thoracic aorta, shight kinking along its course (bl
arrow), definte prevertebral ste Lt ant. obl view. extensive deposits in arch and descend.
mg thorate aorta, shght lunking along its course (bl arrow) —Abdomen, Jumbar spine

Tegion Lot view lme salt deposits noted (bl arrows), outhning course of abdomal
aorta

aneurysms with the following etiologies: traumatic (external trauma or erosion
by an adjacent tumor); mycotic-embolic, congenital (smus of Valsalva),

The chief aus direction of aneurysms of the thoracic aorta 1s governed by
two forces one is the d.uectlon of the systolxc impact of the blood stream,
many aneurysms loping an el of the ding aortic seg-
ment; the other is gravity Excephons to this rule are represented by globu-
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lar shaped aneurysms and those of enormous size, From the above state-
ment it follows that the general direction of ane\x}ysma\ sacs depends on
their location, If the provimal ascending portion of the aorta is involved, the
sac is directed craniad, ventrad and to the right; if located at the distal ascend-
ing portion, it points craniad; if at the transverse limb, it lies in the horizontal
plane; and if at the descending limb, it points caudad, These general principles
are modified by the resistance of the bony chest wall structures and by the
mass of the t]\ean. The direction of the systolic impact of the blood stream is
responsible for the preferential site along the outer contours of the curved
portions of the aortic vessel,

Lime salt deposits are not uncommonly present; they are noted in the

Fics 240, 241 —58 yrs, M Duzziness and headache since age 54. As accentuated BP(.
190/110 Wassermann negative Ant view  sihouette moderately enlarged to It Conlnu; of
ascending aorta and aartic knob prominent Marked elongation and tortuosity of descen mf
aorta which deviates far into it lung field Lateral contour (wh armw? and meduat gﬂ
tour ate wisualized Lt ant obl. wier: prominence of caudal portion of descen r.:
thoracts aorta dorsally (wh arrow) Banum-filled esophagus follows, in part, the cou
of the aorta,

form of oval or semici sharply delineated, small and dense shf]l'-hkel
shadows lying a few millimeters inside the shadow contours Ind.lvl.du:'
variations in this distance depend upon the main site of calcification (mt'lm]
media) and upon the thickness of the adventitia, whic'h may be xell,a!lV:O};
great because of associated periaortitis. These deposits are usual yu’ons
sufficiently extensive to permit their visualization within more central porf o,
of the shadow of the aneurysm The demonstration along the co.nlours )n :
summation effect produced inhlhe 1:alngemial view, However, their prese

marked density to the whole aneurysm 3
co‘,;‘;f)e,io;:ion of the spiney shlo‘uld be Ig°kid for in tpe uphquc_am’ir lgxete;::lr ‘\:;:;51

east] ible for the pic
zggiezfl:; l}?ollo\ve}:i-out along the ventr:fl and sometimes alon'g thg I:.a;i::‘f
aspects while the cramal and caudal cortical layers, !Dg?ﬂler.wlﬁh the olr e
vertebral discs, remain inviolflte Unless zhg aneurysm is quite ;'rg:emuur.
impact against the vertelbl:ae Is I;v;eat, th:rsgnx:; exhibits a policyclic
ikewise become eroded. o

R1b§ an?hzti‘:(‘)‘:’:"f T:ey ascending aorta is not available for direct visqahzaua;,
a ss::l? aneurysm in this region cannot be diagnosed roentgenologically. In
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Fics. 242, 243 —40 yrs, M Compensation case following accident No complaints referable
to cardiovascular system Abnormal pulsations 3rd rt intercostal space Aa high pitched
BP, 135/95 Wascermann positve Ant view silhouette shghtly enlarged to it Aorte
knob moderately prominent There 15 a round mass noted at tersection of rt ardiac
and vascular contour (wh arrows) Fluoroscopy delineates expansile pulsations of this
mass R ant obl, view: the mass projects mto aortic shadow (wh arrows). Small
aneurysm of the beginning portion of the ascending aorta

exceptional cases, however, either a sufficient amount of calcification or some
ventral out-pocketing will permit the direct demonstration of a denser area

Fics 244, 245—58 yrs, M Angna pectonis Area of pulsation in second It intercostal
space Aortic regurgitation with diastolic murmur best heard to It of sternum BP
160/55 Wassermann posttive Ant wview calafied area noted caudad to aortic knob (wh
atrow) It reveals expanstve pulsations by fluoroscopy Normal findings along pulmonary
artery branches Rt ont obl veew an aneurysmal, calafied pouch visuahzed ventrally
(wh arrow) Calaficatson noted n course of acrta, ascending porhion (ant and post
bl arrow), arch (upper bl arrow) Syphilitic aortiis with aneurysm of ascending aorta,
developing ventrad and to It This fact explains why diastolic murmur was so well heard
to 1t of midline The presence of pulsations to It of mdhne together with an abnormal
pouch at same level may be found 1n pulmonary artery disease also. However, pulmonary
artery regurgitation shows charactenstic expansile pulsations of the hilus vessels which
were not observed in this mstance From Roesler, H, in Duagnostic Roentgenology, Nelson's
;oosbybai‘l System, ed by Ross Golden, 1936, p 243 Courtesy Th Nelson & Sons,
ew Yorl
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Fics 246, 247, 248—49 yrs, M Hustory:
The patient was treated for syphls on
three occasions Indigestion, anorena and
weight loss had developed dunng the past 9
nos , and radiologic stud:es revealed tumor
of stomach Wassermann postive The
operation revealed an infiltrating and -
operable tumor Findings Wt 591 kg
(130 1b ). There was dullness to percussion
over the upper sternal area, Rhythm regu-
lar, BP. 115/70 Moderate degree of
anemia

15 an additional rounded enlargement of the
vascular tree in the region of the innomi-
nate artery, Lt, ant obl wview (B): A
pouch-like prominence is noted, correspand-
mng to the ascending portion of the aorta
(wh arrow)
Course. Death six days later due to
bronchopneumoma .
Postmortem. Reticulum cell sarcoma, invading the stomach, Qblteration of the peri-
cardial cavity over the base of the aorta (luetic pencarditis), The heart was small, 12 X
10 x 6 em, compressed from above downward, together with the aneurysm attached, it
weighed 285 gms The coronary artery ostia were open, the arteries themselves showed
nonobsteuchive atherosclerosis, The aortic valves showed some adhesions at thewr point
of attachment to the aorta and thickenmg of the leaflets at thewr attachment m the depth
of the smuses of Valsalya A fusiform aneurysm started 15 ¢m above the lne of attach-
of the aortic valve cusps, involving the remainder of the ascending hmb and almost

wreore Tomh nf the arch af the anrta meacimne & v 10 em. The wall was
+ surface ad-

. 7 at the bust
om the arch

ment
N s e
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within the cardiovascular shadow. Aneurysms may arise from the sinuses of
Valsalva They are usually of syphilitic origin, but occasionally may be of
mycotic or congenital origin The left lateral sinus corresponds to the left (left
posterior) aortic cusp and the orifice of the left coronary artery. When a bulge
develops in its anterior half, it will be directed towards the pulmonic orifice
and artery. The anterior sinus corresponds to the right (anterior) aortic cusp
and the orifice of the right coronary artery. A bulge of its anterior half will
develop against the interventricular septum and the conus of the right ventri-
P AT .. B i

. RO P

tures and will thus interfere with function. These aneurysms usually measure
several cms, in diameter Obhque and lateral views may establish the diagnosis,
but observation limited to the antertor view may lead to failure in proper
diagnosis Such pouch-like prominences should be searched for along the
cardio-aortic-pulmonic angle at about the level of the hiluses, With greater size,
a prominence is noted in the anterior view at the level of the pulmonary conus
and artery. In an exceptional case, a large sac develops which extends to the
aortic knob, down to the diaphragm, overshadowing the whole left cardiac con-
tour and displacing the heart to the right. This left sided location of an aortic
aneurysm gives rise to climcal symptoms and signs to the left of the midline
which simulate pulmonary artery disease and in case of associated aortic
valvular regurgitation an erroneous diagnosis of pulmonary valvular regurgita-
tion or rheumatic aortic valvular regurgitation may be made Pressure on and
rupture into the pulmonary artery lead to right ventricular enlargement The
typical large aneurysms of the ascending aorta extend into the right lung field,
and partly or entirely overshadow the right cardiac contour, displace the heart
caudad and to the leit, and displace the aortic arch craniad and to the left.
Right basal atelectasis and paresis of the right leaf of the diaphragm may be
ohserved Rarely does the aneurysm develop far enough dorsad to cause 2 dis-

visible when the distal portion of the ascending aorta 1s exclusively affected
The aortic knob is markedly denuded and displaced to the left The main right
bronchus is often noted to be elevated

An aneurysmal dilatation of the innominate artery causes an asymmetrical
widening of the superior mediastinal shadow to the right, the long axis of the
aneurysm bemng parallel to the body axis. The lateral contour is oval or
semicircular and its cephalic end fades out into the soft tissue shadows of
the medial supraclavicular area, The relatively famnt shadow of the superior
vena cava, with its straight lateral contour, becomes clearly visible, this

of the aorta and from the proumal 15 cm of this artery This aneurysm measuted 6 cm.
i dameter, the wall was thick and stiff, the lumen was almost completely filled by a
laminated, orgamized thrombus The remamder of the aorta showed plaques which were
characterstic of syphiitic aortits Hardemed specimen (C) Showing small heart, fusi-
form aneurysm of aorta and globular aneurysm of mnommnate artery

Comment An mstance of syphulitic aortitis with aneurysms of the aortz and innom:-
nate artery These findings wete of no particular significance chncally

of the k The cardi far junction at the right is clearly .
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vessel being displaced to the right. The shadow of the aneurysm

with the shadow of the arch. Since the innominate artery l?;ss inﬁ;i:;:)?fag{
grachea, the latter structure is commonly displaced dorsad and its ventral wal
is compressed, Rarely is the trachea pushed to the left. The esophagus under-
goesa d.lsplacemen! likewise. Differentiation from unilateral substernal thyroid
is not difficult as the goiter displaces the arch of the 2orta caudad and to the
left, is wider in its cephalic portion, moves with the trachea and does not

pulsate.

Aneurysms of the aortic arch cause the most pronounced subjective symp-

Fic 249—63 yrs, M Syphiitic infection at age
23 Dullness over upper sternal area and 1t sterno-
clavicular region Thnll m rt supra- and infra-
clavicular fossae Aorfic regurgitaion. BP st
95740, 1t 125/45 ECG nsr, It aus dev Ant,
view, aortic configurstion with enlargement of
cardiac silbouette Vascular shadow widened, its 1t
contour formed by supenor vena cava (mddle rt
wh, arrow), medial contour of ascending aorta
visible (lower 1t wh artow) Extending from arch
of aorta craniad and to 1t, an oval mass 1s noted,
equal in density to aorta, pulating in fluoroscopy
(upper it wh arrow) It obviously disp'aces su-
penor vena cava to rt Trachea “not displaced

Shadow of descending thoracic aorla promunent
(It wh arrow) Obl views Gllustration omitted)

abnormal mass is mseparable from aortic shadow.
This indicates either an aneurysm of thennomi-
nate artery or of the aottic arch at orgin of the
Innonunate artery.

the spine. The wind\

and esophagus are displaced ventrad and

toms by interfering with the
trachea, esophagus and laryn-
geal recurrent nerve. The ven-
tral projection may show onlya
club.like widening of the cephal-
ic mediastinal shadow or an
abnormal density which corre-
sponds in size to a small egg but
the oblique and lateral views
will probably demonstrate en-
croachment on the trachea and
the esophagus. With a larger
sized aneurysm, both traches
and esophagus are commonly
displaced in an arc-like fashion,
dorsad and to the right and are
narroned to different degrees.
Occasionally the aneurysm does
develop between the trachea and
esophagus, separating these
structures and displacing the
former ventrad and the latter
dorsad. Lateral views clearly Te-
veal the encroachment on the
cranial transparent retrosternal
space. When the process affects
the distal portion of the af

and the beginning of the de-
scending aorta, the abnormal
prominence replaces the a0
knob in the antersor view, &
in the left anterior obligue VieW
it projects into the shadow of

rtic

ow of the aorta is narrowed in its dorsal aspect and the

their lumen is encroached

trachea f
£ thn amonsrem ¢ Tarpe enouch the lumen- of the left main bronchus

most information is obtained by
the right posterior obli
nsverse portions are common

ique view.
and
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Aneurysms of the descendmg thoracic corta vary in appearance considerably,
50 that these variations must be analyzed separately. A fusiform enlargement
may not be discerned in the ordinary anterior view but if the film is over-
exposed a nuclear dense shadow may be seen within the cardiac shadow. The
night border of the aneurysm may overlap the right cardiac border so that
the dense cardiac shadow is accomp: d by a more t
shadow. Oblique and lateral views permit direct visualization of lhe bulgmg

10-19-21

1-26-28

FI6 250--48 y1s, M Dyspnea since age 36 Hoarseness, cough and dificulty m swallowing
since age 45 Marked dullness over upper sternal area Pulsations tn jugum and i 3rd to
Sth It. intercostal spaces Aortic regurmitation B P 135/60, Wassersiann positive, Roentgen
ray findings entirely unchanged for observation period of 4 years Spenific treatment not
undergone Ant view* cardiac sihouette moderately enlarged to It and caudad Three
aneurysms (3) arch {rt wh arrow), (b) cramal portion descending thoraae aorta (It
upper wh arrow), (c) ascending aorta with development ventrad and to It (It lower wh
arepw) The difference in clanty of the lime salt deposits in (b) and {e) 15 explained by the
different object-film distances Course death as result of rupture mto esophagus Post-
mortem  syphihitic aortitis with three aneurysms, eroston of sternum

Fic 251 —48 yrs, M Syphilitic infection at age 21 Shght degree of dyspnea on effort and
ozcazionat substernal pain since age 33 Relatively well Two studies, 5 years apart At
second examination o falture Dullness i It wterscapular space and over upper sternal
area As metallic in character B P 180/90 Wassermann positive Ant view. 2ortic shadows
show leuse enhrgement and aneurysmal formntmn rgspedwely Aomc conﬁgummn
Mg o - Y g

he

of

an

St

ventral edge at the level of the middle third of the Vessel or yust above the

diaphragm Transnutted pu]sauons to and displacement of the barium-filled

esophagus is also an aid in the diagnosis, particularly because the outline of

these aneurysms is seldnm wholly v1slble. A fuslform or. saccular en]argement
S [t e

FRCH T N

disappears In other instances no shadow of the descending aorta is noted at



330 CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

the left side but, as the oblique views reveal, it crosses the midlne to the right
and passes directly into an aneurysmal sac which is located in the dorsl
portion of the right chest cavity. The esophagus is displaced ventrad and
markedly to the left and, if the aneurysm is of sufficient size, the right cardiac
border becomes invisible, Saccular aneurysms usually extend into the leit
lung field and are therefore easily visualized in the anterior view. When the
sac is directed ventrad and located at the mid-portion of the descending lmb,
bronchial stenosis must be looked for.

Fmally, rupture of the aorta may lead to the formation of a sub-pleural,
para-aortic bematoma These sacs are not very sharply defined and are of
less density than is to be expected in true aneurysms.

Anpoxrnar, There is little justification for separating aneurysms of the ab-
dominal aorta from those affecting the lower portions of the descending thor-

[EOPN aR0

Fics 252, 253 —62 yrs, M Burning pam in back Short systolic and occasxona}l dlx;;llogho“
gortic murmur; As of metallic character. Flatness 1n It interscapular spac:ﬁ B e
Syphilitic aortitis, aneurysm, hypertensive disease Ant, wrw:‘aoml:dton gutx: xbulgmg
lt-sided enlargement of silhouette, Diffuse wideming of aortic sbva ow ;m T
prominence in course of descending thoracic aorta (wh, arrow). \\ldz}x uh ad (xﬂ gy
$ om, (short bl arrows) Rt post ob! wiew aneurysmal pouch well visual zfe‘ Loy
arrow), Lime salt deposits 1n ascending zorta (It wh atrow). Both contours of 20 ot
poted (short bl arrows). Smaller aneurysms in the upper and outer or posterior pol

the descending thoracic aorta are best studied 1n the 1t. post. obl wiew. B

acic aorta. The diaphragm does not act as anatomic or functxon.al .bag:;;-
As compared with aneurysms of the thoracic aorta, azherosclerosns[}s ot
often the etiological factor in abdominal aneurysms 'The presence 0 hsu e
mass in the abdomen necessitates the differential diagnosis from ot derular
dominal tumors, especially those of the kidneys. .Pam, fhleﬁy o; ril ‘]\'«:ards
character, is often present and may lead one’s dxagn.ostxc thoug'g (t’ab e
cancer or ulcer of the stomach, gallbladder or renal calic, pancreatitis,
O arosernie examination wil lend enhanced diagnostic o by
the use of two supplementary technics, F_irs:, by means of a banur'n xgiesalla;d
uvently this may reveal that the cardia end of the stomach 1; tgm
gentrad, or ventrad and to the left, wilt)h Lheéess'er culga.t;lr: c(;fn :; :5 ts ot
i i hion. Second, roducing suffici
mdmtelxixsmc:ns};:lgotv:dfiifi. 'Ul'his is dol;e i:pa simple fashion by producing 82%

pulsatio
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artificially in the stomach (the patient takes a solution of tartaric acid fol-
lowed by sodium bicarbonate) and by inflating the colon with air. If pulsa-
tions are present at all, they are clearly visible along the borders of the mass
Oceasionally these pulsations may be noted within the physiological stomach
air-bubble. Pneumoperitoneum is of aid in making the diagnosis.

A film taken with the Potter-Bucky diaphragm techmque almost invari-

Fics 254, 255, 256 —59 yrs, M Dyspnea
and shight degree of pain in thoracic spme
region for one year Typcal syphilitic
zortic regurpitation and tabes dnt.
view* moderate enlargement of sil-
hottette caudad and to It. Diffuse widen-
g of aortic shadow with prommence
along course of descending aorta (bl
amrow). Lt ant obl wmew fusiform
aneurysm of cranial partion of descend-
g thorace aorta (bl ammows) R ant
obl view. typical erosion of several

N

.

% eeian
i

2,

i

Lao
vertebral bodies {(wh arrows), at level of aneurysm Postmortem 1t ventneular hyper-
trophy and dilatation Syphilitic aortitis and atherosclerosis of whole thoracic aorta Aortie

regurgitation Ancurysm of orange size, ansing from dorsil aspect of descending aorta and
eroding It half of 5-7th vertebral bodies

ably reveals the presence of lime salt deposits Their curvilinear arrange-
ment, in parts enarcling the round or oval shaped mass, is a characteristic
feature. The extent of calctfication does not necessarily correspond to the whole
surface of the aneurysm Not infrequently the true aneurysm is encircled by 2
dissecting hematoma Calafication in the mamn branches of the abdominal
aorta is often associated This is seen chiefly in the iliac and hypogastric ar-
teries, occasionally also in the renal, splenic and mesenteric arteries. Erosion of
the twelfth rib or of the transverse processes of the vertebral bodues should be
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suspectcd‘_An erosion along the ventral contours of the vertebrae is easily over-
looked or impossible to diagnose with limitation to the anterior view becanse of
1he persistence of the typical trabecular structure and because the cortes of
the cephalic and caudal laminae is not involved in the process as a rule Latenal

Fics 257, 258, 25963 yrs, M Painm
lower part of spine. Findings of neuro-
syphulis Pulsattons at 1 base postencrly
A, accentuated. BP. 110/70 Wassermana
positive. EC.G + nsr, intraventriclsr
block, deep Q: Aortitis and aneurysm st
view large, sharply defined mass (b st~
row) in mddle and lower rt, lung feld.
outlined by hime salt deposits Lt border
of mass 15 noted as a dense shadow withu
eardiac shadow Marked promunence of
aortic knob without apprenizble diatation
Rt ant obl view* (A): cranial portion
of descending thorzac aorta {wh amows)
disappears within huge aneurysmal mass,
caudal border of which is outhned by hme
salt (bl arrow) Rt ant obl view. (B)
displacement of esophagus along ventral
contour of aneurysm

e Over-
e calcification is much bettef

views are much more revealing, In this latter position, freed from th

lapping, unhomogeneous shadaw of the spine, th ¢
visualized and is usually found to be quite extensive and of a fusiform 0§
spherical arrangement. The vertebral bodies may or may not be zroc.!ed‘;
they are, each single bony segment displays a hollow depression, while nc
upper and lower end plates and the respective intervertebral disc are usvally

not affected. .
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A diffusion of xrregu!arly outhned lime <alt deposns, not of the shell type
arrangement, is noted in the tumors, in
hemorrhagic areas in tumors that may occur in the myomatas and hyper—
nephromatas, tuberculosis of the kidney, and calcification in the mesenteric
lymph nodes.

DissectioN oF AorTIC Ware (the so-called dissecting aortic aneurysm),
This usually develops on the basis of atherosclerotic and hypertensive
disease. In rare instances the size and macroscopic appearance of the
aorta is normal while microscopic study reveals degeneration of the media.
The size, extension and amount of circular extent vary greatly. Rupture near
the aortic arch 1s common and the dissection may travel, between the layers
of the media or between media and adventitia, either distally or proximally.
The newly formed blood path may almost completely encircle the aortic tube,
thus forming a case ot coat. More frequently only half to two-thirds of the
circumference is involved Thus the blood clot may come to lie essentially in a
frontal or sagittal plane to the aortic
vessel proper The form may be either
saccular-circumscribed or, more of-
ten, cylindrical-diffuse

Once the chnical diagnosis is sus-
pected, the roentgen examination
must be made with the patient in bed.

A marked fluid collection in the
pleural cavity or a diffuse extravasa-
tion of blood into the mediastinal tis-
sues can easily interfere and make the

Teal di i 1 bl

‘With the dissection extending between
the brachio-cephalic vessels or almost
completely encircling portions or the
entire length of the thoracic aorta, the
differentiation of a simple dilatation
or cylindrical or saccular aneurysm of
the thoracic aorta is impossible, An ex-
ception to this general statement must

Fic 260—75 yrs, F Duzy spells No ab-

dommml complaints Large mass 1n upper

be made. The aortz may contain lime
salt deposits and its contour will then
be visualized as a denser, linear shad-
ow within a larger, usually cylindrical
but occasionally globular and other-
wise homogeneous shadow mass, If the
newly formed aneurysm involves only
a part of the circumference of the
aortic vessel and has a predominantly
lateral location, with respect to the di-

abdomen predomnantly on It. side-—not
pulsating Furst chimcal impression: malig-
mancy of stomack Systahc murmur over
apical and aortic area Normal pubattons
in arteries of legs BP 164/8¢ Wasser-
mann negatne ECG nsr, It aus dev
Artenosclerotic and hypertensive cardio-
vascular disease Lat view. hme salt de-
posits (wh arrows) outline aneurysmal di-
latations of abdormnal aorta Spime Dot
eroded

rection of projection, it will be visualized as an outer, lighter shadow, usually
of fairly even width, superimposed in a shell-like fashion upon the aortic
shadow proper. The Tatter then appears as a more dense nuclear shadow, the
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siz? and shape of which is commonly, though not necessarily, altered by dil
tation, fullness and tortuosity. Again, lime salt deposits may form a line ¢

demarcation.

oftam

Fic 261—46 yrs, M Severe lower back pam for
3 days. Heart enlarged, no murmurs, Aa accen-
tuated, BP 200/130 Leucocytosis Wassermann

negative Clinucal diagnosis coronary thrombosts
Ant wrew: marked enlargement of sithouette to It ,
diffuse widening of aortic shadow. Trachea shght-
Iy displaced to rt Marked hanness 1n lung fields
Course sudden death dunng attack of precordial

In CriLonoop, The incidence is very rare indeed and aneurysms are mor
3t 1w p P A

glomerulo-nephritis or malig
nant hypertension; occasionall
3) rheumatic; 4) syphilitic (fur
ther studies are needed), an
5) coarctation of the aorta.
Because of the high distensi
bility at this age, the aorta ma)
undergo a considerable stretch
ing during life (dynamic difatz
tion) as a sequel to the high
pulse pressure in the presence
of aortic regurgitation and high
blood pressure, both systolic
and diastolic. The" roentgen-
ological appearance may well
be one of a diffuse cylindrical
dilatation of a greater degree
Fluoroscopic observation and
films taken at both the systolic
and diastolic phases reveal con-
siderable  diminution during
the latter phase in cases of aot-
tic regurgitation, But it is ak
ways surptising to see, at the
postmortem examination, how
small the aorta actually is whert
the force has ceased

pam. P marked It i hyper-
trophy and dilatation Atherosclerosts and acute
mesaorbitis of aorta Perforation of mntima at in-
sertion of origm of ligamentum arteriosum, dis-

to exist,
DiFrERENTIAL DracNosts. It
will be assumed for the follow-

secting, © encrrehing h

from aortic valves to abdommal bifurcation with
secondary rupture into 1t pleural cavity. Width of
aorta-proper normal (5 to 6 cm); thickness of
hematoma 4 cm, Chronic glomerulonephnitis No
evidence of coronary thrombosis The widentng of
the aortic shadow was caused by an encircing
hematoma; this was added to the shadow of the
aorta and could not be differentiated from 1t

Bucky diaphragm),

aorta, This vessel, in its ascending and/or transverse portion
placed but is assumed not to reveal, in its visible portions,

ing discussion of conditions 10
be differentiated that the indi-
vidual under study is the bearer
of a normal aorta, It s further-
more assumed that the study of
the different views and, if neces
sary, the use of a special tech-
nique (over-exposure; Potter-

will permit the visualization of at least a portiont of t.ht

may be dis-
fundamental
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A substernal goiter may consist of intrathoracic extensions of one or both
lobes of the thyroid The shadow is mangular in shape with convex borders,
and the apex pomnts caudad If the patient is examined in various views, at
feast part of the normal appearing aortic arch can be visuahized. Unless there
is malignant degeneration of the thyroid gland with infiltration into the sur-
rounding tissues, the pland moves during swallowing and coughing. The
trachea usually reveals some degree of displacement and narrowing. This is ob-
served mn the region of the neck.

‘Tumors of the thymic region are located in the anterior mediastinum at each
side of the median line and usually extend to the base of the heart. The main
axis is perpendicular to the long axis of the body. The delineation may be
either sharp or, in case of invaston nto the surroundings, hazy.

Certain benign mediastinal tumors, often oval in shape, perfectly smooth
in outline, and, as a rule, of a homogeneous density, show their main axis
in the du’ecnon of the long axis of the body Here belong teratomas, hydatid
cysts and neurogenic tumors, such as and
Teratomas may reveal some area of calcification but none of these tumors
show an encircling distribution of lime salts The neurofibroma is typically
located in the posterior mediastinum and associated bone changes are common,
for example, widening of the intervertebral foramna. The retropleural site
of these tumors may be d d by means of a di preumothorax.

Tumor-like involvements of the mediastinal lymph nodes (sarcoma, lym-
phogranuloma, leukemia) are usuaily bilateral and most often show polycyclic
borders which sometimes are not sharply delineated and often extend without
sharp distinction into the soft tissue shadows of the neck Umformly growing,
unicentric tumors which extend from the supraclavicular region toward the
base of the heart have an almost straight outline Lack of homogeneity is
noted when the constituent parts of the tumors have different size and depth
There is generally no displacement of either trachea or esophagus. These
growths will often encircle the 2orta and this results in expansile pulsations
along therr borders Radiation therapy leads, n many instances, to consider-
able regxessnon in the size. \thh !he polycyelic type, the outline becomes

and a2 col ng of the upper mediastinal shadow
results, In other i cnmplete dj of the shadow mass 15
noted which may be permanent or transient

Mahgnant bronchial tumors of the hilar region invade !he surmundmg
lung tissue in a radating fashion, If large, they may produce marked signs

of bronchial stenosis.
Mediastinal pleurisy is rare Tt has etther a ventral or dorsal site and extends
in the form of a paramediastinal band or crescent-like shadow

A unilateral sacculated pericarditis may have either a smooth semicircular
ora po]ygonal outline Pulsations ¢an be present because of transmission. In
no view can it be separated from the shadow of the aorta, and other roent-
genological findngs for adhesive pericardial disease should be postulated, such
as absence of pulsations along the cardiac borders, Otherwise the differential
diagnosis rests upon other me!hads of study

An ananrucm af tha Tafi nboie me o meden I Ioal 4Lo i1 v R -
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views reveal an exc]ustely ’dorsal site with a typical displacement of the
e§aphagus an(.i also a3 widening of the angle of bifurcation. The lung fields
disclose chronic congestion,

An aneurysm of the pulmonary artery tends to develop craniad and dorsad
and this is usually associated with a marked dilatation of its main intrapul-
monary branches and increased pulsations *The esophagus may exhibit 2
marked impression below the level of the aortic arch. A pouch at the left
anterior circumference of the aorta develops craniad and ventrad (direction
of the blood stream), but changes in the pulmonary artery branches are not
observed unless the aortic aneurysm has ruptured into the pulmonary artery
Roentgenological as well as clinical signs of right ventricular enlargement are
observed whenever an aortic aneurysm occasions pulmonary artery stenosis

Diseases of the esophagus, such as cancer, diverticulum, and general dilata-
tion subsequent to cardiospasm, are easily distinguished by examination with
bartum,

Tumors of the chest wall often reveal their origin from a rib or from the
spine. They do not arise with a broad base from the mediastinal shadow A
diagnostic pneumothorax is of help provided the tumor has not already €%
tensively invaded the pleura. The more rapidly growing types respond well
to irradiation.

The fusiform shadow of a cold abscess of the spine causes no pulsations
along the adjacent contour of the barium-filled esophagus A careful study
of the spine usually reveals some changes such as narrowing of an intervertebral
disc space or structural changes in one or several vertebral bodies Only 3
very superficial examiner will confuse the scoliotic spine with an aneurysm

The findings of metastatic changes in the lung fields and in the bony skeleton
will sometimes disclose the clue for differential diagnosis.
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. CrarTEr X
DISEASES OF THE PULMONARY ART ERY’ AND ITS BRANCHES

As compared with the sysfemic circulation, the pulmonary circulation shows
certain distinguishing features. Its diseases are of more manifold etiology and
the different age groups are affected almost equally. The whole pulmonary cir-
culation is crowded within a much smaller area and is visible by roentgen rays
almost in its entirety.

Etiology and Anatomical Forms. Very different etiological factors occt-
slon the same or a similar macroscopical aspect of the pulmonary artery and
its branches. The smallest vessels are found to be most severely affected by two
conditions. One is a productive arteriolosclerosis; the second an end- or panar-
teritis Both may be associated with widening, atheroma and calcification in
the larger branches and trunk. In both thrombotic occlusions may occur. ’ﬂle
second type is found especially in combination with a destructive-sclerosing
brancho-pneumopathy, some of these cases are of syphilitic origin; m others,
inhalation of intoxicating war gases plays a réle. Syphilis may also affect the
trunk, much like in mesaortitis, and is sometimes combined with it. Congenita}

are ible for dilatation of the pulmonary ar-
terial trunk and occasionally of the branches also. Nearly balf the aneurysms
of the pul y artery are iated with jtal cardiovascular mal

o .
formations such as interatrial septal defect, patency of the ductus arteriosus,
stenosis of the pul v arifice. Approximately half of all cases with thrombo-
endarteritis, occasionally complicated by mycotic aneurysms, are found to be
associated with patency of the ductus arteriosus A congenital hypoplasia of
the wall (deficiericy of the muscular or the elastic layers or both) has been
found in a number of instances. In certain types of transposition, the dilated
pulmonary trunk is hidden behind the ascending aorta. Other aneurysims,
which may be single or muitiple, cylindrical or saccular, and which are most
likely congenital in origin, are located in the persphery. There has been nbé
served enlargement of the pulmonary artery and its branches mzt associate
with other congenital cardiovascular malformations nor with arlcnalosf:l'em-"i(
The etiology of these ‘sdiopathic” cases is obscure. An abnormal (.imsm'n t.:
the truncus arteriosus communis has been conjectured Dilatation s Iikewse
found in the p of an ired regurgitation (and stenosis) of the pul-
monary orifice. Traumatic rupture of one of the larger branches Iead§ !Of;
paramediastma] sac-ltke formation Here we may mention the‘per(x?xamn o-
the aorta into the pulmonary artery and the formation of 2 dl‘ssectmg H:?“
rysm Some widening of the pul 'y artery and Jerotic p(messe_ll'l::
the lesser circulation are found in marked mitral valvular disease: A rbeum};
endarteritis may sometimes account for these findings. The thinaess off U :
wall, the ich content of tonnective tissue (loose callagen) and the lack of ‘R
sistance along its anterior and lateral aspect make the pulmonary artery miic
apt to undergo changes than the ascending aorta. A:herc:- and arrenosdﬂ&s_
changes with narrowing of the smaller vessels and widening of the farger ¢
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sels and the trunk may be finally found in the course of fibrosis of the lungs
and ia if the foll conditions prevail ively: bronchiectas
+ emph with chronic hitis, chromic p ia, p josis. In-
fection probably plays {he most significant role, Adhesive pleural disease may
also be a contributing factor. On the other hand emphysema that is found to
be associated with an obliterative vascular process need not always be con-
sidered as a causal factor, It may be merely a coordinated feature When using
the term “pulmonary sclerosis,” an attempt should be made to specily the
primary, ie., arteriologenic type or the secondary, ie, the cardiogenic or
pulmogenic type, i
The lungs may reveal parenchymatous changes of various types (see

Fics 262, 263 —55 yrs, F Moderate cyanosis, marked cardmc enlargement, hypertension
P; accentuated Ant view. mirked enlargement of cardiac sthouette with promsnent pul-
monic arch and marked widening of pulmonary artety branches Rt amt obl view®
the banum-filled esophagus reveals 2 impressions, the cramal (wh arrow), at level
of aortic arch, 13 physiologieal, the caudal (bl arrow) 15 caused by an impression of nght
pulmonary artety branch 1 connection with displaced It bronchus Pulmonary artery
difatation with impression on esophagus

Pl

above). Congestion may be present but it is interesting that in some instances
of primary arteriolosclerosis a paucity in the blood content of the lungs has
been mentioned

Extensive, occlusive processes in the smaller vessels may be found with a
practically normal appearance in the larger vessels and trunk, but far more
often there is concomitant enlargement. The dilatation, even aneurysmal in
size, may be limited to the trunk or to one of the branches only Broncho-
pulmonary sclerosis as well as intrinsic disease may lead to constriction of the
branches Displ and widening of the pul y artery and displace-
ment with kinking of 1ts branches is noted in the course of sclerosing cirrhotic-
cavitary tuberculosis of the left anterior (upper) lobe of the lung

Calcification is relatively rare. It may aflect the pulmonary trunk only,
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especially in the presence of an acquired aneurysm, or all the lung vessels
extensively,

Paresis of the left recurrent laryngeal nerve and bronchial stenosis are
occasionally observed in connection with aneurysmal dilatation of the pul-
monary artery. Dyspnea, cyanosis and hemoptysis are commonly associated
with many types of pulmonary arterial discase and the erroneous clinical diag-

F\

Fic 263 —34 yrs, M Several attacks of rheumatic fever since age 22 Failure for 2 years.
Mitral stenosis, aortic stenosis and regurgitation BP , 100/60 EC G 7 nst, it axs dev
Ant view* sithouette moderattly enlarged with prominence of second pulmonic arc at Xl;
Pulmonary artery and pulmonary artery branches of increased density; rt maim lowfh
branch 2.0 ¢m 1 size Aortic knob clearly visible. Fluoroscopy: second and third 1t, ard
pulsate alternately Very slghtly pulsations of hilar vessels Rt ant, obl view {ilustration
omitted) prominence of pulmonary conus ventrad, It atnum enlarged dorsally ‘C?:lff_ :

lesion with secondary dilatation and atherosclerosis of pulmonaty artery systemt “;l::
aottic knob was clearly vistble because of presence of aortic valvular lesion The mtraca

calcification was not diagnosed during life, 4
Fic 26547 yrs ,F Hstory insignificant For last few years precordal appnfslon nndr :C'P-,

- .7 T Al T e g mulmnmie 8

s . . - . - it aus
- - . N .. \rmous
prominence In region of pulmonary conus and artery (bl arrow),
all intrapulmonarv branches as noted in longitudinal and cross sec

enormous enidigement of
tions (wh. armwsL

nosis of emphysema or congenital cardiovascular disease has been made fat

too frequently. .
The right heart is

prominence of the conus I
Roentgenologic Findings.

the site of hypertrophy and dilatation and 2 marked
us region is regularly found,
Sraric AspEcts, It must be understood that
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an unusual promi of the p ic arch or branches does not necessarily
occur even though vascular disease may exist either in the periphery or in the
central region.

No convincing roentgenologic evidence has been given so far for pulmonary
artery branch thrombosis or embolism; nor has there been roentgenologic
study in man of the dilatation of the pulmonary artery and right heart cham-
bers which is believed to occur to massive p y embol
(acute cor pulmonale). Instructive experimental studies with respect to pul-
monary embolism have been carried out on dogs, and should be mentioned
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Fic 266 —31 yrs, F Increaung dyspnea for several years Marked weakness and ankle
edema; somnoletice, modetate cyanoss, bronchiectasis, Liver enlargement , marked cardiac
enlargement P; acc Tachycardia BP 00/70. ECG * nsr, nght ans dev_; T negative
Wassermann negative 4nt view: large heart; L 166, B 141, T 15.3, Th 223 cm Marked
prominence of pulmonary conus and pulmonmic artery (bl arrow). Aortic knob small
but visble Central artenal pulmonary branches enlarged, of increased density. Mam
lower branch 18 cm, Pulsations not mcreased. Lung fields clear. Rl ant obl wrew:
mass of heart in front Lt, atnum not enlarged A dense band-like shadow 1s noted cor-
respondmg to course of pulmonary artery and mam rt branch (bl arrow) Postmortem:
marked bypertrophy and dhlatation of night heart chambers, Left ventnde not visible
m sty Enlargement of pulmonary artery and of its branches Purulent and obhterative
bronchitis Extensive athero- and 3] of the entire artenal system.
Canalized thromb: in many branches N

here The most suitable type of artificial embolism 1s obtained by filling 30
to 40 cm.long pieces of rabbit’s intestine with clotted blood and adding
lipiodol for roentgen visualization, When this type of artificial embolus is
introduced into the venous circulation of dogs and reaches the pulmonary
artery, it will curl up and buckle hike the emboli observed in human pathology
These artificial embols were introduced mto the venous current. Roentgen-
ograms were done and postmortem studies carried out, Instant death took
place enly when the trunk or both main branches were plugged. Qbstruction
of one branch exclusively produced death only once, and that after more than
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LAO

Fics 267, 268—19 yrs, M, Rheumatic fever at age 14 followed by mitral endocarditis
and cardiac falure Patient active m athletics followng recovery At age 18%% marked
cardiac enlargement, precordial bulge, mitral and tricuspid regurgitation P, much accen-
wuated EC G . auncular fibrillation, 1t avs dev., Ty diphasic Rapidly progressing failure,
without rheumatic activity Ant. view (age 14): marked enlargement, mutral configura-
pon; L 153, B 114, T 15, Th 232 cm, Moderate prominence of pulmome arch. Rt ant
obl view (illustration omitted) marked enlargement of }t atnum Ant. mew (3ge 18
orthodiagram and film) very large sthouette, L 178, B 146 (max, 169), T 185,

24 6tm Rt lower cardiac contour markedly curved. Pulmonic arch greatly promuent (upper
bl, arrow), caudad a third prommence 15 noted, intersecting with It lower contour (fower
bl arrow) branches ate ly dilated (wh arrows) Absence of con-
gestive lung falure Esophagus displaced to st Fluoroscopy reveals abseace of pulsations
along third 1t arch Rt ant obl view (llustration omitted) : second It. arch remains ven-
tral while thrd disappears; esophagus displaced dorsad Lt ant. obl wrew: Corresponding
to level of third arch, # mass overlaps spine and displaces Jt. bronchus craniad The thind
arch, therefore, corresponds to It atnum which developed, in an unusual manner, pre
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two weeks had elapsed. This is an interesting corollary to the clinical expe-
rience that rapid death due to pulmonary embolism 15 caused by complete
obstruction of the trunk of the pulmonary artery or by simultaneous obstruc-
tion of both its branches in 767 of all the cases while in the remaining 30%
emboli more peripherally located seem to set iip a fatal neuro-vegetative reflex.

Usually an increase is seen in the length and in the lateral projection of
the middle arch, together with 2 marked degree of density. This prominence
encroaches upon the retrosternal space in the right anterior oblique view, and
upon the ventral and caudal aspect of the window of the aorta in the left
anterior oblique view. In the former view, a knob-like prominence inte the
posterior mediastinum below the level of the aortic arch and above the level
of the left atrium is commonly present. This represents the right main branch
of the pulmonary artery, coursing horizontally from the left to right, either
actually enlarged or displaced dorsad. At this level there is usually a resulting
exaggerated indentation of the esophagus either in the form of a curve dis-
tinctly separate from the cranially situated aortic arch impression or blending
with it There is discussion as to whether this indentation is due to a direct
impression by the enlarged pulmonary artery branch or whether this vessel
displaces the left bronchus, and to a small extent the lymph nodes at the
bifurcation of the trachea, against the esophagus. The latter supposition is
anatomically more probable The marked prominence of the pulmonary artery
and conus may, in exceptional instances, be distinguished exclusively in the
right anterior oblique view, as when an aneurysmal pouch develops to the right
in front of the aorta and the right auricular appendage In the presence of
transposition of the great vessels, the pulmonary artery is situated behind the
aorta, and then the enlargement of the trunk cannot be discerned though the
dilated branches may be clearly defined in each ilar region A considerable
extension of the shadow of the descending aorta into the Jeft Jung field easily
leads one, with limitation to the anterior view, to err in estimating the degree
of prominence of the middle arch, The aortic knob usually remams clearly
visible cranially to the middle arch contour but two exceptions must be noted:
one is the presence of mitral valvular disease (especially high grade mitral
stenosis), the other occurs with congenital anomales in position and size of
the aorta.

Dilatation of the branches is noted by an unusually good wisibility of the
entire central and peripheéral vascular pattern; this is enhanced by the cus-
tomary absence of congested lung fields, exceptions are mitral valvular disease,
or Jeft ventricular fajlure. The Jarge hilar branches must be studied with some

&

tolt P * Marked k: phy and of all four heart
chambers Second It arch corresponds to pulmonary artery, thurd to It atrium Mitral and
tricuspid regurgitation Size of pulmonary artery 10 cm., 2orta 5$ cm Fibroms of heart
muscle  Arteno- and A of pub artery jon The absente of
congestive lung failure should be related to the tncuspid valvular lesion as well as to
the vascular sclerons m the lesser arculation, A systolic distension of the It, atnal con.
tour was not observed in spite of the presence of mitral valvular regurgitation The position

ot l};’e diaphragm was low, Presumably due to the marked increase in heart sze and
weight,
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angle of rotation because of the interference of the cardiac and pulmonary
conus shadow in the straight anterior view. The comma-like descending branch
on the right is most impressive in its massive appearance and so are the dense,
disc-like cross sectional areas of the vessels. The right anterior oblique view
reveals a iderable d in the transp of the retrocardiac space
ovecause of the projection of all vessel shadows into it. At first glance, an en-
largement of the left atrium may be diagnosed. A more careful analysis, how-
evet, reveals the unhomogeneous character of this shadow and subsequent
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Fic 260—39 yrs, F Sepuic endocardiis at age 21, followed by development of valvular
lesion. Recurrence of endocarditis at age 32, Sight degree of cyanosis; dullness, pulsat;on;,
systalic-diastolic thnlt and murmur at 2od and 3rd Mt intercostal spaces BP. 1?‘“/;ﬂl
EC.G : nar, 1, axs dev. Pulmonic regurgitation. Ant vieo: Cardiac sithouette €8

downward and to It.

L B T Th
1925 149 94 135 238
1930 164 102 142 238

Aortic knob normal appearance. Marked prommence pulmome asch (bl arrow). Mam

pulmonary srtery branches dilated, maw st lower branch 18 cm dameter. Lungl ﬁe}:
dear Fluoroscopy feveals pulsatory amplitude at pulmonic arch, 08 ¢m, tramai :hr
tion of It cardu¢ contour 05 ¢m, and mam hdar vessels 05 cm The densty of ;ﬂ
yvessels changes between Systole and diastole Pulsations at It cramal eardiac com[xﬂ; e
ventnele) apd pulmonic arch alternate in direction.~see-saw movement. RE. ant o o
marked prominence of pulmonary conus and attery with knob formatton md::sﬁllcd
mediagtinum (bl atrow), It atrium pot enlarged. Lt ons. 0bl wew: aortic wan o
out by a dense pulsating shadow (b} arrow) Right ventricular enlargement maly o
a0 extensive widening of the sithouette to the It, Hilar pulsattons in the presente of ;:w men¢
1 d to the k rad:al pulse in the presence of aorit

gurgtation

i t]
examination of the course of the esophagus, by means of barium paste, show

reciable displacement at the level of the lelt atrium.
xwoaupep mcay diffﬂ'fntiate, from a descriptive viewpoint, those c:sse&::;;:
dilatation is limited to the trunk, from those .whe_re bogb n:un'lf an T e
axe dilated. The advantage frox.n a @iagnos(xc viewpoint is hml%e!‘:. by
former group belong the mechanical dxsp]gcemems; certain cases Wi sx e
of the pulmonary orifice or at the bifurcation, and berxbgrx and thyro.t& ool
ease of 2 higher degree. In the Jatter group may be m.enhoned regfmzlzx oy
the pulmonic valves, mitral valvular disease, interatrial septal defect, p
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of the ductus arteriosus, and instances of d tve and infectious
lisease (arteriolosclerosis, syphilis). . -
Isolated dilatation of one or a few of the branches, t or

n origin, shows saccular or eylindrical shadow formation, sometimes far out
n the periphery of the lung fields. Phlebectasies and arterio-venous fistulas
have been observed The latter seem to cause polycythemiz, A mottled area
in a lung field may represent an angioma. In one such case observation over a
number of years showed progression in size and density, and the postmortem

Fics 270, 271 —8 yrs, F Known o have congemital heart disease Height 112 cm, weight
165 kg Precordial bulge Marked cyanosis and clubbing Marked thrill and rough systohc
murmur alt over heat ECG nsr, it aus dev Ant view sihouette moderately en-
larged, with prornence of pulmonsc arch, Aortic shadow not visible Enormous enlargement
of all branches of pulmonary artery The latter appear partly as band-hke streamers
{longrtudinal section) or as round dense areas (cross section) Fluoroscopy reveals expansile
pulsations of all these shadows, R¢ ant obl wrew- It atnum not enlarged Prommence
of pulmonic knob into postenor mediastinum (bl arrow) Congemita) cardiovascular mal-
formation with marked enlargement of pulmonary artery and branches The dignosis
of bilateral mfiltrative process should be avoided

evamination revealed angiomata in other organs also, hence a mesodermal
dystrophy was present v
Calcification is best noted in the oblique views as a curvilinear, dense shadow,
either along the cranial contour of the pulmonary artery or outlining the
shadow areas which represent the cross sections of the two main branches,
Presence of lime salts accounts, in part, for the high degree of density which
often is noted mn the depicting dilatation of the pul y
artery and 1ts branches
The heart reveals the charactenstic findings of right sided enlargement except
in the group with mechanical traction craniad and to the left Low position of
the diapt either as an expression of body build or the result of emphy-
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sema tends to be associated with a cansiderable prominence of the silhouett
o the right. With the stouter type of individual, prominence to the left pre
vails; here one also finds a well-pronounced junction between the pulmonany
cottus prominence and the left caydal portion of the silhouette,

The marked prominence of the pulmonary conus and artery region or {he

L ? ‘-‘. o e
N R
i

Fi16 272 ~17 yrs , M No history of infectious dys-
ease, Cardiac lesion diagnosed in childhood Full
compensation Systolic hfting of precordium; dull-
ness, systofic pufsations and thnll and systohe-
drastolic murmur 10 2nd It. intercostal space B P,
135/80 ECG:nsr, 1t aus dev, T, 5, dipha-
sic Rbe 54 mill, hb 105% Wassermann reg
Ant view. globular shape of sihouette Aneurys-
mal dilatation of pulmonary artery and conus
@t. wh arrow), displacing esophagus to rt (short
bl arrow) Diatation of pulmonary artery
branches (rt. wh arrows), rt mawn branch meas-
ures 21 em  Fluoroscopy « expansile pulsations of
“ pulmonary trunk and branches Absence of con-

large shadows of the main
branches have repeatedly and er-
roneously been interpreted as
mediastinal tumor, The unduly
outstanding vessel shadows in
the periphery were designatedas
strands of infiltration; and lo-
calized saccular aneurysmal dila-
tation in the periphery has been
interpreted as metastatic mahg-
nancy, benign neoplasm (for
instance, chondroma) and soli-
tary hydatid cyst,
Dynasuc  Asppers Pulsa-
tions are easily visible and their
visualization is facilitated by
the contrast between the clear
lung  fields (excephions see
above) and the dense vascular
shadows. A diminution or even
absence of pulsation is found in
the presence of extensive throm-
bosis which is not uncommon'ly
encountered in aneurysm. It is,
therefore, not justifiable to re-
ject the vascular origin of a
mass in question because of the
absence of pulsation. One {nus}
distinguish between ¢ tt

gestive fallure, Rt ant obl wview Qi
omitted) - promunence of conys ventrally and
prominence of pulmomary knob mto posterior
cavsing displ; of h;

dorsad Lt atrium not enlarged Congenital cardio-
vascular malformation with pulmonie regurgita-
tien, rysmal eni: of pull artery
and 1t ventncular predommance,

caetam b tha Tasias ban amme s Tni e

and intrinsic pulsations; tlllt
former reveal changes neither in
volume nor in density during a
cardiac cycle They are ob-
served bilaterally with an exag-
erated and tachycardic heart ac-

tion or limited to the right Eﬁla‘ir

1
t

ta the aforementioned wall changes that are probably often combined with 2
hypertensive state in the lesser circulation. Healthy children also occastonally
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show this sign. No definite pulsations were noted in those cases where in the
presence of mitral valvular disease a relative pulmonic insufficiency was
thought to be present. Where well-marked pulsations of the pulmonic arch are
noted, the left cardiac contour also shows pulsations of about equal size but
alternating in direction, Thus 2 kmd of a see-saw action is observed. The am-
plitude of the aortic ively small. This d tion be-
tween aortic and cardiac amphtude obviously proves that the whole left lower
contour is formed by the right ventricle with the left ventricle rotated
dorsad Expansile pulsations in the hilar region were originally thought to be
an expression of a venous pulse, consequent upon a reflux of blood into the pul-
monary veins in the case of mitral regurgitation. Later on their arterial charac-
ter was recognized and believed to be charac(ensuc of pulmonary arlerv
sclerosts, :\ctually they are found in d with an
pulse pressure in the lesser circulation and they are most typically observed in
the presence of regurgitation of the pulmonic valves In this instance an actual
collapsing pulse is noted along the contours of the pulmonary trunk and
branches with alternation in density between systole and diastole, and even a
in the t of the peripk lung fields may be occasional-
ly observed. The pulsations of the lung vessels are the equivalent of the col-
lapsing pulse in the radial arteries in the presence of aortic valvular regurgita-
tion,
For further discussion see also chapter XII,
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PERICARDIAL DISEASE

Pericardial Effusion. The roéntgenological diagnosis of fluid within the
pericardial cavity is possible only if certain changes occur in the size and
shape of the cardiovascular silhouette and in the pulsations along its borders.
No information is obtained as to the etiology or type of the fluid A moderate
amount of fluid can quickly accumulate because the surface of the pericardium
is greater than that of the heart. The pericardium can be distended to a wide
sac provided this process of distention is relatively slow. A rapid d:stention,
within the course of a few hours is not possible, and cardiac tamponade results
from a sufficient degree of intrapericardial pressure. The accumulating fluid,
if not loculated, obeys the law of gravity, and changes along the silhouette
ate found when altering the position of the body, particularly when the
peri sac is not hed to its i .

It is assumed for the following discussion that the pericardial cawity is free
from either a partial or total obliterating process.

The amount of fluid which will cause positive roentgen signs to appear
is not exactly known. Ths, in part, depends upon the size of the heart. 250
om®, in the adult is perhaps the minimal amount while as little as 10 cm®.
has been diagnosed in infants The distributton of fluid seems to depend, in
part, upon the prevailing body position,

Silhouette. A collection of small amounts of fluid should be suspected first
when the waist of the silhouette is straightened. A real bulge is never noted
unless encapsulation has taken place. Serial studies may have to be under-
taken to find the signi sign of an or di of such
a deformation along the silhouette border. Secondly, a collection of fluid
should be locked for in the region of the inferior postenor recess or sinus of
the pericardial cavity which is approximately at the level of the inferior vena
cava While this vessel in the lateral view 1s characterized normally by a
straight or slightly concave dorsal contour, a convex bulge is noted when the
aforementioned sinus is distended by fluid Observation of this sinus contour
is interfered with by the presence of a pleural effusion A good sized effusion
flls up all available sinuses and as a reslt of the extension of fluid into the
superior anterior recess, the vascular shadow 1s shortened. This becomes more
pronounced in the recumbent position The degree of shortening depends upon
individual vaniations of the cramal pericardual reflection line. The transverse
diameter of the vascular shadow rarely increases to any great degree. This is
due to the fact that the accumulation of Awd takes place predominantly
ventrad to the vessels A reduction to a short pedicle is not observed in those
instances re the superior recess is obliterated because of previous disease,

wooh e . . PO

1
shortening of the vascular shadow is finally present in both recumbent and
357
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uptight positions, The collection of fluid between the mass of the heart and the
diaphragm displaces the liver and may displace and deform the stomach air
bubble. The appearance of an effusion of high degree is thus characterized bv
a short, relatively small pedicle and by a large silhouette with a circular smooth
outline at either side which emerges from the vascular shadow almost at 2
right angle. T prevails over L, Contrast in the left supradiaphragmatic area
diminishes considerably, mainly because adjacent portions of the Iung become
atelectatic. The pericardio-diaphragmatic angle at the right is quite acute
and small and this explains why percussion does not reveal the presence of
lung tissue between the mass of the effusion above and the liver below. An
obtuse angle does not result because the pericardium does not distend &
much along its line of fixation as it does craniad. The left lateral view demon-
strates that the shadow reaches as far as the posterior chest wall A cleat
outline of the silhouette is not obtained, however, because with this degree
of distention the air content of the lungs is diminished 5

1t is often believed that individuals who present this roentgenologic picture
must be very ill and consequently bedridden. This is not necessan.ly so and
pattents with a large pericardial effusion of tuberculous origin may indeed be
up and about for some time ) .

Tmmediately following removal of fluid by paracentesis, provided 'lhal ar
has not entered, the silhouette appears less rounded, the caudal portions af€ .
wider than the middle area and a trapezoid or triangular silhouette .resulls
Examination in a recumbent lateral position reveals a considerable displace-
ment of the silhouette shadow.

Small amounts of exudate which occur in the course of rheumatic"i;ear: ‘
- i ot mannie

eno-
5 of

tuhis etiology, however, may appear in the course of a few days, appr.euabl};
alter the silhouette and be resorbed rapidly On the other hand, ei’fu‘slolﬂst ’
tuberculous orign, particularly under the therapeutic influence of saficylal ;ev
may persist for many months. Transudates m cases of card(a.c .fallure m:ys .
resorbed rather raprdly, the silhouette correspondingly diminishing. T liu'
often interpreted erroneously as an actual diminution of the heart s!
itself * . .

Injections of lipiodol have been made into the eﬁ‘usioz: with thel lseﬂlgi
Jocating pockets of adhesions It is seen to set.tle first in drops ?r; %arge
caudal aspect ‘in the form of a crescent. Later, it aggregates in a i€

tions. .
COH;:l:aliam. They cease first along the caudal border. This sign is besttsl;:“s
after artificially increasing the gas content in the fundus of ’thelts :n g
Pulsations along the other borders of the silhouette ﬁr.st Jose their n]‘teudes o
character and are later replaced by a diffuse u.ndulauon The amp'ln They
these transmitted pulsations depend upon the vigor of the heart actl.o[;cﬁa“5
are, for instance, quite considerab]e. in the presence of an acu.!e md pirve
pericarditis in childhood and in association w:t}.x an aortic or aortllc at,"ons 'ty
itation, provided the myocardial contractions are strong Pulsati e

r.eg?g o Drewidad that there jc no-compression atelectasts Ol
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left lower lobe, minimal pulsations may become quite noticeable if the patient
is bent over on his left side.

The clinical apical thrust may be felt well within the silhouette, and such
a finding favors the diagnosis of an effusion

If fluid accumulates quickly, cardiac tamponade will result as soon as
there is a relatively small amount of fluid, i e, 250 cm®. This is seen with a
sudden hemorrhage. The shape of the silhouette does not change considerably
2nd if an aortic configuration were present it would persist Thus the absence
of pulsations, without much enlargement, is an important diagnostic sign This
sign may decide in favor of an operation if a heart wound is suspected. On the
other hand, the presence of normal pulsations may spare the patient an opera-
tion. The silhouette, however, will pulsate in spite of a bleeding heart wound if
blood is draining from the pericardial into the pleural cavity In this case
2s well as with a-pleuropulmonary hemorrhage, the medsastinal sithouette
soon becomes poorly visualized Tluoroscopy 1s a very important procedure
whenever a wound of the heart is suspected but it must be performed very
carefully because of the danger of the collapse of the patient

Lung Fields, The appearance of the lung fields may vary mn the presence
of alarge pericardial effusion. Normal transparency 1s observed with an inflam-
matory etiology, f.i., rheumatic or bactenal infection The accumulation of
fuid may result in compression of the nght atrum, of the intrapericardial
portions of the vv. cavae, and of the hepatic veins, all of which tends to check
the blood flow to the lungs. Normal transparency s hkewise observed with a
peticardial effusion due to severe hypothyroidism When an effusion develops
in the course of left heart failure, f1, due to hypertension or aortic valvular
dsease, haziness of the lung fields is observed Renal fatlure may be associated
with interstitial pulmonary edema that 15 chiefly of central location and of
doudy-mottled appearance.

Diferential Diagnosis. 1t is not always possible, by any means, to dif-
ferentiate cardiac dilatation from pericardial effusion The two conditions may
well be combined. As helpful signs in favor of pericardial effusion the follow-
g may be mentioned: the bulge of the wfertor posterior recess; the fore-
ShOrgzning of the vascular shadow, especially in the recumbent position, a
tonsiderable shift of the shadow mass toward the dependent side in a lateral
Prone position; and disappearance of arcs resulting in a rounding out of the
borders 1f the silhouette is very large there should be added prevalence of
over L; absence ar only slight degree of congestive lung failure, and absence
of pulsations Indistinctness and absence of pulsations are also noted in large
hef"tsy but, unless conditions of the chest wall or lungs interfere, clinical
evidence of pulsations of the chest wall as revealed by mspection and palpation
1s usually available
. The heart shadow is not visfble within the larger silhovette of the effusion
in the form of 2 nuclear, central denser area This has been proven by adequate
experiments. A central shadow with a uni- or ilateral barderline may he
Occasioned by a number of condittons, all of which may well be associated
with 3 Jarge silhouette either due to a pericardial effusion or to cardiac en-
largement, These conditions are: 1) a large left atrium casting its shadow
through; 2) the right atrium visualized within an aneurysmat dilatation of
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the left atrium; 3) an aneurysm of the descending aorta; 4) a tuberculous
abscess of the spine; 5) a paraesophageal diaphragmatic hernia; 6) a marked
degree of dilatation of the esophagus in the course of a cardiospasm; 7)
a mediastinal pleural effusion. It is noted that all these formations are in a
plane other than the mass of the heart plus the encircling effusion, There is
one condition to be added: that is, 8) a localized thickening of the pericardwum,

Pneumopericardium. The presence of air in the pericardial cavity is
characterized by three roentgenological findings, There is an area of increased
transparency around the cardiovascular shadow and the lung structure is
markedly diminished or almost absent This area of transparency is outlined
slong its periphery by a dense, ligamentous, curved shadow formation. An
unusual activity of the heart shadow is noted A basal horizontal fluid level is
commonly observed which is continuously in mation. The appearance is funda-
mentally similar whatever may cause the entrance of air. It may be due to
8 traumatic communication with any of the air-contaning adjacent organs,
or directly from without, i e., following a wound or surgical procedure. It may
be maled mvoluntanly, in the course of needlmg for pneumothorax; or

posely, in the rey of air for peri ! Ruid which was removed
by paracen(esxs

The size of the transparent area depends upon the amount of air and upon
the size of the pericardial cavity previous to the entrance or introduction of
air. It may be very small in size or it may, at the left side, almost reach the
left thoracic wall, In the lateral view it 15 seen in front to separate the heart
shadow from the sternal shadow, while dorsad it may extend to the spine.
It extends cranially along the vascular shadow and can be made to outline
the caudal border of the heart shadow in the Trendelenburg position Rarely

*s the left diaphragm seen depressed 1n a concave fashion Resorption of even
smaller amounts of air takes at least a few days

The shadow of the distended pencardxum together with the ad]acent medl-
astina) pleura measures several mm. in thick and i
in the case of productive disease, such as tuberculosis. It extends from the
diaphragmatic surface up to the vessel shadow. The height depends upon
variations in the anatomic reflection line and upon the degree of distention
of the superior recess. The latter may be obliterated and more of the vascular
pedicle will then remain visible outside the air-filled pericardial cavity,

The activity of the heart shadow is most remarkable because the presence
of air has freed the heart from the influence of the elastic traction of the
nurmal lungs “hlch acts as a rein on the cardlac pulsanons The amplitude is

id d Tt was di in one case to
be as greal as 1.7 cm. Both systolic and diastolic movements seem to occur
much faster than normally. Finally the heart mass swings and rotates con-
siderably and shows hammer-like vertical movements, The kind of changes
which the movements of the amovenmcular septum simultaneously undergo

remains t ' * " under hlgh
pressure The intra-
pericardiz 1th pneumo-

pericardium It was shown that with higher pressures the changes in pressure
produced by systole and diastole were less marked, and that in order to
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maintain the circulation it was necessary that the venous pressure exceed
the intracardial pressure by at least 35 to 40 mm of water. The pulsations in
the presence of a pneumopericardium, or of a bilateral pneumothorax, are
identical with those observed when the chest is opened and the heart exposed.

(S t), wt 55 kg (121 1b) Congestive failure was present The It ventncle was much
enlarged, the thythm was regutar, BP 1807110 Moderate degree of anemus, blood chem-
utry notmal, Wassermann negatnve Fundi Copper wire appearance of retinal attenoles
ECG . T of lowered voltage in all leads

Roentgenogram, ant, view (A) Large sithouette of aortic confizuration Shight degree
of pulmonary tongestion

Course  The patient improved temporanly on dintahs and dwretics. Cardiac failure
reappeared temporanly, Low grade fever developed Findings The area of cardiac dull-
vess was much enlarged, including the upper sternal area, the apical thrust was not
palpated Both a pencardial friction rub and gallop thythm were heard BP 160/98 Sedi-
mentation rate 24 mm /one hr Hb 105 gms, rbe 37 mill, wbc 7650 with 765 polys
(nf $5,£21). ECG : S, Tate 116/min, no aus dev , dintals effect (D)

Roentgenogram, ant. view (B). Suze of the silhouette further enlarged, vascular pedicle
shortened Absence of pulmonary congestion

Course. Dorsal paracentesss of pencardial cavity was done, and a gunez pig tnocula-
ton was postive for tuberculosis Low grade fever persisted, cough and parovysmal
dyspnea were present, Findings: The patient was weak, febrle and coughed Asates was
present but other evidence of congestive falure was mild A fnction rub was not heard,
the sounds were of low intensity BP 146/90, Whe 5800 with 895 Polys (nf 83,
§6) ECG Sr, rate 114/mm , right aus dev , dintatis efiect (D)

Roentgenogram, ant view (C) Mihary tuberculosis of lunes Silhouette large, of aortic
configuration.

Course: Death 3 days later

y B ——
Postmortem: The pencatdum was thick- V5" 4"’;«"‘\ o
eted and tightly adherent to the epicardial = i LA
surface of the heart 1 some areas, loosely K{ < Vi
adberent 1 others and entrely free v stll ¢y CERAT L
other areas 50 cm® of flud were present I g PR

Thick caseous matenal covered the visceral P

pericardial and epicardial surface (E) The
heart was much enlarged, the nght ventnicle
dilated, the thickness of the nght ventncle
2S00 em and of the left ventricle 18 cm
{F) The endocardium of the left atnum
showed several tubercles (arrows) The
vales, coromary ostia and vessels were
normal Microscopie  Tuberculous pencar-
ditis, touc myocardosis The pleural spaces
were obliterated The Iungs were studded
»ith milary tubercles (G} Other organs
showed spare milary tubercles but the
pertoneum and G- tract were free of
them Kidneys, microscopic Early atterto-
and artenolar nephrosclerosts

Comment: The patient had hypertensine cardiovasculas disease and congestive fail-
ure The roentgenologic siuhouette was large and of aortic configuration Tuberculosss of
the pencardum with effunon developed that cawed the sthouette to increase further m
size and the vascular pedicle to shorten The effusion gradually resorbed, the silhouette
receded somewhat an size, Milary tuberculosis developed and chiefly affected the lungs,
This caused stram on the right entricle, as evidenced by the appearance of nght ams
deviation n the EC G
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The direct observation of the beating heart in experimental animal work is
plsleadmg. This may be easily proved by comparing the fluoroscopie findings
in a dog with closed thorax with those obtained by direct inspection with
thorax open. They differ greatly,

If fluid is present it is seen to splash under the influence of the vigorous
heart action, although the distended pericardial shadow itself shows no pulsa-
tory transmission. As long as the cavity is entirely free, fluid collects in the
deepest portions. Fluid-filled pockets, however, can be observed in case of *
partial adhesions or obliterations, Such pockets have been clearly demonstrated
by means of lipiodol injections.

Pneumopericardium must be differentiated from collection of air in the
mediastinum and from herniation of the lung, Neither mediastinal emphysema
nor pneumothorax has the characteristic lateral delineation with origin at
the level of the vessels. In the former case, air is seen to extend in the form
of transparent bubbles into the soft tissue shadows of the neck. In the latter
instance, air is found as a transparent area somewhere between the jung and
the chest -wall Hemniation of one lung toward the opposite side, occasioned
by a pneumothorax, displays an arc-like deviation of the mediastinal pleura,
and under the fluoroscope one wit the resp Y to-and-fi t
of the arc (in respeet to the midline), The increased tempo and dynamics of
the pulsatory activity of the heart that are seen in the presence of pneumo-
pericardium are also observed in the presence of a pneumothorax, provided
air reaches the mediastinal surface Since pneumothorax is usually unilateral,
the change in activity is consequently limited to one side only. In none of ﬂl.e
aforementioned conditions will 1t be possible, in contrast to pneumoperi-
cardium, to visualize adequately the lower heart border by changing the
position of the patient L

Tumors and Diverticula. A localized, sharply defined, oval or hemispheri-
cal out-pouching somewhere along the contour of the siIhouette' may be an
expression of varying pathology originating in the heart, pericardium or
mediastinum. Formations of unicentric growth which expand within a pre-
formed capsule, bulge i a globular fashion, This is the chgrac.ter of cysts,
diverticula, hemangiomata of the pericardium, or of medxasunal. growths
(ganglioneuromata, dermoids) which are broadly attached to t.he pencardmmi
Malignant tumors of the pericardium, primary or metastatic, often reveal
multicentric growth, and, as 2 rule, soon lead to effusion. In other mscimces
they form a solid thick layer around the heart proper. The {esuh is m;
enlargement of the silhouette and diminution or absence of pulsations Actual
expansile pulsations are observed in the rare hemangiomata. In addition,

, aneurysms of the aorta of intrapericardial origin, m}d cafdmc' aneurysms mt;)’
be mentioned The use of 2 diagnostic pneumopencarc!lum is an aid to ‘de
differentiation between solid tumor formations located elth.er inside or outside
of the pericardial cavity and certain types of sol{d extrapencard{al zumorsdag
dwverticula This diagnostic procedure may be likened to the aid aﬂ'orde(_ony

pneumothorax in differentiating between intra- and extram.xln!onary !oca t]h ")
cula may reach the size.of a man’s fist. It is interesting

True diverti 1 3 it
they are found in combination with cardiac enlargement and hydropert
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cardium-—perhaps enlarging secondarily to an increaced intrapericardial pres-
sure. Calcification was observed in cystic formations following traumatic
hemorrhage. Diverticular formations due to encapsulated effusions will be
discussed under constrictive-adhesive pericardial disease,

Chronic Constrictive—Adhesive Pericardial and Mediastino-Peri-
cardial Diseases. Anatory. Local Joose intrapericardial adhesions and even
complete adhesions between the visceral and parietal layer of the pericardium,
provided there is no thickening or shrinking or external fixation, interfere
but httle with the cardiac function, and characteristic roentgenological signs
are not known, Other pathological forms are of great importance because of
the resulting interference with cardiovascular function. They are not often
diagnosed, and from the therapeutic point of view should be submitted to
surgery. Clinically the existence of this pathology is not akways considered
Symptoms and signs may be attributed either to associated cardiovascular
disease or erroneously interpreted as sequellae of cardiac (myocardial) disease,
or may be considered indcative of other than cardiovascular disease such
as cirrhosis of the liver,

The subjective symptoms and the peripheral clhinical findings of inflow
stasls are wswally more pronounced than the local findings over the heart
region and the chest. Certain clinical signs such as systolic depressions of
the chest wall are thought to be characteristic but are by no means unequivocal.
The two main pathological forms which will be discussed for practical pur-
Doses are as follows* 1) the pericardium is represented by a sohd, thick layer.
The pericardial cavity is obliterated in part or completely, and the heart and
farge veins are encased, wholly or 1n part, and are under pressure because of
the ¢ d state of the ding layers 2) the penicardial cavity is
Obliterated partially or totally The pericardial layer Is thickened to varying
degrees External, firm, fibrous tissues and adhesions anchdr the heart
Dlus the adherent pericardium to the environment, ie, the chest wall, spine,
diaphragm, mediastinal, costal and viscera pleura. With the first form the
l_ﬂeart function is handicapped mainly because the systolic-diastolic change
in form and position is inhibited; the heart has been compared with a hand
within a glove which is too small The muscle itself 1s usually the seat of
degenerative processes also, The heart remains either normal in size or is
found to be abnormally small With the second form the heart function is
ir{teriered with because resistance is offered to systole, and if systole does
displace adjacent structures an elastic pull s exerted during diastole, especially
l{y the elastic chest wall Cardiac hypertrophy and dilatation may be asso-
clated Both conditions display many variations and transitions and may be

k by other card disease
RoENTCENOLOGICAL Finpincs. The roentgenological description gives a
summation picture but it should be remembered that only some of the signs
are to be found n a given case Static signs will be discussed first, dynamic
signs later,

Staric AspecTs Shape and Size The shape of the heart may be dominated
by an underlying and often primary cardiovascular disease The cardio-
pericardial shadow is usually globular or pear-shaped and 1s in a median
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position, unless pleuro-pulmonary pathology leads to displacement. There may
or may not be present enlargement of the silhouette. Enlargement can be caused
by: 1) an actual increase in the heart size; 2) by thick pericardial layers
which may increase the measurement as much as 2 cm.; 3) by the presence
of an old encapsulated pericardial effusion; 4) by med:astinal effusion, Any
of these factors may occur in combination, Absence of enlargement, especially
to the right, is quite impressive and striking for cases with the clinical picture
of 2 typical right sided failure.

The constrictive effect has been clearly demonstrated in two instances
where in the course of one and five years the L figures for the cardio-pericardial

Figs 285, 285—30 yrs, M. Pneumonta, empyema and purulent percarditis at age 17,
rib-resection riorly and iorly. No i Normal cardiovascular fmdmgs.
Cardiac pull seen and felt ding to area of antenor resection. dnt vtew
cardiac shadow shghtly displaced to ). Adhesions at lt. lung base Contours oftsllhm;::::
smooth Normal appearance of pulsations Rt lat wrew: ventral cardiac runhnur b
with inner chest-wall contour in angular fashion, tentorial penicardial adhesion (w ? amowl
Pleuro-pencardial adhesion Chnical and l 1 findigs were

period of four years’ observation,

imini d 2.2 ¢m. respectively. This constriction
shad?\y dlf'“m,lsf’_eg.ﬁ n,‘-l.l,c_hjs,,ilfim,... f theI;eft atrium in the presence
itricle in the presence of aortic
uch instances the characteristic
roentgenological silhouettes. . )

Thge juncfions of the silhouette are often less distinctly outh‘?eq th’an :i;al”
A filling-out of the waist of the silhouette at lhe.left Ieaqs to ‘mitral ;lza ° };t
The vascular shadow may be foreshortened with a widening to ldfﬂ ;iial
occasioned by an enlargement of the superior vena cava, or I:.py n)-n.eex;s i
effusion or thickening, and the aortic knob may be paorly visua ll‘e“e "
encircling process tends to affect the apical portion Tess or tol etveer; e
free, and it then is observed to bulge lxkg a hernia and simul ad i
aneurysm, One or both cardio-draphragmatic angles can be blr:?ge b y rocess,
lateral, sharply defined adhesions. In the presence of su.ch a} 1 at;z epin the’

the cardio-pertcardial sihouette assumes a definite triangular shap:

anterior view.
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Obligue and lateral views permit differentiation of such adhesions from costo-
mediastinal adhesions, which are located 1 a plane definitely behind the heart,
A partially or completely collapsed lower lobe with atelectasis or carnification
is difficult to differentiate Care must be used not to diagnose as an adhesive
process the rather transparent and small triangular shadow which normally
extends from the lower left border to the diaphragmatic contour. Since peri-
cardial and mediastino-pericardial disease may be the Iocal manifestation of

3534 i

Fics 287, 288 —49 yrs, M Cough for 10 yrs, becoming productive with blood streaks
mucts for fast 3 months Flatness at 1t base Clubbing Cardiac findings negative ECG
essentially normal dn? wrew (A) abscess cavity with flud Jevel 1n 1t lower Jung field,
surrounded by large amount of abnormal density Venfication by Lipiodol instillation Rt.
lower cardiac contour m parts not wvistble, slbouette otherwise normal Course operation
4 months later, 1t postenor lobe found destroyed Development of fever, tachycardia,
orthopnea, rapid Lver engorgement and marked increase i cardiac dullness EC G - R-T
segment shows high take-off i1n all three leads Ant zrew (B) marked enlargement of
sdbouette, mcluding vascular shadow Rounded, prominent bulging at It contour Post-
morter suppurative pencardial effusion with marked dilatatioft of pericardial cavity,
Panetal pencardium connected by synechiz to epicardim above apieal portion of heart,
cramal to it 1s large collection of pus, causing a marked bulgng of It upper portion of
pencardial sac Heart not enlarged, coronary artenes patent, parenchymatous degeneration
of myocardium Huge abscess cavity i 1t postertor lobe with mucroscopical findings of
carcinoma Aspect of pencardial effusion with sacculation of exudate

a polyserositis, one should search for roentgenclogic signs of pleural disease,
and include a search for interlobar affections by using the oblique views and
placing the patient 1n a lordotic position Tent-like shadow formations along
the silhouette indicate a pathological process in the adjacent lung tissue or
in the mediastmal or costal pleura The pericardium 15 locally pulled off due
to overlying tension, but generally the pericardial cavity does not reveal local
alterations. Tent-lke shadow formations along the diaphragmatic contour
may express pleural adhesions but more often they represent localized eleva-
tons due to structural changes of the overlymg broncho-pulmonary area.
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If air is introduced into the
pleural cavity, these conic or
pointed shadows may either dis-
appear or may be intensified or
may occasionally thus make
their first appearance. Haziness
of mediastinal contours is due
to adjacent interlobar and pul-
monary pathology. A “marked
obliteration or disappearance of
the retrosternal or retrocardial
area, or of both, is usually
caused by medrastino-pericar-
dial pathology. unless marked
cardiac enlargement or lung

Fic 289 —46 yrs, M Rheumatic fever at age " o
17 Since age 42 effort hemtation, dyspnea, abdo. disease accounts for it.
men increastng m size Frction rub at age 45; Localized Encapsulation. Ex-
3‘““ then leg cdemad\';nous co'ngcslmn kagdshghl udate, rather inspissated in
legree  Cyanosis an lver enlargement lema, t and is
ascites, pleural effusion Cardizc duliness (after char;c(er,f maﬂ persist iated
removal of pleural fluid) not appreciably entarged; USUally found encaps d
apical thrust not felt Absence of chest wall pulsa.  The presence of a larger and lo-
tion Heart sounds clear, embryomc rthythm, tachy-  calized amount leads to local-
carda, BP 05-110/80-85 Pulsus paradows jzed bulging of 2 shadow mass,
ECG nmsr, very low voltage all four leads \}
Chrome constrictwe pericardual dsease Bilaterat  USUAlly round a\nd1 Smoolthiy
effusion partly removed, a small amount of ar Outlined, rarely polygonal in
entered 1t pleural cavity Ant wrew* fluoroscopy shape. The site of preference is
reveals complete absence of any pulsations Con- on the right Fist size is often
tours of silhouette rather straight either side Rt. attained, and faint transmitted
cramal vascular shadow (sup vena cava) promi o
nent Absence of congestive lung falure. A medias.  Pulsations may be present The
tinal hyd horax 1 base, as seen in all views,'Is m
pleura (wh arrow) and honzontal flud level (bl.  broad contact with the cardio-
arrow) are wvisualzed Course operation (Dr. pericardio-vascular silhouette
C 'S Beck, Cleveland): complete oblteration of s "o B o tinuous
pericardial cavity, scar measuring 1n some places 20 Cell imitate an
05 cm Adhesions between pencardium and ster-  With 1t. It may well im
num and between pencardium and rt diaphrazm  aneurysm of the prof(ll.nﬂl QOI‘
Pericardectomy Marked improvement, Were it not  tion of the aorta and is identical
for the arr colection, the shadaw cost BY the o appearance with a true diver-
mediastinal effusion might have been interpreted s . b digm. The
d 5 A ticulum of the percar 3
'bf‘mrdm‘fem”dm_!_ f{’f 3‘:’.3{:5':— .:.nfii’-maf diagnosis of such a sacculated
exudate depends mainly on .the
general roentgenological diag-
. nosis of chronic pericardial dis-
€21 B -3
A autobiographical description of this case s €ase Aneurysm is unlikely to be
gwen by the patent, an M D, in Penna. M J.  present 1f other visible pomqn!
1935, 40, 18. 3 of the aorta show neither wid-
ening or displacement.
A localized obliteration of the pericardial cavity occasions peculiar d:mugfs
of the silhouette in the presence of a pericardial effusion Thus the circular
'
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smooth outline of the left or right border may be replaced by out-pouchings
with a depressed and flattened connecting contour betieen them.
Postoperative Changes. Surgery in chronic pericardial or pericardio-
mediastinal disease consists chiefly in decortication of the thickened pericardial
layers. Removal of parts of the anterior chest wall is indicated in some

Figs 290, 291—19 yrs, M Cardiac paw and palpitation on effort snce age 13, Operation
for Tbe, abscess on foot age 18. Ascites recently Shght cyanosis, hiver engorgement, no
edema Apical thrust not palpable, disstolic propulston of precordum Whole It. ant.
chest wall shows systolic retraction and dustolic outward movement to It Infensie
dullness over Jower sternal area Second sounds reduphcated, second part Jouder and
simultaneous with duastolic propulsion BP 100/65. Rate 80 ECG nsr, no change
of electneal axis in different positions Liver had presystohc and systohc pulse and dia-
stolic collapse. Wassermann negative Adhesive mediastino-pencardial disease. Ant view:
moderate enlargement of silhouette, L 141 cm, B 104 em, T 142 cm, Th 252 em
Widening of rt. cramal vascular shadow (sup vena cava) Tnangular shadow extending
from 1t cranal contour into interlobum (bl arrow) Moderate degree of congestive lung
fallure Fluoroscopy: amphtude of cardiac pulsations definitely wncreased, 06 cm at 1t
border Lt, lower contour hits with each systole Hardly any movement visible 2t aortic
knob Rt post obl vrew- pulsating lime salt deposit at lower cardiac border (bl arrow).
‘Tymical ¢hnical picture with predominance of the external adhesive type Calafication tn

Pl adhesion The between the increased cardiac
and the decreased aortic pulsations is of diagnostic importance The stroke volume fs
obviously dimninished The increased carchac shouette pulsations should be explained in
two ways: (a) fixation of the atrio-ventncular septum and compensatory moverment
of the otiter muscular wall of the heart, (b} the diastolic rebound of the elastic chest
wall distends the heart beyond its distolic position Fig 164 from Roesler, H, in Duag-
nostic+ Roentgenology, Nelson’s Loose-Leaf System, ed by Ross Golden, 1936, p 249
Courtesy Th Nelson & Sons, New York

instances. The following changes have been observed postoperatively: 1) a
diminution of the previously enlarged pericardio-cardial silhouette; hete thick
layers had been removed or associated cardiac dilatation had receded 2) a
diminution in the size of the vascular (superior vena cava) silhouette, and

were noted because only parts of the thick layers had been removed. S; I;‘I:I;r;f;
or hermation of the left lower silhouctte aréa; here only a part of the left
ventricle was freed 6) disappearance of congestive lung failure due to an im-
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provement of the hemodynamic conditions in the lesser circulation Subsequent
to freeing of the heart.

Lung Fields, Pleural effusions interfere with diagnosis, and removal by para-
centesis should precede a second roentgenclogical study. The observation of
thy lung fields may reveal absence or but g shight degree of congestive lung
failure. This fact 15 rather impressive in view of the more or less marked signs
of congestive failure 1n the greater circulation, As an explanation it may be
suggested that the disease process in question usually embarrasses the right
side of the heatt more than the left. This is demonstrated in many
postmortem specimens, but even with the pathology equally distributed

Fic 292,51 yrs, M Rheurnatic fever and
penzcarditis at age 13 and 17, Valvular
fesion diagnosed at age 21. Always hasd
working Attarks of fadure since age 38
At age 42 duagnosed as and operated for
adhesive pericardal disease {nb resection);
much improved. Cangestive fatlure since age
S0 Systalic retraction of It. chest wall,
diastolic propulsion of apcal area Cardiat
enlargement, Mitral yahular lemon and
aorty stenosis B P 110/70 ECG : auntue
far fibniation Valvular Jesion and adhesive
medmstimo-pencardia} disease of rheumatic
etiology. Ant siew (ilustration omitted):
targe sdbouette with combined rutral and
aortre configuration, Rung-bke ealufication
slong corenary suleus Fluoroscopy: pulsa-
tory amphtude at fower contour mereased,
D38 to, very small at aortic knob, absent at
1t cardic border and af coronary suleus Rt
ant. obl wiew (Hustration omitted): It
atnum enfarged  Lé ot view: hme salt
depasits in annular ateangement, coryespond-
tng to coronsty sukus {(wh amows) Fure
ther deposits in sternodiaphragmanc angle
Flusroscopy region of cozonary sulcus not pulsating at afl. Calofication of diaphragmatic
pleurs (bl arrow) Interfobar thukenng {short bl arows) The cardisc enlargement I
cawsed by heart and dial disease The mcreased pulsations along
the }t cardiac border are mot an expression of an increased stroke volume; fivation agaunst
the chest wall and fisations of the atriaventnicular septunt account for them Deposit of lime
salt occurred along the coronary sukus oaly

between the right and Ieft side, the right ventricle will be embarrasged carlier.
Inflow stasis back of the right heart hikewise counteracts overfilling of the
tungs. In other cases, however, congestive Jung failure is present, and }hree
conditions chiefly account for it. 1) left ventricular failure due to as.socnated
hypertensive or coronaty arfery disease; 2} mmitral stenosis due either to
mntrinsic valvular deformation, of to an enoircling of the base of the heart by
constuctive and often calcified pericardial scar tissue; :3) embarrassment of
the pulmonary vein circulation, possibly in the following indirect fashion.
When the base of the heart is attached o the dorsal thoracic wall and when
the lungs move freely with each inspiration, & strain will be thrown upon the
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Fic 203 —67 yrs, F History Pamless jaundice and rapid weight loss Findings Jaundice
and enlargement of the Lver were noted There was no evidence of failure and the heast
was not apprecably enlarged Rate 83/min B P 138/80 Venous pressure 4 cm of water
Circulation time, arm to tongue (sacchann) 18 sec, arm to lung (ether) 10 sec Labora-
tory evidence for bibary obstruction and lver damage E C G Nasr, P deflections
small, It aus dev, S-T segment depressed m 1, II, T m CF. of low voltage, (o dig-
tabs)

Lt gnt obl wew A large plaque-lhke zone of calafication i1s noted over the rt side
of the heart

Course The operation revealed carcnoma of the bile ducts with metastasis to the
Tiver

Postmortem (2 mos following the roentgenogram) A caranoma of gall bladder wall
and a subhepatic abscess were found Both pleural cavities were entuely obliterated by
old fibrous adhesions There was a complete obliteration of the pericardial cavity by rather
firm adhestons There was noted a lozenge-shaped calcareous plaque curving about the rt,
atrum, measunog 75 cm i length, 45 cm m wadth, 15 em 1 thickness, the mner
surface was covered by the pectinate muscles of the apnum, which 1t infiltrated The
weight of the heart was 400 gms The myocardium, endocardwim, valves, coronary artenes
were normal, a moderate degree of atherosclerosis of the aorta was noted Microscopic.
Mild degeneration of the myocardium

Comment The localzed Qlakication of the pencardum and of the adjacent portions
of the was d on routine radwologic examination of the
chest
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cardiac‘mot structures since the heart cannot follow the caudal and ventral
propulsion of the lungs. Thus, during inspiration, the flow of blaod in the veins
may be retarded or stopped completely, Haziness of the lung fields Is observed
with pleural edema or thickening, and with pleural effusion.

Fics 294, 293 —16 yrs, M Shot in It chest at age 23, thoracocentesis revealed blood
Rheumatic fever at age 20 Hard working until age 43 Dyspneic for two years, ankle
edema for one year Congestive failure in greater airculation Respiratory excursion of It
chest much dimimshed, intensive dullness postenorly and laterally Heart action neither
visible nor palapable No murmurs BP 120/70 ECG nsr, Ty wsoelectnc, Tr diphasic
Cardiac constriction An¢ wrer. (recumbent position, Potter-Bucky diaphragm technique)
extensive hime salt deposits corresponding to It postenor lobe area with bullet in center.
Cardidc shadow gobular, displaced to rt Ringlike celaification of pencardwm (short bl
arrow) Lt ant. obl view (standard techmque, with course of rays from rt and above to
1t* and downward) borders of It posterior lobe outhined by hme salt deposits, note
interlobar fissure (wh arrow) Calafication of pericardium (short bl arrows). Fluoroscopy.
cardiac shadow neither pulsates nor moves with respiration Bullet freely movable The
etiology of the process 1s most hhely traumatic 1n ongin Hemotborax and hemopenicardium
lead to intensive caletfication The bullet shufts within an encapsulated, old, mediastinal
exudate A good demonstration of the anatomy of the it posterior lobe.

Calctficatson. The deposttion of Iume salis is the most unequivocal sigr.l of
the presence of chronic pericardial disease but unfortunately, from the view-
point of diagnosis, extensive deposits are not very common. The visible amount
may vary from a few granules to an almost complete casing with a thickness
as great as 2 cm Locations of preference are the coronary sulcus and both
the diaphragmatic and sternal aspect of the right ventricular area, Tl}en
follows in order of frequency, the left ventricular area, its apical portion
being often exempt; the area over the left atrium is rarely involved The
deposits appear in the form of rings, plates, buckles, streaks and gra.nul'ﬁy
radiating, arc-like, fork-like or linear; or branching and i ¢
. f e 23 cm il i cccamitam o avetlhan Thaee ava hect ahesrvad and

Ity

‘id

| he

calcifying p}ocess almost entirely involves the thickened perigan.iial layer,
tangentially situated plagues will present themselves as encircling bam}-
shadows along the silhouette. Where only localized plaques are present, their
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peripheral site, in contradistinction to deep seated calcification, must be
proven by adequate views in fluoroscopy and on roentgenograms Simultaneous
calcification of the cardiac and diaphragmatic muscle is not uncommon, It
is very difficult, if not impossible to diagnose calcification in the coronary
arteries in the presence of extensive pericardial calcification

Calcified thrombi are represented by large, round or oval masses, Calcifi-
cation limited to the apical portion, in conjunction with the hustory and clinical
findings of coronary artery disease, must make one consider the presence of a
cardiac aneurysm, Calcareous deposits in the fibrous skeleton of the heart and
in the heart valves themselves are located centrally 1n the sithouette in all the
views, and are ch ized by their extensi Caldified areas in
the 1ib cartilages, within lymph nodes and bronchial walls, are found to project
outside of the heart in certain views or may be located in stereoscopic roent-
genograms. .

Pericardial calcification does not necessarily indicate severe embarrassment
of the cardiovascular function It may have developed at a time before the
obliterative and shrinking process occurred, and even may have prevented
this malignant course. Very good function withmn this shell is then guaranteed
Or it may take place in a late stage, after obliteration and constriction are
established. Then incrustation 15 only a special form of this condition though
it may add to the embarrassment.

. Dynasuc Aspects Types of Pulsations Abnormal findings regarding
pulsations are common A decrease or even complete absence of the amplitude
occurs commonly, but an mncrease 15 occasionally noted Both types are well
explamed by the underlying pathology.

With constriction as the predominant feature, the extent of the amplitude
diminishes or becomes nil. This may be observed all along the silhouette,
or, while the greater part seems to be at rest, the apical portion may have
preserved its normal activity If pulsations are present, they lack the normal
speed and wave-like character The cardiac output per beat in such a case
with constriction was found to be 18-26 cm®, as compared with the normal
figures of 55-80 cm®. (average 65 cm®), and the cardiac output per minute
was 369 lower than the average Under the effect of exercise the heart rate
in this patient increased from 106 to 144, while the output per beat remained
almost exactly at the same level One correspondingly finds the pulsatory
amplitude, as observed during fluoroscopy, not appreciably atered. Dirninished
or absent pulsations may be found, however, without much circulatory em-
barrassment and without much dimnution of the pulsatory output. Then g
thick layer or shell is present, but the pericardial cavity itself is not obliterated
or only obliterated in circumscribed areas. Calcareous deposits may or may
not change their mutual relationship. In the latter case the armour 1s not the
plate variety, so to speak, but rather of the chan or link type.

Such hearts with diminished or absent pulsations reveal a remarkable
R, e Al o

PR RN R
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presence of icardium and i ); but tgenol
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follow-up studies show the persistence of these improved pulsations and they
may even assume a npormal aspect. This has been observed fluoroscopically
in a number of cases and has been objectively demonstrated by means of
kymograms. The work of the heart improves correspondingly as exemplified
by the pre- and pos:-operative figures for such a case, with stroke volumes
369 and 88.8 cm*., and minute volumes 3.76 and 7.90 litess, Tespectively.

The fact that the circulation is maintained in spite of complete Jack of
pulsations along the cardiac silhouette proves the persistence of movements
of the atrioventricular septum.

Very small pulsations are likewise associated with the heart in myxedema
and with acute coronary occlusion. .

In other instances a great amplitude is observed, especially with a rapi
diastelic outward movement. It reminds one, at first glance, of that seen in
cases with a greatly increased stroke volume as in marked bradycardia. But
the small amplitude along the great arterial vessels is in vivid contrast to
the large excursions of the ventricular border, where the increased amplitude
does nat express an increased stroke volume but merely corresponds to an
altered mode of ventricular contraction. It is found, first, when there are
external adhesions, fixing heart and pericardium to the anterior chest wall in
the presence of a well functioning heart muscle; second, wher the base of the
heart is fixed in the course of obliteration of the pericardial cavity. Here ﬂ}e
longitudinal contraction of the ventricular cone is interfered with andv!hls
reduction in movement fs compensated for by increased marginal excursions
Marked chest wall movements are noted chinically in these instances In the
first type ventricular systole deforms the feft chest wall whose efastic r§b0“ﬂd
during diastole occasions the heart to expand pnssf»e]y. The. following ex-
planation can be offered for the second type. The aspiratory action of Veﬂ"}‘;
ular systole on the chest wall is not comp: d for by the opposing centnil-
ugal forces in the change of the shape of the heart, because t.he n_or{nal I.evzr
movement of the heart, the erection of the left lower pale region, i3 inhibited.
The increased marginal excursions likewise create a marked. afplra(ory aCt}O‘:
on the chest wall. Since the systolic change in heart shape is interfered 'm\l N
the chest wall does not receive a forward thrust during systole; consequently
in the substquent diastolic relaxation an opposite centripetal ma'veme‘nlhls
not called forth. Hence, the centrifugal impulse due to diastolic filling of ¢ de
ventricles can act unrestrictedly on the chest wall, and a dastolic oulwall
thrust results, It should be understood therefore that the presence of F“emz
adhesions need not be postulated when these abnormal roentgenological ans

ini ulsations are observed .
dl;:fﬁe?zcz of Respiration and Body Fosition Little diagnostic aid is “";‘;‘;‘:
from the study of the mediastinal shadow ir} _the lateral prone pos!*{ons e
the respiratory influence ls tested in addition, Changes in position :;ough
mediastinal shadow may be cbs.erved in spite of an qdhesxve procelss, N
we may actually deal with rotation only. A lack of shift of the ]ef;u::\;j g:ly
tegion, which normally would amount to 2 to 2.5 cm, to be eval

in the absence of any considerable carfilac enlargement.
As compared with a landmark outside the body, eg., e
finger held against the fluoroscopic screen, the mediastinal shadow i

with the tip of 2
ohsesved
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in many normal instances to rise toward the end of 2 deep inspiration. The
rise of the medastinal shadow therefore cannot be considered as a pathog-
nomonic sign. One may observe, howeser, that one heart border rises while
the other one is lowered, or that one nises more than the other. Further, one
may notice that several denser band or streak-like shadow formations appear
between the penicardio-cardial shadow and the diaphragmatic contour. Both
of these findings indrcate external adhesions

The left loner pole region normally shows an inspiratory caudal and medial

&

e

e e e

Fics 296, 207 —30 yrs, F Stab wound of heart at age 25, followed by hemapencardium
Suture of beart wound, complete recovery Chmcal and electrocardiographic examination
reveal fo abnormalities Amt viee heart normal in size, shape and activity (A) Taken
dunng respralory pause Landmark corresponds to tp of finger Testing on fluoroscop ¢
screen, (B) Taken duning deep inspiration It 1s noted that sibouette has risen exclusively
on It side Landmark again corresponds to tip of finger on fluoroscopic screen Lat view
(llustration omitted) respiration does not brng about a change 1 size of retrosternal
field Post-operative adhestons between heart, pericardium and mternal chest wall, most
probable While a slight to moderate nise of sithouctte 15 physiclogical with thoracic type
of respiration, such an asymmetncal rise 1s never observed under normal conditions

R .o B g e e,

.. . f
the diaphragm while the lateral contours move and flatten out. In this con-
nection spanning of the cardio-hepatic angles 1s commonly associated Observa-
tion in the left anterior oblique view may reveal, for the whole cycle of
respiration, a constant and therefore abnormal relationship of the dorsal sil-
houette border to the bi-diaphragmatic angle, All these findings lose much if
not all of their significance in the presence of a large silhouette. Finally a
marked straightening of the silhouette borders dunng forced inspiration has

. been observed in adhesive mediastinal disease. ‘

When adhesions fix the pericardium to the lungs at each side, and to the
chest wall in front and behind, they interfere with the normal ventral and
cranial shift of the antenor chest wall. On inspiration the roots of the lungs
are not moved, the chest expands laterally and is lifted together with the
shoulders. The central portions of the diaphragm and its crura move but
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little and the abdomen, instead of protruding, is drawn in. A lateral view
reveals then, clinically or logically, an inspiratory cranial and ventral
movement of the uppermost contour of the chest wall profile, while the middle
and lower portions of the profile, approximately the caudal half of the sternum
and the upper abdominal contour, move in an opposite direction, i e , dorsad.
Inspiratory and expiratory contours cross each other. This is the sign of the
crossed profile. The retrosternal triangular transpacent area should alsa be
observed in this lateral view. Under normal conditions it will change in size
and shape during the act of respiration. But since cardiac enlargement and
abliteration of the medial pleural sinuses may also prevent this change, littte
diagnostic value can be ascribed to the absence of this phenomenon.
Valuable information may be gained by the study in the recumbent, lateral
positions. The changes of the mediastinal shadow in position and shape, and
its return toward the midline during inspiration have previously been described
in chapter I1I. With fixation in front and behind, the mediastinum resists dis-
placement by gravity, and therefore will not rise from the dependent side
during inspiration. This study must be carried out for both the left and right
lateral positions with the patient breathing deeply. An absence of a shift away
from the dependent sides is suggestive of broad, external fization There are
other conditions, however, that will reveal the same findings: bilateral pleural
adhesions, a marked degree of pul y congestion iated with pleural
much hydropericardium, much cardiac enlargement, and the inability
of the patient to breathe deeply. Nor does the presence of the mediastinal
shift permut the exclusion of localized external adhgsions. A lack of change
in shape of the silhouette, when carrying out the manoeuvre, is also suggestive

. of broad, external fixation; but a matkedly hypertrophied and dilated heart

fails to show such change hei
Vittle use has been made of the Valsalva and Muller tests though their

application helds some promise. . .

In conclusion, the evaluation of the roentgenclogical signs I::ecomes i
creasingly difficult when the silbouette is considerably enlar.ged. 1t is also com;
plicated by the presence of other basic cardiovascular disease. Presence o
calcification is then the most reliable positive sign.
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CrapTER XII
CONGENITAL CARDIOVASCULAR MALFORMATIONS

Both the roentgenologic and clinical diagnosis of congenital cardiovascular
malformations are often difficult because certain defects may exist without
roentgenologic indication of their presence and others, such as cardrac enlarge-
ment or prominence of the pulmonic arch, cause changes which are not
characteristic for congenital malformations alone, Moreover, there are often
combinations of different types of congenital cardiovascular defects, and
occasionally acquired valvular lesions are superimposed. It is a mistaken
idea that congenital cardiovascular disease is observed only or mainly in the

Fic. 20841 month, M. Increasing cyanosss since buth Transposition of all organs ECG :

jew = Thouette
charactenstic inversion lead I, supenmposed 1t axis dev, Ant view cardac sil
directed to 1t , of boot-shaped Sups diac shadow slightly enlarged. Liver

at It,, stomach at rt. Rt lat, vrew: absence of thymuc enlargement Congemital cardiovascular
malformation 1n the presence of transposition of all organs,

is i B re never

oung and that cyanosis is the outstanding feature. Many cases are,
youne o 1% am mace thrmiah Tife classified as rheumatic heart disease.
, the erosion

The roent-
i i 2 aratively
mnologic study of congenital malformations intants renuets cumparat

lgiitle d%agnostic aid because the silhouette contour is not as yet ifferentiated
Later in Lfe there are fewer types of malformations to be considered, beca'uss

certain types of them lead to death at an early age, but then a more detaile

ologic study is possible.
melr:ie;roug of 68 cases with an average age of 16 8 years, there were pre.sent
* positive abnormal roentgenologic findings in 8555 of the cases, These findings
s

384
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were of definite diagnostic value in 51 of all the cases and in 60 of the
cases with positive findings. Ab lities in the ic area

were approvimately three times more frequent than in the aortic area.

Further diagnostic progress may be expected from the recently introduced
'method of intracardiac visualization by means of contrast media.

Dextrocardia, This term simply implies that the greater portion of the
heart lies in the right chest. This may be the result of a displacement de-
pendent upon an extrinsic cause and acquired either during fetal life or,
more ccmmonly, in the course of the post-natal period. It is also designated as

ing, the volume of the right chest space is
diminished and the volume of the left
increased. The roentgenologtcal study
demonstrates asymmetry of the chest,
abnormal findings of the lungs, pleura
and diaphragm and some displace-
ment of the mediastinum. The axis of
the cardiac mass has undergone 2
corresponding shift or rotation,

In another group of cases, the chest
is symmetrical and the lungs, pleura
and diaphragm are normal but the
heart is situated in the right chest
Two main types represent dextro-
cardia in the narrower sense,

One type consists of transposition
of all organs, The appearance of the
cardiovascular shadow is reversed (a
murror image) as is the architecture

The anterior view cotresponds to the
posterior view of a normal chest roent-
genogram, and right and left oblique
views are respectively reversed. Con-
genital or acquired lesions may be
superimposed and modify the roent-
gen ray findings.

The other type is the isolated dex-
trocardia Here the other organs of the
body show normal arrangement or
there may be a partial transposition
present. This dextrocardia 1s by no

Fic 20911 yrs, F No complamts Ab-
normalitres of fingers and toes. Pulsations
i nght intercostal spaces Normal heart
sounds BP 85/70 Normal chest and ab-
domina! findngs ECG  essentally nor-
mal Ant view cardiac shadow 1 rt. chest
cvity with atypieal configuration, Aertic
knob 1n normal position, to It Pulsations
of ventncular type noted along 1t contour
Cervical b on It Absence of pleuro-pul-
monary disease Rt leaf of diaphragm lower
than 1t Abdommnal situs normal Coongental
isolated dextrocardia

means an anatomical entity. Although the anatomic study always reveals
the presence of cardiovascular malformations, yet it may be impossible dunng
life to diagnose their presence by clnical or ic methods F

capacity and prognosis depend upon the type of malformation. A normal
arrangement of the chambers may be present with any one of, or a combination
of, the following defects: transposition of the large vessels, pulmonary artery
stenosis or atresia, defects of the septa, and right sided aortic arch. If a partial
inversion is present, one or several of the four embl’YOIOElcal segments may be
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involved: bulbus, sinus, primary atrium, primary ventricle. There is nev
complete, mirror-like inversion. The aforementit{ned ma]formateioixslsaxrl:\:::
comitantly found. The aortic arch may have a left or right sided course

This short description gives some idea of the variability of the linical
and roentgenological findings. )

Concerning ‘the course of the aorta, the following observations hold true:
w}‘len the car'dlac shadow is of an atypical shape, .., does not represent a
m‘“'f'"'hke picture, the aorta crosses to the left, and this combination is
relatively common, However, if the cardiac shadow represents a mirror image
of the normal silhouette (and be it understood that this whole discussion
refers to a normal situs of all the other organs), the aorta may cross either
to the left or to the right, but more frequently it crosses to the right. A typical
left lower pole (apical) region is present only when it is formed by the nght
sided ventricle, It is indefinite or missing when the left sided ventricle or an
atrium form the right lower border of
the silhouette The aortic arch in all
known cases shows a normal relation
to trachea and esophagus in contrast
to persistence of the right sided aortc
arch which is found in combination
with a normal situs of the heart.

A subgroup of isolated dextrocardia
shows congenital defects of ribs, pec-
toral muscles and herniation of the
lung i
The right leaf of the diaphragm is
found to be farther caudad than the
left, although in a few instances they
may be at the same level. In other
words, we learn from cases of isclated
dextrocardia that it is the position of
the heart which governs the difference
in the height level of both leaves x?f
the diaphragm and not the liver as is
commonly believed. Another fact sub-
stantiates this statement; in instances
of isolated transposttion of the ab-
dominal organs, where both Tiver and

Fic 300—6 yrs, M Known to have heart
lesion smce early infancy Marked cya-
nosis Both cardiac and Liver dullness at left

i 3 tolis 1 ..
Right testicle lower. Systole murmur Gver heart are found at thé left, it is then

tre heart ECG. nsr, . ams dev : h
o view y ows at the left leaf of the diaphragm which

Ant view cardac and hver shad
©om v W Yt of s noted to be more caudad.

Interventricular Septal Defect.
When the defect is very small, there
is little or no change in the shape of
the heart; some minor degree of
B N hypertrophy and dilatation of both
or, predominantly, of one ventricle is

common The large vessels may be normal or there may be a shght dla-
ead to considerable

tation of the pulmonary artery Very large defects 1
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cardiac enlargement but are often complicated by transposition of the large
vessels. When the defect of the interventricular septum is associated \yith
dextroposition of the aortic orifice, hypertrophy and dilatation of the right
ventnicle, and dilatation of the pulmonaty artery and its branches, this com-
bination is called the Eisenmenger complex. It seems that enlargement of the
right ventricle and pulmonary artery are functional sequelze to a sufficiently
farge shunt from leit to right, The frequent finding of arteriosclerotic changes
in the lesser circulation also points to an extra load. It is conceivable, hawever,
that the of the p 'y artery rep an iated
anomaly, i.e , an abnormal division of the truncus artertosus communis, When
stenosis or regurgitation of the pulmonic valve or patency of the ductus
arteriosus are noted, enlargement of the pulmonary artery should be related
to these findings. Clinical symptoms are usually absent with small-sized
defects, and full physical efficiency is preserved. And although the harsh
mesocardial murmur, often accompamied by a thrill, is very impressive, the
roentgenologic findings are either entirely negative, or there is noted a mod-
erate enlargement, globular In type, which is sometimes associated with a
shght prominence of the pulmonic arch. The hilar vessels are of normal
appearance and the left atrium is not enlarged. The amplitude of the pul-

sations may be moderately increased, %
/j x\ |

often not more than one might expect
in younger persons with a vigorous
heart action. A marked increase, how-
ever, is noted when heart block is
present. A very marked prominence
of the conus, pulmonic arch and, in
same cases, also of the intrapulmonic
vessels, together with a considerable
nght sided enlargement must make
one consider the presence of an Eisen-
menger complex or associated anom-
alies,

Interatrial Septal Defect. Cases
with a patent foramen ovale or with
very simall defects do not disclose any
roentgenclogical signs and are not
considered in this discussion A defect

of considerable size leads to a hy-
draulic disturbance, a left to right
shurit, as a result of which the nght
side of the heart and the lesser -
culation carry an increased amount of
blood while a decreased amount is
cartied by the left heart and the
greater circulation. The hearts are
large; often of enormous size. This is
due to a right sided enlargement, a

Fic 301 —26 yrs, M No complamts Ap-
peared for student athletc examination
Heart not enlarged Loud, rough, blowing
systohic murmur, maxmum of mtensity at
crossung of left parasternal hne and 4th
ntercostal space, a systohc thnll here Rate
82, BP 100/85 ECG normal find-
ngs Typual mterventncular septal defect
Roentgenological findings normal s to
shape and pulsations L 13, B 100, T 116,
Th 232 cm.

dilatation far exceeding hypertrophy, and the right heart forms the entire an-
terior wall, The pulmonary artery is always larger than the aorta, the average



388 CLINICAL ROENTGENOLOGY OF THIL CARDIOVASCULAR SYSTEM

ratia hainn 1:7 Tunseacrad n ahaalosa &

Tic 302—14 yrs, F. Cardiac mnvalid sice
age 7. Underdevelopment, pallor, dysprea
Precordial bulge, huge carduac dullness, sys-
tohc retractions 1n intercostal spaces Sys-

tolc venous pulse ECG auncular fibnl-
lation, rt aus dev, shzht Ant wew
Jarge pear-shaped sihouette L 188, T 187,
Th 216 c¢m Aortic knob not visible
Enlargement to rt and !t craniad. Intra-
pulmonary branches promunent, absence
of Oblique views {

omitted) It atrum enlarged, aortic arch
rot visible Postmortem absence of peri-
cardial adhesions. Rt atrnum and rt. ven-
tnele, especially conus artenosus, much
enlarged Circumference of aorta 54 cm,
of pulmonary artery 9 em Interatnal septal
defect 13 x 4 cm Mitral and tncuspd
valvular leston, shght degree An example of
great degree of nght sided enlargement; di-
Iatation due to a congemtal intracardiac left
to right shunt From Roesler, H, Arch Int
Med, 1933, 54, 339 Courtesy Am Med.
Assoc, Press publishers

""" *ho s se artery i large or
1e branches of the

v ¢, and trunk and
branches are often the seat of athero-
sclerotic processes. The dlinical diag-
nosis is complicated by the fact that
in about 75% of the cases valvular
lesions are present which predomi-
nantly affect the mitral orifice. This,
however, does not modify the ana-
tomical and roentgenological picture,
it rather exaggerates it. The bearers
of this condition usually reveal physi-
cal underdevelopment. Certain signs
and symptoms caused by the presence
of a large heart may mislead the
clinician fo diagnose adhesive peri-
cardial disease.

The roentgen findings are quite
characteristic. The cardiac shadow is
large, This enlargement extends to
each side but predominantly to the
Jeft so that the left lower contour may
reach the left thoracic nb cage. The
general configuration is globular, with
a considerable cranto-caudad devel-
opment and with a more or less
marked prommence in the region of
the pulmonary conus. Oblique views
may or may not reveal enfargement
of the left atrium, All of the branches
of the pulmonary artery are enlarged
but are sharply defined Increased
pulsations may be noted along .Lhe
main branches in the hilus region
Normal transparency of the lung
fields is present unless marked con-
gestive failure takes place, In the ma-
jority of cases the aottic knob. is
either very small or entirely missing.
In most instances, a low position of
the diaphragm is noted,

1t #s not sufficiently realized that the enlarged right ventricle is sx:tuated pre-
dominantly or entirely to the left of the midline and thus causes either a pre-
dominant or almost exclusive enlargement of the sithouette to the Jeft. When
an enlargement of the left atrium fs found it should be attributed first of all to
a concomitant mitral valvular lesion The enormous enlargement, of lh.e hilus
vessels is often misinterpreted, tuberculosis and tumor being the chief er-
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roneous diagnoses In one instance the roentgen ray report seemed to support
the clinical diagnosis of mediastinal tumor since the observed masses were
sharply defined and did not pulsate, They were mcised at operation and the
patient bled to death. The postmortem examination revealed the presence of
_an nteratrial septa} defect together with an aneurysmal dilatation of the pul-
monary artery and thrombosis of its branches.

An increased ampli of the pul of these branches need not be an
expression of valvular regurgitation but may also be produced by an increased
pulse pressure in the lesser circulation with or without additional pathological
changes in the wall. The low position of the diaphragm is, in part, a simple
weight depression and m part a physiological adaptation to mcrease the avail-
able space for the lungs

Fics 303, 304 —46 years, F Palpitation since early childhood Height 148 cm, weght
42 kg Shght degree cyanoss, no clublung, absence congestwe fallure Marked cardine
enlargement to both sides and It cramad Short systolic thnll in 2nd and 3rd intercostal
spaces Py much accentuated, followed by very short distolic murmur. Peripheral vessels
thin BP. 110/85, ECG nsr, 1t aus dev, shght degree Ant veew marked ealarge.
ment of whole sithouette with charactenstics of enlargement of 1t chambers and marked
prominence of region of pulmonary conus and artery (bl amow) Aortic knob very
small (bypoplasia) {wh arrow) Enormous enlargement of all wtrapulmonary arterial
branches as noted 1 longitudinal and cross sections Rt ant obl wiew (illustration omtted) s
It. atnum not enlarged, mass of heart mamly in front Lt ont obl wiew: hme salt
deposits noted along cranial contour of pulmonary artery (bl arrow) Congenital cardio-
rascular malformation, interatnal septal defect Enlargement of rt side of heart and
of vessels of lesser arcul I n wall of artery

The characteristic roentgen findings should be studied together because each
of them, taken by 1tself may be found in some other pathological condition
The absence of the aortic knob, at the left side, 1s noted in the presence of an

1 of the pul y artery, in instances of marked
mitral valvular lesions, with persistence of a right sided aortic arch, or in
certain cases of coarctation of the aorta Enlargement of the pulmonary artery
and its branches occurs m association with certain other congenttal anomalies
such as patency of the ductus arteriosus and pulmonary stenosis; or it may
arise from primary athero- and arteriolosclerosts or syphilitic or mycotic
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‘e]:]:isﬁ Thte c?mbm'anon of gulmonary valve lesion an}d pulmonary artery
enlargement, right sided cardiac enlargement, hypoplasia of the aorta and
mtervgmncular septal defect gives an identical roentgen appearance.

Various types of ital 1 ions, those af toned as well
as others, may of course complicate and modify the picture.

Patency of the Ductus Arteriosus. It occurs much more frequently in
co_mbmatmn with other typical congenital cardiovascular malformations than
\\jlthout them. For didactic purposes, only the isolated form will be con-
sndere.d. The clinical and roentgenological diagnosis is more difficult in infants
than in adolescents or adults. The importance of the correct diagnosis rests
upon the.facts that, in spite of good function, the high incidence of bacterial
endo.cardntis entails a cautious prognosis and that surgical ligation should be
considered when the diagnosis has been established.

The anatomical findings are not uniform; influencing factors are: the size
of the ductus and its orifices, its direction, the age of the patient, the duration
of thfz shunt, and the possible combination tith dilatation of the pulmonary
arterial system. With the latter condition, both acquired and concomitant
congenital lesions occur. Other acquired cardiovascular lesions may modify

- the roentgenologic and anatomical
picture, affecting exclusively or pre-
dominantly either the right or leit
side, or both equally. When the intra-
aortic pressure is well transmitted in-
to the intrapulmonary system and
when a sufficient amount of blood.is
short-circuited through the lesser cir-
culation, both sides of the heart will
develop some degree of hypertrophy
and dilatation —the right side to over-
come the additional pressure, the Jeft
side to manage the additional amount

Fic. 305—31 yrs, F Dyspnea since child-
hood. Continuous systohc-drastohic murmue
and diastolic thnll over pulmonic area
BP. 120/85 Patent developed subacute
bacterial endocarditis one year later. Ant
view (recumbent position). moderate de-
gree of enlargement. L 15, B 102, T 145,
“Th 23.7 cm. Nothing unusual as to pulsa-
tions Portmortem: enlargement of It ven-
tricle; subacute bactenal endocarditis of aor-

. - R S )

ray findings were of no diagnostic help

jon between

of pendular blood which is shunted
through the lesser circulation, and
possibly also from increased worl‘c;
for otherwise the minute volume in
the systemic circulation would be to0
small, blood being diverted from it
(see above). Actually the heart may
reveal a normal stze, hypertrophy €%
clusively, or a varying degre¢ ©
hypertrophy and dilatation wh_lch
may affect both sides to a varying
degree. Large hearts are 1are, in such
instances there is discovered either a1
y artery and aorta of an

Iy wide cf
extensive athero- and arterio
combination of both.

In size the aorta may

sclerotic process in the lesser circulation,

be equal to or smaller than the pulmonary arter.

ora

y. In
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rare instances the aorta may be small proximal to the ductus but larger distal
to it In a few instances a calaified plague occurs at the point of attachment

of the ductus, The anatomical find-
ings of the pulmonary artery and of
its branches are variable The size of
the artery may be normal, in spite of
concomitant enlargement of the heart,
Or it may be enlarged, from 2 moder-
ate degree up to the size and shape of
an aneurysm and the process may be
limited to the portion proumal to the
, ductus or may involve any or all the
branches, Combinations with regurgi-
tation of the pulmonic orifice and
with athero- and arteriolosclerosis are
observed The ductus itself may be
the site of an aneurysm
It is obvious that an unequivocal,
characteristic roentgenologic appear-
ance cannot be expected for all cases
Most commonty, in the antenor view,
one notes a slightly or moderately en-
larged silhouette without prominence
of the left atrial contour mn oblique
views The waist of the silhouette has
not completely disappeared The pul-
monic arch is moderately promunent
and encroaches somewhat upon the
aortic knob which otherwise is of nor-
mal size The hilus vessels are either
of normal appearance or, more fre-
quently, shghtly enlarged The pulsa-
tions along the silhouette are rather
vigorous, especially in the region of
the aortic knob and the pulmonic
arch The left anterior oblique view
Teveals tn some instances the window
of the aorta overshadowed n parts
This finding, when other mediastinal
disease and aortic aneurysm is ex-
cluded, indicates that the ductus is of

Fic 306 —28 yrs, F. Dyspnea on effort
and palpitation since age 23, increasing re-
cently dunng pregnancy No cyanosis
Shght ankle edema Marked enlargement of
heart Short systolic apical and basal mur-
mur P, accentuated No diastolic murmur
Rate 02, regular BP 115/90 dAnt view.
mathed cardiac enlargement, L 158, B 114,
T 162, Th 235 cm Marked prominence of
pulmomec arch Hiar vessels shghtly en-
larged Lungs clear Pulsations along the sil-
houette defimitely mcreased Rt ant obl
wview (illustration omutted) 1t atrium mad-
erately enlarged, rt ventncle and conus ar-
tenosus prommnent ventrally Course death
from pentomtis following Caesanan section
Postmortem  persistent ductus  artenosus,
09 cm wide direct cormunicatian between
aorta and pulmonary artery Circumference
of pulmonary artery 92 cm, of aort2 7§
em, above ialves Both ventncles much
hypertrophied and shghtly dilsted Both
atmia shghtly bypertrophied and dilated.
Ml degree of mitral valvular regurgitation
~The roentgen ray findings in this 1nstance

were much more charaetenstic than the
clhimeal findings

considerable size. Rarely is there a marked promuinence of the pulmonic arch
present during chtldhood 1t is uncommen to find a huge out-pouching of the

)| arch, the 1 'y branches may or may not be enlarged The
combrnation of enlargement of both trunk and branches permits one easily to
ascribe the bulging at the cranial left contour to the pulmonary artery or to the
conus or to both, in absence of branch dilatation, however, the differential diag-
nosis of a left-sided aneurysm of the ascending 2o0rta may become difficult or
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impossible. The perforation of an aneurysm of the ductus with secondary en-
capsulation is the occasion of the presence of a hazily outlined mass aboye the
left hilus. Marked expansile pulsations of the contours of trunk and branches
are ohserved only in the presence of complicating pulmonary valve regurgita-
tion which may be either acquired or congenital. Diminution of pulsations, un-
less explained by severe heart failure, must make one think of endocarditic and
thrombotic occlusion of the ductus The roentgen ray evidence of localized
calcification near the caudal aspect of the arch of the zorta, in young individ-
uals, in whom the presence of calafication from ordinary atherosclerosis is un-
likely, should be looked upon as a confirmatory sign, particularly if other
clinical and voentgenological signs of patency of the ductus arteriosus are
available,

A machinery murmur and thrill in the second and third Jeft interco;tal
space are often, though not regularly present. No direct relationship exists
between these clinical signs and the degree of pulmonary artery prominence.
As a matter of fact, most pronounced clinical signs are compatible with nega-
tive roentgen ray findings (small opening of the duct), while on the other
hand, in the absence of any clinical signs, marked visible dilatation may be
found (large opening). .

The roentgenological differential diagnosis must include the dxfferen} types,
as outlined above. Mod prominence of the pulmonic arch, slight increase
in the heart size and vigorous activity is kewise found in the presence of
thyrotoxicosis. A prominent pulmenic arch is also Ioux.1d in'tbe rare instance
of stenosis of the pulmonic orifice with post-stenotic l:h]atatxon of the artery.
The interatrial septal defect is in general charfictetlzed by a much. lal’g::
heart and by the absence or smallness of the aortic knob and always dl‘stcilosof
very large intrapulmonary vessels. The difiuse obliterative endatferitis :
the lesser circulation has a similar appearance except that the aortic lmos
is of normal size. Patency of the ductus alone rarely if ever leads to enom:g!elS
cardiac enlargement, and the presence of a very large trunk 3‘“‘{ bm‘tion
occurs only n combination with and complication by aneu'rysmal'onna "

Instructive studies have been recently carried out on ammé.lls with respeE
to the fetal circulation and the closure of the ductus arteriosus 1. Sheeg
fetuses from 100 ta 145 days in age (the full term is 147 days) were dd;""as
by Caesarean section The intra-uterine conditions were preseneddas vm;mg
possible, leaving the umbilical cord attached to the placenta an coder o
the snout of the fetus with a rubber bag containing amniotic ﬂugd in or eans
prevent respiration The passage of radiopaque media was stud’ed by me‘ o
of direct and indirect roentgen cinematography. The whole of the ]s“}:;eary
caval blood is seen to pass into the right ventricle fmd‘ throu_gh the g}x mﬁgns.
orifice into the pulmonary trunk, from this vessel jt diverts in two ll'.ecw T
1) into the pulmonary arteries and 2) via the ductus arteriosus Toximal
descending aorta Since the brachiocephalic art§ry Jeaves the Bgﬂﬂ pot s
to the entry of the ductus arteriosus, the s.upenor caval b}ood Olésb ]l:mdl; "
to the coronary system, the head and fore-h.mbs The mferior C;vtahe e
a double course through the heart The main part goes th'roug et and

ale to the left atrium and ventricle and thence passes into the 20!
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coronary and brachiocephalic arteries; hence the heart and brain are given
preferential treatment with respect to the supply of oxygenated blood coming
from the placenta. A minor part of the inferior caval blood passes wit}x the
superior caval blood into the right ventricle, thence into the pulmonary
arteries and, via the ductus artenosus, into the descending aorta. 2. Full-term
lambs were delivered by Caesarean section 25 sec to 33 min after delivery,
direct Toentgen cinematograms were taken of the ductus arteriosus by using
aradiopaque medium It was demonstrated. that there were marked differences
between the pictures obtained in vivo and those revealed by postmortem dis-
section; that the functionat closure of the ductus had occurred in every case
within a2 minute from delivery, and that even when the vessel was patent
the flow through 1t appeared to be sluggish; that this functional closure was
not effected by a rapid and simultaneous contraction of the total musculature
of the ductus but through the independent and intermittent activity of groups
of muscle fibers which led to twisting and kinking of the vessel; and that the
functional closure of the ductus was apparently unrelated either to the dis-
continuation of the maternal blood supply or to the actual entry of air into
the lungs of the lamb,
Pul .

y Only two i types of pull y stenosts will
be considered here, one with a closed interventricular septum, the other with
a defective one. The site, degree and extent of the stenosis are variable, In
both stenosis of the conus arteriosus and of the pulmonary orifice the trunk
of the pulmonary artery may be normal in size, hypoplastic, pencil or thread-
like, or markedly dilated together with a thinning out of the vessel wall
jtself, The dilatation extends no farther than the bifurcation of the artery.
With 2 proximal low position of the stenosis within the conus, its upper
POp*Tam —mee tAes iem s ammas e Lo e X
of

s ¢

tion of the artery is mot yet fully understood; 1t seems to be due to
congenital hypoplasia of the wall. In animals, an experimental ligature
around the base of the pulmonary artery leads to a poststenotic dilatation
and thinmng of the wall, and the microscopic examination reveals a marked
reduction in the size of the media The ntrapulmonary branches are often
rather small, although if a stenosed trunk is present they are relatively wide,
A sufficient size of these vessels 1s guaranteed by the presence of an associated
patent ductus i or by the i of a coll irculatiy

which carries blood from the aorta or from 1ts main branches into the lungs,
through normal vessels such as the bronchial arteries or anomalous vessels, The
beart itself is the seat of marked right ventricular hypertrophy, often with
little dilatation, thus, the size is often nearly normal, sometimes moderately
increased The right ventricle takes part in the formation of the left lower
pole region. Very little of the Ieft ventricle is seen from the front. The left
lower pole region reveals a peculiar shape. Instead of being conical, it is
blunt, as though cut off. Two thirds or more of its lower contour is made up
by the right ventricle and the remainder by the left ventricle, The pole is
thus formed by the blending of the apical regions of botn ventricles .The left
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ventricle extends for a rather short distance along the cramal ventricular
contour, mesiad from and cranfad to the upper apex. When an interventricular
septal defect is associated, this finding being much more frequently present
than not, the aortic orifice is dextroposed so that the aorta nides over the
defect, These findings, together with right ventricular hypertrophy and pul-
monary stenosis represent the most common type, known as the tetralogy

Fics, 307, 30823 yrs, M_Cyanosis and clubbing since childhood Was cag:ble o{:;l:r
letic activity until age 20 Shght degree of dyspnea Intenswe cyanoss, clu mg o
portton of sternum flat on percussion, with systohc forward hft, No thril Blowm,‘;y oy
murmurs at fower end of sternum and 3rd It intercostal space Rbec 12 ;‘n éulxar
150% ECG . nsr, 1t aus dev Ant wew* sithouette mo(?craldy enlarged wz}ﬂ ;;emw)
angulation at It lower contaur, so-called “coeur en sabot ™ Crantal mnegur e
corresponds to It ventncle which has been rotated cramiad and dorsad by :lva o tour
The latter forms part of It silhouette above daphragm (wh arrow), Rt a:m] IC i
elongated, of increased curvature L laf, veew* mass of heart bulgesﬂven mr;’;lce pi
sponding to rt venincle (wh arrow) Lt ventricle, dorsally, of norm: 1:ppe o,
arrow) Postmortem tetralogy of Fallot pulmonary stenosis, imnterventricular sept

1t ventncular hypertrophy, dextroposition o} aorhic onfice.

of Fallot. Here the heart is transversely situated and t'he region of theoxiui
monary artery and conus are rather depressed, even in the Eresience -
normal sized or slightly dilated pulmonary trunk With the ventl'.lCl; ar SE(}; e
closed, the position of the heart is Jess transverse (more vertical} afmFallot
region of the conus is more or less prominent '“{n_h the tetralogy o really
the degree of torsion of the two great vessels1s (?lmmlshed, hence v:ve a{: o
dealing with one particular type of !rf{nsposnwn of the great vessel fhear!
the waistline remains preserved with this anomaly while nl!}er types I‘;’n o
disease shawing right ventricular enlqrgement {mmtral stenosis, colrl pul p the’
isolated pulmonary stenosis, lntera}nal septal defgct)‘ shcn.av a ﬁ[; r.lexs)s o
waistlipe, is explained by the peculiar hemodynamics in this cendstion.
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be remembered that the axis of the normal right sided outflow tract approaches
the dicular to the diaph ic level With the tetralogy of Fallot
the pm\erfully developed crista supraventricularis deflects the blood current
so that it does not flow in the normal direction of the outflow tract, which

Fic 309'—Schematic presentation of the roentgenologic anatomy a a case with mtral
Stenosis—A~—and 1 a case with tetralogy of Fallot {pulmonary stenasis, nght ventncular
hypertrophy, dextroposition of aortic onfice with the zorta nding over an interventricular
septal defect)—B-~ The arrows indicate the course of the inflow and outflow tract for
the nght ventnde

To—A-~the direction of the nutﬂow tract 15 nearly perpendicular to the left leaf of

the diaph Its and favors the filhng out of the heart's waustline
by the conus and the pulmonary artery, the left lower border descends steeply Thus the
mitral configuration results

To—B-~the direction of the outflow tract 15 obhique from left-ventral-caudal to nght-
dorsal-cramal The prommnent supraentncular cnista, ie, the muscle layer between the
pulmonic and aortic ormfices, causes the blood current 1 the nght ventncle to deviate
toward the aortic ostium. The lengthenng and thickemng of the outflow tract results
2 pronunence of the heart to the left, the nght ventricle forms the left lower pole while
the Jeft ventncle is displaced dorsad The conus and pultnopary artery are narrow. The
heart’s waisthne 15 preserved, Thus the coeur en sabot shape results

Right ventricular hypertraphy 15 noted with both lesions but a difference in contours
Tesults because of the difference n the hemodynamic conditions Courtesy Doz Dr E
Zdansky, Vienna and J Sprmger, publisher, Vienna From Réntgendiagnostik des Herzens
und der grossen Gefasse, 1939, Fig 185

would favor the development of a prominent conus of the right ventricle, but
flows instead toward the aortic onifice and thus the axis of this new outflow
tract Yies more obliquely, 1¢, from ventral-candal-left to dorsal-cranial-right.
The development of this outﬂow tract, due to the altered hemodynamics,
changes the shape of the heart- the waxstlme remains preserved the apxcal
goruon formed by the right ventticle bulges and the Igfwe’mz; e,

lorsad
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One learns from this discussion of anatomical findings, that a single
characteristic roentgenological appearance is not to be expected

The most common finding is the unuspal appearance of the left lower
pole region; it appears plump, blunt, afmost straight for some distance. It
forms a deep and acute angle with the diaphragmatic contour. Cranially and
medially the change into the rest of the contour is rather sudden and causes
a marked angulation. As a result, the silhouette of the heart shadow, as it
extends into the left lung field, reminds one somewhat of 2 sheep’s nose. This
configuration has been termed coeur en sabot, or wooden shoe heart. The
cardiac shadow itself is often only slightly enlarged, predominantly to the
left. The general configuration of the heart can he tentatively classified into
two types.

One shaws the waist of the heart markedly pronounced as a concave de
pression in association with a transverse position, more prominent in children
than in adults, and occasioning a rather broad contact with the diaphragm.
A sott of pseudoaortic configuration results As compared with a true aortic
silhouette, two distinguishing features exist, First, the true aorta configuration”
in the anferior view reveals an elliptical or parabolic left lower contour in
contrast to what has just been described as the coeur en sabot type. Second,
in the oblique views 1t shows absence of a right ventricular bulge ventrally
and the presence of a left ventricular bulge dorsally. With the coeur en
sabot, the right ventricle is prominent ventrally while dorsally there 1s an
absence of left ventricular enlargement The depth of the waist may be
spanned by a fainter shadow, as an espression of a hypoplastic pulmonary
artery Because of the torsion of the heart about its horizontal axis, however,
a normal sized pulmonary artery trunk is easily concealed; dilatation of !he
trunk may be indicated by nothing more than a flatly prominent knob, filling
the depth of the waist Half-way between the concave depre§sion afxd ﬁ‘ie
upper apex, on the left side, a short indentation in the contour is occaslona\i'
observed, indicating the interventricular sulcus The aortic shadow may ')u
prominent, which permits one to state that the aorta is moderately large while )
the dextroposition itself cannot be diagnosed by means of roentgen rays The
pulsations of the silhouctte are very slight. The roentgenological type herf
described is charactensstically observed in the presence of the tetralogy of
Fallot. . . - . o

The other type shows a normal or Vertical position of the cardizc shadow.
The coetr en sabot form is usually preserved. The waist of the leit cgntouf
has nearly disappeared; in some instances there is a rather Ia.rge 'promme;n;:
of the conus, easily observed and verified by its ventral position 1n the nga:
anterior oblique view. The aortic knob itself is well p.reserved, Plctur;§ .
described here are found in cases with closed interventricular septunt. This i
a relatively rare type.

Finally, it is to be shtated

cteristic features whatever. L.
Ch¥:e intrapulmonary vessels appear nc:rmal or relatively smaié :::“Su;_s
of especial interest when at the same ture’the pulmonary con;ls a;x. uibufion
monary artery atre considerably enlarged An unusual vascylar dis

that sithovettes may be found without any
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along the medial areas of the lung fields, indicative of the collateral cuculauon,
will perhaps be ohserved some day on qr
should be of value,
Tncuspld Atresla. Agenesia of the tricuspid orifice is associated with right
hypoplasia, left ventricular hypertrophy and dilatation, and there is
generally present a tommunication batween the atria and vmtndes This

combination 1s referred to as Wie- &

land’s disease The right atnum s di-
lated. The pulmongry artery may be
atretic, in which case the ductus ar-
teriosus remains patent. Cyanosis is
present, the E C.G. invariably shows
left axis deviation, and the life ex-
pectation is usually but a few months
or occasionally a few years. Roent-
genologically, enlargement of the
heart is noted because left ventricular
and right atrial enlargement overcom-
pensate the right ventricular diminu-
tion, The waisthine of the silhouette is

well marked, and the enlargement
bears to the left and—when observed
in the left anterior oblique view-—
dorsad-caudad When the pulmonary
artery is narrowed, the vascular pedi-
cle is found to be very small
Coarctation of the Aorta. At a
point distal to the ongmn of the left
subclavian artery, very rarely proxi-
mal to it, and close to the insertion of
the ligamentum arteriosum, there is
found an atresia or a stenos:s of vary-

Fic 310—20 yrs, F Unable to play in
chidhood Marked cyanoss, clubbing,
maumum systohe murmur in 2nd and 3rd
1t intercostal spaces P, easly audible Pul-
monary tuberculosis with cavitation Rbe
75 mil, hb 107% ECG nght ans dev.
dnt (and obl) wews heart shghtly en-
larged, nothing else of note Hilar vessels
quite small  Postmortem infra-valvular
pulmonary stenosis, mterventncular septal
defect, nght ventncular hypertrophy Ste-
nosis of tncuspid onfice {shght). Tubercu-~
losis of lungs Essentially negatsve roentgen
findings in the presence of a typical congeni-
tal cardiovascular malformation

ing degree The site of this anomaly

vanes somewhat. The form varies from a mere diaphragm formation to a small
channet or complete interruption a few cm in leng(h If the degree of stenosis
15 sufficiently p d, a collateral i} is 1, widened and
tortuous intercostal arteries being a part of the picture This leads to erosions
of the caudal edges of the mbs in their dorsal portions, usual]y quite pro-
nounced in adults although only occasmnally demonstrable in childhood The
heart is often found to be normal in size with some left ventricular hyper-
trophy, or there may be a greater degree of left ventricular dilatation, always
present when there 1s concomitant aortic valvular disease The size of the
aorta vanies The ascending aorta 1s commonly the seat of dilatation, from a
slight degree to formation of an aneurysm It may be of fairly normal size, or
finally a true hypoplasia may be present, especrally with concomitant patency
of the ductus arteriosus, if the patency is great enough, the night venmcle is
enlarged and there is no need for the de: of a
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The clinical diagnosis then will center entirely on the findings of patent
ductus. Distal to the site of the coarctation, the aorta resumes either 2 normal
lumen or s moderately dilated. The region of the stenosis or atresid often
shows calcifying atherosclerotic changes,

Coarctation of the aorta must always be thought of whenever high blood
pressure is found, especially in young individwals, The subsequent clinical
examination reveals that the high pressure is limited to the upper part of the
body. Aneurysmal formation in eatly life should also make one think of

Fies 311, 312—~18 yrs, F Rheumatic process for 1 year Shortness of breath Headache

L to It Visible to mternal mammary arteries
f:;d:.cer artenial vessels 1n back Vessels at 1t side of neck pulsate extensively, tthose] athI:
side are fantly perceptible BP . xt arm 240/140, It arm 140-110; femorals im bpa Sbk
ECG.:: nsr, Ty 1, negative Coarctation of aorta dn? weew: Aortic ;Io é"\mw)
Enlargement of sihouette to Mt Frostons along caudal margins of nibs l( Wy
Le. ant, obl. view. aortic arch ends in a knob-like fashon and cannot be trac
{bl, arrow). Contour of ascendng aorta (wh arrow)

coarctation of the aorta as a possibility. Complications caused by hlih 1::]0?;!
pressure and the threat of a rupture of the aorta must be remember :

idering the prognosis. L :
cor’}gﬁg :ro%ion ofpthemribs is the most unequivocal ruentgenograp;uc .:ﬂiy easlt
though it is not always present nor is it alwa.ys very marked.T'g e yc rasn%ns
patlent in whom this sign was reported was six years of age. : esl; phorin
are multiple, bilateral and limited to the caudal margins of the ors: gcoarc-
of the ribs They are limited to the night hemithorax. when the seTah 0 g
tation is proximal to the origin of the .left subc!avxan artery. ﬁ’re " e
smooth outline and there is no change in the adjacent bony strucr ig.muus
dense and tortuous intercostal arteries may be directly observed as sesp!
shadows in the intercostal spaces,

'
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The ascending aorta may appear sm:{ll, normal in size, dilated, or in the
form of an aneurysm extending into the nght lung field and ventrad. The
dilatation is either actual or dynamic, with the latter finding particularly
applying to younger Individuals. Forcible pulsations are commonly observed.
The 2ortic knob often marks the site of the constriction and is very frequently,
though not always, found to be small or absent Thus finding is quite striking
in connection with dilatation or aneurysm formation of the ascending aorta
and ions an 1cal app e of the vascular shadow. Its greatest
portion is visuahzed to the right of the midline In a small minority of cases,

8T

Fies 313, 314 —27 yrs, M Hustory of no smgmificance Complams of sheht headache
Pulsating arteries over scapular and shoulder regions Apical thrust heaving BP 190/110
in the arms, 130 in the legs Coarctation of aorta 4nt view Promunence of aortic knob
Erosions along caudal margins of nibs (bl arrow) L ant obl wew- end of arch of aorta
1s noted to curve mto the very first past of descending thoracic aorta Here {(upper bl
amow) actual narrowing of aorta 15 noted (Lower bl arrow) ventral contour of de-
scending aorta (Wh arrow) left main branch of pulmonary artery

the aortic knob has a normal appearance or may show an undue prommence.
Here 1t must be assumed either that the site of constriction 1s more distal than
usual, or that an elongation of the aortic arch extends considerably to the left,
ventrad to the constriction The first alternative seems to be the more likely.
The barjum filled esophagus displays its normal nght sided deviation at
the level of the aortic arch; the measurement of the aortic arch by this
method may reveal small figures. The pulmonic arch often 1s clearly seen,
perhaps because it is not overlapped by the shadow of the descending aorta.
The heart is normal in size or 15 slightly enlarged to the left, with some
tendency to aortic configuration, unless this is counteracted by a low position
of the diaphragm Gross enlargement occurs only in the course of associated
disease such as aortic regurgitation
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‘The left a.ntelior oblique view may reveal the second unequivocal diagnostic
me.ngfrnologlcql sign, namely, a narrowing, or a gap in the zortic arch,
T.hls is sometimes impossible to demonstrate because there may be only a
dllaphragm present which, by projecting into the lumen, causes the constric-
tion wh.ﬂe the outer aspect of, the vessel is scarcely altered; or the youth of
the patient may not permit of adequate visualization of the aortic arch The
direct diagnosis is facilitated by atheroma of the aorta, considerable dilatation
of the aorta proximal to the stte of the stenosis, and by a marked narrowing
of the vessel lumen, particularly if the narrowing is of some length. A flattening
or indentation may be ohserved along the convex contour at the very beginning
of the descending aorta. Or again a definite break may be seen in this outline
behind which the shadow of the aorta cannot be traced through the shadow
of the vertebral column, Or the aortic arch narrows in an almost triangular fash-
fon with its cephalic border clearly pulsating; dorsad to this gap there is neither
a definite shadow noted nor are pulsations observed. Where the anterior view
discloses a definite prominence of the aortic knob, the left anterior ohlique
view permits visualization of the aortic arch but the dorsal contour of the
proximal portion of the descending aorta swings veritrad and a kink-like nar-
rowing in front of the spine is noted. All these findings are quite impressive in
the presence of dilatation of the ascending aorta, for in aortic disease with
dilatation, we find either the whole arch sharing in the dilatation or displace-
ment; thus the aortic knob is prominent in the anterior view and the arch
reveals a wide swing in the left anterior oblique view, considerably over-
lapping the shadow of the spine. Contrast visualization has permitted the
direct demonstration of the narrowed aortic segment.

Persistent Right-Sided Aortic Arch. In reptiles the primitive, embry-
onic, paired aortas persist while in birds the right sided arch alone is main-
tained. Both of these forms of development may be found in mamm._als, the
latter type much more frequently, When the right or left sided aortic a.rch
persists, the first portion of the ascending aorta remans in normal re]atmn-
ship with the pulmonary artery, but the second portion ascends craniad. It
may deviate into the arch just above the angle between the trachea and the
right bronchus or it may pursue a longer course craniad so that the arch is
not at all in contact with the right bronchus, But under all circumstances the
left border of the arch corresponds to the right border of the trachea and
esophagus. The right arch bas, as a rule, the size of a normlzd aorta. It may
occasionally remamn exclusively on the right side, together with a part of the
descending thoracic aorta; or it may cross the midline to the left, dorsal
to the esophagus, this being more common At the end of the arc}_n and at
the beginning of the descending aorta there is often found & duverticular or

llar enlargement, ret hageal in site; this represents the root of
therobliterated left dorsal aorta From this diverticulum are given off the
- 4 e mwta"ncuem and tha Toft subclavian artery, The latter may, how-
h from the arch, at the right side of t}'xe
., us, and to the left, Or it may have its
origin as the first branch from the arch, or from uf;e Jeft innominate .}z‘ﬁ:r‘};,
again at the right side of the body, and will cross in front of the trac
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the left. In addition to the right arch, a left arch may persist, as a rule, it
is not a full sized arch but a smaller vascular-fibrous ring, in front of and to
the left of the trachea, and Is formed by the left subclavian artery, a short
occluded vessel and the left descending aortic root The descending aorta
may, in case of tortuosity and elongation, extend considerably into the right
chest cavity.

At the level of the right sided retroesophageal aorta and of the previously

Fros 31, 316, 317—42 yrs, M
Begmning syringomyeha, no com-
plaints as to cardiovascular system
Chmieal findings negalive, except
that basal sounds are louder It than
n BP 110/75 ECG nsr, 1t
aus dev, shht degree Ant view:
aortic knob noted at 1t _side, out-
lned by some Lme salt deposits
(wh arrow) At thslevel (short bl
arrow) trachea and barium-filled
esophagus are noted to deviate to
It, reverse of normal findings Rt
ant obl wiew (A) At Jevel of
aortic arch (wh arrow), trachea
deviates ventrad Aorhic arch 1s

Lb Nelson & Sons, New York

mentioned left sided aortic diverticulum, the esophagus and trachea deviate
to the left and ventrad, the degree of deviation varies in different cases.
The persistence of the right sided aortic arch occurs as an isolated mal-
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formation or, less often, in combination with others. It useally has no elinic:
significance, although occasionally an esaphageal and rarely a tracheal cor
strictian is found This is produced by an enlargement of the divertrenlun
sometintes in connection with atherosclerosis, syphilis or hypertension. ]
may be caused by the formation of a vascular or fibrovaseular ring abou
the traches and esophagus, the extreme case being represented by the per
sistence of both aortic arches; or jt may be due to the previously describec
retroesophageal course of the left subclavian artery, or due to the passag

Fios. 318, 31958 yrs, M Hstory* Progressive difficulty in swallowing fﬁr p:lssl ;,::,
Findings Essentially negatne, rate 34/mm, BP. 112/90, EC.G Nsr;mewa!:t mm:
otherwise normal Esophagoscopy (Dr C L Jackson) The lumen w‘az :m(ed e
pressed from the 1t sude at the level of the aortic arch, smdd here an In
i tere:
Iesion, having the appearance of carcinoma, was encoun dear
Ant. vt‘ewg Lt 1Zaf of diaphragm elevated 1, azygos lobe, 2, not g-;ﬁlgti{udmg
demarcated aortic knob on 1t side, 3, aortic 'knob en 1t side; 4, l‘:l“ak;mw) et
theracic aorta (as revealed by mta}llmn)d, sltrlw;xn: e:n;:ihagllulﬁli;g:g‘(ls e tend,
i trachea, deviated ventrad, 7, y
\?fllh zrl:::u!ai’ v, archb,elgwr‘a}c‘e d , 8, dilatation of esophagus, 1
connection wWith spastic natrowing at duphragmatic pinch cack
. Death a few months later . o
Cﬁ::mt 'CA congenital anomaly, right sided aortic arch, 15 present, ;fsh; :r:: :poaum
to the right and behind both esophagus and trachea mnstead of Du::“l;gby the congemtal
in front of these organs Infficulties m swallowing were not }? z e am
anomaly 1n conjunction with the assocuted deviation of the esophagus,
intrnsic cause, carcinoma of the esophagus

i T
of a patent ductus arteriosus to the right We add tha.l the let(t §a:§;lc:raarct;e§f
and occasionally the left subclavian artery, crosses in front o e trachen
The knowledge of these vascular anomalies is of interest to :

. oot
surgeon, e~oph anfi Toent
The aorta is also to the righ

t in the przsence of a complete transdp_osl‘g%l:
{ the viscera ar in combination with some cases of isolated dex‘t(rolcacx; nl;nt b
; e the embryological development is different. The forward displa
T
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the trachea and esophagus is not found and we are dealing with an actual
mirror image of the aorta.

The anterior view reveals a well-marked pulsating vascular shadow to
the right which extends craniad and slightly outward toward the right
sternoclavicular junction. In curving to the left and medially, a more or less
pronounced aortic knob is formed whose level is often more craniad than one
would expect for a normal left sided aortic knob. Within the right contour
another border is often visible, which 1s parallel with it or at first slightly
contave and, farther candad, slightly convex. This indicates that the descend-
ing aorta maintains its course to the right of the spine. The contour below
the aortic knob may also reveal a convex bulging mto the right lung field,
In this case we are dealing with an elongated descending aorta within which
the denser ascending aortic shadow may be visualized Finally, the descending
contour may overlap the ascending contour only for a short distance; for
instance at the level of the mght hilus, If only one right contour exists, it is
probable that the descending aorta has crossed to the left. It is not known
whether or not the superior vena cava takes part in the formation of the
contour, The left contour is either straight, or more often is slightly convex
at or just below the level of the right sided aortic knob In the latter instance,
the entire aortic shadow has a club-like appearance. The left sided aortic
knob is formed by the diverticulu, i e., the root of the obliterated left aortic
arch, or is due to the persistence of a left sided vascular ring, Both the
trachea and the esophagus, the latter revealed by barium paste, deviate
to the left at the level of the right sided aortic knob, sometimes only slightly,
although more often in a quite pronounced manner A second deviation of
the esophagus, to the right and more caudad, may be observed in case of
tortuosity of the descending aorta.

The right anterior oblique view shows the visible portion of the aortic
shadow in front of the trachea to be quite small; when well marked, a diag-
nosis of a pretracheal vascular ring should be made. The trachea and ésoph-
agus, at this level, deviate ventrad, sometimes in the form of a rather
wide arch, sometimes more flatly and only for a short distance. Rarely there
may be an additional small indentation along the dorsal contour of the esoph-
agus which is probably caused by the left subclavian artery. Dorsad to the
trachea and esophagus there is noticed a round shadow mass which represents
the zortic arch Within 1t there may be a denser and smaller round area;
this corresponds to the diverticulum, The displacement of the trachea and
esophagus is apparently due, primarily, to this diverticulum and therefore
varies with its size; as 2 matter of fact, the displacement, referring to the

PP RV

along the dorsal contour of the barium-filled esophagus Another :rentral dis-
! of the is ionally noted near the diaphragm if it is
crossed by an elongated descending aorta.
In the leit anterior oblique view, one notes a rather large aortic shadow
in front of the trachea. Both trachea and esophagus either deviate ventrad
at this level, or, less often, hold an almost straight cotirse. The swing of the
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Fies 320, 321—6 wks, F JHistory: A moderate degree of cyanosis was present since
buth, and became evaggerated at feedmgs and while crymg  Findings: Cyanosis was
present, the heart was enlarged, there were no murmurs, and the rate was 156/mn The
hb was 18 gms and the rhc S mill, ECG : Sr, Pys shghtly prommnent, 1t atis dev
Post wew (age 17 days) The catdisc silhovette 15 moderately enlarged and somewhat
globular 1 shape The vascular pedicle 15 short and quite small Lot wesw (lustr
omitted) The mass of the heart les ventrad
D CL;’urxe' Cyanosis persisted, resprration was rapid. No heart murmtrr heard at any time
eat| s
Postmortem (age 39 days) The heart was enlarged The base-apex measurement was
6 em, and the diameter at the base was 42 cm The ascending zorta was noted 1 front
with pulmonary artery situated farther dorsad and but slightly to the it. The weight of
the heart was 40 gms The rt atnum was considerably dilated 2nd showed some hyper-
irophy of ats wall, the 1t atrium showed questionable datation and normal wall
thickness The Joramen ovale was patent, the opening measuring 06 em  dameter The
ductus artertosus showed evidence of recent closure The rt sided a-v onfice showed two
leaflets, but there were three leaflets at the It side Both the rt and It ventreular walls
measured 09 em in thickness The 1t ventncular cawty was shhtly dilated and opened
directly nto the a '
mto the pulmonar;
aorta was shehtly v
atelectasis, congestion, and patchy hemorrhages
Comment Aota and pulmonary atery were completely transposed. There was alto

patent, but the direction of flow 15 compectural The narrowness of the vascult suewes
in the roentgenogram is due to the position of the pulmonary artery which was d ol "’
dorsad to the ascending aorta For the same reason we do ot note the presence

pulmonic arch proper.

aortic arch behind the trachea, as observed in normal cases, is absent hfere;

however, 2 considerable shadow mass may be absex:ved in tl}e presence of an

unusually large diverticulum or of a second, left sx.dEd aortic a{ch. -
A constriction of the esophagus from behind, without deviation, was

N
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served in a child; the postmortem study revealed the presence of a double
aortic arch with ring formation. ,

The absence of a left-sided aortic knob is also chserved in the following
Instances: coarctation of the aorta, hypoplasia of the aorta as in combination
with an interatrial septal defect, certain types of transposition of the large
vessels, persistence of a left-sided superior vena cava, and a mirror type
right-sided aortic arch (see above). The deviation of the trachea and eso-
phagus to the left and ventrad has often been incorrectly interpreted, an
aberrant thyroid, an aneurysm, or a mediastinal glandular mass were con-
sidered to be present, and in at least one case a mediastinotomy was done.

If one suspects the presence of a right sided aortic arch, one should proceed
to take mn the three dard positions, first without and
then with barium filling the esophagus.

An unusual prominence of the aortic shadow to the right is ohserved with
two different associated condi-
tions: 1) syphilis, which affects
the ascending aorta; 2) exces-
sive elongation and tortuosity of
the descending aorta. Concern-
ing the second condition, it will
be recalled that the descending
Lmb of the normal aorta lies in
the left vertebral gutter, and
when it elongates it will deviate
in the form of an arc toward the
left lung. In the presence of the
anomaly under discussion when
the descending limb is chiefly
situated to the right of the
spine, and when it undergoes
elongation and tortuosity, 1t will
develop prominently nto the

Fic 322 —3 mos, M Paroxysmal attacks dyspres,

right lung field, tending to pull
the esophagus with 1t This is
best observed by rotating the
Ppatient into the right anterior
oblique view,

Transposition of the Great
Arterial Trunks. In this con-
dition there is an alteration in
the position of the two great ves-
sels relative to the ventricles of
the heart or to each other at
their origins. Many forms in
combination with other anom-

-alies may exist Only twp types

pallor, sweating Cyanosis on crying vigorously
Carduac enlargement normal heart sounds, EC G

nsr, low voltage QRS, Tisa Degatwe Ant
view enlargement of sthouette, especially to It
Postmortem beart weight 91 gm (no av 25 gr)
Hypertrophy and dilatation of It ventncle, valves
normal Lt, coronary artery ongmates from pul-
monary artery Fibrosis between muscle fibers of
1t ventrcle, shght Cardiac enlirgement due to in-
adequate nourshment of ventncular walls: ab-
normal ongn of left coronary artery Congemtal
malformation From Bland, E F, White, P. D,
CGarland, J, Am Heart Journ, 1933, 8, 187.
Courtesy Dr G W Holmes, Mass Gen’l Hosputal,
Boston, and C V Maosby Co, St Lous

will be mentioned: one in which both vessels arise from the right ventricle;
the other in which they arise from the reversed ventricles or from one common
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ventricle Both aorta and pulmonary artery are e in s

enlarged. They are situated either sidi by si?i,e m-e t}f:ztl;zrrt:(;?::;llrx;dsﬁae l;:
pulmonary artery. In all events the aorta lies further to the right, and the
pulmonary artery further to the left than in the normal beart. The heart is
always enlarged. A persistent and sometimes extreme cyanosis is Present and,

Fic 3232 mos, F Failure to gain weight Shght cyanosis Cardiac enlargement Systalic
rumble over heart Normal Rbc count. Ant view. large spherical silbouette Vascular
shadaw very short Fluotvscopy : pumping pulsations at erther eardiac border R¢ lat wew*

trachea displaced (b! atrow) Both taken at i F o
almost the entire anterior surface 13 formed by the ventnicular mass, the greatest portion by

the It. ventricle, the small rt ventricle forming the 1t border One atnum postenorly, partly
subdivided Pulmonary artery twice as large as the aorta, these vessels m nozmal l“:h‘lmn to

- " .
1o bulge in the region of the mf v cava (inferior posterior recess of pericardial cavity) An
example of tracheal displacement 1n the presence of a large heart with congerutal male
formations
although in a few instances adult life is reached, death usually occurs in
infancy.

The roentgenologic appearance varies, One notes a large heart shadow,
often globular in shape and quite similar to that in the presence o_f a peri-
cardial effusion. The enlargement of the right ventricle—since this cavily
pumps blood through the systemic circulation—is noted in the left anterior
oblique and the Jateral views. The vascular shadow may be extremely small,
especially in infants; in such cases, the pulmonary artery is found dorsad to
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the aorta The iderable cephalic fi{ of the heart accounts in part
for the inconspicuous,size of the vascular shadow. In other cases, however,
the vascular shadow is wide, due to a superimposed thymic shadow, a much
enlarged right auricular appendage or actually large vessels As far as deduc-
tions can be drawn from the few available observations, one may state that a
prominénce of the pulmonic arch and of the conus area of the right ventnicle
are absent. This is especially striking when there is a considerable associated

; of the intrapul y branches.

Left-Sided Origin of the Right Subclavian Artery. The right sub-
clavian artery may arise as the last vessel from the aortic arch and, in order
to reach its extremity, crosses the midline In four-fifths of the cases it is
situated between the esophagus and the spine and, because of its diverticular-
shaped origin, swallowing difficulties may arise from.pressure against the
esophagus (dysphagia lusoriz) On filling the esophagus with barium paste a
semicircular indentation is noted along its left and dorsal circumference, the
level of which exactly corresponds to the top of the aortic arch, Rhythmic
systolic movements may be noted along this bend, and this finding serves to
exclude a lymph- or thyroid-nede as cause for this indentation Caudad
to this bend the aortic arch deviation of the esophagus proper is poorly
marked,

Anomalies of the Large Veins. They are easily compatible with life. In
rare instances the right superior vena cava 1s absent while the left persists,
Here the roentgenogram reveals, even in childhood, an unusual visibility of the
ascending aorta. Mote common is the persistence of both superior venae cavae.
Here the vascular shadow is widened and no details are visible in the region
of the sortic knob and pulmonic arch. The pulmonic veins rarely empty into
such a persistent left superior vena cava. 'When they do so, the result is
much enlargement of the nght heart while the left heart and the aorta remain
small. The duration of ke is very short

Other Rare Conditions, General cardiac enlargement is found i the pres-
ence of a persistent truncus communis or solitarius and with the anomaly
known as hilocular or trilocular heart, An anomalous origin of the coronary
arteries has been observed together with cardiac enlargement An aortic
configuration 15 associated with subaortic stenosis Roentgenologic evidence
of aortic regurgitation may indicate that there has been endocarditic damage
to the bicuspid aortic cusps or that a congenital aneurysm of the wall of the
nght sinus of Valsalva has ruptured into the right ventricle Pulmonary
regurgitation may be isolated, f.i, in association with bicuspid pulmonic
valves, or combined with stenosis of the orifice or other anomalies, here marked

pansile and collapsi; lsations are observed along the widened trunk and
branches. (This is dealt with in detail in chapter X).

TracHEAL DisPLACEMENT This as previously been referred to in this
chapter, Sometimes the cause is not clearly established. In order to evaluate
such a displ, properly, roent should be made n the anterior
and lateral views in both the inspiratory and expiratory phases In the anterior
view there is 2 marked buckling and deviation to the tight at the height of the

expiratory phase, and in the lateral view there is some buckling associated
with moderate diminution in the caliber of its lumen Tracheal displacement
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has therefore pathognomonic significance only when present in the inspiratary
phase A markedly enlarged thymus gland also causes such a displacement.
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CuarTer XII1
DISORDERS OF CARDIAC RHYTHM, RATE, CONTRACTION

The roentgenologic method plays a comparatively insignificant role here
ParoxysMaL Auricurar Tacmvearors, The reaction of the heart size
to such attacks depends upon the condition of the heart muscle and possibly
also upon the duration of the attack, Short attacks will produce in a grossly
healthy heart either no changes or a slight tendency to a decrease in its
silhouette. A prolonged attack may cause congestive failure in the greater
circulation, and the shape and size of the silhouette will undergo changes due
to the engorgement of the liver. Right sided dilatation also may take place.
Dyspnea, as a rule, is absent and one notes, roentgenologically as well as
clinically, absence of pulmonary congestion. In patients m whom dyspnea
and even pulmonary edema occurs, one does find, however, the roentgeno-
logic equivalents for failure in the lesser circulation, but here an associated
condition, for mstance hypertensive cardiovascular disease, is present Dis-
eased hearts seem to undergo more rapid enlargement but serial studies
do not exist in which exact criteria for comparison are available. The am-
plitude of the pulsations diminishes. In a case with auricular flutter, it was
observed, kymographically, to decrease not more than 12% as a maximum
Paroxysmal rapid heart action in young infants may be overlooked When it
lasts for several days it may cause pulmonary congestion The resulting presence
of dyspnea, cyanosts, fever, leucocytosis and diffuse fine mottling in the lung
field t marked medially y readily suggest the erroneous diagnosis
of pneumonia. Nodal tachyeardia has been differentiated from sinus and
auricular tachycardia by observing the ch: 1stic simull t

of each border of the silhouette, .

By sewing wire electrodes to the right atrium in dogs and by applymg a
certain type of electric current it is possible to produce regular tachycard}as
- - . - - femilo alea of +ha cgrdiac
11% in
e in the

heart rate was Iikewise obtained by giving atropin to morphtmzed dogs or
by applying electrical stimuli to one of the vagi following double vago'tomy.
“The size of the silhouette reached a minimum at the rate of 200 per minute,
it was thought that the fall in venous pressure was responsible because, when
it was kept constant by infusion, no changes in the silhouette took place for
rates between 60-210, .
AURICULAR FIBRILLATION AND FLUTTER, Fluoroscopy cannot detect fibrilla-
onse of the ventricles by complete irregl{]arlty
d by continuous changes in the size of
~ =avanle ¢ha oheanre of auricular waves.
but careful observa-
<ing It 15 not known
during such attacks.

tion; it reveals only the resp:
in the time of their movements an
—- St

While the size of the left atrium 1s not wirecuy tented to the presence of

\ 416



DISORDERS OF CARDIAC RHYTHM, RATE, CONTRACTION a1
auricular fibrillation, yet in the presence of great enlargement of the left
atrium auricular fibrillation is invariably present When the onset of auricular
fibrillation coincides with the development of cardiac enlargement, evidence
of coincidental cardiac failure will be observed. And in the non-rheumatic
group when the left atrium is definitely enlarged, auricular fibrillation is uni-
formly accompanied by failure In attempting to restore sinus rhythm by the
use of quinidine sulphate, it is well to remember that such an attempt is

likely to fail in the presence of even a moderately enlarged heart.
There are patients who have auricular fibrillation, transient or permanent,

without evidence of thyrotoxicosis or
organic heart disease Here a normal
heart size is present and remains un-
changed over long periods of time.

Some auscultatory findings of mitral
stenosis are less characteristic when
auncular  fibrillatton  supervenes
Thus the roentgenclogical data are
welcome to the clinician

With the same method as that men-
tioned above, auricular fibrillation
was produced in dogs, the silhouette
areas revealed either no changes or
they were found to be increased

Auricular  tachycardia due to
auricular flutter may occasionally be
observed by placing the patient in the
right anterior oblique view and visu-
alzing the rapid atrial action as
transmitted to the barum-filled eso-
phagus. Kymographic tracngs show
the flutter waves superimposed upon
the tracings obtained from the right
cardiac and superior vena cava sil-
bouette borders.

Bravvcaroia, Nobar Ruvrum
AND COMPLETE ATRIO-VENTRICULAR
Dissociation  One motices large
pulsatory amplitudes in all instances
of bradycardse. This is 2n expression
of the increased stroke volume (plus
40-50% in cases of complete heart

1

PR

€

Mackalin crra wwrhank van Lo

F1o 324—40 yrs, M Diphtheria in child-
hood Known to have slow pulse for 13
years Attacks of dizziness, dyspnea on ef-
fort Heart moderately enlarged, systolc
murmur everywhere Rate 40 BP 110/60
ECG complete atno-ventncular dissocta-
tion Complete block of long duration,
etrology unknown At wiew {diastolic sil-
bouette) : moderate enlargement, L 154,
B 96, T 160, Th 232 Lung fields clear.
Fluoroscopic amplitude of pulsations It
lower contour 09 c¢m, rt lower contour
07 cm, aortic knob 0 § cm. The more rapid
auncular action can be differentiated from
the slower ventricular action Rt ant obl
view (llustration onutted) 1t atnum not
enlarged An example of cardiac ealargement

1n the presence of a heartblack of long dura-
tion

block), With very slow ventricular rates this amplitude may increase up to
119 PRI P PR e .
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rhythm even after cases with essential hypertension, congenital malformation,
valvular !esxons and coronary artery disease are excluded as far as possible.
The cardiac area is noted to increase 5-20% when bradycardia is induced by
mearls of neosynephrin hydrochloside. The slow ventricular rate is accom-
panied by an increased excursion of the amplitude of the aorta and pulmonary
artery arch and increased pulsations of the hilar branches of the pulmonary
artery. The more marked the bradycardia the more marked is the relative and
absolute change i the size of the cardjovascular sithouette; the heart shadow
itself appears as a pumping sphere. .

This movement to and from an imaginary center is most uniform in the
presence of the nodal rhythm; here the atria and ventricles pulsate simul-
taneously or almost so. The extent of excursion is equal at both sides or greater
at the right. With each cardiac contraction there is noted 2 sudden lateral
movement of and increase in that shadow area which corresponds to the
supetior vena cava. On account of the simultaneous contraction of the right
atrium and ventricle, blood is actually thrown back into the superior vena
cava. The excursion at the right border of the vascular shadow is greater than
at the left side (aorta). Marked systolic pulsations of the supertor vena cava
are also observed in the presence of tricuspid and aortic valvular regurgitation;
as a rule, however, bradycardia is not found with these condutions. With aortic
regurgitation, the aortic knob shows a greater extent of excursion than does
the cranial right vascular border,

In compl tri icular dissociation the ions of the atria can be
seen to take place at a higher speed than the ventricular mass and independent
of it. Provided there is no auricular fibrillation present, a fluttering, super-
imposed movement is noted, quite easily visible at the right lower silhouette
border and often, though not always, in the region of the left auricular ap-
pendage. The movement of the right border changes continuously in 1ype,
because ventricular and atrial action constantly interfere. The lateral move-
ment of the left lower contour is occasionally seen to be superimposed upon by
another, extra movement. This can be demonstrated by kymography :3150; it
apparently corresponds in time to an atrial systole which causes an 1mpac;
of blood against the relaxed ventricular wall, Following exercise, the rate o
the atria is seen to increase considerably while the rate of the ventricles, as 3
rule, is but little changed. If there is a constant ratio between auricular a'nd
ventricular rate, for instance with the 2:1 block, a simpler type of pulsation
is observed. Tn the left auricular appendage region there is one additional
movement noted during the ventricular diastolic phase. The right border
shows small ions which are superimposed in regular over the

ow and larger ones. . P
. PREMATU‘RgC Beats, They are characterized by & small excursion v;vh!g: g]:

ed by a slow and wide lateral and a correspond
f:ggi‘:l mm}r,ement The aortic shadow shows e.ither a small excursion or nione
at all (frustrated ventricular contraction), »yhxl; the beat following t‘he g::sL:
causes a large jon. Kymographic studies in p e Ler e
have shown that contractions which are recognizable only at the aplcaf e
are always frustrated, that is, they are not shown in fhe ky;nograx;; :{ b
aorta. If the movement is present over the cranial portions, the resu
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contraction, though it may be small, is always recognizable in the kymogram
of the aorta,

ArTernaTING Putse. Fluoroscopy and kymographic tracing reveal alter-
nating excursions along the cranial portion of the left lower contour, every
other systolic movement being diminished These studies have not helped to
decide whether the mechanism of alternation is partial or total altemnating
hyposystole or primacy of certam hemodynamic conditions,

Bunpre-Branci Brock. The movements o! the aomc knob and of the
pulmonic arch have been regi: in of the so-
called common type of bundle branch block, which is characterized in the
ECG by a widening of the initial deflexion to 014 sec or more, its upward
direction in lead I and downward direction in lead III, with the respective
T waves in reverse direction, Measurements of the interval between the be-
ginning of the initial deflexion and the beginning of the pulse wave in the
aorta and pulmonary artery revealed that the aortic pulse fell much later
than the pulmonie, i e, a delay in the ejection {rom the left ventricle was to
be postulated. An asynchronism of the same order of magnitude was also
noted in patients with split first sound but without intraventricular conduction
defect. A bundle-block lesion is commonly, though not always, associated
with cardiac enlargement, and this holds true also for cases where there is no
hypexlensxon

1 4 dial hol

, as revealed by
the roentgen ray study, may account for the clinical finding of a paradoxical
pulse.
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PERIPHERAL VASCULAR DISEASE

(The reader is referred to remarks in chapters I, I1I, V.Y The clinical diag-
nosis of Renpheral vascular disease depends largely on indirect methods such
as palpation, study of the response to postural and temperature changes and
oscillometric determination. The last named method will determine the upper
Ie:vel of an arterial obliteration but renders no information as to the mode of
circulation below the.obliteration The clinical course, for instance, 3s entirely
different should there be a segmental obliteration’ in the superficial femoral
artery or should the process extend into the posterior tibial; rapid gangrene
will follow in the latter instance

INpICATIONS FOR VASoGRAPHY. The functional condition of a vessel and
of the tissues supplied by it depends mainly upon the size of the vessel’s lumen,
Vasography permits the study of this lJumen. The roentgenogram may demon-
strate calcification in vessel walls; but there is no close relationship between
this finding and the actual size of the Iumen Calcification may also indicate
a straight course of the vessel while the injection reveals a thread-like tor-
tuosity of the Jumen. Vasography may d ter 1) ¢ ital variations;”
2) alterations of the caliber and of the character of the wall changes, including
size of the involved area. For practical purposes there are ta be considered:
1) determination of location of emboli and thrombi; 2) the study of the site of
vascular occlusion and of collateral circulation to deterramne whether conserva-
tive operations like sympathectomy or segmental arteriectomy are wonhwhil'e
or whether an amputation is necessary. Irr the latter instance informatior is
obtained as to which of the collateral vessels might be saved at the operation,
3) the demonstration of vascular aneurysm of traumatic, arteriosclerotic or
congenital etiology; 4) a differentiation between spastic and organic vascular
disease; 5) study of the extent of varicosities, 6) study of the vascular
supply in tumors and inflammatory disease. o

One important difficuity in vasography must not be lost sight ?f, that it is
impossible to demonstrate in a roentgenogram, or even in a series of them,
the complete vascular tree on either the arterial or the venous side

EvALUATION OF CONTRAST MEDIA. Previously, in chapter I, the different

contrast media were mentioned and 1t was stated that none of them is entirely
- * s-estT-mnd cmnuatalus it mygy have temporary

ed in the reticulo-
damage, althobgh
+ 1/3 of that used

for hepato- and lienography (75 em’.). lts cnemia euew on the vessf_l wali

is nil. The results of animal experimentations are nat um'l'o{m. The liver od

rabbits develops changes varying from simple cloudy swelling to profoun

necrosis, depending upon the dose. These changes are followed by fl?wtl:\s

tissue proliferation which gives a picture similar to mild nod.u]ar hyperplas xt

cirrhosis. The bone matrow shows hematopoietic depression In contras
422
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to this, the organs of dogs reveal very little alterations In another scries of
experiments the superior vena cava and aorta of rabbits were examined 1-160
days following injection into the ear vein Deposits of thorotrast nere noted
m the intima undergoing epithelialization, thus causing degeneration of the
elastic tissues of the vessels' walls Arteriography of the brain with thorotrast
in man was shown te be followed by the formation of small encephalomalacias
with ring-like hemorrhages, Uroselectan and abrodil were shown not to pro-
duce changes in the intima when injected into the normal vessels of dogs Since
both substances cause definite vascular pan when injected, one might rightly
think that their injection is contramndicated in the presence of vascular disease
which is of sufficient severity to produce gangrene, and untoward results have -
actually been observed, though only In a few cases Pain, ecchymoses, pallor,
cyanosis and coldness, disturbance tn motor and sensory functions and even
subsequent gangrene have been reported It 1s perhaps wiser not to imject these
substances wh i! to spasm is present. Per-Abrodi
(diodrast) is said not to cause pan One should be guarded in accepting state-
ments that the intra-arterial injection of iodine compounds have led to
persistent improvement in certain cases of arteritis The vaccilating course
of arterial disease and its tendency to spontaneous remissions should be
remembered. Sodium jodide is definitely contraindicated on account of the
severe reactions which have commonly been observed The same applies to
lipiodol which acts as a foreign body. Biopsies have shown that it em-
bolizes into the capillaries Injected in amounts of over 5-6 cm®. in the pres-
ence of vascular disease, it p circulatory 3 £8 of
1schemia with P of oscill ric pul and swelling and a
fine purpura may result. In addition another disadvantage has been observed.
The oil does not enter all branches, but shows a preference for certain path-
ways; for in's(ance it favors the superficial femoral artery to the profunda, and
the posteriot tibial to the anterior

When contrast medsa are used, a delayed exposure may be responsible for
erroneous film interpretation With the use of the higher viscous thorotrast
especially, the smaller artenal vessels empty more slowly than the larger ones
and therefore may be lized proximal to the column of the contrast
medium in the Targer vessels, If enough time elapses, the venous channels
may also or even exclusively be visualized.

Eumoric Occruston. The contrast medium ends suddenly in a crescent-
like column. The site of an embolus or of a thrombus may be along the wall.
In that case the lumen of the vessel appears suddenly, narrowed in an eccen-
tric fashion. If an embolus is not found by vasography, it is well to remem-
ber that its site may be proximal to that which is suspected. The artery should
be clamped and the contrast medium injected m a retrograde direction, proxi-
mal to the site of clamping Preoperative exact Jocation of an embolus permits
its removal under local anesthesia while the search for it with extensive dissec-
tion of the vessel requires general anesthesia In this connection one should
remember that many patients with embolic occlusion have primary heart
disease in which general hesia may be contraindi . 1t should be
Tealized that an embolus in an otherwise healthy artery is an idication for
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Fic, 325 —Arteniography Chnical diagnosis»
embolic otclusion of femoral artery Post,
view sudden stop of contrast medwum 13
vistafized (wh arrows) Course embo~
lectomy, followed by amputation of leg,
Courtesy Prof Dr M Sgahizer, | Chr,
Univ. Kin (Prof, Dr. E Rann), Vienna,
From Roesler, H , in Diagnostic Roentgen-
ology, Nelson's Loose-Leaf System; ed by
Ross Golden, 1936, p 259. Courtesy Th.
Nelson & Sons, New York

Fic, 326 —60 yrs, A\f Diabetes diagnosed at
age 41 Pain 1t foot for past 8 mnmps
Shght improvement follawing perarterial
sympathectomy Gangrene of toes for 3
months, improved by diet and msulin. Fulsa-
tions 1n femoral artery just perceptible, absent
1 pophteal, posterior tibral and dorsalis pedis
arteries Wassermann negative Atteriography
(Uroselectan) 1t femur region Post view:
marked wregulanty of fillng with complete
defect 1n lower third (between bl. arrows),
with bndging over by collaterals Course: 8fa-
putation in mnddle third of femur, Mito-
scoplc findings  extreme degree calafcation
in media, thickening of wmtima, old thrombi,
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surgical removal, but the same procedure attempted on a thrombus in a
diseased vessel usually ends m failure Hence a preoperative study of the
appearance of the arterial wall in the roentgenogram will be of value.

FI6 32749 yrs M Several amputations of both legs becau e of zangrene, at age 35 and
40, respectively Ulcers developed on second, thurd and fourth fingers of rt hand at age 40
Persistent aching in 1t hand and forearm since that tune and 10 It hand and forearm since
2ge 43 When 1t hand was opened following tight clenching and simultaneous occlusion of

l:lnar or radial artenes, color returned in abrormally slow manner Wassermann negative
P S e . P N

Assot Press publisbers

partly recanalized From Demel, R,, Sgalitzer, M , Kollert, V., Mitt Grensgeb. Med Chururg,

1931, 42, 357 Courtesy Prof Dr M Sgahtzer, I Chir Umv Kln (Prof D
Vienna and G Fischer, publisher, Jena. (Prof Dr E Ranz),
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Sudden massive venous thrombosis is followed by marked spastic arferjal
constriction and the resulting elinical picture is similar to or almost identical
fvfth embolic arterfal occlusion, Arterfography is of diagnostic value in such
instances,

ATHEROSCLEROSIS AND THROMBO-ANGIITIS OBLITERANS A typical vaso-
graphic picture of the atherosclerotic vessel with marked intimal changes as
observed in the old and in the diabetic is characterized by filling defects and
plate-like prominences, The vascular outline is irregular, tortuous, sometimes
threadlike, and the axis of the vessel seems to have undergone an actual for-
tion and even angulation, Where a sudden narrowing or constriction is
observed in the course of the main vessel, the proximal lateral branches are
usually well seen. The number of smaller vessels is often diminished and
they may follow a spital course and occasionally show muliary aneurysms, The
fine branches which arise directly from the main trunks are not visualized.
The process often reveals a segmental character. The following arteres are
sites of predidection: superficial femoral, popliteal and posterfor tibial, As com-
pared with senile atherosclerosis of the same occlusive type, the presence of
diabetes favors much more marked trophic disturbances,

The process of thrombo-angiitis obliterans goes through several phases, Fitst
one notices a concentric diminution of the lumen, often segmental in type.
Later on a shaggy and motheaten appearance is noted and the lumen is greatly
reduced {u size and purstes an irregular course. The presence of associated
atherosclerotic intimal changes cannot be excluded. In the third stage, com-
plete occlusion of the artery has occurred. Collateral arteries, which are not
usually seen in the normal arteriogram, become abundant and of C?nsldeﬂb‘le
size, Such collateral arteries have an jrregular, tuming and winding course,
vary matkedly in size in any selected area, cross and recross and often reveal a
lateral course. Thrombo-angiitis obliterans frequently involves 'a‘ﬂ four g‘{

tremities, Various stages of the disease may be present in various artena
branches in the same limb. Within one artery the distribution of the Yesion
is patchy in character; never is the whole artery uniformly altered.

RayNaup's Disease The digital arteries usually are not filled no'rma“.)’
in arteriograms; the distal part shows absence of filling, :fnd !'hb m\\'b“‘h\s
dimirushed, One never observes evidence of occlusive arterial disease of d\e
type seen in thrombo-angiitis obliterans, and this ai.ds in @fiel:enhaimgm‘
Raynaud syndrome from cases with vasomotor crises mx.txaung an ehi){
areritis Since the injection of the opague matexial is made into the bxagsél
attery, the question may come up whether zn z'ncomp)efe Hithiny of “‘5& ‘}i‘ b
arteries s actual or attributable to poor technique, This can b\‘. §ec\df 3 “{
determining the proximal pomt of radiopacity of the artery. Tiitis nO_: o
be within 15 cm of the wyist, the digital arteries ?na(} ample opportent éve ;
fill completely. In order] for filling defects to be significant of disease,

onstant on all roentgenograms, .
m‘i:\::gkf(sx:xs. Most frequently the pop]ineal.artery is the site of an(ezlor');f;:
formation Trauma being an important etiologic factor, location may : tion of
be anywhete, The metbod of choice Tor detmonsiration is (beltmghin % s
contrast medium directly into the sac, but failure may result w
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rapidly carried avway by a communicating vemn or when the injection is
attempted into thrombotic material. It is always indicated to attempt 2
preoperative demonstration of the collateral circulation in the vicinity of the
sac, When the circulation is found to be poor, operation should be delayed
until measures have been taken to improve it,

ARTERIO-VENOUS AN, The clinical d of the acquired,

“ traumatic variety is not difficult. Abnormal congenital communications should

be suspected in the presence of varicosities which appear early in life, particu-
larly when of the unilateral type and of unusual locations, in chronic ulcers of
the leg in young subjects without obvious cause, and in instances of hemihyper-
trophy. Arteriography may determune the site and size of fistula(s) but if the
anastomosis is large, the arteries cannot be demonstrated Following resection
and suture, the condition of the vessels may be studied roentgenographically.

Broon Sueery. It is well to keep in mind that arteriography gives no in.
formation as to the condition of the artetioles, nor does it yield any informa-
tion as to the state of activity of the vascular process. In other words, no
conclusions can be drawn from it regarding progression of the disease, The
prime importance of the clmical examination is evident in order to determine
the proper level for an amputation, and especially important is the history
concerning presence or absence of pain However, the level of ischemia in a
sudden occlusion is quite variable, ranging from 10 to 25 cm. below the
site of occlusion In a slowly progressing occlusion the blood supply to the
tissues may be sufficiently provided by the collateral circulation, but the oscillo-
metric’ reading may fall to zero because the stenosis interferes with the
progression of the pulse wave Arterial disease of the extremties often reveals
multiple areas of occlusion, and they are frequently situated farther proximal
than one might anticipate. A partial arteriography 1s therefore an ingomplete
study and may lead to ight of a i localization of the disease
process, Gangrene may start in a toe and yet the site of occlusion be far
proximal,

To cite examples, followmng trauma, a foot gradually becomes cold, cyanotic
and no oscillometric readings are registered. Arteriography discloses an oc-
clusion of the posterior tibial artery with a fair supply to the heel, and at
operation the region of the calcaneus can be saved. A red, non-pulsating,
fluctuant swelling is observed in the pophiteal region and pulsations in the leg
are absent. A cold abscess, tumor or aneurysm is suspected. Artertography re-
veals 2 sacculated aneurysm, and it also indicates the collaterals which must be
saved at operation. A case of a diabetic has been reported in whom a skin
lesion was thought to be of vascular origin. Arteriography showed a good blood
supply and subsequent study proved it to be a traumatic lesion as a result
of loss of pain sensation. Another patient developed intensive pain, swelling
and cyanosis in one leg Arteriography from the femoral triangle revealed nor-
mal conditi The diagnosis of thrombosis of the iliac vein was made and
verified by laparotomy. An arteriogram may reveal objective evidence for
pain and circulatory disturbances that foltow trauma to an extremity, Thus
a pa_ti':nt, who may have been suspected of malingering, is freed from such
suspicion.
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¥ Arteriectomy is  occasionally
used as a therapeutic measure in
obliterative vascular disease Pro-
vided that arteriography shows the
Process to be limited to the femor-
al artery, there is no contraindica-
tion for this operation, but the
presence of the process in the pop-
liteal or tibio-peroneal trunk rep-
resents a contraindication since 1m-
portant muscular arterial branches
would have to be sacrificed
Caution, of course, is needed fn
the interpretation of the findings.
The visible collateral blood supply
may seem to justify a lower ampu-
tation, but though it 15 just suffi-
cient for nutrition, it may be in-
adequate for the process of sound
heahing A case has been reported
whese msufficient or no filling was
visualized at the time of a first in-
jection; later, however, a normal
filling was found Thus, spastic in-
{inences must be considered. The
arteriogramt of a patient with plex-
us paresis of 24 yrs duration
showed a stop in the interosseal ar-
tety The arm had to be ampu-
tated. Another contrast medum
injection into the brachial artery
of the amputated extremuty 2gain
revealed a stop, but one that was
further distad On dissection the
Iumen of the artery was found to
be free. It had been a functional
stop due to loss of muscle move
etassmsniina  ments and to a diminished need for
blood supply. Further examples
Dlood suppy. TP -

oselectan), It lower extremity Laz vsew: hlhng of aneurysindl sdt 1> utiwvuo=

igfmi mdezltatmn at distal aspect probably caused by thrombus Size of aneurysm "“ii‘y‘lfi

by collateral circulation around it Course pgangrene It foot _Pas!mortem sy;) o
atherosclerosts of coronary arteries with old myomalacia Aneurysms uh

sies From Demel, R , Sgalitzer, M, Kollert, V, Mitt. Grenzgeb Med. Chirurg,

aortitis,
y Prof Dr M. Sgalitzer, I Chur. Umv. Khin. (Prof. Dr. E. Ranz),

pophteal arte
1931, 42, 357, Courtes;
Vienna and G Fischer, publisher, Jena.
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may serve to show the manifold
vanations of anatomical processes
which complicate interpretation
Passage of the contrast medium
does not exclude the presence of a
thrombus which has been canal-
ized. In a case of beginning gang-
rene of the foot, aortography
showed a high degree of stenosis of
the iliac artery while distal to it no
farther vascular disease was seen.
The usual injection into the femor-
al artery perhaps would have led
one to exclude vascular pathology.

Arterial injection with certain
Iodine compounds necessitates
anesthesia, general or spinal When
spinal anesthesia is used, slowing
of the circulation and vascufar
dilatation is observed.

Visualization of the vascular
system, as carried out 1n animal
experiments, has 1ncreased our
knowledge of certain i
pharmacologic and humeral influ-
ences on the blood vessels.

‘The neurogenic influence on the
vascular tonus is well demonstrated
in the following experiments on
dogs: 1) lumbar sympathetic

. d |

an:

were performed Weeks or months
afterwards the animals were sac-
rificed The arterial tree of the
hind legs was injected with a con-
trast medium and vasodilatation
was shown to exist 2) the terminal
aorta with all main trunks nas re-
sected, along with the lumbar and
sympathetic chains Roentgen ex-
amimation ene month later demon-
strated a good vascular supply to
the hind legs If the nerve supply
‘had not been cut in this operation,

3
[}

%
!

Fic 329 ~Venography Varicosities Ley Lat
wiew. charactenstic longitudinal and transverse
distensidh of diseased veins Courtesy Prof Dr
M Sgaltzer, I Chir Umv Klm (Prof Dr E
Ranzn), Vienna From Roesler, H, m Diag-
nostic  Roentgenology, Nelson's Loose-Leaf
System; ed by Ross Golden, 1036, p 250
Courtesy Th Nelson & Sons, New York

the dogs would have died with cyanotic and edematous hind legs, and subse-
quent roentgen examination would have shown scarcely any filling of the
arteries. 3) section of the vasodepressing carotid sinus nerve was performed.
That this is followed by arteriolar vasoconstriction was demonstrated by
means of thorotrast mnjections. the larcer arterial branches were hut 1ittla
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Fios 330, 331, 332—19 yes, M History Hospitalized in connection with bone disease
? Loy o an conneg I st
’

was noted on the back
(photograpfi,

cortex and irregular trab A cutaneous
The superficial vemns of the It arm were tremendously dilated and tortuous
A), the larger ones showing systolic pulsations, and a thrll was palpable throughout. In-
creased pulsations with bruit and thnll were noted over the larger arteries above the It
cdavicle, along the It arm and below the It ingumal ligament. The heart was definjtely
enlarged with the apical thrust very forceful A harsh systohic murmur was beard over
the aortic area, On compression of the lt, axllary or femoral artenes, the heart rate
slowed from B0 to 60 per min and the cardiac murmur diminished perceptibly, This
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modified vwhile there was an almost complete disappearance of the small ar-
terial ramifications.

When thorotrast is injected into an extremity of an anesthetized dog, the
size of the arteries can be accurately determined When, at another time, the
arteriogram is clone after the main artery has been compressed for a few min-
utes and then released, the whole artenal tree shows an intense vasodilatation
that continues from a few minutes to half an hour. The degree of this tempo-
rary vasodilatation equals the one noted as a permanent feature in animals in
which the lumbar sympathetic chain and gangla had been removed Venous
compression will reveal constriction of the large arterial vessels while all the
small branches appear much dilated These findings are of interest m view of
the altemnating arterial or venous compression that s used in the treatment of
peripheral arterial disease.

When one-quarter of a rabht’s blood ts removed by cardiac puncture and an
equal amount of thorotrast 1s injected into one of the ear veins, all vessels with
a diameter greater than 002 cm are visualized The rabbits behave nor-
mally during the first hour but die a few hours Jater Experiments that are ear-
tied out within a few minutes following contrast visuahzation are therefore
valid The intravenous mjection of Z cm® of histamme is lethal for the rabbit
within 4 min , causes a decrease in volume of the systemic and pulmenic arteries,
dilatation of the veins of the systemic circulation, congestion of the liver, reduc-
tion of the size of the left ventricle, and mncreased filling of the right ventricle.
All this results from a sudden contraction of the pulmonic vascular area The
intravenous injection of 3 cm®. of ephedrine 1s lethal within $ min, causes a
marked reduction in the volume of all systemic arteries, great distention of the
systemic veins, congestion of the liver, great distention of the pulmonary vessels,
and increased volume of the left and right ventnicles—particularly the left This
depicts a primary contraction of the large systemic arteries and the sequelae
therefrom The intravenous mjection of 1 cm®. of adrenalin induces a most
marked dilatation of the aorta and large arteries, dilatation of the pulmonic
vessels, reduced size of the systemic veins, and diminution of blood in the portal

bradycardiac phenomenon was abohshed by the intravenous mjection of 00002 gm
{gr 1/30) of atropme sulph B P 160/80 over rt arm and 160/0 over It arm Hb 9§
&ms, rbec 42 mill, phosphatase elevated ECG normal Oscltometric readings showed
abnormally great amplitude of pulsations over the It arm, forearm and thigh Skin tem.
perature readings on the It arm averaged from 05-17° C (1-3° F) higher than on the
M, Venous prezsure it forearm 120 em , It forearm 156 cm water Ovygen saturation of
venous blood from 1t forearm 34 8%, from it forearm 9027% Circulation time (cyamde)
from antecubital spaces of 1t forearm 158 am . It forearm @2 cm Biopsies from dufferent
parts of the skeleton were taken and submutted to microscopic study

R (B) Defimte of the heart, computed volume 925 em?.
The amplitude of pulsations (as noted during fluoroscopy) was mcreased but dimmshed on
compression of the It axillary and femoral artenes (€) Venogram of It arm followmng
rapid injection of 20 cc of 355, diodrast 1n 40 cc salime Note the enlarged vemns Arterio-
‘enous could not be with certanty

Comment+ An instance of polyostotic fibrous dysplasia with multiple congenital phieb-

tions were for the abnormal findings of the

crrculatory system, including cardiac enlarzement See also the publication of Drs H M
Stauffer, R K Arbuckle and E E Aegerter, Journ Bome Jomt Surg, 1041, 23, 323
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syste{n. These findings are interpreted as the result of contraction of the
arterioles which causes the blood to back up into the atteries The inhafation
of one capsufe of amylnitrite is followed by a diminution in the size of the
left ventricle, an increase of the diameters of the aorta and other systemic
arteries, more blood in the portal circulation, and slightly less distention of
the systemic veins Active dilatation of the arterial walls, which allows more
blood to collect in the arterial side of the circulatory system, Is responsible for
these changes
Interesting findings were shown in anaphylactic shock Rabbits were sensi-
tized by subcutaneons injections of horse serum, Three wecks latef, tharo-
trast was mjected under pressure into one femoral artery, penetrating into
the inferior segment of the aorta and info the other femoral artery, A roent-
genogram was obtained at this instant and again aiter the intravenous in-
jection of horse serum had produced the typical fall in blood pressure, The
arteries of the lower extremities now revealed a marked constriction,
Varicostries, Venography shows the exact size, shape and extensiort of the
varicose vessels There may be a diffuse dilatation present or the proximal
and distal portions of a vessel may be found large, with the central portion
normal The vaives may be found to be incompetent, Thus, with the patient
standing the vessels fill distal to the point of injection, indicating centrifugal
blood flow—the roentgenologic equivalent of the clinical “positive Trendelen-
burg,” With the leg 1n the hortzontal position the contrast medium shows no
change in position, or only a slight degree of forward and backward flow.
Increase in abdominal pressure causes a distal flow. Massage or muscular
actwvity of the leg causes the contrast medum to reach the deeper veins
whereupon it moves centripetally. Likewise in the erect position, muscular
actwity stops its distal flow and may even cause it to rise It follows that
complete muscular immobility (relaxatinn) is necessary in employing scleros-
ing treatment mn order to allow sufficient time for the injected substanse to
act It 15 proper to point out that out ideas about blood flow In varico:e
veins that are gained from contrast injections are probably not quite correct.
Contrast media have a specific gravity that is higher than that of blood, ?nd
2f the blood current is weak a centripetal movement of the contrast m:@mm
will take place, 1t behaves—to use a simile-—like mud in a slowly flowing river
1t has been actually demonstrated that a contrast medidm of the usual Congen-
tration will show 1n vancosities and for the standing position 2 ce'ntm'v_.xga.l
raovement, but after reinjection of a two-third dilution of the medium it is
immediately noted to flow centripetally Venography further shows that vari-
cosities do not extend into the deeper tissues of the leg, but it is not unusual to
demonstrate that the area and degree of the varicosities are greater }h:m the
¢linical evamination permits one to assume It has been shown in those 1ns{aqces
where the obliterative procedure did mot have a lasting effﬂf‘ that refilling
and/or canalization occurred through communication with varicose cu“atex:a!s.
Venographic demonstration of the very poor vascularization in the surroundings
of callous ulcers explained the poor healing tendency of (he§e uicers,
Venous OpstRUCTION ANp THROMBOSIS Uipper exiremity. A (anS(YlChOl;
of the axillary vein may occur only when the arm fs dependent, Patency o
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the vein may be restored when the arm 1s elevated The position of the arm,
therefore, deserves consideration before a final opinion is rendered as to the
presence of obstruction, True thrombosis of the axillary vein is chiefly due
to extension of malignancy from the chest or axilla or 1n conjunction with
tuberculosis of lymph nodes The so-called pnmary asllary vem thrombosis
(the term “intermittent venous occlusion” 1s wsed in this connection) occurs
'in otherwise healthy individuals followmng local trauma and prolonged un-
accustomed effort, Stretching, tears in the wall with repair by intimal hyper-
plasia, and secondary spasm occur with resulting thickening of the wall
Roentgenograms reveal marked narrowing and rregularity of the lumen
Functional improvement usually results due to the formation of 2 collateral
circulation In venography of the upper extremity it wiil be remembered that
the basilic vein ordinarily carries the bulk of blood and that the cephalic
vein serves as a collateral blood vessel But if the basilic-avllary system is
obstructed, the cephalic vein becomes the chief course for the return of blood
and carries it into the subclavian vem. Lower extrennty Venography may
shed light in instances of ohscure foot and leg troubles by detecting evidence
of thrombosis that might not have been’considered as a causatwe factor
Reference is made to patients who make a protracted recovery from trauma
in the region of the ankle jomnt with discomfort continuing in spite of all the
therapeutic measures tried. Other patients complain of heaviness and pain
In the legs, especially, after exertion, and develop edema toward the end of the
day. This sometimes follows a petiod of confinement to bed When old and
fairly extensive thrombosts is present, newly formed full-sized veins are noted
in the muscles and subcutis They revedl a rather steaight course and their lack
of tortuosity distinguishes them from varicosities This chstinction is of 1mpor-
tance since confuston with varices has led to sclerosing injections with embol-
sm following R phic studies 1n 1ns of fresh thrombosis have
dﬂmfmstrated a fact that was already known from a few pathological dis-
section studies, namely, that the process does not start in the large pelvic
Veins nor in the femoral vein, but rather in the posterior and anterior tibial
ﬂl.ld Peroneal veins, and that from there the thrombosis may propagate in the
direction of the blood current until a thrombus sways in the blood stream
and gives hardly any signs or symptoms,

Superior vena cava. The most common causes of obstruction are aneurysm
of the aorta and malignant tumors The rarest cause is thrombosis. The
d_uelopmenl of a collateral circulation depends on whether the site of occlu-
sion is above or below the azygos vem 1f 1t 15 below, all the blood from the
upper part of the body returns to the heart through the mf vena cava
Roentgenograms taken following an njection of contrast medium mto an
antecubital vein show enlarged venous circulatory connections on the homo-
lateral side, with the lateral thoracic vem communicating with 1ntercostal
vemns and the abdominal epigastric vein Enlarged intercostal vemns apparently
may cause shallow scalloping of the ribs hike that caused by the arteries in
the presence of coarctation of the aorta, 1f the axillaty vein 1s also found to

be occluded, this excludes the possibility that an encircling band at the
base of the sup vena cava was the cause of obstruction, but imdicates instead
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that the ‘thrombosis of the sup. vena cava extended into its main tribu-
taries.

Pre- aNp PostoperaTive Venous Frow. The following interesting study
has been made. 3 to 4 cm®, of per-abrodil were injected into the saphenous
vein of patients in the recumbent position under Hueroscopic control. The
emptying time was d ined before and following aperations on the stomach,
kidneys, bladder and prostate, all of which are known to involve danger of
hrombosis an bolism. A p ed postoperative retardation of the
venous blood flow was found, sometimes so much that a standstiil was ob-
served, This retardation sets in on the second day after operation and tends
to continue as long as the patient stays in bed. A retrograde flow from the
saphenous into the femoral vein was observed in several instances, CO,
inhalation accelerated the venous current much more than active, deep respira-
tion No or slight retardation was observed in operations not involving danger
of embolism, ie., breast or thyroid surgery. That decreased diaphragmatic
activity may play a réle is shown to be probable by the following experiments
on dogs. Bismuthoil or lipiodol was injected into the femoral vein and the time
determined which it took the embolus to disappear in the right heart. The
average time was 20 seconds Section of one or both phrenic nerves prolonged
the average disappearance time to 28-30 seconds.

Venography is strictly contraindicated in the presence of acute or subacute
thrombophlebitis, R

CALCIFICATION OF THE PERIPHERAL ARTERIES appears chiefly in arterio-
sclerotics. This process principally affects the peripheral arteries of the mus-
cular type. It has no relation to the central atherosclerotic type, !huugl’{ it
happens that this process with its focal-nodular fatty degeneration, ul.cerallon
and calcification of the intima, creeps from the abdominal aorta into the
femoral arteries and even beyond, The arteriosclerotic calcification gives the
typical roentgenographic appearance of fine, granular, beaded deposits and
ring-like buckles. Double contours of vessels are outlined for longer or shorter
segments. The atherosclerotic deposits are quite irregular, nodular and patchy.
The roentgen diagnosis of calcification does not explain vascular disturbances
which are more likely to be caused by changes in the intima,_ though calcifica-
tion may occur simultaneously. There is usually less calciﬁ.canon present where
the vessels cross the larger joints. The lower extremity is much more oft;n
affected and often exclusively so. The axillary artery s xever and ot ‘mmk\\;l
artery infrequently calcified. The femoral artery is most commomy,amgeial'
especially in its middle third, and next in frequency is the posterior d'l o

artery Sometimes only deep seated vessels are afected—interosset, x.anv:n»d,
peronei, tibialis. The male sex is much mote often affected. The exsn‘:‘m e
degree of calcification increase definitely with age Diabetes probably oo
not cause this process but at least accelerates 1, so that caluﬁcauor;d li)n
pears 10-15 years earlier than in contro} groups It can even l}e Obsedr’vbetes
diabetic children It has been shown stntl§tically that the duration olf ¢ ﬁl:a:ion
plays an important role. With diabetes Iasll_ng more than 10 years, calcifl -
in more than 90%. Calcification may occur in arteries O

i detected ; n
‘z':‘i‘\ild}:; b; tehe process of thrombo-angiitis, but its incidence here is much lower

than in control groups
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Calcification of arteries may occur in conditions mn which there is a
disturbance of calcium bolism. Some of these itions have manifesta-
tions of this disturbed calcium metabolism in the blood serum, which may
show an increase or a decrease; in other conditions the blood serum reveals
a normal caleium level, The following conditions show an increase in blood
serum caleium: 1. Hyperparathyroidism, which may be due to an adenoma
or primary ‘hyperplasia of the parathyroid glands. Deposits of lime salts
are likewise found in the kidneys or in the para-articular regions, 2. Para-
thyroid poisoning; this is chiefly concerned with animal experimentation.
3. Hypervitaminosis D. Marked calcification of the media has been pro-
duced experimentally in cats and rabbits. Only three human cases have
been reported in which this etiology seemed probable. 4 Neoplastic disease

Fics 333, 334—41 yrs, M Intermuttent claudication and formation of bleb on big
foe for three winters Glycosuna one year ago At present no glycosuna Blood sugar
117 and 134 mgm. Glucose tolerance test reveals mild diabetes Diabetic retimtis and pseuda-
tabes Ant view: extreme degree of calaification m pelvic artenes (bl arrows) Lat view
extreme degree of ealatfication 1o artenal vessels of leg (wh arrow)

of bone, including multiple myeloma; here the serum calcium may be elevated
and generally is if arterial caloification is present due to this etiologic factor
The following conditions show a decrease in blood serum calcium 1 Chromic
Dephritis of Jong duration wit" oo ek
the so-called renal rickets 2 ' '
In the serum calcium is note :
Interstitialis, often combined with scleroderma The roentgenologic diagnosis
of vascular calcification is difficult on account of the diffuse lime salt deposits
In tendons, fasciae, etc 2. O: ! fragiis i (marble dis-
. €ase). 3 Osteogenesis imperfecta 4 Osteitis deformans (Paget’s disease).
5 Hypothyroidism in mfants. In one case medication with thyroid extract
led to the disappearance of the calcific deposits
CALCIFICATION OF THE PERIPHERAL VEINS occasionally occurs together with

-

R s Ly
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Fios 338, 336, 33737 yrs, |
History: The patient had not
tuna for the past 2 yrs, an
more recently felt tired and Jo.
wt Findings, The patient w:
pale, there was no evidence ¢
failure The It. ventricle was‘mod
erately hypertrophied, and a famt ~
systolic apical murmur was heard
The BP vared between 135/92
and 180/100, The urine showed
150 mgm % of albumun, the urea
clearance was 107 The blood
showed hb 53 gms rbc 1§
mill, urea n 84 mgm %, creatiun
52 mgm %, plasma CO, combro-
g power 25 vol % The Wasser-
mann test was negative Fundi
Retsal arteriolosclerosis, grade T

Roentgenograms* General cal-
aification of the vessels i the
thigh region is noted The skull
shows thickemmg and decaleifica-
tion

Course. Following two blood
transfustons, b $ gms, The
25 mill, caloum 111 mgm%,
phosphorus 6¢ mgm G, protein
6 grams with normal a/g ratio
ECG Lt axs dev, Q-T inter-
val 034 sec, normal (upper hmt
of normal for a eycle length of

)

LT

Wi nto uremic coma, Chvnsuk. sign
077 sec ’bem{;‘ Og‘si MQ.?Y,: ,m,?-ijf“_i{ the ;it" went mnto uremi ¢ o, g

. « wm

»T

ang

¢.) Death two days later 5 .

os};’lglls:iﬂll!m.‘ The heart weighed 310 gms, the coronary art.ene‘s sl:gwed .s.mffn‘i:g:af

of atheroscler i - -

the free edge !
calcification . i i

plenc a0 hes dagnosis was enital hypoplasia o1

sucface, weighed 25 and 50 gms “The
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arterial calcification in any of the previously mentioned conditions; extensive
calcification is rare, and probably limited to the superficial veins, a plexiform
or, dendritic picture may be present. More commonly round, concentric,
sharply defined areas of calcification are found, pinpoint to pea-size and with
megu!ar dustnbuuon These are phl:bohlhs and they are found in varicose

veins and in subc and i
CALCIFICATION OF PARASITES. When calcification of or in p:npheral \es<els
is under consideration, the po&\b\\\\y of calcification in

rare, should be remembered in differential diagnosis. Cysncerr_i occasionally
undergo calcification and then appear as oval or spindle shaped bodies with
pointed ends and averaging 0.2-0.4 by 1.5 cm 1n size. They are character-
istically arranged in a longitudinal fashion, parallel to muscle fibers. Trichinae
are uniformly round and appear as multiple pin points. Filaria Bancrofti
gives Tise to oblong or spindle shaped shadows from 0.4-15 cm. in length
and are located subcutaneously. Oncocerci produce round shadows the size of
peas, and Sa.rcmpond.\a show spmdle shapcd nodules of various sizes in the
muscles, Soft tissue is rec ded. The use
of intensifying screens, unless new, should be avoided.
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A, area of heart. (See Heart, area)
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differentiation from aortic aneurysm,
336

Accommodation of the eye, 112
A card i

in,

182
Addison's disease, heart size as related to

blood pressure in, 2drenalin as affecting,

 Sudden hypotension in, 195
external
grams, 366 (Fig 285-286)
test for, 374, roentgenograms, 375 (Fig
4l

96-29!
intrapencardhal, effect on heart action, 365
Adrenal 1nsufficiency. {See Addison’s dis-
ense )

Adrenaln, action on card

Anatomy (cont }
anatomical and roentgenological find-
ings, 3
‘normal variations, 32
Anemia, cardiovesculsr appeatance in, 203
cerebral, alhed with sudden hypotension,
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in, 1
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adence following carduc infarction, not
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pamn nmtated m para-esophageal herma,
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Angle of disappearance, measurement, 30
Angle of inclination (See under Heart.)
Annulus fibrosus, cslafication, 265
Anomahes, aorta, coarctation of, roent-
398 (Fig 311-312), 309

lar sys.
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response of artenal s!nps ta, after Roent-
gen-irradiation, 2!
Age, aortic tonﬁzunhon among aged in.
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effect on
aorta position, elastiity, and size, 33
cardiovascular shadow, 45, 59
correlation between heart diameters, 82
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heart weight, shape, and fat content, 32
suze of pulmonary attery, 34
value as a correlation factor, 89
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indications of, 427
effect on heart, 207, orthodiagrams, 206
{Fig 100-101), roentgenograms,
430 (Fig 330-332)
pressure at site of, effect on size of
cardiovascular silhovette, 203
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Actta (cont )
descending, normal static aspects, anterior
view, 44, 45
left antenor oblique view, 54
. postion, with persistent nght-nided
aortic arch, 405

419

Aorta {cont.)
shadow (cont }
normal appearance 1n, 318 {Fig.
228)
promunence, 1 zortic valvular disease,
287

preferred positions for
2

diameter, of ascending sorta plus arch,
correlation with chest diameter, 67
dilatation, in hypertension, roentgeno-
grams, 100 (Fig 86-87)
in syphilitic aortitss, toentgenograms,
312 (Fig 214-215), 315 (Fig 220),
316 (Fig 221-221)
dilatation and tortuesity mn aged, roent-
genograms, 322 (Fig 234-235)
1n left convex kyph

200
10 mitral valvular disease, 271

elongation, differentiation from fusiform
aneurysm, 311

elongation and dilatation, roentgenozrams,
324 (Fig 240-241)

esophagus, posttion 1 relation to, 33

incompetence in cystic medial necrosis,
i

kymogram of movements, 119
premature ventricular beats registered
on, 418
measurements, correlation wth  chest
measurements, 97
position, elasticity, and size, normal varia-
tions and age changes, 33
and pulmonary artery, 1 the new-bom,
35
mnsposmon, roentgenolome  appear-
uls:uons, m bndytard.m a8
cases of aortic coarctation, 369
dmphmgm position as affecting, 116
fluoroscopy, anterior view, 116
Jeft antenor oblique view, 117
1n syphilitic aortitis, 313
regurgitation, functional, due to cyshc
degeneration of medu, 285
rupture, mnto mediastinum, 330, 333
mnto pulmonary artery, 327
mto nght heart, 321
into superior vena cava, 321
shadow, changes in sudden hypotension,
199

density, determination, 312
factors affecting, 312
m hyper_t:nsmn. 190, progressive change

m 190
wideming, left anterior oblique view for
demonstrating, 310
widening, elongation and
density, etiology, 313
roentgenologic findings, 310
size, in cases of patency of ductus arteri-

increased

in snteratrial septal defect, 387
in presence of large cardiac aneurysm,
relatively small, roentgenograms,
262 (Fig 153-156)
size and shape, postmortem changes, 36
syphditic, diagnostic ¢ntena, 313
dmitul!y of diagnosts by Roentgen rays,

lnang!e of, 1n left anterior oblique view,

wall, dxsseclinn of (so-called dissecting
aortic aneurysm),

window of, 1n left anterior oblique view,
54

Aortic configuration, associated with sub-
aortic stenosts, 407
contrasted with coeur en sabot, 396
defimtion and occurrence, 287
1n hypertension with superimposed peni-
cardial effusion, roentgenograms, 362
(Fig 278-281)
Aortic depressor nerve, section, effect on
arculatory response to gravity, rab-
t, 203
Aortic knob, absence, in coarctation of
sorta, 399
1 mtral stenosts, 275
displaced 1 aortic aneurysm, 327
left-ssded, absence, 403
imovements, amphtude, 2s seen in fluoros-
Py, 116
1n gelation to pulmonic arch, in buadle-
‘branch block, 419
prommnence, 1 aortic valvular regurgita-
tion,
1 coarctation of aorta, 399

Aortic vegurgitation, as comphcation in
aneurysm of thoracie aorta, 321
effect on appearance of mutral heart, 297
expenmental, causng enlargement of il
houette, 237

n , ortho-
diagram, 1?2 (Fig 90), 193 (Fig o1)
1t hypertension and syphilitie aortitis,

functional, due to ¢ystic d of
media, 285
moton of fluid level 1n stomach in, 164
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Anomalies (cont )
tracheal displacement 1 congenital cardzo-
vascular, 407
tricuspid atresia, 307
truncus arteriosus communis, persistent,
carduac enlargement in, 407
veins, Jarge, 407
Antenior view, (See under View.)
Aorta, abdominal, aneurysm of, etiology,
diagnosis, 3.
amr;‘gmphy' raentgenogram, 67 (Fig

injection for vasography, 12
aneurysm, roentgenograms, 326 (Figs
246-248)
of abdomunal, roentgenogram, 333 (Fig
260)
roentgenologie findings, 330
n childhood, 334
differential diagnosis, 334
dissecting, diagnosis, 333
roentgenogram; 334 (Fig 261)
multiple, roentgenogram, 329 (Fig
250)
palpatory vs roentgenologic methods
for ohservation of pulsations, 322
roentgenogram, 328 (Fig 249)
sinus of Valsalva, 323
of thoracic, arch, 328
orthodiagram, 329 (Fig 251)
nght posterior oblique wview for
study, 328
ascending portion, associated with co-
arctation of aorta, 397
erroneously diagnozed mn cases of
patent ductus arteniosis, 301
roentgenograms, 325 (Fig 242~
243), 325 (Fig 244-245)
roentgenologic findings, 324
descending portion, casting shadow
withn larger shadow of cardio-
pencardial sithouette, 361
causing erosion of spine, roentgeno-
grams, 331 (Fig 253-256)
Toentgenograms, 330 (Fig 252-
253), 331 {Fig 254-256), 332
(Fig 257-259)
roentgenologic findmags, 328
direction of development, 323
fusiform, dfferentiation from simple
elongation, 311
left-ided, 327
non-aceessible for Roentgen-ray, 322
roentgenologic fiidings, 321
sacculated  exudate resembling, m
chrontc pencardial disease, 368
angusta, 34
arch, dameter, measurement, anatomcal
exactness,
form as influenced by age, 33, 59, 60

Aorta (eont )
arch (cont)
Impression of esophagus, 33, 61, 96
measurement, and average normal
values, 94
banl;r;) method, diagram, 95 (Fig

nartowing, mn coarctation of aorta, 399
persistent,  right-sided, anatomy and
roentgenologic appearance, 100
posttion, as imfluenced hy body form,

57, 58 N
m children and adolescents, 33, 35, 59
m thyrotoxicosss, 179
preferred positions for roentgenograms,
56, 57
pulsations, viibahty, 117
relation to trachea, 33, roentgenozram,
61 (Fig 27)
right-nded, 400
roentgenograms, 401 (Fig 315-317),
402 (Fig 313-319)
ascending, dilatation in aortic regurgita-
tion due to syphils, 285
orthodiagram, 313 (Fig 216)

~ tanncic roentgeng-

217-219)
dilatatton m cystic medual necros:., 321
associated with rheumatic free aortic

regurgitation or predommant ste-

nosis of aortic onfice, 285
displacement 1n obesity, 177
measurement, and average pormal

values, 96
normal static aspects, anterior view, 45,

47

lateral view, 5§
left antertor oblique view, 53, 55
preferred positions for roentgenograms,

36
shape and position, 45
atheromatous, frequently accompanted by
syphibitic aortitis, 314
calafication, 1n aneurysm, 324, 33t
m region of stenosis or atresia, 398
roentgenograms, 323 (Fig 236-239)
roentgenologic detection, 313
coarctation, as etiological factor in aortic
aneurysm m children, 334
roentgenograms, 398 (Fig 311-312).
399 (Fig. 313-314)
roentgenologic appearance m, 397
contrast substances for vasography, 12
contrast visuzhzation of, and left heart,
roentgenogram, 5+ (Fig 23)
course in dextrocardia, 386
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Lorta (cont)
descendimg, normal static aspects, anterior
view,
Teft antenor oblique view, %4
with pessistent  right-cided

449

Aorta (cont.)
shadow (cont )
normal appeatance 1n, 318 (Fiz.
228)
promunence, in 2ortic valvular disease,
287

preferred positions for
5

diameter, of ascending aorta plus arch,
correlation with chest diameter, 97
dilatstion, in hypertension, roentgeno-
grams, 190 (Fig 86-87)
n syphiliic aortitis, roentgenograms,
312 (Fig 214-215), 315 (Fig 220),
316 (Fig 221-227)
dilatation and tortuosity in aged, roent-
genograms, 322 (Fig 234-235)
1n left convex kyph

200
in mitral valvular disease, 271
elongation, differentiation from fusiform
aneurysm, 311
elongation and dalatation, roentgenozrams,
324 (Fig 240-241)
esophagus, position in relation to, 33

mcompetence in cystic medial necrosis,
3

kymogram of movements, 119
premature ventricular beats registered

on, 418

measurements, correlation  w th
measurements, 97

Pposition, elastictty, and size, normal vara-
tions and age changes, 33

and pulmonary artery, in the new-born,
35

chest

transposition, roentgenologic appear-
ance, 406
pulsations, 1a bradycardia, 418
1 cases of aortic coarctation, 399
dizphragm position as affecting, 116
fluoroscopy, anteror view, 116
left anterior obhque view, 117
1n syphihitic aortitis, 313
regurgitation, functional, due to eystic
degeneration of media, 285
rupture, into mediastinum, 330, 333
1nto pulmonary artery, 327
into nght beart, 321
nto supenor vena cava, 321
shadow, changes in sudden hypotension,
199

density, deterruination, 312
factors affecting, 312

n hypertension, 190, progressive change
mn cardio-aotic appearance, ortho.
duagram, 192 (Fig. 90, 193 (Fig 91)

m hypertension and syphihtic aortis,

190
widening, left anterior oblique view for
demonstrating, 310
widening, elongation and
density, etiology, 313
roentgenologic findings, 310
size, in cases of patency of ductus arteri-
osus, 390
1 mteratrial septal defect, 387
n presence of large cardiac aneurysm,
relatively small, roentgenograms,
262 (Fig 153-156)
size and shape, postmortem changes, 36
syphilitic, diagnostte entena, 313
difficulty of diagnosis by Roentgen rays,

ncreased

314
trangle of, 1n left anterior oblique view,
S8

wall, dissection of (so-called dissecting
aottic aneurysm),

wandow of, n left antenor oblique view,
54

Aorhic configuration, associated with sub-
aortic stenosis,
contrasted with coeur en sabot, 396
definition and occurrence, 287
n hypertension with supenmposed per-
carchal effusion, roentgenograms, 362
(Fig 278-284)
Aortic depressor merve, section, effect on
;u'zulalnry response to gravity, rab-
at,
Aortic knob, absence, m coarctation of
aorta, 399
mn mtral stenosis, 275
displaced in aottic aneurysm, 327
Jeft-sided, absence, 403
movemnents, amplitude, as seen 1 fuoras-
copy,
1n relation to pulmonic arch, in bundle-
branch block, 419
prominence, m aortic valvular regurgita-
tion, 286
m coarctation of aorta, 399
am interatnal septal defect, 388
in pulmonary stenosis, 396
Aortic regurgitation, as complication in
aneuryst of thoracte aotta, 321
effect on appearance of mitral heatt, 207
esperimental, causing enlargement of si.
houette, 287
functional, due to cystic degeneration of

motion of flurd level in stomach m, 164
N
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Anomalies fcont.)
tracheal displacement in congemtal cardio-
vascular, 407
tricuspid atresta, 397
truncus artenosus communis, persistent,
cardiac enlargement m, 407
veins, large, 407
Anterior VieW. (See under View )
Avrta, abdorunal, aneurysm of, etiology,
dragnosis, 330
art:nogiraphy. raentgenogeam, 67 (Fig
30,

injectzon for vasagraphy, 12
aneurysm, roentgenograms, 326 (Figs
246-248)

of abdomnal, roentgenogram, 333 (Fig
260}

roentgenologic findings, 330
w childhood, 334
differential diagnoss, 334
dissecting, diagnosis, 333
roentgenogram, 33+ (Fig 261)
multiple, roentgenogram, 320 (Fig
250]

palpatory vs roentgenologic methods
for observatton of pulsations, 322
roentgenogram, 328 (Fig 249)
sinus of Valsalva, 323
of thoracic, arch, 328
orthodiagram, 329 (Fig 251)
night postertor oblique view for
study, 328
ascending portion, associated with co-
arctation of aorta, 397
erroncously diagnored 1 cases of
patent ductus arteriosis, 391
roentgenograms, 325 (Fig 242
243), 325 (Fig 244-245)
raentgenologic findings, 324
descending  portion, casting shadow
within farger shadow of cardio-
pericardial sthouette, 361
causing eroston of spine, roentgena-
grams, 331 (Fig 254-256)
roentgenograms, 330 (Fig 252-
253), 331 (Fig 254-256), 332
(Fig 257-259)
roentgenologic findings, 328
direction of development, 323
fusiform, differentiation from simple
elongation, 331
left-mded, 327
non-accessible for Roentgen-ray, 322
roentgenologic findings, 321
sacculated exudate resembhing,
chronic pencardial disease, 368

angusta, 34 .

w

Aorta (cont.)

arch (cont }
mpression of esophagus, 33, 61,96
measurement, and average normal
values, 94
b:mur;) method, diagram, 95 (Fig
3

narrowing, in coarctation of aorta 399
persistent, night-sided, anatomy and
roentgenologic appearance, 100
position, as nfluenced by body form,
y 58
1 children and adolescents, 33, 35, 59
1n thyrotoxicosss, 170
preferred positions for roentgenograms,
56, 87
pulsations, visibihty, 117
relation to trachea, 33, roentgenoztam,
61 (Fig 27)
nght-sided, 400 .
roentgenograms, 401 (Fig 315-317),
402 (Fig 318-319)
ascending, diatation m aortic regurgia-
tion due to syphihs, 285
rthodiagram, 313 (Fig 216}

« rbnmacis wnentoann.

217-219)
ditatation in cystic medial necrosis, 321
associated with rheumatic free aortic

regurgitation or predommnant ste-

noss of aortic onfice, 285
displacement i obesity, 177
measutement, and average normal

values, 96
normal static aspects, anterror view, 45,

47

Jateral view, 5§
Jeft antenor oblique view, 53, 53
preferred posttions for roentgenograms,

5

6
shape and position, 45
atheromatous, frequently accompanied by
syphilitic aortitis, 314
calafication, i aneurysm, 324, 331
1n region of stenosis or atresia, 398
roentgenograms, 323 (Fig 236-239)
roentgenologic detection, 313
coarctation, as etwological factor 1 aortic
aneurysm m children, 334
roentgenograms, 398 (Fig 3113121
399 (Fig 313-314)
Teentgenologic appearance in, 397
contrast substances for vasography, 12
contrast of, and left heatts

arch, diameter, t
exactness, 77
form as influenced by age, 33, 59, 6?

roentgenogram, S+ (Fig 23)
course in dextrocardia, 336

s——




Astery(les) (cont )
transposition  of great arterial trunks,
roentgenologic #ppearance, 406

rotntgenograms, 404 (Fig. 320-321)

Asphyxnia, effect on heart, 205

Asthma, allerpic bronchual, effect on cardio-

vascular system, 22§
!respiration 1n, effect on heart size, 63,
225
Atelectasis. (See under Lung )
Atherosclerosis, of aorta, i regon of
stenosis or atresia, 398
of aortic and mitral valves, 265
as cause of -
aneurysm of abdominal aorta, 330
aortic aneurysm 1n children, 334
aortic valvular lesions, 285
enlargement of pulmonary artery, 389
of femoral vessels, roentgenogram, 424
{Fig 326)
in"lesser arculation, in lung fibrosis and
anovemia, 345
in mitral valvular disease, 344
pulmonary artery dilatation n, ortho-
dragram, 347 (Fig 266)
of peripheral vessels, typical vasographic
prcture, 426
of pulmonary artery, n interatrial septsl
defect, 387
roentgenologic findings, 318
volumetnc reconstruction of heart and
large vessels n, photographs, 191
(Fig 88)
Athlete’s beart, 137
Athletics. (See also Exercese )
effect on heart, 137
orthodiagram, 141 (Fig 52)
photograph, 140 (Fiz 51)
regression of heart size following cessa-
tion of traming, orthodiagram, 142
(Fig 53)
Atmospheric pressure, dumimshed, effect
on cardiovascular appearance,
Atresia, of tricuspid erifice, roentgenologic
findings, 397

border,
seen by fluoroscopy in left lntenor

oblique view, 117
¢

logic appearance in, 418
Atnioventricular septum, movements, fm-
portance for mechanics of heart con-
traction, 268
in pericardial disease, 374
study, 111

d INDEX 451

Atrium(a) l) ‘cont }

left (cont
causing depression of nght”diaphrag-
matic contour, 164
differentiation from aortic aneurysm,
335

in matral valvular discase, roentgeno-
grams, 274 (Fig 172-173), 276
(Fig 175-176), 218 (Fig 180-
185)

causing widening of angle of bifurcation,
roentgenogram and orthodwgram,
274 (Frg 172.173)
In acquired rmitral valvular lesion, 271,
276, 217, 279, 280, 281
large, accompanies left heart failure in
final stage of chronc kidney dis-
ease, 189
casting shadow within larger shadow
of cardio-perreardial silbouette,
359

enlargement, in aortic valvular lesions,
S
causing chest wall pulsations, 134,
274

direction, 149
in nutral vahular disease, 271, 276
roentgenograms, 277 (Fig 177-179)
very large, effect on crculation in pul-
monary blood vessels, 282, 352
movements, anematographic study, 117
normal static aspects, lateral view, 55
Jeft antenor oblique view, 54
night antenor obhque vew, St
preferred positions for roentgenogram,
56

size, n tncuspid valvular lesion, 295 ~
size, relation to auricular fibnllation,
416

nght, casting shadow within larger shadow
of cardio-pericardial silbouette, 359
changes in cangestive heart failure, 150
displacement in mutral stenosis, 273
enlargement, in tricuspid valvular Je-
sions, 203
form and position as influenced by chest
pe, 57
normal statit aspects, anterior view, 44,
43
left anterior obhque view, 55
right antenor obhque view, 51, 52
preferred positions for roentgenograms,

56
Atropin, action on cardiovascular system,

144
Auricle. (See Atrium )

Atnum(s), collapse during sys-

tole prevented by suction eﬂe:t 1
«uze and shape in infants, 59

left, aneurysm, 28 (Fig

, forming portion of
teit sihouette contour, 47
n mutral valvular disease, 282

amphtade in hypertenston.
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Aortle regurgitation fcont.)
movements of cardiovascular borders in,
Aymogram, 291 (Fig 199)
3 d with dil
ascending aorta, 285
rheumatic, erroneously diagnosed in left-
sided aortfe aneucysm, 327
orthodiagram, 284 (Fig 187)
superimposed to small vertical heart,
orthodwgram, 284 (Fig 188)
volumetric teconstruction of heart and
large vessels in, photographs, 283
Ty 186}

fon of

Aortitis froms)
syphilitic (cont.}

rare occurrence 1n children, 315

Apex, of heart, {See under Hesrr }

Apical thrust. (See under Heart )

Apnea, effect on lung pattern, 65

Area. (See Hody, surface area ; Heart,
areg

Arterial blood flow. (See under Circuls-
tion )

Arterial blood pressure. (See under
Blood pressure,)
frm{ogxaphy. (See under Vasography.}

evidence of, i

, affecting smalf pi Y
vessels, 333
aortic confy ion in, 286

407
Aortit stenosis, caused by of
valves, 266
roentgenograms, 266 (Fig, 159-163),
320 (Fag 230-233)
d with dilatation of

)
ascending aorta, 285
roentgenograms, 288 (Fig 190-198)
systolic change i shape of Jeft cardiac
contour and aortic shadow 1n, 287
Aortic valves, bicuspid cusps, endocarditic
damage to, 407
calafication, 263
disease, combination with coarctatton of
aorta, 397
lesions, anatomical findings, 285
raentgenologic findings, dynarc, as-
pects, 287
static aspects, 285
position, antenor view, 47
Iateral view, 55
left anterior ohlique view, 5§
right anterior obhque view, 52
traumatic rupture, tausing eplatgement
of Jeft ventncle, 211
Aortitis, erroneous dugnosis in cases of
obesity, 177
sheumatic, 319
syphthtic, aneurysm of thoracic aorta i,
3

19

atheromatous chaniges frequently oc-
curnng an, 314

chnical diagnosis and roentgenologic
findings, 313

combination with rheumatic valvulat
disease, orthodiagram, 319 (Fig

226
dilatation of aorta in, 191, 315
roentgenogra, 315 (Fig 220)
dilatation and calcification of aseending

caustag enlargement of pulmonary artery,
389

of coronary artenes, 260
etiologies, 434
i lesser circulation, in lung fibrosis and
anoxemu, 335
pulmonary artery dlatation in, ertho-
diagrams,  roentgenograms, 347
{Fig, 208), 348 (Fig 207-268)
Arteriovenous anastomoms, congenital,
wndications of, 427
effect on heart, 207

P PR

Atrterio-venouy 4istule, pulmonary, 351
Arteritis, early, differentiation from Ray-
naud’s disease, 426
Artery{ies). (See also Blood vessels; and
spectfic arteries, eg, Aorta, Coronary
arleries, Pufmonary artery}
arteriographic indications for surgery 1
obliterative vascular disease, 423
coronary, obstructive disease in, roentgen-
ographic study of imjected heatt, 38

(Fig 2)
digital, arterographic appearance in Ray-

ud’s disease, 426 . )
frequency of arteniosclerosis in varfous,

434
injection, with iodine compounds, nevesi-
tating anesthesia, 429
technique, 13, 68
af pelvis and Jeg, calaficatton, roentgeno-
grams, 435 (Fig 333-339)
pertpheral, caleification, eticlogy, 434
Toentgenogryms, 436 (Fig 335-337)
due to hypermtaminoss D, 435
iph disease, multiple areas of oc-

aotta 1, 314 (Fig
217-219)
normal appearanee of sortic shadow in,
orthodiagram, 318 (Fiz. 218)
orthodiagram, 313 (Fig. 216)

clusion, 427 . B
thromboendartentss, associsted with pat-
ency of ductus artenosus, 344 348
complicated by mycotic aneurysms,
e

L
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Blood vessels (cont )
n

453

Body (cont)
i ph course

d by Roentg
irradiation, 214
large, snatomic model, Dr, Laun Taipale’s,
photographs, 49 (Fig 9-11)
Roeatgenologic study of the heart and
great vessels, schematic draw-
ings, 3 (Fig 1)
volumetric reconstruction, dugram,
19 (Fig. 3
mn emphysema, photographs, 221
(Fig 115)
in

on, 61
heart depth and volume in two types,
photographs. 88 (Fig 36-37)
hyperstheme, cardiovascular silhouette
in, photograph, 59 (Fig 26)
hypostheme, cardiovascular silhouette
10, photograph, 58 (Fig 25)
form, effect on correlation between cardiac
sithouette, volume, and angulation, 82
effect on roentgenologic picture, 57
height, with heart measare-

and
disease, photographs, 191 (Fig
&)

8
in mitral valvular disease, photo-
graphs, 269 (Fig 165)
normal, photographs, 45, 47 (Fig S,
7

in rheumatic aortic regurgitation,
photographs, 283 (Fig 186)
width in relation to width of heart,
m hving compared with post
mortem 1njected heart, 35
peripheral, aneurysm, roentgenogram, 428
(Fig 328)
atheroscleros:s,
(Fig 326}
calafication of, .differentiation from
lafication of parasites, 437
calafication, roentgenograms, 428 (Fig
328), 435 (Fig 333-334)
dilatation by amylmtrite, 144
disease, clinical diagnosss, 422
roentgenologic appearance 1, 422
embolic occlusion, roentgenogram, 424
(Fig 325)

Toentgenogram, 424

ments, antertor view, 82
lateral view, 90
correfation with heart volume, anterior
and lateral views, 92
value 1n prediction formulae, 83
surface area, correlation with heart vol-
ume, 2nterior and lateral views, 92
formula for, and correlation with heart
area,
weight, correlation with heart measure-
ments, antenor view, 83
lateral view, 90
correlation with heart volume, anterior
and lateral views, 92
relation to heart weight, 135
value 1n prediction formalae, 83
Bradycardia, due to complete heart block,
orthodiagram, 417 (Fig 324)
roentgenologic appearance, 417
Bronchial stemosis, 1 aneurysm of de-
scending aorta, 330
i aneurysm of pulmonary artery, 346
effect on heart, 219
in mahgnant bronchial tumors, 335

obliterans,
gram, 425 (Fig 327)
vasémoter falure 1a mnfectious or toue

athero- and artenosclero-
sis of pulmonary vessels i, 333
lung structure in, 152

states, 247 anchlolms, dlmmc purulent, mottled
influences on, Iun n, 152
by ammal experiments, 431 ohhlems, mottled appearﬂnce or “hung
postmartem changes, in bealth and dis- field m, 152
ease, roentgenologic method apphed caused by R i
to, 36 of chest, rats and rabbits, 214
pulmonary (See Lungs, blood wvessels, as
Pulmonary artery; Pulmonary veins ) Roentgen-irradiation  of  tumors or
vascular tonus, neurogemc mnfluence on, larynx and pharynx, 217
d by an i nutral valvy-
lar disease, roentgenograms, 277 (Fig

429
Blood volume, rculating, efiect on heart
size and amplitude, 142
as influenced by environmental tempera-
ture, 205
1n starvation, 204

Body, center of gravity, in pregnancy, effect
on antcro-postenior angulation of heart,
143

177-179)
factors affecting visibilty, 64-66
left, displacement by aorhic aneurysm,
328

displacement 1 mitral stenosts, 281
esophagus position 1n relation to, 34

lumina, m antetior View, normal, 45

relation to pulmonary artery, 34
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Auncular appendage (cont ;
movements {cont.)
kymographic tracing, 121
normal static aspects, 47
A fibrill , caused by Roentg:
irradiation of chest, 214
digitalis action on heart rate in, man, 145
effect on heart size, digitalis as affecting,
dog, 145
in mtral stenosis, 274
relation to:
cardiac enlargement, 416
carduac failure, 417
size of left atriim, 416
roentgenologic appearance, 416

Blood presure (cont )
hypertension (cont )

cardio-aortic appearance, progressve
change in, orthodiagram, 192
(Fig  90), orthoduagram, 193
(Fig 91)

cardiovascular appearance in, 189

changes 1 silhouette and appearance
of lung fields 1n, orthediagram
and roentgenogram, 196 (Fig 93-
95), roentgenograms, 108 (Fig
96-97)

as complication in aneurysm of thora-

cic aorta, 321

correlation of roentgenologie, oph-

ol and el g

Auricular flutter, caused by Roentg
irradiation of chest, 214
roentgenologic appearance, 416
A and

with fluoroscopy, 133
Avitammous. (See vanous deficiency dis~
eases, eg, Berbers, Rickets, Scurvy)
Axillary vein, occlusion, etiology and
venography, 432
temi 4

graphie  findings, tables, 200
(Fig 98)

dilatation of aorta and Jeft ventneu-

lar hypertrophy in, roemtgero-
geams, 190 (Fig 86-87)

in lesser arculation related to con-
« gestive Jung fadlure, 153

norma) appearance of sorbic shadow

i; 318 (Fig 228)

1 disease,
with congestive lung failure, 150

B, broad diameter of heart (See Heart,
digmeters.)
Bandages, effect on size of cardiac silhou-
ette, 202
Banum sulphate, as injection material for
cadavers, 38
Baths, hot and cold, effect on size of cardrac
sibouette, 205
Bed rest, effect on venous flow, 128
Beribers, arteno-venous shunt mn, 207
cardiac fallure unaccompanied by con-
gestive lung failure in, 157
cardiovascular changes in, 176
dilatation of pulmonary artery in, 350
mitral configuration yn, 282
pulsations of pulmonary artety in, 352
Bilocular heart, cardiac enlargement m,
407

Binoculars, use in fluoroscopic studies, 112

Blood, fluid loss from, effect on heart size
and amphtude, 142

loss, effect on heart, 199
Blood flow, {See Circulation)
Blood preasure, arterial, 1n coarctation of
aorta, 398
effect on heart size and amphitude, 142
bypertension, aortic configuration 1n,
7

with supenmposed pencardial effu-
sion, roentgenograms, 362 (Fig.
278-284) .
aortic regurgitation in, 285
N carduac aneurysm, relation to, 259

m,
and obstructive coronary attery dis-
ease, changes m sithouette, ortho-
diagram, 194 (Fig 92)
orthodiagram of silbouette in, 192
(Fig 89)
paroxysmal, associated with angina
pectors, 195
physical activity n, causing enfarge-
ment of heart, 137
hypertensive-valvular disease, causiig
progression 1n heart suze, roent-
genograms, 295 (Fig 210-213)
volumetne reconstruction of beart
and Targe vessels 1, photographs,
191 (Fig 88)
hypotension, in upright postion, cardio-
vascular appearance n, and condi-
tions cavsng, 105
in eases of poor posture and low posi-
tion of diaphragm, 164
as influenced by:
adrenaln, 144
amylnitrite, 144
chest contusion, rabbits, cats, 211
llyminating gas poisoning, 205
Roentgen-irradiatton, 216
venous, as influenced I;y:
digitahs, man, 14
coiden changes i circulating blood
volume, 199 N
Blood vessels (See also Artenies; Arten-
oles; Capullaries, Vems, Cardiovascular
sithouette )
effect on, of anaphylactic shock, 432

L,




Center of gravity {cont.)
efiect on antero-posterior angulation of

heart, 143
Chn, thsl depth diameter. (See under
3t )

Chut, urrumfereme, :ond:uon with heart
area, anterior View,
with heart diameters, 83
with heart volume, 92
contusion, effect on cardiovascular system,
rabbits, cats, 211
diameter, correlation with dameter of
ascending aorta plus arch, 97
with heart area, antenor view, 86
with heart dizmeters, anterior view,
84

lateral view, 50
left anterior oblique view, 89
depth diameter, relation to Jaters] cardiac
silhouette, S§
hydrothorax in heart failure, 157
nartow, conduave to chncal overestima-
tion of heart size, 133
position, importance in comparing ortho-
dugrams, 101
pressure in (See Jntrathoracic pressure)
+Roentgen-uradiation, efiect on heart and
pericardiem, 2

INDEX | :

&

Children (cont)
heart weight in relation to body wewght,

32
observation of pulsattons 1 pulmonary
vessels, 116
prediction I’orrnul: for A, 83
for T, 8.
rare o(cun'mce of syphalitic aortius, 315
Cinematography, of normal dynamic as-
pects, 117
two methods, 21
Cir, chest arcumference (See under Chest)
Circulating blood volume. (See under
Blood volume )
Circulation, collateral,
sorta, 397

in venous obstruction and thrombosis,
432

in coarctation of

lower and upper extremities, 432, 433
superior vena cava, 433 .
fetal, ammal studhes, 392
as wnfluenced by gravity, rabbut, 203
by tetralogy of Fallot, 395
lesser, arteriosclerosis of, 1n Eisenmenger
complex, 387
athero- and artenosclerosts, pulmonary
artery dilatation 1n, erthodiagrams,
347 (Fig 266), 348 (Fig 267-26&)
diffuse  obht:

shape, efiect on excursion of di
164

effect on heart shape, 57
value, defined, and correlation with heart
diameters, 85
wall, deformities (See also Funnel chest,
Kyphoscoliosss; Kyphoss )
percussion errars in, 134
typical anatomic changes in shape and
position of heart and great ves-
sels in, 207

and
patent duclus arteriosus, differen-
tral dhagnosss, 392
1z the new-born, 35
as influenced by tachycardia, 416
1n patency of dutus artenosus, 300
post-operative depression, due to atony of
duaphragm, 1
roentgenologic study of blood How, 127
varicose vemns, contrast mnjection stucues

depression 1 zortic
edema of skin znd soft tissues, in acute
glomerulo-nephritis, 183
moventents, caused by enlargement of
left atnum, 134
n pencardial disease, 274
tumors, differentiation from aortic an-
eurysm, 336
Children, zomc anmrysm in, types and oc-
currence,
urdxovascu]zr silhouctte, lack of differ-
eptiation,
correlation of H, W, and age with heart
size, 83
esophagus course in, 61
heart, anatorucal drawings, 48 (Fig 8)
heart enargement in severe scurvy, 1735
heart pulsations as related to heatt size,

17
heart size @ minshed in starvation, 204

m, 432

ion, 293 i cases of poor
puslure with low poslllan of dia-
phragm, 164

venous flow, pre- and post-operative, 434
in several conditions, 127
venous return, eftect on heart size and
amphtude, 142
Cirrhosis of liver, erroncously diagnosed
n tonstrictive-adbesive pencardial dis-
ease, 365
Coarctation of aorta, (See under dorta)
Coefficient of correlation. (See Corvela-
tion)
Coenr en sabot, 396
roentgenograms, 304 (Fig 307-308)
Collateral in i

of
Borta, 397
in venous obstruction and thrombesis, 432,

433
lower and upper extremities, 432, 433
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Bronchus(i) fcont.)
1n right antenor oblique view, 51
tumors of hilus region, differentiation from
aortic aneurysm, 335
Bullzelt;, in heart, determination of location,

in beart and i1n pulmonary attery branch,

roentgenograms, 212 (Fig, 106-109)

Bundle-branch block. (Sec under Hearl,
block.

Cachexia, effect on fat deposits in pleurae,
35

pituitary, sudden hypotension m, 195
Cadavers, roentgenography of coronary

Cardiovascular aflhouette (cont J
Heart, Pericardium, Pulmonary artery,
) ulmonary veiny, Venae cavae }
in the aged, 60
2 bilatetal Abrotrc tuberculosss, Toenfgen-
;;;;;ms, A7 (Fig. 113), 220 (Fg

criternsa of companson, 99

cnlenon of companson of different films
of same individual, rib pattern as,
photographs and drawings, 100 (Fig
40-44.

Gisplacement in  fecumbent-Jateral posi-
tion, 62

1 changes of body position, 61

1n early childhood, 59

i
vessels In, 17 -, 1n forced breathing, 62
3 g : i
9 (Fig 26)
Calcification, (See under parts affected, . - .
g, Arieries, Veins; Heart, valves; En. hg{,’;‘“““"“’ orthodiagram, 192 (Fig
+ Myacardium ; Pericard . .

of parasites, differentiation from calafi. ety di“:s"ed nrthodlagr::lmmli;i

cation of penipheral vessels, 437 (Fig 92} i '
C i titialis, lead- 5 nyposthente constitution, photograph,

ing to caldification of peripheral artenses,
H

43

Calcium metabolism, disturbances, arterio-
sclerosts associated with, 435

Camera, for photography of telefluoroscopic
screeh picture, 22

Capillacies, atony, causing pulmonary con-
gestion, 153

Carbon dioxide, mhalation, effect an heart
size, 20!

on venous flow, 128

Carcinomatous lymphangitis, lung strue-
ture in, 152

Cardio-renal disease, azotemic, as cause
of congestive lung failure, 150

8 (Fig, 25)
magnification 1n teleroentgenograms, 93
diagram, 98 (Fig 39)
measurement, 75
in toto, 97
mediastinal cyst adjacent to, yoentgeno-
grams, 215 (Fig. 110-111)
in mutral valvular disease, roentgenograms,
272 {Fig 167-110)
mitralization, 287
normal dynamic aspects, descnption, 110
normal roentgenograms, adult, 50 (Fig
12-16)
normal static aspects, description, 44
orthodiagraphy, automatic registration de-
wvices, 3
Isati technieal difficul-

C disease, erro-
neowsly diagnosed i pulmonary artery
disease, 348

due to vanous etiologies, roentgenologic

appearance, 175

Cardiovascular malformations. (See also
Anomalies )

ital, di i 384

ties in obtaimng true size, 110
in aortic regurgtation, kymogram, 291
(Fig 1%9)
not visible by fluoroscopy, 121
1n thyrotoxicosis, teleroentgenogram, 178
{Fig 70)

area ding, in pneumo-

v d d

as
heart disease, 384
in infants, 384
ratio of pulmonic and aortic 2bnormali-
ties, 385
roentgenologic appearance i, 384
Cardiovascular shadow, puclear shadow
within, conditions causing, 359
Cardrovascalar silbouetts. (Sec lso vari-
ous parts, eg, Aorta; Blood wessels,

361
Carotid artery, left, in left anterior oblhgue
view, normal static aspects, 53
Carotid sinus, as influenced by Roentgen-
irradiation of tumors of pharynx and
larynx, 217
nerve, section, effect on arteriolar size, 429
on arculatory response to gravity,
rabbat, 203
Center of gravity, of body, in pregnancy.
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Correlation (cont }
formulae, for A, based on W, H, and age,
86

relating heart size and heart work, 92
for T, based on age, H, and WV, 83
based on aze, H, W, and chest meas-
urements, 34
for T4 Toar, based on age, hewght,
and weight, 90
based on age, height, weight, and
chest measurements, 90
two dimensions of heart, graph, 86 (Fig
3

Cough, effect on heart size, 63
Criteria of comparison, of different films
of same wndividual, nb pattern as, pho-
tographs and drawings, 100 (Fig 40-44)
of orthodiagrams, 99
Current, form, with different valve rectifi-
cations, 21
Cyst(s), mediastinal, adjacent to cardiac
sithouette, roentgenograms, 215 (Fig
110-111)
of pencarditm, 364
Cystic medial necrosis, causing diffuse di-
latation of ascending aorta and aortic
imcompetence, 321

Dark, adaptation of retma to low hght -

tensity, 113

Densitometry, 1 study of pormal dynamic

aspects of cardiovascular system, 123
techmaque, 25
use in determining phase of carduae cycle

for roentgenologic exposures, ¥
congenital,

384 (Fig 298), 385 (Fig 299)
nght-sided aartic arch accompanying, 402
roentgenologic appearance, 385

Dextroversion (See Dextrocardig )

Diabetes, effect on arteriosclerosis, 434
effect on peripheral vascular system, 426

Duphugm, abnnrmal findings 1n dextro-

cardia, 3
congemtal maunrmauun ladlng m atelec-

tasis of lung and hea

457

Diaphragm (cont )
position {conl )
i mn

as influenced by body form, 57
in mtral valvular disease, 274
in obeaty, 177
m preznancy, effect on estimation of
heart suze, 143
respiratory changes n, eausing marked
change in shape of cardiac sihou-
ette, as evidence of poor myocardial
tone, 150
roentgenologic appearance in relation to
cardiovascular system, 61
Digitahis, action on cardiovascular system, -
animals, 145

i therapy of enlarged heart, 138
Dilatation, of heart (See Heart, enlarge-
ment )
Diodrast, value as contrast substance for
vasography, 1.
Diphtheria, effect on heart, 150
Diuresis, caused by dizitals, causing change
1 diaphragmatic position, 146
Duverti of t
logie appearance, 364
sacculated evudate reembling, in pen-
cardial disease, 363
representing veot of left dorsal aorta n
cases of persstent right-sided aortic
arch, 400
Dizniness, w cases of poor posture with low
position of diaphragm, 1
caused by foreign bodies in heart, 213
Drop heart, changes 1n heart measurements
accompanying hypertension in, 193
description, 57
effect on visibihty of hilus vessels, 66
in mfants, rare occurrence, 60
Drugs (See also spectfic drugs, egr, Adren-
alim, Amylniirite, Atropm, Dig talis,
Pitressin )

roentgenograms, 162, 163 (Fig 65-69)
dimmmished actiity, effect on venous flow,

433
disturbed function and abnormal findings
along, 164
and k

study, 126
paresis, m Rothic aneurysm, 327
position, change following diuresis raused
by digitahs, 146
effect on amphtude of aotic pulsations,
16

after exercise, effect on heart size deter-
‘minations, 138

effect on system, 144
Ductus arteriosus, closure and fetal cireu-
lauon, studied 1n ammals, 302
patent, anatom:cal findings, 390
effect on arculation, 390
on heart suze, 390
assocated with*
coarctation of aorta, 307
aneurysm of pulmonary artery, 344
atretic pulmonary artery sn tncuspid
atresia, 397
enlargement of pulmonary artery, 391
nterventnicular septal defect, relation
;;7pu1mﬂmry artery enlargement,
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Collateral circulation (cont )
SUperior vena cava, 433

Colon, interposition, visbility of lower
heart border m, 115

Congem(;l ;axdiovascular diseaye, erro-
neously diagnosed in pul
drense 348 puimonary artery

tions, roentgenologic appearance in, 384
tracheal displacement in, positions for
viewing, 407

roentgenograms, 162, 163 (Fig 65-69)’
Congestive heart failure. (See under
Heart, farlure)
Congestive lung failure. (See under Lung,
failure )
Constitutional type. (See Body, constitu-
tion; Body, form )
Contrast substances, for vasography, 11,
31, 422
movement 1n varicose vems, 432
Contrast visualization, chambers of heart,
pulmonary arculation and great blood
vessels, by method of Robb and Stemn-
berg, 15
by Schlesinger's method, 17
left heart and aorta, roentgenogram, 54
(Fig 23)
measurements made possible by, 77
nght heart and pulmonary arteries, roent-
genogram, 54 (Fig 22)
techniques (See Techniques, contrast vis-
ualization )
Contusion, trauma due to, effect on cardio-
vascular system, 211
Conus arteriosus, enlargement, 1n beriberi,

176
n diphthena, 247
1n emphysema, 227
in mutral valvular disease, 271, 275, 281
normal static aspects, anterior view, 44
lateral view, 55
promunence, i pulmonary stenosts, 396
in tonogenic dilatation of heart, 149
Cor pendulum. (See Drop heart)
Cor pulmonale, orthodiagram, 226 (Fig

roentgenograms, 222 {Fig 116-117), 224
(Fig 118-119), 229 (Fig 126)
Coronary arteries, aneurysm, rarely oc-

eurs in, 270
lous ongn, cardiac
sociated with, 407
roentgenogram, 405 (Fig 322)
calafication, 269 .
exposure necessary. for demonstration, §
roentgenograms, 160 (F1g 63, 64)
disease, as cause of
cardiac aneurysm, 256 .

as.

Coronary arterles (cont )
disease, as cause of: (cont)
cardiac hypertrophy, 256
noninflammatory myocardial disease,
254
23 comphication in aneurysm of thoracic
aorta, 321
as factor in calafication of cardiae rus-
cle, 271
Physical activity in, causing enlargement
of heart, 137
pulmonary edema in, 153
left, course, normal, 53, 55
Iigature, causing anemic infarct, 211
ob is disease,
study of injected heart, roentgeno-
gram, 18 (Fig 2)
obstructive disease and hypertension,
changes in silhouette, orthodragram,
194 (Fig 92)
postmortem study in health and disease,
roentgenologic method apphed to, 38
right, course, normal, 53, 5
roentgenographic study m mjected heart,
14

system, visuahzation of, by Schlesinger's
* method of wjection, 17
by Robb and Stemberg method, 15
spasm, caused by pitressin, causing cardiac
dilatation, 144
ing, caused by Roentgen-irradiati
of chest, 214
thrombosts, 2cute dilatation of heart 1n,
50

1.
Correlation, coeffictent, symbol for, 82
between cardiac sihouette and size of
fist, 86, 87,93
drawmg, 85 (Fig 33}
between heart size and functional capacity
and kfe expectanty, 256 .
between roentgenologic, ophthalmoscopic
and electrocardiographic findings 1
hypertension, tables, 200 (Fig 98)
figures for:
btg:n‘:‘hniu aorta plus arch and chest
diameter, 97

carduc sithouette,

cardiac volume, .and
cardiac angulation, anterior v

ew,

82
antertor and Jateral views, 90
lateral view, 90
Teft antertor oblique view, 89
cardiac sithouette and certan body
‘measurements, anterior view, 83
anterior and lateral views, 91
lateral view, 90
Ieft anterior obhque view, 82
cardiac size, cardiac output, and cardiac

work, 92
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Exercise {cont)
effect (cont.)
on heart size (cont )
after rheamatic mfection, 253
projection, of apical thrust beyond sil-
houette In, 133
Exposure, angle (See under View)
of film stnps for anematography, auto-
. matic device, 21
Precision, dependent upon type of current,
n

at predetermined phase of cardiac cycle,
methods, 7

459

Fist, size, relatfon to heart size, 86, 87, 04
correlation with orthodiagraphic sl
houette, 133
dlustration, 87 (Fig. 35)
Fluoroacopy, of cardiovascular system, nor-
mal dynamic aspects, 1
in chagnosis of aneurysm of abdominal
aorta, 330
improvement of visibility by motion vs
increase of “current strength, 112
necessary for observation of caleification
of mitral and aortic valves, 268
ic study of the heart and

at phase of
methods, ¢
time, for chest film, 6
for cinematography, 22
for demonstration of cardtac calaifica-
tion, 265
for largest possible cardiac sithouette, 7
for multiple sht kymography, 23
for vasography, 13
for vnsua!mmz epicardial fat layer on

Endllian. (See Pencardial effusion; Pleu-
ml effusion; Transudation )
and dark ad:

great vessels, schematic drawing, 3
(hig 1)

supertor to roentgenography in diagnosis
of small amounts of fluid, technique,
159

technique, 3

Foramen ovale, in the new-bomn, 38

patency, absence of roentgenologe signs,

387

Foreign bodies, in heart, determination of
location, 211
in heart and pulmonary artery branch,

n(,- 112, 113
Fainting, cardiovascular appearance dunng,
99

Fallot's tetralogy, 393
roentgenograms, 394 (Fig 307-308)
t ventricle in, course of outflow tract i,
drawing, 395 (Fig 300)
Fat, around heart, age changes, 32
deposits, extrapencardial, 44
in subserous Jayers of pleurae, condi-
tions affecting, 35

212 (Fig ' 106-109)
1n trachea, effect on heart, 218
Formulae, for correlation of measurements
(Sec under Correlation )
for heart volume, bated on other heast
measurements, 81
for stroke volume of heart, 12§
Funnel chest, cardiovascular appearance in,
210

heart position in, roentgenograms, 210
(Fig 104-105)

stuclding, 8

Gangrene, caused by obiteration of periph-
eral artenes, 422

Gas. (Sce Nhuminating 405, War gaser)

Femoral artery, tenog
phy, 426
calafication, roentgenogram, 428 (Fig
328)
embolie occlusion, 424
(Fig 325)

nattowing, arteriography, 422, 432
Femoral blood vessels,

itis, (See under Nephn-

roentgenogram, 424 (Fig 326)
Femoral vein, venography, 13
n occiusion, 4.
Fibnllation, auncular. (See Aurcular fibril-
lation
FPibroais, of infectious and toxic ongim,
causing cardiac hypertrophy, 256
Film-object distance, effect on amphtnde
of cardiovascular movements, 110
Film-target distance, effect on amphtude
of cardiovascular movements, 110
I od

101

fis)
Glycogen storage disease, as cause of car-
hy, 256

hae
heart sithouette in, 264
Gouter. (See also Thyrotosicosis )
causing tracheal stenosis, 217
erroneously diagnosed 1n cases of widened
rta, 310
arge, simul
cardiac enlargement, 178
retrosternal, differentiation from sortic
aneurysm, 335
Graph, showng relatiofiship of two dimen-
sions of heart, 86 (Fig 34)
Gravity, center, of body, m pregnancy, ef-

ht-sided
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Ductus arteriosus (cont }
patent (cont )

associated with:
thrombo-endartenis, 344

mtral configuration in, 282

pulmonary artery dilatation in, 350, 389
orthodiagram, 391 (Fig, 306)

pulmonaty artery not diated in, ortho-

diagram, 390 (Fig 305)
presence in the new-born, 38
Toentgenologic appearance in, 391

Edema, pulmonary, mn coronary artery dis-
ease, cardiac nfarction, and mitral
stenosis, 153

in vanious conditions possessing com-
mon factor of shock, 153
of skin and soft tissues of chest wall, in
acute glomerulo-nephritis, 185

Effusion, (See Pericardial eflusion; Pleural

effuston, Transudation.)

Eisenmenger complex, 387

Electrocardiogram, correlation with den-
sitometnie findings, 123

with kymograms, 118, 123
as infiuenced by Roentgen-frradiation of
chest, 214, 217
use 1n determining phase of cardiac cycle
for roentgenologic exposures, 8
Emboli, causing occlusion of femoral ar-
tery, roentgenogeam, 424 (Fig 325}
determination of location, 423
indication for surgical removal, 423

Embolism, pulmonary, dilatation of right
heart chambers and pulmonary artery
in, 347

expertmental studies (dog), 347
and pulmonary infarction, 159
, athero- and I
pulmanary vessels in, 34§
intrinsic pulsattons of hidus vessels n,
352

is of

caused by foreign bodues in trachea, 218
effect on cardiovascular system, 225
enlargement of outflow tract of right ven-
tricle in, 227
d

d 1n ar-

tery disease, 346
heart pulsatrons in, kymogram, 226 (Fig
121)
medeastinal, differentiation from prenmo-
pencardium, 364
mitral configuration in, 282
respiration m, effect on heart size, 63
roentgenograms, 228 (Fig 122-125)
in tuberculoss, 223
valye of percusston, 134
valumetric reconstruction of heart and
Jarge vessels 1, photographs, 221 (Fig
115)

CLINICAL ROENTGENOLOGY OF THE CARDIOVASCULAR SYSTEM

Endarteritls, affecting small pulmonary ves
sels, 344
diffuse obliterative, of lesser circulation,
and patent ductus arteriosus, differen-
tial diagnosis, 392
rheumatie, causing widening and athero-
sclerosis of pulmonary artery, 344
thrombo-, associatton with patency of
ductus arteriosus, complicated by my-
cotic aneurysms, 344
Endocardium, calaficatton, 270
Enlargement, cardiac. (See under Heari;
Auncles; Ventricles)
Epinephrin. (See Adrenalin }
Esophagus, aortic arch tmpression of, 33,
61, 96, 349
constriction, in cases of persistent night-
sided aortic arch, 402, 404
of left-sided origin of nght sub~
clavian artery, 407
course, in childhood, 61, 281
depending on constitutton, 61
dilatation, casting shadow within Jarger
shadow of cardio-pencardial silhou-
ette, 361
diseases, differentiation from zortic an-
earysm, 336
impression on, caused by dilatation of pul-
monary artery, roentgenograms, 345
{Fig 262-263)
by large aneurysm of ventral por-
tion of left ventricle, 263 '
f ic and X h
study, 126
posttion, in aneurysms, of aortic arch, 328
of descending thoracic aorta, 329
of Teft atrium, 336
in aortic valvular lesions, 286
in cases of elongation and dilatatior of
aorta, 311 ’
in cases of persistent right-sided aortic
arch, 403, 405
in funnel chest, 211
1n kyphoscohosis, 209
in kyphoss, 210
1n mitral valvular disease, 273, 276, 277,
279, 280, 281
roentgenograms, 277 (Fig 177-179}
in relation to aorta, 33
to heart, 33
to left bronchus, 34
roentgenologic appearance in relation to
cardiovascular system, 61 .
Exercise, (See also Athletics )
effect on cardiovascular pulsations, 117
on heart size, 63, 135
on heart size, through better fllng,

orthodagram, 202 (Fig 99)
digitalis action 10, 145

”~
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Heart (cont )
dameter(s) {cont }
correlation {cont )
Iateral view, 90
with chest diameter, antenor view,

Lsd .
with chest diameters and volume of
chest and trunk, lateral view, 90
with chest measurements, ante 1ot
and lateral views, 91
left antenor oblique view, 89
with chest and trunk values, 85
with heart dameters, area, and -
clination, 83
with heart duameters, area, volume
and inchnation, anterior and
lateral views, 91
with inchination, fateral view, 60
depth, in emphysema, 227
measurement and average normal
values, 79
n two constitutional types,
graphs, 88 (Fig 36-37)
Lateral \.-Iew, orthodiagram, 77 (Fig
)

photo-

31

oblique, advantage of for measurement
of cardiac deptb, drawns, 78 (Fig
EH)

correlation with fist size, 87
increase 1n pregrancy, 143

Heart (cont )
enlargement (cont }
1n acute glomerlo-nephnts feont
roentgenograms, 136 (Fig 79-82)

m adhesive pericardial disease, 365

n anemas, 203

in gnomalous omgn of coronary ar-
tenes, 407

in athlete, photograph, 130 (Fig. 51)

in auncular fbrillation and flutter, 416

1n benben, 176

1n bilocular or trilocular heart, 407

i bradycardia due to a-v dissonation,
orthodsagram, $17 (Fig 321)

in bundle-block lesion, 419

I cardia¢ wnfarction, orthodiagramy, 255
(Fiz 146)

in cases of transposition of great arterial

abpormal onan of coronary artery,
roentgenogram, 405 (Fig. 322}
artero-venous anastomosis, 207
orthodiagrams, 206 (Fiz 100-101)
roentgenograms, 430 (Fig  330-
332)

chest contusion, rabbuts, cats, 211

complicated congemtal malforma-
tions, with displacement of
trachea, roentgenograms, 406

as mfluenced by atropme, 144 (Fig 323)
measurement and average normal physical aclin(y. 135
wvalues, 78 pitressin, 1
transverse, comadence between ortho- poxsomms gasa, 205
d and of chest, 214
graphic, 76 congental, myocardites resembling, in

increase 13 pregoancy, 143
as inflaenced by pitressin, 144
measurement and average mormal

values, 79
prediction formulae, based on age,
height, and weight, 83
based on age, height, wetght, and
chest measurements, 84, 85
dilatation (See Heart, enlargement )
dimensions, graph showing relatiors, 86
g 34
isease, chronic mitral with nodular bone
formation in lung fields, roentgeno-
grams, 278 (Fig 180-185)
rheumatie, erroneously dagnozed 1n
cases with congenital cardiovascu
lar defects, 384
deh:emen! due to congenital annrrzly
162

dren, 252
congenital 1diopathre, 256, 264
duagnosis, 142
ifferentiation from pencardial effusion,
359

dhlatation and h)penmphy, 146

in diphthena, 247

in emphysema, 227

1m expenimental aortic regurgitation, 287

factors causing, 256

m glycogen storage disease, 264

m  hypertension, orthodiagram and

roentgenogram, 196 (Fig 93-95)

roentgenograms, 198 (Fig. 96-97)
correlation of roentgenologc, opthal-

163 (Fig. 65-60)
enlargement, (See aleo Heart, size )

m acromegaly, 184
acute diatation, oceurrence, 150
w acute glomerulo-nephritis, 185

moscopic  and  electrocardio-
Eraphic findings,  tables, 200
{Fig 98)

m ion, with oaset of failure,
190

n mteratral kp!a! defect, 387
m myocarditss, 240

mgn!gmn"rams, 250 (Fig. 135-144)
n myzedema, 182
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Gravity (cont j
fect on antero-posterior angulation of
heart, 143
effect on-
blood flow in heart, 127
circulation, rabbut, 203
fluid accumylation m pericardial cawty,
357

shape of heart, 62 .
Gumma, effect on cardiac silhouette, 264

H, body height (See under Body )
Halogen salts, value as contrast cubstances
for vasography, 12
Heart. (See also Atrum; Ventricle, Endo-
cordium; Percardim; Alrioventrics-
lar septum; Interatnal septum; Inter-
ventricular septum, etc)
adiposity, 177
anatomy, nflow and outflow tracts,
drawimngs, 56 (Fig 2$)
model, Dr Laurt Taipale’s photographs,
49 (Fig 9-11)
roentgenologic study of the heart and
great vessels, schematic drawing, 3
(Fig 1)
aneurysm, easier to dizgnose chnically
than roentgenographically, 260
orthodiagram, 255 {Fig 146)
formation after cardiac mfarction, 259

Heart (cont )
area (cont.}
correlatron (cont )
with chest measurements, anterior

view, 84
with heart diameters, antenor view,
83

with heart duameters and chest meas-
urements, antenor and lateral
’ views, 73
with heart diameters and volume, an-
terior and lateral views, 91
with surface area of body, 87
with trunk value, anterior view, 87
as mfluenced by:
atropins, 144
changes-1n arculating blood volume,
199
digitalis, dog, 145
an, 145
measurement, and average normal val-
ues, 79
prediction formula based on age, be ght,
and weight, 83
bilocular or tnlocular, cardiac enlarge-
ment in, 407
block, bradycardia due to, orthodiagram,
817 (Fig 324)
bundle-branch, movement of aortic

knob and pulmonic arch 1n, 419
in, 419

diagnosis and findings
in, 259

orthodiagrams, 254 (Fig 145), 256
(Fig. 147)

roentgenograms, 258 (Fig 148-150),
260 (Fig 151), 261 (Fig 152),
262 (Fig 153-156)
large, accompanied by relatively small
aorta, roentgenograms, 262 (Fig
153-156)
angle of inchnation, cotrelation with diam-
eters and area, 82, 89
with volume, 91
measurement and average normal val-
ues,
in pregnancy, 143
apex (See also Heart, Jower pole)
avoidance of term, 47
dufficulty of determination in projec-
tions, 48
apical thrust, caused by right ventncle m
muitral stenasis, 281
displacement in pregunancy, effect on
estimation of heart size, 143
Pposition as influenced py percardaal ef-
fusion, 359
relation to lower pole region, studied by
palpation and roentgenography, 133
area, correlation with body height and
* weight, anterior view, 83

calafication, cardiag, 265
0 cardiac 2neurysm, 263
roentgenologic findings 1n, 263
cavittes, injectton post mortem, 37
children’s, anatomical drawings, 18 (Fig

8
configuration, in pulmonary stenosis, two
types, 396

m tetralogy of Fallot, drawing, 395
(Fig 309)
m alt i
pulse, 419

n bundle branch block, 419
cyuly, afft o June pedlern, A3
exposure at predetermined phase, meth-
ods, 7
importance in comparnug orthodia~
grams, 102
movements of vanous parts of heart m
different phases, 116, 125
study of phases by smultaneous pal-
pation, fluoroscopic  observation,
and auscultation, 134
diameter(s), anterior view, orthodagram,
77 (Fig 31)
broad, measurement and average nor-
mal values, 78
correlation with body height and
N weight, anterior view, 83
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Heart (cont )
output, in bradycardia (cont.)
cardiae enlargement, 180
a8 Influenced by artenio-venous anarto-
mosis, 207
by digitalis, man, 145
in pericardual discase, 373
n pregnaney, 143
in puberty, 93
relation to heart size, 92
Position, in funnel chest, 210
roentgenograms, 210 (Fig 104-10%)
in infants, 59
s influenced by:
aneurysm of thotacic aorta, 321
body form, 57
peticardial effusion, 357
phrenic nerve interruption, 164
in kyphoscohosis, 200
in kyphesis, 200
roentgenograms, 208 (Fir 102-103)
in left-sided aortic aneurysm, 327
normal vanations, 32
m pneumathoraX, 220
typical changes in cases of deformiy
of chest wall, 207
pulsations, amphtude, in bradycardia, 417
in chrome pencardial disease, 373
factors affectmg, 142
as influenced by
adrenalin, 144
amylnitnte, 134
digitalis, 145
relation to rafe, 114
In apeurysm, 260
in aortic valvular regurgitation, 292
in cardiac infarction, 257
value of roentgenologic study of, 257
In cases of interventnicular septal de-
fect, 387
m emphysema, kymogram, 226 (Fig
121)

exaggerated in anemias, 204

“fabby,” in thyrotoxicosts, 180

increased in pregnancy, 143

s mBuenced by respiration, 62

in mitral valvular dusease, 283

n myocarditis, 253

n noninflammatory myocardial dis-
ease, relation to suze of sihouette,
254

In pencardual disease, 373

in pericardial effuston, 358

in pneumopencardim, 361

in pneumothorar, 210

projection, technical difficulies, 110
reproduced by kymography, 24

m systole, pendulating and rotary, 110
i tncuspid vatvular lesion, 295
ventncular systole, mechatucs, 111

Heart (cont )

pulsations (cont )
ventncular systole (cont )
roentgenologre and actual compared,

rate, as wnfluenced by
amyluitrite, 144
artenio-venous anastomesis, 207
digtalss, 145
exercise, 138
pitressn, 144
Roentgen-trradiation of chest, 214
relation to amplitude, 114
thythm  (See also  Gallop
Tachycardia )
in complete atto-ventrcular disocta-
tion, 418
disorders, roentgenologic
416

rhythm,

appearance,

fibnllation, himitations of flucroscopy
n detectmg, 416

as 1nfluenced by Roentgen-ray therapy
of tumors of larynx and pharyns,

nodal, 417, 418
paroxysmal rapd, in young infants,
416

premature beats, 418
Roentgen-ray damage, in ftherapy of
tumars  of breast, mediastinum,
pleura, and lungs, 214
rotation, in tonogemc dilatation, 149
shadow, density, use 1n determming phase
of cardiac cycle for roentgenologic
exposures, 7
distance from anterior plane, 98
distance from lateral plane, 55
1 hypertension progresstve change 1n
cardio-aortic appearance
orthodimgram, 192 (Fig 90, 193
(Fig 91) .
not rehable basis for esimating move-
ment of structure, 110
not visible within larger shadow of
pericardial effusion, 350
i thyrotoucosss, roentgenogram, 178
(Fig 70}
shape, as influenced by.
aneurysm of thoracic aorta, 32t
body form, 57
chest form, 57
tetralogy of Fallot, 303
marked changes accompanying respira-
tory changes in postion of dia-
phragm, as evdence of poor
myocardzal tone, 150
normal vanations, 32
in pencardsal effusion, 357
post mortem changes, 35
typical changes in cases of deformaty of
chest wall, 207
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Heart {cont )
enfargement (cont }
in nc;z;g:ﬂammatary myocard al disease,
in  persistent truncus
solitanus, 407
in pneumonia, 249
in polycythemia, 204
in postpartum period, 252
1 rheymatic infection, 252
in nckets, 175
nght-sided, in emptyng of pulmanic
veins into a persistent left superior
vena cava, 407
n Jung disease, roentgenograms, 224
(Fig. 118-119)

R pnevmeconiosis, 229
erroneous  dizgnosis
obesity, 177

in pulmonary artery disease, 336, 351
m pulmonary embolism, 337
in scarlet fever, 249
m scurvy, 175
m thyrotoucoss, 178
m tncuspid atresta, 397
two types of dilatation, 149
in various rare anomalaus cardiova“cu-
lar conditions, 407
farlure, digttalis actron in, 145
effect on lung pattern, 65
Toentgenograms, 186 (Fig 79-82)
m emphysema, 227

commums  pr

in cases of

encapsulated interlobar effusion in,
roentgenogtams, 230 (Fig 127-
130)

bydrothorax in, 157
1 myocarditss, 249

Heart (cont )
infarction fcont )
change in heart size w, orthodiagram
| 254 (Fig. 145)
etiology, diagnosis, and sequellae, 25¢
pulmonary edema in, 153
roentgenologic findings in, 257
kymogram of normal, multiple inter.
rupted sht method, 122 (Fig 50)
multiple shit method, 120 (Fig 49)
single shit method, 118, 119 {Fig 47-48)
left contour, straight or convexly promi-
nent middle portion, 1 mitral dis-
eases, 282
lower border, detn, value of “left lower
pole region” 1n, 48
movements, 114, 117
kymographte tracing, 118
visibility under various conditions, 115
lower pole, calcification of, 263
position, 1 aortic valvular disease, 287
in mitral stenosss, 281
in tetralogy of Fallot, 304
shape and components, in pulmonary
stenosis, 393
term substituted for “apex of the
heart,” 47
value 1n determination of most caudal
point of heart, 48
measurerment, 76
movements (See Heort, pulsations)
muscle (See also Myocardsal disease;
Myocarditis) |
calafication, 270
in aneurysm, roentgenogtams, 262
(Fig 153-156)
degeneration, caused by Roentgen-
ion of chest, .

not always with
lung failure, 157
obesity caumng, 177
palpatory vs roentgenologic methods
for observation of cardiac activity
in, 134
1 postpartum petiod, 252
relation to auncular fibnlfation, 417
filing, effect on heart size, 199
orthodiagram, 202 (Fig 99)
with heral
farlure, 247
foreign bodes 1n, effects and determina-
tion of location, 211
roentgenograms, 212 (Fig* 106-109)
honzontal, amphtude of movement of
vanous parts, compared with vertical
heart, 114 f
angle of mchination, 79
“hypertrophy. (See Heart, enlargement )
nfarction, anemuc, due to kgature of
coronary arteries, 211

t, 214
causing hypertrophy of heart, 256
effect on development of ngor morus,
5

3
in emphysema, 227
sensitivity to Roentgen-irradiation, 214
tone, in bersberi, 176 .

1 cases of marked change of shape
1n sihouette 1 tourst of sespira-
tory changes 1n diaphragm posi-
tion, 150

as influenced by digitalss, 146

normal, kymograms, drawing, 114 (Fg

45)
single slit method, 118, 119 (Fig 47-

48)
muluple elit method, 120 (Fig 49)
multiple interrupted sht method, 122
(Fig 50)
orthodragram, 1n athlete, 141 (Fig 52)
output, in bradycardia, 417
correlation with heart vol
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Heart (cont )
valves (cont )
lesions {cont ) -
combined, findings, 297
Yoentgenograms, 203 (Fig 203-203)
sneresse i heart gize with adrenalin
m, 144
rheumatic, pulmonary artery dila‘a-
tation 1n, roenigenograms and
erthodiagrams, 348 (Fig 267

2068
vertical, amphtude of movement of
various parts compared with trans-
wverse heart, 1
angle of wchnation, 79
mutral valvular disease

465

Heart (cont }
weight (cont)
normal varations, 33
width, in relation to width of large ves-
sels, 1 hving compared with post-
mortem mjected heart, 36
wooden shoe (coeur en sabot), 396
roentgenograms, 394 (Fig 307-308)
work, in constrictive-sdherive pencardial
disease, 374
correlation with heart size, 92, 138
increase in thyrotoxicosss, as cause of
cardiac enlargement, 180
wound, flueroscopy, 359
Height, (See under Body )
H

of
to, orthodiagram, 275 (Fig m) fung fields 1, 152

rheumatic aortic super- i
mmposed to, orthodmgram, 284 formed by rupture ol aorta, 330
(Fig. 188) Hemoptysss, roentgenologic findings 1

visibity of Jower border, 115
volume, 1n asthma, 223

rtral stenosis of diagnostic value in,
281

by means of t
grams for a mven person, 70
correlation with angulation, 91
with body measurements, 91
with heart diametar and area, 91
with heart output, 93
effect, on fat deposits in pleurae, 35

¢hange of body position, 77
sespiration, 62
sudden changes 1n blood volume, 199
measurement, and #verage normal
values,
normal vanations, 33
1 pregnancy, 143
roentgenographic determination of, 6, 7
stroke, determunation of, 124

, effect on heart, 199
traumauc, calaficatton 1 cystic formation
of pertcardium following, 365
Hepatic vemns, casting shadow, 44
Hernia, of duphragm, causing displacement
of cardac silhouette, 164
of lung Into contralateral side, 1 pneu-
mothorax, 220
from
dwum, 364
para-esophageal duaphragmatic, casting
shadow within larger shadow of
cardio~pencardual sithouette, 361
Hilus. (See under Lung )
Homnzontal beart. (See under Heart)
Horse serum, sensitization to, effect on
response of cardiovascular system to

in two constitutional types, photo- trauma, 211
graphs, 88 (Fig 36-37) Hydatid cysts, mvolving heart, 265
- X 1n heart farlure, 157
exactness, 76 Hyperparathyroidiam, leading to calaifica-
1n aortic valve disease, 237 tion of peripheral arteries, 435
chagram, 20 (Fig 3) roentgenograms, 436 (Fig 335-337)
h: h 221 (Fig type, aortic n,
115) 287
in  hypertensive and atherosclerotic cardiovascular silbouette 1n, photograph,
disease, photographs, 191 (Fig 88) Fig 26)

1n mtral stenosts, 281
in mutral valvular disease, photographs,
269 (Fig 185)
normal, photographs, 45, 37 (Fig 5, 7)
n rheumatic aortic regurgtation, pho-
tographs, 283 (Fig 186)
techmque, 19
werght, correlation with body weight, 135
0 preguancy, 143
cone!a;mn with functional demands,
13!

Hypertension (See under Blood pressure)

Hyperthyfmdlsm. (See Goster; Thyrotox:-
cos:

Hypenxoyhy, of heart (See Heart, en-
largement

Hypervitaminons D, leading to calafica-
tion of penpheral arteries, 433

Hyposthenic type, cardiovascular silhouette
n, photograph, 58 (Fig 25}

Hypotension {See under Blood pressure)
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Heart (cont )
size (cont )

Heart (cont )
- sino-auncular node, degeneration caused

size

by Roentgen-irradiation of chest, 214
(Sec alco Heart, area; Heart,
diameter; Heart, dimension; Heart,
enlargement; Heart, volume; Heart,
weight,)
n angwa pectoris, 195
in aortic coarctation, 397
in asthma, 63, 225
wn cardiac nfarction, 256
orthodiagram, 254 (Fig 145)
m cases of patent ductus arteniosus,
390, 392
m chronic constrictive-adhesive pen-
cardial disease, 148
companson with fist size, 86, 87, 94,
photograph, 87 (Fig 35)
correlation wath capaaity to do work,
92, 148
correlation with hfe expectancy in
rheumatic valvular lesion, 271
detn, difficulties 1 kyphosts, 209
m obesity, 177
in thyrotomicosts, 178
an emphysema, 227
1 emphysema and bronchial asthma,
changes with respiration, Toent-
genograms, 228 (Fig 122-125)
factors affecting, 142
m hypertensive-valvular disease, pro-
gression of, roentgenograms, 296
(Fig 210-213)
as nfluenced by.
adrepalin, 144
amylnitnte, 144
aneurysm of thoracic aorta, 321
anteqor pituitary extracts, dogs, 185
asphyxia, 205
atropme, 144
aurtcular  fibnllation,
affecting, dog, 145
cessation of athletic trawming, ortho-
diagram, 142 (Fig 53)
evercise, 135
leading to better filling, orthodia-
gram, 202 (Fig 99)
filling of the heart, 199
hot and cold baths, 205
intrathoracic pressure, 63
low atmospheric pressure, 2
mitral stenosis and Tegurgitation, 271
paroxysmal tachycardia, 416
sudden changes in crreulating blood
volume, 199
tracheobronchial stenosis, 217
m myocardia) disease, 247
in myvedema, roentgenogram, 183
(Fig 74-75)

digitalis  as

m myxedema (cont )
Tegression under treatment, roent.
genograms, 184 (Fig 76.78)
overestunation by palpatioa, 133
1 patent ductus arteriosus, 360
post mortem changes, 35
postoperative regression in thyrotou.
cosis, orthodiagram, 178 (Fig 71)
roentgenograms, 181 (Fig 72.73)
in pregnancy, factors affecting estima-
tion, 143
relation to fist size, 86, 87, 4
drawing, 85 (Fig 33)
relation to heart output and work, 93
in renal failure, 180
in rheumatic myocarditis, regression
due to recovery from, roentgeno-
grams, 250 (Fig 135-134)
i rheumatic valvufar lesons, nignifi~
cant for prognosus, 271
in starvation, 204
w tuberculosis, 223
sounds, correlation with kymograms, 123
registration stmultaneously with kymo-
gram of heart movements, 25
taken simultaneously with fluoroscopic
observation, 135
us¢ i determining phase of cardac
cycle for roentgenofogic exposures,
7

structural changes, roentgenologic appear-
ance of cardiac disease in presence
of, 253
sympatheticotome, humoral and nervous
regulation, effect on heart size and
amphtude, 142
tumors (See Tumors )
valves (See also Aoric valve; Mitral
valve, Pulmomec valve; Tricuspd
valve ) N
caleification, exposure necessary for
demonstration,
smportant phystological aspects of
study, 268
roentgenograms, 265 (Fig 157-1¢8);
266 (Fig 159-163), 288 (Fiz
190-198)
disease, mtral, sihouette in, roent-
genograms, 272 {Fig 167-170)
rheumatic, combination with sypht-
e anrtitis, orthodiagram, 319
(Fig 229)

atherosclerottc, syphiktie and rheu-
matie, calafication  resulng
from, 267

Jesions, anatomic and roentgenologic
findings 1, 271
in cases of interatrial septal defect,
188, 390
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Eymogram, described, 23
normal heart, 118
drawings, 114, 115 (Fnz 45 46)
slsstrated,

467

Liver pulse, 1 tricuspid regurgitation, 164
in tncuspid vatvular leston, 205
L'ombre, value as contrast substance for
hy, 12

borders, in aortic regurgtauan. 291
(Fig 199)
in emphysema, 226 (Fig 121)
normal heart, multiple interrupted sht
method, 122 (Fiz 50}
muluple sht method, 120 (Fiz 49)
. smgle sht method, 113, 119 (Fig 47,

48)
Kymoguyhy, methods, diagram, 24 (Fig

mnluplc sht method, 23

with sumultaneous regutration of heart
sounds, 25

method, determining correlation be.
tween cardm fuze, output and

wotk,
single sht’ met}md, 2

m, 207

Kyphosis, cardiovasculat appearance in, 200

cephalic extension of aortic arch 1w, 310

heart position in, roentgenograms, 208
(Fig 102-103)

L, long or oblique diameter of heart (See
Heart, duameters)
Laryngeal recurrent merve, as influenced
by aneurysm of aortic arch, 328
paresis 1n aneurysm of pulmanary artery,
346
Lateral view. (See under View
Lead acetate, as wjection matenal for ca-
davers, 38
Lens, short focus, for cinematography, 22
Leukemi, heart size, companson during
therapy, impossible due to changes in
spleen size, 204
Ligamentum arteriosum, 1n antenor view,
roentgenogfam, 44
Ligature, of coronary artenes, causing
anemsc nfaret, 2§11
about upper femoral regions, effect on size
of cardiac silhouette, 203
Lime salt deposits (See Calcification )
Lipiodol, mjection 1nto pericardial effu jon
to locate pockets of adhesigns, 358
value as contrast substance for vasogra-

shy,
Liver, arthosss, :rronenus]y diagnosed
pericardial disease,
enlargement 1in glycogen storage disease,
264

and k
study, 126
size, as mt}uenud by diptals, man, 143

Lordosis. (See under Posture )
Lower pole. {See under Heart )
Lues. (See Syphiis )
Lurg(s), abnormal findings 1n acquired dex-
trocarcha, 385
air content, effect on visibility of pul-
monary blood vessels and bronchial
lumina, 66
angioma 1n, 351
atelectasis, due to congenitsl anomaly of
diaphragm, roentgenograms, 162, 163
(Fig 65-69)
of large areas, causing dewviatron of
meduastinal shadow, 223
left basal, 1n mitral valvular disease, 273
right basal, in aortic aneurysm, 327
in mitral stenosis, 274
blood vessels, (See also under Lung, field,
Lung, hilus; Lung, pattern, Pulmon-
ary artery, Pulmonary vems )
in bilateral fibrotic tuberculoss, roent-
genogram, 217 (Fig 113)
circulation 1n, as ifluenced by very
large left atnum, 282
embohsm, dilatation of nght heart
chambers and pulmonary artery m,

endarteritis and panartentis, 344
pulsations, anterior view, fluoroscopy,
116

heart movements as affecting, 127
roentgenologic appearance, 66
size and distnbution, 34
changes, m artenosclerosis of pulmonary
vessels, 344
airculation in, as wBuenced by pericardal
effusion, 359
in poeumothorax, 220
in tachycardia, 416
disease, pulmonary artery dilatation 1,
orthodiagram, 346 (Fig 264)
edema, charactenstic indication of, 153
1n coronary artery disease, cardiac in-
farction, and mitral stenosis, 153
m vanous conditions possessing tom.
mon factor of shock, 153
fatlure, congestive, 150
roentgenogram, 153 (Fig 56)
n acute glomerulo-nephnitss, 185
evaluation, 230 *
1 hypertension, 193
fibrosis, athero- and artenosclerosis of
pulmonary \essels in, 3
fields, appearance, in congestive heart
failure, 150
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Hypothyrodism (See Myxedema )
in infants, leading to calafication of pe-
ripheral arteres, 435

Thac artery, narrowing, arteriography, 429
Iliac vein, verography, 14
in thrombosis, 427
IMuminating  gas, powsoming, effect on
cardiovascular system, 205
d) ular in, 204
Infants, glycogen storage disease, heart sil-
houette m, 264
heart weight n relation to body weight,
32

) of

Innominate vein (cont )
left antenor oblique view, 53
Interatrial septal defect, congenital, as-
sociated with aneurysm of pulmonary
artery, 388
dilatation of pulmonary astery in, 388, 389
roentgenograms, 389 (Frg 303-304)
effect on heart, 207
and patent ductus artertosus, differential
diagnosis, 392
toentgenogram, 388 (Fig 302)
roentgenologic appearance, 387
Intercostal arteries, as part of collateral
circulation 1 aortic coarctation, 397
1 effusion. (See Pleura] efusion )

, Jeading to
peripheral artenes, 435
newborn, average values for heart di-
ameters, 70
presence of ductus arteriosus and fora-
men oxale i, 3.
cardiovascular silhouette, lack of differ-
entiation, 59
heart arez, 79
paroxysmal rapid heart action, erroneously
diagnosed as pneumonia, 416
posttion for roentgenography, 7
Infarction, anemuc, due to Dhgature of
coronary artenes, 211
cardiac, change m heart size in, ortho-
diagram, 254 (Fig 145 )
causing cardiac aneurysm
roentgenograms, 258 <an Hx 150),
262 (Fiz 153-156)
locatton of site of, 257
lung, roentgenogram, 154 (Fig $7), 155
(Fig 58), 156 (Fig 59), 158 (Fig
60-62), unusually large, 168 (Fig 63-
64)
pulmonary, and embolism, 15¢
Inferior vena cava, (See under Vena cava )
Injection, of heart cavities and large ves-
sels, postmortem, 37
for lymphography, techmque, 16
for vasography, techmique, 11, 13, 63
for coronary artenes, 15
for visualzation of chambers of heart,
pulmonary cucelation  and  great
blood vessels, techmique, Robb and
* Steinberg method, 15
for visuahzation of cofonary artery sys-
tem, techmque, Schlestnger's method,

b3
Innominate artery, aneurysmal dilatation,
327

" roemtgenograms, 326 (Fig 246-248),
328 (Fig 249)
Innommnate vein, normal static aspects, an-
terior view, 44

Interventricular septal defect, orthodia-
gram, 387 (Fig 301)
roentgenological appearance in, 386
congemtal, part of Eisenmenger complerx,
387

Interventricular septum, in left zntenor
oblique view, normal static aspects, 55
Interventricular sulens, in left antenor
view, $5
value as landmark for inner topography,
46
Intra-alveclar (See  under
Lungs )
Intrapulmonary blood vessels (Sce under
Lungs)
Intrathoracic pressure, decrease in aortic
regurgitation, causing depression of chest
wall, 293
effect on-
filling ‘stage of heart, 63
heart size and amphtude, 142
movements of heart, 111
Todine compounds, artenal injection with,
necessitating anesthesa, 429
Topax, value as contrast substance Iar vas-
ography, 12
Isogram, defimtion, 25

Ppreasure,

Jugular vem, systohic collapse, Canddd
movement of a-v septum equevalent to,
126

Eadney(s). (See also Cardio-renal disease;
Nephntis; Nephrosclerosss )

affections, leading to calafication of pe-
npheral arteries, 43§

dwatfism, effect on burt snize and blood
pressure, 189

enlargement, 1n glycogen ttnnge disease,
264

renal failure, relation to heart size, 189
tumors, differentration from sneurysms of
abdomunal aorta, 330
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Rymogram, described, 23
normal heart, 118
drawings, 114, 115 (Fuz 15, 46)
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Liver pulse, in tricuspid regurptation, 164
in tncuspid valvular lesion, 205
L’ombre, value as contrast substance for
hy, 12

slluistrated,
borders, in aortic rcgurg;utmn 91
(Fig. 199)
in emphysema, 226 (Fig 121)
normal heart, multiple nterrupted sht
method, 122 {Fig 50)
multiple sit method, 120 {Fiz 49)
. single sht method, 118, 119 (Fig 47,
48

Rymography, methods, diagram, 24 (Fig
4)

maltiple shit methed, 23

with simultaneous registration of heart
sounds, 25

method, determining correlation be-
tween cardtac size, output and
work, 93

single shit method, 22

m, 207

Kyphosis, cardiovascular appearance wm, 209

cephalic extension of aortic arch in, 310

heart postion in, roentgenograms, 208
(Fig 102-103)

L, long or oblique chameter of heart (See
Heort, dumeters
Laryngeal recurrent nerve, as mnfluenced
by aneurysm of aortic arch, 328
paresis 1n aneurysm of pulmonary artery,
346

Lateral view, (Sec under View)

Lead ncgh!e, 23 Injection materal for ca-
davers, 3

Lens, short racus, for cinematography, 22

Leukemus, heart size, companson duning
therapy, impossible due to changes in
spleen size, 204

Ligamentum arteriosum, in anterior view,
roentgenogfam, 4

Ligature, of coronary arteries, causing
anemic wfaret, 211 "
A e PR P,

value as contrast substance for vasogra-
phy,
Liver, crrhosis, erroneously diagnosed 1n
pencardial disease, 365
enlargement in glycogen storaze dusease,
264

and b

Lordosis. (See under Posture )
Lower pole (See under Heart )
Lues (See Syphilis)
Lung(s), abnormal findings 1n acquired dex-
trocardw, 385
air content, effect on wvishihity of pul-
monary blood vessels and bronchial
lununa, 66
angioma in, 351
atelectasis, due to congenital anomaly of
diaphragm, roentgenograms, 162, 163
(Fig 65-69)
of large areas, causing deviation of
mediastinal shadow, 223
left basal, in ritral valvular dicease, 273
night basal, in aortic aneurysm, 327
n mitral stenosis, 274
Blood vessels (See also under Lung, field,
Lung, hilus, Lung, pattern, Pulmon-
artery, Pulmonary vemns )
in bilateral fibrotic tuberculosis, roent-
genogram, 217 (Fig 113)
circulation m, as mfluenced by very
large Teft atrium, 282
embohsm, dilatation of nght heart
chambers and pulmonary artery 1n,
347

endarteritis and panartenlis, 344
pulsations, anterior view, fluoroscopy,
116

heart movements as affecting, 127
roentgenologic appearance, 66
size and distnbution, 34
changes, 1 arteniosclerosis of pulmonary
veseels, 344
arculation in, as mfluenced by pericardial
effusios
m pneumothorar, 220
i tachycardia, 116
disease, pulmonary artery dilatation in,
orthodiagram, 346 (Fig 264)
edema, charactenstic mdication of, 153
i coronary artery disease, cardiac in-
farction, and mitral stenosis, 153
m various conditions possessing com-
mon factor of shock, 153
fadure, congestive, 150
roentgenozram, 153 (Fig $6)
m acute glomerulo-nephnitis, 185
evaluation, 230 *
1 hypertension, 195
fibrosis, athera- and mmn'sdemsis of

study, 126
size, as wfluenced by digitals, man, 145

'y vessels in, 3
ﬁeld, appearance, in :ongesti\c heart
fadure, 150
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Lung(s) (cont.)
fields (cont.)
in final stage of chrontc kidney dis.
ease, 185
in hypertension,” orthodiagram and
Toentgenogram, 196 (Fig 93-95),
roentgenagrams, 198 (Fig, 96-97)
as influenced by heart dilatation due
to pitressin, 144
m miliary tuberculosts, roenfgeno-
Erams, 362 (Fig 278-283)
in mutral valvular disease, 282, yoent-
genogram, 270 (Fig 166)
m pencardial disease, 370
in pencardial effusion, 359
in uremic state, roentgenogtams, 151
(Fig 54-33), 183 (Fog 33-85)
haziness 1 anemas, 204
mottled appearance and marbleized
structure, 1n vanous conditions, 151
nodular bone formation, with chronic
mitral heart disease, roentgeno.
grams, 278 (Fig 180-185)
opacity in congestive lung failure, 150
transpa;ency, 1 aortic valvular disease,
28
m cases of interatrial septal defect,
333

diminished, 1n congestive lung fatlure,
151

1n kyphosis, 210
vascular distribution along medial areas,
a pulmonary stenosis, 396
herniation, into contratateral sde, i
pneumothorax, 220
d fation from

364
hilus, right, displaced i enlargement of
left atnum, 273, 276 ~
tumors, differentiation  from  goTtic
aneurysm, 335
vascular portion, size and opacity as in-
fluenced by congestive Jung failure,
154
vessels, i aortic valvular disease, 287
m cases of patent ductus arteriosus,
33

infarction, 159
roentgenograms, 15% (Fig §7), 15§
(Fig $8). 156 (Fig. 59), 158 (F1g.
60, 63, 62)
unusually large, oentgenograms, 160
Fig 63, 64)
nflation, postmortem, 38
anteralveolar transudation, n acute glo-
tmerylo-nephsitss, 185
intra-2lveglar pressure, effect on lung

Lung(s) (cont.)
ovetunflation, caused by foreign bodies in
trachea, 218
pathology, mediastinal displacement in,
219

pattern, in aortic valvular disease, 287
caused by blood filled vessels, proofs, 63
fing definition necessary for study, §
s heart falure, roentgenograms, 186

{Fig 79-82)
in static displacement due to constitu-
tioral and condational factors, 66
R 4

3 s carnimt 70

roentgenologic visualization, 63
T emphangib

of lung fields m, 152
Lymphatic vessels, roentgenography, met!
od, 16
roentgenolagic appearance, 68
Lymphograpfy, techmaque, 16

Maguification in 98
diagram, 93 (Fig 39)
Marble disease, Jeading to calafication o
penpheral arteries, 435
Meastrement, of aottic shadow, arch, 94
banum method, diagram, 95 (Fig

38)
dustal portion of ascending aotta, 96
of cardiac depth, advantage of obhiqut
chameter, drawing, 18 (Fig 32)
of cardiac shadow, angle of diszppear-

ance, 80
angle of inchnation, 7¢
arez, 79
dizmeters, 79, 80
volumetnc determipations, 81
of cardiovascular shadow, comparisan of
orthodiagrams and  teleroentzeno-
grams, B2
cnterta of compatison, 75, 99
distance of silhouette from anterior
plane, 98
general remarks, 59
magmification 1 teleroentgenograms, 98
diagram, 98 (Fig 39)
of pulmonary artery branches, 98
of vascular shadow tn 1010, 57
Measurements, correlation (See Correla-
s50m Y
Medistino-pericardial patbology. (See
also Pericardial distast, adhesive medi-
antino-3
causthz pulsys paradoxus, 419
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Mediastinum, air collection in, differentia~
tion from pneumopericardium, 364
cyst, adjacent to cardiac shadow, roent-
genograms, 21§ (Fig. 110-111)

469

Mitral valve (cont)
disease (cont.)
appearance of lung fields in, roentgeno-
gram, 270 (Fig. 166)

pl in cases of pr Yy pa- neury dilatation of left atrium
thology, 219 1, Toentgenograms, 276 (Fig. 175-
n acquired devtrocardss, 383 116
b 216 tiation from due to
(Fig 112) hypertension, 195
table, 218 fram thyrotoxicosss, 182

in tracheobronchial stenosis, 219
effusion, 366
inclination in lateral view, as influenced by
constitutional type,
resptratory changes in preumothorax, 220
fupture 1n gorta into, 330, 333
shadow, as mfluenced by constitutional
type, 57
tumors, differentiation from aortic zneu-
Tyswm, 338
ly diagnosed 1 p
artery diseace, 352
Megalosomics, heart size in, 83
Miliary tuberculoms (See under Tuber-
culosis )
Mitral configuration, 282
roentgenogram, 270 (Fi5 166)
Mitral heart, effect on left bronchons and
pulmonc vems, 282
follow up study, orthodiagrams, 273 (Fig
171)

Mitral regurgitation, caused by calafica-
tion of valve, 267
roentgenologic findings in, 271
Mtral stenosis, in acquired mitral valvular
leston, Dot excluded by normal siz
left atrium, 281
caused by calafication of valve, 267
by tumor m Jeft atnum, 264
duagnosis 1 presence of aurcular fibrilla-
ton, 417
Jung appearance 1n, 152
1 pericardial disease, causing congesfive
lung fnlure, 370
pulmonary artery diatation in, orthodia-
gram, 346 (Fig. 264)
pulmonary edema in, 153
nght ventnde, course of outflow tract 1n,
drawing, 395 (Fig 309)
roentgenologic findings m, 275
and tncuspid regurgitation, roentgeno-
grams, 294 (Fig 205-209)
vascular pattern simifar to m polycy-.
themia, 204
Miteal valve, calafication, 267

leading to sithouette rheu-

dilatation of pulmonary artery in, 350

dulatation of conus of right ventricle in,
271, 274, 281

displacement of esophagus to right, dis-
placement of bronchi, and atypical
enlargement of left atrium, roent-
gepograms, 277 (Fig. 177-179)

enlargement of left atrium, roentgeno-
gams, 274 (Fig 172-173), 278
(Fig 180-185)

silhouette in, roentgenograms, 272 (Fig
167-170)

supenmposed on small vertical heart,
orthodiagram, 275 (Fig 174)

volumetnic reconstruction of heart and

large \.ﬂ?‘tls in, photographs, 269 (Fig
168

widening and atherosclerosis of pulmon-
ary BRtery in, 343

lestons, anatomical findings, 271

1 cases of interatnal septal defect, 388

congestive lung falure accompanying,
151

effect on appeataace of aottc heatt,

20
pulsations of Jeft lower pole regon i,
palpation vs roentgenography in
detection, 134 -
roentgenologe findings in, 275
ocelusion by tumor, causmg silhouette re.
sembling rheumatic type, 282
postion, antenor view, 47
Iateral view, 56
left aptertor oblique view, S§
nght anterior oblique view, 52

Mitralization, defined, 287

Model, of heart, constructioh technique, 11-
Tustratiot, 20 (Fig, 3)

Movements of cardiovascular system (See
also under various parts, eg, Aoria,
Atnoventriculer septum, Heart, Pul.
monary ariery )

technzeal difficulties in projecting, 110

Miiller test, effect on carduc and supenor
wena caval ulhoustte, 63

 elfect on movements of heart, 111

matic type, 282
disease, appearance as snfluenced by aortic
regurgtation, 207

1 disease,

nomnflammatory, roentgenologic findings
in,
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Myocardial disease (cont.)
primary, orthodiagrams, 248 (Fig. 131),
(Flg 132), 249 (Fig, 133), (Fig

4)
Myacudms, effect on heart size, 247
in pregnancy, 252
,in rheumatic infection, 252
recovery with regression in heart size,
roentgenograms, 250 (Fig  13$-
144)

gyucardium. (See Heart, muscle )

n,

182
normal heart size in child, roentgeno-
rams, 183 (Fig. 74, 75)
postopeﬂnve. following  thyroidectomy,

regression in sithouette size under treat.
ment, roentgenograms, 184 (Fig. 76-
78)

b for

Operations (cont.)
causing depression of circulation dus to
atony of diaphragm, 164
effect on cardiovascular system, 205
on venous blood flow, 434
thyroidectomy, resulting in regtession m
heart size, orthodiagram, 180 (Fg

1)
Orthodiagrams, comparison with teleroent-
genograms, 76, 98
reentgenologic study of the heart nd
great vessels, schematic drawing, 3
(Fig 1)
technique for obtaining comparable rec-

ords, 101
Orthodiagraphy, technique, 3
use to determine varymg degrees of fillng
of the heart, 4
Orthoprojection, honzontal, techmque, 20
Osteitis, deformans, leading to calaifia-
tion of perpheral arteries, 435
£ leading to cal-

Neo-Iopax, value as contrast
vasography, 1.

Neoplastic disuu of bope, leading to
calgjfication of peripheral arteries, 43§

Neo- Skiodar, value as contrast substance
for vasography, 12

Neosynephrin  hydrochloride, eﬁ‘ect on

cification of peripheral arteries, 435
0. ia, leading to of
peripheral arteries, 435
Osteosclerosis  fragilis  generalisats,.
leading to calaification of periphecal
arteries, 435
causing eardiac ditatation, 205

cardiac area in induced brady , 418
Nephntis, chronic, leading to nlclﬂcal on
of peripheral artents, 435
glomerulo-, uremic state, appearance of
lung fields, roentgenograms, 188 (Fig
83-85)

o
Oxygen tension, low, effect on heart size,
204

Paget's disease, (See Ostertis deformans}
Palpation, cempanson and correlation with
133

acute, di appear-

ance in, 185
changes 1n silhouette and lung fields,
roentgenograms, 186 (Fig 79-82)
as etiological factor m aneurysm of aorta
in children, 334

affecting small ves-

sds, 344

from calaficatron of perlpheral veseels,
37

ing, leading to calafi-

dral effusion 1n,
186 (Fig. 79-82)
pleural effusion n, roentgenograms, 186
(Fig 79-82)
Neurocirculatory asthenia, mitral con-
figuration in, 282
sudden hypotenston in, 195
Nodal rhythm, roentgenologic appearance
m, 418

Obesty, heart size in, 83

percussion efros mn, 134
logy of i system

umm of peripheral artenes, 435 .
Paresis, of recurrent laryngeal perve, in
rysm of palmopary artery, 346
Patency, of ductus arteriosus (See under
Ductus arleriosus )
Per-Abrodil (diodrast), value as contrast
substance for vasognphy,d 12

with mentg:nogmphy, 133
errors, in emphysema, obesity,

deformities, 134
il Hal adbesion, externsly Toentgeno-

and chest

, 177
Oblique view. (See under View)
Oesophagus. (See Esophagus)
Operations. (See also Surgical shock.y

artenographic Indications for, in obht:n-.
| tive vascu}u isease, 423, 428 -

rams, 366 (Fig 285-286)
usgt for, 374, roentgenograms, 375 (Fig
296-29%)
internal, effect on heart action, 365
Pericardial cavity, awr in (See Pneumo-
pericardium y



Pericardial cavity (mnl )

dustention, causing

INDEX 4an
Pmcndium (eont )
of left dia- localized, n
(F1g. 293)

phragmatic contour, 164
fwd in. (See Percardial effusion )
Pericardial disease, adhesive, erroneously
diagnosed in cases of interatrial septal
defect, 388

cajoification and adhesive medraztino.peri-
cardial disease, roentgenograms, 369
(Fig 290-291)
in chronic pericardial disease, 372

from of

erroncously diagnosed as
disease, 365
roentgenologic tests for, 376
work of beatt in, 34
adhesive mediastino-, cardiac fallure un-
accomganied by congestive lung fail-
ure in, 157
causing pulsus paradoxus, 419
chniesd and anatomical findiegs, 368
mitral configuration in, 282
and pencardial calaifieation, roentgen-
ograms, 369 (Fig 290-201
roentgenologic appearance, 365
chronie cunstnct.we adhestve, normal heart
148
:nnstncuvc, caldfication in, 372
cardiac falure unaccompanied by con-
gestive lung fadlure 1, 157
<hinicy] and anatomcal findings, 365
development, roentgenograms, 360 (Fig
273-217)
k 365

coronary arteries, 270
post traumatic, Toentgenograms, 372
(Fig 294-295)
roentgenogram, 370 (Fig 292}
cystic formations, calafication following
traumatic hemorrhage, 363
diverticulz, roentgenologic appearance, 364
sacculated exudate resembling in peri-
cardial disease, 368
localized pathological thickening, casting
shadow wathin larger shadow’ of
cardio-pericardial sithouette, 361
movements, relation o movements of
heart, 111
tumors, roentgenologic appearance, 364
Peripheral blood vessels. (See under
Blood vessels )
Peripheral vascular disease, clinical diag-
pous, 422
roentgendlogic sppeatance w, 422

with small mediastinal pneumothorax,
roentgenogram, 368 (Fig 239)
differentiation from aortic aneurysm, 335
postoperative changes, 369
rheumatie, chiel cimcal findings, 252
roentgenclogc appearance mn, 358
sacculated, roentgenograms, 367 (Fig 287,
288)
Pericardual efiusion, m acute glomeralo-
nephrits, roentgenograms, 186 (Fig 79-
82

caused by Roentgen-irradiation of chest,
214

differentiation from cardiac dilatation, 359
lung fields, appearance in, 359

. in myxedema, 182
pulsations, appearance In, 358
in theumatie infection, 253
Toentgenograms, 360 (Fig 273-217), 362

(Fig. 218-284)

* roenigenologic appetrance m, 357 '

1 effects, on
system, 144
on vasomotor reactions, demonstrated by
ammal expenments, 431
Phlebectasy, pulmonary, 351
Phlebogram, 119
Phieboliths, occurrence, 437
Phrenic nerve, section, effect on diaphragm
and heart, 1
effect on venous flow, 434
Physical activity. (See Exercise)
Pitressin, action on coronary artenes, 144
on peripheral vessels m beribers, 176
Pituitary body, anterior, extracts, causing
cardiac hypettrophy and dilatation, 184
Prtuitary cachexia, sudden hypotension in,
95

Pleura, calcification, post traumatic, roent-
genograms, 372 (Fig 294-205)
sensitvity to Roentgen-irradiation, 214
subserous layers, fat deposits m, condi'zons

sacculated exudate, in chromic percardial affecting, 35
dxmst. resemblmg sortic aneurysm Pleunl disease, -dhswe, athero- and
and & of 368 of p y vessels in,
n ) 175 344

shadow, nud!zr xhadow wathin, condi-
tions causing, 359
silhouette, appearance in, 357
Pericarditis. (See Percardial disease )
Pencardium, snatomy, 35

roentgenologic signs of, 347
Pleural effusion, in acute glomerulo-neph-
nts, 185
roentgenograms, 186 (Fig 79-82)
terlobar, 231
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Pleural effumon (cont }
interlobar fconz.)

Popliteal artery, aneurysm of, 426
roentgenogram, 428 (Fig 328)

230

of rormal,

m cardiac farlure,
(Fig 127-130)
left-sided, in left ventricular failure, roent-
genograms, 258 (Fig 148-150)
differentiation from aortic aneurysm,
338

mediastinal, 365
casting shadow within larger shadow of
rd

64 (Fig 28)
-atherosclerosis, artenography, 426
Popliteal vein, venography, 14
Position(s), antertor obhque, drawing, 46 -
(Fig 6) .
effect on:

4 1

shadow

361
postmortem drainage, 38
Pleunay, medistinal, differentiation from
aortic aneurysm, 335
obliterative, allowing collection of fluid,

2.

Pleuropericardial fold, in anterior view,
44

Pleuropericardial triangle, roentgeno-
gram, 51 (Fig. 17}

i} is, caused by Roentg
aradiation of chest, rats and rabbits,
214

Pl

Pneumoconiosis, athero- and arteriosclero-
s1s of pulmonary vessels 1n, 345
effect on cardiovascular system, 229
mutral configuration 1n, 282
ia, bronche-, as
Roentgen-irradiation  of
larynx and pharynx, 217
effect on heart, 249
erroneously diagnosed 1 mitral valvular
dhsease, 273
(See Py fosis )

in
tumors  of

of
in pericardial disease, 374
blood flow 1n heart, 127
heart area, 79
mode of fimd accumulation in pencar-
dial cawity, 357
size of cardiac sithouette, 262
size, shape, and position of cardiovas-
cular sithouette, 61
in

101
influence 1n erroneous diagnosis of sub-
stemal goiter, 310
Iordotic, visibility of lower heart border
in, 115
for orthodiagraphy, 4
for rtoentgenograms and teleroentgeno-
grams, 6
in infants, 7
1+ Position of Trendelenburg, 361
“Positive Trendelenburg,” roentgenologic
equtvalent, 432
Postmortem changes, 1 rize and shape
of heart and large vessels, 35
n i left anterior

P diffe from
collection of ar in mediastinum and
from hermation of Jung, 364

roentgenograms, 360 (Fig 273-277)
roentgenologic appearance, 361

Poeumoperitoneum, wvisibiity of lower
heart border i, 115

Pneumothorax, differentiation from pneu-
niopercardiam, 364

effect on tardiovascular system, 220
on contralateral fung pattern, 65
mediastinal, constnctive pencardial dis-
ease with, roentgenogram, 368 (Fig
280)
i displaced by,
216 (Fig 112)

table, 218
pulsations in vessels of contralateral lung,

35z
Poisoning, illuminating gas, effect on

cardiovascular system, 203
Polycythemia, bone wrradiation therapy,
effect of, 217
cardiovascular appearance in, 204
caused by pulmonary arteriovenous fistu-

oblique view, roentgenograms, 53 (Fig
20-21) )

nght anterior obhque view, roentgeno-
grams, 52 (Fig 16-19)

tions, technique, 36, 37
Postoperative. (See Operations)
Posture, deficency, efiect on diaphragm

excursion, 16+

lordosts, vistbility of lower heart border
in, 115
Potter-Bucky duphragm, use 1 fuor-

oscopy, 3, 112 '
Pregnancy, effect on cardiovasculat sithou-
3
on heart, 143 -
Projection, horizoatal ortho-, techmque, 20
of movements of cardiovascular system,
technical dafficultes, 110
Puberty, efiect on heart size, 32
heart output m, 93
Pulmonary artery, aneurysm, 336
assocated with congemtal cardiovascu-
tar malformations, 343



INDEX

Pulmonary artery {cont.)
congenital, roentgenogram, 352 (Fig
272)

paresis of recurrent laryngeal nerve and
bronchial stencsis in, 346
roentgenogram, 346 (Fig 265)
and sorta, n the newbomn, 35
transposition, 344, 406
arch (See Pulmomc arch)
arteriosclerosis, etiology, 344
atherosclerosis, etiology, 344
bullet in, roentgenograms, 212 (Fig 106-
109)

clcification, 351
occurrence, 34§
changes in congestive heart failure, 150
congemtal hypoplasia of wall, 344
. dilatation, in pulmonary regurgtation,
349, 350, orthodiagrams, 350 (Fig
269)
in Eisenmenger complev, 387
diseases, effect on lung pattem, 6;
erroneously  dugnosed 1m
sortic aneurysm, 327
etiology and anatomical forms, 344
mitral configuration in, 282
roentgenclogic findings, 3
displacement, 1 mitral valvular disease,
211

ldt sided

enlargement, causing impression on esoph-

agus, Toentgenogtams, 345, (Fig
262-263)

etiologies, 389

in mteratnal septal defect, 387
Toentgenograms, 389 (Fig 303-304)

in mterventncular septal defect, 386

of intrapericardiac portion, m beribert,

176

m mtral stenosis and lung chsease,
orthodiagram, 346 (Fig 264)
in mitral valvular disease, 273
patent ductus artenosus with, ostho-
diagram, 391 (Fig 306)
patent ductus artenosus without, ortho-
diagram, 390 (Fig 308)
in polyeythemia, 204
following primary athero- and arten-
osclerosis i Jesser  ewrculation,
orthodiagram, 347 (Fig 266)
in pulmonary embohsm, 347
m rheumatic valvular lession and ar-
teriosclerosis in Jesser airculation,
Toentgenogram and onhodxagrams,
348 (Fig 267-268)
3a thyrotoxicosis, 179
wnjection, postmortem, 37

” 1n pneumothorax, 220
kymographic traang of movements, 121
mm:snment and average normal values,

473

Pulmonary artery (cont)
normal static aspects, anterior view, 44
lateral view, 55
Jeft anterior obhque view, 5§
right antenor oblhique view, 51
positton, as influenced by chest shape, 57
preferred positions for roentgenograms, 57
pulsations in bradycardia, 418
in pulmonary artery disease, 352
relation to bronch, 34
relation to traches, 34
and night heart, contrast visnalization of,
roentgenogram, 54 (Fig 22)
roentgenologic appearance, 66
rupture of aorta mto, 321, 327
f1ze, in cases of patent ductus artenosus,
390
m pulmonary stenosis, 392
size and distnbution, 34
small branches, occlusion, 1n sickle cell
anemia, 204
in pneumocomosts, 229
stenosts, cardiac failure unaccumpam:d by
congestive lung failure in, 157
effect on lung pattern, 65
by ion in

pulsations, 352
Pulmonary blood vessels, (See Lungs,
blood vessels; Pulmonary artery, Pul-
monary veins )
Pulmonary regurgitation, 407
acquired, orthodiagram, 350 (Fig 269)
congemt)al, Toentgenogram, 3$1(Fig 270-
m

diatation of pulmonary artery in, 350,
387, 407

effect on Jung pattern, 65

erroncously diagnosed 1n left-sided aortic
aneurysm, 327

Pulmonary stenosis. (Sec also Pulmon-
ary, ariery, stenosis )

associated with aneurysm, 344

cardiac fatlure unaccompanied by ronges-
tve lung farlure in, 157

enlargemenit of pulmonary artery in, 350,
393

roentgenologic appearance 1n, 393
without charactenstic  roentgenologic
findings, orthodwugram, 397 (Fig
310)

'y veis b:
ment in, in pencardial disease, causmng
congestive lung failure, 370

emptying into persistent left superior vena
cava, 407

wmjection, postmortem, 37

as influenced by mitral heart, 281

roentgenologic appearance, 66

sze and distribution, 35
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Pulmonic arch, displacement and pulsation
in benben. 176
movement in relation to aortic knob, in
bundle-branch block, 419
position, in infants, 59
as related to body form, 57

Respiration (cont,)
forced (cont.)
large vessels, 63
forced inspiration, effect on visibility of
lower heart border, 115
phase, importance in companng ortho-
diagrams, 101
Retrocardiac space, in dorsal aspett of
right anterior obhique view, 49
in forced breathing, 62

as infl d by itutiy type, 58
ing with left atrial 280

in acute gl phritis,
185
during attacks of aflergic bronchial
asthma, 225
n cases of patent ductus 278
caused by i
w07

in coarctation of aorta, 399
m thyrotoxicosis, 179
Pulmonic valve, position, anterior view, 47
lateral view, 55
left anterior oblique view, 5§
right antenor oblique view, 52
regurgitation  (See Pulmonary regurg.ta-
tion )
Pnlle hdus vts<els, :olhp: g, in cases of
4t e of ot

aluae 1€1

Pulsys alternans, demonstrated by kymog-
taphy, 4

width in aortic valvular disease, 286
Retrosternal space, in forced breathing, 62
Retrovasal space, 1n dorsal aspect of nght

anterior oblique view, 49
Rheumlhc aortitis, 319
heart disease,
agnosed in case of congenital urdm-
vascuhr defects, 384
Rheumatic valvalar Jisease, calaification
resulting from, 21
combination with syphilitic aortitss, or-
thodiagram, 319 (Fig 229)
pulmonary artery ddatation in, roentgen-
ograms and orthodiagrams, 343 (Fig
267-268)
Rheumahsm, aortic regurgitation due to,
284 (F1g. 187)

Pulsus caused by
Pencardial patho!ogy. 419
Purpura, appearance of Jung fields in, 152

1, symbol for coeffiaent of correlation (See
Correlation )

Raynaud's digease, and va-omo‘or cnsis
imtiating eatly artentis, differential di~
agnosis by vasography, 426

Reconstruction, volumetric, of heart, tech-
Tnique, 19

Regurgitation. (See Aortic regurgtation;
itral uxur:xtalwn Pulmonary re~

cuspid )

superimposed to small vertical heart,
orthodiagram, 284 (Fig. 188)
volumetric reconstruction of heart and
large vessels tn, photographs, 283
(Fig 186)
as cause bf aortic valvular lestons, 285
effect on heart, 252
endartentis of, tausing widening, snd
atherosclerosis of pulmonary 2Xely,
344
as etiological factor in aneurysm of 20mta
in children, 334
dial effuston i, 253, 358

an. (See x-dney)
deey i diead

tages for ukmg roentgenosram, 9,
roentgenograms, 312 (Fig 214-215)
effect on:
cardiovascular wlhouette, 9, 62
\n pericardial disesse, 374
movements of cardiovascular shadow,

movements of heart, 101, 116
size of heart n emphysema and bron.
chia) asthma, roentgenograme, 228
(Fig 122-125)
size of venae cavae, in animals, 128
exposure at predetermined phase, methods,

lorced, cffect on sihouette of heart and

physical activaty fo].lowmg, causing en-
largement of heart, 13'
Ribs, erosion, by aortic lneurysm, 324,331
)y enlarged intercostsl veiny, 433
by :n!arged intercoslll lrtznrs. 308

44)
Rickets, cffect on heart, 1
Rigor mortls, as influen

degeneration, 36
Roenfgen rays, bo;e (rﬁ{dl;:l’on wit]
Iycythemia, effect of
chel:; (r?;dnuon with, effect on heact and

ced by myocardial
h, for
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Roentgen rays fcont )

chest frradiation with, fcont )
pericardium, 213, 214, 217

deep itradiation with, for tumar of heart,
effect on heart, 264

eflect on blood vessels of extremities, 214

irradiation for thyrotoxicosis, effect of,
217

Rotntgen ray tube, for fuoroscopy, 3
rotating anode, for fine definition, §
Roentgenograms, descnbed, normal dy-

418

Septum (cont.)
teratrial septum; Inferventricular sep-

tum )
Sex differences, in heart measurements, 79,
84

1n heart volume, 81
in occurrence of artenosclerosis, 434
Shock, due to stony of capillaries and
venules, causing congestive lung failure,
153

Sign of the crossed profile, 218, 376
st nole, d caused

namic aspeets, 3 h e, 110

of chest, 214

normal static aspects, i 44
periphersl, 63

instantaneous, in study of heart poaition
at various phases of cardiac cycle, 8,
1z

Roentgenography, apparatus, §
contrast visualzation, techmque for*
zortography, 12, 15, 16
arfenography, 15, 16
cardio-pulmonography, 15
lymphography, 16
vasography, 11
venography, 14
correlation with palpation, percussion, and
auscultation findings, 133
stereoscopic, of coronary artertes at au-
topsy, 17
technique:
chest film, §
for cadavers, 36
coronary artery system, Schlesinger’s
method of injection, 17
heart and great vessels, §
instructions to technician on problem
invelved and procedure to follow,
10

for newborn, 38
visuahzation of chambers of heart, pul-
monary  circulation, and great
blood vessels, Robb and Stenberg
method, 15
value for diagnosis of cardiac mfarction,
as compared with ECG, 257

Roent
Sinus of Valsalva, ancurysm, 322, 323,
327, 407
Skiodan, value as contrast substance for
vasography, 12
Spine, abscess, casung shadow wnthin Jarg-
er shadow of cardio-pericardial til-
houette, 361
differentiation from sortic aneurysm,
336

erosion, caused by aneurysm of descend-
g aorta, roentgenograms, 331 (Fig.
254-256)
Starvation, cardiovascular appearance in,
204

Stenomis (See Aortic stenoss; Milral sten-
osis; Pulmonary stenosis; Bronchial
stenosts; Trackeal stemogis )

Sternum, erosion by aortic aneurysm, 324

Stomach, atr 1n upper pole, effect on visi-
hility of Jower heart border, 115

Subclavian artery, nght, Jeft-sided anom-
alous ongin of, 407

Subclavian ven, in antenor view, roent-
genogram, pormal static aspects, 44

Superior vena cava. (Sce under Vema

cava)
Suprarenal insufSiclency. (See Addison’s
disease )

Surface area. (See under Body.)

Surgical shock. (See also Trauma)
causing congestive Jung fatlure, 153

Surpalite, causing cardiac dilatation, 205

RV, right chord,
9

Saphenons vein, venography, 14
Searlet fever, efiect on heart, 249
Scollosis, differentuation from 2ortic an-
tarysm, 336
nght convex, mitral configuration 1, 282
Screen-chest distance, in Auorascopy, 112
Scurvy, effect on heart, 175
Sensltization, to horse serum, effect on re-
spomses of cardiovascular system to
traums, 211
Septum., (Sce Atrioventricular septum; In-

g, as fluenced by left atna en-
largement, 273
Symbols, A, area of heart, 79
B, broad diameter of heart, 78
Cho, chest depth diameter, 91
Cir, chest circumference, 84
H, body height, 83
L, long or oblique diameter of heart, 78
LV, left ventncular chord, 79
T, coefficient of correlation, 82
RV, nght ventricular chord, 79
T, transverse duameter of heart, 70
To, depth diameter of heart, 80
To-sr, dept ciameter of heart, 86
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Symbols (cont }
To-ner, depth dtameter of heart, 50
Th, transverse chest diameter, 84
V, volume of heart, 81
W, body weight, 83
Sympathetic nerve, to heart, stimulation
by adrenalin, 144
Syphilis, as cause of :
aneurysm of aorta, 313
in children, 334
aortic valvular lesions, 285
pulmonary artery disease, 344
pulmonary artery enlargement, 351, 380
Syphilitic aortitis, aneurysm of thoracic
aorta in, 319
chmical dxagnasu and roentgenologc find-
ings, 313
combination with rheumatic valvular dis-
ease, nnhodnagmm, 319 (Fig 229)
dilatation of zorta in, 191
roentgenograms, 312 (Fig 214-215), 315
(Fig. 220), 316 (Fig 221-227)
dilatation and calafication of ascending
aorta in, roentgenograms, 314 (Fig
217-219) .
normal appearance of aortic shadow 1n,
orthodtagram, 318 (Fig 228)
orthodiagram, 313 (Fig 216)
rare occurrence in children, 315

Technique (cont )
for contrast visualization:
aortography, 12, 15, 16
artenography, 15, 16
cardio-pulmonography, 15
lymphography, 16
vasography, 11
venography, 14 1
for densitometry, 25
for fuoroscopic diagnosis of cardiac m-
faretion, 257 .
for fluoroscopy and orthodiagraphy, 3
accommodation and dark adaptation of
the eye, 112
for honzontal orthoprojection, 20
for kymography, diagram for different
methods, 24 (Fig. 4)
multip'e st method, 23
smgle shit methed, 22
magnification in teleroentgenograms, 98
diagram, 98 (Fig 39)
for roentgenography, chest film, §
cadavers, 36
vasography, 1t
roentgenography, at deep mspiration, dis-
advantages, ,roentgenograms, 312
(Fig 214-215)
for volumetric reconstruction, 19

diagram, 20 (Fig 3)
Tel with or-

Syphihitic valvular disease,
resulting from, 267

T, transverse diameter of heart (See Heart,
diameiers )
To, depth diameter of heart (S:e Heart,
diameters )
To-br, depth diameter of heart (See Heart,
diamelers )
To-nor, depth diameter of heart (See Heart,
diameters )
Tabes, sudden hypotension in, 195
Tachycardia, mn cases of poor posture with
low position of diaphragm, 164
caused by adrenalin, 144
by atropine, 144
by Roentgen-urradiation of tumors of
pharynx and larynx, 217
in myocardatis, 2.
paroxysmal auricular, roentgenologic ap-
pearance in, 416
in tuberculosis, 223

thodiagrams, 76, 98
magnification in, 98
diagram, 98 (Fig 39)
roentgenologic study of the heart tnd
great vessels, schematic drawing, 3
(Fig 1)
effect on lar cys-

tem, 205
Tetralogy of Fallot, 393
night ventricle 1n, course of outflow tract
m, drawing, 395 (Fig 309)
roentgenograms, 394 (Fig 307-308)
Th, transverse chest diameter (See Chest)
Thorax. (See Chest)
Thorotrast, ammal evpenmentation w th,
422, 429, 431
value as contrast substance for vasog-
raphy,
Thrnmboanguhs obhteuns, occlusion of
main arteries 1, 426
of vessels of wrist and hand, roentgeno-
gram, 425 (Fig 321) o

Target-film distance, effect or’
of cardiovascular movements, 110
p .

venography, 434

grams, 98
Tecbmqne. {See alie Exposure; Projection;

etc)
for cinematography, 21

of pulsations i pulmonary artery, 352
n axilary vem, causing vcnous obstruc-

tion 1 upper extremty, 4
coronary, acute dilatation of heart I, 150
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Thrombosis (cont } }
venous, duagnostic value of arteriography
m,
vasography, 432
and venous obstruction, lower extremity,
433

upper extremity, 432
superor vena cava, 433
Thrombas, artfical, for study of blood
flow in heart and large vessels, 127
determination of Ioahon, 423

417

Trachea (cont)
relation to aortic arch {cont )
roentgenogram, 61 (Fig 27)
in right anterior oblique view, §1
roentgenologic appearance in relation to
cardiovascular system, 60
stenosis, caused by goiter, 217
Transposition of great arterial trunks,
roentgenologic appearance, 306
roentgenograms, 404 (Fig 320-321)
Transposition of great arteries, roent-
404 (Fiz. 320-321)

* wvisibility 282
Thymus, enfargement, czusmg tracheal dis-
placement, 408

tumors in region of, differentiation from
aortic aneurysm, 335
Thyroid gland, disturbances (See Goiter;
Myzedema; Thyrolozicosss )
Thyrotoxicosis, (See also Goiter )
cardiac failure unsccompanied by <on-
gestive Jung fallure 1n, 157
cardiovascular appearance in, 178
roentgenogram, 178 (Fig. 70)
dilatation of pulmonary artery in, 350
effect on venous flow, 128
heart 1mitating findings 1n mutral steno:is
m, 281
mitral configuration m, 282
and patent ductus arteriosus, differentral
diagnosis, 392
postoperative regression 1n heart size, or-
thodiagram, 180 (Fig. 71)
roentgenograms, 181 (Fig 72-73)
projection of apical thrust beyond silhou-
elte m, 133
Roentgen-ray therapy, effect of, 217
sudden hypotension 1m, 195
Tibial artery, posterior, atherosclerosss, ar-
teriography, 426
occlusion, artenography, 422, 427
Traches, angle of ifurcation, widened by
enlarged Jeft atnum, roentgenogram
and orthodiagram, 274 (Fig 172-173)
constnetron, 1n cases of persistent nght
sided aortic arch, 402
displacement, 1n aneurysm of sortic arch,
328

1 aneurysm of nnomnate artery, 328
in cases of persistent nght-sided aortic
arch, 401, 403, 405
in congemtal cardiovascular malforma-
trons, 407
roentgenograms, 270 (Fig 166)
in enlargement of thymus gland, 407
by retrosternal goiter, 335
foreign bodaes in, effect on heart, 218
lumen, 1 anterior View, normal, 45
relation to aartic arch, 33

Transudation, (See also Pericordial effu-
sion; Pleural effusion )
of flurd snto interstices of Jungs, in con-
gestive Jung failure, 150
in acute gl lo-nephritss,

‘Transverse heart. (See Heart, horizontal)
Trauma, (See also Surgeal shock )
due to contusion or foreign bodues, effect
on cardiovascular system, 211
pencardial and pleural calafication fol-
lowing, roentgenograms, 372 (Fig
294-295}
Tricuspid atresia, assonated anomalies,
397

roentgenologic findings, 397
‘Tricuspid regurgitation, and mitral steno-
s1s, roentgenograms, 294 (Fig 205-269)
causing positve ventnicular hver pulse,
164

roentgenograms, 292 (Fig 200-202)
Tricuapid valve, disease, cardiac failure
unaccompamed by congestive lung
failure 1, 157
Jesions, occurrence and findings, 793
position, antenor view, 47
lateral view, 56
left anterior oblique view, S5
nght antenor obhque view, 52
Trilocular heart, cardiac enlargement in,

407
Truncus arteriosus communis, abnormal
division of, and enlargement of pul-
monary artery, 387
persistent, cardiac enlargement in, 407
Truncus solitarius, perustent, cardiac en-
rgement in, 407
Trunk value, correlation with heart area,
anterior view, 87
correlation with beart volume, 92
defined, 85
Tuberculosis, bilateral fibrotic, appearance
of silhouette and intrapulmonary vessels
1n, roentgenograms, 217 (Fig 113), 220
(Fig 11%)

. tffect on cardiovascular system, 223
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Tuberculosis (cont.)
ermneo}xsly diagnosed in cases of inter-
atrial septal defect, 388
exudative infiltration, erroncously diag-
)

Valves, (See under Hears; valves,)

Varicose veins, blood flow i, 432
phlebaliths m, 437

Varicosities, location by vasegraphy, 432

429 (Fig. 329)

nosed in cases of ted pleural
effusion, 231

muliary, appearance of lung fields in, 152

pericardial effusion in, 358

susceptibility to, due to poor circulation
in lungs, 66

Vasography, abdominal aorta, 16
roentgenogram, 67 (Fig 30)
anesthesia requirements for, 14, 16, 423,
429

arm veins, eplarged in arteriovenous an-
' ast, i 430 (Fig

Tumors, abd I, d from
aneurysms of abdominal aorta, 330
angioma tn lung, 351
bronchial, of hilus region, differentiation
from aortic aneurysm, 335
of chest wall, differentiation from aortic
aneurysm, 336
diffuse rhabdomyomatosis as cause of car-
diac hypertrophy, 256
erroneously diagnosed, in cases of inter-
atnal septal defect, 388
in cases with pleural effusion, 231
hosis, 209

330-332)
normal, roentgenogram, 65 (Fig 29)
arterial mjection with todine’ compounds
for, necessitating anesthe:ia, 429
anllary vein, occlusion, 432
complete vascular tree not demonstrated
by, 422
coronary vessels, 15
femoral artery, atherosclerosis, 426 *
calafication, 428 (Fig 328)
embolic occlusion, 424 (Fig 325)
422, 431, 432

in nght convex kyph 2
of heart, deep Roentgen-ray treatment,
effect on heart, 264
roentgenologic findings, 264
mediastinal, differentiation from aortic
aneurysm, 335
erroneously  diagnosed in pulmonary
artery disease, 352
mediastinal, breast, pleural, and lung,
Roentgen-ray therapy, effect on beart,
214
of meds 1 lymph nodes, diffe i
from aortic aneurysnt, 335
of pericardium, roentgenologic appear-
ance, 304
of pharynx and larynx, Roentgen-ray
therapy, effect on cardiovascular sys-
tem, 217
of thymic region, diffecentiation from aor-
tic aneurysm, 335

Uremia, lung appearance 11, roentgeno-
grams, 151 (Fig 54.55), 188 (Fig 83-

85)
Uroselectan (lopax), value as contrast
substance for vasography, 12

v, volume of heart (See Heart, vo!ym{ )
Vagus tone, as influenced by amylnitrite,
1

by atropine, 144
by physical training, 141 .
Valsalva test, effect on cardiovascular sil-
houette, 63
on movements of heart, 111
involuntary, exclusion desurable i tele-
roentgenograms, 76

femoral blood vessels, atherosclerosis, 424

1hac artery, narrowing, 429
1liac vein, 14
thrombosss, 427
indications for, 422
infertor vena cava, 14
for location of emboh, 423
poplteal artery, aneurysm, 426, roent-
genogram, 428 (Fig 328)
atherosclerosis, 426
normal, roentgenogram, 64 (Fig 28)
posterior tibial artery, atherosclerosss, 426
occlusion, 422, 426
saphenous vein, 14
for study of blood vessel lumen size, 422
subclavian vein, normal, 44
technique, 11 .,
value in determining blood flow in vari-
cose veins, 43:
value 1n determining which coffateral ves-
sels may be saved at operation in
cases of occlusion, 427
Vasomotor insufficiency, in cases of poor
posture wath Jow positron of diapheagm,

Vasomotor reactions, in apaphylaus, ar-
tenal constriction i Jower extremstics,

" peurogemic influence on vascular tonus,
demonstrated by animal experiments,
429

ted

ic influences on,
by amimal experiments, 43¢
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Veins. (See also Blood vessels; and speafic
veins, ¢ 3., Pulmonary veins, Subclovian
B 4

vein
anastomosis, 432
of arm, venography of normal, roentgen-
ogram, 65 (Fig 29)
dilatation, 1 beriberi, 176
injection technique, 11, 14
large, anomalies, roentgenclogic appear-
ance, 407
obstruction, Jower and upper extremities
and superior vena cava, as studied by
vasography, 432, 433
peripheral, calafication, 438
valves, roentgenographic appearance, 68
varicose, blood flow in, 432
vancose, phleboliths in, 437
varicosittes, location by vasography, 432
Toentgenogram, 420 (Fig 329)
Vena arygos, descnption of, 68
Venae cavae, injection, postmortem, 37
inferior, during forced breathing, 62, 63
normal static aspects, anterior view, 44
Tateral view, 55
night antenor oblique view, 51
preferred positions for roentzenograms,
57

size as influenced by respiration, 12§
superior, absence of right with persistence
of left, or persistence of both, 407
anges in congestive heart failure, 150
displaced in aneurysm of inmominate
artery, 327
normal static aspects, anterior view, 44,
45

1eft antenor obligue view, 53, 54
nght antenor obl-que view, $1, 52
ocelusion, ctiology and vasography, 433
preferred positions for Toentgenograms,
57

promunence and lumen size 10 thyro-
toxicos!

pulsations, anterior view fluoroscopy,
116

1
in eases of nedal rhythm, 418
increased 1n pregnancy, 143
rupture of aorta mto, 321
stze, normal vanations, 35
vasography, 15
widening 1n tricuspid valvular Jesion,
295
Venesection, in congestive lung failure, 199
Venography. (See under Vasography }
Venous blood flow. (See under Circule-
tion )
Venous blood presure. (See under Blood
pressure
Venous thromboms (See under Throm-
bosis )
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Vi »),
fogic apprarance, 418
left, aneurysm, orthodiagrams, 25§ (Fig
146), 286 (Fig. 147)
roentgenograms, 258 (Fig 148-150),
260 (Fig. 151), 261 (Fig. 152),
262 (Fig 153-156)
degree of dorsal development, measure-
‘ment, 80

beats, roentg

enlargement, in aortic valvular lesions,
288

appearance, 149
caused by traumatic rupture of 2ortic
valves, 211
causing depression of left diaphrag-
matic contour, 164
in hypertension, 189
roentgenograms, 190 (Fig 86-87)
in mitral regurgitation, 271
in nckets, 175
failure, in pericardial disease, due to
associated hypertensive or coronary
arterial disease, causing congestive
lung failure, 370
relation to congestive lung failure,
150

form and position s wnfluenced by
chest shape, ST
normal static aspects, anterior view, 46
lateral view, §5
left antenor obhique view, 54, 55
preferred positions for roentgenogeam,
s6

night, changes in size not shown in roent-
Ben 150
tourse of outflow tract with mutral
stenosis and Tetralogy of Fallot,
drawing, 395 (Fig 300)
displacement 1 mutral valvular dis-
ease, 273
enlargement, absent in mitral valvular
Tesion with normal sized left atrium
and mitral stenosts, 281
appearance, 140
caused by rupture of sorta into pul-
monary artery, 327
palpatory vs roentgenclogic methods
in, 134

in defect of interventricular septum,
387

1 pneumoconiosis, 229
m pulmonary stenosis, 393
m transposition of great arterial
trunks, position for viewwng, 406
1 tricuspid regurgitation, 293
form and position as influenced by
chest shape, 57
formng large part of left lower cardiac
contour m pulmonary stenoss, 393
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Ventricle(s) (cont}
right (cont )
forming large part of left upper cardiac
contour in mitral stenosis, 271
in tricuspid valvular lesion, 295
normal static aspects, anterior view, 46
lateral view, 35
Ieft anterior oblique view, 53, 55
right anterior oblique view, 49
outflow tract, enlargement in emphy-
sema, 227
preferred positions for roentgenogram,
56

size and shape n infants, 59
Ventricular chords, defimtion, 79
Vertebral bodies, erosion by aortic aneu-

rysm, 324, 331
Vertical heart, (See under Heart.)

View, angle for penpheral vessels, 14
anterior, fluoroscopy of cardiovascular
system, normal dypamic aspects, 113
roentgenogram  descnption,  normal
static aspects, 44
value 1n diagnosis of tracheal displace-
ment, 407
for correction of displacements due to
chest deformities, 211
for detn of lower border of heart, 48
lateral, as mfluenced by respiration, 62
roentgenogram  descniption,  normal
static aspects, 55
value in diagnosis of tracheal displace-
~ ment, 407
left antenior oblique, fluoroscopy of car-
diovascular system, normal dynamic
aspects, 116

View (cont )
left anterior obhque (cont )
roentgenogram  description,
static aspects, S3
oblque, for chest film, angles for, 10
preferable for study of various single
elements in cardiovascular shadow, 56
nght anterior oblique, fluoroscopy of car-
diovascular system, normal dynamic
aspects, 116
roentgenogram  desenption,
static aspects, 4
Vital capacity, in emphysema and preumo-
coniosis, 229
Vitamins. (See various deficiency diseases,
e, Bersberi, Rickets, Scurvy )
Volume, of heart, (See under Heart.)
Volumetric determinations, 81
formulae for, 81, 82
mmmal and maximal figures, 81
Volumetric reconstruction, of heart, diz-
gram, 20 (Fig 3)
techmique, 19
or normal heart and large vessels, photo-
graphs obtained by, 45, 47 (Fig 5,7)

normal

normal

W, body weight (See under Body)
War gases, causing cardiac dilatation, 205
causing pulmonary artery disease, 3
Weight. (See Body, weight, Heart, weight )
Wieland’s disease. (See Tricuspid atresia)
‘Wounds, stab and gunshot, effect on cardio-
vascular system, 211

X-rays. (See Roentgen rays.)
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