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PREFACE

The study of a cardiac patient 1n ancient times was based upon data col
lected by simple physical means Among them inspection of the patient was
considered the most important In the early part of the nimeteenth century
palpation percussion and auscultition were perfected and diagnosis was
correlated with autopsy findings

Graphic methods were figst used by Marey 1n 1870 during the itial phase
of development of experimental methods and were soon applied to the study
of cardiac patients Recording of the heart beat and of the arterial pulse were
the only methods used for a long time MacKenzie first Wenckebach later
made several acute and accurate studies of cardiac patients by the use of
mechanical methods While Emthoven was completing his work as a proneer
of electrocardtography Sir Thomas Lewis published several studies based on
the use of mechanical methods These were subsequently collected and pub
Ished together with classic electrocardiographic studies i his masterful
work The Mechanism and Graphic Registration of the Heart Beat Since 1924
no comprehensive work has been published on the subject even though the
numerable developments of the last twenty five years have multiphed the
number of methods and their applications

Durng the last thisty years the use of graphic methods has become wide
spread and ever more complex No manifestation of cardrac action has
escaped graphic study Tracings of cardiac motions of arterial and venous
pulses of cardiac sounds and of the electrical mamifestattons of the heart are
commonly recorded and are of great help for the diagnosts To these should be
added the tracings of intrathoracie and intracardiac pressures those recording
the changes of the cardiovascular sithouette at fluoroscopy and the tracings
recording the shakmg of the body by effect of cardiac dynamics

The present book has been written 1n order to correlate a great mass of
data and to present them with a umfied concept The material will be more
easly understood because all tracings presented here were obtamned with
sumlar and modern techmcs Data obtained by older researchers and with
older technics are evaluated and briefly presented but will not be conssdered
m detail

Evaluation of the results which can be obtamed by graphic methods can be
done only by correlating the data with those of cardiovascular phystology For

x



xu Preface

this reason a concise description of cardiovascular dynamics and a brief study
of electrophysiology are presented in the introductory part of the book

It 15 possible that physicians who have specialized n a specific branch of
cardiography may object to 1ts inclusion m this book For example electro
cardiologists may consider theur field as separated from the others In the
same way, specialists of electrohymography may consider that their method
belongs to the roentgenographic disciplines and should not be included 1n this
book while specialists of catheterization of the heart might find that the
description of theiwr method 15 too brief The author hopes that even a cursory
glance at the correlation between the data of the various methods will explam
why none of them could be omitted and why they are all mterdependent

The last part of this manual was written 1n an attempt to correlate the data
of the various methods with the clinical pictures mn the various diseases con
sidered as etiological entities This will make 1t easer for a phystcian to consult
the book whenever a problem arses 1 one of thesr clinical cases

An appendix describing several types of apparatus has been placed at the
end of the book

The mdex of this book has recewved special attention because the author
feels that n any technical book consultation should be easy and rapid

The author wishes to acknowledge the help of his staff including O M
Harnng MD, S Contro, MD, and G Magn MD aswellas A R Gold
farb PhD consulting radiobiologist for their help in the study of newer
technics and E B Shafer techmcal secretary for the preparation of the
manuseript

The expentence gamed through past collaboration with F G Flesschner
MD and M B Rappaport EE, has been mvaluable 1n the discussion of
several graphic methods

Confirmation of diagnosis was obtamed by cardiac catheterizatton and
angiocardiography 1n cases of congenital heart disease of Cook County Hos
pital Cardiac Center directed by Dr B Gasul

Permussion for the reproduction of 11 origmals from the book Heart’
was kindly given by the publishers Williams and Wilkins of Baltimore

The author wishes to thank the publisher for the mitrative displayed in
suggesting the subject of this book and for making possible 1ts publication He
further wishes to thank Dr John J Shemun, Prestdent of The Chicago Medical
School for his mvaluable encouragement and support

AAL

Chicago
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CHAPTER 1

Historical Outhne

The study of a cardiac patient was based a century ago upon data supplied
by history and phystcal exammation The latter used the varous physical
senses (especially sight heanng and touch) and consisted of the well known
tetralogy 1nspection palpation percussion and auscultation
The study of a cardiac patient m our time 1s based upon the data supplied
by history physical and tech le It 15 a parad
of our specialized era that 1n the minds of many the techmcal study has
become more and more dissociated from the other two branches of examina
tion Actually the data that a specialist should collect and analyze assume a
special value and lead to a correct diagnosis only 1f correlated with the ustory
and the physical findings It 15 true that certain branches of cardiology lke
electrocardiography and roentgenology give certam data which can be
reported without correlation Stll a complete evaluation and an accurate
study can be made only if one has a clear concept of the clinical problem
Thus three possibilittes arise
1 The practitioner reports briefly the chincal data to the specialist and the
latter formulates a diagnosts

2 The specralist takes over the Job of the practitioner and studies chimcally
the patient before making a diagnosis

3 Having no time for this job and well aware of lus responsibility the special
1st gives a brief report which s less exhaustive and mformative than 1t
would be possible otherwise

3



4 The Heart Beat

It s interesting to note that certain technical methods represent an extension
and completion of our senses It can be said that fluoroscopy 15 a deeper and
more perfect inspection orthodiography a more perfect percussion, cardiog
raphv and sphygmography a more perfect palpation and phonocardiog
raphy a more perfect auscultation On the other hand electrocardiography
electrokymography and balhstocardiography have no counterpart i the
methods of physical exammation and supply essential data which otherwise
would be unavailable, even m a rudimentary form

The graphic methods are based upon the transcription of objecttve man:
festations of the activity of certan organs 1n cardiology upon the activity of
the heart and vessels Over a century ago Marey* wrote Science meets
with two obstacles the deficiency of our senses to discover facts and the
msufficiency of our language to describe them The object of the graphic
methods 1s to get around these two obstacles, to grasp fine detais which would
be otherwise unobserved and to transcibe them with a clanty supertor to
that of our words

Graphic methods translate most obscure phenomena nto clearly visible
variations and enable the observer to grasp at a glance the details of the
normal or abnormal function of an organ

The graphic methods can be divided 1nto four groups
1 Those dealing with mechanical mamfestations
2 Those dealing with sound mamfestations
3 Those dealing with electrical manifestations
4 Those using radiation methods 1n the study of the cardiovascular function

MECHANICAL TRACINGS
The first tracings of the radial pulse were recorded by Marey * The fruitful
association between Marey and Potain then led to the study of the cardiogram
the sphygmogram and the phlebogram (Figs 1 and 2) The names of Potain

Fic 1|  The first sphvgmograph (from Marey)
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Friedreich Frangows Frank Dudgeon Jaguet Mougeot and MacKenzie are
connected with these studies and led to the establishment of a well defined
disciphine In our century the names of Wenckebach Rothberger and Sir
Thomas Lews can be added to those of the older authors

t‘-‘mw
Fic 2 The first canhograph Fig 3 The fust plethysmo
{from Marey) graph (from Marey)

For :\bom twenty years the progress of electrocardiography led to a nearly

d of these methods However miterest in them has been

revived later by the need to use mechancal tracings as timers for the wives
of the sound tracing the electrok; of the ball diogram

Balhstocardiography even if descnibed a long time ago has been developed

only w the last two decades and ss now ready to join the other branches of

graphic methods 1 the study of cardiac patients

SOUND TRACINGS

Travings of the cardiac sounds were recorded as far back as 1893 by
Huerthle ® Smce then two methods have competed the electrical method
advocated by Emthoven (Fig 4) Trendelenburg and Duchosal and sub
sequeml} perfected by Lockhart Mannhexmer and Rappaport and Sprague

1 method ad d by Frank and further developed by
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Fic 4 Elect diogram and ph diogram with Emnthoven s method (from
Vaquez)

Gerhartz Ohm Wiggers and Dean and Braun Menendez and Onas In the
view of the author, the former technic, which now makes use of the most
refined tools of electronics has become far supertor to the latter

ELECTRICAL TRACINGS

Action currents were described 1n the ammal heart by Matteucc: m 1843
and were further studied by Engelmann m 1877 Ten years later Waller®
recorded the first electrocardiograms m man Einthovens invention of the
strng galvanometer' 1 1903 avorded the need to correct the tracngs and
permitted the study of clinical cases (Fig 4) Since Emthoven, the names of
students of electrocardtography have become a legion * Those of Hering
Hoffmann, Wenckebach, Thomas Lewts Pardee and Wilson are among the
most outstanding

RADIATION METHODS

This category includes all tracings recorded by means of rays, from
the mfrared to the visible rays and from these to the ultraviolet The most
important tracings are those based ypon graphic tracings of the motion of
the heart as revealed by roentgen rays These studies made possible by Roent
gens discovery® were first developed by Stumpfs techmc of roentgen
Lymography * Later on, the use of the phototube permutted the development

 Lepeschkins book which does not include arrhytbmias quotes about 10000 articles on
clectrocardiography between 1934 and 1950
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of the more wieldy and practical method of electrokymography described by
Henny and Boone However, infrarays are used i the still developmng techmics
of dielectrography and rheocardiography, visible rays are used in plethys
mography of the fingers and toes through photoelectric recordmgs tracings
of atomic discharges within the heart are used 1n radiocardiography, described
by Prnzmetal ®

It can be concluded that modern tect I I pulsations
whether slow (arterial pulse apex beat) or rapxd (heart sounds), electrical
pulsations (electrocardiogram) and light pulsations whether slow (visible
rays) or rapid (x ray atomuc discharges) Modern techmcal development has
permrtted us to transform these phenromena mto electrical pulsations so that
all these tracmgs can be simultaneously recorded on 2 film and compared
with each other

REFERENCES

1 EINTHOVEN W  Die galvanometnische Registnierung des menschlichen Elek
uokardlogmmms zuglexch cime Beurtheilung der Anwendung des Capillar
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1903
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Herztonmarkierung und ueber eme Methode zur mecharusche Registrierung
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7 Stumprr P Archiv und Atlas der normalen und pathologlschen Anatomie
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§ WaLer A D A demonstration on man of electromotive changes accom
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CHAPTER 2

The Heart Beat

The sole function of the heart 1s the production of a rhythmic mechanical
contraction which sets the blood 1n motion throughout the circulatory system

The heart muscle has four basic properties automatism excitability con
ductivity, and contractility A fifth tonus 1s under discussion

Automatism 1s the property of producing rhythmic stimuli It exists 1n all
parts of the myocardirm but 1s far better developed i the specific tissues of
the heart (pacemaker and conducting system) Excitability 1s the ability to
react to stimuli Conductivity 1s the ability to recerve and transmit stimuli
Contractility 1s the ability of the heart muscle to shorten itself thus performing
work

When the heart 1s stimulated 1ts reaction 1s of maximal intensity what
ever tfie itensity of the stmufus In normal conditions all fibers of the
myocardial syncyttum have the same threshold and respond to the stmulus
However varattons of excitability and contractility due to either changes
m the 1mtial length of the fibers or chemical changes may modify the in
tensity of reaction to a stimulus

The heart muscle does not react to a shmulus durmg contraction, 1t reacts
only to a strong stimulus immediately after the end of this phase In other
words the muscle 15 first 1 an absolute refractory stage then in a relative
sefractory stage If an abnormal stmulus causes a premature contraction the
heart muscle will be 1n a relative refractory stage when the next stimulus

g
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arrives, the latter will elicit no contraction and there will be the so called com
pensatory pause

Distention of the cardiac chambers by an increase of venous return 1s fol
lowed by proportionally stronger contractions (Starling s law)

In the human heart the pacemaker lies 1 the sinoatnal node (s a node)
at the junction of the supersor cava with the right atwm (Fig 5) The impulse
set up by the activity of the pacemaker spreads Like a wave 1n the atnal
musculature and reaches the nght atrial appendage shightly before the left
Excitation of the atrioven
tricular node (av node)
precedes that of the right
appendage Then however
the progress of the stimulus
meets with an 1mportant
delay (ligher resistance or
relay of mmpulse?} Further
progress of the smulus takes
place with greater speed m
the bundle of His and 1ts
branches The endocardial
surface of the septum 15
reached first that of the Ieft
side before that of the nght
However penetration from
the endocardium to the ept
cardium 1s slower on the left
side on account of its greater ; s s h* '[‘h - ; . . f:;

16 cheme of the conducting system of the
i’t‘:ﬁ?ﬁ;:&alﬁ‘:inﬁil alzee{; heart I SA node 2 AV nodeg 3y bundle of
Hts 4 nght branch 5 left branch
after the night

THE ELECTROCARDIOGRAM

The human body can be considered as a medium which permuts the con
ductron of electricity mn all three dimensions Electrical currents generated 1n
the heart reach therefore any other pomt of the body

In a hwmng cell at rest the mside of the cell 1s negative the outside positive
The cellular membrane s polanzed and impermeable to electrical currents
When the cells are excrted a sudden decrease in the electrical resistance of the
membrane takes place, the negative 1ons flow outwards and the difference in
potential between iside and outside disappears The cell 1s now depolarized
and 1ts outer surface becomes negative 1n relation to other surroundmg cells
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Usually stimulation of a cell causes first a local depolanzation, then a
spreading wave of excitation and depolanization Following depolarization,
the process of repolarization takes plice resulting 1n a return to the previous
condition

In the heart, the wave of depolanization reaches first the endocardial surface
and spreads from there toward the epicardium For this reason, the balance of
electrical forces 1s such that at any time rhe endocardial surface of the heart
1s relatively negative in comparison to the epicardial surface This 1s easily
proven by cardiac cathetert
zatron and comparison of an
mtracardiac with a conven
tional electrocardiogram
(Fig 6) (see p 249)

The  electrocardiagram
(ecg) 15 a composite curve
m which vartous accidents
or waves have a defimte
position These waves have
been called P, @ R S and
T The first part of the ecg
composed of P and mmor
accidents 1s called the atrial
complex The second part
composed of QRS and T 15
called the ventricular com
plex (Figs 7 and 10 p
234) Details of the tracings
m the various leads and
therr interpretation will be
Fic 6 Intracardmc and extracardac electro  given mn Chapters 25 28
cardiogram Excitation of the s a node

1s revealed only by an intra
cardiac electrode The P wave 1s the result of the activation of both atria
The normal Q wave represents the actwvation of the septum and QRS repre
sents the pertod between beginmng and completion of ventricular activation
The T wave represents the result of ventricular mactivation

MECHANICS OF CARDIAC ACTION
Atral Contraction
The heart cycle starts with the contraction of the atria (or atnal systole)
Following the wave of excitation which spreads from the pacemaker (Fig 7)
a wave of contraction starts at the openings of the cavae and spreads toward
the ventricles Animportant backflow 1s prevented i normal conditions by the
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A

Fi6 7  The vanious phases of P
gram (Ecg) Upper shetches =spreading of the sumulus Lower sketches=

electrocardiogram 1n chest leads from the nght (above) and the left side
(below)

d with the el d

carly contraction of the musculature surrounding the mouths of the large
veins and by the high level reached by the venous pressure at that moment

Atnal contraction takes place 1n that short phase which precedes ventnicular
contraction and whuch 15 called presystole As the av valves are already
open there 15 only 2 shight nise i pressure within the atria dunng atnal con
traction while a certan 1ncrease of ventncular pressure also takes place
Atnal contraction completes ventricular filling and contnibutes to the normal
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function of the a v valves In rapid heart action and in mitral stenosis the
contraction of the atnia assumes greater importance On the other hand, this
contraction 1s absent in cases with atnial fibnillation

Ventricular Contraction

As soon as the atnal contraction 1s completed, the stimulus has reached
the ventricles and these chambers start their contraction Each ventricle can
be considered as a separate pump which mamntams the flow 1n one drection
on account of the exsstence of valves

Durmg ventricular contractton all diameters of the heart decrease The
contraction starts practically at the same time 1n both ventricles even though

Fic 8 Atnal and ventricular contraction a passive ventricular filing
b active ventnicular filing (atnal contraction) ¢ ventricular ejection and
1ts effect on atnal filing

the left has a nummal delay over the nght All diameters of the ventucles
decrease the atrioventricular floor 1s pulled downwards while the apex moves
but shghily upwards (Fig 8) Increased firmness of the ventricular mass and
shight rotation toward the right press the apex agamnst the chest wall and
cause the so called apex beat or apex thrust

Initiatton of ventricular contraction causes a rapid rise of pressure within
the ventricles and closes the atrioventricular valves For a brief moment, the
leaflets of these valves bulge nto the atrial chambers causing a slight nse mn
pressure within the latter Then the contraction of the papillary muscles
pulls the leaflets downwards and prevents an eversion of the valves

For a short time vemtncular contraction bwlds up pressure withm the
chambers without causing any movement of blood, as shown by a steep nise
m tracsngs of ntraventricular pressure (Fig 9) This phase 1s called the
1sometric contraction period or tension pertod and lasts unl the opemng of
the semtlunar valves
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As soon as ventrcular pressure exceeds that of the respective artery the
semlunar valves of the large arteries open and the outflow or ejection phase
begins During the phase of ejection, the contraction of the ventricular septum
and papillary muscles causes a gradual lowering of the a v floor, this leads
to an mcrease 1 size of the atnial chambers and causes suction and decrease
in pressure in the entire venoatrial reservorr (Figs 8 and 9) From beginnimg
to end, ventricular pressure maintans a steady course due to the isotomc
type of contraction This 15 revealed by the plateau Iike type of the curve of
intraventricular pressure (Fig 9)

As soon as systole of the ventricles ends ntraventricular pressure drops
rapidly to zero The hugh pressure and the eddy currents of the large arteries
cause closure of the semilunar valves The short interval between drop of pres
sure and closure of the semilunar valves 1s called protodiastole Then for a
brief ime, the ventricles are relaxed and empty This is the phase of isometric
relaxation Later the pressure existing 1n the atna causes opening of the a v
valves and filling of the ventricles begins The tricuspid valve opens about
005 sec after the closure of the pulmonic valve the mutral valve opens 0 06
to 0 10 after the closure of the aortic valve

Filling of the Ventricles

Falling of the ventricles takes place n three phases

1 Rapid passne filling 1 early diastole It 1s caused by the difference
pressure between full atna and empty ventricles The entire venoatrial
reservorr experiences a drop 1n pressure in this phase

2 Slow filling duning middiastole with a gradually decreasing movement of
blood because the ventricles are filling up

3 Rapid actove filling 1n presystole This 1s caused by the atnial contraction
which completes ventricular filling

If there 15 rapid heart action the central phase 15 absent If the heart
beats very rapidly ventricular diastole 1s tumultuous and takes place in only
one phase If there 15 atrial fibrllation the third phase 15 absent

Table 1 summarizes the various phases of the cardiac cycle

HEART SOUNDS

Auscultation of the normal heart reveals two sounds (or tones) occaston
ally three Recording of the heart sounds by means of phonocardiography
(p 41) often reveals four sounds (Figs 10 and 27)

The first sound takes place at the beginning of ventricular systole and lasts
through the tension period and the beginming of the ejection period The
second sound 1s shorter 1t takes place at the end of systole and during the
phases of protodiastole and 1sometric relaxation

The name systolic sounds has been suggested by the author® for these



The Heart Beat 15

First Second
Sound Sound

{
|
i

Phono

Carot Trac ' :
Ventricular Systole| Ventricular Diastole
; a Ejectron 3— F R
gz ol -2 ]
%3 z| = 3
! |
AV, s ¢
S AV
Fic 10 Vibrations of the chest wall due to cardiac action Upper trac
mg high frequency vibrations (ph ) Middle tracing low
vibrations (card ) Lower tmcmg Carotid pulsations

4 V avvalves S Semslunar valves

two constantly heard sounds The other two less frequently heard sounds take
place durmg drastole The name drastolic sounds has been suggested for
them °

TIME RELATIONSHIP OF THE HEART SOUNDS

As shown by Table 1 the following dynamtc phenomena take place at the
time of the heart sounds
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1 SYSTOLIC SOUNDS

Furst sound Tmtiation of ventricular systole
Closing of the a v valves
Openmg of the semilunar valves

Second sound  End of ventricular systole
Closing of the semulunar valves
Opening of the a v valves

2 DIASTOLIC SOUNDS
Third sound Rapud passtve filling of the ventricles
Fourth sound  Rapid active filling of the ventricles due to atrsal contraction

Mechanism of Production

First Sounp ComprLEx The mechamsm of production of the complex
of the first sound has been repeatedly investigated but the conclusions of
the vanous researchers are by no means m agreement

Several authors® ® ¢ 3 ! suggested a purely muscular origin of the first
sound On the other hand other authors particularly Dock and Smith and
coworkers ** believe that the first sound 1s due to the sudden tension of the
previously slack fibers of the a v valves A theory of mixed origin 15 advocated
by Wiggers'® who denies the possibility of separating m the sound tracing the
vibrations caused by various structures and adnuts vibrations set up mto the
a v valves the chordae and the ventricular walls

The phonocardiographic studies of Omas and Braun Menendez!® and
Rappaport and Sprague’ led to the view that the first sound 15 due to four
separate factors (atral muscular, valvular and vascular) However while
two higher vibrations were recogmized as comciding with the two main
valvular events no separate vibration or group of vibrations was found as
the result of the muscular contraction

Expenimental studies were conducted by the author with Alimurung and
Lews ® It was proved that the two main vibrations of the first sound complex
cawmcide with those twa waves of the cardiogram and of ntraventrieular
pressure tracings (p 167) which are caused by the two valvular events
(closure of the a v valves and opening of the semmlunar valves) It was shown
that the muscular vibrations of the empty heart are extremely faint and barely
appreciable It was further shown that the first sound 1s the result of both
muscular and valvular factors Sudden changes in muscular tension activate
first the av valves and then the semilunar valves This rapid successton
causes a double vibration of the cardiac wall which 1s further transmutted to
the chest wall including high frequency (sound tracings) and low frequency
(cardiogram) components Although simultaneous with the action of the
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valves these vibrations are likely to anise 1n both the valvular and the muscular
structures as 1 response to rapid changes n tension and pressure In other
words the first sound 15 the audible expression of that complex movement
of the heart which 1s also revealed by the first part of the apical thrust
SccoNp Sounp ComrLex  The sccond sound complex 1s caused mamly
by the closing of the semulunar valves and the resuliing vibrations of the heart
and the chest wall However, vibrations of vascular ongw®™ and even the
opening of the a v valves’ contribute to 1ts formation at least in certain cases
Tuirp SouNp  This sound amnses 1n the ventricular wall as the result of the
vibrattons caused by the onrush of blood at the moment of rapid passive filling
of the ventricles * The third sound has been attributed to valvular vibrations'*
(a theory which now 15 untenable and has only historical interest) or to the
apical impact on the chest wall which may be only a concurrent factor, as
proven by Boyer * It may be added that the author has recorded the third
sound 1n a heart beating within the air chamber of a cardiometer
FourTH SoUNp  This sound arises 1 the ventricular wall and 1s caused by
the blood rushing mto the ventricular chambers because of atrial contraction *¢
Earlier vibrations can be attnibuted directly to the atrial contraction per se but
can be recorded only from the esophagus

Further data on cardiac sounds will be found in Chapter 3

THE ARTERIAL PULSE

The left ventricle empties 1tself at each beat into the aorta This stores a
portion of the blood received so that neither the pressure nor the flow fall too
low before the next ventricular contraction The aorta offers little resistance to
the flow of blood Its great distensibility however gives a variable resistance
according to the rate at which the pressure changes

When the pressure nises suddenly (ventricular systole) the aortic volume
increases considerably and this amounts to the creation of a new space (aortic
reservorr) When the pressure falls (ventricular diastole) the retraction of the
wall can be compared to the reinjection of blood from the reservorr into the
aorta so that the pressure tends to be maintained 1n spite of the lack of flow
from the heart

The pulse wave caused by the contraction of the heart travels through the
aorta and large vessels much faster than the average rate at which the blood
flows toward the periphery The difference disappears on the other hand, in the
artertoles as the pulsating pressure 1s converted mnto steady pressure and flow

At every point of 1ts progress, the pulse wave 1s accompanted by a stretching
of the arterral walls resulting mn the enlargement of the vessel and by an
acceleration 1n the flow of blood At the closure of the semilunar valves the
recoil of the aorta mamtams the onward drive of the blood At this time the
penpheral arteries are still undergomg distention but they return to therr
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smaller size as the excess of blood flows through the capillartes The distention

caused by the emptyang of the left ventnicle 1nto the aorta spreads through the

artersal system toward the punphery s the form of a wave which 1s felt as
the pulse

FUNCTIONS OF THE VEINS RESPIRATION

The setum of blood through the venous system 15 due only partly to rema
g force after 1t has passed through one or more capillary systems Many
different mechamsms have been secognized which faver the venous retum
(1) contractions of the veins (2) decreasng pressure n the large veins due
to the action of the heart (systolic suction) (3) aspirating effect of the low
pressure exisung 1 the thorax snd mereasing during mepraton {(4) action
of skeletal muscles on the nearest vems

Respiratory dynamics has multiple effects on the heart and on the vews
During inspiration the diaphragm contracts and everts pressure downwards
As a result the following changes take place
1 The mtrathoracic p 15 1 d and the b { ©

mcreased favonn g 2 flow of biood from the abdomen to the thorax
2 The lner 1s compressed by the dmphragm and wrung out
3 The percardal sac 15 4 d and #s p ry smuses open

favonng diastole

As a result the blood will move from the portal circulation to the heart
manly dunng mspiration The blood of the Jower extremities and that of the
head on the contrary Wil show less marhed changes and a more constant
course Stll a remarkable mspiratory collapse of the superfictal vems of the
neck 15 frequently observed
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SECTION A

Vibrations of the Thoracie and Abdominal Walls

Due te Cardovascular Action

The movements of the heart and large vessels are accompanied by move
ments and vibrations of the chest wall Some of them are extremely slow and
may be detected easily by mspection or brmanual palpation They mclude the
massive movements and the see saw movement of the precordium typical of
certain diseases of the heart as well as the filling up of one or more intercostal
spaces durning systole

Other vibrations are more rapid however, they may be appreciated by
mnspection or palpation They include the apex beat the multiple pulsations
of the intercostal spaces and those diastolic pulsations of the cardiac apex
which can be detected 11 cases with trple rhythms (so called gallop rhythms)

Valvular snaps like the closing snap of the aortic or pulmomic valves and
the opening snap of the mitral valve are also sometimes detected by palpation

The normal beart sounds and the additional sounds which may be heard 1n
dastole are usually detected best by auscultatton even though certain drastolic
sounds may escape observatron on account of their low pitch

The drastolic rumble of mutral stenosis the systolic murmur of aortic or
pulmonic stenosts and the systolic clicks of pericardial adhesions may be felt
at palpation the former two are felt as thulls and heard as rough musmurs
Last the soft murmurs of valvular msufficiency cannot be palpated and are
only ausculted being of a very high pitch

CONCLUSIONS

The dynamics of the cardiovascular system causes vibrattons of the chest
wall which are spread over a wide frequency range from the lowest which
are 1n the range of from O to 10 per second to the highest which are in the
range of 600 to 1000 per second These vibrattons can be detected dfferently
by physical or tech | examnation ding to the pitch (Table 2)

On account of the undentable connection extsting between high and low
frequency vibrations of the thoracic and abdommal walls a common ter
mnology should be used for the various waves Therefore the terms 1 2 3
and their subdivissions (Ia 1b 2a 2b) which refer to the heart sounds

23
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TABLE 2 PHYSICAL AND TECHNICAL EXAMINATION OF THE
PULSATIONS OF THE PRECORDIUM

Frequency
range of Physical Techmical Type of
Phenomenon vibrations method method mucrophone Chest piece
General movement (-5 Inspection Cardrography Linear Large open
of chest wall (palpation) bell
See saw  move
ment Apex beat
Diastolic sounds 5-50 Palpation Cardiography Linear Large open
(3rd & 4th (ausculta (phonocar {stetho bell
sounds gallop tron) diography) scopic)
rhytbm)
Systolic sounds 10-100 Auscultation  Phonocar Stethoscopic Large or
(1st & 2nd (palpation) diography medivm open
sounds) bell

Valvular snaps D1 10-150 Auscultation  Phonocar Stethoscopic Medum open
astohic rumble at (palpation} diography bell
apex

Systolic  murmurs  150-1000 Auscultation  Phonocar Stethoscopic Open bell or
Diastoltc  basal  (or d h (
murmurs  Fric  higher) bells
tion rubs

should be used for the waves of the apex cardiogram (p 64) epigastric
tracing (p 74), and esophagocardiogram (p 110)

The techmcal study of the rapid and slow vibrations of the precordium will
be described 1n the following chapters



CHAPTER 3

Traangs of the Rapid Vibrations
of the Chest

{PHONOCARDIQCRAPHY OR STETHOGRAPHY)

HISTORY

The first attempts to record heart sounds were made by Huerthle m 1893 2
He connected 2 mrcrophone with an induction coal thus 1n turn excited a frog
nerve muscle preparation which scratched 2 tracang on a smoked screen In
1894 Esnthoven and Geluk™ replaced the frog preparation with a capillary
electrometer and obtawned 8 graphie prcture of the first heart sound Later
Eunthoven' substituted the recently mvented string galvanometer to the elec
trometer greatly mncreasing the accuracy of the method (Fig 4)

Durng the sarme pennd a mechamcal methed for recording heart sounds
was devised Frank™ 1n 1904 expes d with hes seg capsule which
later became widely accepted for recording pulsations of the beast and blood
vessels s method consisted of a stethoscope apphed 1o the surface of the
chest connected by a tabe to a capsule covered by a rubber membrane
Amphfi of the wit was Iater obtawsed by usmg a hight beam
reficcted by a small mirror with one edge cemented to the membrane The
membrane was later made of hving tissues * glass ® cellowdin ® or gelatin %
With this roetbod smpartant studses on heart sounds were made by Gerhartz 7
Garten * Ol ** and Hesy *

25
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vibrations ranging between 5 and 400 cycles per second while cardiac mur
murs may reach 600 and only exceptionally 1000 cycles per second As a
result some of the vibrations caused by the heart are maudible and can be
called tnfrasounds while most of them are only poorly audible

4 The scale of sensitivity of the ear with regard to frequency mereases very
rapidly so that 1t can be represented by means of a loganthmic ratio The
bel 15 the loganthm of the ratio of two values of sound power the dectbel
1s one tenth of the bel Doubling a given sound pressure increases by six
decibels the sound heard whatever the onginal Jevel *2

5 In the lower frequency range the pitch may be varted rapidly without
detection by the ear

6 In the presence of certam sounds the ear 15 unable to detect other
sounds This phenomenon is known as mashing A high pitched tone may
easily mask a Jower pitched tone if the frequencies are closely spaced There
fore an ncrease mn mtensity obtaned by mstrumental means may Jead to an
entirely different perception, sumply by revealing low pitched tones which were
masked

Microphones

DIAPHAAGM

A mucrophone 15 2 device
which transforms sound
waves mto equivalent elec
trical pulsations The three
main types in order of their
CASE development, are the carbon

CORNECTING WIRES granulemicrophone themag
Fio 11 Cross section of a crystal microphone  pepyc type of telephone re

cartridge (from Rappaport and Sprague courtesy
G the & V Moshy Cp) Pragu cever and the crystal micro
phone Of these only the last

need be considered here

The piezo electric crystal microphone (Fig 11) 1s based on the principle
that stresses set up 1m 2 erystal of rochelle salt (o quartz) by sound waves
vaty proportionately the output of electric potentials The natural period of
the crystal 1s about 10 000 cycles per second Even if this 1s somewhat lowered
by the diaphragm 1t 1s still far above the frequency of the vibrations set up by
the heart Three different adaptations of this microphone have been developed
one for cardiography and two others for phonocardiography (Fig 12)
THE LINEAR MicropHONE  This device™ can record all vibrations set up
by cardiac action on the surface of the chest without any distortion (Fig 13)

The Iimear microphone satisfies Weber s criterion® of being amplitudenge
treu or faithful to true amphtude

Vibrations between 0 and 1000 cycles per second are registered The value
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of the electrical potential 1s proportional to the intensity of the vibrations
As the low frequency vibrations are much larger than those of the cardiac
sounds (even 10,000 t:mes) the degree of amplification needed to register
the former 1s so small that the latter will be recorded only as mmute notches,
or not at all
The response of this microphone 1s modified by the charactenistics of the

amphfying galvanometer which 1s used In the Sanborn stetho cardiette the
galvanometric channel used mn conjunction with this microphone had a
deflection time of about 0 01 second, more than ample for cardiographic and
sphygmographic purposes In the newer twin beam Sanborn this time 1s further
reduced to about 0 005 second About 02 sccond after a stress the system
returns slowly to zero (see Appendix A) This mnterval 1s more than sufficient
for cardiography and sphygmography The return to the baseline should not
be forgotten 1n the evaluation of the slow dastolic waves of the heart

THE STETHOSCOPIC MICROPHONE In this microphone # *° a specral case
contains the cartnidge and an acoustic high pass filter Thus filter elimimates the
vibrations of extremely low frequency having importance only for the mechan
ical cardiogram and protects the crystal from sudden high pressures The
filtering 15 made by a duct or channel which allows passage of all vibrations
above 30 per second while 1t arrests or decreases the slower vibrations More
over the response of the stethoscopic microphone has a rising charactenstic
so that the higher the pitch of the sound the better 1t 1s transmitted (Fig 12)
The resulting tracing corresponds to that auditory picture which 1s presented
to the ear by an average stethoscope It permuts the study of both relatively
slow and relatively high frequencies and includes many vibrations which bemng
barely audible or not audible can be termed 1nfrasounds

The electrical pulsations of a stethoscopic microphone are transmutted to a

galvanometer having special characteristics In the Sanborn stetho-cardiette
this galvanometer 1s able to reproduce correctly vibrations as high as 600
per second In the twin beam the pertod of vibration has been further 1m
proved so that the galvanometer of the sound tracing 1s able to reproduce
correctly vibravions as hugh as 1000 per second

THE LOGARITHMIC MICROPHONE ~ The over all frequency response of this
microphone** * 1s equivalent to the sum of the curve of the human audiogram
plus that of the average acoustic stethoscope The resul 152
graphic picture of the heart sounds as they are percened by thc average
observer This 1s obtamed by the use of a different acoustic filter attenuating
the low frequency components of the sounds or murmurs As this 1s compen
sated through greater amplification* 1n order to obtain a tracing of sufficrent
amplitude the resulting record 15 comparable to the climcal mpression of

* The observer stmply turns the knob which regulates the amplification of sounds on the
panel of the stethograph The amplification ncreases on a loganthmic scale
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the observer This 15 obtamed by a distortton which leads to a Jogarithmic

type of amplification of the cardiac sounds comparable fo that of the human

ear (Fig 12) (other deficiencies of the ear naturally cannot be introduced)

The resultant tracing permnts a better transcription of the high pitched or

soft murmurs like the aortic diastolie murmur This microphone corresponds

to the cnterton of Weber® as being gehoersachniich or faithful to hearng
because 1t reproduces the waves as they are heard

The galvanometer employed for recording the tracing has as already said,
the ability to reproduce vibrations up to 600 per second n the stetho carduette,
up to 1000 per second 1n the twin beam

In summary these are the characternistics of the three microphones

Linear records pracncally only the s]ow vibrations 1t 1s used for

graphy and sphygmog!

Stethoscopic reccrds all sound vxbrauons, however, the very slow are
filtered out the very high may be poorly transcribed if they are
small 1t 1s used for a bastc study of the patient

Logarithmic  records all the sound vibrations distorting them 1n a logarith
mic way as does the human ear, it 1s used for cheching chncal
impressions and for recording high pitched murmurs usnally
made of small vibrations even if they seem loud’ upon
auscultation

Amplification Systems

The latest Sanborn apparatus, the mwin beam and the poly beam, have
obviated the necd of switching microphones during the study of a patient A
single microphone 1s used and either a stethoscopic or a loganthmic frecord
can be obtamed by moving a switch which changes the electrical character
wstics of the system The hinear microphone 1s still necessary for cardiograms
or sphygmograms

A special modification of the twin beam used by the author permuts the
study of the transmission of murmurs through the use of two microphones of
similar charactenstics placed over two areas of the chest Two simultaneous
phonocardiograms are recorded through separate channels It can be used also
for the l cording of two ph rams one steth
and the other logaruhnue from the same area and with the same mzcraphone

It 15 superfluous to say that direct wnting electrocardiographs cannot be
used for an accurate study of cardiac sounds and murmurs Still they can be
used if the heart sounds are recorded only for timmng the waves of other
tracings and not for the study of the fine details of sounds and murmurs

The device of Dunn and Rahm' 1s based on 2 single microphone The

output of this 1s carned to three separate amphfiers having different charac
teristics
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1 One responds umformly to all frequencies from 1 to 1000 per second
2 One has the lower frequencies attenuated by electrical filters
3 One has the lower and muddle frequencies attenuated by electrical filters
The three tracings are recorded separately by means of cathode rays
oscillographs It 1s apparent that the three records are basically similar to
those obtaned by the three Sanborn microphones However, they do not
guarantee accurate stethoscopic and loganthmic types of tracing
In the device used by Mannheimer 5 a single microphone 1s used but six
different filters lead to six galvanometers and give tracings corresponding to
the following frequency ranges
(a) Below 100, (b) 50 to 175 (c) 100 to 250,
(d) 175 to 400, (e) 250 to 500 (f) 500 to 1000
Apart from the fact that the entire apparatus 1s unwieldy and expensive,
1t can be noted that several of the bands overlap, so that a correct appreciation
of the actual frequency range of a sound 1s not easy Moreover, no over all
picture 1s given by any of the tracmgs and none 1s comparable with chnical
auscultation

Fic 14 Vanous chest pieces for phonocardiography

The Chest Pieces

The choice of an adequate chest piece 15 important 1n phonocardrography
A first chorce will be made n regard to size (Fig 14) In the expenence of
the author most of the tracings should be recorded by using an open bell The
largest bell able to seat without gaps over the skun of the chest should be
chosen A medm sized bell will be used 1n adult individuals with sharply
curved or promunent nbs It will also be used i young adolescents and
children because a large bell picks up different types of vibrations from
vanous pounts of the heart In young children, a small bell will be used It
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should be hept 1n mind that the larger the open bell the more efficient it 15
1 regard to low frequencies ** However, 1t may present a certam r¢sonance

A diaphrags bell 15 useful only w bringing out cestan high putched mur
raurs ¢ Ths 15 obtawned through suppression of Jow mitched wibrations while
the high pitched are ded throug} d amplfi of
the recording mstriment

The Sanbara Co supplies three open bells of 50 35, and 25 mm dameter
and two membrane bells, one of them has a black ngid diaphragm 0 37 mm
thick and should be used for recording high piiched murmurs the other has
a brown ngid diaphragm 087 mm  thick and should be used for the hughest
pitched murmers

The use of the vanous microphones nd chest preces and the correlation
between these and the physical means of observauon of a patent have been
summarized 1 Table 2 (p 24)

AREAS OF AUSCULTATION OF THE CHEST
AND PLACEMENT OF THE MICROPHONE

Chintcal expessence has shown that normal heart sounds and cectasn abnor
mal murmurs gre heard best 1 some defirite areas of the chest The following
suggestions on the placing of the
mucrophone modify to a certan
extent™ the commonly accepted
schemes (Fig 15)

Mitral Valve

Sounds and murmuss ansing
m the mitral valve are recorded
best n the third and fourth left
mderspace at the apes or along
the left ventricolar border The
murmur of mutral nsufficiency
15 well transmutted toward the
Ieft axila The murmur of mitral
stenosss 15 louder if the patient
1s turned on bus Jeft side 1n order
fo ncrease the contact of the
cardiac apex with the chest wall
Both types of mitral mummurs F'o 15 Asess of auscultation of the
are Jonder  expiratory apnea cardsac sounds and murmurs compared wath
and the same applies to the polsmox;’ of the valves and defects A4, aortic
apening snap of the miral valve X: ve P palmome valve T tricuspid valve

nutral valye B ductus antenosus §
{p 326) ventrcular septal defect
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The diastolic sounds of the heart (third and fourth sounds) are often
louder at the beginning of mspiration or immediately after cessation of apnea
They are poorly transmutted They are recorded best m the fourth and
fifth interspaces or even lower and to the left in cases with left ventricular
enlargement

Tncuspid Valve

Sounds and murmurs ansing 1n the tricusprd valve are recorded best at the
base of the xiphord process or 1 the fourth space at the left of the sternum, 1n
the average case at the night of the sternum, 1n pattents with severe enlarge
ment of the right heart Both the murmurs and the opening snap of the tni
cuspd valve are recorded best m ispiratory apnea *® They are poorly trans
mitted

Aortic Valve

Sounds and murmurs ansing 1n the aortic valve are usually recorded best
in the second and third right mterspaces and are widely transmitted How
ever, the systolic murmur of aortic stenosis 15 also recorded well at the supra
sternal notch 7 and along the carotid arteries The diastoltlc murmur of
aortic nsufficiency 15 recorded best at the left of the sternum if the heart 15
vertical or when the conus of the night ventricle 1s promment (as i combined
defects with mutral and aortic mvolvement) It 1s frequently well recorded
along the left sternal border In exceptional cases 1t 1s loudest at the apex or
over the xiphord process If famnt 1t may become louder by placing the patient
1n a sitting position

Pulmonic Valve

Sounds and murmurs ansing 1n the pulmonic valve are recorded best 1 the
second left interspace and are poorly transmitted However, the murmur of
pulmonic stenosis can be recorded below the left clavicle, that of pulmonic
msufficiency at the base of the xiphoid process

Ventricular Septal Defect

The murmur arstng 1n a ventricular septal defect 1s recorded best in the
third and fourth left interspaces near the sternum It 1s poorly transmutted
toward the apex well toward the third and fourth night interspaces

Patent Duclus Arteriosus

The murmur ansing i a patent ductus arteriosus 1s recorded best in the
first and second left mnterspaces It has a wide transmussion to the right of the
sternum the suprasternal notch and along the carotid arterses It has wide
respiratory vanations
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TECHNIC OF RECORDING

The first precaution to follow before recording a phonocardiographic trac
g 1s to make sure that no superfluous extrinsic noises origmnate 11 or are
carmed to the phonocardiographic room They are an wmportant cause of
artifacts 1 the tracing The optimum conditions are found 1n a specially pre
pared soundproof room where only the patient and the operator are present
dunng the taking of the record On the other hand fauly good tracings can
be recorded m any room—even 1 2 hospital ward—if the following pre
cautions are observed
Other people 1n the room (students nurses other patients) should be
cautioned against moving objects, walking or talking
Doors and windows should be closed 1n order to avoid as far as possible
street and hospital noises No one should be allowed to enter or leave the
room during the study of the patient
If heavy street or air traffic exists in the vicrmity one should wait for
occasional lulls in the noses before taking the tracing or repeat 1t of the
noses start suddenly during registration
Respiration 1s a frequent cause of artifacts because the frequency of vi
bration of the breathrng murmurs 1s similar to that of certain heart sounds
and murmurs and cannot be filtered out electrically The construction of a
spectal mechanical filter may be possible and 1s now under study 1 the author s
laboratory

The most common artifacts (Fig 16) are caused by (a) room nosses (b)
respiration (c) rales (d) gastric or mtestinal nowses Apart from their sound
charactensstics all of these murmurs have no constant tume relatronship with
the cardiac cycle and are therefore easily recognized 1f a suffictently long stup
15 recorded

As a preliminary step the operator shall mstruct the patient on how to

hold his breath  Most patients learn easily to stop breathmg and to hold a
posttion of intermediate apnea during ¢ach of the subsequent tracings When
ever there 1s difficulty the operator should close nose and mouth of the patient
with is hand This maneuver 15 not objected to even by children if ts
purpose 1s explammed beforehand It 1s advisable to induce sedation 1 nfants
by a phenobarbital or seconal supposttory (50 mg of sedatrve) from thirty
to forty mimutes before recording the tracing

The phonocardiogram should be recorded with the patient supme or if
there 15 orthopnea propped up by pillows over a bed or examination table

A long rubber strap 1s passed over the right arm and under the left armpst
so that 1t crosses the chest obliquely The electrodes for electrocardiography
are placed over the lower parts of the four imbs (p 226) and conmected
with the wires of the electrocardiograph The audiophone 15 plugged into the
apparatus and placed mn the ears of the observer Then a stethoscopic micro
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Fic 16 Artfacts m the ph d A—E noses® and
gastnic gurglex B—Musical gastnic gurgle“ C—Musical rhonchus® follow
g other rhonchi** D—Musicale rale*<xx E—Intestinal gurgle=x and extra
neous nosses* F——Various extraneous noises

phone 15 connected with the selected chest prece and placed over the chest
held by the rubber strap (Fig 17)

The following areas are studied 1n succession 1 the routine examination
(Fig 18) apex mudprecordium pulmonic area, aortic area and tncusprd
area For each of these a ble degree of ampll 1on 1s cnosen one which
gives an amplitude of vibrations of about 15 to 20 mm while at the same time
the sounds or murmurs are heard correctly by means of the audiophone For
each area the operator should record at least 5 cycles if there 1s bradycardia
10 cycles if there 15 tachycardia If the pattent 15 unable to prolong hus apnea
each tracing will be taken twice mn order to permit an accurate study of the
various cycles

Whenever the study of a patient requires the use of special areas a special
posiion of the patient or a special type of apnea additional records are
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Fic 17 Techmeal set vp for i ding of a
an electrocardiogram

taken before changing the type of ph Also, gs may be re
corded wath dufferent chest preces Then, logarthouc tracings are recorded
over the various areas and the entire procedure 1s repeated

If the twin beam 15 used first a stethoscoptc and then a loganthmic phono
cardiogram shall be recorded for each area The change from the one to the
other 15 obtained simuply by flipping a switch Then an snureased amplification
should be vsed

Role of Electrocardiegram

Al the above tracings include the 1 recording of a ph d)
ogram and an electrocardiogram  The latter 15 used mostly 1n order to time
the waves of the former Tt the electrocardiographic Jead ging the

tughest waves (usually lead 2 occastonally 1 or 3 or even a chest lead) will
be selected Al tracings are recorded with a film speed of 75 mm . per second*
m order to spread the sound vibrations sufficiently for study As the spreading

*Dunn and Rahm'® advocate a speed of 200 mm per second The author believes that
one of 300 mm per second would be optmal without requinng unnecessary use of film.



38 The Heart Beat

of the waves makes them less sharp, the voltage of the electrocardiogram
may be 1ncreased to 2 or 3 cm per mv whenever the complexes are small
The electrocardiogram 15 helpful for the timing of three events
1 The beginming of ventricular systole This point has been the source of
considerable discusston Practically, 1t can be placed at the peak of R when
ever the QRS complex has a normal duration Any set of vibrations preceding
R should be considered presystolic There may be a greater delay between R
and the hughest vibrations of the first sound in patients with pure mutral
stenoss and atnal fibrillation especially when diastole 1s short (p 330) *
2 The end of ventricu

lar systole Theoretically,

| % mechanical systole should

end at the end of T How

¢ ever, 1 patients with
= é myocardial gamage ads
@ W sociation between the two
— points 1s possible * More
- -~ over the end of T 15 far
7 N from being sharp and may
not be easy to appreciate

/ Af \ if this wave 1s low or

diphastc
3 The nterval between
fourth (atnal) sound and
Fig 18  Areas of placement of the mictophone  for sound (length of PR
m the routme pk diograpk tnterval)
4, apex M mudprecordum P pulmonic Ao In add he elect
aortic T tncusprd, E xiphoid (or ensiform) n addition the electro
cardiogram 1s helpful in

location
cases of a v bloch (location
of atnal contractions) 1 patients with ectopic rhythms (recogmition of the
type of arrhytiuma) and i cases of bundie branch block For ail offier
purposes the electrocardiogram 1s a poor help and mechanical tracings should
be taken as imers Therefore after completion of the first part of the exam
nation the microphone 1s connected with a special chest piece (Fig 19) per
mutung the simultaneous recording of a hnear (cardiogram) (p 64) and
stethoscopic (phonocardiogram) tracing Following this the stethoscopic
microphone 15 agamn placed over the most important area in the particular
case and arrangements are made for recording a phonocardiogram together
with a jugular tracing (p 94), a carotid tracing (p 132) or an electrokymo
gram (p 178)
As will be shown later (p 78) the low frequency tracing of the apex (apex
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cardiogram) 1s the best record for timing the drastolic events of the heart 1n
general and of the left ventricle 1n particular, that of the epigastnium and the
phlebogram afe the best 1n the timing of the events of the nght heart the
carotid tracing is useful in the timing of the events of the left beart The twin
beam permits two additional studies which were not possible before
1 Companson between a loganth
4 mic and 2 stethoscopic tracing from
the same area (ope microphone two
electrical circuits)
2 Comparson between two stetho
scopic or logarthmuc tracings of two
different areas (two microphones

b1

Fic 19 Scheme of the chest piece
for simultancous recording of phono
cardiogram and cardiogram with two
crystal mrcrophones 4 outlet for the

two circutts) This may be useful
the study of the irradiation of mur
murs and 1n the companson of dif
ferent extra sounds recorded over two
areas

phonocardiogram B outlet for the

drog? (From Rappaport and
Sprague courtesy of the C V Mosby
0)

CALIBRATION

The problem of calibration of
heart sounds and murmurs has b&n a
stumbhing block for several decades While a chnical tracing may be studied
and d d without r to the absolute mtensity of murmurs there
1s no doubt that knowledge of the latter may be of use The problem 15
rendered complex by the fact that several extracardiac conditions indepen
dent of the recording apparatus may modify the mtensity of the sounds or
murmurs

A calibrator was devised by Olsen and Massa It was modified by Stodel
and later by Dunn and Rahm ! In the last device companson was made
between two Juxtaposed cathode ray beams

A calibrator has been mtroduced in the Sanborn twin beam 52 This 15 based
on an electrical vibration of the phonocardiographic circuit which corresponds
to a period of 60 vibrations per second and a loudness of 90 decibels 1t 15 set
up by pushing a button on the panel Tt 1s apparent that this device 1s effective
only m the evaluation of the degree of electrical amplification and m the
degree of weakening introduced by the various acoustic and electnic filters
It cannot evaluate cardiac or extracardiac causes of weakening of the vibra
tions

A further study was made 1 the author s laboratory of the degree of inter
ference brought about by the lungs and the other extracardiac tissues A small
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chamber contaming an electric bell 1s placed against the left pectoral muscle
and held by a rubber strap while the stethoscoptc or loganthmie microphone
1s placed over the area to be studied While the film 15 moving at a speed of
10 mm or 25 mm per second first the button of the electrical calibrator

!A{ B

= = = 2
Fic 20 Calibration of heart sounds
m [=imsprration and 2=exprration
A, electric calibrator B acoustic cali
brator While the electnic calibrator
goves unchanged vibrations (cahibration
of the apparatus) the acoustic calibrator
gnves louder vibrations when the heart
sounds are louder (calibration of the
patient)

1s pushed then that of the bell
The sound vibrations of the latter,
which have an ntensity of 90 deca
bels travel through the chest wall
and lungs to the microphone placed
at the apex or base of the heart As
shown in Fig 20 the electric cal
brator gives the same amplitude
whether the subject 1s 1 expiration
or inspiration The sound calibra
tor on the other hand gves vibra
tions which are louder in expira
tion famter 1n inspiration, varying
i the same way as the heart
sounds

Following this procedure cal
bration will be effected for each
film strip and with both devices
electric and acoustic with a film
speed of 25 mm per second

DEVELOPING FIXING AND
MOUNTING

Development and fixing of the
records 1s made n the same way
as for any bromude paper used n
photography On account of the
Iength of the film strips large tanks
lihe those used mn roentgen ray
laboratories, are to be preferred
The solutions used mn the above
laboratories are adequate

After drymg the film will be

rolled tightly for twenty four hours then unrolled and stretched over the
edge of a table It may then be cut stapled to paper sheets and preserved in

folders
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ANALYSIS

The interpretation and analysts of a phonocardiographic record 1s the most
important and the most difficult part of the study It 1s performed best by an
observer who 1s fully aware of the chinical problem either because this has
been presented to him or because he has examined the patient and has
formulated the problem humself

The reading of a phonocardiogram permuts only a technical diagnosis List
ing of the data may be followed by the statement that these are consistent with
a certan chnical diagnosts The fatter will be formulated only by one m pos
sesston of both physical and technical data
The following points should be noted
The cardiac sounds 1n each cycle Relatwve loudness of the first and second
sound Existence and loudness of additional sounds 1 diastole
Total duration of the first sound Duration of its various phases (pp 46 47)
Total duration of the second sound Possible splitting of this sound
Existence of an opeming snap
Existence of a systolic murmur Time duration pitch general shape of the
vibrations Area where recorded best
5 E of a drastol Tiune duration pitch general shape of
the vibrations Area where recorded best
Exstence of a presystolic murmur
Recognition of friction rubs
Recogmtion of a systolic snap

—
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REQUEST FOR A PHONOCARDIOGRAM PHONOCARDIOGRAPHIC REPORT

The systematic work of a laboratory of phonocardiography i1s made easier
by the use of special ships for the request of such tracings and for reports upon
them Figures 21 and 22 are examples of the slips used 1 the author s Iabora
tory (pp 42 43)

SOUNDS (OR TONES) OF THE NORMAL HEART

The phonocardiogram of a normal subject may record up to four heart
sounds as first shown by Houssay ? and Ius pupils It 1s customary to call the
two loudest and most commonly heard sounds (or tones) the first and the
second sound As demonstrated below the first takes place duning early ven
tricular systole the second during 1sometric relaxation, 1e at the end of
ventricular systole For this reason the author suggested that they be called
the two normal systohc sounds® The other two less constant sounds are the
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Name. Age. Date.
Chnic Admission or

or Ward Disp No
Referred by.

Tentative

Di

5
Problem at

Early Mid
Systole Diastole Duastole Presystole

Apex
Midpre
cordium
Pulmonpary
Area
Aortic
Area
Trcuspid
Area

Extra sound
or snap

If harsh murmur mark O
If snap or sound, mark M

If soft murmur mark V

Fig 21  Reguest for phonocardiogram

third and fourth sound they take place during diastole According to the
same classification they should be called the two normal diastohe sounds*®

Systolic Sounds

FrsT Sounp COMPLEX  This sound should be called first sound complex

on account of the complexity of its configuration * It has been stated® * that
four factors enter mto 1ts formation the atrial the muscular, the valvular, and
the vascular Actually the muscular factor 1s revealed only mndirectly through
the effect that the confraction has on the position of the valves The atmal
factor 1s to be taken mto consideration only mn children where the fourth
sound seems to continue imnto the first Therefore only the vascular factor may
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Nare. Age. Date.
Clinie Admussion or
or Ward, Clmie Ne.
Refersed by,
Early Mud Presys
Diastolic  Drastolie  tolic Second  Drastohi

Systolic  Murmur Murmur  Murmur  Sound Sound

Apex

Mudpre-
cordium

Pulmonic
Area

Aortic
Area

Tricuspid
Area

These data are consistent
with a diag of

Fig 22 Phonocardiographic report

occastonally cawse separate vibrattons All other vibrations are due to a
pl )! i {p 17) even if separate elements or

components may be recognized frequently within the sound complex

Four parts have been described withmn the first sound complex ¢ ! ** The
author prefers to recogmize five

Part I 1s a low piiched vibration of medium height which comeides with the
R wave of the electrocardiogram or shightly follows 1t (Fig 23) Tt may follow
immeduately a fourth (atnal} sound 1n young individuals but usually 1s well
separated from 1t It has been considered as an atrial component of the first
sound However cases with a v block or atrial fibnillation present this vibra
tion * Therefore 1t should be considered as comcdent with and caused by
sminal ventroular tepsion This vibration comeides with the early nse of the

Tonl.
valvular
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First Second
Sound Sound
Fourth os
Sound
Phono g
et e
BSESesSc—cEe==El
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Fi 23  The heart sounds of a young adult Stethoscopic phonocardiogram and
electrocardiogram Two louder vibrations are vistble within the first sound comple
The opening sound of the mitral valve (os) 1s clearly visible within the second
sound-complex (From Luisada ez al Bnt HeartJ)

apex cardiogram and falls during the descending branch of the a wave of the
phlebogram (Fig 52) ¢ #
Part II consists of one or two large vibrations which are indirectly caused by
the closure of the a v valves This part of the sound coincides with
1 A smali notch 1n the electrokymogram of the left ventncles* (Fig 89A)
2 An early wave which may mitiate the ¢ wave of the phlebogram®® (Fig
52)
3 The mtial nise of the tracing of mtraventricular pressure (Fig 32)
4 The G wave of the balhstocardiogram® (Fig 44) It precedes the nise of
the pulse tn the carotid and subclavian tracings
Part II1 1s made of smaller vibrations which may tnclude vibrations of the
myocardal walls or of the chest wall It 1s not always visible because if 1ts
vibrations are hugher they cause fusion of Part II with Part IV
Part 1V consists of one or two large vibrations, simular to those of Part IT
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Fic 24 Loganthmue (L) stethoscopic (S) and hnear (Card) tracings re
corded at the apex s a normal child 2 years of age (supenimposed)

It 15 caused 1ndsrectly by the opening of the semulunar valves of the aorta and
pulmonary artery® (p 17) This part cotresponds with

1 The begmming of descent of the main ventncular wave in the electro
kymogram of the left ventricle (Fig 89A)

The nse of the pulse m the electrokymogram of the ascending aorta and
pulmonary artery * as well as 1 the tracings of the suprasternal notch and
of the subclavian and carotid arteries (Fig 45)

The second phase of the ¢ wave of the phlebogram*! # (Fig 52)

The H wave of the ballistocardiogram®* (Fig 44)

The mazimum height m the tracing of intraventricular pressure (Fig 32)
Part V takes place duning the ejection period ** * It 1s made of one or two

[N

[T Y
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Fic 25 Loganthmic stethoscopic and linear tracings recorded at the ape< 1n 2
normal young adults (superimposed) Symbols as n Fig 24 Waves 3 and 4 of
the linear tracing correspond to the posttions of the 3rd and 4th sound

slow vibrations wath superimposed rapid vibrations It s caused by distention
of the large arteries and by whirlpools of the blood flowng to them
Duration of the First Sound Complex  The division of the first sound into
five parts has important theoretical implications however a smphfied method
of study has practical applications, as pomted out by the author and his co
workers ** The main portion of the sound 1s made of large irregular vibrations
(Parts II TH IV) while the beginning (Part I) and the end (Part V) are
made of slower vabrations It 1s not always easy to locate the beginnmng and the
end of these two phases, especially the last Therefore 1t has been suggested™
that the sound be divided into only three phases (Fig 29)

1 First phase small coarse mitial vibrations

2 Second phase large fine central vibrations

3 Third phase small coarse final vibrations

TABLE 3 AVERAGE DURATION OF THE HEART SOUNDS THEIR
PHASES AND THEIR INTERVALS

Age groups  Eust sound at apex {sec} Second sound af base (sec) 3d gy roHHI
{years) Ist  2nd  3rd Ist  20d  3rd  sound

Total phase phase phase Total phase phase phase (sec) (sec) (sec)

Befow 4 0070 — 0040 0030 0060 — 0020 0040 — — —_
4-10 0120 -— 0040 0080 0110 0010 0055 0050 0050 0060 012
11-20 0147 0016 0065 007! 0120 0020 0034 0056 0050 0060 014
21-40 0146 0020 0063 0078 0114 008 0043 Q0S5 006! 0064 CI6
41-60 0149 0020 0057 0080 0098 0013 0040 0053 0057 0061 018
Above 60 0141 0024 0050 0080 0085 0010 003§ 0044 — 0050 —
Overallavg 0146 0020 0050 0077 0104 0015 0039 0052 0059 0 :(5
5

3

8
above age 10 (46%) (38%) (50%) (78%)(50%)
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Fic 26 Loganthmic stethoscopic and linear tracings recorded at the apex m a
fiormal man of 70 years of age (supenimposed} Symbols as m Fig 24

The average duration of the first sound and of 1ts three phases can be found
m Table 3 while the extreme vanations are presented in Table 4

TABLE 4 EXTREME VARIATIONS OF THE HEART SOUNDS
AND THEIR MAIN PHASES

Furst_sound (apex) Second sound (aortic area)
Ages Maximum (sec ) Mimmum _(scc ) Max mum (sec ) Min mam (sec)
Total Second Second Total Total Second Total Second
duration phase phase duration duration phase duration phase
1120 016 012 012 004 012 004 008 003
21-40 022 010 009 002 016 010 008 003

41-60 022 010 007 003 014 006 006 002
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"Fic 27  The valvular events of the heart and the heart sounds

A comparson of these data with those of Rappaport and Sprague'* shows
differences of the extreme figures This may be explained partly by the greater
number of subjects studied by us and partly by the different method of
measurentent

The total average duration of the first sound at the apex with the stetho
scopic microphone varies between 0 07 second 1n the infant and 0 149 1n the
age group 40 to 60 The over all average above 10 years was found to be
0 146 second

The average duration of the second phase of the first sound at the apex
varies between 0 04 below age 4 and 0 069 in the age group 11 to 20 with an
over all average of 0 06 second for the ages above 10 years

The maxtnum total duration of the first sound complex at the apex was
found to be 0 16 between 11 and 20 years of age and 0 22 1n the older groups
The maximum duration of the second phase was found to be 0 12 1n the group

First Sound Second Sound

Presyst Tens Ejection Rapid Fill

P L

“Fic 28 The heart sounds and the muscular events of the heart
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“Fic 29 The three schematic phases of the first and second sounds

49

11 to 20 and 0 10 1n the older groups Figures above these indicate the exist
ence of a systolic murmur
Seconp Sounp-CompLex  The second sound should be called second sound
complex because it may be longer than 1t seems at auscultation It 1s caused
by the rapid succession of the closure of the semilunar valves of the aorta and

Phono.

1st

llIIII |

Fic 30 Multiple sounds of 2 normal adolescent In addition to
the first and second sounds there 13 a split third sound

ond

srd

AL

i
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pulmonary and the subsequent opening of the a v valves (Fig 27), as well as
by the causes of these valvular events (p 18) Four parts or components can
be distinguished **

Part I consists of one or two low pitched and small vibrattons caused by the
beginming of 1sometric relaxation of the ventricles

Part II consists of one diphasic or triphasic vibration of high pitch and high
amplitude It 15 caused by closure of the semilunar valves
Thus part of the sound comcides with
The end of the T wave of the electrocardiogram*! (Fig 31)
A small notch of the apex cardiogram™ ** # (Figs 37, 38, and 66)
A small notch of the jugular tracing® ** (Figs 51 and 52)
The pomt s of the pneumocardiogram * (Figs 62 and 63)
The negative peak of the mam wave of the electrokymogram of the left
ventricle® (Fig 89)
The meisura of the pulse 1n the tracings of the carotid and subclavian
tracings (Figs 38, 51 and 66) as well as 1n that of the suprasternal notch
The beginning of descent of the plateau 1n the tracing of intraventricular
pressure (Figs 32 and 79B)
Part T consists of one or two low pitched vibrations of small amphtude
resulting from the shaking of the heart and vessels and representing after
vibrations

Part 1V 1s due to the opening of the a v valves and the result of this event on
the ventnicular wall In most normal subjects this vibration 1s extremely small
or even mperceptible However as proven by the author ** normal subjects
can present m this phase a smgle large but low pitched vibraton which
should be called the opeming sound of the mutral valve (os) (Fig 23)
Patients with lesions of the mutral or tricuspid valve may present a high
pitched vibration called the operung snap of the mitral or the tricuspid vaive
(os)
This part of the sound coincides with
The lowest pomnt of the hnear tracing of the apex or mdprecordium®’
(pownt 25 of cardiogram} (Fig 31)
The » wave of the phlebogram® # * (Fig 57) (this wave may follow o)
The pont ¢ of the pneumocardiogram ® (Figs 62 and 63)
The pont X of the ballistocardiogram® (Fig 44)
A notch which 1s often present m the electrokymogram of the left
ventricle®® (Figs 88B 89C)
Practical considerations have induced the author and his co workers™ to
divide the second sound nto three phases (Fig 29)
1 First phase small maudible vibrations
2 Sccond phase large central audible vibrations

wAs W N -

=3

~

A WwN
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First Sacond
Sound Sound

Third Fourth
Sound Sound

1 110 ' ) ]
1 i< ! ll|" 1 1 ]
JugTrch
1 i [N { 1

Carot Trac

Brach Trac

Fi 31  Companison of the p diogram with the el Jugular
tracing pneumocardiogram card:ogmm carotid tracing and bmchml tmcmg

3 Third phase small final vibrations usually but not always maudible
Duration of Second Sound Complex The average duration of the second
sound complex and of its phases can be found mn Table 3 and the extreme
vanations m Table 4 (pp 46 and 47)

The average total duration of the second sound at the base with the stetho
scopic microphone varies between 0 06 second below the age of 4 and 012
second 1 the age group 11 to 20 The average duration of the second phase
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First Second
Sound Sound

20
Pulm
Am

Fic 32 Companison of the phonocardiogram with the tracings of atnial and ven
tricular pressure (cathetenization of nght heart) and with the electrokymogram
(Eky) of the left and night ventricles
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of this sound varies between 0 020 second below the age of 4 and 0 055 1n the
age group 11 to 20

The extreme vanations are a maximum of 0 16 second for the total sound
and 0 10 for the second phase, 1n the age group 21 to 40, 2 mmmum of 0 06
for the total sound, and of 0 02 for the second phase 1n the age group 41
to 60

First Second

Sound Sound Third Fourth

os Sound Sound

]

Lung } ;

[} ]

1 (I ts 1 t t 1

Fi6 33 Companson of the phonocardiogram with the electrokymograms of
various sections of the pulmonary circulaton

Diastolic Sounds

The diastolic sounds are usually two, the thurd and fourth sounds They may
be fused n a single sound complex whenever there 1s severe tachycardia
Calo” # ® advocated the existence of a fifth sound following the fourth caused
by an elastic reaction of the ventricular wall after the rapd filling This sound
which appears from 008 to 0 16 second after the third sound has been
considered by the author® as the result of sphtting of the third sound
(Fig 30)

THIRD Sounp The third sound 1s not always recorded and is even more
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rarely audible It 15 more commeon m childrer adolescents, and young adults
with a slender body and a flat chest It consists of a single slow vibration,
usually not larger than one third or one fourth of the second sound (Figs 25,
38, 44, and 66) The third sound occurs at the peak of that early phase of
drastole which has been called rapid passive filling  of the ventricles (p 14)

The third sound comncides with
1 The peak of the wave 3 of the apex cardiogram® ** (Figs 25, 30 and 38)
2 The poimt 42 of the pneumocardiogram
3 The end of rapid relaxation in the electrokymogram of the left ventricle * ¢
It follows the v wave of the phiebogram*' ** but may occasionally coincide
with 1t® (Fig 53B) It shghtly precedes the peak L of the ballistocardiogram®
(Fig 48)

As shown 1n Table 3 the tlurd sound has an over all average duration of
0 059 second and may be as short as 0 05 and as long as 0 061 **

The third sound 1s recorded best at the apex, especially 1 the left decubitus,
but may be recorded well at the epigastrium (p 74) Tachycardia renders the
third sound louder
FourTH (ATRIAL) Sounp The fourth sound is seldom audible under
normal conditions It may be heard occasionally m complete a v block On the
other hand, this sound may nfluence dunng auscultation the character of
the first sound so that the latter may be heard as booming snapping or loud
when the fourth sound 1s Iouder than usval It 1s recorded frequently as a
small low pitched vibration having a height of about one third to one fourth
of the first sound (Figs 44 66) It may consist of a diphasic or even triphasic
vibration, and may be followed by a small aftervibration

The fourth sound 1s recorded best at the apex or midprecordium especially
1m the left decubitus but may be recorded at the epigastrium as well (p 74)
It 15 favored by tachycardia It 1s more common 1n children and adolescents

The fourth sound 15 only indirectly related to the atnal contraction A com
panison between tracings recorded via the esophagus (Fig 59) and tracings
recorded at the apex has shown that the fourth sound takes place eather m
the former than 1n the Jatter “'This shows that the sound recorded at the apex
1s only the result of an impact of the blood pushed by the atrial contraction
against the ventricular wall The fourth sound takes place at the peak of the
third phase of ventricular diastole namely that of rapid active filing due to
the atrial contraction (p 14)

The fourth sound has the following time relatronship with the waves of other
ttacings

1 It follows the peak of the P wave of the electrocardiogram mn Lead 2 by an
mterval of from 0 018 to 0 074 second (average 0 043) ** In infants 1t
begins at least 0 06 second after the nse of P
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It beguns after the nise of the a wave of the phlebogram** and may comncide
with the peak of this wave® * (Fig 57)

It coincides wath the peak of the a wave of the apex beat tracing® ** (Fig
25) and of the epigastric cardiogram® (Fig 41)

It comcides with the a wave of the pneumocardiogram ® (Figs 61 and 62)

It comcides with the point G (and occasionally the pomnt O) of the ballis

tocardiogram® (Fig 48)

It comcides with a small positive, atnal wave of the electrokymogram of
the left ventricular wall with the descending branch of the negative atnal
wave 1 the eky of the right or left atnial walls® (Figs 90 and 91)

w > w

o

NORMAL INTERVALS BETWEEN THE HEART SOUNDS

The normal heart sounds are separated by intervals which do not exceed
certamn Iimuts and which should be known Table 3 shows these mntervals i the
various age groups (p 46)

INTERVAL BETWEEN BEGINNING OF THE SECOND SOUND AND BEGINNING OF
THE THIRD  This may be as short as 0 12 second at the apex 1o children
4 to 10 years old and as long as 0 18 second at the base i persons between
41 and 60 The over all average 1s 0 15 second at the apex and 0 17 at the
base 1n persons above 10 years of age

INTERVAL BETWEEN BEGINNING OF THE FOURTH SOUND AND BEGINNING OF
THE FIRST The mimmum 1s 0 05 second at the base between 41 and 60
years of age the maximum 1s 0 072 at the apex 1 persons between 21 and 40

The over all average 1s 0 058 upon all areas of the precordum

INTERVAL BETWEEN FIRST SOUND AND SECOND SoUND  This vartes accord

mg to the various lengths of ventricular systole Duration of electrical systole
vartes according to the heart rate (p 238) mechancal systole 1s shightly
shorter than electrical and can be reckoned as the length of electrical systole
mumnus one half of the duration of QRS 1 other words mechanical systole 15
about 0 04-0 05 second shorter than electrical systole

INTERVAL BETWEEN THIRD AND FOURTH Sounps  This vartes considerably

according to the duration of ventricular diastole If diastole 1s short as
tachycardia this mterval may disappear altogether

MURMURS
Systolie Murmurs
A systolic murmur 15 revealed by the phonocardiogram as a senes of v
brations of different pitches Only 1n certamn cases does the tracing present

regular vibrations of the same frequency then auscultation reveals a mus:
cal or sea gull ery murmur
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The following types of systolic murmurs can be observed (Fig 34)

1 Prolongation of the second phase of the first sound while the over all
length of the sound 1s within average or maximal Imuts (p 46) The murmur
1s mumimal but undemable, as proven by Barrera Cafiedo *

2 Prolongation of the total duration of the first sound which lasts beyond
the peak of the ¢ wave of the jugular tracing or even the peak of the mam wave
of the carotid tracing

3 Murmur in decrescendo (Fig 146A) This has louder vibrations at
first smaller vibrations later, and prolongs the first sound It usually ends long
before the second sound It 1s composed of vibrations of different pitches with
predominance of the higher It1s typical of mitral regurgitation and 1s recorded
best at the apex 1n the left decubitus

4 Diamond shaped™® ot pulse wave ke murmur (Fig 171B) The v
brations start soon after the end of the first sound 1ncrease toward the mddle
of systole decrease later They are made of varous frequencies with predomt
nance of the medum type The murmur 1s typical of absolute or relative
stenosis of the aorta or pulmonary artery The peak of the murmur corre
sponds to that of the pulse in the carotid tracing The stenos:s 15 usually not too
severe and both heart sounds preserve their mdviduality

5 Loud, all systolic murmur typical of severe aortic (Fig 170) or pul
monic stenosis (Fig 189) It covers the first sound lasts through all systole,
and ends with the second sound which may not be visible The vibrations are
loud from the beginnmng and contnue loud esther to the middle of systole
ortotheend It 1s recorded over the second right or the second Jeft interspace

6 Low grade all systolic murmur usually made of high pitched vibrations

(Fig 146C) It lasts throughout all systole but does not cover the second
sound It 15 recorded mostly at the apex and occurs n mutral regurgitation,
especally i children 1t 1s a rather uncommon type of murmur

7 Concerting ke murmur The vibrations show phases of louder and
lower intensity all within a rather narrow band of frequencies The murmur
has the maximum ntensity over the mudprecordum s rather musical and
spreads in several directions It 1s found m myecardial mfarct, followng rup
ture of a chorda tendmea or possibly because of mural thrombr of the Teft
ventricle It 15 also found 1n certamn cases of calcific aortic stenosis, espectally
n older patients

8 Crescendo systolic murmur (rare)

Basal Diastalic Murmurs

Dufferent types can be recogmized (Fig 34)

1 Prolongation of the second aortic or pulmonic sound The second sound
1s made of three or four vibrations n decrescendo It 1s typical of mitral aortic
or pulmonte msufliciency (Fig 160)
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2 Duastolic murmur n decrescendo typical of advanced aortic or pulmonic
msufficrency The murmur starts as a prolongation of the second sound and
gradually decreases 1n intensity until 1t disappears duning mid diastole If the
vibrations are regular, there 15 a sea gull cry type of murmur The latter 15
more common 1n but not exclusive of the everted aortic valve (Fig 160)

3 A brief inter al between the second sound and the onset of the murmur
Thus starts 1 early diastole, reaches a high intensity at the time of rapid filing
then gradually decreases It 1s not unusual in aortic mnsufficiency **

4 The diastolic murmur of aortc nsufficiency has a poor intensty, 1t 15
shghtly louder during the rapid filling then continues durmng most or all of
diastole with a concertina Iike type There may be a further phase of mncrease
during atrial contraction

Aptcal Drastolic Murmurs

Frequently the murmurs are loudest over the midprecordium and should be
called rumbles on account of the predommarnce of low frequency vibrations
(Fig 34)

1 Early dastolic rumble Following the second phase of the second sound,
there 15 a pause of silence then an openmng snap of the mutral valve (Fig 153)
This vibration 1s followed immediately by a varrible number of rregular vi
brations at times only three or four One or two louder vibrations may corre
spond to the peak of the wave of rapid filling *® On the other hand the vt
brations may continue throughout most of diastole ncrease in presystole and
continue until the following first sound (Fig 155)

2 Presystolic murmur (Fig 155C) 1t corresponds to that short phase of
diastole preceding the first sound duning which atrral contraction occurs It
frequently 1s in crescendo and 1ts vibrations continue with those of the first
sound However in certain cases the murmur decreases before the begmning
of the first sound and the auscultatory impression of a crescendo like murmur
1s not confirmed by the tracing (Fig 156) ! The vibrations are usually of
various frequencies but the low pitched predominate

Conhinuous Murmur

This type of murmur s typical of fistulas between vessels It frequently has
the auditory type of a machinery murmur and 1s found 1n patent ductus artert
osus (Fig 196) and arteriovenous fistulas (Fig 261) The duration of the
murmur 15 such that it does not concide exactly with the cardiac phases 1t
usually 1s Joudest at the end of systole covers the second sound and then de
creases m diastole There may be a concertina ike murmur The frequency
of the vibrations varies and several bands are usually represented as proven
by the use of different filters or microphones
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SPECIAL APPLICATIONS OF PHONOCARDIOGRAPHY
Fetal Phonocardiegram

The first tracing of fetal sounds was recorded by Pestalozza mn 1891 * Since
then many researchers have published fetal tracings with a gradually m
proving techme Recent contributions have been published by Cesa and
Segant’® and Jordan and Randolph **

The method of fetal phonocardiography s relatively simple and far easter
than fetal electrocardiography It permits evaluation of the rate of the fetal
heart and even prenatal appreciation of severe malformations of the heart

The stethoscopic microphone with the Jarge chest piece 15 applied over that
part of the maternal abdomen where auscultation reveals fetal heart tones
Smmultaneously with the fetal sound tracing a maternal electrocardiogram 15
recorded Companson of the two proves whether or not the sounds ausculted
were fetal heart tones The findings will be discussed in part IIT (p 271)

Esophageal Phonocardiagraphy

Extensive studies with this method have been made by Taqum™ and Iater,
by Muller and Groedel *® Interest of the method hes m the fact that the heart
sounds are collected from inside the chest their origin 1s near the collecting

hamber and their tr 1s not altered by bony structures Thus the
fourth (atnal) sound takes place earlter than at the apex and may be due to
the atrial contraction stself and not to 1ts effect* The phonocardiogram 1s
recorded by using a stomach tube closed at sts end (p 110) simular to that em
ployed for esophagocardiography The most interesting tracing 1s that obtained
at the atnial level (Figs 58 and 59) There atrial sounds and mrtral murmurs
are more distinetly recorded than from the surface of the chest In general
sounds and murmurs have lower frequencies than when recorded by conven
tional techmic The heart sounds are shorter

Tracheal Phona:urdrogmphy

q

Tracheal p have been ded by Groedel and Maller®® in
patients with a tracheal cannula The technic consists of connecting the outer
end of the cannula with 2 microphone by means of a short piece of rubber
tube The heart sounds are shorter and have vibrations of a lower frequency
than when recorded from outside the chest

CONCLUSIONS

Phonocardiography has grown up slowly among the other graphic methods
on account of techmeal difficulties Its importance 1s becoming greater from
year to year In order to appreciate it one should keep in mind that ausculta
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tion and phonocardtography ate two inseparable technics for the same phe
nomena Therefore whenever auscultation 1s useful, phonocardiography
also 1s of help for the diagnosis However phonocardiography should not be
considered merely as a way to check and confirm auscultatory findings On
the one hand phonocardiography 1s more perfect than auscultation and 1s not
hampered by the vanous technical failures of the human ear and the
psychological Itmitations of the observers mind On the other hand, having
control of subsonic bands of vibrations phonocardiography 15 a more com
plete method

The fields of cardiology which more commonly require phonocardiography
are the following Rheumatic heart disease with valvular Iesions luetic heart
disease with aortic valve damage or aortttis caleific aortic stenosts, coarctation
of the aorta congenital defects of the heart 1n general bactenal endocardtis
adhestve and constrictive perxcardxtxs, conditions associated with extensive
myocardial damage, disturbances of the heast rate and rhythm
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CHAPTER 4

Tracmgs of the Slow Vibrations
of the Chest

(CARDIOGRAPHY)

HISTORY

The first cardiograms ’ were recorded at the apex Impressed by records of
intracardiac pressure obtained by Chauveau and Marey Marey and Potan
tried to record the motion of the heart by applying a capsule over the cardiac
apex Good tracings are already reported 1n Marey s textbook 1n 1885 ° It is
mteresting to note that 1 spite of the different technic and agamst any kel
hood the first tracings presented some resemblance ta those of Chauveau and
Marey For many decades the tracing of the apex was constdered typical only
if 1t presented a positive plateau like wave during systole

The recording apparatus was at first 2 Marey s capsule Then a specially
built box contamnmng a spring and ending with a button was firmly pushed
agamst one of the intercostal spaces (Fig 2) This cardiograph was con
nected with a Marey s capsule by means of a rubber tube

A second stage 1n the development of the instrument was represented by the
use of a Marey s capsule connected with a Frank s capsule The murror of the
latter projected 1ts Iight beam onto a photographic film which recorded the
vibrations of the former (Cushney * Hess ? Weitz,® Weber®)

64
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Tt was soon recogmzed that the cardiogram has different aspects in the
siting supine and left sided positions ® The last posttion was considered the
best by Pachon and Fabre® because 1t gives traciags which most resemble
those of Chauveau and Marey

TECHNIQUE
Only the most recent and perfected methods shall be described

Linear Cordiography

The hinear mucrophone” has been already described in detail (p 28) The
chest piece 15 a funnel with 2 side tube (Fig 19) This 1s held m place by
astethoscopic microphone and 1s connected by a short rubber tubing with the
hinear microphone Thus set up has the advantage of recordmg simultancously
the low frequency vibrations {cardiopram) and the rapid vibrations (phono
cardiogram) of the chest The cable of the hinear microphone 15 plugged into
the outlet of an electrocardiograph The mucrophone with the chest piece 15

1o 35 Techmeal set up for § 1 t

a
a cardiogram (high and low freq f tracings} § steth
L =hnear microphone

i3 P
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held 1n place by a rubber strap under moderate tension and the tracing 1s
recorded duning apnea (Fig 35)

The slow vibrations set up by the air in the funnel are transmtted to the
Iinear microphone This transforms without distortion air waves of any fre
quency (Fig 13) imto electrical pulsations which are recorded by the galva
nometer of the electrocardiograph As the slow vibrations are thousands of
times larger than the more rapid which have an acoustic value (p 30), there 15
no need for filtration or special magmfication
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Fic 36 Low frequency tracing (apex cardiogram) Top recorded
with a crystal mxcrophone of a hnear type (amphfied) Bollom,
recorded with the electr (high
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Manometrie Cardiogrophy

The cardiogram can be recorded also by using an electromanometer as
demonstrated by Johnston and Overy ® The chest prece 1s that used with the
previous method It 1s connected by a short prece of hard rubber tubing to
the tube of the electromanometer The latter 1s provided with a high sensttrvity
microphone and the whole system 1s filled with air

Comparatve studies by the author® have shown that only shght differences
are present between tracings of lhmear and manometric cardxography
(Fig 36) They consist of slightly larger rapid waves 1n the former, shightly
larger slow waves in the latter

The electromanometer 1s more expensive requures several hours of warm
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and an

188 15 not easily portable and needs deficate adjustment before use For these
practical reasons hnear cardiography s sull preferable to manometric
eardiography

The cardtogram can be recorded over any area of the precordium as shown
by the author 4 and 1n any decubitus That of the apex 15 called the apex
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held 1 place by a rubber strap under moderate tension and the tracing 1s
recorded during apnea (Fig 35)

The slow vibrations set up by the air m the funnel are transmitted to the
hnear microphone This transforms without distortion air waves of any fre
quency (Fig 13) into electrical pulsations which are recorded by the galva
nometer of the electrocardiograph As the slow vibrations are thousands of
times larger than the more rapid which have an acoustic value (p 30) there s
no need for filtration or special magmfication
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Fic 36 Low frequency tracing (apex cardiogram) Top, recorded
with a crystal microphone of a hnear type (amplfied) Bottom
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Manometrne Cardiography

The cardiogram can be recorded also by using an electromanometer, s
demonstrated by Johnston and Overy ® The chest piece 1s that used with the
previous method It 15 connected by a short prece of hard rubber tubwng fo
the tube of the electromanometer The Iatter 1s provided with a lugh sensitivity
microphone and the whole system s filled with air

Comparative studies by the author® have shown that only shght differences
are present between tracings of linear and manometric cardiography
(Fig 36) They consist of shghtly larger rapid waves 1n the former, slghtly
Jarger slow waves in the latter

The electromanometer 1s more expensive, requires several hours of warm
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closure of the a v valves (Figs 25 and 37) A subsequent notch frequently
marks the opening of the semilunar valves (Noteh 1b) Then the curve nses
agan at the begmning of ejection at the time of the mise of the carotid puke

There may be two umportant vanations from tus scheme Sometimes the
first peal 15 followed by a second which coweides with the opening of the
semibunar valves In other cases 2 positive plateau 1s present dunng systole
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On the other hand a decp mverted wave may occur duning systole, changes
of volume having predommance over effect of motion In such cases the
curve rises after the systolic depression and reaches a peak at the time of
closure of the semilunar valves (Point 22) From this pomt on the vanous
types of tracings become similar

Since diastole 1s accompanted by two phases of rapid mflow, there are tho
main diastolic waves m the cardiogram The first 1s represented by the
wave of rapid filing duning early diastole Ths 1s usually well defined and
its peak 15 simultaneous with the thurd heart sound (Pomt 3) A deep de
pression (Pomt 2b) follows the Notch 2a and precedes the Pont 3 The
bottom of this depression occurs during the 1sometric relaxation pertod and
comcerdes with (or precedes shightly) the v wave of the jugular and hepatic
tracings (opeming of the av valves) After a few small undulations the
second phase of rapid filling caused by atnal contraction, 1s marked by the
small wave 4 as described above

REGIONAL CARDIOGRAMS

These tracings have been studied by the author* ** n normal subjects (Fig
39) and 1 chmical cases Their interest was increased by the study of Johnston
and Overy® with the electromanometer
PULMONARY AREA (SECOND TO THIRD LEFT INTERSPACES) The waves
are usually small but amplfication faciitates therr study The cardiogram
shows a relatively marked presystolic wave (4) and a well defined positive
wave dunng eatly systole (Wave p) The former 1s probably due to the
contraction of the left atnum transmutted through intermediate structures
The latter 15 an artenal wave due to the pulsation of the pulmonary artery
(Fig 39)

AORTIC AREA (SECOND TO THIRD RIGHT INTERSPACES)  The various wases
are small 1 normal subjects The cardiogram shows a well-defined ware
duning the tension pertod (Notch 1a) and a positne wave durng early
systole The former ss transmutted from the left ventricle the latter x5 an
artensal wave due to the pulsation of the ascending aorta (Wave p) Closure
of the aortic valves 1s marhed by a deep notch (2a) (Fig 65 Asc Ao)
TrICUSPID AREA (FOURTH TO FIFTH RIGHT INTERSPACES)  The cardiogram
shows a marked presystolic wave (Wave 4) small systolic notches (1a and
1b) and a well-defined early-diastohic wave (Wave 3) The first 15 apparendy
due to the contraction of the right atrium the lattes 15 due to the rapid fillig
of the nght ventricle

SUPRASTERNAL NoTCH A smgle large systolic wave (p) 1s recorded over
this area This 15 caused by the pulse of the aortic arch transmutted through
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the structures of the upper mediastioum Closure of the semilunar valves (2a)
1s evident on the descending imb of the curve (Fig 65 S Trac )

In the wrnters opmion appropriate symbols given to the various waves
of the cardiograms would simplify their recogmition (Fig 37) The rapid
posttive wave of rapud filling should be called 3 (third sound) The small wave
present at the time of atrial contraction should be called 4 (fourth sound)
The small wave termmnating the tenston period should be called la the
larger one termmnating the ascending phase 16 The small rebound, ending
systole should be called 2a The important drop which precedes rapid filling
should be called 25 1t marks the opening of the a v valves Lastly, the wave
of artenal type which may be recorded over the aortic and pulmonary areas
should be called p (pulse)

CONCLUSIONS

Cardiography has lost much of 1ts importance for the diagnosis of arthyth
muas of the heart having been replaced by electrocardiography It still has 2
place 1n the study of valvular and septal defects Interesting cardiographic
data may be found n cases of hypertensive or coronary heart disease or cor
pulmonale In all of them cardiography may be used m order to recognize
the phase and significance of the sounds recorded by phonocardiography The
value of cardiograms for recognition of drastolic sounds 1s great and supersor
to that of jugular tracings Cases of adhesive perscarditis and of aortic
anenrysm often require an accurate cardiographic study
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CHAPTER 5

Tracings of the Pulsations
of the Epigastrum

(EPIGASTRIC TRACINGS EPIGASTRIC CARDIOGRAPHY)

HISTORY

Epigastric tracings were recorded early by students of cardiology Mac
Kenzie® described this tracing, Lang® and Dressler® analyzed its data with
care The most detailed study however was made by Fukur”in 1928 Interest
m the study stemmed mainly from the possibility of recording movements of
the nght heart through the diaphragm However pulsations of the left
ventnicle the liver, and the abdominal aorta have to be taken mto considera
tion

The usual three stages m the instrumentation took place first a Marey’s
capsule tracing graphs on smoked paper then a Frank s capsule with mechant
cal photographic recording, later the author used a crystal microphone with
linear response and obtained electro optical records 4 »

TECHNIC

Present day technic 1s sumtlar to that employed for cardiography (p 64)
and 1 based on the use of the limear microphone A rubber strap tied around
the upper part of the abdomen and placed under tenston holds a microphone
with a chest prece sunk nto the epigastric tniangle (Fig 54) The tracing 18
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secorded duning apnea An epigastuic phonocardrogram  an apex phono
cardiogram  or an apex cardiogram should be recorded with the epigastnc
uacing A second rubber strap bolds a second microphone over the apex
(lmear 1w the case of the apex cardhogram stethoscopic i that of the phono
cardiogeam)

CAUSE OF THE WAVES

The followmng facters should be considered mn analyzing an epigastric
tracing
I Pulsations transmstted through the diaphragm from the heart ntamly the
nght heart,
2 Effect of changes of mirathoracic p on the diaph
3 Pulsations of the hwer
4 Pulsanons of the abdommal aorta

&

Pirst Second
Sound Sound Third

= Sound

/\ﬁyv
2
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Fig 40  Scheme of the vanous types of epigastue tracing

VARIOUS TYPES OF EPIGASTRIC TRACINGS

Epigastric tracings are by no means unform An amazing variety of
pattetns can be obtamed even 1 different normal mdwiduals However the
wracings can be classified 1o four groups two of them common the others
Iess 50 As shown by Fag 40 certam parts of the tractng ate swmular in alf
while ofhers vary

A high posttive nave 1s always present dusiag prespstole It should be
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called 4 (fourth sound) Durnng the period of tension the curve either falls
suddenly below the base line or has two small notches caused by the two
valvular events of early systole They should be called Za and Ib, as on the
apex cardiogram A positive wave may be present in the phase immedrately
following However most tracings exhibit either a wide negative plateau
during most of ventricular systole (Fig 41), or a positive wave simultaneous
with the arteral pulse (Fig 55) Closure of the semilunar valves 1s marked
on all records by a well defined notch, which may be erther upnight or
mverted and should be called 22 The opemng of the a v valves 1s well defined
1 most records and should be called 25 The rapid filling of the ventricles 1s
also mdicated by a large wave which may be either upright or mverted and
should be called 3 (third sound)

First Second
Sound Sound

MM oo

Phono.'.J

Eplg
Trac I
Fic 41 Ph diogram over mtdp and epigastric tracing

The presystolic wave 4 1s largely due to the mechanical movement of the
right atrium  transmitted through the diaphragm The two notches /a and 15,
when present, are caused by the valvular events of early systole and probably
more by those of the nght heart The igh systolic wave represents the
begmning of a systolic plateau abruptly mnterrupted by the following systolic
collapse It 1s probable that the plateau 1s caused by motion of the nght
ventricle, the collapse by volume changes of this chamber and by changes
of intrathoracic pressure The high wave of other tracings on the contmry
occurs later and 1s of arterial type It ss probably a tr: ted aortic p

Four different types of tracings can be recognized* (Fig 40) Type 1
tracings show nfluence of ventricular events durmg systole as well as dunng
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eatly dastole Type 2 tracings show a definite predommnance of waves due
to changes of itrathoracic pressure over waves due to movements of the
heart Type 3 tracings are largely nfl d by the aortic pulsation but still
show effects of motion during presystole and early systole effects of thoracic
pressure changes dunng diastole Type 4 tracings are pure hver tracings and
will be described later (p 104) They occur when the enlarged liver occupies
the eprgastrium

CONCLUSIONS

If 1t 15 true that the right heart has a particular influence on the eprgastric
tracing mformation about dynamues of the right atriem and ventricle will be
obtained by the study of this record Smmultaneous (or immediately sub-
sequent) tracings of the apex and the epigastium complete therefore our
knowledge of the dynamics of the two halves of the heart The atrial wave
of the tracing 15 larger 1n the epigastric tracing than m any other record of
cardiac pulsations In cases where a hepatic tracing 1s necessary ths should
always be compared with the epigastric tracmng m order to avoid confusion
between actual liver pulsations and transmutted pulsations
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CHAPTER 6

The Atrial Wave w the Varous Tracmgs

The importance of the problem 1s self evident If the atrial wave occurs at
different times n tracings recorded over different areas of the chest this
means that some of the tracings are affected more by right atral contraction
and others more by the left

The 1nterval between nght and left atrial contractions 1s so small 1n normal
individuals that very little difference in the time of appearance of the waves
15 to be expected Even so a marked difference can be found between tracings
of the apex and epigastrium On the contrary patients with fibrosis of the
atrial myocardum are more apt to give evidence of increased delay between
right and left atrial contraction Studies made on such patients! have estab
Iished the following data

1 Tracings recorded over the second right interspace frequently show left
atrial contractions as a downward wave Tracmgs recorded over the second
Teft mterspace frequently show 1t as a lugh positive wave (Fig 39C)

2 Tracings of the apex usually show a positive wave for left atnal contrac
trion sometimes preceded by a negative wave for nght atnal contraction (Figs
39A 66 221, 222)

3 Tracings of the eprgastrium show mamly the effect of right atnal contrac
tion which 1s revealed by a lugh positive wave (Fig 42) Sometimes a negative
phase follows this at the time of left atrial contraction (Figs 41 221 222)

The atrial wave (Wave 4) presents good development and an unusual

78
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Fi6 42 The atnial wave (black) n the regional cardiograms and in
the epigastric tracing

height in certain types of patients A large atrial wave the second and third
left mterspaces 1s found 1n most cases of theumatic heart disease with mitral
Iestons or mitral plus aortic defects A large atrial wave 1n the epigastric trac
ing 15 found 1n cases of cor pulmonale

In cases of a v block the atrial waves are high both at the epigastnum and
at the apex In all of them the atnial waves are far more pronounced 1n the
Jow frequency tracings than in the phonocardiogram

CONCLUSIONS

The tracings of the apex and epigastrium show the effect of presystolic fill
g of the respective ventricle while the waves recorded at the base are due to
mndirect transmission of the atrial waves and the filling of the opposite ventricle
sometimes b pp as a negative wave It 1s likely that the waves
recorded 1n the areas of the base are due to direct motions of the atra In
Particular motion of the left atrium can be transmitted forward with a move




80 The Heart Beat

ment of rotation which pushes the lung or the pulmonary artery against the
chest wall, and acts i the oppostte way on the aorta
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SECTION B

Vibrations of the Body Duc to Cardiovascular
Action

CHAPTER 7

The Ballistocardiogram

HISTORY

The first study of ballistocardiography was made by Gordon* 1n 1877 He
suspended a bed from the ceiling by ropes and obtained a record of sts motion
determined by the heart beat Henderson® i 1905 built an elaborate sus
pended table and obtained records which he tned to correlate with cardiac
output In 1913 Satterthwaite!® obtaned tracings from a patient sitting on
spring scales In 1922 Heald and Tucker® obtained records from a suspended
platform by using an electrical method In 1933 Abramson® obtamed good
tracings from a specially built chair

More recent studies were accomphshed by Nickerson and Curtis ** Starr *
and Dock ® while most of these studies were concerned with application of
the method to determination of cardiac output others tried to ascertain the
time relationship of the various waves Among them the most important are
those of Dock and Taubman * Hamilton and co workers ™ Gubner and co
workers ® Nickerson ™ De Lalla® and Jones and Goulder *® A subsequent
study was published by the author with Contro **

TECHNIC

A low frequency critically damped apparatus has been advocated by
Nickerson ¢ This instrument has the advantage that all waves are the result
81
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of forced movements, so that phasic remforcements and damping does not
oceur

In the photoelectric type of apparatus advocated by Dock 3 the body 1s
free to move Jt mught be smd that this reproduces the conditions of the free
moving table onginally burit by Henderson * However, the set up 1s damped
by the natural penod of the tissues and by attrition with the table Therefore

B ph {f it

Fic 43 The pi fectric ball drograph A,

while this type of mstrument 35 somewhat similar fo the orgnal wndamped
table of Henderson, no artificial swing 15 added to that of the body

Comparative tests between the electromagretic apparatus also used by
Dock,® the piezoelectuic apparatus of Sheehan ¥ and the photoelectsic ap
paratus of Dock ? have been made by Gubner® He concluded that when
respiration 1s suspended the photoelectnic device without filter grves tracings
closely resembling those of the electromagnetic set up However, he found 4
runimal time lag wn the former due to the fact that 1t records displacement
mstend of aceeleration *

* It should be kept 1n gund that the swingiog table measures acceleration the eloctrow
magnetic system measures velocuy and the optical systemn measuses duplacement
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Phatoelectric Apparatus

The photoelectric apparatus (Fig 43) consists of (1) A cross piece of
fight wood contamng the source of light and placed transversely over the
legs of the patient (2) A phototube contaned m a separate umt and so
placed that the light beam enters the opemng this s revealed by a prsm
projecting the light on a frosted glass at the top of the umt

The phototube 15 co d with the galv of an electrocardiograph
by means of two wires
Accurate records are ob d only with a pletely bile table and

with a light beam absolutely perpendicular to the phototube Therefore cer
tam precautions are currently followed 1n the author s laboratory

1A wooden board 1 inch thick 15 placed over the examunation table and
s firmly pushed agamst the wall

2 A small rectangular board with four regulating screws supports a
wooden cylinder which 1s placed under the ankles of the patient

3 The cross piece rests over the patients ankles This piece contains the
soutce of Iight covered by a shtted surface Two bubble levels at right angles
on the cover of the latter determine whether the cross piece has any inchination
0 a transverse or longitudinal direction Adjustment of the screws permts
compensation for any angle resuling from the curvature of the tibiae of the
subject

4 The phototube 1s placed very near to but not touching the cross piece
It1s moved until a shadow caused by the edge of the slit forms exactly 1n the
center of a window of this part of the apparatus It 1s rarsed until no trans
verse shadow appears at the bottom

5 Alow firm pillow supports the head of the subject without touching
neck or shoulders The subject s hands are placed on the lower quadrants of
the abdomen

6 If the waves are small and m case of special studies magmification 15
obtained by means of a specially built preamplifier The degree of magmfica
tion 15 so regulated that the waves do not reach the hmuts of the film strip

When the details of the tracing are considered satisfactory the subject 15
vited to hold his breath mn an mntermediate posstion and the tracing 15 re
corded 1n apnea It 1s also possible to use an electrical filter and to record the
tracing with normal respiration In such a case some distortion of the waves
IS unavoidable

The tracings can be recorded by a direct wniting electrocardiograph (San
born Poly Viso) at speeds of 10 25 or 50 mm per second or on photo
graphue film (Sanborn Stetho Cardiette or Twin Beam) at film speeds of 10
25 or 75 mm per second

Calibration may be obtamed by hitting the foot of the bed (in Starrs
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method) or the head of the patient (m the case of the magnetic or photo
electric methods) with a known force It 1s preferable to place a small scale,
exerting a known force (600 Gm ) aganst the head of the patient then
release 1t suddenly There should be an upward displacement of 20 mm 1 the
tracing If a greater or a lesser displacement takes place proportional com
pensation should be imntroduced 1n the calculations

Determmation of the stroke volume by means of the ballistocardiogram has
been attempted According to Pame and Shock ' this ean be done 1 the
following way A baseline 1s drawn from one diastohic phase to the next The
area of both the [ and the J waves 1s approximated by assuming each wave to
be a trrangle and measuning the alttude of each from apex to base The
average areas of these waves are then ntroduced imnto formula (1)

Stroke volume (ce /min ) =100 v (2 Tand J\ /¢ (1

where C represents the duration of a cardiac vycle i seconds
A cardiac index then 1s found by formulas (2} and (3}

trokhe volume X Pul, 1
Cardiac ompur (L /min ) = S_’,____W @

Cardiac output @

Cardiac mmdex (L /min /M ?) = Body surface avea 1)

The mean basal cardiac index was found™ to be 3 35 L /mun /M 2, a value
which 15 very smular to that of 3 30 ascertamned by night heart catheterization

According to Starr  the amphtude of the ballistocardiographic waves 15
more closely related to cardiac strength than to cardiac output

Determmation of cardrac strength 15 made as follows ® One of the smallest
and one of the largest complexes 1s selected as typical and the vertical depths
of the 7 and J waves from the baseline are measured m milimeters * The
sum of these measurements e g I+J+1 +J 15 used and compared with that
expected on the base of the equation

I+J7+1 +J mm =236 (subject s surface arean sq M )—13 35

The difference between the expected value and that found i the tracing

represents cardiac strength mn percentage of norm

1t the surface of the pahent 15 1 80 sg M, 23 6(1 80) ~1335=29 1318
the expected figure If that actually found was 2+5+4-+7=18 then

18~2913= —1113 and the deviation from the expected value 15
it BT per cent
2913

* I¢ calibration with 600 G displaces the tracing more or less than 20 mm  the measure
ments should be corrected in proportion
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DESCRIPTION AND INTERPRETATION OF THE WAVES

The ballistocardiogram (beg) consists of the rapid succession of positive
and negative waves the time relationship of each peak s easily ascertamed®,
on the other hand only the first branch of a wave should be considered, the
second branch being already the main component of the following wave (Fig
49) A certain difference 1n the tune relationshup of certain waves may be
found between the various subjects This 13 partly due to the length of diastole
more waves are present when diastole 1s long less waves when 1t 15 short

1s

t 2nd
ath 3rd .
ﬂ) ?\\I—JM’ ';hm%"

Phono

Fic 44 d and

g1 ph gram of a normal subject
The most useful graphic tracings for the interpretation of the beg are the
phonocardiogram and the artenal tracings while the electrocardiogram the
phlebogram and the apical cardiogram are of help only 1n special cases
FWavE  The beginnung of the normal cardiac cycle can be placed near the
beginming of the first sound complex This pont should be called F* In
several subjects this point occurs from 002 to 0 04 second before the first
vibration of the first sound (Fig 44)
G WAVE  The first part of thus small negative (caudad) wave 15 made of a
descending branch which starts at or shightly before the beginning of the
tension peniod of ventricular systole and is simultaneous with the imtial part
of the first sound complex ** The peak of G takes place at the time of that
large vibration of the first sound which marks the closing of the a v valves
* Thes descniption of tume relattonship can be used n the interpretation of tracings recarded
with the table and of those recorded with the magnetic or photoelectric systems It cannot be

used in the nterpretation of tracings recorded with the Nickerson system because its damping
device causes a remarkable distortion of the waves and a marked time lag
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Fi 46 Balbstocardiogram and tracing of the
abdominal aorta

(p 44) 1t occurs before
the nise of the pulse m the
tracings of the suprasternal
notch and of the carotid or
subclavian artertes

H Wave The ascending

branch of thus stall positwe

(cephalad) wave takes place

durmg the central part of

the first sound complex Its
peak comcdes with

That Jarge vibration of

the first sound which

marhs the opening of the

semilunar valves (p 44)

The begmming of flow

within the ascending 2orta

revealed by a notch m

the suprasternal tracing

(p 128), the nse of the

carotid pulse and the rise

of the ¢ wave of the jug

ular tracing (p 99)

Wave The descending

branch of this large nega

tive {caudad) wave starts at
the begmmng of ejection
together with that vibration
of the first sound which
marks the opeming of the

semilunar vahes (Fig 44)

Its negative peak cometdes

with

The peak of the ¢ wave

of the jugular tracing

The peak of the pulse of

the suprasternal notch

and the carotid artertes

(Fig 45)

3 A small negative wave
of the abdommnal aorto
gram wiich precedes the
main wave (Fig 46)

~

-

—

N
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JWave  The ascending branch of this large positive (cephalad) wave takes
place dunng the first half of ventncular ejection The peak precedes con
siderably the second sound It takes place at the time of

1 The peak of the abdominal aortogram (Fig 46)

2 The systolic depression of the jugular tracimg

3 The peak of the femoral pulse

K WAvE The descending branch of this deep negative (caudad) wave
takes place during the end of systole and during the 1sometric relaxation
period Therefore 1t ndes over the maimn vibration of the second sound at
least 1n normal subjects Its neg
alive peak 15 sometimes sharp
50 broad Itis |

ous with a small vibration of the
second sound complex which
marks the opemung of the av
valves (p 50) It should be
smultaneous with the v wave of
the jugular tracing  however
this wave 15 sometimes shghtly
delayed and may not comcrde
with it Tt follows the peak of
the main wave 1 the abdorminal
aortogram It coincides with the
peak of the ubal pulse and
slightly precedes that of the
Pedal puise (Fig, 47)

L Wave The ascending
branch of this positive (cepha Fi6 47 Ballstocardiogram and  pedal
lad) wave takes place 1o early tracmg

diastole duning the rapid pas

stve filling of the ventricles Its positive peak follows the third sound or a
ventncular type of tniple rhythm (p 422) by a short nterval (004-0 06
second) (Fig 44) It takes place dunng the dicrotic wave of the pulse in the
aortic arch as revealed by suprasternal and caroud tracings 1t comncides with
the predicrotic notch of the abdominal aortogram There 15 no comcidence
With the waves of the jugular tracing or with the pulse of the Jower extremities
M WAVE  This negative (caudad) wave 1s vanable i shape and 15 markedly
affected by the heart rate Its descending branch takes place dunng mid
dastole Yts negative peak may comcide with the dicrotic wave of the
abdominal aorfa and of the tibal artenies (Fig 46) On the other hand there
may be a single wide negative wave with a peak at the time of the fourth
saund (M+0)
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NWAVE  This wave when present, 1s small It may be only a rebound of the
previous M wave
O Wave  When there is bradycardia and N 15 present, 1t may be followed by
a small negative wave In other cases, M and O are fused m one

The beginnmg of the cycle can be placed usually at the pomt F
The need for using this new letter 15 due to the fact that more details are
revealed by the tracing when using fugh speed film and an amplifier 1

The mam complex of the ballistocardiogram 1s the triphasic wave
HIJKL The interpretation of this has been firmly established by Hamulton
and Dow" and by Starr® (Figs 48 and 49) It 1s based on the following
principles

1 Any acceleration of the blood 1 the mam arterial channels 1s accompa
nied by a movement of the body in the opposite direction any deceleration of
the blood 1s accompanied by a movement of the body 1n the same direction

2 Rapiud ejection causes displacement of a large mass of blood first i a
headward direction (ascending aorta), then in a footward direction {descend
mg aorta)

3 The braking effect of the branchings and smaller vessels particularly
mn the lower extremuties results in a deceleration

In patients with a v block the atrial wave of the jugular tracing comncides
with a negatve (footward) wave of the beg Thus wave has been called X**
It can be explained by the arrest of venous flow by the atrial contraction This
causes a deceleration of the entire venous circulation and a footward move
ment of the body

In most normal subjects exther of the following possibilities can take place
1 There 1s a large negative diastolic wave (M-O) which lasts through

presystole The fourth (atrial) sound occurs dunng this wave
2 There 1s a small posiive wave (F) which comncides with the fourth

(atral) sound

It 1s Iikely that 1n most cases the atrial contraction contributes to the G
wave Both the atrial contraction and the mmtal raismg of the a v valves
caused by ventricular systole arrest the venous flow (deceleration) and favor
a footward movement of the body As this deceleration follows the atrial con
traction the G wave takes place during early ventricular systole

The H wave takes place during the second half of the tension period of
ventocular systole At this tme the contraction of the papilfary muscles
lowers the raised leaflets of the a v valves and accelerates the venous fiow
mnto the atria The footward movement of the blood 1s apparently accom
panted by a small headward movement of the body

The I'wave comeides with the rapid ejection of blood into the ascending
aorta and pulmonary artery As this 15 1n 2 headward direction the body
moves suddenly 1n a footward direction
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The J wave takes place during the second phase of ventricular ejection The
pulse wave has rounded the aortic arch and 1s moving rapidly toward the
lower extremuties Therefore, the body makes a headward movement The
end of this wave takes place before the second sound at 2 moment where

1
Fic 49  Causc of the various waves of the ballistocardiogram

braking of the blood starts n the vessels of the lower extremities The co
inctdence of the pomnt J with the peak of the abdomunal and femoral pulse 15
extremely significant 1n this regard The braking or deceleration of the blood
causes a footward movement of the body There are several reasons for a
sharp end of this mo One 15 the op of the a v valves revealed
by a small vibration n the sound tracing and shightly preceding the peak h
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the onrush of blood 1nto the ventricles contributes to end the previous move
ment of the body Another 15 that sudden reversal of velocity of the blood
which precedes the dicrotic wave in the abdommnal aosta and femoral arteres

Duning the tract K—L the blood of the ding aorta has rebounded over
the closed semilunar valves and moves forward into the descending aorta At
the same ttme the rapid passive filling of the ventricles has reached s
maximum as proven by the occurrence of the thurd heart sound Both the
rapid filling and the dicrotic wave 1 the abdomunal aorta contribute to a head
ward movement of the body

The end of the dicrotic wave 1n the abdominal aorta and 1 the arteries of
the lower extremities comcides with the point M Whenever there 15 brady
cardia this pomnt 1s sharp and visible Otherwise there may be fusion with
the G wave of the following cycle

The N wave when present 1s probably only a rebound or after oscillation
of the body The slow accumulation of blood 1n the atna resulting 1n 2
deceleration of the venous flow may contribute to1t

TIME INTERVALS

These mtervals have been particularly studied by Jones and Goulder * It
should be hept 1n mind that they have been determined with a low frequency
centically damped apparatus Important differences exist between these data
and those found with other apparatus

Q-1 mterval 015-0 195 second
Q-J nterval 0 29-0 37 <econd
Q-K mterval 049-0 57 second

RESPIRATORY VARIATIONS

ton modifies derably the height of the various beg waves
Respiration affects the tracing by changing the position of the heart m relation
to the long axis of the body and by changing venous return to either ventricle
Tt 15 typical to observe an mcreased height of the T and J waves 1n inspiration
and a decrease n expiration

R

CONCLUSIONS

If the accuracy of calculations for measuring cardiac output or cardiac
strength 1s confirmed ballistocardiography represents an easy and symple way
for determmation of these values Even if absolute values should be found
shightly inaccurate vanations of the values m any one case would stil be of
great clinical 1nterest
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The patterns revealed by the tracing are of value m coarctation of the
aorta and atherosclerosis of the aorta Abnormal patterns are present m
coronary heart disease, peripheral artertosclerosis bundle branch block and
heart failure Future experience shall prove whether or not these patterns are
more typical or more easily detected than with other graphic methods
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SECTION €

Venous Pylsations

CHAPTER 8

Tracmgs of the Pulsations
of the Jugular Vems

(PHIEBOGRAPHY JUGULAR TRACINGS)

HISTORY

The first tracings of the jugular vewns were recorded mn the dog by Wede
meyer 1 1828 *' Fredreich® recorded venous tracings from the neck of
patients 1 1865 Two years later, Potam recorded simultaneous tracungs of
the apex beat and of the carotid radial and yugular pulsations His mterpreta
tion of the tracings was accurate even mn the light of present day knowledge
His studies were followed by those of Mosso *® Riegel #* Frangoss Frank *
Gottwalt® Gerhardt? and Fredericq * MacKenzie'® mitiated a chnical and
phystologic evaluation of the jugular tracing soon followed by Wenckebach™
and many others

The method has been subsequently considered of secondary importance on
account of the widespread adoption of electrocardiography Howeser interest
was shown by numerous South American studies which have appeared m the
last twenty years from Houssay* to Caerro

Several stages can be recognized i the development of the method The
first method was based on the light application of a funnel over the bulb of
the nght jugular vein This was cc d by arr tr with a Marey

94
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capsule which transcnbed the waves on smohed paper Necessy of avoiding
any even shght compression of the vem led to the development of several
mpemous devices stich as a little ball of sambucus moving a deheate fever ** 2¢

A second method was based on the use of an optical photographse e
cording This was ob d fisst by F I optical tr (lever to
muror funnel to Franks or Wiggers Deans capsule) Later a smalf murror
reflecting a beam of Light was pasted over the skin gbove the jugular ven A
subseguent mgemsous device was based on the principle of mtecposing the
patient directly between the source of light and the camera ®

The most recent development consists of a spectal applicator and a crystal
muicrophone having a linear type of response **

TECHMNIC

Good records may be obtained from the jugular vewn of any nosmal pexson
if the venous pressure 15 above the atmospheric Therefore n pormal sub
Jects the vesn should lie shghtly below the level of the nght atrium while sn
patients the voins may he above this lexel The patient should be placed
the supine positron f necessary hus pelvis can be rassed or his head lowered
(subjects with fow venous pressure) In the fisst case venous return and venous
pressure ase mcreased mn the second venous pressure 1s increased by gravity
because the jugular vein 15 lower than the nght atrum In cardiac patients
with wcreased venous pressute good tracings can be recorded m a semn
recumbent position occasionally even 1o the sitting posstion

A different techuic has been advocated by Groedel * A prece of metal
weghuing 100-300 G 15 placed over the applicator 1 order o exclude the
slow waves munly caused by changes in flow ( ndal waves ) The resulting
tracing 15 supposed to reveal only the copcussion waves The latter are
multiple pressure waves of small amplitude occurnng both duting systole and
duastole on aceount of the vartous events of cardiac dyntanues ¥ This techme
i not commonly accepted and mapght be used only for special studies

The patient should be snstructed to  hold hus breath 1n an intermediate
Posttion dunmg the recording

The applicator 15 a double rim circular chamber or cup having an mternal
drameter of 20 mm and a depth of 5 mm * (Fig 50) The outer chamber
15 connected with & tubber bulb and 15 used to msure adhesion 1o the shin
withont pressure  After squeezng the bulb the applicator 15 gently apphed
over the skin then the bulb 1 released m order to create the necessary suction
The sner chamber communicates with a Jneas microphone through a small
hole and a short rubber tube The venous pulsations set up changes of pres

* Thus ss supplied by the Sanborn Co of Cambndge Mass or by the Cambridge Instrument
Co of New York
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sure 1n the cup, the linear microphone transforms them into equivalent electry
cal pulsattons The electrical waves are then recorded by an electrocardio
graph after amplification Both the photographic and the direct writing types
of electrocardiographs can be used Speeds of 50-75 mm /sec are necessary
for a good analysis of the tracings

In patients with small waves a preamplifier can be placed between the
mucrophone and the galvanometer

- A0

AA1

Fic 50 Linear microphone for recording jugular and carotid tracing
A suction apphcator for jugular tracing A, funnel for carotid tracung,
B rubber bulb C lmear microphone D plug connecting with the electro
ok (From R t and Sprague Courtesy of the C V Mosby

&14p

Co)

PPap

It 1s self evident that the venous tracing vanes accordmg to the natural
frequency of the recording intrument Present day mstruments have an over
all natural frequency higher than 100 per second, therefore modern tracings
are accusate and reliable even though sometimes shightly different from those
recorded n the past

A different device has been used by the author m certan cases The cuff
of a special blood pressure recorder (p 154) 1s wrapped around the neck A
shght pressure (5-10 mm Hg) 1s used s order to msure a good contact
Then the tracing 15 recorded by means of a linear microphone Even though
the tracing frequently presents a strong arterial component, the atrial waves
of the jugular tracing are well marked
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First Soung Second Sound

Third

¥ riptele Forod Egaction Phase Rapd B g
———— I

LN

Ventricular Systole

Fis 51 The jugular tracing compared to other mechameal and sound tracings
Inblack that part of the jugular tracing which has a venous ongn Inwhite that
Part which 15 transmstted from the artenal system
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Good tracings may be obtamed from the entire jugular ven, if 1t 1s en
gorged Otherwise the best tracings are obtamned from the jugudar bulb which
Lies shghtly above and about one mch external to the sternal end of the
clavicle * In general the nght jugular vein 1s preferred, beng nearer to
the nght atrum However 1n certamn cases good tracings are obtamed from the

First Second
Sound Sound
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Fi 52 Jugular tracmgs of the nght (R Jug Trac) and the left (L
Jug Trac) side of the neck Note the precesston of the @ wave and the
double ¢ wave on the right side The wave ¢ 15 of tricuspid onigin while ¢?
1s due to an artenial impact

suprasternal notch or from the left jugular vein It should be noted that re
markable differences between the jugular tracings of the two sides may occur-®
1 regard to timing and shape of the waves (Fig 52)

ANALYSIS OF THE WAVES

If the patient 1s allowed to breathe normally the jugular tracing exhibits 2
slow and deep swing of the base hme which 15 due to respiratory vanations of

* In tricusp d stenosis Puddu™ obtamed high “a  waves over the jugular bult much smatler
swaves on a more d stal section of the ve n
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venous pressure Inspiration 1s accompanied by a drop of the base line and by
larger pulsations expiration by a nise and smaller pulsations (Fig 78)
Following MacKenztes description the jugular tracing presents three
positive waves (a ¢ and v) and three negative waves (the last two were
called x and y) (Figs 51 52 53 and 57)
PresystoLic WAVE  The presystolic wave (a) 15 positive and occurs during
and after atnal contraction It 1s nsually a rounded wave followed by a sharp
drop duning the tension period of the ventricles However, tracings recorded
through an amphifier frequently present a tall and peaked presystolic wave

/i
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=5 e
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i L] [ v
Fic 53 (Left) Companson of the jugolar tracing wath the carotd tracmg
(Right) Companson of the jugular tracing with a low frequency tracmg of the apex
(Card ) and a stethoscopic phonocardiogram (Phono )

Systoric Wave  The systolic wave (c) 1s positive and occurs durmg early
systole after the opening of the semilunar valves It1s a peaked wave followed
by a long and slow depression (x or systohc collapse) which lasts through
most of the ejection pertod and shightly beyond 1t Toward 1ts end a small
notch may mark the closure of the semilunar valves
EArLY DiastoLic WAVE  The early diastohic wave (v) 1s also positive It 1s
2 peaked wave which comncides wath the opening of the a v valves and marks
therefore the begmning of ventricular fillng This 15 followed by a depression
(¥ or diastolic collapse) When diastole 15 long another small positive wave
(h) may be found after v (Gibson * Hurschfelder™)

Two types of jugular tracings are most commonly recorded m normal
subjects 20
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1 The atrial pressure rype Here the ¢ wave 1s characterized by a sharp
decline at the onset of systolic ejection and dunng the traction on the atrio
ventricular septum, just as mn atnal pressure curves

2 The modified arterral type The c wave 1s high and rapid, due to mpact
of an adjacent artery It often resembles the first part of a central artenal
pulse Tracings recorded with the cuff are usually of this type

MEANING OF THE WAVES

It has been shown® that each wave of the venous tracing 1s the result of
changes of volume and of changes of pressure and velocity The relation be
tween these three factors (volume, pressure and velocity) vares from moment
to moment It seems likely moreover that in high venous pressure, changes
of pressure predominate over changes of volume because the vens are already
distended

The presystolic (a) wave 1s undoubtedly related to the contraction of the
right atrium  as shown by the fact that 1t 1s absent tn cases of atrial fibrillation
Its beg, g marks the beg g of atnal contraction 1ts peak the end of
the same phase The a wave 1s largely a pressure wave! with addtional volume
and velocity components Actual regurgitation of blood 1s mmimal 1n normal
subjects, but may become more important when venous pressure 1s high and
the superior cava 1s dilated The wave occurs about 0 10 second after the
corresponding nse of pressure within the nght atrium ** The wave 1s much
larger when simultaneous contraction of the atria and ventricles leads to 1m
portant regurgitation of blood 1nto the venous system ° ° as n nodal rhythm
nodal premature beats and a v block

The systohic (c) wave 1s a pressure wave* In many cases 1t 15 due to
transmisston of the strong pulsation of the underlying subclavian or carotid
artery and the wave 1s an unavoidable artifact In other cases the wave 1s
venous and 1s caused by an arteral pulsation transmitted from the ascending
aorta to the supertor vena cava The same 15 true of the small notch marking
the closure of the semilunar valves (Fig 52) It has been shown® ¥ -° that
occastonally a double (c) wave may be scen the first component being due to
closure of the tricuspid valve the sccond to arternal pulsation (Fig 52 nght
phlebogram)

The early diastolic wave (v) 1s related to the opening of the tricuspid valve
The rise preceding 1ts peak 1s the expresston of the gradual filling of the right
atrium Therefore the (v) wave 1s chiefly a volume wave ! However as the
fall of the curve 1s caused by the opening of the tricuspid valve the descending
limb 1s almost exclusively due to a drop 1n pressure *

A depresston occurs during the tension period of the ventricles Its depth
1s greater when the interval between atnal and ventricular contractions 1s
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longer The depressson (x  systolic collapse) occurs dunng the ejection
phase of ventricular systole It 15 due to the suction caused on the venous
system by the outflow of blood from the thorax and by the downward move
ment of the a v septum It 15, therefore a wave due to mereased speed of the
blood and decreased volume of the vein

The depression (y) {diastolic collapse) follows the v wave Slow filing
of the sight atrum terminates this depression Sometimes 1t 15 followed by a
small posittve wave (h) which has been attributed to floating of the tricuspid
valve

There 1s no constant relation between the waves of the phlebogram and
those of the electrocardiogram, except for the time relationship between the
mtervals a ¢ and P Q

The waves of the jugular and hepatic tracmgs practically comcude except
for the ¢ wave which 15 nearly absent m the latter

The fourth (atnal) sound shghtly precedes the peak of the (2} wave of the
venous tracing This comncrdence 18 due 1o the fact that both events follow
the atnal contraction, the fourth sound s due to the blood Itting the
ventricular wall, 1t takes some ume for the transnussion of the (&) wave from
the night atrum to the vern The descending b of the (a) wave 15 50 stow
that 1t ends after the start of the first sound

The man vibration of the second sound complex precedes the pesk of {v)
by about 0 106 second while the third sound falls dunng the descending hmb
of (v}, e g 0 064-0 078 second Jater * However tBere may be a much shorter
mterval between (v} and the third sound and there may even be comcidence
This fact due to 1 sfower tr of the v wave reduces the
mportance of the jugular tracing in the identification of an carly diastolo
sound 1

CONCLUSIONS

The jugular tracing 15 of definite value (1) 1 valvalar defects chiefly trt
cuspd Jesions (2) n congestive failure with functional msufficiency of the
tricuspid valve (3) 1n bundle branch block (4) 1 septal defects (5) i cases
with low voltage of the P wave of the electrocardiogram or where the ex
istence of thie wave is doubtful (6) n atns] flutter

The mgular tracing gives informaton concerning Mechamical events of the
night heart In thus respect it st} holds a special place together with the
hepatic and epigastric tracings among graphic methods
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CHAPTER »

Tracmgs of the Pulsations
of the Lsver

(HEPATOGRAPHY HEPATIC TRACINGS)

The hepatic tracing 1s recorded easily whenever the liver 1s enlarged or
lowered However, tracings m normal mdividuals were more difficult to obtain
until recently

HISTORY

The hepatic tracing was studsed first by Potan® then by MacKenze ® It
was soon recognized that this record 1s particularly important because the iver
reflects changes of flow and pressure of the inferior cava without distortron
by an underlymg artery On the other hand pulsations of the heart, trans
mutted through the diaphragm are possible and may be superimposed on the
Iver pulsations

The first stage 1nvolved the use of a large, round collector pressed against
the skin of the nght hypochondrium and of a Marey tambour ? & 1° 1

A second stage was based on the substitution of the Frank s or the Wiggers
Deans capsule for the tambour,® a grea(er accuracy of the tracing was ob
tained through optical magmfication and p ding The latest
development due to the author,® 7 consists of the use of a Lmear m:crophonc
and a galvanometer

104
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TECHNIC

Modem procedure 15 based on the fact that 2 crystal mcrophone of 2
hnear type® transforms pulsations of the air contamned n the applicator mto
electncal waves These are recorded by the galvanometer of an electrocardio-
graph and are transcribed photographically or by direct wnting methods An
other sound or mechamical tracing should be simultaneously recorded an order
to ime the waves accurately Whenever the waves are small and magnification
1s pecessary a preamplifier may be
itroduced between the crystal 1

) and the gal

The sensitivity of the hnear
microphone 1s such that the round : ( 2
bell normally used for taking low —~———
frequency tracings of the chest 1s \ o/
sufficient  for recording hepatic
tracings A mucrophone connected f ‘
to the cup as a support 1s placed
over the nght upper quadrant of ® °

the abdomen and 1s held by a rub 3
ber strap If respiration s forceful

and srregular the mirophone may 4

be held by hand However this

T ¢ 15 Not ded be . 5

cause shight movements of the hand °

may be recorded by the mucro N —

phone In normal mndwiduals the Fig 54 Locaton of the funnel for re
same procedure may be used on cordmg special tracings 1 carotid tracing
that part of the hiver wluch crosses ; s:r‘l‘g';‘:;:l":g’ ;“;‘;‘;i‘c“;‘;:‘;‘ﬁg 3 S o
the emgastnum by firmly applying ’

the cgpg below thsynght 305&1) zrch domiaal (aortie) tracing

(Fig 54)

Respiratory movements possess an amphtude far greater than the hepauc
waves therefore 1t 1s necessary for the patent 1o ‘hold his breath for a few
seconds duning the taking of the tracing If the patient 1s unable to do so
closmg of the nose and mouth by the hand for a few seconds may be
necessary Otherwise a high pass electnic filter may be used This reduces the
amphitude of all slow waves so that the shape of certamn hepatic waves 15
somewhat changed Detection of a plateau might be more difficult with the use
of the filter
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ANALYSIS OF WAVES

The hepatic tracing shows a small positive wave during presystole (“a
wave) It 1s due to presystolic swelling of the liver when atrial cantraction
arrests the venous flow Regurgitatron of blood 1n presystole 1s mmmal 1n
normal mdividuals while 1t may be mportant m subjects with high venous
pressure

i2aa2!

1L

Fic 55 Hepatic (Hep) and epigastric (Epig)
tracings sumultaneously recorded in 2 normal subject
In this case the hepatic tracing has a marked early
systolic impact

The (a) wave of the jugular tracing and that of the hepatic tracing are
practically simultaneous However the jugular wave may precede the hepatic
wave especaally if the former 1s recorded through an amphfier (Fig 57) The
nse of the (a) wave of the hepatic tracing precedes the first sound at the apet
by about 0 15 second Tracings of patients with high venous pressure and
distended Tiver may present an atrial wave which 1 much higher m the
hepatic than in the epigastric tracing proving the hepatic ongin of this wave
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In excoptional cases, a dou
ble presystolic wave may be
recorded The first (a) 15
transmutted theough the dia
phragm via the epigastrium,
the second (a) s a real
hepatie ware

The beginmng of ventnic
ular contraction 15 revealed
by a small postive wave
{wave 1) probably trans-
mitted  through the dia
phragm

Dressler*  confirming
fluoroscopic observations of
Hnzenberger,® described a
systohic drop of the right dia
phragm (decreased yolume
of the Inver) 1n contrast with
asystolic nise of the left dia
phragm (suction created by
decreased intrathoracic pres
sure) This 1s confirmed by
the fact that during most of
systole the normat hepatic
tracing shows a deep nega
tve wave the systolc col
fapse Tn normal indviduals
the systolic coltapse recorded
below the right costal arch
is far deeper than that re
corded below the left costal
arh (Fig 56) Therefore
the former s the result of
decreased frepatic  volume
while the latter 15 caly due
1 nse of the daphragm
witlh decrease of abdomuaal
Pressure Sometimes a small
notch can be seen dusing
that part of the first sound
Wwhih cowcides with the
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Fic 56 Phonocardiogram abdominal tracing
and hepane tracing 1 a normal subject (The ab
dominal tracing was recorded from an area dia
metrically opposed to that of the hepatic tracing )

=

Fi¢ 57 Phonocardiogram  hepauc  tracing
and jugular tracmg (amplfied) i a normal
subject
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opemng of the semlunar valves and during the wave 1b of the cardiogram,
1t 1s probably transmutted through the diaphragm

The tracing rises gradually at first rapidly later, with a peak (v) at the
time of the opemng of the tricuspid valve Followng tius, the curve falls
formng a deep and rounded negative wave vanable m shape and depth be
cause of the effect of respiration of the venous return The lowest pomt of this
wave comcides with the wave of rapid filling 1n the cardiogram and should
be named 3 ¥t may also be called diastolic collapse

The normal hepatic tracing 15 mainly formed by a deep negative wave, the
systolic collapse, which 15 preceded by a positive atrial wave and 1s followed
by a diastolic collapse (Figs 55, 56 and 57) These waves reflect the volume
changes of the liver due to changes of flow 1n the mferior vena cava Smaller
notches are transmitted from the heart through the diaphragm Transmutted
nght heart movements and aortic pulsations may be overlooked in normal
subjects However 1t 1s wise to always compare the hepatic tracing with the
epigastric tracing 1n cardiac patients

It should be hept 1n mind that a right ventricular impact 1s transcribed as
an early systolic wave followed by a deep depression while the positive hepatic
pulse of tricuspid nsufficiency consists of a posttive systolic plateau (p 356)

CONCLUSIONS

The hepatic tracing may yield important data in cases of diseases of the
tricuspid valve, 1n heart fadure and n adhesive pericarditis The hepatic
tracing 1s superior to the Jugular tracing because 1t 1s not mfluenced by an
underlymng artery, transmutting systolic pulses

REFERENCES

1  DressteR W Die Bri dpul: als Symp von Herz und
Gefaesskrankhewen  Vienna, Maudrich 1933

2  DRresSLEr, W Pulsations of the wall of the chest Arch Int Med 60
225 437, 441 654, and 663, 1937

3 Hay I Graphic Methods in Heart Disease London Unnersity Press
1921

4 HirzenserceR K Die pulsatorischen Bewegungen des Zwerchfelles
Wien Arch f inn Med 5 451 1923 and 9 205 1924

5 voN Karpr, W Ueber die Leberpulsation  Deutsche Arch kim Med
149 279 1935

6 Luisapa, A A Cardiologia  Buenos Aires Editorial Alfa 1945

7 LuisapA A A Heart A Physiologic and Chmical Study of Cadovascular
Disease  Baltumore Md, Willlams and Wilkins 1948




Tracings of the Pulsations of the Liver e

Machewnzie, ] The Studv of the Pulse Arterial Venous and Hepatic and
of the Movements of the Heart  New York Macmilan, 1902

MiLrer A, and Wite P D Crystal mucraphene for pulse wave record
mg  Am Heart] 21 504 1941

Poramy, P C E  Sur les mouvements et briuts des vemes jugnlawes  Bull
et mem Soc méd d hop de Paris 4 3 1867

VaQuez, H  Troué des Maladies du Coenr  Pans Bailhére 1928



SECTION D

Intrathoracic Tracmgs

CHAPTER 10

Traangs of the Pulsations
of the Esophagns

(ESOPHAGOCARDIOGRAPHY}

HISTORY

Tracings from the esophagus of dogs and humans were first recorded by
Fredericq 1 1886 The same author later identified most of the waves 1e
corded with those presented by the atrial pressure curve * Early studies of the
esophagocardiogram nclude those of Sarolea® Luciani® Minkowskt n
Young and Hewlett ' Rautenberg ™ Lian 7 Janowskt ® Clerc and Esmem
and Pace **

Later studies with different technics were made by Weitz and Schall **
Boeckelmann * Taquim ¢ Puddu * Lwsada® ** and Groedel and Muller
The basic studies are those of Luciani, Rautenberg Boeckelmann and
Taquim

All methods are based on the mtroduction of a tube into the esophagus
The earlter group of workers connected the tube with a Marey tambour A
second method made use of a Franks capsule and of photographic re
cording ! 2 1 In recent years the tube has been connected with a crystal
microphone of the linear type® ® *® or with an electromanometer 1

1o
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TECHNIC

The best type of stomach tube 1s one of 5 mm 1nternal bore This may be
connected with a rubber cylinder having a metal support or a small balloon
slightly distended by air * The tube should be marked i centumeters and
should be radio opaque so that its descent may be followed by fluoroscopy
It should be kept 1n mund that the esophagus curves m 1ts lower section and
proceeds from the vicimty of the spine into the anterior medtastinum below
the heart According to the position of the tip four types of curves can be
obtaned (Fig 58)

1 Atthe aortic leve] 25-30 cm from the dental arch

2 Atahigh atnal level 30-35 cm from the dental arch

3 Atalow atnal level 35-40 cm from the dental arch

4 At the ventricular level 40-45 cm from the dental arch

Each of the tracings presents taterest However the second and third
positions are the most important

ANALYSIS OF WAVES

Tracing at the Aertic Level

The following characteristics may be observed A small negative wave
duning presystole 0 05-0 08 after the beginning of P 1n the electrocardio
gram (Wave 4) A small diphasic wave at the beginning of systole with 1
scription of the first large vibration of the first sound (Wave 1a) A deep sys
toltc collapse duning the ejection period mterrupted by 2 small posttve wave
simultaneous with the (c) wave of the jugular tracing A rapid rise counciding
with the second sound and the mcisuta of the carotid pulse (Wave 22) A
1apid rise with a posttive peak at the time of the third sound (Wave 3)

Tracing at the High Atrial Level

Usually a negative wave 1s present during presystole (Wave 4) A positive
peak 1s simultaneous with the first sound (Wave 1) Then there 1s a small dip
and 2 small peak synchronous with the (c) wave of the jugular tracmg
Later a rounded negative wave occurs during ejection and culminates with
a positive peak at the time of the second sound (Wave 2) Last a negative
peak 15 present during rapid filng of the ventricles (Wave 3) (Fig 58)

Tracing at the Low Atnal Level (True Atnial Tracing)

There 15 a negative wave during presystole with a peak which follows by
003-0 04 that of the P wave of the electrocardiogram (Wave 4) This

*A thin (01 mm) rubber membrane tied around the tip of a stomach tube may be used
for the purpose
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4th st 2nd

Frc 58 Esophagocard and esophageal phonocardiograms at three dif
ferent levels n a normal young man Top at 30 cm from the dental arch (hgh
atrial level) Middle, at 35 cm from the dental arch (low atnal level) Botfom At
40 cm from the dental arch (high ventnicular level)

wave may be double peaked (Fig 59) After this and starting after R 2
small posttive wave (Wave 1a) occurs during the first part of the first sound
Thus 1s followed by a small drop and another small positive wave syn
chronous with the second part of the first heart sound (Wave 1b) Then there
1s a systolic collapse and a positive or negative peak at the time of the second
sound (Wave 2) Rapid ventrcular fillng 1s marked by a deep collapse
(Wave 3) (Figs 58,59)

Tracing ot the Ventncular Level

The presystolic wave (4) is more frequently posttive than negative The
systolic collapse 15 poorly visible There are large vibrations caused by the
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valvular events and simultaneous with the heart sounds (1a 1b 2a) Rapid
filling 1s marked by a high positive wave (3) (Fig 58)

INTERPRETATION
Several factors act on the intraesophageal pressure and give mise to the
waves of the esophagocardiogram
1 Vanations of Intrathoracic Pressure  These will be analyzed in Chap
ter 11 One of the main effects 1s the deep systolic collapse of the tracing at
the aortic level

First Second

Fourth gqung Sound  Fourth
Sound Sound

1t 1

Fic 59  Esophagocardiog an phageal | g
(stethoscopic) at 35 cm from the dental arch (n a normal adult
Double atrial wave (a) 1n the mechanical tracing multiple atrial
vibrattons (fourth sound) 1n the sound tracing

2 Changes in Volume of the Left Atrsum  This chamber 1s 1n the near
Proximity of the esophagus Its contraction which takes place 1n presystole
causes 2 negative wave 1n the tracing at the low atrial level and sometimes also
in that at the high atnal level Lowering of the atrioventricular floor by the
left ventricle causes the systolic collapse at the low atrial fevel
3 Pulsations of the Descending Aorta  These may be observed 1n the trac
Ing recorded at the high atnal level as a positive systolic wave

Impact of the Ventricular Contraction  This can be observed m most
tracings chiefly during the tension period
5 Vibrations of the Heart Sounds ‘'These are inscribed 1n most of the
tracmgs
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CONCLUSIONS

Until a few years ago, the esophagocardiogram had a unique positton This
tracing recorded at the atrial level permutted to obtamn direct evidence of the
movements of the left atrum Its iferest was particularly marked 1n patients
with a systohic murmur where a differential diag; between th
mitral disease and other cardiac diseases was necessary At present, electro
kymography represents an easier and better tolerated method of study Stll
esophagocardiography presents some interest In particular whenever a
fluoroscope and an electrokymograph are not available the esophagocardio-
gram may be the method of choice 1 doubtful cases especially by usmg the
electromanometer
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CHAPTER 11

Traomgs of the Pulsations
of the Awr Passages

(INTERNAL PNEUMOCARDIOGRAPHY}

The term internal pneumocardiogram 1s now applied to the tracing of
pulsations of the air passages and lungs as a consequence of the heart beat
Previous terms were negative thoracic pulse  cardiopneumatic waves
‘ respiratory pulse  and * heart notchings of the respiratory curve

HISTORY

Older studies showed that the heart beat causes changes of pressure withi
the thorax and movements of air through the resprratory passages which
usually are not accompanied by audible sounds In heart diseases these move
ments may increase mn such a way that the observer becomes aware of them,
and there may be a subjective sensation

The first clintcal observations were made between 1867 and 1888 by
Friedreich ™ Galvagm ** * and Cheesmann ® more recently Germ »
Fischer,” Bipetti  and Lang™ published chinical studies Tracheal or oral mur
murs with a cardiac thythm were described m aortic insufficiency and
aneurysms of the aorta The name oral wiiff® was used by Cheesmann s

e
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Pressure Curves

Buisson' studied the so called negatne thoractc pulse sn ansmals and ex
planed it with the decrease 1n volume of the heart as a result of ventricular
systole Bert! studted the pulsations of air of the trachea due to the movements
of the heart Landos 7 obtmined records of air pulsations from the mouths of
normal subjects He descrtbed negative waves when the glotis was opes and
postive waves when it was closed The latter were due to pulsation of the
oral vessels Messo™ recorded the same tracing and descnbed a double
notched wave due to systolic dimmuuon of pressure withun the chest He
attrrbuted the first notch to expansion of the chest caused by the apex beat
the second to dimmnution of cardiac volume However his records repro
duced by Luctans ® are not above seproach Klemensiewicz * and Haykraft
and Edic”? concluded that the pulsations were manly due to rhythmue com
pression of the Jung by the heart apex Frangows Frank™ attributed the waves
recorded when the chest was open to pulsations of the pulmonary vessels
Chmcal p diograms were ded by Swal * Cremer and Mat
thes ® and Frugom * 1n mdividuaf cases

In 1918 RKlewstz © described the pneumocardiogram in detail He noted a
small negative wave durng presystole and 2 larger one dunng systole Small
uotches comerded with the two heart sounds

Preumatochogroms

A third phase started with the description of the pneumotachograph This
apparatus records a tracmg of velocity of the air flow dunng normal respr
ration® 8 (p 215) The casdiac notches of the pneumotachogram were
studted by the author™ m normal subjects and cardiac pattents and were com
pared with those of the pressure curve They were found basically identical
Actual backflow of air was found only during apnea Three man negatne
Waves were desenbed  one presystolic one systolic and one diastolic A high
positive pulse sometimes oceurred 1n untramed patients when asked to  hold
their breath because they closed their glottis

Hochrein and Wess? studied by means of a puneumotachograph the
pulsations of the air caused by the heart beat dunng msprratory and expiratory
standstll No definite notchings were observed sn mormal subjects on the
other hand positive waves were found 1 both phases of apnea m aortic
aneurysm anly denng wspreatory aprea m adhesive pencarditis The study
Was repeated later by Hochrein® and by Hochresn and Laplace ° Both the
technic and the conclusions of these studies were discussed by Fleisch®
Halzloehner 2 Huzenberger and Hinteregger 9 Lasada 32 3 84 apd Rubmo 2°
Later studies by Holzlochner® * were mostly based on the use of a pneu
motachograph and a stnng anemometer
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The most recent technic was described by the author,®® who used a crystal
microphone a high pass filter, and a galvanometer Subsequent studies were
made by Groedel ¢

TECHNIC
A Sanborn Stetho Cardiette or Twin Beam Cardiette 1s used for the simul
of the p diog and the phe )

The latter 1s useful for timing the waves of the former A crystal mxcro;hone
of the hnear type™” 15 used 1n conjunction with a high pass filter which de
creases the slow respiratory deflections of the baseline without curtailing the
rapid pulsations caused by the heart The jJack of the linear microphone 1s
mserted into the filter, that of the filter mto the electrocardiograph The filter
can be vanied 1n the degree of attenuation of the slow respiratory deflec
tons If three simultaneous registrations are meeded a Tr Beam Stetho
Cardiette or a Poly Viso with direct writing can be used

A 10 nch rubber tube connected to the microphone ends 1n an olne of
bakelite mnserted into one of the nostrils The patient 1s placed 1o a comfortable
sittng or semirecumbent posttion with complete muscular relaxation and
1s 1nstructed to breathe through the nose with his mouth closed

Two operating adjustments can be made the degree of filter attenuation
upon slow respiratory waves and the amplification of the electrocardiograph
Regulation of both gives a tracing having waves from 1 to 2 cm high while
even the extreme phases of respiration are recorded The pneumocardiogram
1s regstered at a film speed of 50 to 75 mm per second

If the patient 1s able to breathe evenly and slowly the filter may be
dispensed with and the accuracy of the tracing 1s increased

Calibration of the pneumocardiographic waves can be done by using a
device which produces a known change of pressure mn the tube connected to
the patients nostril The pneumocardiographic deflections may then be ex
pressed 1n millimeters of water

The electncal filter does not remove completely the low frequency com
ponents caused by respiration Thus some waves may be seen 1n one cycle and
not m a succeeding one because of the unlike rhythms of respiration and
cardiac action These respiratory components are more marked m children
and excitable adults Pneumocardiographic waves may be differentiated from
respiratory waves because they occur in every succeeding cardiac cycle, al
though somewhat modified 1n contour

ANALYSIS OF WAVES

It has been proven that the waves of the mternal pneumocardiogram
murror the changes of ntrathoracic pressure Apart from respiratory actions,
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the latter are affected chuefly by the balance between flows of blood from and
nto the thorax Rapad outflow not compensated by mnflow, or arrest of mflow
while the outflow continues cause a suction effect which 15 compensated by
nflow of air and 15 revealed by a negative wave in the pressure tracing
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FI6 60 Companson of the internal pnenmocardiogram (Pcg) with the jugular
tracmg (Jug) and the esophagocardiogram (Es card ) at the atrial Jevel

Acceleration of mflow of blood nto the chest without equivalent increase of
outflow causes a pressure effect which 15 compensated bv ontflow of arr and 1s
revealed by a positive wave 1n the pressure tracing

The movements of two valves the trcuspsd valve on the one hand and the
aattic valve on the other are the most important because they regulate venous
flow nto and arteral flow from the chest
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The normal pneumocardiogram presents five negative waves each con
nected with certain phases of cardiac action, and several small posttive con
necting ponts which may become positive waves (Figs 60 61, 62, and 63)

Duning presystole, 2 negative Wave 15 present 1n the pneurnocardiogram
It 15 due to arrest of venous flow (or backflow nto the large veins) caused by
the contraction of the nght atrium and should be called Wave a This results
m a suction of air into the chest (Fig 63)

7 Rust T Second
1Sound |Sound

2 A

o vl e e e et

Fic 61 Phonocardiogram and mternal pneumocardiogram of a
normal young man (sitting relaxed filter)

Phono

A small positive wave occurs before the jugular tracing reaches the bottom
between the a and ¢ waves Lowering of the tricuspid leaflets by the papillary
muscles creates a shght aspiration of blood causing outflow of ar from the
chest This notch 1s called p' (papillary contraction first positive wave)

During the first half of systole the blood leaves the thorax through the
branches of the aortic arch and the abdomunal aorta At the same time the
venous blood either moves slowly toward the nght atrium (:nfertor cava), of
has a short backflow (supenor cava or ¢ wave of the jugular tracing) In this
phase considerable aspiration of air nto the thorax takes place and anm
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portant depresston 15 present n the pneumocardiogram This wave 15 often
the most marked of all and 1s called v (first ventricular wave)

After the first part of systole pronounced asprratton 1s exerted on the verns
by increased negative pressure of the thorax and lowering of the floor of the
nght atrium  This causes acceleration of the venous flow from both cavae as
shown by the jugular and hepatic tracings The pneumocardiogram shows an
upnght notch which normally does not reach the zero Line but 1n some cases
may become a positive wave The pulsation of the pulmonary arteries* and
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Fic 62 Phonocardiogram and internal pneumocardio

gram of a normal young man (lying supme amplfier no
filter)

Eadassl

that of the tracheal and nasopharyngeal vessels may contnibute to the forma
tion of this wave This wave 1s called p (peripheral pulse second posttive
wave)

During the second half of systole venous flow 15 slow because the night
atrum 1s nearly filled while artenial flow from the aortic arch continues
This causes suction of air into the chest and a negative wave This wave
called v (second ventricular wave) may be deeper than v*

* Theoretically the pulsation of the pulmonary vessels should not produce changes of the

because the of blood 15 However the contact
between small arteries of the lungs and alveolar air 1s so intimate that the decreased volume

of the night ventricle affects more the venous flow while the increased volume of the lungs
bas a greater effect on the flow of air
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An upright notch 15 simultaneous with the second sound and the incisura
of the carotid tracing This 1s called s (semilunar valve closure) Dunng the
isometric relaxation pertod a straight line or a small downward wave ss
present The latter 15 called d* (first diastolic wave) Openmng of the tricuspid
valve causes a sudden onrush of blood from the venoatnal reservorr into the
night ventricle and accelerates the venous flow The moment of opening 1s
marked by an upnght notch called ¢ (tricuspid opening) It occurs sumul
taneously with the lowest pomt of
the apex cardiogram (pomt 2b)
and comeides with or shightly pre
cedes the v wave of the jugular
tracing

Blood leaves the thorax during
the dicrotic wave forced by the
elastic retraction of the aorta Tts
amount 15 larger than that of the
blood entering the mght atrum
Therefore a suction effect 15 cre
ated and a negative wave d” occurs
(second diastolic wave) This comn
i cides approximately with the wave
Peg N i A (il of rapid filling of the apex cardio
;i gram and with the third sound

Additional waves may occur

; hen diastole 1s prolonged as the
FI6 63  Phonocardiogram jugular trac w
g and snternal pneumocardiogram of a fesult of varauons of P“’ss‘“;
normal young man (lymg supwme amplt Within the thorax They are calle
fied no filter) 4 d* etc (late diastohic waves)

First  Second
Sound Sound

PHYSIOLOGIC VARIATIONS OF THE PNEUMOCARDIOGRAM

Respiratory Chonges

Normal subjects show deeper waves durmg the first part of nspiration
However two waves may combine 1 a single one The a wave 15 deep and
broad p?1s smaller and of a short duration v! and v2 tend to fuse into a single
negative systolic wave Norma) subjects present smaller waves dunng ¢xp!
ration espectally 1n the second half of the phase Wave p! 15 usually clearly
defined and sharp p?1s tall broad and definitely positive, ¢ 15 low 515 taller
and often well defined (Fig 64)

Insp y and Exp y Standstll

The use of a crystal microphone and hugh pass filter elimimates the necessity
of the patient holdng tus breath m extreme positions and avoids ndvidual
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vanations and abnormal pressure conditions However, the author® compared
these extreme phases with the technic of normal respiration The degree of
1nspiration or expiration 1s 2 vanable depending upon traming and cooperation
of the patient, and greater or lesser effect upon the waves was found No
fundamental difference 1 timing or polanty of the waves was found between
the changes produced by normal respiratory phases and those resulting from
apnez the extreme POSIHOHS

Flest Second
" Sound Sound
Fourt! Third Fourth
Sound
os Sound Sound
Phono
! ; " L :
) ] p2 |
| Pl ,f:\\ ; " | [ Pest Yore

Sitting Rel

FiG 64  Respiratory and positronal changes of the pneumocardiogram first
with subject bent forward and situng relaxed and second dunng expiation and
inspiration

Changes Due fo Position

‘The best tracings are obtamed in eiher a situng or a semuecumbent
position wath the muscles completely relaxed Other positions such as supine
situng erect sitting bent forward or standing may produce important changes
m the mternal pneumocardiogram (Fig 64) Many of these changes were
studied by Holzloehner  * and explained as the result of an altered venous
flow caused by modified tension of the venous walls

Bradycordia and Techycardia

Because of short diastole subjects with tachycardia often show partial or
total fusion of " with a and small amplitude of &' These varrations are ex
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plamned by changes i diastolic venous mflow and abrupt systolic collapse of
the vemns In bradycardia the waves are typreal, and additional waves may
occur durmg diastole

CONCLUSIONS

The pneumocardiogram presents a time relationship between four waves
and four phases of the cardiac cycle
p*=closure of the tricuspid valve=first part of first sound
s=closure of the acrtic valve=main wave of second sound
t=openmg of the tricusprd valve=opening sound of tricuspid (and mutral)
d?*=rapid inflow into the night ventricle =third sound

The mternal pneumocardiogram has therefore some value as a timer of
sounds recorded by the phonocardiogram The tracing presents mterest when
ever lestons of the tricuspid valve are suspected 1n adhesive and constrictive
pencarditis, and 1 syphilitic heart disease with aneurysm of the aorta or aortic
msufficiency
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CHAPTER 12

Tracngs of the Pulsations
from the Pleural Caunty

(PLEURAL TRACINGS)

The study of these pulsations has a limited value and had so far, few
applications, largely because of the techmc

Followmg studies of Rubino® i the authors Iaboratory, Borchardt and
Groedel' studied by graphic methods the mtrathoracic pressure changes 1n
subjects with pneumothorax Complete 1dentity between pneumocardiogram
and 1ntrathoracc pressure curves has been found

REFERENCES
1 BorcuarpT, P R, and GroepeL F M Companson bcmeen the external
diogram and the p X pn g Exper
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SECTION E

Arterial Pulsations

The study of the artenal pulse has had a large part i the physical exam:
nation of a patient since the oldest umes Chinese physicians described in
detail this study before 2500 B ¢ They examuned the pulse of several arteries
with Iight medium and strong compression of the vessel and they reckoned
the pulse resptration ratio ® Hippocrates gave details about rate amplitude
strength and rhythm of the pulse as well as about the rapidity of its nse
{pulsus celer vs pulsus tardus) Galenus added to these elements the tension
and filing of the artery Weitbrecht' observed 1n 1734 that the carotid pulse
preceded the radial His observation was purely chnical and was confirmed
by graphic methods only one century later by Weber **

The beginning of graphic studies led to recording of three types of arterio
grams the aortogram the carotid sphygmogram and the radial sphygmogram
La\lter on the sphygmograms of several artesies have been recorded systemati
cally *

* See References page 131



CHAPTER 13

Tracmgs of the Pulsations
of the Aorta

(AORTOGRAPHY)

HISTORY

Aortograms were recorded i the horse by Chauveau and Marey® 1n 1863

and shortly afterwards by Fick® and Fredericq” 1n the dog Frank! used an
optical system for recording aortograms in ammals and his studies were
followed by a score of others (v Frey, Huerthle Bayliss and Starling Tiger
stedt)
The first tracings 1n man were recorded by Mueller and Wews ! Chmcal
cases of aortitis or aortic aneurysm were studied later by graphic methods
(Cardarell  Zagart®®) The author made systematic studies 1n normal sub
jects and cardiac patients ® °

The tracing was recorded first with a funnel connected to a Marey tambour
then with a Frank s capsule later with a crystal microphone

TECHNIC

The aortogram may be easily recorded over three pomts the second right
wterspace the suprasternal notch and the abdomen (Fig 65) The first rec
ord already described (p 70) 1s mfluenced by waves due to direct cardiac
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Fi¢ 65 Simultaneous aortograms in a young woman
Upper ascending aorta over the second right interspace
(Asc Ao) Middle aortic arch at the suprasternal notch
(S Trac) Lower abdominal aorta above the umbilicus
(Abd Ao}

motion The second type of aortogram has less interference from cardiac
waves Whenever the aortic arch 15 dilated or blood pressure 1s mncreased
excellent tracings are obtaned in this area and a pure artenal record can be
observed The abdomunal aortogram 15 recorded shehtly above the umbihicus
Ppoor results are obtamed when the abdomen 15 distended or obese while a
good tracing 1s obtamned 1 lean individuals

In all three types of aortogram a funnel d to a Imear phone
15 placed agamst the skin over the vessel In the case of the suprasternal
notch the funnel 1s held by hand or a suction vup 1s used In the other two
instances a rubber band holds the funnel The sumplest way 1s to use a stetho
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scopic mucrophone as a support for the cup Thus simultaneous tracings of the
aortic sounds and of the aortic pulse are recorded

The Iinear microphone™* transforms pulsations of air mto equivalent electn
cal pulsations so that the tracing can be recorded by a galvanometer of an
electrocardiograph either on photographic film or by direct writing

ANALYSIS OF WAVES

The aortogram 1s essentially a fracing of central pulse However, tracmgs
recorded 1r normal subjects at the second nght interspace or at the supraster
nal notch present additional waves due to changes of cardiac volume or
simultaneous with the heart sounds (Fig 65)

An atnal wave mn presystole (Wave 4) a small wave during the tension
pentod (Wave 1a), and a wave of rapid filling 1n early diastole (Wave 3)
are frequently observed The tracing shows 2 steep rise at the beginming of
ejectron and frequently presents a small depression m the ascending lumb of
the pulse (anacrotism) This 15 followed by a slower nse a rounded peak
and a slow decline The end of ventncular contraction and the onset of
ventricular relaxation are marked by a sudden drop of the tracing (mcisura)
After this, one or more coarse vibrations take place followng the rebound
of the blood on the closed aortic valve then a slow dechne of the tracing can
be seen

As soon as the ascending aorta and the aortic arch are dilated by the pulse
the blood wave moves rapidly nto the abdominal aorta and reaches the
arteries of the legs The movement of blood during systole 1s comphcated by
the low patural frequency of the aortic wall and by reflected waves from
regions with sudden narrowings and branchings *® Experiments of Hamiton
and Dow* have proven that the pulse wave presents progressive changes s0
that 1t gradually acquires a higher peak and a simpler contour This 15 due
to the existence of a standing wave created by alternate accelerations and
decelerations The arch and the upper part of the descending zorta accommo
date more blood dunng the first part of ejection the lower aorta and its
branches more blood during the second half ** For this reason, the abdominal
aortogram has a more pomted peak and shows less well the various detals
of the tracing Aortic catheterization 1n man has shown the following progres
sive changes **

1 The onset of the anacrotic limb occurs later and the anacrotic notch dis
appears

2 ‘The incisura 1s gradually lost and replaced by a dip ending m the dicrotic
notch Both this and the dicrotic wave become more pronounced toward

the periphery
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CONCLUSIONS

The aortogram 1s of use in the diag of the following cond diffuse
enlargement (aortitis} or Jocal difatations (aneurysms) of the ascending aorta
and aortic arch due to syphilitic heart disease (second space and suprasternal
noich) aortic stenosts {second space and sup nal notch}), of
the aorta (abd 1 aorta), arteriosch dil of the abd 1
aorta (abdommal aorta), and differential diagnosts between aneurysms and
tumors or masses having a transmitted pulsation

REFERENCES

I Beproro D B The ancient art of feeting the pulse  Brr Heart T 13
423, 1951

2 Carparroer A Gh areunsmu fatentt ed oseurs dellarco aortico  Ri-
forma med Feb, 1889

3 Ciauveau and Marey  Quoted by TioerstepT, R Die Physialogie des
Kreslaufes  Berhin De Gruyter 1922 vol 3

4 Dow, P and Haviwton, W F An expenmentat study of the velocity of
the pulse wave propagated through the aorta  Am J Physiol 125 60
1939

5 Evens, B Diwe Kronkheuen des Herzens und der Gefaesse Berhn,
Spnnger 1929

6 TPk Zentralbl med Wiss 786 1864 (quoted by Tigerstedt®)

7 Frépepico  Trovaux du Lab 2 111 1888 (quoted by Tigerstedi®)

8 Hamiton W F and Dow P Expenmental study of standimg waves
pulse propagated through the sorta  Am J Physiol 125 48 1939

9 Luisapa, A A Cardiologia  Buenos Awres Edit Alfa 1945

10 Luisaba A A Heart A Physwlogic and Chmeal Study of Cardiovascular
Diseases  Balumore Md Whihams and Wilkins 1948

11 Muier A and Wmre P D Crystal microphone for pulse wave record
mg  Am Heart] 21 504 1941

12 Mmzz,pgk, O, and ngss E Uebcr die Topogeaphie, die Intstehung und

Deutsche Arck t kiin Med

phyg

g des

105 320 1512

13 Weeer,E H  Annot onar et phys Tewpug 1 1834

14 Wemrsrronr  Comment Acad tmp scemt Petropole 7 317 1734
1735 (punted m 1740)

15 Wicoess € J  Physology w Health and Disease (ed 5)  Philadelphia
Lea and Febiger 1949

16 Zacam, G Aortite addomnale  Riforma med 24 N 41 1908

17 Smans A H karz, L N, Gramam G R Gorvon A Euseerg, E T
and Gznnn H Pgnphtral arfersal pressure pulse i man  Cortelation with

Crrculanon 4 510 1951




CHAPTER 14

Traomgs of the Central Pulse

(CAROTID AND SUBCLAVIAN SPHYGMOGRAPHY)

In additson to the aortogram a typical ‘ central pulse may be recorded over
the carotid and subclavian arterres

HISTORY

Huerthle* was probably the first to record carotid tracings m man He used
a Marey tambour and a specially built support fastened to the patients head
A similar device was used shortly afterwards by Edgren MacKenzie® used
this method of investigation systematically Frank” recorded carotid tracings
optically by connecting a funnel with hus segment capsule Since then numer
ous mmportant studies have appeared Among them those of Wiggers !
Wezler © and Hamulton® are outstanding The author has used a crystal
microphone for recording these tracings since 1940

TECHNIC

The tracing of the carotid artery 1s obtaned by pressing a small funnel
against the skin medsal to the right sternocleidomastoidens The pulse of the
subclavian artery 1s obtained by placing the funnel over the medral third of the
supraclavicular fossa The funnel may be held steadily by hand or may be
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fastened and held by a special device like that supplied by the Cambndge
Instrument Co of New York A third method consists of wrapping around
the neck the double cuff of a device for recording pulse and blood pressure
(p 154) The cuff 15 inflated at 15-20 mm Hg 1n order not to embarrass
cerebral circulation The tracing obtained by this method presents strong
venous components Still 1t may be useful whenever the patient needs to move
his arms and neck, as 1n taking simultaneous tracings of electrokymography
and sphygmography (p 178)

st

2nd

3rd Phono

Fi6 66 Phonocardiogram carotrd tracing and apex
cardiogram in a normal young man

ANALYSIS OF WAVES

The tracing of the central pulse reveals three mamm waves 1 the percussion
wave the tdal wave and the dicrotic wave (Figs 31 38 and 66) The details
of the tracing are as follows

1 One or two small waves are present during presystole and durning the
tension penod of the ventricles

2 There 1s a rapidly ascending phase (the anacrotic slope) which fre
quently presents a change of speed (anacrotic depresston) The nse of the
curve comcides with that large vibration of the first sound complex which
13 caused by opemng of the aortic valves (p 44)

3 The peak or summit of the percussion wave Is attamed at about the
middle of systole and 15 followed by a shight depression
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4 A second, more rounded wave (tidal wave), occurs during the second
part of systole and 1s followed by the beginning of the d ding phase
(catacrotic slope)

5 In comcidence with the main vibration of the second sound complex
(closure of the aortic valve), the curve presents a sudden drop (incisura),
often followed by one or two small vibrations

6 The curve rises agam forming a slow positive wave, the dicrotic wave

7 Later, the tracing gradually falls to its lowest level which 15 attamed
Just prior to the nise of the following pulse wave

Reflected waves from peripheral subdivisions may be superimposed on the
curve if this 1s taken at a high level of the carotid artery (upper carotid
pulse) 7 the changes are noticeable during early ejection soon after the 1n
cisura They occur earlter if there 15 hypertonus or sclerosis of the wall, so that
the speed of the pulse wave 15 mcreased Low tonus of the wall 15 revealed by
a high peaked tracing *

The small waves which precede the nise of the pulse curve are transmitted
from the heart The first 15 caused by atmal contraction, the second by
bulgmng of the aortic valve during the tension period They are present only
m the central pulse and are damped later by the walls of the perpheral
arteries ‘The rapid, ascending phase of the pulse curve 1s due to the ejection
of blood 1nto the aorta The anacrotic change of slope 15 due to the fact that
at first the mertia prevents a large displacement of blood while later a more
rapid flow occurs ! the tonic elastic reaction of the aorta may also contnibute
to 1t The formation of a summit when about half of the blood has left the left
ventricle may be attributed to the fact that the volume of blood entering the
aorta 1s then smaller than that Jeaving the aorta through the various branches *
The tidal wave seems due to the summation of the still moving wave with
multiple waves reflected from the periphery ?

The aorta and the left ventricle are still a single chamber at the begmning
of ventricular diastole Ventricular relaxation causes a sharp drop of pressure
1 the aorta which 1s quickly terminated by closure of the semilunar valves
s causes the masura Wien pressure eddies complete the closure of the
aortic valve the retraction of the aortic wall forces blood toward the heart
as well as toward the periphery This sets up a negative wave which follows
the main percussion wave (the meisura) After closure of the aortic valve the
blood column rebounds from 1ts surface and sets up a second positive wave
(dicrotic wave), which follows the mam wave toward the periphery

CONCLUSIONS

The tracing of the central pulse ss useful mawmly for tming the waves of
other tracings For example hepatic tracings or electrokymograms are ire
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quently timed by means of a carotid tracing The tracing of the central pulse
guves accurate information about the time of opening of the aortic valve (nise
of the pulse) and 1ts closure (incisura of the pulse) Therefore this tracing
presents interest n bundle branch block Abnormal patterns are found mn
atherosclerosis of the aorta coarctation of the aorta, aortic stenosts and
aortic nsuffictency The tracing helps 1n the differential diagnosts of these
conditions
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CHAPTER 15

Traangs of the Perspheral Pulse

(BRACHIAL RADIAL FEMORAL TIBIAL PEDAL AND DIGITAL SPHYGMOGRAFPHY)

HISTORY

The earhest studies of sphygmography (Vierordt ' Landors®) were made
by using a loaded rubber bulb apphed over the radal artery and were
extremely maccurate The first reliable instrument with mechanical registra
tion was Mareys sphygmograph® for recording the radial pulse (Fig 1
p 4) Dudgeon * Jaquet ? and Frank and Petter® used sumilar devices How
ever another model with air tr. on writing through a Marey tamb
was somewhat superior

Tracings obtained through optical recording represent a second stage
m development Czermak? pasted a small mirror over the skin m the immedrate
victnity of an artery and recorded the motion of a beam of light reflected
by 1t Frank® and Ohm* used mechanical optical systems However m the
above systems the contact with the artery was not perfect and may have been
a source of error For this reason a new device was studied 2 preumatic cuff
was wrapped around the hmb, pressure was set 10 the cuff and the tracing
was recorded optically wiule the artery was submutted to a known compresston
(turgosphygmography®® ) The best model for many years was that of
Pachon Boulitte **

A third stage 15 represented by the use of a differentral erystal mierophone
co. d with a gal and a blood pressure cuff (Rappaport and
Luisada®®)
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TECHNIC

By using the device of Rappaport and Lwsada®* (Fig 7 p 155) the
pulse tracing can be recorded on any of the four imbs or any of their sections

The double cuff 15 carefully wrapped around the segment A pressure of
20 mm Hg 15 established 1n the lower recording cuff The switch of the bot
1s moved from adjust to register and further pressure 18 established in the
upper cuff The tracing of the pulse can be taken at any compression It 1s
advisable to note the level of compression, as well as that of the blood pressure
m the limb prior to taking the record

Having already connected the jack of the mstrument with the outlet of an
electrocardiograph the switch of the latter smovedto 1 (ina direct writing
instrument this 1s not needed), and the record 1s taken at a film speed of 25,
50 or 75 mm per second Pulse recording 1s based on the use of a hnear

i

L

Fic 67 Sphygmog and ph 1ograms of a normal young man
The sound tracing of 4 actually records the cardiac sounds A subclavian
B brachial C femoral D radial E low tibsal F pedal

*This 1s built upon speeral order by the Sanborn Co of Cambridge Massachusetts
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mecrophone with two outlets Compression 15 developed on both sides of the
crystal, so that this 1s not damaged When cc 10n between the two 15
closed, the pulsations of the artery, transmutted to the cuff are received by
one side of the crystal and transformed 1nto electric pulsations The ponciple
underlymng the changes of contour of the pulse when pressure 1s ncreased 1
the upper cuff will be described later (p 155)

A more peripheral sphygmogram can be obtamed by the use of a finger
plethysmograph of mechanical or electrical type (p 148)

PHONO J ‘
) AL
!

Fic 68 Modifications of the details of the sphygmo
gram from the central to the peripheral arteries  Phono

sound tracing of the heart Card, low frequency tracing
of the chest wall (apex cardiogram), / subclavian pulse
2 brachmal pulse, 3 radial pulse, 4 tibial pulse

ANALYSIS OF THE WAVES

The peripheral pulse of normal subjects 1s much simpler than the central
pulse The ascending phase 1s straight the incisura s replaced by a rounded
depression ‘The dicrotic wave 15 also rounded After the dicrotic wave, otber
secondary vibrations may occur (Fig 67)

The reaction of the peripheral artenes deepens the predicrotic notch trans
forming 1t 1nto a valley, and rounds out the dicrotic wave Therefore the
pcnpheral pulse shows no evidence of the tidal wave (Fig 68)
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The abnormal sphygmogram may show marked variations
The wafer hammer fype has a steep ascendmng slope and a rapud drop
There 15 a turbulent condition at the front of the wave which may be
revealed by a small anacrotse notch and s felt as a thull upon palpation
Tt s typreal of aorie regurgitation
The anacrone pulse has a notch n the ascending slope It 13 found 1
aortic stetosts hypertension and marked bradycardia
3 The dicrotc pulse has a Ingh dicrotic
Systp 120 wave It 1s found mn fever anemma and
. K hyperthyroidism
DinstP 80 4 Pulsus alternans 1s a regular pulse which
L L t has al vely one smaller wave out
of two It 1s found i cases with severe

~

a R0 myocardial damage (p 428)

3 S Pulsus paradoxus 1s a sevete penadical

g';, 80, waxing snd waning of the pulse con
] R: nected with resptration and s typeal of

§ £ 9, constrictive pencarditis (p 461)

& A measurement which seems to have a

o

65 19 15 certmn climeal value 15 that of crest ume

SEcs Thus 15 measured in seconds between the rise

Fio 69 & Normal pulse trac  of (ha pulse and the highest pomt of the

’{'gmz; " atbsolutc hsPhyngOgra}rln mam wave ? ** Normal crest tune of the

s,-fm c:sen)me (;cm;:m};;:ﬂ;eg radsal pulee 15 between 10 and 16 per cent

and hangs Principles and Prac  Of the total duration of the pulse cycle from

tee of Cardiology Courtesy of 1156 of one pulse to nse of the next (Fig
the Oxford Uty Press ) 261)

THE ABSOLUTE SPHYGMOGRAM

The sphygmogram or pulse tracing 1 a pressure tracing of the artery
However, st does not reveal the pressuse which 15 between zero and the foot
of the wave A diagram called the absolute spingmogrant, evaluates the
vanous elements of the pukse In this duagram the ordinate represents pressure
{ d by the sphyg; ter) while the abscissa represents time and
15 based on the pulse rate (Fig 69)

APPLICATIONS

The sphy gmogreara can be used for several purposes
1 Sreep oF vag Purse Wave  Simultaneous phonocardiograms {over the
4ortic area) and artersal tracmngs are recorded The distance between the
second large vibration of the first sound {opemng of the serilunar valves)
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and the nse of the pulse gives the speed of the wave 1f compared with the
time lines of the record The tunes between the openung of the semilunar valve
and the artersal pulses of different arteries 1 2 normal young man are
reported in Table 5

TABLE 5 SPEED OF PULSE WAVE MEASUREMENTS IN NORMAL SUBJECTS

Time n seconds from
Time In seconds from closng of semulunar Tume n seconds from
Artery operung of semulunar valve to wncisura of the second sound 1o peak of
1

valve fo nise of the pulse  pulse the dicrotic wave
Subclavian 002 002 016
Abd aorta 008 008 020
Brachial 008 014 030
Femoral 010 016 032
Radial 012 016 035
Tibial 018 036 046

2 SuapE OF THE PULSE WAVE Records should be taken at diastolic
pressure, at mean pressure and Just below systolic pressure The last shows
prominence of all secondary waves including the anacrotic notch Measure
ment of crest tme™ 15 made 1n tracings recorded at diastolic pressure

3 Stupy oF ARTERIAL Sounps This sound tracing 1s automatically re
corded with the sphygmogram by using the above described apparatus
(p 143)

4 IRREGULARITY OF THE HEART Smmultaneous electrocardiograms and
sphygmograms are taken The former gives information about the type of
arrhythmta, the Jatter shows the peripheral effect of the disorder

5 Stupy OF THE PERIPHERAL CIRCULATION The study of the artenal
pulse may be mmportant in cases of artertis thrombosis or embolism
The pneumatic cuff 1s successively applied to different sections of the hmb and
the sphygmogram 1s recorded at the lowest pressure capable of giving a good
record Crest time 1s measured w both the tracing of the medium sized arterses
and 1n that of fingers or toes

6 MEASURE OF STROKE VOLUME A method for calculating stroke volume
on the basis of the study of the pulse was described by Wezler and Boeger ' *
* The method 15 based on

Measurement of aortic section (S) by orthodiagraphy

Puise pressure (PP) 24
Determination of the speed of the pulse (4) through comparison of carotd and femoral

tracings
Determnation of length of the pulse wave (¢) from peak of the mam wave to peak of the
dicrotic wave
Stroke volume (5 } 1s caleulated by formula (1)
2 PP
b=— )
E

W=
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It was fusther studied by Altana,! Grishman and Master * and Schmid and
Reubs ** As the difference between the values found by this method may reach
30 per cent, the method 15 unrehable

CONCLUSIONS

Multiple studies concerning the function of the Jeft ventnicle the structural
changes and the function of the pertpheral arteries can be based on sphygmo
graphic studses
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CHAPTER 16

Sound Tracngs of Peripheral Vessels

{PHONOARTERIOGRAPHY PHONOPHLEBOGRAPHY)

HISTORY

While the perspheral artenies of normal subjects present no sounds ausculta
tton of the carotid and subclavian artenes Teveals transmission of the heart
sounds Compression of an artery causes the appearance of sounds ot blowing
musmurs g fact which has been used for ding blood p (X
method) Artersal sounds may be present m abnormal conditions over persph
eral asterses or vems

Sound tracings of peripheral artenes have been taken 1 order to obtam 2
Braphic record of blood pressure” * or of special sound phenomena * 355 ¢
Studies by Groedel and Miller- of the ph drogram of the neck probab
welude venous and artenat sounds of local ongin

TECHNIC

The sound tracing from the arteries of the neck can be recorded by applyng
a microphone over the carotid or subclavian artery This 15 provided with a
medium sized funnel and 15 held in place by a rubber strap
A sound tracing from the vems of the nech can be obtamed by a suction
cup (p 953 connected to s linear and a stethoscopic microphone Two simul
taneous tracings of sounds and pulsations are thus obtained
13
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A sound tracing from the artenes of the hmbs can be obtamed by using
the apparatus of Rappaport and Lusada * The double cuff 1s wrapped around
the hmb The lower cuff 15 inflated to the desired pressure level after switching
to “register (p 154) Simultaneous pulse and sound tracings are then
obtained through a Iinear and a stethoscopic microphone

ANALYSIS OF THE WAVES
Two sounds are generally recorded over the artertes of the neck (Fig 67)
The first of them occurs at the time of the rise of the pulse, the second at the

1st o2nd 3rd
Jua. 1
phono,WWMme
1st 2nd
Phono. MMMVW

R

Fic 70 Jugular sounds Jug Phono sound tracing 1e
corded over the right jugular vemn Phono , phonocardiogram
Phleb jugular tracing The first and second jugular sounds
comcide with two waves (a ¢) of the vemn while the third
comcides with the second heart sound

time of the incisura The first sound has several vibrations and 1s irequenlly
divided 1nto two groups the first group shghtly precedes the nise of the pulse
and 1s due to transmission of the first part of the first heart sound, the second
group comncides with the maximum dilatation of the vessel and 1s of local ongin
The second sound 15 probably transmitted from the heart (second heast sound)

One smgle sound 1s recorded over the arteries of the limbs 1f these are
compressed The sound concides with the distention of the astery by the
pulse wave (Figs 674, 76) More than one sound 1s recorded 1n certain
climcal conditions (p 342)

The sounds recorded over the veins of the neck are usually three (Fig 70)
The presystolic sound 15 the largest and 1s made of several vibrations It may



Sound Traomgs of Periphero! Vessels 145

be due to transmission of the fourth sound of the heart through the upper
meduastinum but distention of the vein 1 presystole 1s hiely to be an 1m
portant contnbutory factor

The sound comaiding with the ¢ wave 1s probably of local ongin The third
15 Jargely a transoussion of the second heart sound

Normal penipheral arteries reveal only one sound e g amultiple vibrationat
the time of maximal dilatation This sound becomes weaker and simpler
the more distal vessels More than one sound can be recorded on the other
hand m climical conditions

CONCLUSIONS

Records of sounds and murmurs from the penpheral arterses and vens are
not part of the regular study of a cardtac patrent They may be used
wdrvidual cases esther to obtan graphic evidence of unusual auscultatory
phenomena or for sesearch 1t should be kept m mund that occasionally,
sounds and murmurs orsgmated 1n the heart are recorded best n the neck
especrally m obese and emphysematous patients
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CHAPTER 17

Traomgs of the Volume of the Limbs,
of ther Segments, or of the Abdomen

(PLETHYSMOGRAPHY)

A plethysmogram 1s a tracing of the volume changes of any part of the
body on account of changes i 1ts blood content In order to obtamn a
plethysmogram of a sectron of the body, this should be enclosed 1n a nigd
contamer Inflow and outflow of blood should be unhampered by the mem
‘brane which insures closure of the container around the part of the body The
most common plethysmograms are those of the mbs (forearm leg), or parts
of them (fingers toes) A plethysmogram of the abdomen s possible 1
man A plethysmogram of the bramn has been recorded after removal of part
of the skull followsng injunes

HISTORY

Plethysmograms of the forearm or the leg were recorded i man by Buisson *
Fiek,” Mosso ** and Mueller*® between 1860 and 1900 and by Brodie and
Russell? in 1905 (Fig 3) Abdommal plethysmography was studied first by
Weber'® m 1910 Cerebral plethysmography was studred n the same year o
cases with skull mjuries by Mueller and Veel !¢ Systematic studies 1 cardrac
patients were made by Weber'* 1n 1916 Interest i the method lagged for some
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tme The latest method 1s that of photoelectric plethysmography, described by
Matthes™ 1n 1935 and developed by Hertzman and coworkers ® ¢ 1

TECHNIC
General Rules'?

The contamer has ngid walls It 1s closed around the limb by means of a

rubber membrane, carefully applied Water at body temperature fills the

and t volume ct to a recording apparatus This works

with Iittle change of tenston at any level Air transmission has been used but

15 less exact Rapid undulations of the tracing are caused by arterral pulsations

Slow movements of the curve are due to changes 1n the blood content usually
connected with vanations of vascular tonus

1 Flud Displacement Method! ©

This method employs a water air system 1n which the enclosed extremuty 15
surrounded by water and displacements of small volumes of air are recorded
Systems employing only water are more accurate but have difficulties due to
the hydrostatic pressure on the enclosed imb A sectional plethvsmograph
encloses only a segment of an extremity like the hand part of the forearm or
of the leg or the foot

The chamber 1s a metal box with circular openings at each end through
which the extremty 1s placed Individually fitted nonconstricting rubber cuffs
of thin rubber sheets are cemented to the shaved skin of the lmb at exther end
of the chamber The cuffs are fastened by heavy rubber bands and adjustable
metal collars to projecting rums around each opening of the chamber and are
supported by adjustable diaphragms to prevent distention

Both photographic and direct writing methods can be used for the records
A small Krogh spirometer or a Brodie bellows connected with the air layer
of the chamber 15 used for the transcription The system 15 calibrated by adding
1 cc of water by means of a Corwall syrmge Artenal inflow can be
calculated by means of a stmple formula °

A small portable plethysmograph* has been developed by Burch* ® The
ﬁngemp 1s enclosed within a small cup three quarters full of water changes
m pressure of the atr content above the latter are transmutted to a capsule
which 15 d to a short al arm carrymng a quartz stnng The
motions of the string are recorded optically

Abdominal plethysmography'” can be obtamned 1n the following way A
tubber tube closed by a membrane 15 ntroduced 1nto the rectum The tube
s filled with water at body temperature which distends the membrane like a

* This 15 built by The Cambridge Instrument Company of New York
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bag and transmuts pressure changes to a recording apparatus The abdomen
15 then enclosed m a tight girdle, so that sts wall becomes practically rigid
Changes of the tracing due to the respiratory movements of the diaphragm arc
revealed by regular and pertodic oscillations of the basal me Changes caused
by mtestinal movements are easily recognized, being irregular and sometimes
rapid Changes due to vanations of the blood content are revealed, on the
other hand, by slower and nonpenodic, easily recogmzable, changes of the
base Ime The applicability and the sensitivity of this method are remarkable

2 Pressure Method!? 12 20

Pressure 1s exerted on the surface of the forearm to collapse the blood
vessels before the volume of the segment 15 determined By means of ap
propriate calculations the number of cubic centimeters of fluid filtered or
absorbed per 100 cc of forearm tissue can be determmed The apparatus
consists of a water filled metal cylinder with an mnner rubber sleeve connected
by pressure tubing to a 200 cc burette By opening a valve to an air pressure
reservorr 200 mm Hg of pressure 1s applied to the water of the burette and
transmitted to the plethysmograph thereby compressing the enclosed segment
Readings are made at the end of two mmutes of compresston then pressure
1s released The volume recorded has been called “reduced arm volume

3 Photoelectic Method

This method has been developed by Hertzman and co workers ® ° *° It s
based on penetration of light through the tissues of a fingertip and recording
of 1ts varations by means of a phototube Recording devices vary from simple
galvanometric arrangements to direct coupled amplifiers of spectal design A
relatively simple arrangement has been used 1n the author s laboratory This
ncludes the use of a modified Sanborn electrokymograph connected with an
electrocardsograph An RCA 1P22 phototube, sensitive to red rays, 1s mounted
1 the pickup umt and placed facing the upper surface of a fingertip A flash
Iight bulb directrg 1ts light upwards under the finger, and a set of dry batteries
are used for lummnating the finger If the hand of the pattent 1s covered with
a black cloth, recording can be done with normal Iight mn the room The
swatches of the electrohymograph and electrocardiograph are set for optimal
amplification The record can be taken at speeds of 10 25 or 50 mm per
second

Calibration of the deflection on the record 1n terms of changes in blood
content 1s obtamned by comparison with the deflection produced by the 1
sertion of a glass plate (microscopic side 11 mm thick) in front of the
phototube On account of the various stages of amplificatron nvolved this
set up can be used mainly for an exact study of the rapid artenal pulsations
(Figs 71 and 72) Changes due to vasomotor reactions are chuefly related 10

d or d d amplitude of pulsations (Fig 73)




Flc 71 Photoelecttic  plethysmogram  of the mdex
finger {Dig Trac ) compared with the brachal tracing of
the other arm (Brach Trac) Delay of the digutal pube
over the brachial pulse

Fic 72 Photoelectnc plethysmogram of the Index
finger (Dig Trac) compared with the tibial tracing
(Tibwal Trac ) m a normal young man Delay of the
tbual over the digual pulse
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Separation of the arterial from the venous components of the plethysmo
gram can be attempted in the following way ° A cuff 1s placed over the
proxymal part of the imb under study, and 1s rapdly inflated under a pressure
of 30—40 mm Hg 1n order to block venous outflow Arterial inflow s then
calculated from the slope of a Iine drawn through corresponding points on
the first two or three pulse waves following venous occlusion The base Ine 1s
obtamed by connecting corresponding points on the pulse waves immediately
preceding venous occlusion

ANALYSIS OF THE WAVES

The plethysmogram 1s a record of the changes 1 volume of the observed
section 1n relation to time These changes may be due to fluctuation of three
types of flmd blood, intracellular and i

A B tercellular flmd Iymph In the average sub
ject variations of intracellular and inter

b T ima ]
= 2 E] cellulr flud are unlikely lymph volume
T~ it hanges may contribute only to slow
= deflections On the other hand variations

=TT m blood volume of the segment are ¢
sponstble for most of the observed waves

] Five types of waves the faster superm

== J  posed on the slower have been observed s

1 Pulse waves caused by the contrac

E H {14 tion of the heart They represent the differ

E3 i = H-=[Z ence between arterral inflow and venous

Fic 73 Photoelectric plethys outflow at each cardiac beat They have a
mogram at low speed Before cardiac rhythm and their amphtude varies
and after mhalation of amyl m  considerably following vasomotor changes
trte They are smaller during vasoconstriction
2 Respiratory deflections which follow
the respiratory rate and are due to respiratory fluctuations of both the artertal
and the venous flow
3 Alpha waves which are present n all parts of the body, they vary 1n
frequency and size and are by no means uniform m contour They are not
related to variations of artertal pressure but seem to be due to local changes
of vascular tonus because they disappear after sympatheuc block or sym
pathectomy Their rate 15 slower than that of respiration and 15 about ten
times per minute
4 Beta waves which are large slow and irregular waves occurning about

one to two per minute
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5 Gamma waves are the slowest of all including cycles of from one to
eight hours They represent extensive changes in volume

The study of the pulse of the fingers and toes should be correlated with
that of the radial and tibial pulses and their crest imes (p 139 Fig 259)
should be compared In normal subjects digttal crest time 15 equal to or not
longer than 4 per cent above radial crest time ® The increased amphtude of
the pulse after exertion 1s used as a functional test of the efficiency of the
petipheral artenies (Fig 262)

14
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SECTION ¥

Pressure Tracgs

CHAPTER 18

Tracmgs of Arterial or Venous Pressure

(GRAPHIC SPHYGMOMANOMETRY OR PHLEBOMANOMETRY)

HISTORY

In 1733 Stephen Hales ! inserted a cannula nto the femoral artery of a
horse and allowed the blood to rise 1n a vertical tube the pressure was calcu
lated from the height of the pulsating blood column In 1828 Poisewlle®
substituted a mercury manometer for Hales tube and i 1847 Ludwig *
devised a direct recording manometer Subsequent studies are numerous * * *
1011 13 17 2 5 38

In 1896 Riva Rocci*! described an indirect method for blood pressure
estimation based on studies of several researchers © 8 # 39 47 Thjs method
included the use of a pneumatic cuff for compressmng the arm and palpation
of the radial artery The first palpable pulse wave appearing during decom
pression marked systolic pressure

Bmg ¢ pal 3 Vaquez ** and others devised a double cuff as well as visual
oseillatory indicators and a double cuff was also used by Groedel and Miller °

These studies and the investrgattons of Marey® and Recklmghausen®®
paved the way for the first practical oscillatory sphygmomanometer by
Pachon * Ths apparatus 1s composed of an aneroid manometer and of a
constantly balanced capsule indicating the amphtude of the arterial oscilla
tions As the cuff pressure 1s Jowered smail oscillations appear (supramaximal
osaillations) followed by an abrupt increase of amphtude (systolic pressure)
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The oscillations ncrease progressively to a maximum, then decrease, first
graduaily, then abruptly and are followed by other small oscillations (in
framinimal oscillations)

The dastolic pressure was first thought to concide with the maximal oscilla
tion as the artertal wall should oscillate freely between two equivalent
pressures * Later on, as a result of the mnvestigations of Macwilliam and
Melvin,” and of others 3 8 # the drastolic level was placed where a marked
change 1 amplitude occurs Recording oscillometers were devised by Plesch’
(tonosclllograph) and Boulitte® (artenial oscillograph)

In 1905 Korotkow * ** suggested that blood pressure may be estimated by
auscultation of the brachial artery

Subjective differences m the evaluation of the blood pressure have been
appreciated since 1881 As a result several graphic methods based on the
sphygmographic principle have been devised ® 7 32 14 18 ™2 31 35 4 45 More
recently, Gomez and Langevin' utilized a prezoelectric quartz crystal and an
electronic amplifier to register the pulse However the advantages of the
prezoelectric crystal were lost because the pulse was transmitted to the
crystal through a contact button

Von Recklinghausen®® observed that graphic tracmgs of the pulse
during deflation of the cuff from above systolic pressure to below diastolic
show munute changes 1n the shape of the pulse waves which mdicate the
lateral and the end pressures n the systohc and diastolic phases Bazett and
Laplace® confirmed these observations

Following these studies Rappaport and Lussada® devised an apparatus
which registers all physiologic phenomena to be evaluated for estimatton of
blood pressure by the palpatory oscillatory and auscultatory methods

INDIRECT SPHYGMOMANOMETRY

Technre

The apparatus of Rappaport and Luisada® consists of a double chamber
preumatic cuff covered by nondistenstble matenial The upper 15 the pressure
chamber and 15 of the usual dimensions (13x25 c¢m ), the lower 1s the
regustration chamber and 35 3x25 cm (Fig 74) The pressure chamber 15
connected to a manometer a needle valve and an inflation pump This part of
the system may communicate with or be cut off from the rest by the setting
of valve “A

The essenttal part of the system consists of two differential crystal micro
phones Such microphones are normally incapable of withstanding any ap
preciable pressure without damage to the crystal However the pressure 15
allowed to commumcate with the front and rear of the draphragms when
valve B” 1s in the open position As these pressures are dentical the
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crystals are poy deformed The artersy) pulse applied to (he Tegistration
chamber of the cuff distends the dnaphragms and bends the Crystals 1n pro

Fig 74 Device for graphic fegistration of arternal ploog Pressure
7 direct Whting electrocardlograph 2 box contaning the erystal mucro
Phones 3 double cuff

The pressure IS oW 1ncreased 4 the pressure chamber of ¢ uff 10 aboye
the anticipated Systolic pressure then openmng of the needle valye leads 1o
!s gradug) deflation ¢ this pownt the Tegistration chamber detects botp, the

Orotkow sounds and the pulses ang transmits them ¢ the MICrophones ppe
Mmicrophone for sounds 15 2 stethoscopic mictophone (p 30) that for Pulses
a linear microphone (p 28)

Analyss of the Tracing
When 5 Preumatic blooq Pressure cuff 15 inflated 1o , Pressure apoye
Systolic ang allowed to deflate Sradually the Pulsatton of the art, TY 1S modyfieq
1

€]
Fig 75) As Jong as the cuff pressure 5 above the Systolic Jeve] the artery
S collapsed and no pulsagion Is detectable below the cuff Whep the cuft
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pressure 1s shightly Jess than systolic a small pulsation appears, this represents
the uppermost portion of the pulse the pressure level of which exceeds cuff
pressure, allowing the collapsed artery to open shghtly duning a short interval
When the cuff pressure 15 further lowered, a Jarger portion of the pulse passes
through the artery because the collapse of the latter occurs only during a
shorter pertod of tme When the cuff pressure approaches the dustoltc level
the pulse 1s completely transmutted and there 15 no arterial collapse
Thus, the systolic pressure of an artery may be estimated by a sphygmo

graphic device capable of detecting the pulsation just below the pressure cuff
The systolic level 1s the pomt at which the first pulsation 15 detected when the
cuff pressure 15 gradually Jowered from above the systolic level

Peoas Two different methods
m;noa"g 100 150 50 have been advocated for

A the determmation of dia
j\/\ N\_ pulss stolic pressure by the Kor

100 othow method The first
was advocated by the

Fi6 75 Theoretical configuration of the pulse Anglo American Commut
curve i two succeeding cycles at different values of t £ 10394 the second
cuff pressure 1 a patient with a blood pressure of 16 © ’ 0

200/100 by the Commuttee of the

American Heart Associa
tion of 1951 ** The first mamtained that the level of diastohc pressure should
be placed where the sounds become dull and mufled a view shared by the
author The second, that diastolic pressure should be placed where the sounds
disappear

As the cuff pressure gradually drops from above the systolic level the re
corded pulsations become larger and larger but a rather flattened base line
1s present between adjacent cycles until the diastolic level 1s reached The
cuff pressure at which the first pulse appears with a well defined and peaked
contour 1s the diastolic level

The Korotkow sounds occur simultaneously with the sharp primary oscilla
tion of the pulse or during 1mitial ejection of blood 1nto the artery Durning the
rapid ejection the blood velocity 15 greatly mcreased by passing through the
partially collapsed portion of the artery immediately below the pressure culff
Thus sets the artery 1nto vibration resulting 1n the creation of a sound As the
cuft pressure 15 gradually lowered the artenial pulsations and the horotkow
sounds increase mn 1ntensity (Fig 76) The Korotkow sounds suddenly dimsn
1sh m wmtensity and thereafter are less and less mntense This sound effect can
be explained as follows when the cuff pressure 1s below the diastolic Tevel
there 15 no longer constriction of the artery also the rapid distention of the
vessel by the prmary oscillation takes place m a Jess and Jess confined area
as the cuff pressure 15 lowered



Tracngs of Arferal or Venous Pressure 157

Another sound, commonly registered 1n the blood pressure tracing occurs
sumultaneously with the notch preceding the dicrotic wave The mechamsm of
production of thus sound 1s 1dentical to that of the horotkow sounds Its
mtensity 15 much less than that of the former because the energy generated by
the sudden drop 1n pressure 1s obviously of lesser magnitude

Femoral systolic pressure cannot be measured accurately with the ordinary
13 em cuff A wider cuff (155 cm ) permits more accurate measurements
etcept in patients with aortic regurgrtation On the other hand femoral dias
toli pressure seems to be mnaccurate even with the larger cuff ¢

aretone N

T PRESSWRE ¥ 1 i W

Fic 76  Graphic tracing of asterial pressure by wndirect sphygmomanometry
above artenal sounds below artertal pulses

DIRECT SPHYGMOMANOMETRY

Technic
Durect sphygmomanometry is based on puncture of an artery and direct
connection of its lumen with a graphcally ding swon

1 38 The artenes usually employed tte the radial and the femoral Puncture
of these 15 easy because they are superfical and have a solid bony support
The brachial artery can be used abo but its puncture requires more care
because the vessel moves easily under the skin

The needle used for msertion 1 an artery 1 fitted to a 2 cc synnge and,
through a 3 way stopcock to the manometer The syrmge i filled with
hepann Follow ng superfical anesthesta with 2 per cent novocame, the artery
2 penetrated As soon as blood spurts mto the synnge and rxes with the
heparin pressure 15 exerted so that the needie filis with the anticoagulant
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Then the stopcock 1s turned and the artenal pulsations are transmutted to the
manometer
Any type of manometer can be used In the past a Hamulton manometer
was usually employed At present the best type 1s an electromsnometer* which
15 connected with the electrocardiograph before startmg the procedure
Calibration 1s done and recorded on the film so that the amplitude of the
deflections and the levels of systolic and diastolic blood pressures can be
measured A switch on the apparatus permits taking either a tracing of mean
pressure or a tracing of the pulsating changes of blood pressure The record
15 taken at a slow speed if one 15 mnterested 1n the slow vaniations of pressure
at a film speed of from 50 to

Brach. Trac. il 75 per second if one wishes to
LYY 4T oy i study the shape of the pulse
T PR T waves (Fig 77) Either the
RO N R I IR R R R photographic or the durect
# T i QN woating methods can be used
vl (i After completion of the sec
AR B ] ord the stopcock s turned and
T8 ! : 1 | the needle 15 rapidly extracted
: L L P[] while pressure 1s exerted on the

h Fa s | g | artery above the site of punc
: R % ture It may be necessary t@

e i ] keep the artery compressed ;or
Rad.Trac. [} Tl Ji 5 one or two munutes After this

Fi6 77 Brachial pulse (indrect method) time no hemorhage 15 10 be
1G rachial pulse {(indrect metiol of sterile
radial pulse obtained by mtroducing a needle feared Adsmal‘l f"e‘:;  thestve
into the radial artery (direct method) gauze and a sinp

complete the procedure

CONCLUSIONS

Indirect graphic sphygmomanornetry 1s used whenever doubts anse about
blood pressure measurements In particular cases with an auscultatory gap 0;
with an indecistve diastolic pressure may require graphic tracings Patients wit
coarctation of the aorta, arteritis or embolism of the imbs, thrombosis of the
abdomnal aorta, or functional disturbances of the peripheral vessels may
require these tracmngs

It 1s generally agreed that the direct methad 1s the most accurate for measurn
g Slood pressere However possible errors due to nonabsolute transm;ssmn
of pressure from artery to instrument spastic contraction of the artery ¥

# A currently used type of electromanameter 18 supphied by the Sanbora Co of Cambridge
Mass (Appendix D)
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which the la has been introduced psychic factors and the difficult
determination of an exact zero level may exist Although this method 1s
wmvaluable in the physiologic laboratory the procedure of inserting a cannula
mto the artery of a patient 1s a decided limtation from a clinical standpomt

VENOUS PRESSURE

Direct measurement of venous pressure can be done with the same
technic as that used for direct measurement of artenal pressure A vein of the
forearm 15 selected and care should be taken that the vemn 1s at a defimte level

According to Burch ® a phlebostatic axis should be determined first This
15 defined s the line of junction between a transverse plane of the body passing
through the pornts of junction of the lateral margins of the sternum and the
fourth ntercostal space and 2 frontal plane of the body passing through the
midpomt of a hine extending from the outermost point of the antertor surface
of the sternum to the outermost pomt of the postenior surface of the chest
Then a phlebostatic level should be found Any plane which passes through
the phlebostatic axis and 1s also parallel to the horizon 1s a phlebostatic level
This corresponds to the heart level and is to be considered as having zero
pressure Any figure above or below 1t represents an actual variation of venous
pressure

Before proceedng to the recording the electromanometer 1s set at a high
sensitwvity level and calibration 1s made The record 1s taken at Jow speed 1f
one wishes to study resprratory or slow changes of venous pressure at speeds
of 50 to 75 mm per second 1f one wishes to study rapid vanations of pressure
(Fig 78)

Conclusions

Graphic registration of venous pressure 1s seldom necessary for diagnostic
purposes On the other hand the method has useful apphcations for studies
of cardiovascular dynamics

PULMONARY ARTERIAL PRESSURE

Pulmonary artenal pressure i man 1s more commonly recorded by means
of night heart catheterization (p 163) Following direct recording in 2 chmucal
case by the author another method has been advocated by Vacarezza et al ¢
These authors mtroduced a needle 1n the second left interspace 1 cm out
wards of the sternal margin and under fl pic control p d the
trunk of the pulmonary artery This vessel was encountered at 5-6 cm of
depth (4 1n adolescents 8 n cases with emphysema) There were no after
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effects If this technic 1s employed the procedure 1s that already described for
direct arteral pressure records

Conclusions

Durect puncture of the pulmonary artery should not be performed unless
further studies prove that it 1s completely devowd of dangers Should this be
proven then the method might lend itself to practical applications i the
field of congenttal heart disease, cor pulmonale, and vanous other heart
diseases

Tals
el I
:ﬁ‘,’\ ] 7 s A S
- -
TrTmmve A
'l oI i

T LT
Jug Trac
FIG 78 Above tracing of venous pressure m a vem of the fore

arm (diwect method) Below jugular tracing 4 higher film speed
normal resprration B lower film speed, forced respiration
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CHAPTER 19

Tracigs of Intracardiac and Intravasculor Pressure

{CARDIOMANOMETRY)

DIRECT MEASUREMENT
History

Direct measurement of pressure 1n man through puncture of the heart has
been done 1n exther ventricle’ ** and in the pulmonary artesy * * This s done
only m special chcal cases and the method should not be considered for
routine use because of its dangers

Forssman® * was the first to pass a catheter mto the right heart of man
domng 1t first on hmself with the help of a colleague Hewser ** Kiem ¥ and
Conte and Costa? used the method for roentgenologr- studies or for determina
tion of casdiac output Cournand and coworkers® ® Later used this method on &
large scale and perfected the technic Dexter” ® Sossman®* Lenegre®® ©
MeMichael * and many others have published 1mportant contubutions

RIGHT HEARY CATHETERIZATION
Technict 8 ©
‘The procedure 1s carrsed out by a specsal team The patient hies supune on 2
fluoroscopse table covered by a pad Mild sedation s used 1 the adult general
anesthessa 1 the chuld and mfant The usual protections agamst excessive
163
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radiation both to the patient and the observer, are used However, the opera
tor wears 10 lead gloves and should avoid exposure of the hands to x ray

A No 6F or 7F catheter 100 cm long made of woven fabric with a plastic
covermng,* 15 used A small curvature near the tip permuts direction of its
progress through rotation of the external end The Iatter 1s fitted with an
adaptor smular to the hub of a hypodermic needle

The catheter can be sterilized by autoclaving or by boiling for ten minutes
m distlled water After sterilization 1t 1s wrapped m a sterile towel and should
be tested for surface imperfections or leaks before mtroduction After use
1t should be ninsed with tap water, filled with “Haemo sol solutton and
allowed to soak 1n the same solution for one hour Then 1t should be nnsed
for one hour with tap water through a pressure connection Thus procedure
serves to prevent deposition of particles of blood

A stenile tray carnies the mstruments necessary for skin mciston, 1solation
of the vein and closure

An electromanometer§ 1s prepared and calibrated The entire tubing 1s
filled with saline and a small amount of heparn 15 mjected so that 1t fills the
catheter The bottle of the electromanometer can be filled with saline plus
heparn, or with citrate solution

Any vein of erther the right or the left arm can be used The 1deal site 15
below the confluence of the median basiic vern with the other branches
runming medially to 1t Viston of the field by the patient 1s prevented by a
small screen The skin 15 sterilized, then 1t 1s infiltrated with 2 per cent novo
cain and a sterile tourmquet 1s applied above the elbow A transverse mcision
about 1 cm long i1s made (a longitudinal cut may obviate the need for suture)
The vem 15 1solated by blunt dissection and a double loop of sik 1s passed
under 1t The silk 15 divided and one piece pulled to the distal end of the
exposed part and tied with a single knot to prevent retrograde bleeding The
catheter and its attachments are then prepared

The ven 1s elevated and a small fish mouth 1ncision 1s made with a bayonet
type scalpel The catheter tip 1s then inserted i the vemn and passed several
centimeters up the lnmen Forther progress of the catheter 15 camned undes
fiuoroscopic control If ebstruction 1s met on attempting to enter the chest
rotation of the catt or slight mo of the arm and shoulder usually

* Supplied by U S Catheter and Instrument Co Glens Falls N Y

t According to L. Dexter (Proc Soc Exp Biol & Med 79 444 1952) stenilization
of the catheter may be for y 1f done by means of antiseptics "

3 They are the following two sheets and two large towels two fowel clamps w0 srm”
curved and fwo small strarght mosquito hemostats a plam forceps a scalpel with an N‘
blade a small scissors a medicine glass for the novocamne solution two No 26 needles for
local anesthesta two 5 cc synnges a curved cutung edge needle with black sifk for clcsu:e
of the incision a small roll of black sk N 0000 for ties several 3 way stopcocks and e;l 3
adaptors a large beaker to hold saline solutton a 50 cc Luer lock adaptor syrnge for testing
the catheters for leaks a tourmquet stenle gowns gloves sheets and mfusion

« Supplied by the Sanborn Co of Cambridge Mass (Appendix D)
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allows 5t to proceed The catheter 1s durected first mnto the superior cava then
imto the night atrium At times, the up enters the infertor cava then, the
catheter should be withdrawn and remserted Once the catheter 1s n the right
ventricle further passage mto the pulmonary artery 1s usually possible by
means of gentle rotations and movements of withdrawing and msertion The
tp then 15 pushed into one of the man stems and fusther on mto the fing
pulmonary ramufications

1
/ H

Fic 79A Scheme of nght heart cathetenzation Course
and Jocation of the catheter / superior cava 2 night attium
3, nght ventncle 4 pulmonary artery § pulmonary areriole
(for capillary pressure)

As venous Spasm may prevent mtroduction of the catheter 3t is advisable to
push this as far as possible and to proceed to the various pressure measure
ments and oxygen deter \i during withdrawal The following records
can be taken (a) pulmonary capillary pressure T8 (b) pulmopary artery
pressure (c) right ventricujar pressure (d) night atrial pressure (e) superior
caval pressure (Fig 79A) The records should be taben at a film speed of
50 t0 75 mm per second m order to obtam sufficient spreading of the
waves however if one 15 only terested in pressure readings anv lower
speed 15 adequate

On completion of the procedure the catheter 15 withdrawn and the two
stk ties are removed The shan 15 closed with two fine suk sutures and bleeding
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15 controlled by a pressure bandage The sutures are removed several days
later

Ouimetry

Oximetry at present 15 done by evaluating chemically or photoelectrically
the oxygen content and saturation of samples of blood drawn through the
catheter It1s Iikely that withm a few years oximetry will be done graphically
and automatically from the tip of the catheter and without aspiration of
blood For this reason, the necessary formulas are given here

Evaluation of oxygen saturation of blood samples collected during heart
catheterization (oxumetry) supplies essential data for calculation of both the
systemic and the pulmonary blood flow The existence of a shunt and the
amount of blood flowing through 1t, can also be determned

The esttmated systemze blood flow (Qs) 1s equal to oxygen consumption m
the tissues (1e oxygen iatake m the lungs) divided by the difference between
oxygen concentration m the aorta or peripheral artery* (Cao) and 1n the night
atrium (Cra)

The estumated pulmonary flow (@pa) 1s equal to oxygen consumption
dwvided by the difference between oxygen concentration of the blood of the
left atrium (Cla)t and that of the blood 1n pulmonary artery (Cpa)

[2

)
O e Cra

When the oxyhemoglobin concentration of the arterial blood 1s decreased
far below the normal figure of 95 per cent, either a right to left shunt of
pul y pathology will be suspected

Vanious calculations ean be made upon data supplied by cardiomanom
etry * The most important are (1) determmatron of mutral area, (2) deter
punaton of mitral regurgitant area (3) determunation of regurgitant flow

These determmations mvolve complex mathematical formulas and thetr
accuracy has not been established as yet If confirmed they have 2 specal
tmportance 1 mutral valve lesions

Complications

Early accidents™ are represented by arthythmias chill and acute pul
monary edema The last has been observed following infusion of sabne of
rapid digttalization It should be treated by mjection of 2 mercunal dwiretic
aspiration of 500 ce of blood, and admunistration of alcohol vapor by
mhalation *7

* The blood sample 15 usually drawn from the brachral radual or femoral artery
{ Thes 1s of course sdentical with that of a penpheral artery 1f there are no shunts be!
the ventricles or the large arlenes

tween
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Disturbances of the heart rate and rhythm are common Premature con
tractions are frequent when the tsp of the catbeter 1s near the tricuspid vabve
or agawst the ventricular septum  Bouts of ventricular tachycardia have been
observed when the tip of the catheter passed through a ventnicular septal
defect Atnal tachycardia has been reported mn cases of atrial septal defect
Right bundle branch block and atnal fibrillation have been obsesved Normal
hearts seem to present these pl as often as d d hearts In the
cases with nonfatal arthythmias the disturbance usually disappears within
tnelve hours 2 However, ventricular fibrllation should be anticipated so that
mmediate treatment 1s undertaken

Sudden death 15 an extremely rare event reported  m about 0 I per cent

Venous thrombosis for 5 to 7 «m from the site of sectron of the ven 1s
customary However, the vein may be recanalized later If the site selected was
atJeast S em from the last confluence of the vems of the basilic system the
flow of the man brachual vem 1s not interfered with

Pressre Troaings and Their Interpretation

SuPERIOR CAVAL TRACING Published tracings are frequently distorted by
artifacts They usnalfy present a typical venous appearance (p 9B) The
customary three waves @ ¢ and v+ are well defined Small vibrations may
occur during early systole and at the time of the second heart sound Pressures
vary between O and + 10 mm Hg (Fig 79B)

RiGuT ATRIAL TRACING  This tracing resembles that of the supenior cava
1t shows a tall (2) wave in presystole (atual contraction raises the pressure),
a systol. collapse (ventricular contraction pulls downward the tncuspid valve
causing suction) and a gradual nse culmunating wath the (v) wave at the
time of tricusprd valve apemng The (¢) wave 15 usually absent, when present
1t takes place during the tension pertod and 1s caused by a shght rasing of the
tncuspid valve Small vibrations may be present 1 eatly systole and at the
time of closure of the semylunar valves Pressures vary between 0 and 8 mm
Hg with a mean pressure of 1~2 mm Hg (Fig 79B)

RIGHT VENTRICULAR Tracivg  This 1s a typical cune of wmtraventnieular
pressure (Fig 79B) A small posiive wave 15 present m presystole due to
completion of filling by the atnal contraction A raprd nise of the curve takes
place during the tension pemod and fermnates with a small notch which
marks the closure of the tricuspid valve After further nse a second notch
marks the openung of the pulmonic valve Durning ejection a steady line 1
typical (plateau ke curve) but a rounded contour may be observed A
sudden drop ndicates the end of ejectton This 15 followed by two vibrations
the ficst marks the closure of the pulmonsc valve the second, the opening of
the tnicuspid valve Rapid filhing 1s usually not accompansed by rise 1n pressure
prowng that the nght ventricle dilates gradually with the mcommg blood
Pressures vary between 35 mm Hg (systohie) and zero (dastohic)
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First Second

Fourth ound  Sound Third

RtV

Pulm.A
Puim,C

Fic 79B Cathetenzation of the heart Companson of the pressure pulses
with the elect gram and phc i Rt A nghtatnum Rt V
right ventricle Pulm A pulmonary artery, Pulm € pulmonary capilary”
pressure

PULMONARY ARTERY TRACING  This 1s a typrcal artenal tracmg (p 137)
The anacrotic notch is usually well visible The peak 1s rounded (except if
artifacts mar the record with supersmposed vibrations) The incisura 15 deep
The dicrotic wave 15 well visible and followed by a few aftervibrations
Pressures vary between 30 mm Hg (systolic) and 10 mm Hg (drastolic)
(Fig 79B)
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PuLMOVARY CAPILLARY TRACING  This 15 essennally a venous tracing *
the waves being due fo ch of pressure t d from the pul 5y
vems through the capillanes of the lungs The tracing shows a posite atrial
wave an early systolic dip followed by a systolic collapse and an early diastolic
nse a mid diastolic collapse Differences between this tracing and that of the
rght atnum are 2 hugher mean pressuse a delay of the waves of about 0 08
second a deeper drastolic collapse Mean pressure 1s about 3 mm Hg (Fig
798)

Tracings of the left atrium have been recorded mn cases of atnal septal
defect by passing the catheter through the defect

CATHETERIZATION OF THE LEFT HEART OR AQRTA

Catheterizaton of the human aorta has been used far the study of the aortic
pressure pubes T The procedure scems to be no more hazardous than
catheterization of the right heart The contour of the pulse closely resembles
that of the aortic pulse 1n the dog

Catheterszation of the left heast has been attempted 1n man first m cases
sith aortic regurgtation then m normal subjects ** The technse 15 based on
msolaton of the left brachsal artery d of the catheter mto the
artery penetration of the catheter tnto the aortic arch then through the aortic
wilve tnto the left ventricle The procedure is contramdicated on account of
the dangers whtch 1t entatls These consist of rupture of the aorta, occluston
of a coronary artery rupture of an aortic leaflet attacks of ventncular
tachycardia or flutter The tracing of pressure of the left ventricle 1s simtlax
to that of the nght ventricle in regard to the vanous details The systolic
pressure 1s sumlar to that of the aorfa the dastolic pressure is zero i
normal subjects

CONCLUSIONS

Together with detesmmation of oxygen content measurement of pressure
within the chambers of the right heart and the pulmonary vessels 1s of great
mportance m the dragnosis of congenital heart diseases Low speed tracings
are used 1 order to obtam an objective determunation of pressure High
speed tzacings are useful for the study of the various detatls of the curves and
for so}vmg problems of cardiav physiology w the normal and diseased heart
lmporlant observations have been made mn congestive failure chrome cor
pulmonale tricuspid vabve defects and comstrictive periarditis The tracing
may have a diagnostc value ut the last tho conditions

Left heart cathetenization 15 dangerous and should niot be attempted

Catheterization of the aorta may present interest in coasctation of the aorta
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NDIRECT MEASUREMENTS OF PRESSURE

Several attempts have been made 1n order to evaluate the pressure of the
lesser circulation by means of electrokymography This method (p 178) has
been applied to the study of the pressure in the mam trunk (Kay and co
workers'®) or in the small branches of the pulmonary artery (Marchal *¢
Gillick and co workers' ) Tt 1s the impresston of the author that the method
1s not reliable mn exther case This impression was confirmed for the pulmonary
arteriolar pressure by personal studies
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SECTION G

Radhography of the Motions and Volume Changes
of the Heart and Large Vessels

CHAPTER 20

Tracmgs of Cardiovascular Pulsations
on the Roetgenogram

(ROENTGENKYMOGRAPHY}

HISTORY

The first roentgenkymograms were recorded by Goett and Rosenthal' m
1912 Hitzenberger and Reich® described a somewhat different method m
1923 Chamberlain and Dock,” a few years later, attempted to record the
motion of the cardiovascular sithouette by means of cinematography In 1931
Stumpf* constructed a new type of screen Zdansky and Ellinger,' Cignolint 3
Heckmann Morelli and Trowllier, and Lenzi ¥ brought further contribt
tions In 1937 Heckmann® and Bordet and Fischgold! published the first
monographs on the subject Most textbooks of roentgenology, like those of
Roesler® and Schwedel ! give detailed descriptions of roeutgenkymogm)ﬂllc
technics and of the varous tracings

TECHNIC

1 Thouett

The roentgen ray perrmts direct Iization of cardi
and yields accurate records Tracings of the motion of the cardiac silhouette

are called roentgenkymograms
172
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If the lead diaphragm of the fiuoroscope 1s narrowed to a thin sht, single
pomts of the cardiac border can be seen to pulsate mward and outward with
cardiac systole and diastole If an x ray film 1s substituted for the fluoroscopic
screen and exther the film or the gnid 1s made to move at constant speed the
pulsation of a point of the border 1s recorded as a section of a curve (Fig 80)

Goett and Rosenthal® used a single st while Hitzenberger and Reich ® and
Zdansky and Ellinger *? used two shits Stumpf™ constructed a screen contain
g several horizontal shits at a distance of 12 mm from each other so that

Fic 80 Roentgenkymograms (A) System with moving shts (B) System with
moving film

-

kymograms of the entire card far silh were d Cignolmt*
mvented another multiple sht device where several shts could be adyusted over
points of greatest nterest on the cardiac stlhouette Morelli and Trounlher®
developed a type with radual shts and a rotatory motion of the film (Fig 81)

ANALYSIS OF THE WAVES

Atnial ventricular and vascular waves can be observed To interpret them
one should turn the film 90° counterclockwise and put 1t m front of a mirror
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for the study of the left cardiac border, 90° clockwse, for the study of the
right cardiac border This difference between the two borders represents the
first obstacle mn the interpretation Each trough is the result of an inward move
ment (systole contraction depression) each crest 1s caused by an outward
movement (diastole expansion, pulsation) (Fig 82)
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Fic 81 Scheme of various devices for roentgenkymog
raphy A radial shts (Morellr and Troullier) B two ad
justable shits (Zdansky and Ellinger) C muluple adjustable
slts (Cignolim) D fixed honzontal shits (Stumpf)

A complete description of the waves will be given in the next chapter be
cause the waves revealed by the electrokymograph are the same as those of
the roentgenkymograph The latter, however are smaller less sharp and less
well defined

Anatomic Considerations

The Timitations of roentgenkymography are of two kinds those duc )110
anatoruc and phystologic conditions and those mherent 1n the techmic Tbc
anatomic and phystologic imitations are (1) A linear movement can be
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registered graphically m ¥is frue excursion only if observed at a tight angle

otherwise the excursion appears smaller than it really 1s (2) Qualy the pulsa
tion of the wimble contours may be registered 50 that no conclusion as to the
total change m volume of a chamber may be drawn (3} Pulsations as well as
changes m volume of the cardiac chambers and large vessels are transmitied
to adjacent siructures thas 15 particularly true of the transmusszon of ventricular
pulsations to the atna The pulsations observed at the surface of these struc

g 4
Dok
Syitols
s | € ]
4 £l
Fic 82 R of th of the vanious pomnis of the cardio

e
vascular sithovette Both night g left sided tracmgs are reconstructed  spread
and superimposed so that they can be sead from feft 1o nght

tures often represent a summation of therr own weak pulsatton with trans
mutted pufsations (4) The heart performs several types of mavements such
as rotation lateral shift and elevation of the apex Also the effect of Tespira
non on heart motion must be taken mto account These movements distort
and madify the waves caused by chianges i volume of the chambers (Fig 83)
These cansiderations make 1t clear that the amphtude and even the direction
of ndwidual pulsations may be subject to complicated distortions and that
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any study of the tracing must take wnto consideration all sources of 1ntet

ference

Technical Considerations

The technical hmitations m the use of roentgenkymography are (1) Diffi
culty of applymg the apparatus 1n a position perpendicular to the contour to

Scheme of the motion of

Fiu 83
the left (above) and the nght
(below) heart borders m the roent
genkymogram accordmng to Heck
mann The shaded Iine represents the
actual tracing resulting from volume
changes (dot-dash line) and posi-
uonal changes (broken line) (From
H Roesler courtesy of Charles C
Thomas Publisher )

be plotted because of the ngidity of the
shts (2) Short duration of the records
obtamed (only three or four cycles m
Stumpf's multiple sht kymograph) (3)
Insufficient speed of the tracings (4)
Poor distinction and small amphtude of
the waves (5) Inabilnty to record simul
taneously other tracings like an electro
cardiogram a phonocardiogram or @
sphygmogram Attempts to overcome
these weaknesses by faster recordmng
over a longer perod of time®*' or
densometric transcription * have not re
sulted 1n a great improvement

CONCLUSIONS

Roentgenkymography grves perma
nent and smultaneous records of the
motions of several points of the cardo
vascular stthouette It permuts analysis
and detailed study of the pulsations as
to ampltude and ume It may sull be
of nterest I aneurysms mediastmal
tumors coarctation of the aorta and
pencarditis In general the mmportance
of roentgenkymography has been de
creased by electrokymography which
s handier and more accurate {p
178)
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CHAPTER 21

Tracmgs of Cardsovascular Pulsations
on the Fluoroscope

{ELECTROKYMOGRAPHY}

HISTORY

The first attempt to record fluoroscopic phenomena by phototubes made
by Hjelmare' mn 1932 was unsuccessful Heckmann® tried m 1937 a sumlar
method which he called actinography In 1945 Henny and Boone® de
veloped the first practical apparatus and called 1t electrokymograph  They
applied 1t to the study of border motions of the right atnum the gortic and
pulmonary knobs and the left ventricle A year later Marchal=® built 1n
dependently a similar device for the study of density changes of the lungs and
called 1t kinedensigraph In the same year Lian and Minot® used another
sumilar device for the study of the nght and left heart borders Henny Boone
and Chamberlain'* modified the characteristics of their apparatusf m 1947
and studied density changes of the heart and vessels In the same year the
author, working with Flesschner and Rappaport 19 0 described an mnstre
ment which operated on the same principle as that of Henny and Boone but
combined several modifi ns § With this a systematic study of the border

* Alternate terms k; iphy © de iphy
+ This 1s supplied by the Cambridge Instrument Co of New York
4 This was built by the Sanborn Co of Cambndge Mass
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motions and density changes of the heart great vessels and lungs was made
m several positions of the subject * * Subsequent studies of electrokymog
raphy dealt with the me relationships of the contractions of the night and
left heart (Chamberlain ef af * Luisada and Fleischner 1) the 1sometric re
laxation phase (Randak et al,® ® Luisada et al 2 Mednick ef al *) the
relationship between electrokymograms and curves of intracardiac pressures
(Lwisada and Fleischner * Salans et a! °) and the techmc of recording
during normal respiration (Luisada and Fleischner™) Among the numerous
subsequent studies that of Engstroem and co workers desctibed another
valuable apparatus

F S Pafterson |
Capsule I @7” B Screen :
ﬂ f y ( {3~ Photo Tube )
| cteew it ___ |
X Ra,
Tubey N \kfl%z:’;-%i;ﬂplc
Filter £CG

m
Power I | Lead I
Supply Position

) 17
3 Patient Lo
FIG 84 Scheme of the arrangement for electrohymog
raphy

TECHNIC

The set up for electrokymography (Fig 84) consists of (1) fluoroscope
(2) prekup fastened to the fluoroscopic screen (photo multiplier tube shited
draphragm and small fluorescent strip) (3) electrical arrangement to trans
form AC nto DC and device for rapid changes of amphfication (4) electnic
filter suppressing the flicker of the X ray tube (5} galvanometer transcrbig
the tracing on a moving film, (6) microphone to be connected with a sound
recorder, (7) device for electrical tracmng of the carotid pulse

Any upnight fluoroscopic stand can be used for the scated patient for
children or sich patients a horzontal table 1s used A commercial tilt table
can be emploved for both purposes

The mamn part of the apparatus 1s an electron multiplier phototube * This

* The tube 15 produced by the Radio Corp of America Camden N J At first the author
used a 931 A subsequent experience showed that a 1P21 phototube gives even better results
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consists of a hight sensitive photocathode mpe secondary electrodes called
dynodes and a collector anode The phototube has a maximal response to a
wave length of 4200 A which 1s 1n the blue region of the spectrum, while 1t
gives an approumate 70 per cent response to green Iight

‘When the photocathode 15 exposed to light a proportionate Bow of electrons
1s released and attracted to a dynode where 1t displaces additional electrons
The secondary electrons are directed to a second dynode (which 1s at a po-
tentzal more positive than the first) where they displace more electrons Smce
this process of multiphcation 1s cumulative 1n the nine stages of amplification
the maximum over ail amphfication reaches about one milhon tmes (two
million times for the 1P21)

A stup of Patterson B fluorescent screen 1s cemented to the glass cover of
the phototube in front of the cathode When the x rays strike this screen the
Iight generated 1s picked up by the cathode transformed mto equivalent
electrons, amplified by multiplication, and fed into the electrocardiographic
channel Thus the electrical output varies i proportion to the amount of
x rays which reach the fluorescent screen cemented to the phototube

The phototube 1s protected by a lead screen with a sht 5X25 mm If the
sht 15 placed across the border of the cardiovascular sihouette the amount of
x rays recerved by the small fluorescent screen vanes with the motion of the
border (border tracing) If the sht 15 agamnst a shadow, the amount of x rays
varies with changes 1 transparency of the shadow due to changes mn thickness
of the structure (densogram)

Three forms of nterference must be eltminated (a) electrostatic radiation
from the high voltage x ray equpment (b) fiicker due to cychc discontinuty
of the X ray emanations and (c) fluctuations of the power line

Elumnation of mterference caused by the X ray equipment can be obtained
by electrostatic shielding of the electrokymographic circuit

The anode potential supplied to the x ray tube may be obtamed by full
wave or half wave rectification If the frequency of the power Ime 1s 60 cycles
per second a full wave rectifier supplies 120 pulses per second while 2 half
wave rectifier supplies only 60 pulses per second Thus the fluorescent screen
flickers either 120 or 60 times per second depending upon whether full of
half wave rectification 1s used To make possible the regstration of small
border movements or shght density vanations which are 1mpercepuble to
the eye an electric filter attenuating the flicker at Jeast 100 000 times 15 used

The polanty of the apparatus 1s so arranged that an ncrease of hght causes
a downward movement of the tracing Therefore a drop of the curve indicates
either an 1w ard motion of the cardiac border (border tracing) or a decrease
in the thickness of the structure (densogram) The former may be due 0
either contraction or displacement

Any wave occurring before the first large vibration of the first sound 15

\
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presystolie, any wave occurring after the last vibration of the second sound 15
duastolic, any wave taking place between the beginning of the first sound and
the end of the second 1s systolic

It the galvanometer has a deflection speed of 001 second the effective
speed due to the tarhing off of the filter when this 15 tuned to 120 cycles per
second, 15 approximately 0 02 second

1f an electrocardiogram 15 to be taken simultaneously with the electrokymo
gram special attenuators must be interposed between the subject and the
electrocardiograph  Otherwise, the unshiclded patient picks up electrostatic
radiations from the high tension components of the x ray and there will be
artifacts m the electrocardiogram

‘The graduated potentials applied to the nine dynodes of the phototube are
obtamed from the AC power line The fluctuanions of the commercial power
hines must be regulated or smoothed out before reaching the phototube

Timing of the waves can be ot d by the 1 ding of the
eky with a carond tracing a phonocardiogram or both The last procedure
15 the best wh a three ch 1 el diograph 1s lable If one
records the carotid tracing this should be taken by means of a linear micro
phone ding theref 1 1 delay In the authors laboratory the
carotid tracing 1s recorded bv means of a cuff wrapped around the neck
(p 154), the ph diogram 1s ded by a stethoscopic microphone
fastened 1o the fluoroscopic screen and connected by a short tube to a trans
parent bakelte funnel held agamst the chest by a rubber strap

Calibration

Calibration of electrokymograms 1s very important Comparison of traciags
recorded over different structures or over the same structure at different
times may be made only through use of calibrating devices These indicate
whether or not the change 1 amphtude of a wave corresponds to different
amplitude of a border motion (or to different density) Vanous devices for
calibrating have been built One of them calibrates density changes * another,
ampltude of border motions® * However any tracing of border motions
contamns also a component of density change acting on that part of the sht
which 15 within the shadow This comp cannot be excluded and cannot
be separately evaluated Therefore 1t 15 the opmion of the author that, at
present one single device modifying the intensity of x ray received by the
ﬂuorgscnpe and calibrating the sensitivity of the mstrument s the only one
having practical utihty

Film Speed
A good analysis of the waves can be made only 1f the film moves at speeds
of between 50 and 100 mm per second If on the other hand one 15 interested



182 The Heart Beat

in the magmitude of the waves, film speeds of between 2 5 and 10 mm per
second should be used (Fig 101)

Working Procedure

The pickup device 15 attached to the fluoroscopic screen by means of a
brace It 15 centered so that 1t 15 fully exposed to the x ray beam with the
diaphragm narrowed down to a small field It can be fastened to a spectal
screen according to the description of Grossman and Tiger *

The procedure 1s performed by a two man team The recording apparatus
the electrical umit and the ptckup device are assembled and the wire con
nection attached The patient 1s seated on a rotating stool 1n front of the
fluoroscope and an elastic strap 15 slung around his chest to hold the funnel
of the microphone the pneumatic cuff 1s wrapped around his neck Carotd
and sound tracings are checked and the patient 15 instructed on how to hold
his breath The room 1s darkenied for fluoroscopy screened lights dlummating
the panels of the mstruments

With the patient in the posteroanterior position, the pickup 1s placed under
fluoroscopic control at the cardiac apex with the sht perpendicular to, and
crossmg that part of the silhouette to be studied With the sht 1n place and the
fluoroscope 1n operation the operator regulates the amphtude of the de
flections asks the patient to  hold his breath and starts the camera heeping
under observation the light beam After obtaining a tracing of several heart
cycles the operation 1s interrupted the pickup 1s moved to the next place and
the procedure 1s repeated The position of the patient and that of the piekup as
well as the degree of amplification used are noted for every tracing

Ordunary technic for chest fluoroscopy 1s used with 3-5 ma and 65~70 Kv
Imtial fluoroscopy with the open shutters takes only a few seconds then the
shutters are narrowed to a small opening As actual total recording requires
from three to five minutes exposure to x ray ts moderate

In general the tracing should be recorded during voluntary apnea m an
intermedrate phase because 1t has been shown that the pulsations of the lung
(and to a lesser extent those of the hidar shadows and the pulmonary artery)
are greater m nspiration than m expiration After a few words of mstruction
usually the patients learn to hold their breath 1n an ntermediate phase It
13 difficult however to obtam rehable tracings n children patients in farlure
and patients with chromic lung diseases who are unable to control their respt
ration because of age or dyspnea This difficulty can be overcome by altering
the electrical time constant of the apparatus A high pass filter made of
several condensers 1s interposed between the electrokymograph and the
galvanometer, thus hiter modifies the ume constant so that the tracmg does
not wander off the paper A slight error proportional to the amount of re
duction and consisting of a shight change of phase and configuration of the
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waves 1 the result Therefore such filter should not be used 1n cases where
plateau like waves are suspected (p 321) because they are basically altered
by the device

Positions of the Sht

Several standard positions for the shit can be used with the patient n erther
the sitting or the recumbent position (Fig 85)

1 Patient in posteroantenior poswion Apex mud left ventricle and high
left ventricle, pulmonary knob zortic knob lugh and low right atrum pul
monary vemns {(densogram) right and left hilar shadows (densograms) high
muddle and low 1n both the right and left lung fields (densograms)

2 Pattent 1n 10 degree left or right obligues Left atnal appendage
ascending aorta

3 Panent in 45 to 60 degree left obliques Left atnum descending aorta
(densogram) high mmddle and low posterior ventricular border (left ventr1
cle)

4 Patient 1n 45 degree right oblique Left atum superior vena cava
mferior vena cava (deep mspiration) upper border of diaphragm (liver trac
ing) high muddle and low antenior ventricular border (left ventricle)

5 Lateral positions (left lateral preferred) Antenior ventricular border
(right ventricle)

As a routine with the patient m the posteroanterior position one starts on
the left side first plotting the apex of the heart then another tracing on the
upper part of the left ventricle This study 1s followed by that of the appendage
of the left atrium which often 1s better visualized by a 10 to 15 rotation
toward one of the oblique positions The pulmonary knob 1s usually visible
but sometimes 1t 1s advantageous to rotate shghtly the patient toward the
night oblique position Next the gortic hnob corresponding to the distal por
tion of the aortic arch 1s easily studied The descending aorta can be studied
in the left oblique position by placing the sht vertically against the spine or
between this structure and the heart

On the nght stde one usually traces the right atrium at its most promment
pomnt occastonally also at a lower pomt of its contour The ascending aorta
can be studied 1 normal subjects by using a 10 left oblique position Its
study 1n the posteroanterior positton 1s possible only in mature or old
dviduals when atherosclerosts and dilatation of the vessels are present

It 15 not always possible to obtan a satsfactory tracing of the superior
vena cava In addition to large deflections smmilar to those of the jugular
phlebogram there are often additional vibrations due to transmitted move
ments On the other hand 1t 1s easy to obtam good tracings of the inferior
vena cava in the straight posteroanterior or in the right oblique position The
patient should hold his breath 1n deep mspiration for this procedure
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Fic 85 Locations of the pick up in vanous posttions of the
patient A posteroantenior, B left lateral C left oblique D nght
obhique I Apex 2 3 Left ventricle at center and at upper por
ton of left margin 4 Left atnal appendage, 5 Pulmonary arch
6 Aortic arch 7 Inferior cava 8 9 Rught atnum /0 Rught
lum 7J Supenor cava 12 Rught lung 13, Varous levels on
postersor aspect of left ventncle 14 Left atnum 15 Descending
aorta J6 Varous levels on antenior aspect of left ventncle 17
Ascending aorta I8 Posterior aspect of nght atnum /9 Right
ventricle 20 Visible base of nght lung 27, Pulmonary vesmns
22 Lower part of left ventricle (gas in fundus) (The positions of
the sht for the left hilum and the left lung are not sketched They
are symmetncal with those of the nght lum and lung )
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For the plotting of the hular pulsanons one should prefer the nght hidar
shadow as the one more clearly exposed The sht 15 placed vertically across
the hilar vessels as far away from the vascular shadow as possible

For the recording of the peripheral pulmonary pulsations, the sht 1s placed
vertically over esther the upper or the lower field of a lung this tracing 15 2
densogram

For the left atruun one can use a nght oblique (sometimes almost a lateral)
position and place the st where the contour of the atrum 1s seen agamnst
the clear space of the right bronchus Whenever the Jeft atrium 15 extremely
dilated and 1ts borderhne 1s not clear a densogram of the chamber can be
recorded

The pulsation of the right ventricle 1s best picked up n the straight lateral
view just above the pownt where 1t separates from the anterior chest wall The
best tracings are obtaned with the subject m the recumbent position how
ever patients with nght ventncular hypestrophy yield good tracings in the
siting position also Actually the tracing of the nght ventricle 15 often a
densogram of this chamber

The pulmonary vewns can be studied with the shit placed vertically about
2 cm beyond the convexty of the mght atnum 1 the posteroantenior post
tion ¥ The veins coming from the mddle and Jower lobes of the mght lung
cross the d ding arteries perpendicular and stand out witfun the bnght
band of the Jower trunk bronchus In order to idenufy this venous pattern
with certamty the following procedure should be followed the shit 1s placed
vertically upon the border of the nght atrum then i successive steps 1t
1s moved faterally across the brght cardio ylar interspace the final tracing
being taken upon the afum Companson of the tracings with those of the left
atrium reveals that the positive presystolic wave recorded over the * venous
field corresponds to the negatne presystohic wave present in the left atrial
tracip,

In !ghe study of the vanous cardiovascular structures the following data
should be considered

1 Amplaude of pulsation Tihus can be evaluated by comparing the
amplitude of pulsation of one structure with that of anather f they are re
corded with the same degree of amphification (Tig 87) Calibration helps
the corgparison

2 Shape and nme of varous waves They can be evaluated by the use of
optimum amphfication and by timung the waves of the eky with those of other
records

3 Abnormal Tr d and mh pul can be
differentiated by companng a border tracing with a densogram of the same
organ or those of two oppastte borders

4 Dissocration between various chambers (dissociation between the atrta
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bundle branch block, a v block) This study 1s best accomplished by simul
taneously recording the pulsations of two chambers (two electrokymographs)

S Cardiac output Clinical determination of cardiac output has been tried
by means of electrokymography The method advocated by Ring Balaban
and Oppenhetmer *” was based upon tracings of density changes of the ventric
ular mass {ventricular densograms) Calibration of the device was necessary
It 15 the ;mpresston of the author that this method 15 not surtable for general
use and probably also not sufficiently accurate For this reason details of the
method are omitted

A B

First Second First Second
Sound

Sound Sound Sound

/ SRRV
AN
H P Veins

Fi6 86 Schemes of vartous electrokymograms A aortic and ventricular trac
mgs B pulmonic and atrial tracings

ANALYSIS OF THE NORMAL TRACING

It should be kept in mind that the electrokymogram (eky) permts the
study of entirely different structures atrial ventricular arterial and venouz
According to the structure and sts function the tracing should be ccmpmef
with a physiologic or clintcal tracing of atrial or ventricular contraction ©
artersal or venous pulsation Three mam patterns can be distingwshed (Fgs
86 and 100) b

The eky tracings represent the summation of volume changes of a chamber
ar vessel motions due o rotatton or total shift of the heart and tractions from
other structures In particular each atrium shows the cffect of trachon by tts
respective ventricle
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The visible changes 1n volume are greatest in the left ventricle and fre

quently decrease mn the following order (1) left ventricle with hughest ampl

tude at the apex (2) might ventricle (3) atna (4) aorta (5) pulmonary
artery (6) venae cavae and hular shadows and (7) lungs (Fig 87)

lGh Venmde‘ G182l ¢

Apex  Usually, a small positive wave can be recorded immediately before
or during the first group of vibrations of the first sound Ths 1s due to left

-lMW -W’M

ettt | |

Fic 87 Companson of four tracmgs recorded on the same
dividual with the same amplification 4 apex B high left
ventricle C aortic arch and D pulmonic arch The phono

d 1n A appears hat different 1n
although taken on the same subject This 1s due to relocation
of the ph for op of the heart

atnial contraction which pushes a certain amount of blood 1nto the left ventn
cle causing difatation This wave 1s absent 10 patients with atnal fibrillation
and large 1n patients with left ventnicular stran The tenston peniod 15 ac
d by a small d probably due to torsion of the heart

The main ventricular wave consists of a large downward deflection which
starts at the time of that large vibration of the first sound which 15 due to
opening of the aortic valve The descending branch of this wave reaches its
lowest pomnt at a time which vanes in different subjects and with various
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bundle branch block, a v block) This study 15 best accomplished by sunul
taneously recording the pul of two chambers (two electrokymograp

5 Cardiac output Clmical determimation of cardiac output has been tried
by means of electrokymography The method, advocated by Ring Balaban
and Oppenhemer,-’ was based upon tracings of density changes of the ventric
ular mass (ventricular densograms) Calibration of the device was necessary
It 15 the impression of the author that this method 1s not suitable for general
use and probably also not sufficently accurate For this reason, details of the
method are omntted

A B

First Second First Secon
H A, r econd

s

Fic 86 Sch of various electrokymog) A aortic and ventrcular trac

mngs B pulmomc and atral tracings

ANALYSIS QF THE NORMAL TRACING

It should be kept i mund that the electrokymogram (eky) permuts the
study of entirely different structures, atrial ventnicular, artenial and w:nousd
According to the structure and s function the tracing should be compm-ei
with a physiologic or clinical tracing of atrial or ventricular contraction, "o
artenal or venous pulsation Three mamn patterns can be dxstmgmshed (Figs
86 and 100

The eky tr)acmgs represent the summation of volume changes of 2 chamber
or vessel motions due to rotation or total shuft of the heart, and tractions from
other structures In pamcular each atrium shows the effect of traction by its
respective ventricle
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Fig 89 Ventricular tracngs 4 eky record of the left
ventricular border compared with p diogram and elec
trocardiogram B simultaneous eky tracings of the apex and
of a lugher pomt of the left ventricular border The apex
(lugher eky) seems to precede the upper part (lower eky)
becauss of more marked effect of positional factors C eky
tracing of the nght ventricle i position 19 (Fig 85)

which ends at the tume of the third heart sound (phase of rapud filling) then
by a more gradual slope or 2 horizontal lme which continues until the be
ginning of the followmg cycle (Fig 88)

CONVEXITY OF THE LEFT VENTRICLE The waves reproduce volume
changes of the ventricle more faithfully and denote to  lesser degree the effect
of motion The comncidence between lowest pomt of the man wave and second
sound 1s seen more regularly (Fig 88 89) Tracings recorded above the apey
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usually seem to start later than the apical tracing Ths 1s due to less marked
mterference of motion phenomena and gives the impression that the contrac
tion starts at the apex and spreads toward the base This different timing of
the waves gave rise to the erroncous concept of “ventricular penstalsis when
observed by roentgenkymography (Fig 89B)
OTiER POINTS ON THE VENTRICULAR SURFACE  The left ventricle can be
studied m various projections, such as the left anterior oblique (posterior
aspect) and the right anterior oblique (anterolateral aspect) Tracings re
corded 1n these posttions present the same type of waves as the left margmn in
the posteroanterior posttion except that they are smaller, the lowest part of
the man wave s frequently made of a shallow curve

The densogram of the left portion of the ventricular mass resembles an
apical tracing However the ascending limb of the curve (diastole) 1s stower
and reproduces less accurately the events of the cardac cycle

"The 1sometric relaxation period lies between the lowest pomt of the ventnc
ular wave (if this comcides with the second sound) and the begmming of the
rebound m early diastole, 2 not between that pomt and the peak of the re
bound, as previously stated ® The duraton of this period was found ranging
between 004 and 007 sccond by the author, 007 to 014 by Schwedel
etal *and 002100 14 by Katz et al*

Right Ventricle

Indurect evidence of right ventuicular actvity may be found in tracings of
the night atrium in the posteroanterior view, however the data cannot be con
sidered accurate because of influence from venous return The best tracings
are recorded 1n the lateral views with the sht placed where the cardtac shadow
separates from that of the anterior chest wall, or just below this spot The
tractag of the right ventricle 1s largely a densogram Tius tracing presents a
small positive wave at the beginming of the first sound and shows otherwise a
curve which 15 simlar to that of the left ventricle The absolute amplitude of
the right ventricular wave 1s far less than that of the Jeft but this may not be
noted on account of higher amplification except m comparatuve studses (Fig
87C)

Stmultaneous tracings of the two ventricles can be taken with the subject
1 a lateral position and two prck up umts one having the sht across ‘lhe
antenor border {right ventricle) the other across the posterior border {left
ventricle) With this techmc the author found that right ventricular cc‘mtmc
tion precedes the left by 0 02-0 03 second ** Data of Schwedel ef al * show
that (1) the pulmonary valve opens about 0 01 second before the i;;”:!z
(possible vanations 0 03 before to 002 after) (2) systolic gjection éo ol:c
immedtately the openag of the respective valve and (3) the trcuspid V&
opens 0 025 second before the mtral
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Left Athwum

The left atrium can be studied 1n three posttions (1) 1 a 10° Jeft oblique
(left atnial appendage), (2) in left oblique at 45 or more degrees and (3) n

right oblique at 45 or more degrees The three tracings are sumlar but one
of them 1s frequently preferable because of individual conditions
shows a rapid downward wave n st 2nd
presystole  starting about 014 MM
second before the first sound If the
heart rate 15 raprid there may be l l
' =

a peak at the end of left atnial con | ll' ‘ lllll'
traction This peak usually coin
first sound or takes place shghtly
before If a fourth (atral) sound 15
present 1t occurs durng the first
deeper 1 patients with left atral a
hypertrophy and disappears 1 186 e
After this wave the tracing mnises I II
sharply to a small positive notch
during the first part of the first
sound After this two negative
waves are present one mn systole I" ™ ‘.
and the other 1n diastole The sys alfy
relat left atrum m left oblique 1n two normal
\Z:t:xdlm ,i.};e ?yfnamlcs ofllhe left subjects m sitting position a atrial wave i

cle e left ventricular con presystole v ventrnicular wave mn early
traction lowers the a v septum and
cavity which 1s compensated by increased flow of blood only gradually There
fore an mward movement of the free atnial wall takes place The highest
Ievel of the tracing 15 reached shightly after the end of systole when the mitral
which 15 probably due to passive flow of blood mio the left ventricle after
the opeming of the mutral valve The mse of the tracing durng ventricular
Systole 1s steeper with the patient 1n the supme position

The typical tracing (Fig 90)
only one slow wave 1n diastole with
cides with the first vibration of the
(downward) branch of the atral |
wave The presystohic wave 1s MW‘M
patients with atrial  fibnllation
tolic collapse of the left atrum 15 Fi6 90 Eky Border tracings of the
systole
creates a suction within the atnal
valve opens After this positive notch (v wave) there 15 a diastohe collapse
When the dorsal contour of the left atrium 1s not visible a densogram can
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be taken This presents a clear cut presystolic downward wave but 1s not as
mformative as a border tracing because of possible supenimposed pulsations
of the pulmonary vems and artenies The tracing of the left atrial appendage
1s sometimes not accurate during ventricular systole 1if the pulmonary artery
1s dilated, the record taken 1n the left oblique position may not be accurate
during ventricular systole 1f the descending aorta 15 enlarged
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Right Atrivm

The tracing recorded over the margmn of the nght atrium 1s simlar 10 that
of the left (Fig 91) Contraction of the atrium during presystole 18 manifested
by a small and rounded downward wave After thrs, the tracing exther reaches
the base Line or rises above 1t but drops agamn during ventricular systole The
latter 1s manifested by a sharp downward wave (systolic collapse) which 13
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usually deeper than the atnal wave The subsequent course of the atnial tracing
vartes with the position of the subject In the sitting position the tracing rises
slowly and attains its maxmmum height at the time of tricuspid opeming 1n
the recumbent position the rise 1s quicker and there may be a convex line
which brings the tracing above the base lme (Fig 91) Another drop how
ever takes place after the opening of the tricuspid valve (diastolic collapse)

In summary there 1s a presystolic collapse a systolic collapse and fre
quently an early diastolic collapse The early diastolic and the presystolic
collapses are due to changes 1t volume of the atrium because of passive inflow
mto the nght ventrnicle and because of right atral contraction The systolic
collapse 15 partly due to decreased atrial pressure (traction on the a v septum)
and partly to total atnal displacement by the right ventricle

18t 2nd
Phono

AU
i

Fic 92 Eky Border tracing of the nght atrum in a case of
a v block showing the pattern of atnal contractton without inter
ference from the ventnicle a atnal contractions

The tracing of the nght atrium has a superficial resemblance with that of
systemic veins (Fig 93) However the (a) wave 1s negative instead of positive
and the junction between this wave and the systolic collapse occurs before
the start of ejection Therefore maming the waves with the symbols a ¢ and
' would be erroneous At most one could mark (a) the downward presystolic
wave (v) the upward early diastolic wave In cases witha vblock a pure
atrial tracing 1s recorded (Fig 92)

Densograms of the night atnum are not always clear due to superimposition
of the nght atnial shadow over that of the nght ventrrcle

Studies of the tme relationship between the contractions of the right and
Ieft atrum can be made with the subject 1n the right oblique posiion Two
slits are placed one above the other The lugher records the left atnal contrac
tion the lower the mght With this method the author®® found a delay of
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0025-0 03 second of the left over the nght atrial contraction, this was con
firmed by Schwedel e al ** (Fig 93)

Aorta

ASCENDING AORTA  The tracing of the ascending aorta presents a typical
pattern different from that recorded over the aortic arch (Fig 94) Ithasan
early systolic drop, a rapid nise an early peak, a shght descent (or none at

First Second
S S d
ound oun Thied
Fourth Sound
Sound os

|
I
|
Fic 93 Scheme of atnal and venous electrokymograms

all) during the second half of systole a small mcisura a high and occastonally
prolonged wave after the incisura (Figs 94, 95) Thus tracing differs from the
reconstruction of aortic pressures by Hamilton and Dow, sndicating that
the pattern recorded 1s not merely caused by volume changes (parallel tg
pressure changes) but 1s also markedly affected by motions of the heart anl
vessels The lowering of the aortic root by ventricular systole and the media

d ame phase
pl t of the ding aorta by rotation of the heart in the same p
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Fic 94 Eky tracings A border tracing of the
ascending aorta (slight rotation toward left oblique)

B border tracing of the aortic arch (left oblique)
C densogram of the descending aorta (left oblique)

apparently reduce the height of the aortic wave This 1s confirmed by the
1mittal drop of the tracing Oppostte movements taking place 1 drastole add
their effect to that of the dicrotic wave and create a high wave on the tracing
The proximty of the ascending aorta to the left ventricle may contribute to
the fact that, i some subjects the profile of the aortic pulse durmg systole
greatly resembles a tracing of intraventricular pressure (Fig 100)

AoRTIC ARcH  The tracmg of the aortic arch presents marked mndvidual
vartations Tt has (1) a small positive wave during the first part of the first
sound probably due to a rising of the aortic valves durng isometric con
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traction, (2) a sharp nise, after the second large vibration of the first sound
(openng of the aortic valve), (3) an anacrotic depression n the first part of
systole, (4) a peak during the last part of systole but well before the second
sound, (5) a predicrotic notch, which may coincide with, or last shghtly
beyond the second sound, (6) a dicrotic wave which usually 15 small and
rounded and (7) a few small aftervibrations (Figs 94 95)

First Second
Sound Sound

Phono

Desc Ao

Carot
Trac

Fis 95 Scheme of aortic electrohymograms Companson with soend and
carotid tracing and with electrocardiogram

A densogram of the aortic arch gives a similar tracing Hewever, 1t has
been proven that the densogram and the border tracing are not 1dentical This
has been explained by pomting out that the border tracing has an important
component due to lateral motion of the aortic arch
DESCENDING AORTA  Since the descending aorta does not present a sharp
contour on fluoroscopy, only a densogram 1s possible 1 normal subjects The
tracing 1s sumilar to that of the aortic arch but shows a slight delay m the 1156
of the pulse 1n companson with the nise in the arch (Fig 94C)
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Pulmonary Artery

The tracmg of the pulmonary arch i usually easily obtamed However 2
Iarge left hular shadow or a dilated descending aorta may modify the tracing
The pulsations of these structures {recorded as densograms) are usually of
a smaller amphitude and their mfluence consists mamly m 2 smoothing of the
waves without other distortion The pulmonic pulsation starts with the open
g of the pulmonic valve (second part of the first sound) then nses sharply
and occasionally shows a shight change of slope mdicating an anacrotic de
pression The peak 15 reached at about two thirds of ventncular systole The
predicrotic notch s usually deep and occurs 0 06 and 0 08 second after the
main vibsation of the second sound The dicrotic wave 1s usually well defined
and 15 ugher than that of the aorta Tts peak 1s usually O 100 12 second after
the mam wibration of the second sound Another positive wave may be seen
in late diastole before atral contraction (Fig 96)

A densogram of the pulmonary arch s easily recorded The tracing 1s
sumifar to that recorded with the shit upon the border of the vessel Tt may be
necessary to record this densogram whenever the contour of the pulmonary
artery 15 obscured by tlar shadows or pulmonary consolidation

In a comparative study of the aortic and pul tracmps by
records as well as by recording each of them with the subclavian pulse the
author found  a precession of 0 02-0 03 second 1 the nse of the pulmonic
pulse over that of the pulse of the aortic arch (Fig 97) Schwedel et af *
found that the pulmonic valve opens 001 sccond before the aortic valve
However mdividual and respieatory vibrations may snclude from 003 pre
cession to 0 02 delay As the progress of the pulses from the valves fo the
knobs vanes according to elasticaty of the walls and pressure of the vessels
the vaniations found by Schwedel* and by Chamberlawn and co workers* may
be due to these penpheral factors

Hifor Shodows

The tracings of the hilar shadows are densograms and represent the var
ations of opacity of the nlar regions caused by changes w the blood content
The amplitude of the normal hilar pulsation 15 between one half and two
thurds of that of the pul y arch Add ! pulsatory pt trans
mmtted from the heart and great vessels may nfluence the tracing without de
creasmg s value Following 2 small negative wave a large positive wave
ocenrs (Fig 96 B) Ths starts approumately O 04 second after the pulse of
the pulmonary artery and 0 12 secand after the begmmng of the first sound
The peak of the pulse wave 15 reached at or about the time of the maw vibra
tion of the second sound It may be followed by a smali notch and by a small
dicrotsc wave "The 1utial negative wave 1s synchronous with the peak of the
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Fi6 96 Electrokymograms of the Jesser circulation recorded at
a few scconds of mterval A, border tracing of the pulmonary
arch B, densogram of the nght hilum C densogram of the visible
base of the night lung
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carotid pulse A second small negative wave is sometimes present in presystole

The positive wave of the hilar pulse indicates the arnval of the artenal pulse
mto the branches of the pulmonary artery However the pulsations of the
pul ry vemns also 1nfl the tracing and the early systolic depresston
may be due to acceleration of the venous flow

Pulmonary Veins

Tracings recorded 1 the right mtercardiobular space as suggested by
Marchal ® show close relationship with those of the atria In the typial trac
Ings a presystolic positive wave (increased volume) can be noted, this 1s

J
I

Pulm A
Ao

Fic 97 1 electrokymog {border trac
mgs) of the pulmonic and aortic arches 1n the posteroantenior
position showing a slight precesston of the pulmonic (Pulm
A) over the aortic (4o ) pulse

synchronous with the negative wave {contracuon=decreased volume) of the
Teft atnial tracing Later on a systolic collapse a positve peak at the ume of
sutral valve opening and a diastolic collapse are present In other words the
tracng 1s typically venous (Fig 98)

Lungs

The densogram of the lung 1s 2 tracmg which resembles that of the hilum
However the followng differences are present (1) There 15 a greater delay
1n the rise of the pulse wave this takes place from 0 16 to 0 18 second after
the begmnning of the first sound and about 0 04 second after the rise of the
hilar pulse (2) There may be a greater delay of the peak this occurning from
008 to 0 10 second after the mawn vibration of the second sound (3) The
curve is more rounded and extubits no evidence of a dicrotic wave Both the
presystolic and the early systolic downward waves already noted m the ular
tracing are often present in the tracing of the lung As both artenial and
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venous changes of the blood content of the lung are recorded 1t 1s possible
that some of the waves as well as the peak are inftuenced by the effect of left
atrial and left ventricular contractions, transmutted through the veins

The normal pulsation of the lung 1s usually about one half of that of the
lilum However, there are indvidual vananons, differences between lobes
possible mfluence of the position of apnea or respiration (inspiration=greater
waves and vice versa)

'VELOCITY OF THE ARTERIAL WAVES IN THE PULMONARY CIRCULATION ~ The

velocity of the pulse waves

giizg ngggd n the lesser cxrfulatmn can

be studied by comparing the

tracings obtained with the

sit over the pulmonary

knob the right hilar shadow

and the vistble base of the

nght lung usmg as tmer

the man wibraton of the
first sound (Fig 96)

The average umes of ar
rval of the pulse waves m
ten normal subjects were
found as follows 008
second for the pulmonary
knob 012 second for the
night hilam and 0 16 second
for the base of the sight lung
These data were obtaimed by
Fio 98 Electrokymogram of th Im measufing on the tracing
veins compared \mlg thagtr of the nghf ag:lumm};hz the dlstagce from thz l:eg::e
former has a postive Wave 1 presystole (a) while e of the first sound to H
the latter has a negaine presysiohc wave (a) IS¢ of the wave Correcte
Superimposed tracings figures are about 008 sec

ond lower because the open

ng of the pulmonic valve takes place later than the beginning of the sound

A velocity of the pulse waves of 2 M per second between pulmonary Lnob
and night hilum, and 2 75 M per second between right hilum and vistble base
of the night Iung was calculated *® While the speed of the pulse 1n the Jesser
circulation 1s less than 1o the greater bemng roughly one third of the latter the
pulse increases 1ts speed in the small less extensible arterioles both 1n the
lesser and 1n the greater cirenlation
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Yenae Cavae

SupErioR CAVA A good tracing of this structure 1s seldom recorded m
normal individuals 1n either the sitting or the recumbent positen Oceaston
ally, 1t 15 possible to obtain a record which resembles the jugular tracing and
which shows the three typical positive waves (2) (¢) and (v) Smaller
vibrations are frequently supenimposed (Fig 99A)

INFERIOR CAVA  This tracing 1s recorded with the subject holding his breath
1n deep wspiration The best tracing 1s obtained with a shight rotation toward
the night oblique There 1s a small presystolic positive wave, due to slower
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Fic 99  Electrokymograms of the superior cava (4)
and of the infenor cava (B)

flow of blood at the time of atnal contraction ( 2 wave) This 1s followed by
a deep negative wave (systolic collapse) Then follows a slow nise culmunat
g 1n a single or double wave about O 10 second after the second sound
(“v wave) This 15 due to slow engorgement of the vein unti} the tncuspid
valve opens The subsequent drop reaches its maximum after the middle of
diastole (drastolic collapse) No ¢ wave 1s present (Fig 99B)

The tracing of the infenior vena cava 1s similar to the hepatic tracing of
normal subjects (p 106) and 1s the result of the same physiologic phenomena
(Figs 100 101)
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CONCLUSIONS

Electrokymograph gs can be recorded in a wide varety of conds
tions Apart from the snterest that thcy may present for studies of cardio
vascular physiology the electrohymograms may have a diagnostic value 1n
theumatic heart disease with mitral nottic or tneuspid defects congenital
heart disease (especially cond assousated with pul stenosis) syph
Hihie heart disease, pericarditis congestive failure differentral diagnosss be
tween mediastinal tumors and acrtic ancurysms isturbances of the rate and
thythm atrial or ventricular asynchronisms alternans coronary heart disease
especially 1n order to evaluate the extent of old nfarctions, and evaluation of
the effect of cardiac drugs
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CHAPTER 22

Tracmgs of Varatiens of Electrical Resistance
of the Chest Due to Cardiac Action

{RHEQCARDIOGRAPHY)

HISTORY

In 1932 Atzler and Lehmann’ described their method of dielectrograph
which was based on the study of changes m capacitance of a condenser
through the modifications of posttion filling and shape of the heart In 1940
Rosa® described a somewhat different method by which the patient was again
placed within the electrical field of a condenser Electrial changes caused
by cardiac action were transeribed through a Braun tube In 1949 Whitehorn
and Perl” described a modification of the Atzler Lehmann method The chest
of the subject was mcluded 1n parallel with the cireurt of a diode The changes
m frequency caused by the cardiac action were transcribed by means of a
frequency modulatron disciminator However Schmutz and Schaefer® ex
plamned the dielectrogram as an integrated cardiogram of a wide chest surface
with only shght ewdence of volume changes In 1945 Holzer Polzer and
Marko? described a new method called rheocardiography Their method was
ongnally applied to the hmbs In a subsequent modification Polzer and
Schubfried? used chest leads with better results Further studies were made by
Bonjer and co workers ®
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TECHNIC

Rheocardiography 15 based on the tracing of the changes of electnical
conductivity of the human body caused by cardiac action The patient 15 con
nected with a generator beating with a frequency of 16 000 oscall per
second and with 2 Wheatstone bridge the latter connected so that the patent
forms one arm of the circurt a current of about 20 ma flows through the body
The vamations of voltage caused by changes in conductivity are rectified
amplified and recorded by the gal of an el diograph The
electrades are applied aver the cardrac apex and at the nght shoulder

ANALYSIS OF THE WAVES

The rheocardiogram consists of triphasie slow oscillatton The tracing
slowly drops at the begimming of systole mises rapidly at mud systole drops
more slowly during Iate systole and nses again in diastole Thus there 15 an
early systolic and an early dastolic coflapse and also a smaller systolic and
a larger dastohe, positive wave

Tnterpretation of these waves 15 by no means complete They seem fo be
related to displacement of masses of blood * However a much more complete
study 1s necessary before attempting an evaluation Strikmg changes have been
noted 1n various clinical conditions It is possible that the method possesses
chinical value and that after proper correlatton 1t may become of current use
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CHAPTER 23

Tracngs of Discharges of Radoactve Matersals
within the Heart

(RADIOCARDIOGRAPHY)

HISTORY

The passage of radioactive substances through the cardiac chambers has
been graphically recorded with the aid of an ik wntmg Geiger Mueller
counter Prmzmetal and Ius coworkers® ® described the technic 1 1948
Smce then the method recewved no further climcal apphcations partly on
account of technical difficulties Certain modifications indicated by the author
and his conorkers * should increase the use of radiocardiography

TECHNIC

The carefully shielded tube of a Geiger Mueller counter 1s placed over the
precordium This apparatus may be of the type which gives a graphic tracing
by an mk wnting device as used by Prinzmetal and co workers ? * or 1t may
be connected with a direct writing electrocardiograph as used by the author
and his co workers * The cunve records the ration of a rad pe 10
the structures underlying the tube as represented by the number of disintegra
tions of the radioactive element per unit of ime In the ongmal descnphion,
the curve was corrected for the random bursts by taking the mean of the
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counts over a half second perjod In the sug,ested modification * the charac
fursstics of the counter and of the elec diograph are s0 adjusted that a
slower curve representing the mean of wounts 15 automancally recorded

A rapudly elimimated and short Living radsoisotope was mutially used Prnz
metal used radrosodium (Na ') which has a half life of 14 § hours On the
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Fic 102 Rad ocardiogram in 2 normal young man after ad
1 10d ‘The waves R and L wnd cate

[
pass ng of the dve through the night and left ventricles

other hand the author has used di 1odo fluoresceine which has a half hfe of
seven days and 15 ehmmated m extremely nunute daily amounts *

In order to snsuse rapid progress of the sotope, the extremuty 15 esther
warmed before injecuon or exercised and the arm 1s rassed vertically atter
the mmection Ten to 20 milhicunes of ratiosodmum or 50 165 of
du10do fluoresceine are 1mjected nto a vemm of the forearm Until complete
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elimination of the sodium 1sotope, the excretions of the patient (urine, feces)
should be destroyed by special personnel according to the nstructions of the
Atomic Commussion * This precaution 15 not necessary mn the case of the
di10do fiuorescemne

ANALYSIS OF WAVES

The precordial tracing conststs of two main waves connected by a plateau
Iike transitional zone The first wave 1s sharp starting from 0 25 to 2 seconds
after the mjection and lasting from 3 to 4 seconds It 1s due to penetration
of the drug mto the right heart and therefore 1s called R The second wave
1s more rounded and lower, 1t starts 5 to 7 seconds after the njection and
lasts for 5 to 7 seconds It 15 due to penetratron of the 1sotope nto the eft
heart and therefore 1s called L Return of the tracing to norm indrcates that
all the blood containing the 1sotope has left the heart (Fig 102)

CONCLUSIONS

Thus graphic method should be useful for determination of residual blood
within the heart It should give interesting data n heart failure chrome cor
pulmonale coronary heart disease congenital shunts, adhesive percarditis
and obstructions to the venae cavae Slower passage of blood to or through
one of the ventricles 15 revealed by this method Controversial problems con
cerning right and left heart failure should be helped 1 their solution by the
use of this techmc
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SECTION H

Resprratory Tracings

CHAPTER 24

Tracmgs of External Movenents
Connected wnth Respiration

{PNEUMOGRAPHY)

HISTORY

Graphic recordmg of the mosements of external respiranon started with
Marey* who described a device called prenmograph Luctam placed a cardo-
graph over the eprgastrium and cbtaned good respuatory tracings Several
studies were accomplished with a stmlar techme by Mosso® and Hofbauer *

A Franks capsule was applied later to the same devices and used for
photographic recordimg of respiration

For several years the author has used a hnear mcrophone conected to
@ pueumatic cuff wrapped around the chest or the abdomen Thus chest of
abdomimal movements due fo 1 P y dy were ded electrically

TECHNIC

A 25 cm jong section of rubber tube having a diameter of 2 S cm 13 closed
at both ends and glued on a sip of firm cloth or Jeather A short piece of
metal tube of 3 mm an diameter 1s fastened through a hole of the chamber
formed by the tube so that 1t 1s airhght This device constitutes the preumo-
graph It s placed evenly around the abdomen or the chest and fastened by
Stnngs Expansion of the chest or abdomen causes campression of the aur 1
the prevmograph

m
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A Miller White crystal microphone* whch gives a linear response (p 28%
1s connected with the pneumograph and with the mput of an electrocardio
graph This merophone shouid be so adjusted that an ncrease of pressure
gives a downward movement of the tracing Then nspiration 1s revealed by

a downward movement ex
prration by an upward move
ment * Stmultaneous tracings
of the thoracic and abdomynal
resprratron can be recorded
with two preumographs two
linear microphones and a
double channel electrocardio

graph

ANALYSIS OF WAVES

Respiratory dynamucs 1s re
vealed by a simple mono
phasic V shaped wave The
downward slope corresponds
to inspiration and 1s shorter
the upward slope corresponds
to expration and 1s longer
(Fig 103) Smaller super
imposed waves are caused by
pulsations of the heart (tho
racic respiration) or the aorta
(abdominal respiration)

In general the curves of
thoracic and abdominal res
prration  are  parallel  and
simultaneous However, ab
domunal respiration 15 usually
more ample in the male,
thoracic respiration 1n the
female Slight differences in
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{above),
pressure curve from the mouth (center), and
low thoracic resprratory tracing recorded with
three crystal microphones of a hutear type

Fig 10 Preumotachogtam

timing may be caused by ymperfect applicaton of the pneumographs which
modify shightly the tracmgs on account of the elasticity of the tube and the
air contaned Other devices Iike the Harvard Co preumograph can be
used If they involve a spring the causes of error are increased

* This arrangement 1s possible (1) 1f one has a crystal microphone with two mr’oux:;r:f
one ont eack side of the crystal (2) if one can invert the polanty of the galvapometer 18 pel
18 posstble the tracing 1s wverted and note of this should be taken
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CONCLUSIONS

Recordings of respiratary dynamics have been made dunng dysprea,
and can be vsed for the differentral diagnosis between paroxysmal cardiac
dyspnea and bronchal asthma  Tracings of the external movements of
respiration may be preferred to those of pressure or welactty from the ar
passages on account of easter technic However it should be kept in mmd
that they are less accurate

Sunultaneous thoracic and abdomumnal teacings ate taken if dissociation
betneen th and abd ! resp on 15 suspected because only records
of the external movements of respiration can be used to diagnose this severe
neurologic disturbance
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CHAPTER 25

Tracmgs of Pressure and Speed of Resprration

(PNEUMOTACHOGRAPHY)

HISTORY

Following studies on graphic tracings of external respiratory motions
several authors mvestigated the changes of lateral pressure from one of the
nostrils or from the mouth during normal respiration These were recorded
at first on smoked paper by means of a Marey tambour, then on a photo
graphic film by means of a Frank s capsule last on the film of an electro
cardiograph by a crystal microphone

The velocity of the air from the mouth was studied first by Flessch who
described a special instrument the preumotachograph This based on the
principle of a differentral Frank's capsule recorded the tracing by means of a
mugror fastened on the membrane mside the capsule both the direct and the
reflected beams passed through the glass closing the capsule Another less
perfect pneumotachograph was described by Hochremn * Pneumotachographic
tracings of normal subjects were studied by Bretschger ! Both the ongmal
method of Fleisch* and a new method based on a pneumotachograph and a
differentral crystal microphone * were used by the author

TECHNIC

Tracings of Pressure
A rubber tube having a lJumen of 3 mm 15 connected with a glass or bakehie
olwve at one end with a linear microphone at the other The olive 1s ntroduced

* This was spectally built by the Sanborn Co of Cambndge Mass
214
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mto one of the nostrils of the patient who 1s instructed to breathe evenly
through the nose The jack of the incar microphone 1s connected with the
wmput of an electrocardiogeaph and the tracing 1s recorded exther photographt
cally or by drect writing methods The zero line 1s found by the patient hold
ing hus breath for a few seconds During apnea 1rrespective of the phase of
respuration 10 which the chest 15 immobilized the light beam (or the pen)
traces a straight line which 1s the zero hine If the subject has some impairment
of nasal respiration a mouthpiece, like those used for the study of basal
metabolism 1s placed into the mouth of the subject It 1s connected with a
short open piece of tubing having a thm metal tube on one side The latter
1s connected with a linear microphone and the patient 1s mstructed to breathe
evenly through the mouth If needed a nose clamp 1s used i order to prevent
nasal respiration

Tracings of Veloaty

Flersch s pneumotachograph is made as follows a seres of thin tubes
having a lumen of 3 mm * 1s contaned inside a larger metal tube provided
with a mouthpiece Two side tubes are connected with one of the thin tubes t
These are connected by means of short rubber tubes with the ends of a differen
tial Imear microphone connected with the electrocardiograph (p 154) The
proumal tube 15 connected with that end of the microphone which gives a
positive deflection for an increase n pressure the distal tube with the other
end
~ The mouthpiece of the pneumotachograph s placed mto the patients
mouth If necessary a nose clamp 1s used 1n order to prevent nasal respiration
At one time during the taking of the record the patient 15 mvited to hold
Ius breath The light beam or the pen of the electrocardiograph then traces a
steady hne which represents the zero lne of the tracing

Objections may be raised against the use of the linear microphone for
either velocity or pressure curves of respiration because 1t does ot register
extremely slow deflecions However respiratory waves are still within the
field of action of this microphone and only a mummal deformation of the
curve may be expected consisting of a shightly earlier flattening of the curve
at the end of each phase ¥

*The larger tube contans 99 thin tubes All of them are used whenever the patient has
dyspnea only 33 of them are used for normal respiration The exclusion of the extra tubes
1s obtamed by closing a central section of &6 tubes with a rubber stopper

t Actually “there are two sets of side tubes One couple 1s separated by a distance of Scm a
second couple by a distance of 10 cm The two couples of tubes were made in order to permit
choice between two sets giving a different amplitude of the waves As electrical recording has its
own device for increasing amplification only one set will be used constantly while the other
should be closed If velocity and pressure tracings are simultaneously recorded one tube of the
second set 1s used for the tracing of pressure while the other tube 15 closed

t Comparative tests made by the author with a linear mucrophone and 2 high sensitivity
electromanometer show that the former 1s enturely adequate for chinical tracmgs
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In order to avoid displacement of the base ine no use of the nstomatic
device for automatic adjustment of the tracing should be made during the
entire test

ANALYSIS OF WAVES

Both the pressure and the velocity tracing consist essentrally of two rounded,
diphasic waves Durning inspiration, the curve drops then slowly flattens and
returns to the zero lme Expiration 1s not separated from insptration by an
accident of the tracing Only the zero line artificially traced, divides the two
phases During expiration, the tracing rises slowly above the zero line reaches
amaximum then slowly tapers off and reaches agamn the zero Ime (Fig 103)
Expiration 1s somewhat longer than mspiration and may become much longer
1n chinieal cases (Fig 265) Small notches due to cardiac action are present
1n both phases They have been already considered (p 116) and can be
studied with shght modifications of technic

As shown 1 Fig 103 there 15 but a small difference between the pressure
and the velocity tracing Therefore, except in special cases the first easier
type of tracing should be preferred for clincal studies

Insprration 1s accompamed by a decrease of pressure i the respiratory
passages this causes suction of air and a drop of both the pressure and the
velocity tracings Expiration is accompanied by an mcrease of pressuse m
the respiratory passages this causes expulsion of air and a fise of both the
pressure and the velocity tracings The time relationship between these waves
and the external movements of respiration (p 211) 1s apparent n Fig 103
The end of nspiration 1s revealed by the lowest posnt of the curve of external
respiration and by a return to the zero line of the curves of pressure and
velocity The end of expiration 1s revealed by the highest pomt of the curve
of external respiration and by the return to the zero hne of the curves of
pressure and velocity

CONCLUSIONS

Pneumotachography was used for various physiologic studies mcluding
one on cardiac output which have subsequently Jost value Cliucal tracings
of pressure ate accurate and present some 1nterest m the differential diagnosis
of the vartous forms of dyspnea
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CHAPTER 26

Tracngs of Bronchial Functions

(ELECTROBRONCHOGRAPHY)

HISTORY

A series of studtes on bronchial and pulmonary functtons by the author Jed
to description of a method called electrobronchography These studies were
first developed on experimental ammals' ? ¢ and subsequently applted to
human subjects *

TECHNIC

The method 15 based on the use of a conventional electrocardiograph a
preamphfier, and a low pass filter The latter consists of condensers which
sharply decrease the amphitude of waves above 80 cycles per second Ike the
ORS complex of the electrocardiogram but cause only small changes for
waves of lower frequencies The lead 15 bipolar One electrode consists of 2
50 cm Jong copper wire insulated along all sts course except at the tip The
latter 1s silver coated and tightly wrapped with cotton soaked mn isotonic
solution of sodium chloride The other electrode 1s 2 round German silver
electrode smeared with Redux jelly Followmg novocamne anesthesia of the
pharynx and glottis the wire electrode 15 1ntroduced into a small bl‘aﬂc}‘lUSd
possibly within the lower lobe of the right lung The other electrode 15 app Iei
over the trachea and held by a rubber strap wrapped around the neck One of

218



Tracings of Bronchial Functions 219

the wires 1s connected with the filter the preamplifier and the galvanometer
the other only with the pr lifier and gal
Smuhtaneously with the electrobronchogram (ebg) an air pressure tracing
1s recorded from one of the nostrils (p 214) Anesthesta of the upper
p y can be disp d with 1n subjects with tracheal fistula

ANALYSIS OF WAVES

The ebg consists essentrally of a double monophasic wave simiar to that
of the pressure tracing from the air passages The polanty of the apparatus
should be adjusted so that nspiration 15 accompanted by a negative wave,
expiration by a positne The ebg 1s the resultant of the action currents of the
smooth fibers of the trachea and bronchr down to the smaller ramufications
it 15 possible that additronal currents are caused by physical changes con
nected with vanations of length and caliber of the bronchi and distention of
the pulmonary parenchyma Action currents of the stnated muscles are ex
cluded by this method Action currents of the heart are revealed by small
complexes having a cardiac cycle

The main ebg waves have a respiratory cycle and are sumilac fo the waves
of a pressure tracing They represent mamly the electrical expression of tonic
changes of the bronchial muscles which become longer and wider dunng
respiration shorter and narrower m expiration Abnormalitses of the bronchial
function are revealed by changes n the height and phase of the ebg waves
independent of changes of the respiratory dynamucs

CONCLUSIONS
The electrobronchogram has recerved so far imited applications Tt lends
itself to studies of bronchial and pulmonary functions and can be used in
cases of cor pulmonale and chronic or subacute dyspnea Tt can be used also
for pharmacologic studies

REFERENCES
1 Luisaba A A Tono e Ca della M Liscia B: pol
monare  Arch di Fistol 26 626 1928
2 Luisaba A A Lelettrog della it lIisera brosico polmo-

nate Mmenamed 9 (2) N 48 1929

3 Luisapa A A Dre Lunge als contractilen Organ  Benr Rin Tuberk 73
657 1930

4 LuisapA A A Ueber Lungendynamik  Ergebn f inn Med 47 92 1934



CHAPTER 27

Tracmgs of Volume of Asr

{SPIROGRAPHY)

HISTORY

The first spirometer was bult by Hutck ? 1 1860 Sp 1¢ studres
by Mosso ¢ Vierordt  and Tigerstedt? on anumals and man gave many basic
data on respiration After the mitial stage spirometry was developed to
gether with apparatus for determination of basal metabolism Thus Atwater,}
Benedict,2 Roth,” and Krogh* have developed both the method and the
mstrument

TECHNIC

Any clinical apparatus for basal metabolism can be used for spirometsy
In particular modern, waterless apparatus are quite practical The patient
should be placed 1n a comfortable situng position The mouthprece 15 ptaced
between the teeth and a nose clamp 1s apphied The patient 1s 1nvited fo breathe
evenly for a few mmutes Then he 1s 1nvited to exhale deeply, to ihale
deeply and agan to exhale deeply The tracing represents the spirogram
Inhalation 1s represented by a downward movement exhalation by an upward
movement of the stylus The number of cubic ¢ 1s directly
m the graph

220
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ANALYSIS OF TRACING

As known the amount of air passing 1n and out during ordinary resprration
1s called nidal air 1t averages 500 cc The amount which can be forcibly
mhaled after a forced exhalation may reach 3000 cc and 1s called com
plemental air Forced exhalation from a position of rest may amount to
1000 cc  this 1s the suppl 1 airr Compl I air plus suppl ] arr
represents the vial capacity The simplest way to determune the latter 1s to
perform first a forced exhalation then a forced inhalation then agam a
forced exhalation The line which connects the lughest with the Jowest pomt
represents vital capacity

CONCLUSIONS

The tracing gives information about normal tidal air and vital capacity
The former 15 reduced whenever there 1s engorgement of the pulmonary
vessels or pulmonary edema the latter 1s reduced not only by pulmonary
congestion but also by limited mobility of the diaphragm or the chest wall
(liver enlargement ascites pleural effuston pleunsy) The data have value
only 1f they can be compared with previous readings on the same ndividual
because individual vanations are large

Being recorded on slow motion papers the spirograms give a visual exact
evidence of certain types of respiratory disturbances The Cheyne Stokes types
of periodic respiration (Frg 266) as well as the sighing respiration of
neurocirculatory asthema are revealed by this method
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SECTION 1|

Tracmgs of Electrical Phenomena of the
Heart and Vesses

CHAPTER 238

General Electrocmdtograplnc Techme

HISTORY

Ammal electricity was acaidentally discovered by Galvant' in 1791
Evidence that the cardiac muscle 1s the source of electrical currents was given
by Matteuccr'® in 1843 and by Koelliker and Mueller” 1n 1856 The Jast two
authors recorded these currents by menns of a neuromuscular preparation
(frog gastracnemus) and used this phystological theoscope 1n order 10
prove that the electrical manifestations of the heart precede the mechanical
Subsequent studies on cardiac electricity were made by Bernsten® and by
Engelmann ® In 1873 Lipmann® described the capillary electrometer which
soon was employed by Marey® for studies of ammal clectrocardiography and
by Waller" for studies of human electrocardiography At the begining of
the twenteth century Schweigger described the first string gahanometer and
soon afterwards Ewnthoven applied this instrument to the graphic regstra
tions of electric currents of the heart

Einthovens original apparatus was large and cumbersome Today, how
ever, 1t 15 a postable mstrument capable of simple operation

In Germany not many years aiter the first string galvanometer was pet
fected a rotating murror and coil type of mstrument was 1ntroduced having
suffictent sensttivity for registration of cardrac potenttals (murror galvanom

eter)
222
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With the development of the thermionic vacuum tube 1t became possible
to register clectrocardiograms by means of oscillographic units coupled with
clectronic amplifiers While the string galvanometer registers current flow the
thermionic or electronic electrocardiograph records electrical potentials These
may be amplified up to one thousand times without distortion and are
recorded by a sturdy oscillometer

Two schools greatly contributed to electrocardiography in the first quarter
of the twentieth century that of London with Sir Thomas Lewis as its
exponent and that of Vienna led by Wenchebach and Rothberger The
studies of arrhythmias and of heart blocks were practically completed in that
time Between 1920 and 1930 Amerncan researchers (Pardee Smith
Hernck) established the basis for the climcal recogmtion of coronary and
myocardial lesions

Between 1930 and 1950 fundamental contributions were made by Wilson
and Is school Interest n the umipolar leads already described by Wilson
was awakened by Goldberger s studies

APPARATUS

Modern electrocardiographs are described mn detail 1n Appendix A Four
different types of instruments have been used (1) the sting galvanometer
(2) the oscillograph or mirror galvanometer (3) the cathode ray electro
cardiograph and (4) the oscillograph with thermionic amphfication

The cathode ray electrocardiograph has several practical and technical dis
advantages for present day use The oscillograph has been abandoned as such
and mcorporated i the thermionic tube amphfier Therefore only the string
galvanometer now made portable and the amplifier electrocardiograph are m
current use From the pomt of view of the fidelity of registration these two m
struments are practically equal However Iack of mertia stability of amplifica
tion and greater sturdiness render the latter superior to the former

Two methods of recording are used the photographic and the direct writing
The photographic method used m both the string and the amplifier types of
galvanometer 1s theoretically superior because 1t avords any frictton with
the film and 1s less lrable to acquire imperfections Whenever sumultaneous
tracings of heart sounds and electrocardrograms are desired this 1s the method
of chotce The direct writing method avouds the need for photographic process
g of the film and 1s now currently used The possibibty of immediate 1n
spection of the film renders this method preferable wh r delicate
tracings are recorded and for bedside diagnosis The method 1s based on the
color change of a special film caused by a heated stylus Ink writing devices
are less perfect and should be used only for mass work

P
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ACCESSORIES AND CONTROLS

Although the vanous electrocardiographs differ 1n appearance and arrange
ment of controls, several accessories are common to alt (1) sensitvity control
(2) centering device, (3) lead selector, (4) lead marker, (5) calibration
device, (6) cables and electrodes (7) button for instantaneous automatic
block of the pen or Light beam, direct wnters with a hot stylus have also
(8) a device for regulating the temperature of the stylus

Calibration

Evaluation and companson of electrocardiograms (ecgs) necessttates the
knowledge that a certain height of deflection corresponds to a certain differ
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Fic 104 Possible artifacts of an electrocardiog A hooting B over

'
damping C normal D sudden jerks due to mproper contact of the electrodes
E, movement of the patient F, muscular tremor

eace of potential Therefore all apparatus are provided with a calibration
device This consists of a button which mtroduces a current of one miilivolt
mto or excludes a resistance of one millivolt from the circuit: The button 15
depresed while the film 1s moving and the sensttivity 15 adjusted until a positive
deflection of one centimeter 1s recorded

The button for calibration (or standardization) 1s also used m order to
check the charactenstics of the apparatus The angles of the rectangle should
be square with mimmal evidence of rounding (Fig 104C) Otherwise 28
ncorrect picture of the various waves would be obtamed If the button 15
depressed and the finger 15 not hifted the displacement of the beam persists 1:
the string galvanometer, m the amplifier type of apparatus, the beam return:
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slowly to the basehne This return should be slow reaching two thirds of the
deflection m 1 5 second The frequency penod of a good electrocardiograph ss
such that under critically damped conditions 80 per cent of a final deflec
tion should be reached within 0 01 second

The centering device controls the position of the beam and 1s used n order
to regulate the baselme of the tracing Usually the baselne 1s placed near the
center of the film however if large monophasic deflections are present 1t
may be convenient to move it up or down 1n order to avoid distortion or non
registration of part of the waves *

The lead selecior 15 marked for standard and for the vanious leads Present
apparatus have first the posinons for the conventional hmb leads then those
for the unipolar Limb leads (sce p 231) It1s likely that w the future the
opposite will be true or that the standard leads shall be abandoned

Lead Marker

This gives dots or hines on the film In the author s Iaboratory the following
marks are used

} Ror Vi = V4 = - V7 = ~ VE = ==
Z Lo V2= VS = ~ VE = ~
3 FovVis= V6 = ~ V9 = o

Cobles and Electrodes

The power cotd connects the instrument wth the power except i the
cardiographs warking with battenes ke the Sanbora Stetho Cardiette The
patient cable 15 chvided ito three four five or more wires The ends of the
wires are thus marked Rd=nght arm LA =left arm RL=nght legt
LL=left leg C=chest (or B € D =\vanous chest electrodes)

The normal hmb electrodes are 3% 5 em rectangles of German silver The
chest electrodes made of the same alloy are round and hase 2 diameter of
3 ecm § Both have a small comie knob or small teeth directed upwards used
for fastening to the hmb by means of rubbet straps The chest electrodes can
e held by a long rubber strap or by a bakehte handle

Ground Wire

Most apparatus and especially those working on AC require grounding
far this purpose esther o speaial cable or an ardinary copper wire with two
clips can be used One of the clips will be attached to 2 metal pipe avarlable
1n the room (faucet radmtor etc } or to a speciat ground wire

1 the defiections are too large and diphasic one <an reduce the degree of seasitivty of
the zpparatus to & fraction of the normal value indicating this by the symbol ¥ ce 'i')

4 Tras wire 1 used only m order to avard AC interference
4 In wmfants and young children a chest electcade of 15 cm 1n diameter shonld be vsed
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PREPARATION OF THE PATIENT

A supine or semirecumbent posttion 1s preferred because 1t nsures com
plete muscular relaxation and avoids superimposition of currents of skeletal
muscles on those of the heart (Fig 104F) A long wide and comfortable cot
with adjustable back can be used If the patient has orthopnea, he should be
propped up with pillows If the tracing 1s taken 1n the sitting position a large
arm chair should be used The feet of the patient should be raised from the
floor and rest on a nonmetallic low stool It may be necessary to shave the
chest and limbs of a male pattent if there 1s excess of hair In general how
ever a generous supply of electrode jelly* avords this need

Patients with somattc tremor represent a techmical problem because the
muscular hypertonus or clonus 1s the cause of artifact (Fig 104E F) It has
been suggested® to replace the imb electrodes by four round electrodes
simular to those used for the chest leads, these should be attached with scotch
tape or adhesve over the supraglenord tubercles and the anterior superior
iliac spines where tissue movement 15 minimal

Amputees can be studred by applying one of the electrodes over the stump
of the missing Iimb

The patients skin 1s gently rubbed with electrode jelly which msures a
good conductivity The jelly may be rubbed with a toothbrush or with the
edge of the electrode Then the electrodes are applied

FILM

Photographic film has the time marked by vertical interruptions of the
Iight beam caused by the spokes of a turning wheel Direct writing films have
a marking on the paper which corresponds to the conventional speed of 25
mm per second Each thin Iine represents 0 04 second, each thicker Ime
0 2 second, every fifth thick line a second Even though the photographic fiilm
may move at different speeds the ime marhing has always the same value On
the other hand direct writing films have already marked time lines if they
move at faster or lower speeds the lines acquire a different value if the film
moves at 50 mm per second, each thin line represents 0 02 second and each
thick Ime 01 second

Both the photographic and the direct writing film have horzontal Imes at
1 mm mtervals They are used for measuring the height of the vzmou;
deflections Each millimeter represents O 1 mulhvolt 1n tracings recorded witl
conventional amphfication

* This contains sodium chlonde or zinc sulfate pumice powder and glycerine
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ELECTROCARDIOGRAPHIC ROOM

The tracmg may be taken anywhere However a special room 1s usually
assigned to electrocardiography m hospitals and laboratories This reom
should be as far away as possible from roentgen ray short wave and other
electrical equpment which might be used durmng the takung of the tracing
Tt should be as far away as possible from high tension cables and electric
motors hhe those of elevators and street cars In spite of these theoretical
considerations  good tracings are frequently taken n roentgen ray rooms
if all possible apparatus 15 disconnected

Whenever i U ray and el aphic tracings are
reeded (as 1n the case of electroky and clec grams) aspecsal
filter nterposed between patient and electrocardiograph 13 mecessary In
other cases electrrcal mterference can be avorded by screemung  the bed and
the patrent with wire mesh nets A single wire 1s then used for groundmg
the nets

"

9,
=4
4

ARTIFACTS

The possible artifacts are many but they can be easly discovered and

elrinated or discounted They are (Fig 104)

1 AC mterference from wnproper isolation of the room or patient

2 Muscular currents caused by somatic tremor

3 Sudden jerks of the pen or beam on account of technical faults of the
mstrument or smproper application of the electrodes

4 Slow wandermng of the baschne caused by changes of conductivity of the
skin (sweatng sascular changes) or resprration (chiefly m the chest
leads)

5 Abnormat direction of the waves caused by wrong conmection of the
cables
6 lmproper shape of the waves due to enther overshooting or overdamping
of the apparatus
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CHAPTER 29

The Electrocardrograpluc Leads
and the Electrocardlogmm

1t 15 well known that duning muscular contraction the part of the muscle
which 15 stimulated becomes negatne 1n relation fo the rest If a muscular
fiber A B 15 stimulated m A this powmt becames negative m refatton to B If
an electrode 1s placed above the pomt which 1 stumulated and another at
distance the galvanometer secords a negative deflection at the time of sumula
tron If two electrodes are placed at the opposite sides of a pont stimulated no
curtent 15 recorded by the galvanometer the two electrodes are at equpo
tential ponts

Bipolar lead 1s the name gven to any lead using two electrodes placed at
the opposite sides of and at some distance from the source of electric currents
{heart) The record represents the alget on of two p Is of
sumlar values and frequently with opposite polanty Examples are the old
standard leads

Semt umpolar lead 1s the name gnen to any lead using one electrode near
the source of the electric currents (heart) while the other 1 at a greater
distance The record agamn represents the algebrae summation of two po
teatials one of them s of a hisgh value because recorded near the source
the other has a smaller value because recorded at a greater distance from the
source of currents Examples are the old Lead IV (anteroposterior) and the
vartous CF and CR leads
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Umipolar lead 1s the name given to that Jead using one electrode near the
source of electric currents (heart) while the other 1s 1n an area of zero
potential (e g at an ‘infimte distance from the source of currents) The
record represents the expression of the absolute changes of potential in the
area lymg under the electrode near the source of currents (heart) because 1t
registers the difference 1n potential between that pont and zero The concept
of a zero potential electrode”’ 15 extremely valuable but difficult to realize
The best solution seems to be the “central termmal” of Wilson (p 231) In

Fic 105  Shetch of the unipolar and bipolar (standard)
Imb leads

both the sem: umipolar and tite umpolar feads, the electrode placed near the
heart 1s called the exploring electrode while the other 15 calied respectively
semt indifferent or indifferent

STANDARD 1IMB LEADS

The standard hmb leads were the only ones used from 1905 lo 1%35 and
are still employed These bipolar imb leads are the following (Fig 105)

Lead 1 connecting the right with the left arm
Lead 2 connecting the right arm with the left leg
Lead 3 connecting the left arm with the left leg
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Tt 55 apparent that each of the bipolar hrub Jeads represents the algebrac
sueamation of the potentials of two kmbs The following formulas explam the

i hip bet the three umpolar and the thres hipolar (standard)
Lmb fexds
VRASLAVE O ¥L44R VP
1=(L ¥Ry &
2F IR K 2 143
I=(Vr LA

K 15 2 coefficient which vanies according to caltbration and techme

Lead 1 reports the vartations of potential of the left lateral cardue wall
(nght or left ventncle according to the position of the beart but mostly left
ventricle) minus those of the atnal and ventricular cavities Lead 2 reports
the vanations of potentsal of the diaphragmatic surface of the heart mmus
thase of the atrial and ventnienlar cavities Lead 3 reports the vanations of
potentral of the daphragmatic surface of the heart munus those of the left
tateral cardiac wall Certan antenor and posterior regions of the heart are the
sousce of potentials which are not pictured by standard Jeads These regions
have been called sifent arcas

The standard hmb leads are stifl used because mast of the known cliucal
patterns were recogmzed through them In spite of their traditional use 1t 18
Itkely that i the future they shall be abandoned

UNIPOLAR LIMB LEADS

Following Wilsons suggestion ¥ 1t 1s possible to study the vamations of
potential of any pomnt of the body without interference from currents of
other pomts In order to do this the three hmbs are connected together by
three wires and three resistances of 5000 ohms or more To this central point
of connection called the central ferminal 1s attached one of the cables of the
elcclrocardxogmph Based on the principle of Emthovens tnangle the centrat
ferminal 15 supposed to have zero potential and to act as an indifferent
clectrade * The other cabls of the electrocardiograph 1s connected with any
point of the body by means of an electrode called the ¢xploring electrode In
the case of the lumb leads the explonng electrode 1s connected successtvely
with the ught atm the left arm 1nd the left Teg The three tracings are called
YR VL and VF (Fig 105}

Goldberger suggested el ¢ the elecincal resistances of the central
termonsl and disconnecting the wire of the limb under study m order to
acrease the amphtude of the waves The Goldberger leads are called
augmented nmpalar leads and ther symbols are aVR aVL and aVF Suc
cessive studies™ have confirmed that disconnecting the wire of the extremity

* Actually the central term pal has saalt chaoges of potential whick can be disreparded sn
o1 meal wracings beeause they do not excerd 91 mv
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under study does not change the shape and polanty of the waves while m
creasing their magmitude On the other hand, the presence of the resistances
15 necessary 1n order to have a zero potential* central termmal Present day
technic therefore embodies the best features of the Wilson terminal but with
alternate disconnection of the wire of the terminal from the hmb under study
For simplicity s sake, the symbols of the three Iimb leads with this technic
can be called R, L, and F

Connection of the three wires with the central terminal and disconnection
of the wire of the imb under study 1s obtained automatically in most modern
apparatus where the lead selector 15 successively placed 1n positions aVR, aVL
and aVF

CHEST LEADS

Semt unipolar chest
leads have been taken for
several years by placing one
electrode on the chest while
the galvanometer was con
nected with the electrode
of any of the mbs The
symbols used were Chest
right arm=CR leads,
Chest left arm=CL leads
Chest left leg = CF leads
These leads now have only
Iustorical 1nterest because
FIG 106 Locations of the chest electrodes for the tracings obtamned by
leads V1 to V6 The heart has been drawn en  ther use represented 2
larged 1n order to show that pomnt 4 may not com-  symmation of the potentials
cude wath the ape of the chest plus those of

one of the imbs

The umpolar chest leads are now generally accepted They are taken by
placing a round exploring ¢lectrode on the chest while the galvanomelef 1
connected with Wilson s central terminal (indifferent electrode) The symbOIs
used are CV leads, or simply V leads

Following the recommendations of the Commuttees of the American Hlear!
Association and the Cardiological Society of Great Britamn and Treland * six
chest locations (Leads V1 to V6) are commonly used (Fig 106) * To
these, several others have been added for use 1n specxal cases

#There has been controversy on the number of chest leads that should be taken if 0;::
wishes to skip some of the six leads usually mncluded 1n the routine use If the dec"ma\r/gm%l "
15 taken by = technician at least four routine chest leads are necessary (V1 V2 V46 )a e
1s taken by a physician as sn the authors laboratory three chest leads (V2 V4 Vé) may
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1 Three posterior Jocations ® {Fag I
107) for the study of high pos r
terior potentials of the heart g
(Leads V7 V8, V9) <

2 One xiphord or ensform loca ‘ Y
ton ? (Fig 108) for the study v8/ v
of postero diaphragmatic poten  } V7 voi-
tals (VE) 2

3 Three hugh anterolateral loca AN
tions'® (Fig 108) for the study \{,
of the ugh anterolateral poten Y
tals {high V4 lugh V5 lugh
V6) Fic 107 The postenior locations for

4 One hugh mght sternal lead Chestleads V7toV9

(Fig 108) for the
study of nght atnai
potentials (high V1)
Three right chest
leads™ for the study of
potentsals of the night
heart m cases with
nght heart enlarge
ment {V3R V4R
V5R}

Four esophageal leads
(p 247) for the study
of posteromnfersor po
tentials (Jeft atnaf and
ventricular) (Fig
116}

Locations and symbols

Fio 108  Special eleutrode locations High V1 of 16 leads are deseribed
high V4 Ingh VS high V6 comventional V4 VE  hvpons

w

o

m xgarm’anymheu there 12 suspiron of ceranary heart disease
all the routme leads V1 to V6 should be taken and that whenever a myocardial mfarce ss
suspected additional special feads shonld be employed In anfants VI V3R and V4R should
be taky tematicall

fAci?)r;?;;zaSlouhz and Laham ¥ a fead VE2 may be supenior to VE To obtas this the
electrode 1s plated over the sixth space at the left of the xiphoid on the prolongation of the
Jeft margnal line of the sternum This lead has pormally positive P and T waves and an 1S

atters

F V1 s the topogeaphc equivalent of V2 but on the night chest V3R s the equivalent of V3
but o the nght chest, V4R 1s the equivalent of V4 but on the nght chest.
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TABLE 6 LOCATIONS AND SYMBOLS OF ELECTROCARDIOGRAPHIC LEADS

No Lxploning Flectrode Symbol Use

1 Fourth intercostal space pear right sternal Vi Routine
margm

2 Fourth intercostal space near lefs sternal v2 Routine
margin

3 Midway between V2 and V4 V3 Routine

4 Fifth intercostal space mudclavicular line Vi Rautine

5 Third intercostal space mudclavicular line High v4 Specral

6 Same leyel as V4 antenor axillary lne Vs Routae

7 ',rhnrd or fourth space anterior amltary High V§ Special
ine

8 Same level as V4 mud axillary Iine V6 Routine

9 As Digh as possible under axilla mud axil High V6 Special
lary line

10 Same level as V4 posterior aullary line v7 Special

11 Same Jevel as V4 mmua scapular line Ve Special

12 Same level as V4 paravertebral line V9 Specral

13 Tip of ensiform process VE Special

14 Third night terspace near steraum High V1 Special

15 Fourth intercostal space within night nd V3R Specral
clavicular line

16 Fifth space night mud- 1 V4R Specsal

lne

ANALYSIS OF WAVES
General Analysis

The electrocardiogram (ecg) 1s a composite curve 1 which various acci
dents or waves have a definite position These waves are called P @ R S
and T The first part of the ecg composed of the P wave and of muof acct
dents 15 called the atrial (or auricular) complet because 1t bears a definite
relation to the actwvity of the atria (auncles) The second part of the ecg
composed of an 1mtial rapid complex (QRS) and a slow final deflection (T),
1s called the yentricular complet becavse 1t 3s connected with the activity of
the ventricles (Figs 7, 109 and 110)

The excitation of the s a node 15 not recorded 1 climcal tracings but can
be recorded by means of an ntraatnal electrode As there 1s no way of de
tecting 1t i the routine cases 1t 1s assumed that 1t precedes the beginning of P
by a small fraction of a second (0 05 sec ) The P wave 1s the resultant of the
actvation or depolarization of both atnia It 1s a blunt deflection lasting from
008 10 0 10 second n normal individuals Whenever transmssion of the 1md
pulse to the left atrum 1s mmpasred or the wall of the left atnium 1s dlmntdcn
or hypertrophied the P wave shows a double peak or a diphasic configura “;“
(Fig 220) Insuch cases the first or upward phase of P is due to the nfg
atrium, the second or downward, phase of P 1s due to the left Tllns 1$ n:n
quently more apparent 1n leads V1, aVF and 3 Inactivation of repo aniza
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of the atria 15 usually not revealed by the ecg However cases with prolonged
a v conduction or a v block may show a small dip called the atnial T wave
(Tawme) due to repolanization of the atrial myocardium (Fig 117)

The P wave 1s normally followed by a period duning which the electrocardio
gram reveals no deflection The stimulus starts to spread at the begmning of P
and reaches the a v node during P activation of the a v node and diffuston
along the bundle of His
takes place between P and avR avt
Q The mterval between
the mitiation of P and that 1 l
of QRS {(called P R inter v
val) measures the sum of
(1) stno noda!l and smo
atnal conductions  (2)
nodal latency and (3)
nodo septal conduction
Normal duration of the
PR interval 15 between n
012 and 0 20 second A

The ventricular complex

1s composed of a rapid 1n
thal complex QRS and

a slow final wave the T
wave The beginning of the
1mtial complex may be rep

resented by a small Q
wave This has been ex
lain
l;olarffaﬁi::h:tgfst ﬂ,;flt ?}fe Fic 109 Scheme of the normal electrocardio
left side of the septum and 8520 In this as i sumlar sketches the amphtude
¢ o P of the waves m the standard kmb leads has been

spreads from there toward ,qe purposefully smaller m order to direct the
the right side of this struc  agtention toward the umpolar limb leads
ture Therefore chest leads
V5 and V6 present a small Q wave The small mmtiaf R wave of chest feads
VI and V2 has been explamned as due to activation of either the septum or
the right ventricle

After thrs the wave of depolarization spreads through the Purkimje fibers
mto the ventricular walls from the endocardium toward the epicardium This
causes the upward deflection QR of the tracing As the Jeft ventricular mass 1s
greater 1ts potentials are greater than those of the night the sum of depolaniza
tion of the ventricles 1s revealed as an upward deflection m V5 and V6 a
downward deflection m V1 and V2

aVF
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When depolanzation has spread to the subepicardial layers the cawity and
surface of the ventncles reach a stage of equlibnum and no changes of
potential are recorded This phase of balancing of the forces 15 represented
by the RS deflection For these reasons QRS represents the period between
beginming and completion of yventricular depolani.aton (Figs 7 110)

The T wave reflects the stages of vemtricular repolanzation It 1s sometimes
followed by a small positive wave the U wave, the mechanism of production
of which 13 still obscure

The ecg has three soelectnc
periods—pertods which do not pre A B C
sent any deflection (Fig 110) One
15 between the atrial complex (P)
and the imtial defiection of the ven

- _A-»!.s../_\_’_ —
tncular complex (QRS) the second ——v_/_‘:\. A -
1s between QRS and T the third 1s

between T and the followng P (the D & €
return to the base line may not be
complete 3f diastole 15 short)

The atnal contraction takes place
dunng the second half of P and dur
g the first 1soelectnic pentod It can
be measured approximately by the
distance from the peak of P to that v
of Q

The ventricular contraction starts
dunng QRS and lasts throughout
the second 1soelectric period and
during T It can be measured ap
proumately by the distance from the

3 1 M
peak of Q to the end of T (<o called rs QR Sy

QT mnferval}) Accordmg to an
agreed standardization * the earhest
upward wave 15 called R any down

Fic 112 Vanants of the P waves
and of QRS complexes P waves 4
tall B flat C diphasic D 1nverted
E bifid F notched

ward preceding wave 15 cafled Q
any downward following wave 1s called S If a second upward wave follows
S 1t1s called R’ and this may be followed by S (Fig 111 112)

The Three Intervals of the Electrocordiogram

THe P R INTERVAL  That part of the tracing which 1 between the beginning
of P and the beginning of QRS 15 called the P R intennal (st should be called
more accurately P ) The importance of this interval Les m the fact that
1t measures the time necessary for the atrioventricular conduction When the
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P R mterval 15 prolonged there 15 a disturbance of conduction either 1 the
atrial myocardium or (more usually) in the tissues of the a v node and bundle
of His This may occur (1) m congenital heart disease, (2) 1 acute myo
carditis, (3) 1n myocardial fibrosis caused by coronary arteriosclerosis or
following an acute mflammatory process, (4) after digitals (5) during
vagal stimulation A very common cause of prolongation of P R 15 theumatic
carditis On the contrary P R 1s usually normal mn the thyrotoxic heart and
m bacterial endocarditis
THE QRS INTERVAL  Tlus interval 1s measured from the beginmng of the
first rapid wave to the end of the last The QRS interval measures the time
required by the stimulus to spread to and through the ventricles When pro
longed 1t mdicates imparred spreading of the stmulus either 1 the septum
(bundle branch block) or within the ventricular wall (intraventricular block
pert nfarction block focal block) Exceptions are represented by ventricular
premature beats, ventricular tachycardia and the pre excitation syndrome
(Wolft Parkinson White syndrome)
THE QT INTERVAL This nterval measures the duration of electrical
systole of the ventricles Its duration vanes with the heart rate becoming
shorter with a more rapid rate and vice versa Table 7 1s constructed from
figures of Hegglin and Holzmann °

TABLE 7 EXPECTED QT TIME

Average

Rate (Second) Mununun Marumum
50 043 639 047
60 039 035 043
70 036 032 040
80 034 030 038
90 032 028 036
100 030 026 034
110 029 025 033
120 027 023 031

The figures of the expected Q T or average Q T were obtamed by me:m;
of Bazetts formula Q~T=KvR R * The actual Q T mterval 1s measuxed
m hundredths of second The ratio between the actual Q T and the expecte

QT(r:E%;:) indicates whether or not the duration of electrical systole
exp

1s prolonged Any ratio higher than 1 mdreates prolongation Calentation of
the ratto can also be made by the use of a nomogram ¢

ASPECT DURATION AND NOMENCLATURE OF THE DIFFERENT WAVES
) dura

P Wave  The P wave may be modified as far as voltage (tall or lo\vgomlc)

tion (broad) and configuration (notched slurred diphasie peahed or
* K 15 equivalent to 0 37 sec 1n men and 0 40 m women
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(Fig 112) It 5s usually upright in Leads 1 and 2 may be occastonally n
verted 1n 3 15 frequently small or inverted 1n some of the chest leads and 1s
normally inverted n aVR It 15 usually blunt and lasts from 006 to 011
second (Figs 110 112) in normal subjects
QRS CompLEX The imtial ventricular complex may be monophasic
diphastc or polyphasic Slurning or notching s more common m aVF and 1n
Lead 3 Normal amplitude 1s from 5 to 15 mm but 1t may be much larger m
chest leads It lasts from 0 6 to 0 10 second in normal subjects The QRS
complex has a different nomenclature according to the direction of the first
wave and to the number of subsequent waves This can be conveyed to the
reader by using caputals or small letters according to the herght of the waves
and by giving to each wave 1ts symbol 1n sequence (Fig 112)
T WAVE The T wave may be
modified as far as voltage (tall or A B C
low) polanty (positive or nega
tive), and configuration (di / ! z \
phasic symmetrical or asymmet  —=—— e
ncal) (Fig 113) It s normall
upnight Hgowever 1t s nomall§ - VA? Vés"_
iverted 1n aVR and may be in
verted 1n aVL 1t 1s normally m D E F
verted m V1 and V2 (or even Vanous es of T waves A
V3 and V4) in infants It lasts gll(l; llilapeaked c ?’gw D anverted E
flffg't 10 16 to 025 second (Figs  diphasic (+ —) F diphasic (— +)

13)

ST TheS T segment may be 1soelectric (normal) or displaced upwards
or downwards The direction and form of the S T segment may indicate the
difference between the coronary (or cove shaped) T wave and the digstalis
T wave (Fig 115) It normally follows the baseline but may be shightly
raised (not more than 1 mm =0 1 mv ) The displacement may reach about
2mm 1n the chest leads (Fig 115)

SPECIAL FEATURES OF CERTAIN LEADS
Unipolar Right Arm Lead (VR aVR or R)

The ecg presents typrcally mverted waves  the P wave the mam rapid
ventricular deflection and the T wave are directed downwards (Fig 109)
The heart has its base directed upwards and toward the night the thin
vascular and atrial walls contribute little to the tracing and leave free passage
to the stronger ventricular potentials The stimulus after reaching the septum
and the endocardial surface of the ventnicular walls spreads outwards toward
the epicardium This causes a vector directed away from the electrode (so
called negative potentials within the cavities) and explams the inverted QRS
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i
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Fig 114 The electrocardiogram m the chest leads V1 to V9 and 1n VE Normal
subject with vertical heart

and T waves of VR (Fig 111) The QRS complex 1s simular to that obtained
by ntroducing an electrode within the upper part of the right atnial cavity
The currents of both ventricles are recorded This lead 1s only shghtly
fluenced by the posttion of the heart within the chest

Unipolar Left Arm Lead (VL aVL or L)

This lead usually has positive waves The picture vares consxder:;l:?c,
depending on changes 1n position of the heart with subsequent shifting o b
electnic axis (p 257) It reflects the vanations of electric potential presen!
by the antenior and lateral epicardial surfaces of the heart

Unipolar Left Leg Lead (VF aVF or F)

This lead usually has positive waves It 1s strongly influenced by tlhc !ptz:sl;;olz
of the heart within the chest and by the resulting shifting of the electrs
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of the heart {(p 257) It reflects the vaniations of electric potential presented
by the posterior and diaphragmatic epicardial surfaces of the heart

Standard Lleads (1 2 and 3)

These present normally positive waves P may be diphasic in 3 QRS may
have a deep S1n 1 or an 1S m 3 if the electric axis of the heart 1s shifted to an
unusual degree (p 257) T may be mverted m 3 due to the same cause (Fig
114)

Chest Leads

The anterior surface of the heart including parts of both ventricles lies
closer to the surface of the body (anterior chest wall and left axilla) than any
other part of the heart Leads from vanious anterolateral points of the chest
(V1 to V6) resemble direct ep1
cardial leads more than any other
lead from the body surface (Figs \~ -

111 and 114) Stll 1t should be ~—-— — — - — ey
kept m mind that they are not \'/
wentical because the tracing 1s
not completely dommated by a
small fraction of muscle lyng n
prouimity to the electrode and m -

cludes potentials from the sur c D

rounding areas For this reason Fo 115 Vamat e ST .
an ity * 16 ariations of the segmen
l'eCOng’:(;Clnd:)?;g;f:lecﬁ::;:d:)e A4 displaced upwards B displaced down
wards C cove shaping of ST typical of
gram coronary lesion D typical of digitalis ef
V1 and V2 give the best wfor  fgect
mation about nght ventricular po
tentials VE records the potentials of the diaphr or p
aspect of both ventricles (Fig 114) The R wave 1s smallest in V1 and m
creases gradually 1n height from V1 to V5 or V6 wheret s tallest The S wave
1s deepest 1n V1 or V2 and decreases gradually from right to left until it disap
pears Q waves are present over the left side of the precordium but are small
Normal QRS should not last more than 0 10 second In V1 the mtnnsicord de
flection begms 0 006-0 02 second after the onset of QRS 1 V5 or V6 1t
starts about 0 035 second after it The T waves are upright n all leads but
may be inverted 1n V1 (occasionally in V2) It should be noted that mn certamn
normal subjects V1 and V2 seem to present an wnverted 1mtial deflection (type
* Intninsic deflection 1s the name given to the sharpest and largest downward deflection which
Tepresents depolanzation of the muscle under an electrode The simlar deflection recorded by

the chest leads 13 called sntrinsicord deflection and 1t 1s supposed to represent depolanization of
the heart muscle 1n the area which 13 nearest to the electrode

ferior




242

The Heart Beat

TABLE 8 CHARACTERISTICS OF ELECTROGRAPH LEADS

Trpe and Symbhol
of lead

Unipolar
hmb leads
VR

VL
VF

Bipolar
(standard)
hmb leads

1

2

3

Standard

unupolar

mb leads
Vi

V2 V3
V4
Vs

V6

High

unspolar

chest leads
High V1

High V5
High V6

Posterior

untpolar

chest leads
V7 V8 V9

Ensiform
umpolar
lead

VE

Esophageal
umpolar
Teads*

VEs 35 40

VEs 4555

Qrigin of currents recorded

Endocardial surface (both ventricles)
Epicardial surface of anterior and lateral walls
(mamnly feft ventnicle)

Epicardial surface of postero diaphragmatic wall
(both ventricles)

Endocardial epicardial lead (VL VR)
Epicardial endocardial lead (VF VR)
Epicardial epicardial lead (VF VL)

Fpicardial surface of right atnium plus epicardial
surface of night ventricle

Anterror epicardral surface of night ventricle
Transittonal zone (occasionally displaced)
Low anterolateral epicardial surface of left ven
tricle

Low lateral and posterolateral eptcardal surface
of left ventricle

Eptcardial surface of nght atrum Endocardial
surface of ventricles

High anterolateral epicardial surface of left
ventricle

High Iateral and posterolateral epicardial surface
of left ventrcle

High postenar epicardial surface (left ventn
cle}
Diaphragmatic epicardial surface (both ventni
cles)

Left atrial epicardial surface left ventricular

endocardial surface N
P dial surface (both ventrick

* Detatls of the esophageal leads wll be given 1n Chapter 30
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QS) on account of the extreme smallness of R The ST segment may be
slightly above the baseline this displacement usually does not exceed 1 mm
but may reach 2 mm (Fig 115)

Table 8 provides a ey to the interpretation of the various leads

NORMAL AND ABNORMAL ELECTROCARDIOGRAMS

It 1s impossible to draw a sharp line between normal and abnormal tracings
In reaching a decision the observer must consider the possible occurrence
of a certan varation 1n the ecg of a normal person Statistical tables have
been made and reference to them may be useful However personal experience
and additronal clmical and laboratory data determine whether or not an ab
normality should be considered pathologic

GENERAL RULES OF REGISTRATION

Application of electrocardiography to large numbers of hosprtal patients
has resulted m the fact that recording developing and mounting of the trac
mgs 15 usually done by techmcians This practice justified by the need for
mass work has been followed also 1 private laboratories and even m the
doctor s office

An electrocardiographic report can be of different types (1) purely de
seriptve (2) mcluding analysis of certain peculianities like axis deviation
premature beats etc (3) including a diagnosis such as  atnal flutter
myocardial mfarction  digitalis heart

A complete electrocardiographic evaluation can be done only by a cardy
ologist who has examined the patient Vague generalities hke coronary heart
disease or rheumatic heart do not add much to existing knowledge and
moreover are often not accurate The study of multiple precordial leads
emphasizes the need of a close supervision of the techmcian

'

PRACTICAL APPLICATIONS

1 Electrocardiography may be useful for an exact evaluation of the atrial
and ventricular rates and for the location of the pacemaker Thus diagnosis
of abnormal rhythms and their focus of ongtn 15 made possible

2 The electric aws can be determuned dextrocardia can be diagnosed The
data are of help m the study of congemtal malformations valvular disease
chromc cor pulmonale etc

3 Delayed a v conduction 2 v block bundle branch block or mtraventric
Ular block are recogmized
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4 Evidence of diffuse myocardial damage 15 obtaned This includes
fectious Iesions and digtahs effect

5 Evidence of localized myocardial 1scherma or damage 15 secured This
1s of great importance for the diagnosis of coronary heart disease and the
differential diagnosis with pulmonary infarction, dissecting aneurysm of the
aorta and pencarditis

It shall be emphasized that, 1n most conditions, repeated registration of
electrocardiograms 1s necessary, interpretation wall be far more accurate than
after a single tracing

In requesting an electrocardiogram  the physicran should give the following
information (1) presence of valvular defects, (2) level of blood pressure
(3) admunstration of digitalis or allied drugs or other drugs acting on the
myocardium (qumdine emetine msulin), chmcal diagnoss or reason for
asking a tracing

The time relationships between the electrocardiographic waves and those
of other tracings are as follows

1 Imtial evidence of nght atmal contraction (mechamical cardiogram
electrokymogram atrial sound by esophageal route) 1s found 0 04-0 06 after
the nse of P The atnial sound recorded at the apex follows the peak of P by
a longer imterval

2 The beginming of any evidence of ventricular contraction (mechanical
cardiogram electrokymogram first sound at apex) 1s found between Q and
R comnciding with R or between R and S

3 The end of the T wave usually comncides with the end of mechameal
systole of the ventricles However a dissociation between the two phenomena
may occur 1n abnormal conditions

Name. Age.

Chnic. Chme #. Date.

Referring Phy

T Diagi

. S
Blood pressure—____ _ Digitalis yes no

Previous ecg date. No

App (Day) (Date) (Time)

Fig 116 Request for ¢lectrocardiogram
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Name. Age. Date.
Chme Chnre #.

R_hylhm Rate.

P. PR

QRS.

ST.

T.

Axss Vestnicular hypertrophy
Shuft I

Ecg T

Chinieal Correlation

Signed.
&

Fig 117 Report of electrocardiogram

4 There 1s no relationshup between the U wave and the phase of rapid
ventricular filling

Suggested forms for a request for an electrocardirogram and electrocardio
graphic report are reproduced 1 Figs 116 and 117 Both are 1n use m the
author s Iaboratory
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CHAPTER 30

Specwad Electrocardiographic Techimes

ESOFBAGEAL RLECTROCARDIOGRAM
Hustory

Waller ded the first esophageal electrocardiop) n man 1 1889
followed by Cremer® 1 1906 Licberson and Licberson n 1934 used a
bipolar lead (csophagus—lett leg) for chmeal studies A local bipolar lead
(esophagus esophagus} was used by the author sn 1935 for the study of left
alrial potentals Further studies wath bipolar Jeads were made by Brown
(esophagus-left leg) and by Ramuez and co workers™ (precordium esopha
gus) Wyboer' m 1941 gave a complete description of the tracings at varous
Jevels using unipolsr esophagesl leads Scherls and co workers'® furiher
studied the ventricular elec diogram by the esophageal route

Techae

& thun rubber tube endmg with 2 metal tip and containing the connectimg
wire 15 wntrodiced through the nose or mauth (preferably under fluoroscoprc
controt) The tip 15 used as an exploning electrode while the indifferent elec
trode 35 represented by Wilson's central terminal Thus the tzacings are um
polar esophageal leads and should be marked with the symbols VEs and
notation of the depth of the electrode from the nostels or the deutal arch

A different method employed by the author ** made use of a rubber tube
with two silver nings at 10 mm from each other ang two wnternal wires This
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brpolar esophageal lead presents certain advantages because 1t gives larger
atnial deflections
The technic for the introducuon of the esophageal electrode 15 the same as
that for the tube m a stomach wash The paticnt 1s seated with the head shghtly
tilted forward The tube can be mtroduced erther through one of the nostrils
or through the mouth In case of violent gag reflexes, the throat can be
swabbed with a 2 per cent cocaine hydrochlonde
solution The tip of the tube 15 passed through the
pharynx whtle the patient swallows a small amount
of water After introduction the patient may be
placed 1 the recumbent position and he 1s 1nvited
to breathe deeply If gagping 1s still present Anelec
trical filter has been used 1n order to exclude slow
currents due to resprration and esophageal penstal
sis In general, however 1t can be dispensed with

P
A
T
Q
The following four standard esophageal leads
should be studied® (Fig 118) (1) VEs 30-35
B atnal lead, (2) VEs 35-40 low atnial lead, (3)
VEs 40-45 ventricular lead, (4) VEs 45-55, low
ventricular lead
c JL‘[\/\
D J\Vw

Analysis of Waves
At the atmal level (Postion 1), the P wave 1§
promunent and shows an ntrinsic  deflection stm
dlar to that usually seen m the ventricular complex **
A deep wnverted mitial ventnicular deflection and
an mverted T wave are normally seen The neammess
with the left atrium explamns the high voltage and
the diphasic aspect of the atmal complex The
Fic 118 Unipolar elec  ventricular waves are inverted and indicate cavity
trocardsograms from the  po10npals which spread through the thim atmal

%sogil ?;9 Aé aat‘lé ig wall In Position 2 transitional tracmgs are ob
»

D atE4S tamned
In Position 3, a different pattern 18 usually ab

served It consists of a positive P an mtial ventrscular complex with a gR
or QR pattern and a diphasic or positive T wave Considerable differences
are noted accosding to the postion of the heart (p 271)

In Position 4, the electrode has reached the diaphragmatic surface of the
heart and records a tracing similar to VE or aVF a positive P vanable QRS
patterns usually posttive but occasionally mnverted T waves "

The differcntiation between a Q caused by normal cavity potentrals and 2
Q due to posterior mjyocardal infarct 1s based on the fact that, i the first
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instance P 1s positive has a high voltage and an ‘imntrnsic deflection T 1s
1nverted In the case of the infarction there may be a QS or a QR pattern, and
T may be upright or mverted However this differentiation 15 not always easy

Conclusions

Esophageal leads are useful for the study of atnal and mteratrtal disorders
(Position 1) and for the recogmtion of coronary disturbances especially myo
cardra] mnfarction 1nvolving the posterodraphragmatic aspect of the heart
(Position 3)

INTRACARDIAC ELECTROCARDIOGRAM
History

Intracardiac electrocardiograms m open chest experiments were recorded
by several authogs following the studtes of Lewis*® The first intracardiac
tracings by means of catheterization of the nght heart were recorded m the
dog by the author and his co workers' 1n 1937 Clinical studies by means of
right heart catheterizatton were made by Lenegre and Maunce® n 1945
Hecht® 1n 1946 Battro and Bidoggia ! Sodi Pallares et 4l 1m 1947 and
Duchosal ef al* 1n 1948 The first climcal study of ventricular potentials by
catheterization of the left heart was done by Sod1 Pallares ef al *° in 1950

Technic

A catheter for cardiac catheterization with a small silver electrode con
nected to the silver mandnl 1s mtroduced mto the cavities of the right heart
followng the usual techmic of night heart cathetenization (p 163) The post
tion of the up of the catheter 1s determmed by means of fluoroscopy pressure
readings and oximetry The endocardral electrode 1s d with the wire
commonly used for chest leads and serves as an exploring electrode The
central terminal completes the circuit

Analysis of Waves

Intracardiac (endocardiac) leads can be considered as direct leads from the
endocardial surface of the heart The atrial electrogram consists of a series
of rapid deflections (S e 10 waves) and a final slow wave (Ta) (Fig 119)
S has been considered as due to the activity of the s a node and precedes by
005 second the onset of P 1n the Iimb leads The Ta wave represents the final
phase of repolarization of the atria and 15 visible only 1 cases of a v block
The mterval from the begmning of P mn the himb leads to the end of Ta
measures from 0 34-0 42 second but may be much longer

The right ventricular electrogram may be recorded directly from the
ventricle (Fig 120) 1t shows an imtial positive deflection (R) due to
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Fic 119A  Intracardiac
electrogram  from  the
right athum 1n  man
(there 15 no ventricular
complex on account of
a v block) (From ongt
nals of Battro and Bi
doggia }

aVRt,

A\
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Fi¢ 119B  Intracardiac electrograms mn

an

aVF

ormal man
-
Lor 3=

~0

» aVid

Fic 120 Determination of the electrical axis by the system

of the six axes
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depolarization of the septum (and possibly of the nght vemincle) a large
1nverted deflection (S) and an inverted T wave If the ventricular electrogram
1s recorded from the atrum 2 QR or QS complex and a deep poimnted
verted T wave are present

The left ventricular electrogram (Fig 119B) shows a QS type of 1mtal
ventricular complex there may be some degree of elevation of ST possibly
due to pressure of the catheter The P wave 1s posiive Above the aortic valve
the electrogram has an atnal type and presents negatve P and T waves and
an 1mtial complex of the gR type

Conclusions

q

Intracardiac electr phy has an important place i research but
limited chmcal Rare el d lies may re
quire an ntracardiac tracing for

graphic
P 00

INTRABRONCHIAL ELECTROCARDIOGRAM
History

Bipolar mtrabronchial electrocardiograms were recorded by Savjalofl” in
a laryngectomized patient Langner and Athins’ and Goldstein and co
workers® have studied mtrat hial electrocard with untpolar leads

Techmc

Following mild sedation with barbiturates and local laryngeal anesthesia
a bronchial electrode 1s introduced by a laryngologist The catheter 1s intro
duced first mnto an anterior branch of the might lower bronchus then into
several other bronchi of the right side then mto several bronch: of the left
side The central terminal completes the electri crreut

Analysis of Waoves

The electrograms recorded withm the right bronch: are simidar to those
recorded within the night atum Those recorded within the left broncht vary
according to the position  they may reveal cavity potentials (upper or medium
left) or a qR type of ventnicular complex with an upnight T (low antertor
bronchus) sumilar to the patterns of V6 V7 or V8

Conclusions

This method 15 useful only 1n special cases or for research It affords wide
exploration of the left ventricular epicardial surface and provides information
similar to but more complete than that obtained by the esophageal route
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CONTINUOUS ELECTROCARDIOGRAM

Chnical cases may present occastonal or sporadic paroxysmal phenomena
whtch are of difficult study only because they are not present at the time of an
electrocardiographic examination These phenomena frequently occur at
mght and may have a buef duration The study of these cases has been made
possible by an apparatus which records continuously the electric currents of
the heart on a mucrofilm (Likoff ¢ al®) The study 1s prolonged for twenty
four hours and during the patient s sleep without any assistance Subsequently,
the film 15 exanuned by means of a magmfymg device the most interesting
sections are selected and photographically magmified for study

FUNCTIONAL TESTS

Several functional tests have been suggested i order to evaluate the
efficiency of the coronary system They can be used whenever the history of
a patient seems to idicate coronary heart disease while the electrocardiogram
1s normal The most used are the anotemua test and the exercise test

Anoxemta Test
It has been advocated by R Levy and co workers® since 1941 and 15 per
formed n the following way The patient nhales a muxture of 10 per cent
oxygen with mtrogen which 1s nsufficient for the normal oxygen supply 1o the
tissues A tracing 1s recorded before the test and at five minute mtervals dur
1ng the inhalation for twenty minutes Normal persons have only shight electro
cardiographic changes consisting of decreased height of T 1n all Jeads and
occasionally an inverston of T 1n Leads 2 and 3
A postive test consists of the following changes
1 The sum of § T deviations 1n leads 1, 2 3, and V4 should be greater by
3 mm or more than 1 the control tracing
2 There 1s a partial or complete reversal of the direction of the T wave m 1
accompanied by § T dewiation of 1 mm or more in ths lead
3 There 1s a complete reversal of the direction of the T wave m V4 regardléss
of any associated S T deviation 1n this lead
A tank of 100 per cent oxygen 1s ncorporated 1n the circuit so that oxygen
can be raptdly admimistered if needed

The “Two Step  Exercise Test

Thus test has been described by Master and Oppenheimer'® ** m 1929
Since normal persons submutted to excessne exercise may present electro
cardrographic changes the exercise has been standardized for age weight
and sex The procedure 15 the following The weight of the subject and a con
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TABLE 9 STANDARD NUMBER OF ASCENTS FOR MALES FOR MASTERS TEST

Weight Age in Years
U5) T3 G 10 141519 2024 25-79 30-34 35-39 4044 4549 50-54 5559 60-64 65-69
4049 35 36

50-59 33 35 32
60-69 31 33 31
70-79 28 32 30
80-89 26 30 29 29 29 28 21 2 26 25 25 24 23
90-99 24 29 28 28 28 27 27 26 25 25 24 2% 22
100-10% 22 27 27 28 28 27 26 25 25 24 23 : 22

110 119 20 26 26 27 21 26 25 125 24 23 23 22 21
120-129 18 24 25 26 27 26 25 24 23 23 22 21 20
130-13% 16 23 24 25 26 25 24 23 23 22 21 20 20

140-149 21 23 24 25 24 24 23 22 21 20 20 19
150-159 20 22 24 25 24 23 22 21 20 20 19 18
160-169 18 21 23 24 23 2 22 21 20 19 18 18
170-179 20 22 23 23 22 21 20 19 18 18 17
180-189 19 21 23 22 21 20 19 19 18 17 16
190-199 18 20 22 2 21 20 19 18 17 16 15
200-209 19 21 21 20 19 18 17 16 16 15
210-219 18 21 20 19 18 17 17 16 16 14
220-229 17 20 0 19 8 17 16 15 14 13

* An ascent 1s one complete trip over the steps i one direction.

TABLE 10 STANDARD NUMBER OF ASCENTS FOR FEMALES FOR MASTER § TEST

Weight Age in years
UB) 59 10-14 15-19 20-24 2529 30-34 35-30 4044 4549 50-34 55-59 6064 6569
40-49 35 35 33

50-59 33 33 32

6069 31 32 30

70-79 28 30 29

80-89 26 28 28 28 28 27 26 24 23 22 2 21 20

90-99 24 27 26 27 "6 25 24 23 22 22 2 20 19
100-109 22 25 25 26 26 25 24 23 22 21 20 19 18

110-119 20 23 "3 25 25 24 23 2 21 20 19 18 13
120-129 18 22 22 24 24 23 2 21 20 19 19 19 17
130-139 16 20 20 23 23 2 2 20 19 19 18 17 16

140-149 18 1% 22 22 21 20 19 19 18 17 16 16
150-159 17 172 20 20 19 12 18 17 16 16 15
160-169 15 16 20 1% 19 18 18 17 16 16 15 14
170 179 13 14 19 18 18 17 17 16 16 15 14 13
180-189 13 18 17 17 17 16 16 15 14 14 13
190-199 12 17 16 16 16 15 15 14 13 13 12
200-209 16 15 15 15 14 14 13 13 12 11
210-219 15 15 14 14 13 13 13 12 11 11

220229 14 13 13 13 13 12 12 11 11 10
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trol electrocardiogram are recorded Then the patient 1s mvited to walk up
one side of a two step stool* and down the other He makes a trip only when
a count 1s given and the required number 1s completed in one and one half
minutes The electrocardiogram 1s then recorded at two and six minutes after
cessatton of the exercise The standard numbers of ascents for males and
females are presented 1 Tables 9 and 10

Critenia for an abnormal electrocardiographic response are

1 Depression of ST of more than 05 mm below the 1soclectrnic level 1
1,2 or V4

2 Change from an upnight T wave to an 1soclectric ot 1nverted T wave (or
becoming upright of a previously mverted T)

3 Onset of arrhythmias immediately after exercise

Amy! Nitnite Test

This test has been descnbed by Contro Hanng and Goldstemn * in the
author’s laboratory After a short rest 1n recumbent position the electrocar
diogram 15 recorded Then an ampule of amyl mitnte 15 broken and placed
under the patients nostrls and the patient 15 nstructed to breathe deeply
As soon as flushung of the face occurs an electrocardiogram s agam re
corded and the tracing 1s repeated at 1 mmute mtervals or less until it
becomes normal

The sudden drop of blood pressure caused by amyl mitnte determines
coronary sufficiency whenever the coronary arterses are sclerotic Evidence
of abnormal response 15 displacement of $ T of more than 1 mm from the
basehine flattening or inversion of the T wave 1 any lead and premature
contractions ‘This test 1s harmless because the ischemua 1s of short duration
and the vasodilating properties of the drug prevent functional disturbances
The result of the test usually comeides with that of the two step exereise test
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CHAPTER 31

The Blectrical Awis, Vectorcardiogram,
Ventricular Gradient

ELECTIRICAL AXIS

Accordimng to an ption of Emth ® the night shoulder left should
and left lup form the apices of a tnangle If st 15 also assumed that they ate
equsdistant from the center of the triangle and that the heart 1 located at this
center if 1t 15 fusther admatted that the conducting media are homogeneous
vanious unportant calculations ¢au be made from the travtings recorded in
the standard lunb leads

Positsve and negative charges {dipoles) appear on the surface of a cell
whenever there 18 a change m the permeabihity of sts membrane Each charge
can be thought of as exerting a force and 1ts magmtude 1 proportional to the
strength of the charge Each charge exerts sts greatest force along a line which
connects the charges (from the negative to the posttine) and wiuch represents
the duwection of the force These two elements magmtude and duection as
well as sense have been used sn order to represent the charges as sectors

The electrical field around the heart 1s the result of first depolanzation
and then repolapzation of several fibers the combmed effects can be found
by determmng the sum of the vectors representing the vanous charges or
marfest vector The force resulting fram thus vector can be easily determned
by drawing perpendicular lmes from the anigin and end of the veetor hne to
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each side of the triangle These perpendiculars mdicate the magnitude and
sense of the deflections in leads 1, 2, 3 at any wnstant At the beginmng of
depolarization, the septum 15 activated from left to rght (Figs 7, 111), at
the end of this phase the posterobasal regton of the left ventricle 1s achvated
from night to left This causes the vanous vectors formmg the mitial QRS
complex The phenomena associated with repolanization and causing the T
wave can also be projected onto the three lines resulting 1n another vector

The concept of the equilateral tnangle (a rough approximation) was used
by Emthoven ef al® 1 order to calculate the magnitude of electromotne
forces of the heart as projected on the frontal plane of the body Determipation
of the electrical axis and measure of the axis deviation on the basis of the
above method have been made 1n chnical cases for several decades The
procedure 15 the following

1 The magmtudes of either P, QRS or T m leads 1 and 3 (1n mv ) are
traced upon two sides of an equilateral triangle inscribed within a cirle
marked mn degrees 1n order to determine the mean axes of P QRS or T That
of QRS 1s the most commonly studied (Fig 122)

2 Perpendicular hines are drawn from the points obtamned

3 A lme 15 drawn from the center of the triangle to the pomnt of mter
section of the perpendiculars This last hine represents the direction and magm
tude of the electrical forces projected upon the frontal plane of the body

4 The line drawnn (3) 15 prolonged to mtersect the circle and the degree
of inchination of the axis 15 read directly on the circle

In general the term electric axis’ 1s used as apphed to the axs of QRS
Degrees from 0 to +90 represent normal axis degrees from 0 to —90 repre
sent left axts deviation, degrees from +90 to +180 represent right axis dent
ation A night axis deviation indicates that the potentials of the left arm are
lower than those of the night A left axis deviation mdicates that they are
higher

It should be pomted out that determmnation of the axis by plotting the
dicectron and herght of the waves 15 a practical but only approumate pro
cedure A correct procedure should be based on plottng both the direction
and the surface of the waves

Calculation of the electrical axis can be based also on the waves of the
umpolar imb leads Modifying a scheme of Bayley® (so called system of the
three axes) Sodi Pallares et al ™ have described a system of six axes which
permtts determimation of the electrical axis by the use of exther the standacd
or the umipolar limb leads In tlus system three lines or axes represent the
values of the stapdard Jeads (1 2 3) and three other lines represent those of
the untpolar hmb leads (R L F) (Fig 120) The values of the waves (in
square mm ) are placed along the hnes, perpendrculars are drawn, then a e
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1s drawn from the center to the pomnt of 1on of the perp
and prolonged until 1t mntersects the crcle

Deviations or shifts of the electric axis are not now considered as important
as they once were

VECTORCARDIOGRAM

As we have said the Iine indicatmg the axis has direction magmtude and
sense Therefore it can be called a vector Such a vector can be constructed
for each of the points and for each of the waves of an electrocardiogram All
vectors have therr ofigin at zero and vary in direction and size according to
the changes of the electrical field of the heart recorded n the electrocardio
gram Each of these vectors 1s called an instantaneous electrical axs The end
pomts of the varous vectors can be connected by a line which describes a
loop for each electrocardiographic wave (loop of P loop of QRS loop of T)
(Fig 121) The largest diameter of each loop 1s wdentical with the modal
electrical axis of a given deflection

The loop connecting the end ponts of all possble mstantaneous axes
called frontal vectorcardiogram has an irregular shape and can be constructed
graphically (Fig 122) However a sumpler way 1s that of connecting the
electrocardiographic wires with an oscilloscope Then the Iight beam of a
cathode ray tube traces automatically the outlme of the loop on the fluorescent
screen A photograph of this loop may be used to reproduce the vectorcardio
gram

Spatial Vectoreardiography

The first concept of spatial vectorcardiography was mtroduced by Mann®
m 1920 The same author successfully recorded the vectorcardiogram by
means of a special galvanometer ® Sulzer and Duchosal* Schellong *® and
Wilson and Johnston * recorded the vectorcardiogram by means of a cathode
ray oscilloscope Various geometric arrangements have been suggested for
placmg the electrodes necessary to record the vanious vectors not only in the
frontal place but also in the anteroposterior plane The best known are
1 The method of the equilateral tetrahedron suggested by Wilsen Johuston

and Kossmann
2 ‘The method of the double cube suggested by Duchosal and Sulzer +
3 The method of the sagittal triangle suggested by Arnight *

4 The method of the cube advocated by Grishman Borun and Jaffe T

The method of the cube 15 based on the following technic It 15 assumed
that the central ongmn of all electrical forces created by the heart 15 at the
center of a sagittal plane passing just to the left of the sternum at the level of
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Fi 121 The QRS vectors of the heart 4, Each QRS vec-
tor 15 directed perpendicularly to the surface of the rggion
where 1t 1s generated The T vectors have a sumtlar direction
m the normal subject B Frontal plane cross section of the
heart illustrating the magnitude, direction and effective
source of resultant QRS vectors from mstant to instant during
a single QRS cycle C, The stantaneous vectors from the
previous figure are drawn as 1f they all onginated at the same
point the relative zero point of the electrical field 1n the fron
tal plane D The pathway of the terminus of the QRS vector
from nstant to mstant is a single QRS cycle (QRS loop)
and the mean of the instantaneous vectors (mean QRS vec
tor) s projected m the frontal plane of the body (From
Grant and Estes Spatial Vector Electrocardiography cour-
tesy of the Biakiston Co )
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1 3

the fourth al space Four
cube having this point at sts center
One electrode (with three cables) s placed near the right postersor axiflary
Lines at the level of the first and second lumbar vertebrae

One electrode (with one cable) 15 placed near the left axillary line at the
same level

One electrode (with one cable) 1s placed vertically over the nght scapula
One electrode (with one cable) 1s placed on the rght antenor axillary hne
at the level of the first and second lumbar vertebra

are placed at four corners of a

—

[

Fay]

Tromsversely placed heart M Verteally placed haort

left ventncular enfargement RALEADL tight ventricular enlorgement

LA
( & %
°L ~ RA La

L
Norma! oxfs posion
@ @ EAVAR wake
th

(X8
Left axis deviation Right ous devicton

Fic 122  Frontal plane vectorcardiograms i Left a case of hypertenuwve heart
disease with feft axis deviation center 2 normal subject right a patient with mutral
stenosts and sight axis deviation (From H Hecht Basic Principles of Electrocar

diography eourtesy of Charles C Thomas publisher )

Thus there are three electrodes at the level of the first second lumbar
ertebrae {two posterior one anterior and to the nght) three postenior elec
trodes (two at the Ievel of the first second Iumbar vertebrae one over the
right scapula) and one anterior efectrode {on the anterior axidlary hme at
the devel of the first secand lumbar vertebrag)

Three bipolar leads are used
1 One secording the horzontal component {negatwe pole at the posteror

axilfary ke posttive pole at the left postenor axifiy line)
2 One recoiding the vertical component {negatve pole at the nght shoulder
positive pole at the right postenor axillary line)
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3 One recordmg the sagittal component (negative pole at the right posterior
axillary line, positive pole at the right anterior axillary line)

The three amplifiers of a three channel electrocardiograph are arranged to
feed directly the plates of a triple cathode ray oscilloscope The same degree
of amplification 15 used for all three channels and the record s taken with
the patient m the horizontal position Introduction in the circuit of 1 mv
causes the beam to deviate 45 degrees downward and to the night of the ob
server

The loops occurring 1 the three planes are then recorded simultaneously
by a camera Therefore, three vectorcardiograms are recorded at the same
time for each subject (Fig 123)

B

Fic 123 Spatal vectorcardiogram A4 frontal plane B,
sagittal plane, C, horizontal plane (From Grnishman Borun
and Jaffe, courtesy of the C V Mosby Co )

The vector method represents a different point of view m comparison with
other methods of mterpretation of the electrocardiogram even when the same
electrode posttions are used and the same deflections are studied The vector
method has the following advantages over empirical methods basing their
interpretation on the pattern of the various leads ©
1 Tt sumplifies chimcal nterpretation by elimnating the need to memorize
patterns

2 1t 15 more accurate and objective because the deflections are reduced to
a few simple measurements of the electrical field

3 It 1s easier to separate normal tracmgs and positional changes from trac
mgs caused by myocardial abnormalities

However, vectorcardiography can only supplement and should not sup
plant, conventional methods of pattern interpretation )
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VENTRICULAR GRADIENY

The studies of Wilson and co-workers™ and those of Ashman and co
worhers? have established the concept of ‘ventncular gradient” and its climcal
appreciation

In general the term gradient (G) 1s used to indicate the rapidity of 2
vanation (itke those of pressure temperature or electncity) As thus vanaton
18 charactenzed by three values e g sense dirzction and magmitude it com
plies wath the defintion of a vector

When a muscular fiber 15 sumulated the currents generated by the stimulus
can be th ity dered o the i of two monophasic waves of
opposite polanty Compzmson of the surfaces or areas (A) of these waves
shows that they are 1dentical Being of opposute polanity thew algebraic sum
1s zero and there 15 no gradient If the waves have a different duration then
the algebraie sum of the areas of the two waves 15 not equal to zero and repre
sents a gradient of value x

In the mammalian heart several condiions (fugh pressure Jow blood
supply) contrbute to slow down the process of depolarzation n the sub
endocardial layers Therefore the subendocardial layers which were de
polarized first are repolanzed last For this season the areas of QRS (A QRS)
and T (AT) which represent the resultant of the vanous vectors of depolan
zation and repolarszation 1n the subendocardial and subepicardsal layers have
surfaces of diff values The d between the two surfaces 15 the
septncular gradient A swmiar compansen can be repeated for the atnal
potentials 1 order to study whether or not there 1s an atrial gradient

A change of the area of T (AT) may be the result of changes of the area of
QRS (A QRS) because vanation of the order of depolanization of the varous
bundles 15 necessanly followed by a corresponding change i their order of
repolanization In other words a change of the area of T may be the result
of an abpormality of QRS as m ventncular hypertrophy bundle branch
block ventricular extrasystoles or the preexentation syndrome there 15 a
secondary change of T and the gradient 18 normal On the conteary a change
of the area of T may be due to abnormal metabolism of certam areas of the
myocardium which does not affect QRS there 15 a primary change of T
and this 15 sevealed by 2 modification of the ventricular gradient

A wave o1 of the e} diogram may be defined by us du
ration 1 seconds and by 1is hesght 10 microvolts (or tenths of a millivolt)
These two factors determine the area wcluded m one wave The same geo-
metncal construction which 1s used for determination of the electrical axis
may be employed 1n order to obtamn the area of a certmn wave from the areas
found 1n two standard hmb leads The area of QRS (called A QRS) 1s the
mean electrical axis of QRS 1 two-d 1 and 135 1d 1 with the
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frontal vectorcardiogram for QRS The area of T (A T) 15 the mean electrical
axis of T and has the same respective properties

The ventricular gradient 15 measured in the following way (1) The areas
of QRS and T are measured with the help of a magnifying lens * (2) The
vectors of these areas are plotted on the Imes of a tnangular system, and per
pendicular lines are drawn (3) The line drawn from the center of the triangle
to the point of intersection of the perpendiculars gives the degree of inchination
of the gradient

In the normal heart the mean value of the ventricular gradient ss 13 AU
the minimum value 1s 2 5 AU, and the maximum value 15 probably above
23 AU The gradient forms an angle between —53 and +1367 Approu
mations of *15 per cent for the values and *5 per cent for the angle should
be taken mnto consideration
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CHAPTER 32

The Electroangrogram

HISTORY

Electrical phenomena of the arterial wall were recorded by Tigerstedt,”
Huerthle * and Bittorf* 1n experimental ammals They were considered as
action currents of the smooth muscular fibers of the arteries Blumenfeldt®
obtained electric currents from dead perfused artertes and discounted prevt
ous studies The author” proved later that killed arteries present currents only
when perfused through madequate systems, creating artifacts not when the
fliid and the artenal wall have the same electrolyte content and the perfusion
system does not onginate currents Surviving perfused arterses present slow
deflections reproducing the form of the pulse and may present rapid deflections
if stumulated by drugs ® Slow deflections from the femoral artery of ammals
detached from the body but perfused by the same ammal were further 12
corded ® These electrical phenomena of the arterial wall have been recorded
also by Huerthle® on the aorta and by von Dungern® following electrical
stmulation of peripheral arteries Electroangiograms from the rachal artery
of man were recorded by the author mn 1931 ¢

TECHNIC

As the magmtude of the arterial potentials 1s between 005 and 02 mv
registration can be made only by an el diograph cc d with a pre
266
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amphifier which 55 capable of magnifying the currents from ten to twenty times
Theoretically one could use the central terminal as one electrode However
a bipolar lead 15 preferable because 1t avords AC mterference The electrodes
are tepresented by siver coated needles Following local antisepsss these

needles are mitroduved through
the slun to the proummty of
exther the radial or the femoral
artery Care should be taken
not to njure the vessel

ANALYSIS OF WAVES

The tracing obtamed 1n man
resembles that of a pulse trac
g over the same artery (¥ag
124) As the descrbed techmc 4
15 based on the mtroduction of gy 124

CONCLUSIONS
The method can be used for research but seeds further mvestigation
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CHAPTER 33

Traongs m Normal Adults

THE ELECTROCARDIOGRAM IN THE VARIOUS POSITIONS OF THE HEART

Electrocardiograms of normal subjects were recorded for many years by
means of the standard limb leads It soon became apparent that the patterns of
certamn normal subjects were sumilar to those of patients with abnormal hearts
In particular the ecg of the vertical heart sometimes was confused with that
of nght ventricular hypertrophy that of the horizontal heart with the tracing
of left ventricular hypertrophy A new era was opened with the study of um
polar chest leads and umipolar lmb leads The latter advocated by Wilson
and Iis school® * ® and subsequently studied by Goldberger * are particularly
uvseful for the recognition of the physiologic vanants of the electrocardiogram
and are now taken routinely

The hearts of normal subjects may be mn d t within the chest
Accordingly 2 greater or lesser part of erther ventricle may face one or the
other shoulder or the left leg Therefore tracings recorded by means of the
umpolar imb leads explain the cause of several physiologic vanants which are
necessarily followed by vamants of the tracings n the standard imb leads

Several types of rotattons of the heart have been recogmzed Those
around the anteroposterior axis cause vertical semivertical termediate
semihorizontal and honzontal types of rotation Those around the longitud:
nal axis cause clockwise and counterclockwise rotations Those around the
transverse axis cause forward and backward rotation of the apex Certam

m
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displacements around one of these axes are usually accompamied by dis
placement around another thereby lmiting the number of possibilities
Figures 125 and 126 ilustrate the typical vanations of the ecg on account of
vertical and honizontal positions Tables 11 and 17 explain the same patterns
taking mto consideration also possible rotations around other axes Judge
ment on whether the heart 1s vertical or horzontal can be drawn by
comparmg aVL with aVF, or Leads 1 with 3 as shown by Fig 127 It can
be determined more accurately by using the sketch of Fig 120

TABLE 11 ELECTROCARDIOGRAPH FINDINGS AVERAGE VERTICAL HEART

Lead QRS T Explanation
V1 5 Sometimes Because of clockwise rotation around the
downward longitudinal axis the night ventricle be
comes more anterior therefore V3 &
V2V b Upnght V4 show 2 nght ventncular
\Z3 1S or qR Upright pattern (rS)
V5-V6 qR or qRs Upright Leads V5 V6 face the epicardial surface
of the left ventricle
avVR 18 Downward The night arm lead faces the cavity of the
night ventricle
aVL® Qs Downward The left arm lead faces the cavity of the
left ventricle
aVF qR or qRs | Upnght The left leg lead faces the epicardial surface
of the Jeft ventricle and the tracing re
sembles that of V5
VEs qR Uprnight A left ventricular pattern 1s revealed by low
4555 csophageal leads and the tracmg re
sembles that of V5

In this and 1n the following fables the abnormal findings are 1n talic
The positton of the average vertical heart usually includes some degree of clockwrse 10
tation around the longitudinal axis (1f a more severe rotation see Table 12 1f backward rotahien

of apex see Table 13)
*aVL may face the right ventricufar cavity because of clockwise rotation then an 15
pattern with a downward T wave 1s present

The low esophageal leads give a pattern which 1s similar to that of aVF
Thus 1 the vertical heart they present a left ventricular pattern, 1 the hort
zontal heart a right ventricular pattern It should be emphastzed that correla
tion between anatomic shifts and rotations and electrocardrographic rotations
15 only approximate and sometimes ponexistent

The average vertical heart has nearly always some degree of clockwise
rotatron around nts longttudinal axis Therefore the rnight ventricle becomes
more anterior, V3 and occasionally V4 may show a night ventsicular pattern
1S The umpolar lead of the right shoulder may present a QS complex and an
imverted T wave because st ‘faces the cawity of the left ventricle (Table 11
Fig 125) If a severe clockwise rotation 15 present the vertical heart presents
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avR avt
‘Wv 1
2 \ 3
aVF
V6
" Vs
v4
Vi v2 v3

Fic 125  Sketch of the electrocardiogram in the aver
age vertical heart Umpolar Itmb leads standard leads
(smaller scale) and umpolar chest leads
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TABLE 12 ELECTROCARDIOGRAPHIC FINDINGS VERTICAL HEART WITH
MARKED CLOCKWISE ROTATION AROUND THE LONGITUDINAL AXIS

Lead ORS T Explanation
vi QR Somettmnes Because of marked clockwise rotation
downward around the longitudmal axs the mght
= ventricle becomes frankly anferior there
v2-vs &’ Upright fore leads V2-V5 (and sometimes V6)
V6 S or qR Upright show a right ventricular pattern (rS)
aVR s Downward The right arm lead faces the back of the
o heart.
aVL S Upright ‘The left arm lead faces the eprcardial sur
face of the nght ventricle and its pattern
resembles that of V2
aVF QR Upright The left leg lead faces the eprcardial surface
of the left ventncle & its pattern re
sembles that of V5

a night ventricular pattern not only 1 V3 and V4 but also n V5, and even
m V6 (Table 12) In all types of vertical heart the main direction of QRS
m aVL 1s directed downwards 1 aVF, upward Mnemonically they Jook hke
two hands directed toward each other (Fig 126) The same 1s true for leads

land 3

The average honizontal heart 15 usually accompanted by some degree of

e
s

Fic 126 Mnemonic rule for the
direction of the QRS 1n the hon
zontal and the vertical hearts aVL
and aVF (or 1 and 3)

counterclockwise rotation around the Jon
gitudinal axis (Table 14) Therefore leads
V4 to V6 face the epicardsal surface of
the left ventricle and have a gR pattern
(Fig 127) A honzontal heart may have
amarked counterclockwse rotatton around
the longitudinal axis (Table 15), though
this 15 seldom true m normal subjects 1
this occurs all chest leads V1 to V6 have
a qR pattern because they ‘face the ep!
cardial surface of the left ventricle and
the umpolar lead of the left shoulder has
an mverted T An mportant differential
point between this type of phystologicaily
horizontal heast and one with left ventric
ular hypertrophy 1s that i the latter the
downward T 1n aVL 1s assoctated with de
pressed S T wide QRS and imverted T m
the chest leads

Forward rotation of the apex 15 rare 11t
a normal subject If present, V1 and
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aVvf

e

V.
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Fio 127 Sketch of the electrocardiogram m the aver
age horizontal heatt (see Fig 125)
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TABLE {3 ELECTROCARDIOGRAPHIC FINDINGS VERTICAL HEART
WITH BACKWARD ROTATION OF THE APEX
Lead ORS T Explanation
VI-v4 8 Sometimes Because of shght clockwise rotation V3 and
Downward V4 tend to show 2 night ventricular pat
m V1 tern sumilar to that of V1
V5-vé qR Upright Leads V5-V6 face the epicardial surface of
the left ventricle and thewr pattern re
sembles that of V5
aVR QR Downward | Both right and left arm leads tend to face
aVL OR Downward the back of the keart
aVF 1S Upnight The left leg lead faces the epicardial surface
of the night ventricle and its pattern re
sembles that of V1

V2 have a night ventucular pattern, aVL has an upnght T (but it may have
an mverted T if there 1s counterclockwise rotation) (Table 16)

Marked clochwise rotation around the longitudinal axis causes the rght
ventricle to become antertor Then all chest leads may show a night ventricular
pattern rS (Table 17)

In all types of honizontal heart the mamn direction of QRS m aVL 15 di
rected upwards i aVF, downwards, the same 1s true for leads 1 and 3,
mnemontcally they look lke two hands directed away from each other

(Fig 127)
TABLE 14 ELECTROCARDIOGRAPHIC FINDINGS
AVERAGE HORIZONTAL HEART*
Lead ORS T Explanafion
V1-V3 1S Sometimes These leads face the epicardial surface of
downward the right ventnicle
i Vi1
vé-v3 aR Uprnight These leads face the epicardial surface of
the left ventricle
aVR ] Downward The night arm lead faces the nght ventnc
ular cavity
avL aR Upnight The left srm lead faces the cpicardial sur
face of the left ventnicle and its pattern
resembles that of V5
avF 5 Upright The left leg lead faces the eprardial surface
of the right ventricle & 1ts pattern resem
bles that of VI
VEs 1§ Upright A ight ventricular pattern 1s revealed by
45-55 low esophageal leads

* The position of the average horizontal heart usually includes some degree of coun(er
clockwise rotation around the longitudinal axis (if more severe rotation see Table 15 if for
ward rotation of apex see Table 16 f clockwise rotation see Table 17)
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TABLE 15 ELECTROCARDIOGRAFHIC FINDINGS HORIZONTAL HEART WITH
MARKED COUNTER CLOCKWISE ROTATION AROUND THE
LONGITUDINAL AXIS

Lead QRS T Explanation

VI-V6 R Upnight These leads face the epicardil surface of
the left ventricle

aVR S or QS Downward According to whether the right arm lead

faces the nght or the left ventncular
cavity a nght or left ventricular pattern
1s recorded

avL qR Downward The left arm lead faces the posterior epi
cardul surface of the left ventrcle &
its pattern 1s sumilar fo that of VS

aVvF [+ Upnght The left leg lead faces the epicardial surface
of the right ventricle and its pattern is
sumilac to that of V1 1 a normal heart
without rotation
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TABLE 16 ELECTROCARDIOGRAPHIC FINDINGS HORIZONTAL HEART WITH
MARKED FORWARD ROTATION OF THE APEX

Lead QRS T Explananon
vi s Sometunes | This lead faces the epicardial surface of the
downward right ventricle

V2 1S or gR Upright These leads face the epicardial surface of
the left ventrcle because of counter

Vi-ve qR Upnight clockwne rotation (usually assoc )

aVR aR Downward | The nght arm lead faces the posterior

I surface of the heart

avL gR Upright The left arm lead faces the epicardial
surface of the left ventricle & uts pattern
resembles that of V1

aVF S Upnght The left leg lead faces the epicardial
surface of the nght ventricle & its pattern
Tesembles that of V1
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TABLE 17 ELECTROCARDIOGRAPHIC FINDINGS HORIZONTAL HEART WITH
MARRKRED CLOCKWISE ROTATION AROUND THE LONGITUDINAL AXIS

Lead ORS T Fxplanation
v 1S Sometimes Because of marked clockwise rotation the
downward ngg! ventricle becomes frankly antenor
- and sometimes all the precordial leads
y2-vs 18 Upnght show a right ventricular pattern (rS)
V6 1S or gR Upright
aVR QR Downward The nght arm lead faces the back of the
heart
aVL gR Upnight The Ieft arm Jead faces the eprcardial
surface of the left ventncle and has a
pattern similar to that of V6 in 2 normal
heart
aVF 1S Upright The left leg lead faces the epicardial surface

of the night ventncle and has a pattern
sumilar to that of V1

Emthoven s tniangle the theory of umpolar electrocardiographic leads and the
interpretation of the precordial electrocardiogram  Am  Heart J 32 277

1946

5 Wison F N, Jounston, F D RoseNsauMm F F, ErLanger H Koss
MANN C E Hecut, H CotriM, N DE OLIVEIRA, R, and BARKER, P 5
The precordial electrocardiogram  Am Heart J 27 19 1944



CHAPTER 34

Tracmgs of the Fetal Heart

ELECTROCARDIOGRAM
History

Cremer® 1n 1906 and Foa 1n 1911 recorded the first electrocardiograms
of the human fetus towards the end of pregnancy Maekawa and Toyosluma®
later obtamed tracings by means of a string galvanometer and a preamplifier
After a series of further observations in individual cases systematic studies
were made by Heard and co worhers® Strassman and co workers * *
Dressler and Moskowitz ¢ Mann and Bernstenn ** Ward and Kennedy * and
Blondheim

Technic

The standard electrocardiograph 1s unable to pick up the currents of the
fetal heart because the potentials reaching the surface of the mother s body
are extremely weak Either an electroencephalograph or an electrocardiograph
with a preamplifier 1s necessary for the study Even though vagmal or rectal
leads have been recommended and may be used with good results the abdomi
nal leads are usually sufficient Strassman 3 * and Blondheim described
several bipolar abdominal leads

Wilsons central terminal can be used as an ndifferent electrode while
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the explonng electrode (a round chest electrode) 1s applied successively over
several points of the midline or over one of the upper quadrants The mnstru
ment should be calibrated at a sensitivity of 10 cm for ImV On the other
hand the tracings can be taken more easily by using two abdomunal elec
trodes This technic records smaller deflections for the maternal electrocardio
gram and there 15 Iess influence by AC mduction

Trocings Obtamed

The fetal electrocardiogram can be recorded after the fourth month of
pregnancy but the frequency of positive tracings increases gradually until 2
successful result 1s the rule after the sixth month

The fetal electrocardiogram consists of small deflections—either single
sharp spikes or diphasic complexes—superimposed over the tracing of the
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Fic 128 Electrocardiogram of a fetus at term The small fetal com
plexes (F) are visible between those of the mother (M) (amplifier, two
abdomnal electrodes)

maternal electrocardiogram The T wave 15 frequently visible as a small
rounded wave which 1s erther positive or diphasic The rapid complex lasts
from 0 02 to 0 04 second (Fig 128)

Fetal heart rate 15 extremely varable from hour to hour and asthythmias
are frequent The latter have been identified as sius arrhythmias and pre
mature contractions mostly ventricular Gross irregularities due to atrial fibnl
lation were noted by Hyman," complete or mncomplete a v block was observed
by Geiger and Hines* and by Plant and Steven '* Spontaneous variations of
heart rate have been noted followng fetal movements palpation of the mater
nal abdomen fasting or hemorrhage of the mother asphyxia of the fetus, and
various other conditions

‘The normal heart rate of the fetus varies between 140 and 150 **
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Conclunions
Fetal electrocardiography has been used for (1) diagnowis of pregnancy

(2) diagnosss of fetal arshytbmias (3) dhagnoss of fetal bife The Jast s the
most impostant apphcation and n this respect the method may be unique

FETAL PHONOCARDIOGRAM
Hutory
The existence of fetal heart sounds was detected m 1818 by Mayor ** The
fisst phonocarchograms of the fetal heart were recorded by Hofbauer and
Weiss'® 1 1908 and by Berut' sn 1923 Sampson MacCalla and Kerr?
transcribed the fetal souffie  Hyman" studied the arxhythm\as of the fetal

heart Peralta Ramos'® made the y di of congenutal heart block
by phonocardlagraphy Smuth and Herwert ™ Lian and Smith * and Pererra®”
contr. Transenption of fetal sounds on records

sransmission of fetal sounds to audiences and observation by means of an
oscrlloscope has been done *

Yechme

The phonacardiographic techarque s sumular to that employed for record
ing the heart sounds of an adult {p 35) A stethescopic muicrophone with 2
large chest prece 15 used with a Jong rubber strap around the sbdomen of
the mother The phonocardiogram of the fetus 13 recorded fogether with the
maternal electrocardiogram If the fetal sounds have been already detected
with the stethoscope the microphone 18 placed over the area of best auseul
tatton Otherwise several tracings are taken with the mucrophone over dif
ferent areas of the abdomen Inspection of the tracing (and irequently also
amphfied auscuitation) reveal heart sounds with a zate much faster thas that
of the maternal heart

intarpretotion

A fourth (atrial) sound made of one ar two slow vibrations ss frequently re
corded It starts about 0 04-0 05 second before the first fetal sound A brief
panse may exsst between the fourth and the subsequent first sound

The first sound complex starts about 0 02 second after the Q wave of the
fotal ecg It 15 made of 3-5 vibrations and Jasts from 0 03 to 0 10 second
Lian and Golbln! were the first to note that it 1s frequently dwvided 1 two
groups of vibranons bke the first sound of the adult heart

The second sound complex 15 made of two 1o four wibrations having a
fugher pitch than those of the first sound Its amphitude may be greater or
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“T1st {2nd 3rd

M“j smaller than, or equal to, that
of the first sound 1t Jasts from
002 to 007 second Occa
sional sphtting of this sound 15
not uncommon

EEE Q g It has been claimed that the
third sound 1s never recorded

gé gé Actually 1t may be present

g about 012 second after the

i second sound as n Fig 129A
A IEIHEEEHEEEE Eﬁﬂﬂ i Fetal systole lasts abgut 014
I second (munmumum observed
‘ | I i 011, maxmum 022) Fetal
h Nm ,l\'w diastole varies between 014
it ‘ (rate 230) and 028 (rate

145) In one of our cases

B El systole was 0 14 at 6 months

E and 022 at 9 months (Fig
E Eg 129)

A systolic murmur 1s fre

E E quently observed It 1s probably

E E caused by the shunts which

E é i normally exist durmg fetal Iife
E EBE.!B! (foramen ovale ductus artent

osus) However the rapid cir
culation of the blood m the
vy large artertes may be a contrib
31-&: uting factor A suspicion of

ventricular septal defect may
ISt 2nd anse f the rnugmur 15 foud and
even more if it 1 asscmated
with  bradycardia  Prenatal
diagnosis of septal defect has
been made by Pesalta Romas™

C .ﬁ. !E"ﬁsii.l. and by Smuth © An umbtlical
souffle  having the same rate

Fic 129 Fetal phonocardiograms and ma

ternal _electrocardiograms Ag, 6 month-old = the fetal heart and d)ﬂer;nt

fetus B, 9 month-old fetus (same chuld as A) from the wternine souffle  has

C 9 month old fetus been recorded by Pereira' and

1s an occastonal finding
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CHAPTER 35

Tracmgs m the Child

HEART RATE
The heart rate mn the child decreases gradually from birth to puberty This
decrease seems to be connected with the increasing length of cardiac bundles
and the increasing weight of the heart® and not with vanations 1n the tonus
of the vagus nerve (Mautner and co workers®) Table 18 from data by
Pfaundler and Schlossmann'' and Holt and MclIntosh ® compares heart rates
body weights and heart weights showing a fairly close correlation

TABLE 18 HEART WEIGHT AND RATE

Body Heart Heart
Age werght weight rate
{yr) {kg) (em)  (per munute)
Newborn 33 23 135
1 95 42 115
2 12 50 105
5 16 65 90
10 26 103 78
15 44 163 68

A variety of morphologic charactesistics of the heart of infants 1s responst
ble for several peculianties of the tracings especally the electrocardiogram
They were summarized by Battro and Mendy* as follows

285
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aVR avt

N\ 7h

aVF

Fi6 130 Scheme of the electrocardiogram of a
2 month-old infant

b

Fic 131 Conventional chest leads and night side
chest leads n a 2 month-old nfant

-

The heart mass of the
nfant s smaller than
that of the adult but the
heart-werght/body
weight ratio 1s greater
The heart has a globular
shape

2 The vanous diameters
of the chest (anteropos
terror, transverse, and
vertical) are about
equal, 1n contrast with
the adult chest which
has a smaller anteropos
terior diameter

The heart 15 nearer to
the thoracic wall than
1 the adult and there 1s
little or no pulmonary
parenchyma  between
heart and chest wall

4 The chest wall s thinner
than 1n the adult

The duapiragm 1s ugher
and the heart 1s more
horizontal than 1n most
adults

At birth size and thick
ness of the two ventn
cles are about equal
the older children the
left ventricle has 2
greater thickness than
the right

w

n

(=%

ELECTROCARDIOGRAM

The electrocardiogram
of the child has been
studied by Nicolar and
Funaro * Master et al®’
Rosenblum and Sampson *!
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Robinow e al ¥ Groedel ef al ** Ash Battro and Mendy ® and Massell
and co workers

At birth the standard leads reveal night axis deviation the umpolar mb
leads indicate a vertical heart the chest leads reveal a predomtnance of the
R over the S waves The T waves are mverted diphasic or 1soelectnic from
V1to V4 V5 and even V6 (Figs 130 and 131) As the child grows older
a tendency to diphasism of the complex with actual presence of S 15 noted
At the age of 10 an adult type of electrocardiogram 1s usually recorded and
the T wave 1s usually upright 1n V4

PHONOCARDIOGRAM

The phonocardiogram of the child below 4 years of age frequently presents
four sounds Figures relating to the sound tracings in this pertod of life have
been published by the author and coworkers’ and can be found n Table 3
(p 46) An example of infantile ph diogram 15 p d i Fig 24
(p 45)
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CHAPTER 36

Tracings w Preghancy and Puerpernim

Pregnancy 1s accompanied by numerous and important modihcations of
cardiovascular dynamics which are revealed by changes of the various
tracings The heart becomes more horizontal on account of rasing of the
dhaphragm and of Jumbar lordosis The increased blood volume causes a
slight dilatation of the vanious chambers and a more marked dilatation of
the large vessels especially the pulmonary artery Innocent murmurs are
common Among them the most frequently observed 1s a systolic murmur
at the base with maximum over the second left interspace probably caused
by tr dation of the pul and aortic onifices with relative stenosss  #
An apical systolic murmur and one or more extra sounds 1n diastole (third
and fourth sounds—so called gallop sounds) may simulate the auscultatory
findings of rheumatic heart disease ® However this finding 15 less common
than that of a basal systolic murmur If there 15 rheumatic heart disease with
miiral lesions the murmurs become louder durng pregmancy An accurate
diagnosts of heart disease during pregnancy 15 rendered difficult by addition
of myocardial murmurs to those of the valvular lesions

ELECTROCARDIOGRAM

The ecg changes have been studied by Carr and Palmer* Feldman and
Hill * Gammeltoft * Hollander and Crawford ® Jensen and Norgaard ¢ Landt
and Benmjamun® and Zatuchn:® With advancing pregnancy the electrical
position of the heart either femains the same or becomes more horizontal

289
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Fi 132  Normal maternal heart at 6 months of pregnancy Systolic
murmur (sm) over the pulmonary artery

; | ‘f\"-*-'j Wm M

Bi__ ' s ——

Fic 133 Pregnant woman with mmmal valvular lesions The murmurs
become louder during pregnancy A At 5 months of pregnancy Loud systolie
murmur and trple rhythm at apex B After delvery (famnt systolic murmur)
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Late m pregnancy, it usually 1s 1n the mtermediate position Following
dehivery the heart returns to the previous position

The vanations of the electnical axis during pregnancy may be considerable
(mn one case of Zatuchm ® the axis vaned from 86 to 144 5 degrees) A
rotation of the heart around its anteroposterior axis was noted in the
majonty of cases during pregnancy °

The amplitude of the R wave and the duration of the mtrinsicoid deflec
tion 1n the left precordial leads do not vary during pregnancy ° The amphtude
of the T wave during pregnancy 1s usually within normal limits but changes
1 the herght of this wave have been noted following dehvery Decrease of T
m V1 V2 and ncrease 1n V4 V6° have been attnbuted to systemic bio
chemical changes and not to myocardial disease

PHONOCARDIOGRAM

The phonocardiogram confirms the presence of murmurs already observed
by auscultation (Fig 132) Basal systolic murmurs have a diamond shaped
appearance apical systohc murmurs a decrescendo type (Fig 34) The
vibrations of the third and fourth sound are frequently large Figure 133
illustrates a case with moderate valvular lesions where the murmurs were
severely increased by pregnancy
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CHAPTER 37

Tracmgs m the Aged

The heart of the aged frequently presents valvular, myocardial and artenial
lesions which determine abnormalities 1n the electrocardiogram phonocardio
gram electrokymogram e¢tc However 1t should be kept in mund that 2
surpnising number of old persons who reach the seventh or eighth decade
have a clinically normal heart

Many old people have slight abnormalities of the electrocardiogram which
are merely the result of senescence hike Jower voltage low T waves slight pro
longation of QRS or P R*! However about one fourth of the apparently
normal old persons present more severe electrocardiographic abnormaltties

d g myocardial damage * These consist of the various changes resulting
from coronary heart disease with myocardial lesions (pp 419 and 454)
Among them, atrial fibnilation bundle branch block depression or elevation
of S-T, and inverston of T have been described 2

The phonocardiogram may reveal evidence of valvular or myocardial
damage or atherosclerosis of the aorta (pp 432 and 469) However one
should keep m mind that persons between 85 and 95 may present an b
solutely normal phonocardiogram as proven by studies of the author (Fig
26 p 47)*

In older mdividuals with 2 presumably normal heart the following changes
of the ballistocardiogram have been found *?

1 Increased amplitude of respiratory vanations
292
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2 Increased amplitude of the H wave which may even exceed the J
3 Decreased amplitude of the I wave which may only reach the base line
4 Decreased amphtude frequent slurring and late peak of J
5 Deep and early K this wave may precede the second heart sound
6 Large L wave
These variations are particularly apparent in the expiratory phase of normal
respiration
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CHAPTER 38

Tracngs wm Various Mammals

HEART RATE

The heart rate varies nversely with the heart weight regardless of the
species and of the fact that the heart weight body weight ratto vares from
species to species * This fact 1s even more striking when comparison 15 made
between house ammals and hunting or racmng ammals Hunting dogs and race
horses have much lower heart rates than other animals of the same species
partly because of increased heart size and partly on account of mcreased
tonus of the vagus nerve As an exception to the general rule the horse has a
rate similar to that of the elephant mn spite of the smaller heart

Compatison of two spectes having a ratio of heart weight greater than
1 1000 reveals that the ratio of heart rates 1s less than 10 1 This might
indcate that the different rates are proportional to the different lengths of
certamn bundles and not to the weight of the heart or to specific properties
of the different muscle cells **

Comparative data on heart rate as well as on other properties of the ammal
heart can be found 1n Dukes* and are listed 12 Table 19

ELECTROCARDIOGRAM

History
Many electrocardiographic studies were made m animals either 1n order
to perfect electrocardiographic technic or to solve problems of cardrac
294
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TABLE 19 THE ELECTROCARDIOGRAM OF VARIOUS MAMMALS

PR oT
Ammal Rate P nterval ORS nterval T
Mouse 650-900  Upright 005 oors 006 Upnght small
Rat 380520 Small 004 005 002 008 Upnight rounded
Guinea pig 200325 Sharp 004 006007 003 012 Upnght sharp
Rabbit 170-280 Posstbly 006010 003 018 Posstbly mverted
Inverted
Cat 110-130 004 008 003 018 Upnight rounded
Dog 70-120  006-008 010-013 003-005 070024 Diphasic sharp
Goat 70-120 Double 008 012-014 005 026-032 Monophasic
diphastc
Sheep 52-100 Double 008 004 024 Monophastc
low 008
Pig 60-90  Simple 012014 006 022028 Late sharp
very high diphasic
Donkey 60-80  Triphasic 020 006 0 40-0 44 Diphasic
smalt 008
Cow 60-80 010030 016-030 008012 036-044 Sharp bigh
diphastc or deformed often diphasic
triphasic
Bull 36-60 010 smple 016-020 008010 036-040 Sharp upnght
or diphasic
Horse 24-50 015-022 035042 008012 040-060 Sharp often
double or diphasic
multiple
Elephant 24-53  Double 028-035 012-018 052-070 Diphasic
012020

physiology Little attention was often pard to the special properties of the
heart of the animal under study Moreover most of the animals were under
anesthesia so that data concerning heart rates were not reltable Only a few
recent studies have been conducted with unipolar leads

Horse  Electrocardiograms were taken by Emthoven® Waller 7 Kahn?
Noerr # Dukes and Batt ® Charton and Mot ® by the author and his co
workers ** and by Detweiler *

Elephant  Followmng studies of Benedict® detailed electrocardiographic
studies were published by White Jenks and Benedict ®

Donkey  The only study 1s that of the author and his co workers **

Ox  The electrocardiogram was studied by Noerr * Alfredson and Sykes *
Barnes and co workers and by the author **

Pig The electrocardiogram of this animal has been studied by Haussman™*
and by the author '*

Sheep and Goat  Strohmaier © and the author'® studied the electrocardio
gram of these species

Dog  Electrocardiograms of mongrel dogs were recorded by Katz and
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co workers '* Hafkesbring and MacCalmont,'® Lalich and co workers,* Mam
cer and Krause™ and by the author and co workers ** Tracings of normal
beagle dogs have been studied by Petersen and co workers 3

Cat The electrocardiogram of the cat was studied by Schinzel® and by
the author 1

Rabbit and Gunea Pig  Electrocardiographic studies were published by
Schinzel Lewvine,! and by the author 18

Rat and Mouse  Electrocardiographic studies were published by Schuinzel
Oppenheimer #* the author (rat only) ** Lombard * and Rappaport and
Rappaport * The last study was made with a spectally built instrument
Monkey The electrocardiogram of these ammals was studied by Boruttau'
and found identical to that of man

Fi6 134  Electrocardiogram of two normal horses Notched P waves long PR
mtervals

Technic

Small animals can be tied on laboratory tables and studied n the supme
position Larger ammals should be studied standing The rat has to be 1mmo
bilized by means of holding devices

Following shaving of the hair electrode jelly 1s applied to the toots of the
four limbs and the usual electrodes are employed If the electrical resistance
of the skin 1s hugh as 1 some large amimals needle electrodes can be used
In the elephant special electrodes on which the soft pads of the feet were
placed have been used *

For the chest leads the author has used three electrodes one at the night
side of the sternum one over the sternum and one at the left of the sternum
These should be called VI V2 and V3 and connected with the central
terminal Inlarge ammals the three electrodes should be placed about 30 S
mches below the axillae on account of the high position of the heart
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Heehrotordiogrophic Date

‘The man data have been listed 1 Table 19 The heart rates vary between
a maxsmum of 900 {mous¢) and = tmmmum of 24 (horse and elephant)
the PR snterval Seiween 005 (sat and mouse) and 042 (horse) the
duration of QRS tetween 001§ (mouse) and 01§ (elepha.nt) the QT
mterval between ¢ 06 (mouse) and 0 70 (elephant) Electr of
vanaus anmals are presented i Figs 134 to 137

T

o J\ij
"""{ ~ J\./V\/:
FiG 135 Scheme of the electrocardiogram of the horse mn the
standard and untpolar hunb Jeads and i the chest leads

The electrocardivgram of the horse 1s among the most pecnliar tracings It
has a bufid or muluple P wave and a P R mterval which 15 Jong even
companson with the average size of the heart (Figs 134 and 135) The
interval between end of the T wave and the second heart sound may reach
even © 12 second (Fig 139) Swihes by the 2uthor'® fm the horse dog and
<at and of Petersen ez al 3 1 the keagle dog by means of usspolas hmb and
chest leads reveal that the heart of the vanous anunals s m a wvertical or

semvegtical position (Figs 135 and 137) AVL frequently presents saverted
P and T waves

PHONOCARDIQGRAM
History

‘Heart sound. of horses have been ecorded by Charton and co workers
Systematic studres of the aathor and ¢o woskers were made sn normal am
mals' and 10 amals uader the miluence of varrous deugs ¥
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Fic 136 Electrocardiograms in vanous spectes A, bull B pg C
donkey D goat E sheep F dog ( } d), G cat ( I d) H,
rabbit 7 rat

Technic

The technic 15 1dentrcal to that used 1 humans A stethoscopic microphone
with a large bell should be used It 1s placed at the night or the left of the
sternum and held 1n place by means of a long rubber strap Reference of sound
and murmurs to certam valves 15 only tentative Trcuspid sounds and
murmurs are recorded best at the right of the sternum, mutral sounds and
murmurs, at the left, aortic and pulmonic sounds and murmurs are recorded
best at the base

Phonocardiographic Data

The multiplicity of data renders necessary 1ts summarization (Table 20
p 300) The heart sounds mcrease 1n duration from the small to the large
ammals as follows
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First sound from 0 03 (gumea p1g) to 0 24 (certam horses)

Second sound from 0 02 (gumnea pig) to 0 12 (certain donkeys)

The third sound 1s sometimes present in the horse and donkey the fourth
(atnal) sound 1s frequently present in the guinea pig sometimes in the dog
p1g and horse

L‘_hv- aV¥R
A fn-}LA— J,\;:
N

Fic 137 Umpolar standard and chest leads A 1n a nor
matdog B m a normal cat

The duration of ventricular systole (distance between first and second
sound) vares from 0 12 m the gutnea pig to 0 62 i certam horses

Guinea pigs and rabbits frequently have respiratory murmurs supenimposed
over the cardiac sounds on account of similar cardiac and resprratory rates
(Fig 138) The horse frequently exhibits some low pitched vibrations about
02 second after the second sound {Figure 139)

Murmurs due to valvular damage are clearly recognzable and tend to be
Jow prtched and musical 1n large anmals (Figs 140 and 141)
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TABLE 20 HEART SOUNDS OF VARIOUS MAMMALS

Distance
between first
and second
Fourth sounds
(atrial) Furst Second (sentricular  Third
Ammal  sound sound sound 5ystole) sound Murmurs
Guinea present 3—4 vibrations 2-3 wvibrations 012 - due to resprration
Pig high 003 002-003
Rabbit present  short slow vibra short slow vibra 018 _ due to respiration
high tions 004 tions 004 in systole and
duastole
Cat absent pure 005 very short 004 018 -— absent
Dog sometimes pure 008 pure 006 020-024 — absent
present
Goat absent prolonged by pure 006 028 — absent
short vibra
tions 007
Sheep  absent prolonged 007 prolonged 004 022 _ absent
Pig Ppresent prolonged pure 004006 028 _— absent
012-020
Cow absent pure 012-020 pure 052 — absent
& Bull present pure 012-020 sometrmes spht 032 — absent
004-006
Horse  absent pure 015024 pure 008 052062 some some slow wibra
times  tons after second
present  sound 020
Pony 8-9 4-5 060 some absent
preseat 012 008-010 tumes
present
Donkey absent 4-5 vibrations 3-4 vibrations 044058 present absent
014016 007012
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CHAPTER 39

Motifications of Tracmgs Caused by Drugs
and Physiopathologic Varants

Vanous physiologic and pathologic processes as well as many commonly
used drugs can appreciably modify cardiovascular dynamics Changes of the
cardiac and fespiratory rates arterial blood pressure and venous return
result 1n modifications of the various tracings Ectopic rhythms and vana
tions of av conduction are not unusual Apart from the result of these
vanations specific changes of the elect diogram follow the use of
certamn drugs The varrations of the el diogram have been 1zed
1n Table 21, partly made from data of Graybiel and White *

TABLE 21 EFFECTS ON THE ELECTROCARDIOGRAM OF DRUGS AND
PHYSIOLOGIC PROCESSES

Acmosis
Rate Slight increase
‘There may be depression of the S-T segments
lowening of the T waves prolongation of the
T nterval and rarely atnal fibnilation
factors other thban the acidosis may play a
role

ADRENALTN

Rate Shght to moderate increase

ST May be depressed
Given intravenously adresaltn may cause T
wave inversion tn lead 2 In persons with

marked coronary insufficiency adrenalin may
cause depression of ST and lowering or
wnversion of T

ALKALOSTS

Rate Slight increase

4 Lutle or no change
A marked degree of alkalosis usually produces
saggmg of the S-T segments and lowermng or
even 1nversion of T (as from digitalis) and
lengthening of the Q T mterval Overventila
tion acts by producing alkalosis

308
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TABLE 21 (Continued)
ATROFPINE ORS Tendency toward nght aus shift

Rate Increased
QRS Amplitude may become reduced
T May become lowered or even
shightly mverted
With iacreasmg age the effect progressively
dimmishes

BARBITURATES

Rate Shght decrease
Through the effect of the drug on the central
nervous system swous arrhythmia may be
abolished and there may be a lessened tend
ency toward cardiac arshythmia

BENZEDRINE SULFATE
Rare May decrease
ST May become depressed
T May become taller

The effect 1s vaniable depending wpon dosage

and patient

CarciuM (hypercaleenua)
Rate Decrease
T May become lowered or inverted
QT Shortened

Carcion (Hypocalcemia)
QT Lengthened

CarBON MONOXIDE

Rare Various

4 Shght changes

QRS Voltage may become lower

ST May become depressed

QT May be lengthened
There are no significant changes associated
with muld porsoning

DiGrraLs
Rate May be decreased rarely increased
PR Lengthened
ST Depressed or concave
T Usually lowered or even 1nverted
QT May be shortened
The effects vary with dosage age of patient
and presence of heart disease or other dis
order

EMETINE HYDROCHLORIDE
ST May become depressed
T May become lowernd or even 1n
verted
The marked changes are observed i in
stances of drug toxiaty

ST May become depressed

T May become taller
The effect 1s vanable and depends on the
amount of exercise individual vanation and
presence of disease

Fricrr
Rate Increased then slowed
P May vary in shape
ST May become shightly depressed
T May become lowered or even m

verted
The electrocardiographi. changes may be
significant but are temporary

Grucose (Hypoglycemia)
Rate Increased
ST May become depressed
T May become lowered or even m
verted
Changes are more hkely to appear m persons
with heart disease

Heat (Hyperpyrexia)

Rate Increased

ST May become shghtly depressed

T May become Jower
The changes are usually slight but they ate
marked Ily 1 cases of

INsuLIN

ST May become depressed

T May become lower of inverted
The changes are due to the lowermng of the
blood sugar Insulin may abolish electro
cardiographic changes 1n diabetic acidosis

Trecac

Rate May be decreased
May restore normal rhythm in the presence
of paroxysmal auricular tachycardia

MecnoLyL

Rate Usually increased

T May become lower
In the presence of certam arthythmas mech
olyl may restore normal rhythm The effects
are not only those simulating vagal stimula
tion

MorpmiNe

Rate May decrease slightly
Even large doses produce no sigmficant
changes

ERGOTAMINE TARTRATE
Rate May be decreased
T May become taller

EXERCISE
Rate Increased

NrrITES

Rate Increased
The increase 1n heart rate may abolish sinds
arthythmia and premature beats There may
be a reversal of S-T and T wave abnormalinies
as a result of favorable action on heart and
L ot ens e abaliched

A
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‘TABLE 21 (Continued)

OxyGen Lack oF {anowia)

Rate Usually increased
Amplitude may increase
May lengthen

ORS  Voltage may be reduced

ST May become depressed

T Lowered or even invested
The changes parallel the degree of anoxia
The admumstration of 100 per cent oxygen
may occastonally cause reversal of certatn
electrocardiographic abnormalities

PR

Posmmion  Cuange Frov Strrino To LyiNo
Rate Usually decreased
ORS Shght change in electncal atis
ST May become depressed
T May become taller
Any change in the posttion of the heart
relation to the thorax may alter the electro
cardiogram considerably

Potasstun (high blood level)

Rate May be decreased

PR May be lengthened

QRS Voltage may be reduced Bundle

‘branch block may develop

ST May become depressed

OT Vamble
High blood levels (as 1n potassium poisonmng
1 uremia) depress or paralyze atrial action
and produce strking and charactenstically
high T waves Lesser changes are more com
mon

Potasstum (low blood level}

ate May be increased
PR May be Iengthened
ORS May be prolonged Voltage may be
reduced
ST Depressed
T Lowered or inverted
QT Prolonged

The electrocardiographic changes tend to dis
appuar following the admmstration of po
tasstum

QUINIDINE

PR May be lengthened

QRS Usually no change may cause bundle

branch block

ST May become depressed

T May become lower

QT May become prolonged
Effect vanable depending on dosage indi
vidual susceptibility presence of heart dis
ease ete May restore normal thythm in the
presence of ectopic rhythm

Thyrom EXTRACT (in myxedema}
Rate Increased
May become taller
May become shorter
Voltage may be increased
Usually no change may become
elevated

T Voltage increases considerably from

a very law level

QT May become shomr
All
with my(edtma are usually abohshed

k

PR
ORS
§T

Trvrom EXTRACT (in excess)

Rate Increased

T May become lower or taller
Ordinary doses admimstered to healthy per
sons produce insignificant changes i the
electrocardiogram

ToBacco

Rare May be increased

ST May become slightly lowered

T May become lowered or increased
Excessive Bse by susceptible persons may
cause tachycardia premature beats paroxys
mal tachycardia and atpal fibnllation

DIGITALIS

Digitahs has been the object of several important studies from Cohn and
Fraser! 1n 1913 to McMullan and Bellet® in 1950

The man effects of digitalis are a lowening of the S T segment with 2
typically oblique line a lower and diphasic T wave an oblique T P line
These changes are present 1n the umpolar and standard limb leads as well
as m the chest and esophageal leads Inversion of T 1s not directly caused by
digitalis If however the myo was d. d prior to ad
of the drug then digitalis may cause mversion of T a more deeply mverted T,







CHAPTER 40

Rheumatic Disease (Rheumatic Fever)

As known this disease 1s most frequent 1n nfancy and childhood Many
cases are not diagnosed dunng the active stage because the signs and
symptoms are mnor vague or atypical Together with the evidence supphed

by deter of the sed rate and study of the charts of weight
temperature and radial pulse the graphic methods supply important data
both for the diag and for the eval of an mfl y process of
the heart

ELECTROCARDIOGRAM

This tracmg 1s frequently of help for the diagnosts of rheumanc carditis
Electrocardiographic changes were found 1 about 20 per cent of the cases by
Bland and co workers ? Electrocardiograms taken at frequent intervals are
even more impostant than one tracing alone or tracings taken at long inter
vals Minor changes ummportant in themselves may become significant if
modifications are noted i weekly or monthly check ups They should be
accepted as evidence of the evolution of an inflammatory process of the
myocardium

Changes of Rate and Rhythm

It 15 customary to observe sinus tachycardia (Figs 143A B C) It s less
well known that m some cases sinus bradycardia (Fig 143D) or severe
m
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sinus arrhythmia are caused by the rheumatic process It 1s likely that they
are due to reflex vagal sumulation caused by mpulses which anse i the
myocardial wall The meaming of these changes 1s revealed by the fact that
they disappear as soon as the acttve stage 1s over

Premature contractions are common, atrial, nodal or ventricular extra
systoles have been noted Their diagnostic importance 15 Iimited 1f unaccom
panied by other signs and if they arise from a smgle focus Multifocal extra
systoles on the contrary, mdicate widespread myocarditis Atrral fibriilation
or flutter paroxysmal tachycardia shifting pacemaker, nodal escapes, 52
block or a v block may occur * ® Each of these disturbances 1s evidence
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Fic 143 Electrocardiograms m children with acute rheumatie fever A Suus
tachycardta P R=024 Q Tc=044 (QT ratio=11) B Smus tachycardia, PR=
022, Q Tc=043 (QT ratto=107) C Sinus tachycardia Notched P wave PR
=020 Q Tc=046 (QT ratto=115) D, Sinus bradycardia rate of 56

of severe myocarditis The a v block may indicate localized inflammatton of
the conducting tissues while the other disturbances are evidence of a more
widespread damage

Prolonged P R Interval

Delayed a v conduction may be the only sign of theumatic carditis (Fig
143A B) This sign 1s frequently heipful in the diagnosis However, 1t should
be kept 1n mund that (1) 1t 1s not specific (2) 1t may be absent, and [€)R4
may be dependent upon reflex vagal sttmulation Bland and co workers® found
this sign 1n only 20 per cent of their cases P R changes may occur abruptly
they may last briefly or become permanent In the evaluation of the P R mter
val correlation with the age and rate 15 necessary



Rheumatic Disease (Rheumohc Fever) 313

Profongation of the @ T fnterval

A prolongation of Q T has been reported as an important sign of rheumatic
cardibs® (Fig 143A B C) Measurement of this nterval should be done
carefully and the Q T ratio should be determmed (p 238) This sign 15 m
portant when present but 15 not constant &

Changes of the P Wave

The P wave may present broadening notching or wnereased height or
width These changes, wfluenced by atnal dilatation and hypertrophy cannot
be accepted as ditect evidence of carditis because they may be due to es
tablished fibrosis {older Iesions)

Changes of ST and T

Changes of §T are usually connected with pencarditis Isolated changes
of T m one or more leads have been observed by the author

Axis Deviation

A rapid and marked shift of the electric axis has been observed n acute
rheumatic disease * It 15 more commonly a shift to the nght and may be
followed by rapid normalization Dilatation of either ventricle possibly
related to ventnicular strain and farlure seems to be the cause of this change

PHONOCARDIOGRAM

The sound tracing of patients with rheumatic disease supphies 1mportant
data which are of help for confirmation or clanfication of the auscultatory
findings and also often for lishing a correct diagy

The most common findings are

1 A prolonged first sound at the apex

2 A systolic murmur at the apex and mudprecordm (Fig 144 A) This
1s usually 2 murmur 1 decrescendo  but 1t mav consist of a few vibrations of
fugh pitch and small amphtude dunng the central phase of systole ( sea gull
cry type of murmur) {p 55)

3 A spht second sound over the pulmonic area (Fig 144)

4 A systolic murmur over the pulmonic area (Fig 144 B C) This »
normally  diamond shaped and composed of wibrations having a lower
pitch than those of the apical murmur

5 An mcreased loudness of the turd (more seldom of the fourth) sound
at the apex creatng a tople thythm (older termmnology— gallop
thythm ) ® (Fig 144 A)

6 A short and low pitched early diastolic rumble over the midpsecordmm
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Fic 144 Phonocardiograms 1 cases of acute rheumatic fever (supenmP"sed
tracings) From above loganthmic and stethoscopic phonos ecg

A, Apex Systolic murmur (sm) tnple rhythm especially revealed by the stetho
scopic tracing (s)

B Pulmonic area Systolic murmur (sm) 1l led by the loganthmic trac
g spht second sound opening snap of the mitral valve (03) better revealed by
the loganthmic tracing

C Pulmonic area Systohc murmur (sm) spht second sound with a short diastolic
murmur (Graham Steell murmur-dm) diastohc rumble (dr) Stethoscopic tracing
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Any or all of these findings may be present and their evaluation 1s not
always easy

The apical systolic murmur 15 caused by dilatation of the Jeft ventncle
and by edema of the mutral valve and of the papillary muscles ( relatve
mutral regurgitation) The mudprecordial short diastohe rumble 1s a func
tional ph caused by dil of the left ventncle and increased
pressure n the left atnum ( relative mutral stenosis) The pulmonie svstolic
murmur 15 caused by dilatation of the pulmonary artery ( relative pulmome
stenosis ) The spht second sound 1s due to increased pulmonic pressure The
tple rhythm 1s related to tachycardia and hugher pressure in the left atnum

In later stages of the disease some or all of these data may become
permanent because an organic mutral lesion has been established

APEX CARDIOGRAM (LOW FREQUENCY TRACING)

The cardiogram may be useful in order to ascertain the phase of the
additional diastolic sound and 1n the differentiation between loud third sound
(ventricular gallop) and opeming snap of the mutral valve (Fig 158) The
latter has a more serious g because it 1nd) a well established lesion
of the mitral vaive and probablv an initial mutral stenosis (p 329)

ELECTROKYMOGRAM

Electrohymographic tracigs of the Ieft atrum have been studied by the
author and Magn * Some cases of rheumatic disease with a systohc murmur
present a normal tracing others present evidence of increased pressure and
mtial regurgitation most of them however present a new plateau like pat
tern ndicating transmission of mtraventacular pressure to the left atrum
(p 321) This does not imply valvelar damage because acute carditis may
also cause regurgitation However repeated exarmnations were found very
useful i the evaluation of myocardial and valvular lesions

CONCLUSIONS

The graphic tracings are helpful 1 the diagnosts of rheumatie carditss

Among them the most useful are

1 The electrocardiogram (changes of rate or rhythm prolongation of PR
and Q T munor evolutionary changes of S T and T)

2 The phonmocardiogram (systolic apical and pulmomc murmuss short
dastolic rumble triple thythm)

3 The electrokymogram (typical pattern over the left atnum)
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CHAPTER 41

Mitral Valve Lesions

MITRAL INSUFFICIENCY

Mutral wnsuffictency 1s usually the first result of a rbenmatc leston of the
mutral valve Frequently later a partial fusion of the two leaflets causes some
degree of stenosis However even 1o advanced cases mutral msufficiency may
predomunate to such an extent that the chical prcture 1s that of regurgitation
only Although rheumatic fuver 15 the most frequent cause, mutral wsuffictency
may be due to endocarditis from other causes, whenever the endacarditis of
the mtral valve 55 caused by bacteria mutral msuffictency s the most un
portant or the only vonsequence The graphic methods are of smportance
for the diagnosis

Electrocardiogram

Increased voltage of the ventnicular complex a the hmb and chest leads
1s not unusual Left axis deviation may be noted whenever the left ventricle
15 enlarged (Fig 145) Thus QRS has waves mamly directed upwards 1n
aVL and 1n 1 downwards n aVF and 3 A qR complex 15 noted m the
chest leads V4 to V6 If the Ieft veatricle 1s markedly hypertroplued (as 1a
most of the advanced cases) some degree of broadening of the complex 15
present mverted T 1 aVL 1 and m the chest leads V5 Vé may also occur
The P wave 1s frequently tall notched or diphasic as a result of left atral
enlargement (Fig 222) The P R terval may be shghtly prolouged reach

w7
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1ng from 0 20 to 0 24 second as a result of an old rheumatic lesion of the con
ducting system Atmnal fibrillation 1s frequent, especially if the patient 1s m
failure, or has been digitalized for several years

Phonocardiogram

In umtial or slight msufficiency a smmple prolongation of the central phase
of the first sound 15 present, later, the vibrations of the first sound contmue
during the first half of systole with decreasing nten
sity When mutral wsufficiency 1s established, three
L types of murmurs can be recorded
1 ? 1 A systolic murmur with gradually decreasing

Bt vibrations both high and low pitched (Fig 146A)
iz} This systolc murmur 1n decrescendo 15 the most
common finding
2 2 A systolic murmur which continues through
out all systole with the same intensity, the vibrations
are mostly high pitched (soft murmur) This ail
systohc murmur 15 less common and s found
mostly in children (Fig 146 C)
3 A late systolic murmur with mcreasing mten
sity before the second sound This systolic murmur
n crescendo  1s rare
Fi6 145 Electrocardio The first lugh vibration of the first sound complex
gram with left axis de  may be high (closing snap of the mutral valve, Fig
viation (standard Lmb 146 A B) The second high vibration of the second
1?:: ise)mcgiiagé 3}?:“;: sound complex may become more visible and high
tral nsufficiency (no hy- pitched (opeming snap of the mutral valve, Fig
pertension  no  aortic 147 B Tiis phenomenon however 1s already
lestons) evidence of a more severe damage to the valve and
possibly of mitial stenosis (Figs 153 and 154)

One of the diastolic sounds (third sound fourth sound) or both, may
become high When only one of them 1s loud auscultation teveals a triple
rhythm (Figs 146 A and B) When both are loud a diastolic rumble 15
usually heard (Figs 147 A D) An mcorrect diagnosis of mitral stenosis
may be made n such cases upon chintcal auscultation This 1s more common
m children * but 1s frequently observed also 1n adults !

Tracings recorded over the pulmonary artery may show a distinct systolic
murmur and a loud or spht second sound (Fig 147 B)

Apex Cardiogram

The low frequency tracing of the apex often shows the foliowing
changes ** * quick nise followed by sudden drop before the end of the first
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Fic 146 Cases of xheumauc hcart dls:asc with
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compared with a Tow Irequency Lracmg of the apex m
A with the ecgin B and C

A Systolic murmur 1n decrescendo at apex (sm)
triple rhythm of ventricular type (3:d) B Faint sys
tolic murmur at apex triple thythm of summaton type
(S) C Loud hugh pitched all-systolic apical murmur
n a child of 10 thurd sound
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Fic 147 Cases of rheumauc he:m disease with pre~
dommant mtral insufficiency

A Loud all systohc murmur at apex (sm) loud, low-
pitched diastolic sounds Stethoscoprc tracing and ecg B
Systolic musical murmur, and spht second sound over pul
monic area Stethoscopic tracing and ecg C, Aprcal sys-
tolic murmur high apical thrust Log:mthmxc and low-
frequency tracings at apex D Famnt systolic murmur Loud
duastolic sounds (quadruple rhythm) Stethoscopic and
low frequency tracings at apex
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sound complex low level of the pomnt 2b, at times high waves dunng
diastole (both waves 3 and 4 are high) (Fig 147 D)

Low frequency tracings recorded outside the apex (regional cardiograms)
show

1 High atnal wave (4) over the midprecordum (strong Jeft atnal con
traction)

2 High vascular wave (p) at the 2nd left interspace (lugh pulmonic
pulsation)

Jugular Vein Tracing Pneumocardiogram

Both these tracings often show large waves

Electrakymogram

Ths tracing 1s of pnmary importance for diagnosis

The electrokymogram should be recorded as a border tracing of the left
atnial appendage and of the postenior border of the left atnum in both
oblique positions (p 183) A densogram of the left atnum can also be
recorded 1n certain cases as well as a border tracing of the Ieft atrial append
age

gAs already described (p 191) the normal tracings of the left atrium con
sist of a sharp negative wave 1 presystole (inward motton caused by atnial
contraction) and a more rounded negative wave m systole (mward motion
caused by lowenng of the a v septum only partly compensated by venous
flow 1nto the atrium) Tn cases of mutral msufficiency a new pattern 15 vistble

1 The presystolic negative wave 1s deeper and broader (unless there 1s
atnal fibnllation) on account of stronger atrial contraction (Fig 149 A) *

2 The systolc negatve wave has disappeared and 15 substituted by a
positive plateau There 1s 2 rapid nise 1n early systole a sharp angle a straight
or concave line 1n systole another sharp angle then a rapid drop after the
opeming of the mitral valve (Figs 148 149)

The systolic plateau 1s the graphic expresston of a systohc swelling of
the left atrum dunng ventnicular systole caused by the blood which
Tegurgitates from the left ventncle 1t resembles a tracmg of left atnal pressure
recorded 1n ammals with expenimental mutral mnsufficiency ® or m patients
with early rheumatic disease ™ It 1s simular to a tracing of mntraventneular
pressure (Fig 79)

Graphic differentiation between this plateau and possible artenial pulses 1s
usually not difficult (Fig 150) The vanous stages of insufficiency from the
shightest degree to the severe regurgitation are resealed by successtve sub-
stitution of the plateau for the normal systolic trough (Fig 151) It may
happen that one of the oblique positions reveals the typical pattern while

* This presystolic wave 13 especially deep over the left atral appendage thus fact 1s partly
due to the strong contraction of thus structure which catses umportant motion phenomena
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the other does not It 15 likely, though not proven that this indicates a
moderate regurgitation The exstence of this diagnostic pattern which

had been previously detected by roentgenkymography,’ ¢ was demon

21 e
| |
1 t
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Fic 148 Scheme of the typical changes m
mutral regurg) El diog) hono-
cardiogram  electrokymogram of left atum elec

8] P Yy vems | 34
capillary’ pressure Dotted lines indicate normal
tracings

strated by the author with
Fleischner' ! and con
firmed by various other e
searchers ® 9 17 -5 #

The electrokymogram of
the pulmonary veins presents
two typreal changes

1 A high and broad post
tive wave 1 presystole,
equivalent to the a wave
of the jugular tracing

2 Alugh positive plateay
m systole, the result of in
creased pressure and trans
mission of the plateau like
tracing of pressure from the
left atrial cawity It reveals
the fact that dunng systole
the blood cannot flow from
the pulmonary veins into the
left atrium

Esophagocardiogram

This tracing recorded at
the level of the left atnum
shows a typical pattern It
conststs of a high and peaked
postve wave 1nstead of the
negative wave which 1s nor
mally present dunng ventric
ular systole®® ¢ The m
portance of this tracing 18

decreased by the ease of recording an electrokymogram, and the typical pat
tern revealed by that method However an esophagoeardlogram can be
studied 1f one lacks an elcctrokymograph and 1s more accurate if recorded by
an electromanometer (ptezo esophagocardiography’®)

Conclusions

The graphic signs of mutral insufficrency having diagnostic value are
1 Ewidence of a systolic murmur at the apex (phonocardiogram)
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Fi6 149 Rheumatic heart disease Mitral msuffi
ciency Electrokymograms of the left atrium revealing
a platean like nse during ventricular systole 4 patient
with smus rhythm B patent with atnal fibnillation
C patient with atnal fibnllation and extremely severe
regurgitation a atnial wave
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Ist 2nd

Phono _M_

Eky

Fi6 150 Electrokymogram of left atnum Sketch showng
differentiation of the posive plateau 1, from the pulse of the
pulmonary artery 2, from that of the hilar vessels 3, or that of
the lungs 4 Shape and relationship of the waves to the heart
sounds are different (From Lwisada and Fleischner, courtesy of

Am J Med )

2 Evidence of an increase tm volume of the left atrium during ventricular
systole (electrokymogram of the left atrium  esophagocardiogram)

RELATIVE MITRAL INSUFFICIENCY

In general the electrocardiogram 1s normal or reflects changes caused by
coronary or hypertensive heart disease or by lestons of other valves

Fic 151 Scheme of electrokymograms of feft
atnum 1n mutral lesions Line /, normal, Line 2,
severe regurgation and atnal fibnllation Stp
pled hnes represent intermediate stages

The phonocardiogram
presents a seres of high
pitched vibrations of poor
amphtude during  systole
There may be noreal systohc
murmur while the first sound
1s prolonged There may be
accentuation of those low
pitched vibrations catsed by
vascular distention  which
are frequently found in not
mal subjects and represent
the last phase of the first
sound (p 44)

The electrokymogtam of
the left atrum may be en
tirely normal However, if
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dilatation of the mutral ring causes an actual and important regurgitaton of
blood, the typical pattern of regurgitation (plateau) may be present (p 321)

MITRAL STENOSIS

Narrowing of the mitral valve (mutral stenosis) 1s usually one of the late
results of rheumatic endocarditis and 1s nearly always accompanted by
regurgitation However 1n certain cases whether through a spectal type of
deformuty of the valves or on account of lack of growth of the ostium (mild

Fic 152 Electrocardiogram of a case of mutral stenosts with sius rhythm
Ryght axs deviation Rught ventricular hypertrophy Typrcal P wave

endocarditis 1 the early stages of life) mutral stenosis though severe scems
clinically unaccompanied by segurgitation

Electrocardiogram

Several changes may be observed (Fig 152)

1 High diphasic or notched P wave m the limb Jeads Diphasic or m
verted P 1n V1 and V2

2 A prolonged P R nterval (0 21-0 24 second)

3 Right axis deviation revealed by companng aVL with aVF, or lead
1 with lead 3

4 A shift of the transiional zone n the chest leads revealing that the
night ventricle forms all of the anterior portion of the heart and even the apex
(1S complex m V1 to V5)
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5 Possible nght bundle branch block or mtraventricular block
6 Possible disturbances of the rate and rhythm consisting of atnal prema
ture contractions atnal flutter or fibrillation, paroxysmal atnal tachycardia or

ventricular tachycardia
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FiG 153  Mutral stenosis Opening snap of the
mitral valve (os) Above loganthmic’ tracing
Center stethoscopic tracing Below linear trac
mng (low frequency tracing—or apex cardio-
gram)

Phonocardiogram

The findings vary with
different auscultatory signs
angd over different areas

1 There may be a pre
systolic murmur in cres
cendo at the apex This
reveals itself by a series of
oscillations m late drastole
which increase 1n intensity
and then fuse with the Ist
sound (Fig 155 B and C)
If the conduction time 15
long the presystolic murmur
may be separated from the
first sound and loses 1ts
crescendo  type In ex
treme prolongation of con
duction this murmur may
even fall sn early diastole
(Fig 156) This murmut
disappears 1f there 1s atrial
fibrillation

2 There may be a rum
bling diastolic murmur also
at the apex Tius 1s revealed
by a series of rregular and
low pitched vibrations (F1g
155) They start some trme

after the main oscillation of the second sound-complex with a small but
rapid vibration (the opening snap of the muitral valve) they continue until
middiastole or late diastole with decreasing 1ntensity, and then disappear
There may be a pause between this murmur and the presystobe murmur
if duastole 1s long If, on the contrary, diastole 1s short, the diastolic muf
mur contmues and merges with the presystolic murmur A high wibration
equivalent to a gallop sound may be recognized within the murmur of the

stenoss 15 not too severe
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Fic 155 Rheumatic heart disease Mitral stenosis Stethoscopic phonocardio-
grams recorded within the apex in three different cases compared with linear trac
mgs (low frequency tracings)

A, Systolc murmur, opening snap (os) loud third sound, early-diastohc murmut
(dr)

B Presystolic (pm) and systolic murmurs, diastolic rumble (dr) Slow filling of
Ieft ventricle

C, Typical presystolic (pm) murmur no systohc murmur opening Stap (on)
third sound long diastolic rumble (dr) Slow filling of Ieft ventricle
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3 The opeming snap of the mural vahe (Figs 153 and 154) 1s a typical
vibration which alone s sufficient to diagnose a lesion of the mutral valve
and probably mutral stenosis It 15 a rapid vibration which 1s separated from
the main vibration of the second sound complex by an interval of from 0 08
to 0 12 second ** * This nterval 1s of vaniable length from cycle to cycle 1f
there 15 atnal fibnllation © -'* The snap 15 frequently followed by diastolic
vibrations but 1t may be 1solated It 15 recorded best at the midprecordium Tt
should be distingwshed both from the physiologic opeming sound of the
mutral valve and from the third sound (or gallop sound) (Fig 158) The

15" k 2nd )
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Fxc 156 Rheumauc heart disease Mitral stenosis Long PR mnterval
(026 ) Ph and The murmur caused by

the amal contraction (dm) takes place m early diastole and 1s distant from
the first sound

opening snap 1s an of the physiol opening sound but has
a higher pitch and takes place later on account of delayed opeming of the
mutral valve According to Holldach s observations ® the opeming snap takes
place in those cases of mutral stenosts where the leaflets are still flexible not
1 those with callous cusps It comcides with the point 2b of the cardiogram
(Figs 153 and 158) with the pomt ¢ of the pneumocardiogram and with
the v wave of the jugular tracing (if the latter 15 not delayed) It may be
recorded over a large area of the chest at times even outside the precordinm

4 Tt 1s common to observe the vibrations of a systolic murmur at the
pulmonic area Curnously enough these vibrations are frequently louder in
the early stages of the disease unless severe dilatation of the pulmonary artery
1s present There frequently 1s a split second sound (Fig 157) The distance
between the two phases of this split sound vanes from 0 04 to 0 08 second
Very seldom 1s the splitting audible when the mterval 15 below 0 06

5 There may be an early diastolic murmur in decrescendo at the pulmontc

* According to kuo and Schnabel (Am Heart Assn 1952} both the delay between QRS
and first sound and that between mam vibration of second sound and opemng snap remain
fixed whenever there 13 severe mutral or zortic msufficiency



330 The Heart Beat

area due to pulmonic mnsufficiency (Graham Steell murmur) This murmur
15 usually of short duration, appearing only duning congestive farlure (Fig
144 C) A smmilar, persistent murmur mdicates sclerotic or endocarditic pul
monic mnsufficiency ** An aortic diastolic murmur i this region 1s, of course
extremely common
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Fic 157 Rheumatic heart disease Mitral stenosis
and wnsufficiency
A Stethoscopic ph am over pul area
Loud systolic murmur (sm) spht second sound

B Stethoscoprc phonocardiogram at apex Fainter sys
tolic murmur, opening snap of the mutral valve, loud
diastolic murmur (dm)

C Electrocardiogram

1

When atnial fibnllation 1s present the interval between QRS of the electro
cardiogram and the mam vibration of the Ist sound complex may vary
becommng longer when the preceding drastole 1s short on account of delayed
mutral valve closure Thus the miferval between QRS and the first high
vibration of the first sound may become vanable 4 10 1*

* Accordimg to huo and Schnabel (Am Heart Assn  1952) both the delay between QRS
and first sound and that between mam vibration of second sound and opening smap Femanm
fixed whenever there 1s severe mutral or aortic insufficiency
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When a case of mutral stenosis has no audible murmur either no murmur
15 recorded (rare) or there are low pitched inaudible vibrations during
diastole (subsonic murmur) In both cases the murmur may appear or be
come audible after exercise

Cardiogram

The low frequency tracing of the apex (apex cardiogram) may reveal the
following phenomena (Fig 155)

1 Slow mse of the tracing durng the tenston peniod with a delay of the
peak 1a (delayed closure of the mitral valve) * ¢

2 Slow descent of the tracing after the pomt 2a (delayed opening of the
mutral valve) and a slow rise afterwards (slow filling 1n early diastole) 2

3 Small or absent atnial wave (difficult filing of the left ventricle)

The low frequency tracing of the second left interspace (regional cardio
gram) often reveals a high systolic wave (large pulsation of the pulmonary
artery) That recorded over the third left interspace may present a high
atnial wave (large pulsation of the left atrum)

Epigasine Tracing

The epigastric tracing frequently shows a high atrial wave (large pulsation
of the nght atrum) and a high systolic pulsation (strong contraction of the
right ventricle) *

This tracing frequently shows a diphasic H wave a high L and a
deep M 3

Electrokymogram

The electrokymogram of the left atrum  studied by the author with
Fleischner ¢ frequently reveals the typical pattern of mutral regurgitation
(p 321) even 1n cases where no systolic murmur 1s heard or recorded This
confirms that the occurrence of pure mitral stenosis 1s Jess common than pre
viously thought The stenosis of the mutral valve 1s frequently revealed by a
small notched or prolonged atrial wave i presystole ** If there 1s atrsal
fibnllation the atnal wave disappears Stmilar findings were reported by
others 1n subsequent studies © ® ** 3 Andersson® observed increased depth of
the presystolic wave over the left atrial appendage not over the left atnial
border It 1s Iikely that the mcreased depth 1s due not to a change n volume
but to a positional change on account of the high mobility of the hyper
trophred appendage

Cardiomanometry

Catheterization of the nght heart reveals that the pressure of the mght
ventncle pulmonary artery and pulmonary capillares is frequently increased
This 15 due to the narrowing of the mutral valve plus structural changes of
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the arterioles, and frequently also pulmonary vasoconstriction Average values
for the pulmonary artery were 30/16 m patients without heart failure and
69/34 n patients with failure? ® These values should be compared with
the normal average figures of 20/9 Direct recording of pressure n the left
atrum before comnussurotomy” has revealed pressures of 25-30 mm Hg
during ventricular systole, caused by the msufliciency of the mutral valve Exal

2od ¢

2tz |

Splt 2nd Sound

Opening Snap

Phono

Third Sound

Jug Trac

Cord

Fig 158 Differential diagnoss between openg snap of the mtral valve third
heart sound and spht second sound

uation of the mtral area and of the regurgitant flow has been attempted on the
basss of data supphed by cardiomanometry ® The study of the night ventricular,
pulmonie, and pulmonic capullary pressures at rest and during exercise has
been used for evaluation of arteriosclerosis of the pulmonary vessels Even
though thus evaluation 1s still not exact the data are of mterest Lack of in
crease of pulmomc capillary pressure during exercise while right ventncular
systolic pressure 1s very high and diastohc pressure 1s normal has beent ac
cepted as evidence of arteriosclerotic narrowing of the pulmonary vessels
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Conclustons

The most important graphic signs of mutral stenosis having diagnostic
value are
1 Changes of the electrocardiogram
2 Ewustence of typical murmurs (phonocardiogram)
3 Evidence of increased volume of the left atrium duning ventricular systole
due to associated mutral msuffictency (electrokymogram of the left atrium)

RELATIVE MITRAL STENOSIS

It has been proven that whenever the left ventricle 1s severely dilated the
blood penetrating through the mtral valve creates whirlpools which cause a
rumbhing diastolic murmur This murmur may be recorded by phonocardiog
raphy m cases of acute rheumatic fever coronary heart disease or aortic
msufficiency It can be often differentiated from that of absolute mutral
stenosis because composed of high and irregular vibrations which start rather
late 1 drastole and are not preceded by an opening snap of the mutral valve
(Figs 161 162 and 163) These vibrations may be recorded in certain cases
over a wide surface of the precordmm **

It should be kept m mnd that upon auscultation the presystolic murmur
of mitral stenosis may be stmulated by a crescendo type of the first sound? ** ¢
and by triple rhythms or other abnormal cadences * ¢
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CHAPTER 42

Aortic Valve Lesions

AORTIC INSUFFICIENCY

Similar graphic findings are obtamed m the various forms, the syphilitic
the bacternnal and the rheumatic The only important difference 1s that the
syphilitic form 1s usually associated with ‘relative stenosis while the others
are frequently associated with absolute stenosis (p 346)

Electrocardiograms

The most typical finding 15 left axis deviation, revealed by comparison of
aVL with aVF and lead 1 with lead 3 (Fig 159) Additional changes may
consist of

1 Prolongation of the P R nterval

2 Ewdence of left ventricular hypertrophy and anterolateral ischemd
(Fig 220) The former consists of mcreased voltage, a shight prolongation of
QRS (not exceeding 0 11 second) and a delay of R over the begnning of the
complex of more than 0 04 11 V5-V6 The latter 1s revealed by lowering of
mversion of T 1n aVL (and lead 1) and 1n the chest leads V4 to V6

3 Left mtraventncular block or bundle branch block

4 Abnormalittes of ST and T other than those related to 1schemia of
bundle branch block

These changes are connected with either rheumatic lesions (P R) or

336
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coronary disease The latter 1s favored by the hemodynamic changes caused
by the vatvular lesion and may be present in the syphilittc form

5 Left ventricular premature beats are common Ventricular tachycardia
may occur

Phenocardiogram

Tracings recorded over the aortic area show that the mam vibration of
the second sound complex 1s followed by a series of other vibrations of high
pitch They are usually of
Limrted amplitude 1n com
parson with the auditory
mpression and  decrease
gradually (Figs 160, 164
and 165) When a broken A
or everted valve 1s the cause
of regurgitation the vibra
tions are higher and may

aVR aVvL

be regular (musical mur 2 v2 a
mur) (Fig 160C) vé

The charactenistics of
the diastolic murmur vary r'\‘
In some cases the vibra

tions follow each other with
a decrescendo type In
other cases the vibrations
have a crescendo decres
cendo type as described by
Sprague et al* The mur
mur sometimes ends
early diastole while m most ave
cases continues with small FI6 159  Electrocardiogram m aortic msuffi
vibrations throughout all <8¢y (Sketch from actval case )
diastole If the murmur 1s musical as in cases with an everted aortic valve or
calcification of one of the leaflets the vibrations are regular and present a
concertina like appearance

The first sound may be impure (low or prolonged) because of myocardial
damage There may be a high vibration (aortic opening click) which shghtly
precedes ** or comncides® with the rise of the carotid pulse If 1t precedes this
Tse 1t 15 an openng click of the 1 valves 1f it des with 1t 1t1s
due to the systolic distention of the dilated aorta

Vibrations due to a systolic murmur are common (Figs 160 and 161) they
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Fig 160 Luetic heart disease Aortic nsufficiency
Phonocardiograms recorded over the aostic area mn four
different cases Case C had an everted aortic valve with
stdden appearance of the murmur following strenuous ex-
ertion dm soft early-diastoltc murmur
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are similar to those encountered 1n organic aortic stenosis  relative stenosis
of the aorta and aortitis

Studies of the author on the Austin Fhint murmur® have revealed the
following

1 Insome cases a triple thythm 1s present

2 In others the low amplitude of the first phase of the first sound and
the high amplitude of the opening click give the impression of a presystolic

i’\‘ *""’tﬁ"‘\W"'\ frefb il
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Fic 161  Aortic msufficiency coronary heart disease hyperthyrordism A steth
oscopic phonocardiogram at apex B loganthmic phonocardiogram at apex There
1s a mud drastolic rumble (dr) connected with the atrial contractton which becomes
occasionally spht (dr dr) Subsequent tracings revealed a triple rhythm There
also 1s 2 systolic murmur (unmarked)

murmur to the unaided ear A delay n the occurrence of the first sound® may
contribute to this

3 In others slow systolic vibrattons arismg in the aorta are louder than
the first sound and may be easily mistaken for 1t (Fig 163 A)

Therefore 1n most cases exther there is a triple rhythm or the presystolic
murmur 1s due to an auscultatory 1llusion

Subsequent studies of the author with Montes'® have shown that 1n rare
cases the phonocardiogram reveals a diastolic rumble which may be mistaken
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for that of mutral stenosis (Figs 161, 162 and 163) However, the followng
differential data may be observed 1 such cases

1 There 1s no opening snap of the mitral valve

2 The murmur starts rather late in diastole

3 The vibrations are of unusually large amplitude

4 They are secorded over a large area, sometimes over the entire precordum

1st 7 2nd’ i '
|l|} }fmv {dm ] Ly 'y M
oo o |

Fi6 162 Luetic and coronary heart disease Aortic msufficency Austn Flnt
murmur (AF) (relative mutral stenosts) Phonocardiogram over mudprecordium
A diastolic rumble 15 present during atrial contraction Subsequent tracings faled
to reveal this rumble

Phonoarter ograms and Blood Pressure

Artenal sound vibrations may present the following types *°

1 There may be a single, extremely loud, sound durng the expansion
of the artery (pistol shot sound)

2 There are two sounds The first of these falls duning the expansion of
the artery while the second falls during artersal collapse and precedes the
dicrotic wave (double tone of Traube [Fig 164 A])

3 There are two murmurs These replace the two sounds and are favored
by compression below the point of recording They are more easily observed
over the femoral artery (double murmur of Duroziez [Fig 164B])

Artenal pressure recorded by the graphic method (p 154) has usually 2
tigh systolic and a low diastolic level However the latter 15 seldom as low a5

dicated by clinical
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Cardiogram

In most cases the low frequency tracing of the apex {apex cardiogram)
shaws a tugh early systolic wave foliowed by a deep depression In certam
cases however, a hugh systolic plateau 1s present (Fig 165) 1f the record 1s
taken outside the apex a deep systolic depression represents the mam aspect
of the tracing
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Fi6 163 Luctc and coronary heart disease Aortic msufficiency Austin Flint
murmur (relative mitral stenosis) confirmed by autopsy 4 Loganthmic tracing
atthebase sm systolic murmur dm soft dastolic murmur B Loganthmic tracing
at the apex sm systolic murmur pm presystoltc murmur m crescendo

ﬂ_-s_..

The atnal wave 15 often high 1n the syphihitic and arteriosclerotic forms
Rapud fillng 15 often accompamed by a hugh wave in early diastole which 1f
marked 15 typical (the blood regurgitating from the aorta increases the
rapudity of filling)

Tracigs recorded either over the second nght interspace or the suprasternal
notch (aortograms p 70) reveal a high systehc wave
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FIG 164 Two cases of aortic msufficiency Femoral sounds and pulses A
Double tone of Traube B Double murmur of Duroziez

Pulse Tracings

The typical pulse curve presents a rapid ascent a quick descent and a
small dicrotic wave (Fig 166) The quick descent 1s systohc and therefore
not directly connected with the regurgitition of blood The comparison of
various tracings at different sites shows that transmisston of the pulse wave 1s
rapid 1n all arteres

Jugular Ve Tracing
The only remarkable finding 15 a deep systohc collapse
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Pneumocard ogram

The systolic waves are very deep There may be only a deep +/ or a fusion

of v with v2 The point s 15 high and the pont ¢ 15 even higher (Fig 167)

This 1s due to the regurgitation of blood into the left ventricle which rapidly

increases the content of blood of the chest

Roentgenkymogram

The dilatation of the aorta occurs very early but the pulse wave moves

slowly at first
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Fi6 165 Rheumatic heart disease mutral stenosis and aortic insufficiency
Loganthmie phonocardiogram over aortic area 4 Stethoscopic phonocar
diogram at apex B Low frequency tracing at apex (apex cardiogram)

Electrokymogram

The border tracing of the aortic arch reveals a rapidly expanding and
rapdly collapsing pulse (Fig 166) the absolute magmtude of the pulse 15
increased ® The border tracing of the left ventricle shows a pulsation made
of a rapid and large drop (rapid ventricular contraction) and a nise 1n early
diastole which 1s faster than in normal subjects® (Fig 168) The latter 15
due to the fact that the left ventricle 15 distended by two streams the normal
left atnal blood and the aortic regurgitant blood
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Fig 166 Aortic msfficiency Carotid tracing
and electrokymogram of aortic’arch (border trac
ing) Rapid rise and rapd collapse of the pulses
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Fic 167 Pnetmocardiogram 1n sortic msuffi
ciency High ST tract due to the regurgitation
Deep V1-V2 due to large ejection

Conclusions

The graphte signs having
diagnostic importance are

(Fig 169)

1 The electrocardiograplic
changes

2 The soft high putched

early diastolic  murmur
(phonocardiogram)
The rapidlv expanding
and rapidly collapsing
arterial pulse (carotrd
tracing electrokymogram
of the aortic arch)

4 The unusual sound or
murmur dunng the col
lapse of the perpheral
arteries  (phonoarterto
gram)

The 1ncreased rapidity of
filling of the left ventricle
(electrokymogram of left
ventricle  apex  cardio
gram)

w

A

RELATIVE AORTIC
INSUFFICIENCY

Functional insufficrency of
the aortic valve 1s due to i1
complete closure caused by
weakness of the musculature
of the left ventricle This has
been described sn heart fail
ure 1n acute rheunauc dis
ease and 1n the thyrotovic
heart ¥ The posstbiluty of 2
relative  aortic  nsuffict
ency in severe hypertension
has been also demon
strated * *
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Fi6 168 Aortic msufficiency Can B
Carotd tracing and electro- I
kymogram of the left ventr LIFT el 1SN
cle The rapd nse (arrow) i [‘J
mn early diastole reveals the ]
regurgitation of blood nto
the left ventricle g
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Fi6 169 Scheme of the changes of graphic tracings 1n aortic 1n-
sufficiency The dotted fines indicate the normal pattemns, the full
lnes the abnormal



346 The Heart Beat

In these cases, the only graphic findings are the vibrations of the diastoltc
murmur m the phonocardiogram The murmur usually consists of three to
five vibrations in decrescendo immedrately after the second sound The
pulse and blood pressure tracings, the electrocardiogram, and the electro
kymogram fail to show typscal data
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Fic 170 Two cases of caleific aortic stenosis Musical systolic murmurs over
the aortic area Ph diograms and el grams In A the murmur 1s of
a much higher pitch than in B

AORTIC STENOSIS

Aortic stenosis may be congental 1t may be caused by rheumatic of
bactenal endocarditis or by fibrosis or calcification of the valve (calcific aortic
stenosis) often due to atherosclerosis In all these forms the graphic findings
are directly related to the valvular Jesion Rheumatic endocarditis frcqucnlly
causes also mutral valve Iestons and many of the above cases also have an
aortic sufficiency

Electrocardiogram

The data are stmular to those caused by aortre msuflicency (p 336) be
cause they are related to the enlargement of the left ventnicle and to the
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possible association of coronary and myocardial lestons Sinus bradycard:a 1s
frequently observed Even dunng heart fallure there may be a relative
bradycardia
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FIG 171 Rheumatic heart disease aortic msuﬂicncncy and stenosis Phonocar
diograms (stethoscopic tracings)

A Apex transmitied systohic murmur (sm) loud second and third sounds early
diastoltc low pitched murmur (dm) B Aortic area diamond shaped systolic mur
mur (sm) absent second sound early-drastolic high pitched murmur {dm)

Phonocardiogram
The ph diogram gives evid of the systolic murmur which 15 re
vealed by a series of vibrations of both high and low pitches The vibrations
mcrease gradually and often assume the shape of a wave having maximum
mtensity m the second half of systole (dramond shaped murmur) (Figs 170
171 172 and 173) The second sound has a low amplitude and may dis
appear In certain cases the second sound 1s loud over the second nght
( from pul area) but d over the first
A loud fourth (atnal) sound s often present

PP
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Cardiogram

The ascending part of the systohic impulse 15 either slow or double ( camel
back or staggered profile) The systohc murmur may be accompanied
by a semes of vibrations which are the graphic expression of the thril
(Fig 172)

Fi6 172 Calafic aortic stenosis Stethoscopre and linear tracings at the ape<

(4) and over epigastrium (B) rough systohic murmur staggered ventncular con
traction

Arterial Pulse

The pulse tracing shows an ascending phase which 1s slower than normal
As this phase 15 often nterrupted by a well marked depression (anacrotic
notch), the pulse 1s called anacrotic pulse If recorded at the suprastemal
notch or on the carotid artertes the pulse tracing may show a seres of wbm‘
tions which are simultaneous with the murmur (so called carond shudder)
(Figs 173, and 174)
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Fig 173  Two cases of calaific aortic stenosis Sound tracings and aortic pulses
at suprasternal notch Slow rise ;n A anacrotic pulsation iz B

Fic 174 Carotid tracing and electrocardiogram 1 a case of aortic
stenosts Anacrotic pulse
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Blood Pressure

Graphic tracings of blood pressure frequently reveal an auscultatory gap
This consists of the absence of arterial sounds 1n a zone between systolic and
duastolic pressures While the sound tracing reveals the “gap’ the pule
tracing does not The phenomenon seems to be intimately connected with
the anacrotic depression of the pulse and the less rapid distention of the
artery during that phase of the cycle (Fig 175) * °

Fic 175  The auscultatory gap n a case of aortic stenosis (two successive meas
urements)

Electrokymogram

The border tracing of the aortic knob presents an anacrotic depresston
stmifar to that exhibited by the carotid pulse the border tractng of the left
ventricle reveals abnormalittes of contraction similar to those exhibited by the
apex cardiogram

Conclusions

The graphic signs of dragnostic importance are (Fig 176)

1 Electrocardiographic data

2 Emstence of a diamond shaped murmur and of a weak second sound
over the aortic area (phonocardiogram)
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3 Proof of an obstruction located at the aortic valve (apex cardiogram
aostogram carotid tracing electrohymogram of the left ventricular border
and the aortic arch)
4 Existence of an “auscuftatory gap 1n the record of the Korothow
sounds and of an anacrotic depression 1n the tracing of the artersal pulse

RELATIVE AORTIC STENOSIS

Patients with a dilated asconding aorta usually present a systolic murmur
caused by the disproportion between normal valvular opeming and large

S —

FiG 176 Scheme of the changes 1n aortic stenosis The dotted hines
mndicate the normal pattecns the full mes the abrormal

artenal vessel Pattents with atherosclerosts and fibrosts of the aortic leaflets
also may present a systelic murmur over the aortc area Both groups of
patients mught be dragnosed as having aortic stenosts while no obstacle to the
outflow from the left ventricle 1s present The phonocardiegram cannot be
used for the differential diagnosis of these cases because the murmur s
diamond shaped and presents trregular vibrations as i cases with absolute
stenosis Tt should be noted however that in relative stenosis the vibrations
are less high and the second acrtte sound 1§ normal or loud In cases with
organic stenosis the apex cardiogram the fortogram of the suprasternal
notch and the caratd tracing reveal typical data which are evidence of
obstruction they fail to do so 1n cases with relative stenosis or vatvular fibrosts
Sumlar data are supplied by the electrohymogram
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CHAPTER 43

Tricuspsd Valve Lessons

TRICUSPID INSUFFICIENCY

Treuspid nsufficiency 1s extremely rare asa pure defect It 1s much more
frequent 1n combmation with trcuspid stenosss, mutral defects, or an ateral
septal defect

Electrocardiogram

There 15 a nght axs deviation Atnal fibrillation 15 common and occurs
early (Fig 177) Veatncular premature beats and attacks of vestrcular
tachycardia are frequent n the later stages A peaked and diphasic P wave
1 lead V1?35 frequent an the ealy stages and reveals nght atnal hypertrophy
(Fag 222)

Phonocardiagram

This tracing records a systohic murmur in decrescendo  or a continuous
systolic murmur over the tncuspid area and at the nght of the sternum This
murmur s frequently high pitched and becomes Jouder s inspiration®
(Fig 178) Thus a companson between tracmgs taken m mspiration
and expreation permuts differentiation from a mutral systohc musmur be
¢cause the latter decreases or remains unchanged 1n mspiration Moreover this
murmur 15 louder over the tricuspid area than at the apex a companson be
tween the apical and the tnicusprd ph drog ludes a t d
murmur (Fig 179)

353
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Fic 177  Electrocardiogram 1n a case of rheumatic heart
lesion of the mutral and tricuspid valves Atnal fibnillation
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Fic 178 Rheumntie heart disease with nutral and
tocusprd nsuffciency and stenosis The systolic and
diastolic murmurs recorded over the tricuspid area are
louder i inspiratory apnea (A) than m exp ratory
apnea (8) indicating therr connection with night heart
pressure changes
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Cardiogram

This tracing reveals that the region of the apex has a retraction or backward
thrust duning ventricular systole On the other hand there 1s a systolic for
ward thrust of the eptgastrium the lower part of the sternum and the night
precordial area ** This double motion creates a see saw movement
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Fic 179 Rheumatic heart disease Mitral and trcuspid msufficiency and
stenosss 4 Phonocardiogram over tricuspid area B Phonocardiogram at
apex Different duration and loudness of the murmurs

Epigastnc Tracng

This tracing may reveal a high early systolic wave (thrust of the nght
ventricle) followed by a late systolic pulsation (hepatic pulsation) However
frequently the enlarged liver occupies the epsgastrium and a pure hepatic
tracing 1s recorded If the sinus thythm 1s preserved there is a high atrial wave

Jugular Tracing Hepatie Tracing

Studues of these tracings have been made by MacKenzie'® and 1n more re
cent years by Kerr and Warren ® White and Cooke ** Hallock and Clarke 3
Groedel * the author ® and Sprague and co workers * Both tracmgs show a
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high positive presystolic wave (unless atrral fibrillation 1s present), and a ugh
positive, systolic wave The latter assumes in severe lesions the aspect of a
positive, systolic platean sumilar to a tracing of intraventricular pressure (Figs
180 and 181) * If the regurgitation 1s moderate, the wave 1s more rounded
has a slow rise a peak in late systole, and an abrupt descending Iimb m early
diastole The lhver of these patients has been called the systolic hver

T

AN
stole M
Fic 180 Two cases of rheumatic heart disease with mt

tral and tocuspud leswons Hepatie tracings The hugh sys
tolic plateau mdrcates severe tricuspid insufficiency

!

Venous Pressure Cardiomanometry

Venous pressure 1s usually elevated
The pressure of the right atrium 15 shightly elevated and presents a typical

#1t 1s a common musapprehension that # large fight ventricle may cause a transmutted
systolic pulsation of the lver which may be mustaken for that of tricuspid msufficiency
Actually 1f there 1s a transmtted pulsatron it takes place only m the first part of systole (early
systolic mmpact followed by systolic depression) That caused by tricuspid tnsufficiency 8
either Iate systolic (shght lesion) or all systolic and plateau ke (severe leston) No mustake
15 possible whenever a hepatic tracing 1s avatable

11t has been stated that severe stenosis causes a delay of both the nse and the fall of the
tracing Thus would differentsate insuffictency due to vatvulitis from that due to dilatation



Tricuspad Volve Lesions 357

merease during ventricular systole This has been demonstrated both 1 ex-
penmental defects” and 1n clinical cases The mibal tension of the nght ventn
cle 15 wncreased but the amphtude of the ventncular pulse pressure 1s de
creased on account of the regurgitation The pulmonary pulse pressure is
decreased on account of reduced ejection of the right ventricle

‘V
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Fi6 181 Rbeumatic heart disease wath mitral and tncus-
pid stenosts and msufficiency Above Jugular tracing Belon
Hepatie tracing High systolic platean

Preumocardiogram
There 15 a deep negative systohic wave (fusion of 11 with v2) followed by
A positve early diastohc wave The succession of the negative and positne

waves may cause 2 very mspressive movement of aw (cog wheel respira
tton)® * (Fig 182)

Electrakymography
The border tracng of the nght atnum in tncuspid msufficiency sbould
present a typical pattern, 1dentical to that of the left atnum m mutral insuff
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clency Actually the mght atrial tracing 1s so influenced by the contraction
of the nght ventricle that such a pattern 1s encountered only n severe re
gurgitaton In many of the authors cases the liver and the jugular tracing
were typrcal while the electrokymogram was not When typical, the eky pre
sents a deep presystolic, negative wave caused by nght atral contraction
This 1s followed by a large, square positive systohic plateau, caused by the
blood which flows back mto the night atrium dunng ventricular systole The
plateau resembles a tracing of intraventricular pressure as 1t has been demon
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Fic 182 Cog wheel respration in tncuspid nsufficiency
without stenosis (pm  control) Ecg and nasal resptration

strated by Marchal and co workers ¥** The border tracing of the right ventn
cle shows an abrupt and eatly termmation of contraction both m chmical cases
and m expenmental studies

Conclusions

The graphic data having diagnostic importance are (Fig 183)

1 Ewvidence of a systolic murmur over the tricuspid area with msprratory
mcrease (phonocardiogram)

2 Ewidence of increased volume of the right atnum during ventricular
systole (Jugular and hepatic tracings clectrohymogram of the night atrem)

* As most cases present both mutral and tncuspid insufficiency special care should be taken
to avord recording a left atnial tracing on the night border or in 2 densogram
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3 Ewvidence of high pressure witlun the night atnum with severe mcrease
m systole (catheterization)

RELATIVE TRICUSPID INSUFFICIENCY

This d 15 fi t lly m severe gestive faillure with
dilatation of the night ventricle The soft systolic murmur 15 recorded mn
phonocardiograms and 1s simdar to that caused by an orgamc lesson The
systolic plateas visible 1n jugular and hepatic tracings may not be as typical
as mn organic insufficiency 1 general ong can observe a gradually nsing
line dunng ventnicular systole culminating 1 a peak soon after the second
sound *

TRICUSPID STENOSIS

Electrocardiogrom

The electrocardiogram may present a high P wave However atrsal fibnl
lation 15 often present
Phonocardiogram

The phonocardiogram may reveal the vibrations of a diastohc murmur over
the tricuspid area Comparative tracings may show that this murmur 15 louder
and has a fower pitch than a diastohe murmur recorded at the apex (Fig
179), moreover 1t mncreases 1n mspiratory apnea (Yig 178)

Jugular and Hepahie Tracings

Both the jugular and the hepatic tracings show a high presystolic atrial
wave 1f sinus rhythm is preserved (Figs 184 and 185) The large atnal wave
of tricuspid stenosis described by MacKenzie ** was confirmed 1n more recent
years by several authors® * ** Puddu’ noted that if there 15 no venous en
gorgement the high presvstolic pulsation is present only m the jugular bulb
and not 1n the more dictal parts of the vein This Jarge wave bas no diagnostic
value because 1t may be present i patients having heart falure and night ven
tncular hypertension without tricuspid stenosis # #
Electrokymoaram

The eky of the nght atrum reveals an increased depth of the presystolic
wave 1 cases with sinus thythm (Fig 185A)
Cathetenzaton

The pressure of the nght atoum 1s high but there 1s no increase dunng
ventricular systole
Conclusions

Graphic data of some value are revealed by the ecg and the jugular and
hepahc \mcmgs but only 1f sinus shythm 13 preserved Even these are not

y 1 Ad he murmuy d by ansp {pho

* See second footnote at page 356
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b6 183  Scheme of the changes caused by tricuspid insufficency
Full hmes=abnormal pattern Dotted Lines=normal pattern Stppled
hne=abnormal eky 1n d y Ph diog]
Jugular and hepatic tracings, electrokymogram of the right atrium

diogram) and the evidence of high nght atrial pressure (catheterization)
are found both 1n cases with smus rhythm and in those with atrial fibrllation

RELATIVE TRICUSPID STENOSIS

This condition 15 caused by severe enlargement of the right ventricle with
a normal tricuspid valve It may occur m cases with chromie cor pulmonale
The phonocardiogram reveals the existence of a diastolic rumble which be
comes louder s mspiration and, therefore simulates the rumble of organi¢
tricuspid stenosts ** This possibility 1s rare because the ostium of the tricuspid
valve 1s usually dilated whenever there 1s severe right ventricular enlargement
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Fic 184 Rheumatic feart disease Mitral stenosts and msufficency
sricuspid stenosis A Pulmont® yhonocnxdwgmm B aortc phonocar
diogram € electrocardiogram D hepati€ tracing Spht second sound
due to delay of pulmome valve closure High vresysmhc wave m the
hepatic racing (Supenmposed tracngs )
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Fi 185 Rheumatic heart disease Mitral insufficiency shght tnt
cuspid stenosis A Electrokymogram of night atum deep and pro
longed presystolic wave B Phonocardiogram triple thythm Jugular
tracing  high presystolic wave C qumc tracing  high presystolic
wave
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CHAPTER 44

Pulmome Valve Lesions

PULMONIC INSUFFICIENCY
Electrocardiogram

The typical finding 15 nght axis deviation, evidence of mght ventrcul:
bypertrophy 15 frequent, and there may be night bundle branch block The
wave 1s often high 1n leads 2 3 and aVF, and especially n V1 (pattern ¢
night atrral hypertrophy [Fig 222]1)

Phonecardiogram

The phonocardiogram reveals a drastohic murmur which 1s similar to th:
of aortic regurgitation except for the area of best recording (second an
third left wnterspaces) (Figs 186 and 187) The vibrations of this murm
are frequently of a lower pitch than 1n aortic msufficiency (rougher murmur
and are well transmutted both toward the xiphord process and toward the le!
clavicle *

Pneumocardiogram

The pneumocardiogram may show a hugh p wave 1n systole, evidence of
strong pulsation of the pulmonary arteries
Pulse Tracings

Pulse tracings fail to show the rapid nse and the rapid fall which ar
typreal of aortic msufficiency
364
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Fic 186 Ph d of pul i y The patent had a
patent ductus with a typxcal ‘murmur Following ligation without division a
soft early diastohic puimonic murmur (dm) appeared The pulmonic msuffi
ciency was apparently caused by traction
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Fic 187 Mitral stenosts plus organic pulmomnic msufficiency Typical early
diastohc murmur (dm) over second left interspace Stethoscopic and linear
tracings over pulmontc area

Electrokymogram

The border tracing of the pulmonary knob shows igh pulsations larger
than those of the aorta These pulsations have 2 rapid nse and a rapid
collapse 2 The densograms of the hila and lungs also show large and rapid
pulsations (pulsus celer) (Fig 188)
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Cardiomanometry

The pulse pressure 1s mncreased 1 both the right ventricle and the pulmonary
artery Diastolic pressure of the latter 1s extremely low and may be zero
(Fig 188)

P T
Ecg A

First Second
Sound Sound

Pulm A

Eky

Fi 188  Schemc of the changes tn pulmonic nsufficiency Elec
d h 4 1 grams of the aortic

tr gram p Y
and pulmonic arches

Conclusions

The graphic data having a diagnostic value are
1 Ewidence of nght ventricular and atral hypertrophy (electrocardio
Tam)
£ 2 Soft carly diastoltc basal murmur ‘in decrescendo at the left of the
sternum with poor transmission (phonocardiogram)
3 Absence of a collapsing arterial pulse (pulse tracing)
4 High and collapsing pulsations of the pulmonary artery hila and Tungs
(electrohymography)
5 Increased pulse pressure and low diastolic pressure 1 the pulmonary
artery (cardiomanometry)



Pulmonic Valve tesions 367

These data are sufficient for establishing a correct diagnosis even i the
presence of other valvular defects

RELATIVE PULMONIC INSUFFICIENCY

A relative regurgitation of the pulmontc valve may occur in any conds
ton leading to severe pulmome hypertension It has been described i acute
and chronic cor pulmonale Lutem
bachers syndrome and matssl stenosss 1T
In the latter the resultmg murmur s i i

§

krown as the G Steell murmur In i
phenossrdogans, e travonsof e 1 RN
murmur are usually of bmef duration : l‘!‘ i

and of a high pitch =1

PULMONIC STENQSIS

Electrocordiogram

T
3 i

The electrocardiogram shows night
aus deviation There 15 evidence of
nght ventricular hypertrophy and there L | ’LLI :_” } m
may be right bundle branch block The
P wave 15 often ligh i leads 2 3 aVF f‘fw:‘fg E,cff,‘,fc:fdg';ﬁ“ﬁ’ “]E"Satf
and especially 1 V1 (pattern of nght ¢ nght aus deviation )
atnal hypertrophy [Fig 222])

Phenocardiogram

The tracings recorded over the second left mterspace may show a very high
n * This 15 the opening snap of the pul valve It s followed by a
series of both high and low prtched vibrations presenting fisst an mcrease
and then a decrease and resembling the shape of a pulse wave This 15 the so
called diamond shaped murmur (Fig 190) However the murmur 15 some
tsmes so foud that 1t includes all systole without any vanation of mtensity The
second sonnd 1 weak however if the murmur 15 loud and prolonged, 1t 1s
diicult to state whether the latter 1s weak or covered by the murmur

Jugular Tracing Hepane Tracing
These tracings may show a high atnial wave

Epigastnic Troong

This tracing shows a hugh ateral wave and a high but slow mtial ventric
ular wave
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Fic 190 Pure pulmontc stenosts proven by catheterization Phonocardiograms
A Young woman of 23 B, Child of 8

Apex Cardiogram
There frequently 1s a negative systolic wave
Electrokymogram

The border tracing of the pulmonary knob reveals frequently a decreased
magmitude of the pulsations However, these may be Jarge 1n cases with
valvular stenosis or associated aneurysm of the pulmonary artery The pulsa
tion 1s late and has a slow nise a late peak and no mcisura The most typlc:ﬂ
tracings were found in cases with post dul on # The densog]
of the hilar shadows and especially those of the lungs reveal small or absent
pulsations

Cardiomanemetry

The pressure pulse of the right veniricle 1s large Pressures of 65/5 and
190/0 have been encountered ® 7 On the other hand the pressure of the
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pulmonary artery 1s normal or low with values of 15/0 to 30/14 or 30/18

the dastolic pressure of the latter may be slightly increased Thus the pres

sure gradient between night ventricle and pulmonary artery 1s increased (Fig
191) This 1s the most sigmificant fact which has diagnostic value in cases of
mild and well tolerated stenosis In some of these cases nght ventricular pres

sure 1s normal and pulmonic pressure 1s shightly Jow Exercise increases the
gradient Pressure tracings of the nght atnum may show the existence of ex

tremely high atrial waves due to strong contractions of the right atrum *
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Fi16 191 Scheme of the changes i pul stenoss P & and
pressure of right ventnicle and pulmonary artery 4 Pulmonc stenosis B normal
G gradient of pressure between night ventricle and pulmonary artery

Conclusions

The graphic data having dagnostic value are

1 Ewidence of night ventricular and night atrial hyperiraphy (electrocard:
ogram)

2 Loud dramond shaped systolic murmur and weak second sound over
the second left interspace (phonocardiogram)

3 Small slow pulsations of the pulmonary artery and absence of pulsa
tions of the Iungs (electrokymogram)
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4 Increased gradwent of pressure between right ventricle and pulmonary
artery (cardiomanometry )
The last has a decisive value in doubtful cases and 1n modcrate stenosis
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CHAPTER 45

Uncompheated Shunts

Several uncomplicated shunis are the result of congemtal abnormalies
The most common are atnal septal defects ventricular septal defects and
patent ductus arteriosps Less common 15 a congemtal fistula between aortic
root and pulmonary artery Acquired shunts may be the result of myocardal
nfarct purulent myocarditis, or syphilis

ATRIAL SEPTAL DEFECTS

Abnormal communication between the two atria may be due to persistence
of the foramen ovale other defects of the septum (including persistence of
the foramen primum) or complete absence of the interatnal septum The
sevenity of the signs increases from the first to the tast of the three possibilities
Dilatation of the pulmonary artery and hypoplasia of the aorta are frequently
associated with these lestons

Electrocardiogram

nght axis deviation 1s nearly constant Right ventricular hypertrophy s
frequent Rught bundle branch block s very common reaching up to 95 per
cent © The P wave was found high and peaked by Brumbk * normal by Wood
and co workess *° It has the type hing r1ght atrial enlarg (Fig 222)
The P R interval 1s frequently at the upper It of norm  Atnial fibnllation
'S 4 common complication

n
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Phonocardiogram

There may be no murmurs However a systolic murmur 1s common Ths 15
revealed by a series of both high and low pitched vibrations which are re
corded best over the second or third left interspaces and frequently assume a
diamond shaped aspect This murmur has been interpreted as a functional
murmur caused by dilatation of the pulmonary artery and trigonoidation of
the valve The second sound 1s Ioud and 1s frequently split The vibrattons of
an early diastoltc murmur ‘in decrescendo, caused by functional insufficiency
of the pulmonic valve are recorded over the second and third mterspaces
m one half of the cases ¥ ' In advanced stages when heart failure sets in
a functional diastolic rumble, simulating that of mitral stenosss, may be re
corded over the mudprecordium This was noted by the author 1n 3 cases
where diagnosts was made only postmortem

Jugular Tracing Hepatic Tracing

If sinus rhythm 15 preserved, a hugh presystolic wave may be recorded This
may lead to the erroneous diagnosis of tricuspid stenosis favored by a some
what simular chinical prcture
R L 7 4 El L 24 £l

Abnormal roentgenkymographic patterns 1n the border tracings of the atria
were described m one case by Freda ® It 1s possible that electrokymography
may reveal typical patterns High pulsations over the pulmonary koob the
hilar shadows, and the pulmonary parenchyma are also bikely to be observed

Cardiemanometry

Catheterization of the heart reveals a normal pressure 1n the cavae and 2
normal or slightly increased pressure 1 the right atrum right ventricle and
pulmonary artery This proves that there 1s an crease of flow with hittle
change 1 pressure The typical data therefore, are supplied by determination
of the oxygen saturation which 1s typically increased 1n the nght atnum In
some cases the catheter was passed through the atmal opemng nto the left
atnum and even mto the left ventricle

Conclusions
The graphrc data having some value are
1 Rught ventricular and nght atrial hypertrophy Right sntraventricular
block (electrocardiogram)
2 Systolic murmur over the p area (ph 4
3 Increased pulsations of the pulmonary artery and hila (electrokymog

raphy)

1 1

am)
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However a definite diagnosis can be based only on the finding of a higher
oxygen content of the nght atrium (cardiac catheterization)

VENTRICULAR SEPTAL DEFECT

The clinical picture 1s caused by the absence the incomplete closure or the
pathologic rupture of the ventricular septum The first two are due to congent
tal malformations while the third follows myocardial mfarct or exceptionally
rupture of an abscess When there 1s a small opening n the membranous
part of the septum the syndrome 1s called Roger s disease

Electrocardiogram

This tracing may be normal However shight night aus deviation or nght
mtraventricular block have been observed It 1s even more common to note
a prolongation of the PR
s B
complete av block These
abrormahiies are due to E E
associated lesions and may
be absent The complete a v
block has a somewhat ugh
ventricular rate (50 75) so
that 1t may not be noted at Fic 192 Electrocardiogram of a case of ventr1
casual physical examination cular septal defect with long P R mterval (022)
The QRS may be M shaped
ST and T may be atypical Pronunent Q tall R and verted U waves m
V5 V6 have been observed by Wood*® while V1 showed well formed R waves

Phonocardiogram

The most typrcal finding 15 that of a Joud systolic murmur (Fig 193) This
may be recorded over the entire precordium but 15 usually loudest over the
third left mterspace It frequently spreads toward the right side of the chest and
may be recorded fairly well over the right midelavicular hine It may spread
upwards to the aortic area It 15 usually much famnter at the apex even in
young children This murmur may have various graphic aspects The vibra
tions usually are not 1n decrescendo like those of a mitral murmur nesther
are they diamond shaped like an aortic murmur They start 1n early systole
and may present rhythmic variations 1n loudness like organ pipes ** There
may be a late systolic murmur with an abrupt end at the second sound The
second pulmonie sound 15 usually loud but 1s seldom sphit There frequently
s a triple thythm occastonally quadruple thythm can be observed In certan
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cases a soft early dustohc murmur (aortic?) has been noted Confusion
with the murmur of patent ductus 15 then avoided only by a careful study of
the sound tracing

Low Frequency Tracing

According to Vicu ' the Jow frequency tracing reveals an extremely short
duration of the 1sometric tenston period due to the shunt The tracing becomes
normal agam during a Valsalva test

Co L
i o) i

(AR
[ T

Fi¢ 193  Phonocardiogram at midprecordium 1n a case of ven
tricular septal defect confirmed by catheterization Loud all systolic
murmur

Electrokymography
Observations of the author with Fleischner? revealed the followsng data
1 The pulsations of the pulmonary artery are higher than normal but sull
smaller than those of the aortic arch The nise of the pulmonic pulse 1s normal
2 The pulsations of the hila and lungs are somewhat igher than normal
the nise of the pulse 1s slightly faster than normal (tendency to pulsus celer)
3 The speed of the pulse wave between pulmonic arch and pulmonary
parenchyma 1s normal

Cardiomanometry

The pressure 1s normal in the night atrum, 3t may be normal 11 the nghdl
ventnicle and pulmonary artery On the other hand 1t 1s frequently 1rcrease
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16 both chambers on of d pul 'y penipheral 1
Orymetry reveals a typical increase of oxygen saturation m the blood of the
nght ventricle

In the acquired cases the murmur 1s very loud the electrocardiogram
dicates night ventneular stran card 'y reveals d night ven
tricular pressure

Conclusians

In most cases 2 graphic diagnosss can be based on the following data

1 Normal or slightly abnormal electrocardiogram (in acute supture nght
axss deviation) Possible prolongation of P R or complete a v block

2 Typcal pt ) with evid of a rough and long systolic
murmur sell fransmitted toward the nght side of the chest

3 Electrokymographic evidence of normal speed of the pulse wave n the
pulmonary cueulation

In doubtful cases oxymetry reveals mereased oxygen content m the nght
ventricle (cardiac catheterization}

PATENT DUCTUS ARTERIOSUS
Electrocardhogram

In certam cases this tracing 15 normal (Fig 194) However 1t1s common
to observe lelt axis deviation (Fig 195) Left bundle branch block may be
present Evidence of left ventricular hypertrophy may be noted  severe cases
A shght prolongation of the P R interval has been descubed 1 some of the
cases 1t was probably due 1o an assocuated lesion

Phonocardiogram

The phonocardiogram gives important data There 15 a typical machinery
murmur revealed by coarse vibratrons These statt at the beginnung or at the
middle of systole merease dunng the last part of systole cover the second
sound and then decrease gradually dunng the first part of diastole In other
words there 15 4 single late systolic-early duastolic murmur overnding the
second sound (Fig §96) This murmur dofferent from any otfier caused by
valvular festons was described by Routier™ and confirmed by Hubbard * In
cases with a large ductus the murmur 15 continuous but still increases m ate
systole In young chuldren chimically one may have the inpression of a systohic
mummur The tracing however rzseals that the murmur has still the maximum
m late systole and early diastole

The murmur has the above-described aspect because 1t 1s caused by the
blood passing through the ductus If the ductus s narrow the blood passes
only dunng the phase of maximum height of pressure m the aorta and lowest
pressure 1n the pulmonary artery If the ductus 1s wide blood passes through
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Fic 194 Left axis deviaion  Fi¢ 195 Scheme of the electrocardiogram
n a case of patent ductus arter-  from a case of patent ductus without axis
osus deviation

out the entire cardiac cycle but stll has an acceleration mn late systole and
continues 1n early diastole, when the pressure of the pulmonary artery drops t0
a very low level This murmur 1s recorded best over the first and second left
nterspaces and fairly well over the suprasternal notch and the second night
interspace The author has frequently noted a loud snapping sound n early
diastole without bemng able to explain is exact nature 1t may be a spht second
sound or a spectal vibration of the wall of the pulmonary artery A functional
diastolic rumble may be recorded at the apex

Cordiomanometry

Normal pressure 1s found in the nght atnum The pressure of the nght
ventricle 1s either normal or increased That of the main pulmonary artery 1S
increased 1n two thirds of the cases ' Whenever pulmonary artenal resistance
1s increased the level of pulmonary pressure 1s proportional to the size of the
shunt otherwise there may be a Jarge shunt with a normal pulmonasy pres
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sure An abrupt nise of both systolic and diastolic pressures and a charac
teristic pulse contour at the site of the ductus have been described ® Oxymetry
seveals a typically increased oxygen saturation in the blood of the mam
pulmonary artery

Fic 196 Phonocardiograms of two cases of patent ductus
artertosus Pulmonic area Continuous murmur overriding the
second sound Mawumum 1n late systole and early diastole

Electrokymography

The most sigmficant results are obtained by the study of the border tracings
of the aortic and pulmonic knobs and of the densograms of the hila and lungs
(Fig 197)°

1 The pulsations are mcreased in both the aorta and the pulmonary
artery more so m the latter There 15 a rapid nise of the pulse of the pulmonary
artery (pulsus celer) and there may be a high dicrotic wave *

* Older studes of roentgenkymography described a double wave the second wave was
attributed to the blood shunted through the ductus Tt 1s d fficult to ascertain whether 1t 15 so or
whether the dicrotic wave 15 increased
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2 The pulsations of the hula and lungs are many times Jlarger than in
normal subjects the rise of the pulse 1s rapid (pulsus celer), a high dicrotic
wave or a systolic plateau are recorded over both structures

Comparison of the three tracings reveals an mncreased speed of transmission
of the pulse wave

il | il
o

il
i

- N

Fic 197 Electrokymogram» m a case of patent
ductus Rapid pulse and high dicrotic wave int the pul
monary artery The high pressure flow through the duc
tus creates a plateau hike pattern int the hilum and lung
Increased speed of transmission of the pulse wave
(Tracings superimposed so that they preserve their
exact time relationship )

Pulse and Blood Pressure Tracings

In the typical cases with a large shunt the arterial pulse has a rapid ise
and a rapid collapse (pulsus celer) Systolic pressure 1s shghtly increased
dsastol 1s d d the pulse pressure 1s increased

P
Conclusions

In most of the cases diagnosis can be based on the following data

1 Normal electrocardiogram or evidence of left axis deviation

2 Typical machmery murmur late systolic—early diastolic murmur OVer
niding the second sound (phonocardiography)
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3 Large and rapidly nsing pulsation tugh dicrotic waves and increased
speed of the pulmonary waves (electrohymography)

A hgh oxygen content and possibly a higher pressure are found m the
puimonary astery {cathetenzation) However this procedure 1s necessary only
in difficult or atypical cases

AORTIC SEPTAL DEFECT

This congenttal malformation presents sumlar data to those of patent ductus
artenosus However the murmur s recorded best over the center of the heart
Diffesentiation of thys Jesion from patent ductus asteriosus 15 tmportant How
ever the only graphic duffe 1data are a diff location of the murmur
finding of a high ovygen content 1n a more prosmal section of the pulmonary
artery posssbility of passing the catheter into the ascending aorta
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CHAPTER 46

Complex Congental Malformations
of the Heart

These malformations are usually accompanied by the three chnical signs of
cyanosis clubbing of the fingers and polycythemia They have a short
circulation time due to passing of the chemical through the shunt from right to
left In considening these forms as a whole one should keep m mind that the
syndrome of Fallot (or tetralogy of Fallot) 1s the most common of the cyanotic
syndromes (probably 75 per cent of the cases) and that 1t becomes even more
statistrcally predommant after adolescence

These malformations are caused by an arrested development at an early
stage of fetal hife before completion of the torsion of the pnmutive cardiac
tube (socalled detorston of Spitzer) The resultant abnormality consists
of the stenosis of one ostum or valve plus one or more shunts dextroposition
of the aorta or transposition of the Jarge vessels The most common stenosis
1s that of the pulmonary ostium and 1t 15 most frequently assoctated with a
latge aorta overnding an opeming of the ventncular septum It may be
associated with an additional atnial septal defect Stenosts (or atresia) of the
tricuspid valve 1s next which 1s compatible with life only if there 15 a double
shunt The msufficiency of the tricuspid valve caused by a special malforma
fion 15 usually associated with an atri1l septal defect and another shunt

381
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Stenos:s of the aorta (or coarctation of the aorta*) 15 usually assoctated with
patency of the ductus

‘Various graphic findings are common to several of these malformations
Electrocardiogram? ¢ # 10

Right ventricular hypertrophy and 1schemia are common (Fig 198) They
are found n

oVR avi

V"V’\f '

s
LN\ AL

,‘4/\" vs
Ries

oVF
Fic 198 Scheme of the electrocardiogram from a case of tetralogy of Fallot

1 Tetralogy of Fallot (1ncluding cases with pulmomnic atresia)
2 Transposition of the large vessels
3 Pulmonic stenosts plus atrial septal defect (frequent but not constant)
4 Patency of the ductus plus aortic stenosts or atresta or coarctation of the

aorta (anfantile type)
5 Mutral atresia (or severe stenosts) plus atrial septal defect and patent
ductus
Eisenmenger complex
Lutembacher s syndrome
There may be right bundle branch block The P wave has a high voltage
mleads 2 3 and aVF it 15 high and diphasic with imtial and predamuaant
positne phase 1n V1 (Fig 222) indicating night atrial hypertrophy

Left ventricular hypertrophy and 1schemua are less common They are found
n

*uU i 15 d d in Chapter 51

~




Complex Congenmtal Malformations of the Heart 383

1 Trcuspid atresia (or severe stenosis) plus atrial septal defect and
patent ductus arteriosus

2 Ebstemn s syndrome (tricuspid insufficiency plus patent foramen ovale) *

3 Common artenal trunk (except rarer cases)

4 Single ventricle with a common artenal trunk single ventricle with both
great vessels ansing from a rudimentary chamber (cor biloculare or cor
triloculare biatriatum)

5 Pulmonic atresia (or severe stenosis) plus atrial septal defect and patent
ductus arteriosus

6 Pentalogy of Fallot (tetralogy plus foramen ovale)

In many of these cases, there also 1s left bundle branch block There fre
quently 15 evidence of right atrial hypertrophy (Fig 222) contrasting with
left ventricular hypertrophy

In deciding about changes of the axis 1t will be necessary to exclude
positional changes revealed by the unipolar mb leads and to observe the
data supplied by the umpolar chest leads including V3R and V4R (p 233)

Prolonged P R interval (or complete a v block) may occur 1 any of the
complex malformations but 1s more commeon 1n those including a ventricular
septal defect

Fhonocardiogram

The phonocardiogram gives typrcal data only n a few complex malforma
tions

1 Inmalformatons including patency of the ductus there 1s a late systohc—
early diastolic murmur overniding the second sound (p 375)

2 In malformations mncluding an overriding aorta (like the tetralogy of
Fallot or the syndrome of Essenmenger) different pictures are recorded over
the various areas A systolic murmur with various possible configurations
most often having 2 diamond shaped aspect 1s recorded over the left border
of the heart (pulmonic stenosis) (Figs 190 and 191) On the other hand 2
trple thythm due to addition of an early systolic group of vibrations 1s fre
quently recorded over the center of the heart or at the right of the sternum
(F1g 199) This typical picture first described by Calo ® was found by the
author 1n several cases Tt may be explamed with a vibration of the im of the
septal foramen caused by the meeting of the two ventricular streams

3 Cases of Lutembacher complex may present a diastolic rumble and an
opening snap over the mudprecordum similar to those of uncomplicated
mtral stenosis (p 326)

4 Cases with an Eisenmenger complex may present not only 2 systolic
murmur but also a hugh pitched early diastolic murmur over the pulmonic

*In Ebstens syndrome bundle branch block or mntraventricular block 1s extremely com
mon This may mask the evidence of 1schemia
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FiG 199 Phonocardiogram n four cases of te

tralogy of Fallot Trple thythm due to a systohe
group of wibrations (so-called systolc gallop),

s s=systolic vibrations

area This 15 caused by pul
monic nsufficiency (rela
tive or absolute) which 1s
a common complication
(Figs 186 and 187) The
second pulmomc sound 1
loud and may be split

5 Cases having a fora
men ovale in assocration
with pulmonic stenosts tn
cuspid atresia or tricusptd
insufficiency (the last com
bination 1s called Ebstemns
syndrome) may present 2
short presystolic murmur
separated from the first
sound This murmur was
recorded by the author at
the left of the sternum
(second and third mnter
spaces) and seems due to
passing of the blood
through the shunt durng
atrial contraction

Allother cases reveal the
vibrations of a systolic mur
mur and this may vary 11
configuration and loudness
over the various areas ac
cordng to the combimation
of lesions

It should be noted that
the phonocardiogram may
exclude rheumatic heart
lestons or on the other
hand reveal such a typical
picture of mtral insuffi
ciency and stenosis that the
diagnosis may be changed
to that of rheumatic he:m
discase In this regard two
considerations should be
hept m mund
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1 That cases with an atnal septal defect plus a congemital stenosis of the
tocaspid or a rheumatic stenosss of the mutral do present a diastolic rumble
caused by a v valvular stenosts

2 That a relatve stenoss of exther the mutral (p 333) or the tricuspid
valve (p 360) may cause low pitched duastolic vibrations which should be
differentiated from those of an organie stenosis

Juguler Tracing  Hepatc Tracing

These tracings present a certamn mterest in the combmation of tricuspid
nsufficiency with an atnal septal defect (Ebstein s syndrome) This syndrome
15 caused by a special malformation of the tncuspid valie which causes Iack
of apposutron of the leaflets and results i the fact that one part of the nght
ventnicle being above the valve pushes (he blood backwards dunng venine
ular systole For these reasons both tracings present a typical systohc platear
wdeatical to that of tncusped msufficiency (Figs 181 183) (p 355) In the
differential diagnoss one should keep 1o mund that i exceptional cases of
Lutembacher s syndrome 2 high postne pulse was recorded over the jugular
vems 3t was caused by the blood regurgitating through the mutral valve and
passing from the Jeft to the nght atrum through the septal defect This event
15 however rare The jugular tracing may be absolutely normal s cases of
tetralozy of Fallot (Fig 200}

Carotid Tracing

The carotid tracing presents interest in the following conditions

1 Those associated with qorc stenosis an anacrotic staggered pulse 1s
recorded (Figs 174 and 176) (p 346)

2 Those assocrated with a Jarge overniding aoria (Fallot Ewsenmenger) a
Iugh carotid pulse with normal profile 1s recorded (Fig 200)

Electrokymogram

The electrokymogram reveals many mportant data 1n complex malfor
mations Tts value 18 not as yet completely proven simply because few cases
have been studied so far

Typical data are the following

1 Cases with pulmomc stenowis (Fallot and others) Small late staggered
pulmonic pulse s certam cases lack of any artessal pulsation in the  pulmonic
wndow recording of a normal atrial pattern due 10 the Jeft atnal appendage
1 othets ** small pulsations of the hular shadows no pulsation of the pulmo
nary parenchyma (p 199) Thsss particularly ymportant i those cases where
fluoroscopy reveals large ilar vessels recening blood from the bronchual or
mediastinal artenes  these vessels have hittle or no pulsation The tracing of
the night ventricle reveals a ponerful systolic contraction
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2 Cases with pul, dil (E ger) present large pulsations
of the pulmonary artery hila and lungs If the pulmonary artery 1s severely
dilated (aneurysm), the tracing reveals a slow mise a rounded peak, and a
slow return to the baseline

3 Cases with pulmonic insufficiency present a typical pattern over the
pulmonary arch (p 375)

4 Cases with coarctation of the aorta present sudden cessation or decrease
of the pulsations below the narrow section

Fic 200 Phonocardiogram jugular and carotid tracings mn a
case of tetralogy of Fallot (superimposed tracings)

S Cases with mutral regurgitanon {Lutembacher s syndrome) present 2
typical pattern over the border of the left atnum which resembles a tracing
of intraventricular pressure (p 321) (Figs 149 150 and 151) Ttis poSSlble
that 1n some cases a similar pattern may be found over the night atrial border
(regurgitant wave through atnial septum) However, this was not true it 3
cases studied by the author The tracings of the pulmonary artery, ila and
lungs reveal powerful pulsations That of the pulmonary artery may reveal
a slow nise and a rounded profile mn cases with pulmonic aneurysm

6 Cases of Ebsteins syndrome may reveal a plateau like tracing of the
night atnnum indicating severe tricuspid regurgitation (p 357) (Fig 183)
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Cardiomanometry

It 15 difficult to overemphasize the value of cardiac catheterization 1n com
plex malformations of the heart It should be kept m mund that the data
supplied by card y are suppl d by those of oxymetry and by
the fact that the catheter may penetrate certain structures 1t an unusual way
or may not be able to enter passages which are normally open Thus passing
of the catheter from the night ventricle nto the aorta reveals a nding aorta
while faling to penetrate the pulmonary artery may sndicate pulmomic
stenosis Penetration from the right imnto the left atrrum indicates atrial septal
defect from the night into the left ventricle ventricular septal defect Penetra
tion from the pulmonary artery into the aorta confirms patency of the ductus
Lack of penetration mto the night ventricle may be caused by tricuspid atresta

Pressure changes revealed by catheterization are the following

1 High pressure in the right atrium 1s found 1

Pulmonic stenosis plus patent foramen ovale

Tncuspid stenosts or atresia with shunts

Trcuspid insufficiency plus patent foramen ovale (Ebstein s syndrome)
Mitral stenosis and insufficiency plus patent foramen ovale (Lutembacher s
syndrome)

In (c) and (d) but espectally 1 (c) there 1s a marked increase of
pressure durtng ventricular systole due to regurgitation

a0 oo

2 High pressure in the right ventricle 15 found 1n

Tetralogy of Fallot

Eisenmenger § complex

Transposttion of the large vessels

Pulmonic stenosis plus patent foramen ovale

Cor biloculare and cor triloculare with a single ventricle

Common arterial trunk

Tocuspid sufficiency plus atrial septal defect (Ebsteins syndrome)
Aortic stenosis or coarctation plus patency of the ductus

Mitral atresra with double septal defect

- @ om0 a0 o

3 High pressure in the pulmonary artery 1s found mn

Eisenmenger s complex

Aortic stenosis or coarctation plus patency of the ductus

Transposition of the large vessels (the catheter may enter the pulmonary
artery only after penetratng mto the left ventrrcle through the patent
ventricular septum)

Lutembacher s syndrome

o o e

a
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e Cor biloculare and cor triloculare with a single ventricle
f Mitral atresia with double septal defect

Correlation

The following schematic data can be useful in some of the most common
conditions

1 Tetralogy of Fallot Evidence of nght ventricular dilatation and hyper
trophy (ecg) Systolic pulmomc murmur, weak second pulmonic sound,
systolic gallop (phono) Small and abnormal pulsations of the pulmonary
artery or lack of any pulse, no pulsation 1n the lungs (eky) High pressure in
the right ventricle, possible penetration of the catheter into the left ventricle or
aorta difficult penetration into the pulmonary artery, increased pressure
gradient between nght ventricle and pulmonary artery due to high pressure
m the former and normal or low pressure m the latter

2 Eisenmengers complex Evidence of night ventnicular hypertrophy and
stram (ecg) Systolic gallop, systolic and possible early diastolic pulmontc
murmur loud and frequently spht second pulmonic sound (phono) High
pressure mn the right ventricle and pulmonary artery easy penetration of the
catheter into the latter, possible penetration nto the left ventricle or aorta

3 Lutembacher s syndrome Evidence of a diastolic rumble and presystolic
murmur over mudprecordium (phono) Large pulsation of the pulmonary
artery Ila, and lungs typical pattern of regurgitation over the left atrum
(eky) High pressure 1 the night ventricle and pulmonary artery (catheter!
zation)

4 Ebstens syndrome Evidence of left ventricular hypertrophy and stram
and of nght atnal dilatation (ecg) Systolic tncuspid murmur (phono) Evi
dence of tricuspid regurgitation (jugular and hepatic tracings) High pressure
n the right atrium and ventnicle possible penetration of the catheter mto Teft
atrium

S Tricuspid stenosts or atresia with shunts Evidence of left ventricular
and mght atnal hypertrophy and stramn (ecg) High pressure 1n the left
atrum  difficult or mmpossible penetration of the catheter mto the nght
ventricle

6 Aortic stenosis or coarctation plus ductus Evidence of right ventricular
hypertrophy and steain (ecg) Typical murmur riding over the second sound
(phono) High pressure m the chambers of the right heart and pulmonary
artery possible penetration of the catheter through the ductus nto the aorta

7 Transposition of the large artertes Ewvidence of nght ventricular
hy pestrophy (ecg) Possible penetration of the catheter into the aorta 1mpos
sible penetration nto the pulmonary artery from the night ventricle

8 Common trunk Evidence of left ventricular and possibly nght ataal
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bBypertrophy and stran (ecg) Possible penetration of the catheter into the
trunk or aorta

9 Pulmonc stenosis with patent foramen ovale Evidence of night ventric
ular hypertrophy (occasional left) (ecg) Diamond shaped systolic murmur
over pulmonic area weak second pulmonic sound (phono) High pressure in
the chambers of the nght heart difficult penetration of the catheter into the
pulmonary artery, 1f successful penetration evidence of low pulmonic pressure
with increased gradient between right ventricular and pulmonic pressures
possible penetration imnto the left atrum

Conclusions
Diagnosis of complex malformations 1s difficult on account of multiple
possibiliies and ndividual varanons All possible data are necessary for
a correct diagnosis and they mclude physical and fluoroscopic data, electro
cardiographic phonocardlographlc and electrokymographic tracings Both
diography and catheterization supply fund 1 data those of the
latter are based on cardiomanometry oxymetry and penetration of the
catheter All of them may be necessary in difficult or unusual cases
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CHAPTER 47

Dusturbances of the Cardiac Rate and Rhythm

TISTURBANCES DUE TO ABNORMAL EXCITABILITY
Sinvs Tachyeordia

Sinus tachycardia may be caused by exercise digestnve disturbances or
emotion Jt may be due 1o fever drug action or endocnne disorders Many
cardiac diseases may be associated with 1t low blood pressure 1s frequentlv
2 cause of tachycardia
ELEcTROCARDIOGRAN  The atnal and ventnicular waves follow each other
manormal way P R may be shghtly longer but not over 0 20 second Diastole
1sshort so that the end of T 1s near the following P (Fig 201 A) In the adult
the rate vanes between 80 and 150 but 1s scldom above 100 Occasionally
Brgher figures have been described
JUGULAR TRACING  There may be fuston of » with the following a wave
PHONOGARDIOGRAM  The heart sounds are short and loud A tople thythm
15 1ot unusual because of tumultuous ventncular filfing

Swws Bradycardia
This 15 due to ncreased excitabibty of the vagus nerve reflex vagal
stmulation or depression of the s a node Endocnine disorders may cause
sinus bradycardia
ELECTROCARDIOGRAM  The electrocardiogram 1s normal and shows a long
391
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diastole P R 1s normal The rate 1s usually between 65 and 50, and only
exceptionally below 50 (Fig 201 B)
PHARMACOLOGIC AND FUNCTIONAL TEsts The most mmportant 1s the
atropine test Injection of 1 mg of atropine sulfate hunders the action of the
vagus nerve and accelerates the heart rate Another pharmacologe test 15
Iep d by the inhal of amyl mitrite Thus 15 particularly effective 1n
patients with coronary heart disease and bradycardia caused by functional
depression of the s a node

Changes of position exertion and deep respiration usually are sufficient
to accelerate the pulse 1n persons with sinus bradycardia Compression of the

Fic 201 Electrocardiograms of A smus tachycardia B, simus bradycasd! C,
sinus arrhythmia

carotid sinus may arrest the heart in patients with hypersensttive carotid
receptors  Both this maneuver and the compression of the eyeballs may
arrest the heart 1n patients with an excitable vagus nerve

Sinus Arthythmia

This common 1rregulanty of the pulse 1s usually associated with respira
tion It 1s particularly evident n children, convalescents or people with
unusually high excitability of the vagus nerve It 1s also frequently present
when p]cmopcncardln] adhesions are stretched by respiratory movements
It may occur 1n old people with arterosclerotic lesions and coronary heat
disease



Disturbances of the Cardiac Rate and Rhythm 393

Whatever the cause this type of uregular pulse 1s always favored by high
excitabihity of the vagus nerve *
ELECTROCARDIOGRAM  The electrocardiogram has normal waves 1t shows
in general gradual changes in the length of diastole (Fig 201 C) If there
are sudden changes and the long diastole 1s equal to twice the P P interval
the cause 1s s a bloch
ARTLRIAL TRACING ~ The pulse waves become gradually larger and have a
lower starting point then become smaller again with a hugher starting point
This indicates higher systolic and lower diastolic pressures durmg the phase
of slower pulse, usually during the second half of expiration

ABNORMAL RHYTHMS 1 DISTURBANCES OF RATE AND RHYTHM CAUSED BY
INCREASED EXCITABILITY OF THE MYOCARDIUM

Atnal and Nodal Tachycardia

This paroxysmal syndrome 1s common and may occur at any age It may be
present at birth Endocrine disorders (hyperthyroidism and in geperal dis
orders associated with utenine myoma puberty menopause or pregnancy)
favor these types of tachycardia Normal indviduals with the Wolff Parkinson
White syndrome are prone to such attacks of tachycardia Nervous reflexes
due to cardiac or extracardiac stimulatron and reachmg the heart along the
sympathetic pathways may be mnvolved

Paroxysmal tachycardia 15 due to the rapid and regular production of stimuly
m some area of the atral or septal myocardium Two different theories have
been advanced (1) that of circus movement (2) that of an abnormal
pacemaker 1n the atmal wall (parasystole) Present evidence confirms the
second theory because multiple studtes prove that there 15 no circus movement
m the atrial walls
ELECTROCARDIOGRAM  During the attack the ventricular complexes are reg
ular and have a rate of 160-180 (occasionally higher or lower) The atrial
waves have the same rate and are either upright with abnormal contour or i
verted The abnormal P may precede follow or be masked by QRS 1t may
fuse with the preceding T (Fig 203 A) When P precedes QRS there 1s atrial
tachycardig when P 1s mverted and near QRS there 1s nodal tachycardia

* According to Froment and Gallavardin  sinus arthythmia may have different mechanisms

respiratory
Vagal {ana)uc (bulbar anosia)
dent
Stous indepen type I (periodic)
Arthythmia @

incomplete s a block {
type I (intermattent)

s a standstill
The dial forms of smus arrhy are described on pp 410-411

Myocardal {
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Cases having a faster atnal rate and a v block have been described As the
mechanuism of production of atmal tachycardia 1s similar to that of atnal
flutter, 1t 15 preferable to diagnose such cases as atnal fluiter (p 395)

After the attack, the ecg becomes perfectly normal However, 1 some
cases, mverston of T lasting for three to twenty days, may be obsened
(post tachycardal syndrome)

JucuLAr TRACING There 1s only one high wave, due to fusion of the
three normal waves If the atrial and ventricular contractions occur at the
same time this venous wave becomes high

\ |

|

\
T
it

Frc 202  Electrocard and pt diogram during
atnal tachycardia

ARTERIAL PuLsE  The pulse becomes small duning the attack The dicrotic
wave may be high and its fusion with the following pulse wave may smulate
an anacrotic pulse The speed of the pulse wave 1s often reduced
PHONOCARDIOGRAM  The heart sounds are of short duratton The mterval
between the first and the sccond sound during the attack 1s shorter than be
tween the attacks (shorter systole), 1 one case observed by the author the
length of ventricular systole was 0 16 second durmg the attach as com
pared to 0 24 second after 1t

The heart sounds are louder during the attack especially the first (F1g
202) In nodal tachycardia additional atrial vibrations * may simulate spht
ting of the first sound The vibrations of a functional systohic murmur may be
present dunng the attack
CoNcrusions  The diagnoss of atnal tachycardsa 1s often possible on the
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basis of the history The electrocardiogram taken between the attacks reveals
a normal tracmg while during the attack 1t shows a simultaneous ncrease
of the atrial and ventricular rates In doubtful cases compression of either
carotid sinus or of the eyeballs should be attempted Even if these maneuvers

c R

Fic 203 Electrocardiograms of A atnal tachycardia B atnal flutter (F F=
atnal waves) C atnal fibrillation

do not termunate the attack they slow down the rate to a considerable extent
and give evidence that there are no atrral waves between the ventncular
complexes as 1n atrial flutter

Atrial Flutter

Atnal flutter 15 a persistent and abnormal condition of the atria revealed to
the patient by acute attacks of raptd ventricular action Atnal flutter 15 found
more commonly with heart disease than 1n its absence It may be assoctated
with valvular defects (especially mitral stenosis) hypertension coronary heart
disease or hyperthyroidism It may be found at any age
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The mechanism of the disturbance 1s based upon
1 An abnormal production of atrial simuli, causing regular and extremely

rapud atrial contractions
2 A protective block between atria and ventricles

3 Sudden disappearance of the block, causing paroxysms of rapid veninicular

contractions
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as attributed to a circus movement

The abnormal production of stimuh w
mnvolving the smnoatrial node However, expert

mental and chinical evidence
eriments of Scherf,’ furthet
proven the exstence of

has accumulated through the years until the exp
P
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confirmed by those of

f

Jar complexes o

between them 3t 1eg
400 per minue

hen the patient
During an attack of rapid pulse the ecg shows 3, 2 or even only 1 P wave

1
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have
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Between attacks of rapid pulse W

however, stll has atnal flutter the ecg shows regular vel

normal appearance Three or more P waves are present
ular intervals * The rate of the atrial waves 1s from 200 to

* When the P waves have a negatine and a positive phase the negative phase corresponds

a single focus 1 the atnial wall
to an inverted P the posttive phase to a Ta wave ¢

ELECTROCARDIOGRAM
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betneen the QRS complexes The T waves may be deformed by fusion with
the P waves Tracings recorded tn V1 and V2 usually gue the best evidence of
the atnal waves However an certain cases Ieads 3 and aVF supply this ews
dence better (Fig 203 B) ¢

FuncTiovar TESTs  Compression of the eyeballs ar of either catotid sinus
may slow down the ventricular rate which becomes a fraction of the previous
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Fx(, 205 Phonocardxograms of atpal flutter A dmstohc rumble
dunng the attack B atnat (fourth) sound after reestablishment of smus
thythm

Carmiooram  Atral waves may be recorded m the wntenals between the
ventricular waves of the cardrogram M
JUGULAR TRACING Regular amal waves were recorded by several workers *
1 e 45 s More recemtly Contro' has recorded hugl h atoal waves m 5
cases of flutter by means of a hinear sicrophone and an amphﬁer These give
evidence of the coordmated conteactions of the atna (Fig 204)
ProNoCARDIOGRAM  The phonocardxavram may reveal the exwstence of
sounds of atrial origa, not only dusing sentricular diastole but also dunng ven
tricular systole 8 1138 0 L 4 a0 3 When the ventriculor rate s rapid & func
tonal diastohic rumble may appear at the apes simulating that of mitral stenosis
(Fig 205 A) * 3 X shight arregulanities of the \enmcular rate occur achang
g wntensity of the first h:an sound may be observed ¥ +4
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ELECTROKYMOGRAM  If the shit of the pichup 15 placed across the border of
either atrium, good evidence of atrial contractions can be secured 3 3 3
The atnial waves are usually of large amplitude and are important in cases
where the electrocardiographic tracing had led to admussion of flutter fibr!
lation (Fig 206)

ConcrLusions  In general diagnosis of atrial flutter 1s made by electrocards
ography Special attention should be paid to leads aVF and V1 V2 for recognt
tion of atnal waves In doubt
ful cases demonsiration of
atrial sounds by the phono
cardiogeam and of atnial waves
by the jugular tracing or the
electrokymogram helps mn ex
cludwng atnial fibrllation

Atnal Fibnilation

This disturbance was de
scribed simultaneously by
Lewss 7 and by Rothberger and
Winterberg ** It 15 @ common
disturbance of atrsal function
and 15 revealed clmically by
total and complete wregulanty
of the ventnicular contrachions
and of the pulse

Atnal fibnillation may occur
m any case of heart disease
However two fypes are the
Fic 206 Flectrokymogram of left atrial ap most common
pendage 1n atrial flutter Heart sounds brachial 1 Atnal fibrillation 11 p2
pulse ¢ky Rate 211 tients with chromg distention
of the atria_ resulting from such
conditions as mutral stenosts combined lesions of the mutral and \ncl!spld
valves or atnial septal defect The fibrllation 1s frequently associted with
heart farlure

2 Atnal fibrllation 1n patients with coronary heart discase and fibrosis of
the myocardwum The fibrillation 1s often present without congestive failure

Atnal fibrillation 1s frequently encountered 1n thyroto<icosts acute myo-
cardutss, or after coronary ocelusion

Expenmental conditions favoring atrial fibnillation are (1)
anoemia of the atra (2) acute fesions of the atnial myocardm (3)
or reflex stmulation of the vagus nerve and (4) diguahis poisomng

distention of
direct
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Atnal fibrillation has been the object of heated discussions between the
school of Lewis and that of Rothberger The former attributed the fibrillation
to a circus movement the latter to multiple foci of excitatton within the
atial walls The experimental studies of Scherf® * further confirmed by
Prinzmetal * prove that the second theory 1s true
ELECTROCARDIOGRAM  The followmng data are typical there 1s no P wave
the mtervals between the various ventricular complexes are never alike having
different lengths even when at first glance the ventricular rhythm seems
regular careful measurements reveal the arrhythmia

There are tw 0 varieties

1 There are fine and irregular waves at a rate of 300~500 per mmnute This
1s typreal atnial fibnillation (Fig 203 C)

2 There are coarse and somewhat irregular waves This has been called
coarse fibritlation or flutter fibrillation

A n ) AL A ]
Brach Trac . =

Fi6 207 'The arterial pulse of atral fibnllaon Complete irregulanty of the
ntervals between waves and of the height of the pulse waves

JUGULAR TRACING The ¢ and v waves follow each other with complete
urregulanity There are no a waves

Low FrEQUENCY TRACING The waves caused by ventricular contraction are
of vanious height and configuration When diastole 1s short the subsequent
period of systolic tenston 1s longer The height of the waves varies somewhat
but 15 not proportional to the length of the preceding diastole

ARTERIAL TrRACINGS HEMopYNAMICS —The pulse waves are typically irreg
ular having various height length and configuration Pattents 1 congestive
failure often have a pulse deficit because some of the ventricular contractions
are not followed by a pulse wave Moreover some waves may be present 1n the
arteries nearer the heart and absent in those more distant 32 When failure
Is severe a high pulse wave may be followed by gradually smaller ones
(Galenus pulse) (Fig 207) Aslongas the condittons of the myocardium are
good the stroke volume 15 directly proportional to the length of the preceding
diastole and mversely proportional to the stroke volume of the preceding
cycle If however there 1s cardiac falure mo rule can be established The
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speed of the small pulse waves 1s always greater than that of the large waves*
PHONOCARDIOGRAM  The heart sounds have vibrations of ssmular amplitudes
The interval between QRS and the first sound complex may vary being longer
after a short diastole as has been shown by the author (Fig 208) 3 This 1s
more often the case i patients with mutral stenosis, the longer mterval seems
due to delayed closing of the mutral valve and delayed beginming of the
sound on account of smailer atrioventricular gradient of pressure 2 *

ELECTROKRYMOGRAM  This tracing has been studied by Lewis and Terry, ®
Boone and co workers ® and Engstroem and co workers ** The atrial tracing
shows the absence of atrial waves The waves of the ventricular and arteral
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Flc 208  Ecg and phonocardiogram in a case of mtral stenosis with atral

fibrillation Variable mtervals between R and the first sound

tracings (aortic and pulmonic) have a variable amphitude which 1s roughly
proportional to the Iength of the previous diastole

CONCLUSIONS  Atnial fibrillation 15 usually easily recognized by means of the
electrocardiogram In cases with a rapid ventricular rate and where flutter
may be suspected jugular and electrokymographic tracings may help by
revealing the absence of atrial waves between the ventricular waves

Ventncular Tachycardia

Ventricular tachycardia 15 a serious disturbance due to the existence of an
abnormal pacemaker 1n one of the ventricles

All factors responsible for increased excitability of the myocardxum may
be mvolved but coronary heart discase and heart farlure are the most frequent
causes For this reason 1t can be stated that ventricular tachycardia 15 often
found 1n orgamc heart disease
ELECTROCARDIOGRAM  Two maun varieties have been recognized

1 Salvos of ventricular premature beats These may number from 10 10
100 or more and follow each other with absolute regularity
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2 Real ventnicular tachycardia It 3s stmilar to the first type except that
the attack lasts for many hours or days (Fig 209) The beginning of the
attack 15 sudden but 1t may be preceded by a few scattered premature beats
having the same electrical appearance of the complexes during the attack
These are broad have a lugh voltage are notched and are followed by a T
wave which 1s 1n the opposite direction of the mam complex In certam
cases the P waves having a much slower rate than the ventricular complexes
may be seen when they fail i diastole

Localization of the focus
of ongin of the attack 15
done as for ventricular pre
mature beats (p 405)

After the attack 1s over
depression of ST and
version of T 1n erther lead
1 or lead 3 may occur
(post tachycardial syn
drome) A prolongation of
the Q T interval 1s also pos
sible  These changes ap
pear after the end of the
attack and may last from a
few days to one month
ARTERIAL TRACINGS The
pulse waves are small and
may show a vaniable height

2 higher wave 15 caused by
the casual precedence of an F16 209 Ecg of ventncular tachycardia Leads
land 3
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atnial contraction over a
ventricular There may be pulsus alternans (p 428)

JUGULAR TRACING ~ High atnial waves are recorded at a rate which 1s slower
than that of the artenal pulse (unless there 15 atrial fibnillation) The waves
may be slightly irregular

PHONOCARDIOGRAM  The heart sounds especlally the first are loud and clear
(Fig 210) % ¢ There may be no murmurs and no tnple thythm On the
other hand the atnial contraction which has a slower rate than the ventricular
may cause an atrial sound either 1n systole or 1n diastole according to the
casual comcidence of the two rhythms Splitting of the first sound has been
erroneously reported thus splitting cannot occur because the nterval separat

ing the contractions of the two ventricles 1s shorter than the duration of the
mamn phase of the first sound
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ConcLusioNs  Ventricular tachycard:a is usually recogmized by means of the
electrocardiogram The other tractngs may be used mn special cases

Ventnicular Fiutter and Fibrillation

An abnormal mechamsm of rapid excitation, stmilar to that more frequently
observed 1n the atria may develop in the ventricles frequently resulting in
death Ammal expernimentation demonstrates that ventricular flutter and fibn!
lation may be mduced by drugs ligation of the coronary arteries injection of
wrntant substances 1nto the myocardum or electric faradization of the heart
Both clhinical and experimental evidence indicate that impairment of the cor
onary circulation 1s the chief element to be considered

it ol

I

Mt/ et

Fig 210 Phonocardiogram 1n a case of ventricular tachycardia a 15
a fourth sound due to an atrial contractton

, o T lalst T 2nd
}

ELECTROCARDIOGRAM  Large regular monophasic ventricular waves follow
each other at a rate of 250-300 per munute n ventricular flutter rapid
uregular bizarre small complexes are typical of ventricular fibrillation
ConcLusioNs  The absence of any clintcal evidence of cardiac actvity
common to ventricular standstill and fibrllation The former 15 usually of
abrupt onset and may end suddenly the latter 1s usually preceded by ventricy
Iar premature beats The electrocardiogram has diagnostic value

Py Co {E les)

Y

An abnormal stimulus may arise m the heart spreading from a pomt which
15 usually outside the normal pacemaker and cause a premature contraction
In order to be effectve the stmulus must occur at a time when the heart
muscle 1s not mn the absolute refractory pertod Increased excitability may pev
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mt a premature beat dunng the relative refractory pemod for instance
dunng the T wave

Premature beats may occur at any age wcluding nfancy and fetal hfe The
mechamsm of premature beats 1s thought to be the following

When the abnormal stimulus arises 1n one of the atnia it spreads m alt
directions reaching both the s a node and the a v node By so domng 1t dis
charges the normal impulse which 1s forming in the s a node and may distorb
the actwity of the latter The pause following the premature beat 1s equivalent
to the time mterval sequired for the stimulus to reach the s a node plus the
time between two normal contractions The pause 1s noncompensatory

When the abnormal stimulus anses 1n one of the ventricles 1t spreads in alt
directions usually reaching the a v node 1t 1s frequently prevented from
reaching the atria because these are 1n the refractory stage or because of a
protection block ™ The sumulus reaches the other ventncle m a soundabout
way asin bundle branch block (p 429) Therefore the ventricle where the
stmulus has ansen contracts first and 15 followed by the other

The pause folfowing the premature beat 1s such that the snterval between
the fast normal contraction before the premature beat and the first after 1t
equals the double of a normal nterval (compensatory pause) This 15 not true
n the case of an mterpolated premature beat wiich 15 actually an additional
contraction
ELECTROCARDIOGRAM  Several types of tracings are observed accordmng to
the thythm and frequency of the premature beats Vartous types are obtamed
m relation to the pownt of ongin

Atnal premature beats A normal P QRS 1s followed by a short diastole
then by a complex which has a shightly deformed {igher broader or lower)
P wave and a shghtly longer or shorter P R interval the ORS 15 normal but
may be shghtly changed (aberrant) The pause following the premature beat
1s seldom compensatory (Fig 211) The first P wave after the premature
beat may be higher and sharper than the others

Some authors admit the evstence of sinus premature beats These are
said to have a normal P wave and a normat P R and to be followed by a
normal mnterval Shght vaniations m the shape of the P wave should not rule
out tus type of premature contraction *

Blocked atnal premature beats are passible but uncommon A P wave
occurs near the end of a normal or p plex 1t 1s not followed by a
QRS asmall flat sluggish wave may follow the P representing the termimnal
deflection of the atnal complex (Ta p 235)

When an atnal premature beat onginates from a point near the a v node
it 1s called a nodal premature beat Its typtcal characteristics are inverted
or deformed P wave short P R P either preceding QRS or following 1t
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Fic 211  Ecg in cases of premature contractions (extrasystoles) E ex
trasystole A the second complex 15 an infranodal premature contraction
with aberrant conduction B the second complex 1s a nodal premature cott
traction C, the first complex 15 a ventnicular premature contraction the
third 1s an atrial premature contraction D the second complex 1s 2 ven
trcular mterpolated Ppremature contraction
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normal QRS The pause 15 seldom compensatory (Fig 211) Atnal premature
beats are seldom 1nterpolated

Ventricular premature beats A ventricular premature beat has the follow
mg charactenistics absence of the P wave high voltage long duration and
sphintening of the ventricular complex, raised ST T wave frequently m the
oppostte direction of QRS (Fig 211)

The position of the heart causes important modifications of the direction
of the complex Figure 213 shows the various patterns resulting from pre
mature contracttons occurring i the vertical average and horizontal hearts

Inrare cases a ventricular premature beat may send 1ts sumulus backwards
1o the atna thereby causing 2 retrograde atmal contraction When this

Fi6 212 Scheme of atrial and ventricular premature contractions

happens the pause following the premature beat 15 noncompensatory A
ventricular premature beat may occur as an wnterpolated extrasystole This 1s
more commonly, but not exclusvely found in the slow heart (Fig 211)

A ventricular escape can be easily differ d from a p beat
because 1t occurs after a long pause has a normal ventricular complex 15 not
preceded by an atrial wave and 1s not followed by a compensatory pause
Low FREQUENCY TRACING CARDIOGRAM ~ The premature contraction may
8ive waves of a normal configuration The prolonged tension period causes
Sometimes bizarre or large waves
JUGULAR TRACING ~ Atrial premature beats have a ¢ and v waves which are
smlar to those of a normal tracing Nodal and ventricular premature beats
on the other hand frequently have as high a wave

A left ventricular premature beat may show a delay of v over the second
sound complex (earlier contraction of the left ventricle) **




406 The Heart Beat

Fosition
of heort origin of Stimulus
Yight  right | right Teft  left  Ileft

Vertacel bsse  middle  apex epex  middle base -

Fght | right  right Tett Tt Ieft
Oblique middle apex  —  apex  middle base
Troms- Teft Tight  right | right Tett . Teft
veree base base  widdle sper T apex  middle

a8
e

‘o

JL/N-V”\
N
ke

Fic 213 Ventncular premature contractions mn the varous positons of the
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PHONOCARDIOGRAM  Several entirely different phenomena can be recorded
The first sound 1s usually normal or louder than the others (Figs 214 and
215) The begimng of the sound 1s delayed over the beginning of QRS
a ventricular premature beat (Fig 215) The two valvular phases of the
first sound may be widely separated on account of the prolongation of the
tension period and this may simulate sphtting of the sound (Fig 215 B)
The second sound of the premature beat 1s normal or weaker than the others
and may be absent (Fig 214) It 1s frequently spht *°
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Fi¢ 215  Phonocardiograms of premature contractions

A The second complex (E) 15 a ventrreular premature contraction long
delay between beginning of ecg complex and beginning of first sound loud
second sound The fourth complex 1s a nodal premature contraction pro
longed first sound

B 'The second complex (E) 1s an atrial premature contraction The first
sound has a wide separation of the two valvular components and seems
split

A premature beat may be followed by erther a diastolic murmur or a
diastolic sound which do not occur after normal contractuions
ARTERIAL TRACING HEMODYNAMICS — The pubse wave of the premature beat
may be as high as a normal wave and occasionally lugher 1t 1s usually smaller
and may be absent (Fig 216) Records taken over different arteries show
that the pulse wave of the premature beat may be present in the arterses near
the aorta and absent 1n those distant * A drop mn pressure occurs durmng the
compensatory pause The followmng wave 15 higher than normal and 1s fol
lowed by a smaller wave this may start a pulsus alternans
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The pulse of the premature contraction has a low systolic and a high
diastolic pressure while the following pulse 15 much larger on account of high
systolic and low diastolic pressure From two to three pulse waves are neces
sary for reaching agam a normal and stable level of blood pressure * On the
other hand, the first normal contraction following an nterpolated premature
beat frequently yields a smaller pulse wave 1n the peripheral arteries

The pulse wave of a night ventricular premature beat may be delayed over
the beginmng of the corresponding first sound (earlier contraction of the
right ventricle) ®

The stroke volume vanes greatly being inversely proportional to the
Iength of the preceding diastole Therefore, the earher the contraction the
smaller the stroke volume The compensatory pause 1s followed by a con

Fic 216 The artenial pulse of a premature contraction maylbe

absent If there 1s bigemuny, the pulse that of brady
traction with proportionally larger stroke volume if the myocardum 15
normal ?

The speed of the pulse wave 1s directly proportional to the level of diastolic
pressure therefore the weak pulse of the premature contraction has 2 greater
velocity than the others
BLoop PRESSURE TRACINGS  Different levels of blood pressure can be ob
tamed 1f the premature beats oceur petiodically (1) those corresponding 10
the systolic and diastolic pressure of the normal pulse waves (2) those cof
responding to the pulse waves of the premature beats (low systolie, high
diastolic) and (3) those corresponding to the pulse waves ymmedrately sub
sequent to the premature beats (tugh systolic, low drastolic) ¢
ELECTROKYMOGRAM  Premature contractions are easily studied by means ©
border tracings of the left ventricle the pulmonary artery or the aortic arch
If simultaneous tracings of the left ventricle and one of the arteries (aorta °‘f'
pulmonary artery) are taken conclusions may be drawn about the sn; 3'
ongin of a ventricular premature beat The aspect of the tracing 1 depende
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upon the time of the cardiac cycle at which the premature contraction
occurs and the phase of ventricular filling

If the contraction starts early mn diastole 1ts amplitude 1s small 1sometric
contraction 1s prolonged and the curve assumes a more peaked aspect The
prolongation of tenston ttme due both to the high level of artersal pressure
and the small amount of ventricular blood may last more than 0 06 second ™*
If the contraction takes place immediately after the T wave no pulsations of
the aorta can be recorded During the compensatory pause an abnormally
large filing of the ventricles takes place This plus the lower level of artertal
pressure causes a shorteming of the isometric contraction perod of the
followmng contraction
CoNcLusioNs  Diagnosis of premature contractions 1s usually made by elec
trocardiography The other tracings are useful 1n order to gather supporting
evidence for explanations of diastolic sounds or murmurs connected with
the arthythmia and for the study of the peripheral disturbance caused by
the arthythmra

Escapes

Escapes (or escaped beats) occur whenever the activity of the a v node or
one of the ventricles reveals itself dunng a long pause they are therefore due
to a phenomenon of default Escapes may occur n the following conditions
(1) 1n pronounced sinus arrhythmia (2) in partial a v block or atral fibrilla
tion (3) 1 cases with ventricular premature beats (4) durmg standstill of
the heart caused by strong vagal stimulation (compression of the eyebalis)
when both the s a node and the a v node are mhibited

Escapes are recogmized m the electrocardiogram by the normal configura
tion of the ventricular complex

ABNORMAL RHYTHMS 2 DISTURBANCES OF RATE AND RHYTHM DUE TO
DECREASED CONDUCTIVITY

Nodal Rhythm

Nodal rhytbm 15 a regular and slow rhythm of the heart set up by impulses
from the a v node The actvity of this node becomes apparent n three
conditions

1 When an interruption of the conducting system prevents the stimult of
the normal pacemaker from reaching the a v node In such cases the atna are
controlled by the s a node and the ventricles by the a v node there 15 a2
double rhythm

2 When there 1s atrial fibrillation or atnal standstill * In such cases the
atria are immobile and ventrcular contraction 1s controlled by the a v node

* Atual standstdl or atnial paralysis 15 not commonly admutted However well studied cases
Prove is gustence
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3 When the activity of the s a node 1s suspended or depressed This 15
the typical a v nodal rhythm and occurs mostly 1n aged people

The disappearance of the sinus rhythm 15 not felt by the patients, as the
2 v node takes over the function of the pacemaker However, the new center
15 less effictent because its rate 1s slower the normal succession of atrial and
ventricular contractions 1s not preserved and the influence of the cardiac
nerves on the new pacemaker 15 nearly absent

In typrcal nodal rhythm the atria are stimulated n a retrograde drection
by the a v node If the stimulus starts from the upper part of the node the
atrial contraction shightly precedes the ventricular If, on the other hand the
stimulus starts from the lower part of the node, the ventricles contract first

In all the above mentioned conditions there 1s a “nodal thythm by default ,
only the lack of a descending impulse enables the a v node to take over the
pacemaking function A different type of nodal rhythm occurs when there 1s
such an increase of a v node excitability that this center becomes the pace
maker even when the s a node 1s normal This form has been called nodal
rthythm by usurpation ? and has been already described (p 393)
ELECTROCARDIOGRAM ~ The electrocardiogram reveals a senes of normal
ventricular complexes The P wave 1s usually mverted and very near QRS
a fact which 1s most apparent 1n leads 2 aVR and aVL The P wave may
precede or follow QRS by about 0 05 second Unusual course of the stimulus
i the atrial walls (or coincidence of two mdependent rhythms) may cause
the less common occurrence of an upnght P wave If the atnal contraction
follows the ventricular by more than 02 second a second ventricular con
traction may follow producing a bigemmnal rhythm with one atrial wave
between the two ventricular waves
PHONOCARDIOGRAM ~ The phonocardiogram shows that the atrial sound 15
mussing and the first sound 1s prolonged
JUGULAR TrACING  The jugular tracing may show fusion of the & with the ¢
wave the new wave 1s high

Smo Atnal Block

Smno atnial block may be mcomplete or complete Incomplete s a block may
be based on (1) prolongation of the s a conduction time, (2) progressive
increase of s a conduction followed by absence of a complete atnioventrculat
cycle or (3) sudden absence of an atrioventricular cycle

Complete s a block may cause diastolic standstili of the whole heart of
shift of the pacemaker to a lower center (nodal rhythm p 409)
ELECTROCARDIOGRAM  Occastonal s a bloch A regular sertes of normal P
QRS complexes 15 followed lly by a long diastohc pause The Tength
of the cycle including this pause 1s twice that of either the preceding of the
followng cycle 1 this pause occurs regularly, there 1s a specsal type of periodic
s a block
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Peniodic s a block The P QRS complexes are gradually more and more
distant bemng separated by gradually ncreasing diastolic pauses After a
certain number of them a short diastole follows the length of the short
wterval between Q and the following Q 15 equivalent to one half of that of the
immediately preceding interval and represents the only normal distance on
which measurement should be based

If the block occurs every second beat the ecg simulates that of sinus brady
cardia because no wave reveals the sinus impulses and the rate of the atna
and ventnicles 15 from 30 to 40 The disturbance 15 revealed by the fact that
either spontaneously or after atropine the rate suddenly doubles (from 40 to
80 from 35 to 70)

In certain tracings of s a block a second rhythm occurs dunng the loang
pause (double rhythm type Rothberger*®) this 1s revealed by complexes of a
different shape following each other at a more rapid rate
ARTERIAL TRACINGS  In occasional block the fracings reveal the sporadic
absence of a pulse wave (intermuttence)

In peniodic block the senies of pulse waves shows a penodic increase of
the interval separating two pulse waves After a certain number there 1s a
longer pause where diastolic pressure drops more

Atrovenincular Block

Impatred conduction (block) of the stimulus between the s a node and the
a v node withm the a v node or 1n the bundle of His 1s the cause of this dis
turbance

When the conducting tissues fail to transmut the excitation from the sa
node to the ventricles a new pacemaker takes over the antomatic functions
this may be located 1n the a v node (nodal thythm) 1n the bundle of His
(septal rhythm), or 1n one of the ventricles (1dioventricular rhythm)

The block may be caused by (1) a congemtal fesion (2) an mnflammatory
or degenerative lesion  (3) metastatic nodules (4) areas of fibrosis { coronary
heart disease) or (5) a functional or vascular disturbance of the conducting
tissues
ELECTROCARDIOGRAM  There are different types of tracings

1 Latent av block revealed by prolongation of the P R interval up to
030 second (so called Grade 1 a v block)

2 Occastonal av block Sporadically a P wave 1s not followed by a
ventricular complex

3 Pertodic av block (type 1 of Wenchebach) ® The P waves have a
regular succession, the P R intervals gradually become longer until one P
wave 15 not followed by a ventricular complex (blocked P) The entire cycle
from one normal P QRS to the followng nomal 15 called the Luciom
Wenckebach period (from the names of the authors who descnbed 3t n
ammals and man) (Fig 217 A)



412 The Heart Beat

A curious type of tracing occurs at times 1n partial block, 1t has been called
interference dissoctation ® % The P and QRS waves have similar rates, but no
fixed relationship, so that P may precede or follow QRS From time to time
a seemingly normal P QRS takes place through casual comncidence of the
waves

4 Intermutent a v block (Type 1I of Wenckebach,™ also known as Mobutz
type® of av block) The number of atnal complexes 1s a multiple of the
ventricular suchas2to 1,or3to1 Inthe 2 to I cases there 1s 2 blocked P
a normal P QRS then another blocked P

A A4
-, NG
B s e

Fig 217 A Vblock Ecgandpulse 4 Type I of incomplete a v block (penodic
avblock) B complete a v block

Fiei b

5 Complete a v block While types 2 to 4 are also called parial a v block
1n other cases the block may be complete The atrial waves have a normal rate
(60 to 90) while the ventricular have a slow rate (15 to 40) and there 1s 10
relationship between the two Two to five P waves may be present 1n the mter
vals between the QRS while some of them are superimposed on or mashed by
the ventricular complex (Fig 217 B) The blocked P waves often are followed
by an after deflection called the T atmal wave (Ta waie) which has the same
meamng as the T wave of the ventricular complex (p 235) In congemtal
block the rate of the ventricles may be faster (from 40 to 60) °

It 1s commonly stated that bundle branch block frequently complicates 2 ‘f
block ” Actually the idioventricular rhythm anses 1n one of the branches O
the bundle of His so that the sumulus spreads first to the ipsilateral then o
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the contralateral ventricle The ventucular complexes resemble those of
bundle branch block or parotysmal ventricular tachycardia There 15 some
resemblance with ventricular tachycardia except that here the phenomenon
1s caused by default and that the rate 1s slow

A Stokes Adams attack 1s preceded by either increase or decrease of the
atrial rate During the attack the ventruicular rate may slow down further On
the other hand there may be ventricular standstill ventucular tachycardia or
ventricular flutter
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Fic 218 Complete a v block Atnal sounds and atrial pu]ses (aa),
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Fic 219 Ph drogram and electrokymog of the night atnal border 1n

ventricular

a case of complete a v block with p

1f the atrsal rate 15 very slow and that of the ventricles 15 relatively rapid
the number of P waves becomes equivalent to that of the QRS complexes
Small independent changes 11 rate of the two pacemakers modufy the lengths
of the P R intervals This singular phenomenon 1s called isorhy thmic dissocia
tion
PHONOCARDIOGRAM  Atnial sounds may be present duning diastole In general
one dull sound follows each P wave (Figs 218 219) In exceptional cases
an atnal contractton 1s followed by two sounds ** 2 3¢ the second may be due
to a vibration of the a v valves * In an unusual case three groups of vibrations
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followed each P wave ® These were explained as due to the atrial contraction
the distention of the ventricular wall and the elastic reaction of the latter The
atrat sound 1s louder tn children, old people, and persons with a flat chest
The vibrations of an apical systohic murmur are frequently recorded, those
of blowing apical diastolic murmurs coincident with the atrial contractions are
recorded at times i elderly patients with a calcified mutral valve ™ In cases of
latent block the first sound complex 1s of lower ntenstty ® When atra and
ventricles contract at the same time, a louder first sound 1s recorded (cannon
sound)

JUGULAR TRACING  The a waves are normal n shape and rate, the ¢ and v
waves occur at regular but much longer, mntervals Therefore, more than one
awave 1s found between a v wave and the next ¢ wave Occasional comcidence
of an @ wave with a ¢ or v may occur with a resulting higher wave
CARDIOGRAM  High atrral waves are present between the undulations caused
by the ventricular contractions

ARTERIAL TRACING A high and slow pulse 1s recorded An anacrotic depres
ston 1s frequently present in the ascendmng branch of the curve Multiple un
dulations follow the dicrotic wave

In occasional block the tracings reveal the occastonal absence of a pulse
wave (intermuttence) In periodic block, the series of pulse waves shows 2
periodic increase in the pause separating two pulses, then a longer pause with
a deeper pressure drop Interference dissociation may cause a bigemmal
rhythm the second wave being paradoxically higher than the first **
ELECTROKYMOGRAPHY  The electrokymogram of a v block has been studied
by the author,3® ** Engstroem and coworkers,** and Panmer and coworkers ©

Atrial tracings If atnial contraction falls duning the ventricular, the atria
decrease 1n volurme as 1n normal subjects apparently the blood 1s pushed back
wards nto the vemns If the atnial contraction falls during ventricular duastole,
the pattern conssts of an oblique descending hne duning atral contraction
and a less steep rise subsequent to 1t The depth of the contraction vartes 1t
15 usually larger when the atnal contraction falls durng a ventrcular con
traction because of additional ventricular pull (Fig 219)

Left ventricular tracing ‘The tracing of the left ventricle may not show any
effect of the atrial contractions If 1t does the latter are revealed by small
pOSlll\e waves
ConcrLusions  Complete a v block 1s usually recognized by simple palpation
of the pulse Incomplete block may be more difficult to diagnose chimeally
while diagnosis 15 easily made by the electrocardsograph The other tracings
(phonocardiogram  electrokymogram venous and artenal tracings) gie
supportive evidence and are used mostly for an accurate study of the patient
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CHAPTER 48

Duffuse Myocardial Lesions

CARDIAC HYPERTROPHY AND STRAIN

Cardiac enlargement 1s a common finding in heart disease and may be due
to one of the following causes

1 Valvular lesions or malformations placing stramn on one, two or more
cardiac chambers (rheumatic or bactenal valvular Iesions congemital heart
disease)

2 P of 1n the vessels of esther the greater or the
lesser circulation placing strain on one of the ventricles (hypertensive heart
disease, pulmonary heart disease)

3 Duffuse structural lesion or functional disturbance of the cardiac muscle
(1nfl. ton or deg ation metabolic or endocrine disturbance, vifamin
deficiency)

4 Diffuse lesion of the coronary system causing impairment of the blood
supply to the heart (coronary heart diseasc)}

In the above mentioned conditions cardiac enlargement 1s due to dilata
tion hypertrophy, or both

Hypertrophy of the heart muscle 1s not accompanied by proporttonal
development of its capillary network 3* This ultimately leads to some degree of
1schemia, especially 1n the walls of the left ventricle where mtramural flow 15
opposed to a greater extent by systolic increase of pressure Therefore an
clectrocardiographic picture once called “strain pattern, and actually caused
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by 1sch 15 frequently ed 1n ventricular hypertrophy This may be
followed by that of intraventricular block or bundle branch block because
ischermia Teads to fibrosis and fibrosis may prevent spreading of the sumulus
n certam parts of the conduction system

Electrocardiogram

General data mdicating ventncular hypertrophy are ' * 13 38 @0

1 High voltage 1n the
Limb leads (umipolar and
standard) dueto d
thickness of the ventricular
wall '

2 Marked axis devia
tion due to increased sur _L,
face and thickness of one
ventricle

3 Increased duration of
QRS (010011 second) 2 ’V/\ 3
because longer time 1s re Vi Ve
quired for the stmulos to J[,\, T
reach the epicardial surface
of the thickened ventnicular
wall

4 Delay between begin
ning of the complex and
mtonsicold  deflection  1n
the chest leads of the hyper
trophied side due to the
same mechanism

3 Secondary changes of
ST and T Following an
altered course of depolar
1zatiop ventricular repolar
1zation of the hypertrophred
ventricle begins after that of the normal ventricle However measurements of
the ventricular gradient mdicate that there may also be prtmary changes of
T due to relative 1schemia

Left ventricular hypertrophy 1s usually accompanied by a marked Ieft axis
deviation * this 15 eastly evaluated by the White Bock index which 15 above+17
mm?* t If there 15 hypertrophy of the septum there may be a deep Q wave 1n
the chest leads (Fag 220) 3

* Thus deviation 18 absent in the vertical heart
¥ The White Bock index 1s found by using the formmla (R1+453)~(S1+R3)

aVR aVL

aVF

Fic 220 Electrocardiographic pattern of left
ventricular hypertrophy and stramn  honzontal
positton and counter-clockwise rotatron of the heart
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The ecg details vary with the position of the heart and are summarized 1n
Tables 22 to 24

TABLE 22 LEFT VENTRICULAR HYPERTROPHY WITH VERTICAL HEART*

Lead Pattern of ecg

ViI-v4 1S shghtly elevated ST segment upnight T wave
V5-vé gR depressed ST segment inverted T wave
shight delay of the intrinsicoid deflectron

aVR QS or rS deflection with diphastc or mverted
T wave
avL QS or 1S and upright T wave
aVF gR with depressed ST segment and dowaward T

* In these cases the standard leads may show right axis deviation with depressed ST and
downward T wave 1n 2 and 3

TABLE 23 LEFT VENTRICULAR HYPERTROPHY WITH HORIZONTAL
POSITION AND COUNTERCLOCKWISE ROTATION OF THE HEART

Lead Pattern of ecg

VI-v2 1S or QS shyhtly elevated ST segment upright T
V3-V6 qR depressed ST segment downward T wave
shght delay of the intrmsicord deflection

aVR S or AS downward T wave
avL qR depressed ST segment downward T wave
aVF 1S upright T wave

TABLE 24 LEFT VENTRICULAR HYPERTROPHY WITH HORIZONTAL
POSITION AND MARKED CLOCKWISE ROTATION OF THE HEART

Lead Patrern of ecg

V1-Vé 1S deflection shghtly elevated ST segment
upright T wave

aVR QR downward T wave
aVL Qr depressed ST segment downward T wave
aVF 1S upnight T wave

The pattern of right ventricular hypertrophy 1s not eastly schematized be
cause 1t may be caused by varsous climeal conditions Several pictures have
been described 3¢

1 Normal electrocardiogram due to the predommance of the left ventricle
1 spite of a moderate nght ventricular hypertrophy

2 There 1s nght axis deviation revealed by the fact that the White Bock
mdex (p 419, footnote) 1s less than—14 R has a high voltage 1n viv2
(7 mm or more) while S has a high voltage 1n VS V6 (7 mm or more) Thus
the rat: (RS)m Vs =04 or less The: ay be evidence of associated

e A S I VI s fe may
night atnal hypertrophy (Fig 222)
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Fro 222 Electrocardio
graphic patterns of left (L)
and night (R) atnal hyper
trophy

aVFf
Fie 221  Average electrocardiographic pattern
of night ventricular hypertrophy and  stram
3 An average picture of right ventricular hypertrophy 1s summanzed mn
Table 25 and 1s schematized m Fig 221

TABLE 25 MARKED RIGHT VENTRICULAR HYPERTROPHY

Lead Pattern of ecg

V4R Vl {possibly 2) R or Rs depressed ST segment mverted T wave
RS normal ST segment upright T wave

aVR QR or qR inverted T wave
aVL ¥S upnight T wave or QR mmerted T wave
aVF rSor QR merted T ware

4 There 1s an additional focal block of the right side (pp 430 and 437)
The right chest leads have an 1SR or rsR pattern and an inverted T There
are no further changes of the hmb leads due to the focal block

Atnial hypertrophy 1s revealed by changes of the axis of P as well as by
changes of its duration and configuration Two patterns have been recog

nzed™s (Fig 222)
1 Pattern of right atrial hypertrophy encountered 1n chronic cor pul
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monale and 1n congenital heart disease There 1s hugh voltage of P 1n 2, 3, and
aVF while V1 and V2 present a P wave made of a lugh positive phase followed

by a brief and pointed negative phase

- "' - T = T
el |10

i i
b

FIG 223 Low frequency tracings m a case
with left veatnicular bypertrophy (hypertensive
heart disease) A Large, plateau like mmpact at
apex B negative thrust at epigastnum Both
tracings have a high atnial wave (a a) but this 15
larger over the apex Superimposed tracings

2 Pattern of left atrial hyper
trophy encountered 1n mitral
valve lesions There 1s a
notched P in 1 and aVL and
a diphasic P with deep and
broad negative phase, 1n 3
and aVF V1 and V2 present
a P wave having a deep and
broad negative phase

In both patterns, P lasts
more than 0 10 second

Low Frequency Tracings

Enlargement of one of the
ventricles may be revealed by
low frequency tracings *®

1 Left ventricular hyper
trophy 15 revealed by a high
often plateau like positive
thrust af the apex, at the same
time the epigastnic tracing
has a negative thrust (Fig

223)

2 Rught ventricular hyper
trophy 15 revealed by a high,
early systolic thrust at the
epigastrium while the apical
tracing has a negative thrust
(Fig 224)

3 A large atrial wave may
be observed 1n erther tracing
and 15 evidence of mcreased
atrial pressure

TRIPLE AND QUADRUPLE RHYTHMS OF THE HEART

The names triple rhythm and quadruple rhythm have been suggested'® to
mndicate those cadences which are due to addition of one or two diastohc
sounds to the more commonly heard two heart sounds Older and well known
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names were gallop riythm® and train wheel rhythm ** The new defimtion 1s

more compret and includes several possibibties which were not con
sidered mn the older ones

As already d
(pp 14 and 41) the normal | !

heart may have four sounds WJ '\\Mm!

The two loudest are the ”
first and second sounds at |
Ha
a
E
E?‘
o f i 1
E i '
fnie Rl

the beginning and end of
W
H

less mtensity occur during l

ventricular diastole 1n comn A
cidence with the phases of
rapud filing of the ventri
cles They are the third
sound and the fourth or
atrial sound (diastolic
sounds) They are usually
inaudible m adults with the
exceptions of persons with
a flat thin chest who may

IE
have an audible third
sound ‘B
E
s

ventricular systole (systolic

sounds) the other two of

Untl recently a triple
rhythm (gallop) was con
sidered as a purely auditory
phenomenon ' However
phonocardiography has e

vealed that 1n certain cases Fig 224 Low frequency tracings m a case
with a tonple thythm the  uh 1
5 e "

ght ventucular hypertrophy (chrome cor
lic sound 1s 2! p le) 4 Mostly negatve thrust at apex
because 1t 15 weak low High atnial wave (a) B Large positive mmpact
Pitched or pear the Hrst R eatly eystole at epigastrrem Supenmposed
sound” The author with ‘28
Roitman  tried to sep
arate the cases with a more physiologic triple rthythm from those with a
more pathologic triple rhythm It was suggested to consider more path
ological any case having a diastolic sound with the following graphic charac
tensties (1) frequency of vibrations of 30 or more per second irrespective of
its amplitude (2) amplitude greater than two thirds of the Ioudest of the two
main sounds at the apex or (3) both
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st 2nd 1st 2nd
4h ), 3rd 4th 3rd
A ﬁ
ah 1 2nd ath Ist 2nd
3rd l 3rd
B Ifa
Rl
15t 2nd  3¢d 15t 2nd  3rd
4th A 4th
[ wr‘ / |r|L 1
1st 2nd 1st 2nd
H s H
J’\H‘)ﬁ
b ’l ,
4th st d Ath st 2nd  3rd

A —

Fic 225 Phonocardiographic scheme of the most common types of
tniple and quadruple thythms (gallop or tram wheel thythms) 4, Normal
sounds B atral type of tnple rhythm (loud fourth sound) C, ventncular
type of tnple rhythm (loud thud sound) D summation type of riple
rthythm (fuston of loud third and fourth sounds) E, quadruple rhythm
(loud and separated third and fourth sounds)
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It should be noted that this
empiical classification has no
absolute value because the path
ologic 1s metely the accentuation
of & physiofopic phenomenon
PyOROCARDIOGRAM Low FRrE
quency TRACGING  Three types
of tuple thythm and one of quad
ruple thythm have been recog
aized (Fyg 225)- * ™4

1 Atrial type The adddonal
sound occurs at the tme of atnal
contraction and represents the
accentuation of he foarth sound
(Fig 226 &) Yt usually falls i
late diastale but if the PR
mterval ts loag and dastole s
short 1t may fall in early diasiole

2 Vennewlar type The ad
dittonal sound falls 1 early dias
tole at the tune of vapid fithng
and representy the accentuaion
of the thyrd sound Ytoceuss from
Q14 to 018 second after the
second sound (Fig 226 B)

3 Summanon (or nonde
seript ) fype There 1s an adds
ttona sound or a short rembling
murmus 1 ud diastole This s
due to more of fess stmultaneaus
oceurrence of rapid passive filt
g and atnal contrachion caus
g the rapid succession or fut
sson of the thued with the fourth
sound (Fig 226 C)

4 Quadruple rhythm There
ate o additsonal sounds wn &
astale yepresenting the accentua
tion of the thwrd and fourth
sound (Fsg 227)

The dustobe sound 15 made
of a tugh diphaste or tuphasic

r 4}}1 st "2nd

? 5
fw'\é /\""‘l‘
3rd 'lst! 2nd3r ﬁ

» JRUN

ﬂnmﬁﬁmm,élm

w«v\r-«m

%f%% ‘éiaﬁi

Fic 226 Phonocardmg(ams of three cases
wth wigle thythos 4 supad ype dee o m
creased Joudness of the fourth sound (stetho
seopic and hinear tracings) B ventmonlar

due to mereased loudness of the third
sound {stethos,opsc and Lmear tramings), €
summation type where a complex sound (5
exsts m diastole  Stethoscopse tracing and
elkctracardiogram
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vibration It 15 stmultaneous with a high wave 1n the low frequency tracing
(cardiogram or epigastric tracing) ™ In the summation type, two distinct
waves may be present in the low frequency tracing even if a prolonged sound
or short rumble 1s revealed by the sound tracing

Phonocardiograms recorded first over the apex and then at the epigastrium
reveal whether the triple rhythm onginates 1n the left or 1n the night ventricle
A tnple rhythm recorded only at the apex wsually reveals left ventricular
strain, a triple rhythm recorded only at the epigastrium usually reveals night
ventricular strain Other types of triple thythms are recorded over both areas

1st ond
T ard"4th

i g

Fic 227 Phonocardiogram 1 a case with a quadruple
rhythm

The following conditions mcrease the loudness of the drastolic sounds

1 Raptd heart action The short diastole causes a tumultuous filing of
the ventricles

2 Prolonged interval between atrial and ventricular contractions the m
creased interval permuts a better audition but does not change the graphic
characteristics of the atnial sound

3 Hypertrophy of the left atrium as observed in mtral msufficiency with
out severe mtral stenosis gives a powerful contraction displacing a large
amount of blood The same 1s true for the right atrium n cor pulmonalc or
mitral stenosis This mcreases the loudness of the fourth sound

4 Dilated and weak myocardium the ventricular wall vibrates more when
ft by the flurd wave This 1s common 1n congestive failure and 1n coronar
heart disease
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5§ Ventnicular stran favors tnple thythms through merease of atnal pres
sure thns 15 typreal of hyperiensive heart disease

A dxastohc t)pe of triple rhythm* 15 recogmzed b ding 1 1y

pic phonocardiogram and a low frequency tractng (apex cardio
gram or epigastric tracing) The atral type 15 also recogaized by comparison
with an electrocardiogram  the add ! sound p des the QRS pl

Duff 1 diagf between sphitting of the second sound openng sound
or opening snap of the mitral valve and a dastohe sound, apant from the
time cosnesdence with the waves of the Iow frequency tracing (cardiogram)
and the electrocardiogram may also make use of the following average fig
ures (adults)

1 The distance between the two phases of a spht second sound vares be
tween 0025 and 005 second ® (older data*® were 003011 second but
the last figure should not be accepted without better proof)

2 The distance between the mam phase of the second sound and the
physologic opeming sound of the mutral valve vanes between 0 04 and 0 07
second *

3 The distance between the matn phase of the second scund and the path
ologic opemng snap of the matral valve vanes between 0 07 and 0 11 second *
{007-013 m older studies)

4 The distance between the mam phase of the second sound and the
beginning of the third sound 15 between 0 12 and 0 18 second ® %

A dull thurd sound 1s normal 1n chrldren or young persons with a thin flat
chest It 1s abnormal 1n older people or of very loud ° A fourth sound may be
recorded (seldom heard) m normal subjects above the age of 40 It becomes
an abnormal phenomenon if 1t 15 found 1 younger people or 1f the vibration 18
large or hugh pitched #

As already stated triple and quadruple rhythms are commonly assocrated
with tachycardia '.enmcu!ar dilatation or ventuicular stram Therefore these

rhythms are frequently d 1 f y thyrotoxicosss fever
atemu rh or 1 heart d and hypertensive or coronary
heart discases The shythm 1s caused by functional phenomena which may
disappear (delivery sed or v

causing & revessal to normal audntory phenomena

While a tnuple rhythm 15 more frequent in cardsac patrents than 1 normal
subects 1t may be found occasionally m the latter because its production 18
favored by functional elements which may be present without heart disease

The term tnple thythm  should be preferred to othets 1 order to dispel the

d fears once hed to the term  gallop rhythm However i,

should be kept m mund that a tnple shythm 1s evidence of a functional dis
turbance of the heart

* Addisson of a sound m systole cavses & systohic type of tnple rhythm (p 461)
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Conclusians

Recognitton of a triple or quadruple raythm 15 based on the phonocardio
gram recorded first with an electrocardiogram and later, with a low frequency
tracing of the apex or epigastrium

PULSUS ALTERNANS

Pulsus alternans occurs when every other pulse wave 1s weak although there
1s no arregulanity of the heart (Fig 228)
Pulsus alternans may ap

WWNVWWVWVWWWWVWWWWVWWVWVWW pear during attacks of par
R R R ROR % R oxysmal tachycardia [t 18

typical of hvpertension, coro
1 % ‘ 1 * 1 ‘ nary heart disease (especially
after myocardial infarction),
and congestive failure
Pulsus alternans 1s recog
nized by palpation of the ra

_E_Eg dial pulse only when excep
+ tionally severe Manual com
+ pression of the brachial artery
may cause halving of the
pulse and reveal less marked
alternation
Blood pressure tracings
eastly reveal the alternans If
. the patient has a heart rate of
A__quof' 60 decompression first shows
the sounds due to the large
Fig 228 Pulsus alternans waves (rate of 30) then those
due to all waves (rate of 60)
A new halving of the rate may be abserved near the level of dustolic pressure
There are four types of alternating pulse * ¢ (1) alternation of the peah
(systolic alternation), (2) alternation of the foot (diastolic alternation) (3)
alternation of both (systolic and diastolic alternation) (4) alternation of
the dicrotic wave In exceptional cases the tiial tracing fails to reveal an
alternation which 1s present in the brachial tracing
Several phenomena may alternate in cases of pulsus alternans
1 The mtensity of the cardiac sounds (Fig 229)
2 The mtenstty of a murmur
3 The amplitude of the ventnicular contractions as recorded by the electro-

kymograph
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At times the electrocardiogram reveals an alternaton of P R T or ST
which may be concordant or discordant m relaton to the pulse

Exertion usually increases the alternation A premature beat may start the
alternation which usually continues for some time thereafter

Differential diagnosis from a bigermunal pulse 15 made by observing an
electrocardiogram and a pulse tractng The ventricular complexes are identical
m pulsus alternans while the unusual complex of a premature contraction
peniodically follows a normal complex 1n bigemmal pulse The small wave 1s
nearer the preceding large wave in bigemmal pulse

In certain cases with rapid respiration the cardiac rate may be only twice
the respiratory rate with secondary alternatton of the pulse Inviing the
patient to hold hus breath for a few seconds reestablishes equal pulses

Fi6 229  Alternation of the second heart sound (aortic area) and of the pulse
(brachral)

The pulsus alternans of paroxysmal tachycardia and that occurnng for
only five or six contractions after a premature beat are of imited importance
Nevertheless they add seventy to the syndrome The pulsus alternans of all
other conditions has a serious prognosis because 1t 15 evidence of severe left
ventricular damage

Conclusions

Graphic diagnosis of pulsus alternans 1s sumple because this 15 a regulac
pulse with alternately smaller and larger waves

BUNDLE BRANCH BLOCK

Imparrment mn the transmission of the stimulus 1s not limited to the bundle
of His (p 9) If 1t occurs below the bifurcation of the bundle 1t may delay
or block the conduction toward one ventcle When the delayed conduction
15 1 one of the stems of the bundle there 1s bundle branch block (bbb )
When there 1s diffuse impairment 1n the more distal subdivisions there 15 an
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infraventricular block (1v block) When there 1s localized impairment 1n
one of the distal branches, there 1s a focal bloch
These disturbances fail to cause any apparent change of the heart action
because the affected ventricle 1s stimulated 1n a devious way through the
septum On the other hand this process causes delay of stmulation and con
traction of one ventricle 1n comparison with the other the non simultaneous
occurrence of electrical and mechamical events may cause changes of the
electrocardiogram electro
oVR avt kymogram, phonocardio
gram, and mechanical trac
ngs

Electrocardiogram
‘ The electrocardiogram

recorded n the imb leads

shows that QRS 1s broader
‘u"‘ and lasts more than 012
vi

3 second i adults (more

vé than 0 10 second in chil
4"‘ dren) and 1s notched or
slurred

LEFT BUNDLE BRANCH
Brock  There 15 no S
wave in Jead 1* The T
wave may be n either the
same or the opposite direc
tion of the main QRS com
plex ** The direction of the

aVF main wave 1 leads 1 and
Fi6 230  Electrocardiographic scheme of left 3 fails to give a clue 1t may
bundle branch block mn a honzontal heart be of either the concordant

type (mght axs deviation)

or the discordant type (left axis deviation)* ** according to the posiuon of the
heart

The precordial leads give basic data there 1s a small R wave followed by
a deep and broad S (r5) in leads V1 and V2 on the other hand the R wave
complex 11 leads V5 and V6 (rR or M) (Fig 230), there s no Q warve 1t
V5 V6 because the septum 1s simulated from right to left

The data suppled by the unipolar imb and precordial leads® are sum
marnized 1n Table 26

» A small and broad §1 (and S 1n V6) can be observed in cases of watraventricular block of
the Jeft base (S-type of left iv block)
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TABLE 26 ELECTROCARDIOGRAPHIC CHANGES IN LEFT
BUNDLE BRANCH BLOCh

Posttion of Unipolar Pattern of
the heart lead electracardiogram
Rt am QS raised S-T upnght T
Vertical It arm QS or 1S small upnight T
heart Lt leg R depressed S-T iverted T
(less common) VI-V4 QS or 1S upward T
V5-VE R depressed S-T nverted T
Rt arm QS upward T
Lt arm R mverted T
Horzontal Lt leg QS wpward T
heart V1 QS upward T
V2-V3 1S upward T
V5-V6 R mverted T
The mtracardiac electro GVR avl
cardiogram (nght ventn
cle) presents a deep QS
complex a positive T wave h
and an upward displace
ment of S T * A
In left ventricular hyper

trophy, leads facing the

epicardial surface of the 4*/
2 i

Left ventricle have a wide

qR pattern In left bundle ve ,‘fL A

branch block leads facing '4—"

the eprcardial surface of the

left ventricle show a wide

Rand no Q

RiGHT BUNDLE BRANCH

BLock  The T wave 15

usually i the opposite d

rection of the main wave

of QRS The main wave 1n

leads 1 and 3 15 wsually of aVE

the concordant type (nght gy 231 Electrocardiographic scheme of might

axis deviation) However  bundle branch block mn a horizontal heart

if the heart 15 vertical 1t 1s

possible to observe a discordant type of electrocardiogram and no S wave
The precordial leads give basic data the R wave 1s of great amphitude and

1s delayed 0 06-0 08 second over the beginning of the complex 1n lead V1

and V2 (like 1SR or M) 1t 1s of lugh voltage and occurs early 1n leads V5

and V6 (like qRS or RS) (Fig 231)
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A specral varety of night bundle branch block 1s called Wilson type of
block Lead 1 has a tall R followed by a deep and wide S, and by an upnight
T wave Lead 3 has a qR type
of complex and an imverted T
(Fig 232) The chest leads
V5 V6 have a slurred, wide §
and R’ wave

The data supphed by the
unipolar limb and precordial

T = leads®® are summanzed
Eipo— Table 27
E-—EE E The intracardiac electrocar
EEEE; TR g diogram (night ventricle) pre
Ege— = i sents a diphasic imtial complex
: ‘E.‘:s n'v':;"’?§~ a’ of the RS type followed by an
Ea=5 ggg s mverted T wave
; b
Phonocardiogram
P e
EEEE%EEE The first sound 1s prckgnged
R aiier ., \atassasses and lasts more than 0 16 sec
EKEE'—""——"E_:_E'@E ond It 15 frequently of low
__:Eﬁ‘é:" gﬁé amphtude Sphtung of this
Saeey sewee oews seste renes sound has been described by
Seesptoe: toses pees §
SRS imm poees rouas benan B several authors ® 4 ¢! However

Fic 232  Wilson type of right bundle branch this observation 1s sot con
block firmed by stethoscopte tracings®

and should be attributed to 1n
adequate technic Ventricular asynchromsm results 1n the delay of contraction
of one ventricle of about 0 04~0 05 second This 1s too short for causing 2
sphitting of that central phase of the first sound which 1s clearly visible and
which lasts from 0 06-0 08 second (p 46) However 1t causes prolongation
of the sound 1n bath the night and the left types of bundle branch block The
second sound being shorter 1s constantly split the interval between the two
phases of the sphit sound 1s from 0 03 to 004 (Fig 233) *

*1f left ventricular hypertrophy and mtraventricular block add their effects to that of left
bundle branch block the delay between the contractions of the two ventricles may reach 005
sec or more ® Then closmg of the mutral (first valvular event of left heart) takes place at the
tume of opening of the pulmontc valve (second valvular event of mght heart) because the
normal 1sometric tension period (about 005 second) lasts as long as the pathologic mterval
between the contractions of the two ventncles The phonocardiogram then 7eveals three groups
of vibrations _the first 1s due to tricuspd closure the second to pulmomc opeming plus mnl‘ral
closure the third to aortic opeming A similar with

] of left
events occurs when nght intraventricular block and right ventricular hypertrophy add their
effects to that of right bundle branch block
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TABLE 27 ELECTROCARDIOGRAPHIC CHANGES IN RIGHT
BUNDLE BRANCH BLOCK

Posion of Unipolar Pattern of
the heart lead electrocardiogram
Rt arm ISR mverted T
Verteal Lt arm TSR nverted T
heart Lt leg gRS upright T
(less common} VI-V2 sR inverted T
V4-V6 qRS uvpward T
Rt arm sR ioverted T
Lt arm RS upward T
Horuzontal Lt leg TSr ot 1SR upward T
heart VI-V2 R or M mverted T
V4-V6 gRS wvpward T

Carotid Tracing Jugular Tracing
The delay between beginming of first sound complex and nse of the carotid

pulse (usually about 0 05 second) 15 increased and lasts from 0 07 to 0 08
second 1n left bundle branch bloch The meisura of the carotid pulse comcides

W@A;MW/

BEEESE
E EEgE
i BEE

Egss
RS R

BEERnpaEEEERER =====-==E= EEEHH

Fi6 233 Phonocardiogram 1n a case of night bundle branch block Pro
longed first sound split second sound
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1n normal subjects with the main vibration of the second sound In left bundle
branch block 1t comncides with the second phase of the split second sound
(Fig 234)2 1

The rise of the carotid pulse has a normal relationshup to the beginning of
the first sound 1n right bundle branch block the mcisura has a normal re
lationstup to the first phase of the split second sound 1n this type of block

In right bundle branck block the study of the jugular tracmg 15 of mn
portance the peak of v 15 markedly delayed and occurs 0 08-0 14 second
after the end of the second sound (or after the second phase of the second
sound if this 1s sphit) In other words v which usually occurs 0 08-0 14
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second after the second sound has the same relationship to the second phase
of that sound when this 1s spht (Fig 234)

Electrokymogram

This method may be applied to the study of pulmonic or aortic expanstons
In most cases, it may be applied not only to the study of left ventricular but
also to that of nght ventricular contraction Moreover, right atrial tracing 15
so deeply nfluenced by right ventricular contraction that the phases of right
ventricular dynamics may be studied even by recording a night atrial border

Fiest Second Fuest Second
Sound Sound Sound Sound

Fic 234 Scheme of the changes of the phonocardiogram carotid
tracing and jugular tracing n bundle branch block with ventricular
asynchronism At left delay of carotid pulse in left bundle branch block
(B) At nght delay of v wave of the jugular tracing mn night bundle
branch block (D)

tracing (p 192) The best technic 1s that of recording simultaneously a high
left ventricular tracing and a pulmonic tracing, then, a nght ventricular (or
rght atnal) tracing with an aortic tracing * The study may be completed by
the simultancous observation of the anterior {right ventricle) and postenor
(left ventricle) surfaces of the heart It should be kept 1n mund that while
direct companson of the two ventricles has a decisive importance comparison
of one ventricle with one pulse (or of the aortic and pulmonic pulses) 1s less

*If one has only a pick up umt the study should be made n the followmng way (1) sortic
eky plus sound tracings (2) pulmomc cky plus sound tracings (3} left ventnicufar eky plus
sound tracings (4) nght ventricular (or right atrial) eky plus carotid and sound tracings {5}
companison of the four tracings using the sound tracing as timer It should be noted that use

of the carotid tracing as timer 1s confusing because the carotid pulse 1¢ delayed in left bundle
branch block



Diffuse Myocardral Lesions 435

significant on account of possible interaction of peripheral factors which may
accelerate or delay the valvular events

Normal time relationships between the two ventncles and the two large
vessels were studied by the author and his co workers © and by Schwedel and
co workers * In spite of shght individual and phasic varations, 1t can be
assumed that the two ventricles and the two large arteries present pulsations
which are either simultaneous ar succeed each other within 0 01 second The
most common 15 the precession of the nght ventricle and of the pulmomc
pulse by 0003 second °

First Second
Sound Sound Thrd

Sound
Phono M

v Ao A
Pulm A

%

|
Eky Ao A
Pulm A

Fic 235 Scheme of the electrokymograms of the aortic
and pulmonary arches i nght (above) and left (below)
bundle branch blacks with ventricnlar asynchronism

In about 30 per cent of the cases of left bundle branch block, left ventricular
cantraction and the aortic pulse were found delayed over the nght ventricular
and the pulmontc pulse by about 003 second (Fig 235) % If there 15
hypertrophy or intraventricular block of the left side the delay 15 greater
Hypertenston of the greater circulation 1ncreases the delay revealed by the nise
of the pulse decreases that revealed by the incisura

In about 30 per cent of the cases of right bundle branch block the nght
ventricular contraction and the pulmonic pulse were found delayed over the
left ventricular and the aortie pulse by about 003 second (Fig 235) ° * If
there 15 hypertrophy of the mght ventricle ot ntraventricular block of the
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right side, the delay 1s greater Hypertension of the lesser circulation mereases
the delay revealed by the nse of the pulse decreases that revealed by the
mnersura Systemic hypertension may partly neutralize the effect of right bundle
branch block so that the delay 1s Iess apparent

In both types of block a prolongation of the phase of isometnic relaxation
was observed ® A Jarge percentage of cases of bundle branch block, whatever
the side seem to present a bilateral delay of contraction® upon eky studies
However, phonocardiographic studies reveal a much larger percentage of
asynchrontsm

Conclusions

Certain data indicating asynchromsm of ventricular excitation and contrac
tion are common to both types, broadening and slurring of the QRS complex
(ecg) prolongation of the first sound, and sphtting of the second (phono)

Other data can be used for the diagnosis of side of the bundle branch block
with the reserve that mechanical delay may or may not be present

1 Left bundle branch block The mamfestations of left ventricular activity
are delayed 1n companson with those of the right ventricle delay of R i
V5 V6 over R V1 V2 (ecg), delay of the nise of the aortic over that of the
pulmonic pube (eky) comncidence of the carotid incisura with the second
phase of the split second sound (phono, carotid tracing}

2 Right bundle branch block The mamfestations of night ventnicular
actvity are delayed 1n comparison with those of the left ventricle existence
of S1 delay of R 1 V1 V2 over R 1 V5 V6 (ecg) delay of the rise of the
pulmonic over that of the aortic pulse (eky), delay of the v wave of the
jugular tracing over the second phase of the spht second sound (phono,
jugular tracing)

INTRAVENTRICULAR 8LOCK
Electrocardiogram

In diffuse mntraventricular block QRS 15 severely prolonged and may last
more than 0 15 second Bundle branch block or ventricular hypertrophy may
be contributory factors

In left intraventricular block a small Q may be observed 1 the chest leads
V5 V6 This 1s particularly significant because the delay of conduction n the
left branch of the bundle should cause disappearance of a septal Q Septal
mfarction should be excluded before explanmng this Q as caused by intra
ventncular block

It has been suggested that certain changes of the electrocardiogram indicate
block of the stumulus n some defimte layers of the ventricular wall Notchirgs
of the ascending branch of QRS have been interpreted as due to block 1n the
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subendocardial layers while notchings of the descending branch of QRS have
been explained as due to block 1n the subepicardral layers * Focal block 1s re
vealed by a broadening of QRS only 1n one or two chest leads and not 1n the
others This 15 explamed as due to local conduction disturbance

'WOLFF PARKINSON WHITE
SYNDROME

This syndrome** should be
kept apart from the more
common types of intraventric
ular block because 1t 1s due to
preexcitation of the ventricles
and not to delay of ventricular
excitation It occurs mostly
n young males who may pre
sent attacks of paroxysmal
tachycardia but are otherwise
normal However cases where
this syndrome 1s associated
with theumatic congemital or
coronary heart disease have
been described

Electrocardiogram

The electrocardiogram pre
sents a short PR interval
(008-010 second) while
QRS 15 increased 1n duration
(010-0 12 second) and 1s
slurred It 1s typical that the
first mb of QRS 1s slurred
and slow while the second
bmb 15 rapd and normal
(Fig 236) The precordial
leads usually fail to show

Fic 236 Ecg of a case of Wolff Parkinson
those changes which are com  whye syndrome

mon 1 bundle branch block
* Seghers?® demies the eustence of bundle branch block He admits (1) a septal block

causing the pattern of 2) a ock 1n the ventricular
wall He further admuts that the pertpheral block should be subdivided mto (1) subepicardial
(descending branch of QRS 1s notched) (2) intermediate or panetal {ascending branch of

RS 15 notched) subendocardial (shift of the electnc axs of R toward the normal side
carly intninsicord deflection 1 the chest leads on the side of the block)
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During the attacks of tachycardia (atmal tachycardia), the ecg often presents
normal PR and QRS intervals However, attacks of ventricular tachycardia
or atnal fibnillatton may also occur

Phonocardiogram

In general the phonocardiogram fails to show prolongation of the first
sound, like 1n bundle branch block A case observed by the author presents a
crescendo type of first sound which had been erroneously interpreted as a
presystolic murmur Only rare cases present a split second sound

Electrokymogram

The most common finding 15 that of delayed contraction of both ventricles **
as revealed by simultaneous aortic and pulmomc tracings with an electro
cardiogram Less common finding 1s that of ventricular asynchronism *°

MYOCARDITIS

Acute and subacute myocarditis may be viral bacterial or parasitic or may
follow an allergic reaction Vitamin deficiency states and severe neuropathies
and myopathies are also frequently accomp d by deg: jon and failure
of the myocardium

Electrocardiogram

The findings vary according to the more or less widespread type of lesion

They consist of

1 Changes of rate

2 Disturbances of the rhythm due to increased excitability (premature con
tractions atrial flutter or fibrillation atrial or ventricular tachycardia)

3 Disturbances of the thythm due to altered spreading of the stimulus {pro
longed P R,saoravblock bb block 1v block)

4 Abnormality of repolanization (changes of ST and T) In certain cases
the electrical pattern may simulate myocardial nfarct **

Phenocardiogram
The most common findings are
1 Apical systolic murmur
2 Trnple or quadruple rhythm
3 Prolonged famnt and low prtched first sound
4 Spht second pulmonic sound

Artenal Tracing

There may be pulsus alternans or irregulariies of the pulse caused by
cardiac arrhythmias



Diffuse. Myocardial Lesions 439

Electrokymogram

Certain cases having a severe but circumscribed lesion of the left ventrcle
may present the pattern of dynamic aneurysm (p 452) over the border of
the left ventnicle This was found 1n 1 case of the author™ and 1n 1 case of
Clagett ° both confirmed by autopsy

Patients with myasthema gravis may present this pattern ® which may
disappear after treatment It 13 hikely that more cases of myocarditis myo
cardial degeneration or myocardal fibrosis presenting this abnormality will
be described 1n the future
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CHAPTER 49

Coronary Heart Disease

(INCLUDING MYQCARDIAL INFARCT)

The term  coronary heart disease 15 applied to lesions of the artenial system
of the heart and to the Ming ch of the myocard It 15 also
applied to the climical pictures caused by these lesions

Polyartenitis nodosa a process attributed to an allergic mechamsm fre
quently mvolves the coronary arteries Thromboangntis obliterans (Buerger’s
disease) may cause coronary stenosis and occlusion 1n young people How
ever artenescleross 15 the most common cause of coronary lesions and 8
present in over 90 per cent of cases

Coronary nsufficiency 1s a condition 1n which the need of the myocardium
for blood and oxygen 1s greater than the amount which can be suppled
Coronary msufficiency does not occur when both blood supply and blood
demand are reduced as n the semle heart and i certain forms of vascular
collapse The most common mamfestation of coronary insufficency 1s cardsac
pam, the so called angmna pectons

Coronary heart disease may lead to various clinico anatomic pretures 1)
myocardial infarction (2) cardiac pamn (angina pectoris) (3) senile heart
(4) congestive failure

442
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Coronary disease 1s frequently accompamed by decreased blood supply
to the myocardium (1schemsa) The latter may be followed by damage (10
Jury) to the heart muscle and if severe by its necrosis (death) Consequently
three basic electrocardiographic patterns have been recognized ischema
myury, and death (Fig 237)

1 Pauern of ischemia
According to widely ac
cepted studies, the spread
ing of the stimulus within
the ventricular wall takes
place from the endocardial
toward the epicardial Iy
ers The front of the wave
of depolanzation 1s pre
ceded by posine and ol
Jowed by negative 10ms
Therefore, an epicardral B
electrode records the wave
of depolartzation as & post
tve deflection while an
electrode introduced wito a
‘entnicular cavity records
it as a negative deflection c
Repolanization of the ven
tricular wall 1n the human
heart has features which are

different from those of p. 93 Blecrocardiographic patterns 1n cor
oth graphic p;

er species On account onary heart disease A 1schenma B mpury €
of the slow repolanization  pecrosis

of the subendocardial lay
ers the front of repolarization starts from the subepicardal layer and moves
from there toward the endocardizm As the front of repolanzation 15 preceded
by negatne ons and 1s folfowed by positive tons an epicardial electrode
records a positive T while a cavity electrode records a negative T Ischemisa
affects chuefly the subeprcardsal layers and slows down their process of re
polanzation Thus, the vector of repalarization of the ischemic ventricle pro
ceeds from the cavity toward the surface and a negative T 1s recorded by an
eptcardial electrode

2 Pattern of inpury Understanding of this requises resort to a concept
which has been used several times in the past and which 1s still useful that of
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the monophasic waves According to 1t the electrocardiogram 1s the result of
an algebraic sum of two monophasic waves One due to the electrical processes
of the subendocardsal layers would be positive the other, due to the electrical
processes of the subepicardial layers would be negative The QRS T 1s due to
the precedence of depolarization in the subendocardial layers to the precedence
of repolarization 1n the subepicardial layers Injury to the subepicardial layers
would decrease the potentials of the latter and cause a predominance of the
posttive displacement which 1s especially noticeable in the S T mnterval On
the contrary injury to the subendocardial layers would decrease the potentials
of the latter and cause a negative displacement of $ T If the njury 1s caused
to the layers of the posterior wall of the heart an anterior electrode would
record a displacement but mn the opposite direction (depression n postertor
subeprcardial 1njury nise i posterior subendocardral injury) Both the chest
and the limb unipolar leads employed 1 climeal studies use an explonng
electrode which 1s at some distance from the eprcardium, therefore, a mixed
pattern of mjury plus ischemia (raised S T and inverted T wave) 15 recorded,
unless the area of injury 1s large

3 Pattern of necrosts The destruction of an area of ventricular muscle
results 1n the disappearance of the electrical forces due to the activity of that
area during the process of excitation As a result the dead tissue acts Iike ‘an
electrical window and the electrode records the negative potentials of the
ventncular cavity Necrosis or death of the tissue 1s revealed by a deep QS
complex followed by an mverted T wave 1if an electrode 15 placed over the
epicardium * Unipolar imb leads (p 231) or umpolar chest leads (p 232)
may register a mixed pattern of necrosts mjury, and ischemua, if the area
of necrosis 1s small Then, a deep Q wave an elevated S T, and a small n
verted T wave are observed On the other hand 1f the area of necrosts 1s large,
the umipolar leads record typrcal cavity potentials eg a pure pattern of
necrosis Whenever the necrosis does not involve the entire thickness of the
ventnicular wall potentials from both the damaged and the healthy tissue
reach the electrode Then, 1t 1s impossible to distinguish between prolonged
diffuse 1schemia plus some degree of injury, and partial necross except by
the duration and evolution of the pattern

MYOCARDIAL INFARCTION

Mjocardial infarction may be the result of acute coronary nsufficency,
coronary occlusion or coronary embolism The most common occurrence is
that of the gradual occlusion of an arteriosclerotic vessel by the concentric

* Put 1n a different way the normal vector of electrical forces within the ventncular wall 15
directed from the endocardium toward the epicardium whenever necrosts of the wall occurs

an epicardial electrode records currents directed away from it which are transcnbed a3
negative waves
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prohferation of the itima Another possibility 15 that of a sudden occlusion
because of intramural hemorrhage or thrombosss of a coronary vessel

Acute 1schemia s followed by severe functional changes n the myo

d The 1sch area t Y and 1ts cc weaken
rapidly Then the area cannot oppose the sudden wse of ventneular pressure
which takes place during each contraction and dilates 1n systole formung a
ventricular aneurysm There 15 a sudden fall of pressure tn both the aorta and
the pulmonary astery which may be partly compensated within a few mnutes
The area surrounding the mfarction becomes hyperexcitable Stimult ansing
n this area may cause premature beats ventnoular tachycardia atnal flutter
or fibnilation, or ventncular flutter The sudden wschemma may cause av
block or bundle branch block

Electrocardiagram

The typical chang fed by the elec diogram are those of
schemta tjury and necrosts as autlined above (Fig 237) Different prctures
occur according to the Iocalization of the infarct The older division of infarcts
mto anterior (Q1 T1) and posterior (QT T3) may be mantained for large in
farcts Otherwase 3t <hould be replaced by a more precse deseniption of
focahzation such as anteroseptal anterolateral posterolateral or posterabasal
A Ingh anterolateral or posterclateral mnfarct may also occur

The typical evolutionary changes of the tracing are well known They
consist of the appearance of a QS type of bial complex (or a deep Q fol
lowed by R) and an inverted T wave (Fig 242) In the process of heahng, the
negative T wave becomes deeper at first, then decreases and may become
tsoelectric and even return to norm These changes are due to the spreading
toward definite areas of the body of negative cawity potentials recorded
through the necrotic tissue Tt could be said that those areas look nside the
ventricle through an electrical window

The anteroseptal variety does not affect the hmb leads even though it
cal;ses mportant varations i Vi, V2 and V3 and occasionally in Ve (Fig
238}

The anterolateral vaniety affects typicatly the umpolar lead of the left arm
(2VL) This canses the well known changes 1 the standard lead 1 Reciprocal
changes take place in the nght arm lead The chest leads V4 to V6 reveal
the infarction and may permit a gross evaluation of its size (Fig 239)

Both 1n the posterolateral and posterobasal varseties the typrcal mversion
of the mitial complet and of the T wave again due to the “electrical window
B ded best by the umpolar lead of the lft leg (aVF) A reciprocal
change 15 recorded by the left arm The resulting balance 15 sevealed chiefly
by the standard lead 3

In the posterlateral vanety the postenor chest leads V7 to V9 and the
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esophageal Iead (VEs) reveal typical changes (Fig 240) In the posterobasal
vartety the umpolar lead of the xiphod process (Ve) reveals the typical
picture (Fxg 241) On the other hand the chest leads V1 to V4 present
hanges 1n both

Infarcts may occur 1n any part of the myocardium wmcluding the atna and
the septum They may occur near the ep d or near the end:
they may be transmural 1n which case they are like a combination of the pre
vious two types, they may be ntramural because small In the Jast snstance the
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.
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N W

oVF
Fi6 240  Ecg pattern of old posterolateral wmfarct

electreal forees 2round the miatcied area ate equal and opposte <o that so
pattern of mjury or necrosis may be recorded if on the other hand a farge
area of ischemia surrounds one of these small infarcts a pattern of 1schemia
15 recorded

The direction of the § T dispfacement may give data on the focaton of a
myocardsal lesion because the ch of the § T seg are diff; accord
mg 1o the depth and location of the lesion® Elevation of ST 1s found m
anterior chest leads when there 1s an anfertor subepicardial inpury A postertor
subendocardial injury or an mury of the septum on the left ventncular side
18 also revealed by elevation of ST m these leads
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Electrocardiographic Diagnosis

‘The untpolar imb and chest lends are of great value for the dragnosts ¥ 13

An upward T wave tn aVR can be found i the following conditrons (1)
left ventricular hypestrophy, (2) left bundle branch block, (3) myocardial
mfarction (4) after digitalis

An mnverted T wave in aVL can be found 1n the following conditions (1)
normal heart 1 vertical position, (2) left ventricular hypertrophy or left

aVR oV

oVf
Fic 241 Ecg pattern of old posterobasal infarct

bundle branch black 1n a horizontal heart, (3) anterior myocard:al nfarct
(4) after digitalis

Anumerted T wave in gVF can be found in the followsng conditions (1)
normal heart in honzontal position (2) night ventricular hypertrophy (cases
with nverted T2 T3) (3) nght bundle branch block with a horizontal heart
(4) left bundle branch block with a vertical heart (rare) (5) posterior myo
cardial mnfarct, (6) after digitalis

Insersion of the T wave in the chest leads together with changes of the
QRS complex permuts localization of the infarction (Table 28)
ATRIALINFARCT  This rare lesion 1s revealed by abnormalities of the P wave
premature beats atnal fibnllation wandenng pacemaker or nodal rhythm
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TABLE 28 INVERTED T IN THE CHEST LEADS

At the nght Normal heart (especially infants and chldren)
of the Rught ventricular hypertrophy
transitional Right bundle branch block
Zone Anteroseptal wnfarct®
After digitalis
At the left Left ventricular hypertrophy
of the Left bundle branch block

transitional

Antenior nfarct

zone Infarcts extending to the lateral aspect of the
heart (anterolateral plus posterolateral)

*This may extend to the first portion at the left of the transiional zone

Later, esther elevation or depres
sion of the P Q terval with a
cove shaped aspect has been ob-
served There 1s elevation of P Q
m Lead 1 when the lefr atrum 1s
mvolved 1 Lead 3 when the right
atrium 15 damaged **

Later 1 the stage of inversion
of the T atnal wave there may be
some slurrmg of QRS because re
polarization of the atma (Ta)
occurs during the QRS complex
AtyricAL TorMs MurTieLE IN
TARCTS  Atypical electrocardio
graphic patterns are found m about
one third of the cases with mnfarct
Some are due to pre exssting ntra
ventricular block or older infarcts
some to gradual production of
necrosis with successive 1nvolve
ment of anterolateral and postero
lateral parts of the left ventricle
In such instances the first stage
may not be apparent

Multiple mfarcts are common
and may consist of various com
binatsons of recent and old infarcts
In some cases an mnverted T wave

1 J’\ v4

1sT
STAGE
3 4~
1 V4
2ND
STAGE
34N
1 -\L/- V4
3RD
STAGE J
3 A
Fic 242  Electrocardiographic changes

m the vanous stages of evolution of an
anterior infarct

1n all leads has been observed (type Tn) ® This may be due to (1) massne
infarct mnvolving both the anterior and postenior walls of the left ventricle
(2) anterior infarct 1n pateents already having an wverted T3, (3) posterior
infarct in patients already having an mverted T1
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Senal electrocardiograms 1 successive mfarcts may reveal either the Tn
type of evolution or changes of T this wave first assumes a frank antenor,
then a frank posterior type 1n spite of previous abnormalities

Phonocardiogram

The most typtcal change 1s the disappearance of the rapsd vibrations of the
first sound This presents a prolonged series of slow vibrations which are
frequently small but may be of normal height After the acute stage 1t 1s
posstble to observe large diastolic sounds These additional sounds are heard
only 1f they are very loud on account of their low pitch (Fig 243 B)

Low Freq y Tracings (Cardiograms)

Cardiographic tracings are obtamed with difficulty m the acute stage of
myocardial infarction because of the weak cardiac actton When a good
tracing 1s obtamed a slow development of all waves 1s frequently obsened
(Fig 243 A) This 1s due to the existence of an area of soft tissue m the Teft
ventricle By absorbing part of the energy of contraction, this area prevents a
rapid nise of pressure and a rapid closure of the mtral valve Therefore the
first sound becomes altered and the low frequency vibrations of the chest
also become slow (Fig 243)

Roentgenkymogram

The abnormal movements of the left ventricular wall following myocardial
mfarction have been repeatedly mnvestigated by means of roentgenkymog
raphy

The most common abnormalities described were diminution or absence
of pulsation 1 a segment of the left ventricular contour, systolic expanston
over the lower left contour, and diastolic splintering *° 1 24 73

Electrokymogram

Electrokymography permits an accurate study of thesc movements and
gives tracmgs which may have diagnostic value 7 13 1% 17 22

Several abnormal patterns can be observed m exther systole or diastole (Fig
244) * However some of the abnormalittes can be found in other conditions
or can be simulated by improper application of the st Therefore they have no
diagnostic significance as to myocardial nfarct Some of the drastolic ab
normalities are connected with an abnormality of systole and represent 2
necessary consequence of the Iatter (return of the wall after abnormal pulsa
tion) Furthermore some of these deviations from the normal tracing, and
particularly those extending over a large portion of the left ventricular con
tour may be favored by positional changes of the heart

Two definite abrormalities of the systolic wave should be considered as
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F1g 243 Two cases with coronary heart disease and old infarets (4
anterior, B postenios) Both the stethoscopic phonocardiogram and the
low frequency tracing at the apex reveal 2 slow development of alt
vibrations

sadicative of locahzed myocardial damage tn the majonty of imstances this
bewng identical with myocardial mnfarct

1 Reduced de of the lar wave or disapp of this
wave in a circumseribed regron of the left ventricle Whenever the surroundumg
areas present large waves thus sign 15 defintely related to mfarction As that
area 15 functronally (and usually also anatomically) excluded from participat
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ng m active contraction the author suggested the name of local paralysis for
the phenomenon thus revealed by electrokymography **

2 Imerted pulsation (paradoxical pulsation) of a curcumscribed area of
the ventricular myocardium In typical cases this mnverted pulsation assumes
the aspect of a plateau, mdicating that the mert wall 15 passively distended by
mtraventricular pressure (Figs 244, 245 and 246) Ths type of pulsation

1st 2nd s

1st and
4th 3rd 4th 4th Il 1 3rd 4th
/v\,_ﬂ

"\\\_

Fi6 244  Abnormalities of the ventncular electrokymogram (continuous
Ime) compared with the normal tracing (dotted line) 1 Decreased amph
tude of contraction 2, early end of contraction 3 Jate onset of contraction,
4, early systolic distention followed by normal contraction 5 systolic dis
tention (dynamic aneurysm) 6 marked presystolic distention 7, deep

early-d 8 late dastol 9, decreased amplitude
of and deep early-diastolic drop (From Luisada and Fleisch
ner, Acta Card )

may be associated with the existence of a well defincd bulge of the ventricular
profile on chest films In such cases the name of ventricular aneurysm 15
commonly used In other cases the bulging occurs only 1 systole while
no bulge 1s present m diastole This phenomenon occasionally observed
on flucroscopy 15 hardly noticeable on roentgenograms, these even if taken
at the maximum of systole would show but a mnute projectron hardly de

ble without 1 jus observation of the two opposite motions It
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should be kept 10 mind that the dynamic signaficance of such an mverted pulsa

tion 15 srular to that of an aneurysm The wall distends 1 systole absorbmg
part of the dynamuc effort of the nosmal myocardwm 1t colfapses 1n diastole

disturbing the normal filling and spilling s retamed blood mto the rest of the
sentncvlar cavity This sumlarty may Justify the term dynamuc aneurysm

suggested for the merted type of pulsation without a permanent bulge of the
left ventricle ¢
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Fi6 245  Locations of the sht and reconsteuction of the structusal changes m a
case with multiple myocardsl mfarction Large dynamic anenrysm extending from
the upper part of the lateral wall to the Jower part of the antenor wall Local
paralysts m the muddle Iatesal and postertor walls (Frem Lutsada and Flesschner
Acta Card )

The myocardial damage may not be revealed by the electrokymogram
small mfarctions on the other hand 1t may be more extenssve than forecast by
the electrocardiogram 1 cases with multiple old mfarcts

Landowne' has remarked that the pattern of local paralyss imdicates
that the damaged area fails to move mward hke the rest of the ventricular
wall Thus it 18 equivalent to a moderate relative ¢xpansion If this explana
f1on 35 accepted  local paralysis would be equivalent to an imtal *dyname
aneurysm

ANGINA PECTORIS

Increasing knowledge in the field of coronary heart disease has changed our
undezstandiag and defintion of angwa pectons  Fifty years ago this name
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was applied to any case of coronary heart disease with cardiac pam cases of
myocardial infarct are now excluded Therefore angina pectorss 1s simply
cardiac pan due to coronary insufficiency not followed by an mfarct and
the expresston cardiac pamn  mught be substituted for angma pectons
Even if hemodynamic chemical or vasomotor elements are mvolved there
1s no doubt that a structural leston of the coronary system s present 1n the
great majority of cases
This lesion may be severe
Furst  Second First  ing extenswe 1)r,1 some pa
Sound  Sound Sourd  yents In others it 1s 50

hmited that 1t acts only as

Mwww a trigger mechanism’
favoring reflex coronary
1schemia

Lad 1 [} Ld
’ ll Electrocardiogram
In patients with frequent
A attacks of cardiac pamn the
‘ should
|
]
'

electrocardiogram
H‘l‘ be taken between the at

tacks and also durning an
attack In doubtful cases
the study should be re
peated after controlled ex
ertton (Masters two step
exercise test’ ° (p 252)
mhalation of oxygen poor
gas (according to Levys
d technic!t) (p 252) ormn
FiG 246 A case of old anterolateral mfarct halation of amyl mtrate®
(elect d ) with o dynamic p 254) This leads to
aneurysm (electrohymogram) Phonocardiogram — qiyision of the patrents 1n
ventncular eky {A) and for companson a normal four groups
ventricular eky (B) (From Luisada Medical Ciin group:
1cs of North America Courtesy of the Saunders Co ) I The electrocardio
gram between attacks re

veals severe abnormalittes ndicating coronary and myocardial lestons (no
functional tests should be performed) A predominant structural component
1s at the basis of the attachs

2 The electrocardiogram between attacks reveals only slight abnormalities
However functional tests cause typical changes of the electrocardiogram
The structural Iesion 35 mild and functional components contnibute 0 the
attack

3 The electrocardiogram 1s normal between attacks Functsonal tests cause

i Systole! Diastole
T

1
'
i
[
1
1
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typical changes Even though a pred Ty ! mech 150
volved, a shght structural lesion 1s to be suspected
4 The electrocardiogram 1s normal both between attacks and following
functional tests The pawn 15 probably not related to the heart

CORONARY HEART DISEASE WITHOUT CARDIAC PAIN

Coronary heart disease can be followed by severe changes w the myo
cardium without causing cardiac pam This 1s probably due to umform and
widespread fibrosis of the myocardium with moderate atherosclerosss of the

Beg.

N

Fic 247 Abnormal ballistocardiogram (Beg, ) m a
vase of coronary heart disease

larger coronary artentes If the fibrosis of the myocardium precedes or ac
fopaer the hedanang of the Jasges 1essels sandsae novk and Wood demand
ate ds g without disp tion to the amouat of blood supplied by the
larger coronary vessels As a tesult of myocardiat fibrosis cardiac reserve 13
decreased Whenever the Jesion 1s modesate the picture of semle heart 1s
observed On the other hand 1if severe Jesions occur within a short tme or
damage 1s extensive heart farlure may follow

Balltacardiogrom

The ballistocardiogram of patients with coronary heart disease 15 frequently
abnormal (Fig 247)* ® **The possible abnormalttees are
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1 H wave of ampltude equal or higher than that of the J wave (early
M type)

Absence of the J wave

J wave M shaped at 1ts peak (late M type)

J wave late 1n systole and deep K wave (late downstroke type)

R J nterval longer than 0 29 second

L wave and afterwaves accentuated

Upward bowing of the J K segment

It 15 still open to questton which part 1s played by hypestension or ather

osclerosts of the aorta and large vessels m causing these changes As they are
similar to those observed 1n elderly individuals (pp 292 and 487),° they have a
definite meaning only if observed n younger subjects It 1s also open to ques

tion whether the abnormalities of left ventnicular contraction causing these
changes might not be more clearly detected by the study of the electrokymo

gram of the left ventricle and the aortic arch or sunply by recordmng a carotid
tracing

oA wN
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CHAPTER 50

Duseases of the Pericardim

ACUTE AND SUBACUTE PERICARDITIS

Two different stages or phases of pericarditis can be recogmzed dry
pericardiis and pericarditis with effusion Esther may result i the formation
of adhestons

Electrocardiogram

The ecg may be completely normal in the phase of dry pericarditis, except
for smus tachycardia However electrocardiographic changes consisting of
low voltage of the QRS complex and changes of S T and of the T wave, may
be observed (Fig 248)

Three different electrocardiographic stages are recogmzed ” * acute sub
acute, and chronic

1 Acute stage The pattern 1s charactenized by elevation of S T 12 both
the hmb and the chest leads This elevation 1s maximal if the explonng
electrode 1s placed over the area where a friction rub 1s audible

2 Subacute stage The S-T elevation gradually decreases and a moderate
1nversion of T 1n the imb and the chest leads becomes apparent The T waves
are not cove shaped and the contour of the ascending Iimb of the elevated
S-T segment may be concave

3 Chronic stage The inverted T wave may last for a long time and even

458
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become permanent However it usually bucomes flat and then retumns to
normal within a few weeks

In general the maxmum 1version of T occuts between the sixteenth and
the forty third day of disease, 1t may mvolve only one or two leads with merely

adepression m the others No deep Q wave is ever observed durmg the changes
of 5T

F-Imgng
Phonocardiogrom ‘-?:Esi“:ﬁn':' EE
The friction rubs ate rep g'géﬁjgﬁﬁ mgﬁ“ﬁ%
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carly disstole (Fig 249) g;;g:.i:.,ggnssil._gg§§
The systolw rub 35 due to Pttt
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mub 15 caused by frichion of BASSEssassaissocasboany
th St rr e
e pencardium dunng rapid  SREEsITEEsSaEIy sy
ventricular filling and 15 the LA 55
least foud on account of the Fic 248 El d
slower mopion causing 1t
Increased compresston with the microphone increases the loudness of the
vibrations probably through of the Prop of the
mucrophone The vibrations of the rubs are more eastly recognized when no
eudocardsal murmurs are present

Ele{émkymngmm

The electrokymogram of both left and night cardiac borders reveals ex
tremely reduced pulsations 1n pcncardms with effuston ¥n certamn cases no
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pulsations can be recorded Theoretically the pulsations of the aortic arch
should be normal This contrast should indicate that reduction of the ventric
ular waves 1s due solely to mashing because of the presence of flud This
fact previously described by means of roentgenkymography, 1s actually ob
served 1n certam cases 1n others however cardrac output 1s reduced by the
compression and by myocardial damage and the aortic pulsations are small
After tapping of the fluid and mtroduction of atr an air flud level 1s formed
1n the pericardal sac Placing the shit of the phototube across the fluid reveals
pulsations of a ventricular type on the left of an atnal type on the nght

e erpotetr g e

Fic 249  Phonocardiogram of pencardiis Three separate groups of high
Prtched vibrations in presystole systole and early diastole (12 3), mndicate
the friction rubs

Cardiomanometry Venous Pressure

The nght atnal tracing may reveal mcrease of pressure but no abnormal
pattern The nght ventnicular tracing may reveal a certamn ncrease 1n the
magmtude of the diastolic pulsations Venous pressure tracings may show 2
tugh Ievel and a decreased amphitude of the various waves

Jugular Tracings

It 15 typical to obtain tracings with poor amphtude of all waves This 1s 1t
contrast with the engorgement of the jugular veins

CHRONIC CONSTRICTIVE PERICARDITIS

The frequent mvolvement of the pericardium 1n lesions of the mediastinumm
pleurae and diaphragm and the connection between the clinical picture and
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the and | of the adh explam the common name of

d P ditis Comp of vanous structares possible nvohe
ment of the endocardium and pleural or peritoneal lesions may determine
ifferent chimeal prctures

Electrocardiwgram

Disturbances of cardiac rate and rhythm are sometimes present because of
myocardial or coronary Jesions or b the of adh favors
the oceurrence of premature beats paroxysmal tachycardia or atmal flutter
Atnal fibrillation may occur However the most usual findings are regular
simus rhythm Jow voltage in the hmb leads fow flat or mverted T waves m
one or more mb leads occasional sphintermg of the ventncular complex
Rught axts deviation has been observed when there 1s predominant compression
of the Ieft ventncle* §T may be depressed Changes of the P wasve consist
g of broad: hing and d voltage have been noted ** these
have a certayn value whenever QRS has a low veltage o all Jeads

The study of the deviation of the electnie axis n different posstions may
reseal that the heart 1s fixed and 1s not displaced by gravity a fact which
may be used m the differential diagnosis with congestive falure * This sign
1 observed when extensne mternal and external adhestons are present (Fig
250} and not i cases having only mternal adhestons

Deep m may catise beats a v block or's a block

P
Phonocardiogram

It 15 possible to note increased loudness of the second pulmome sound
Ths 35 evidence of constriction of the left cardiac chambers followed by tugher
Pressure 10 the pulmonary crrculation ?

A nple rhythm of esther the atrial or ventricular type 1s frequently tecorded
A lugh priched d cleek 15 ded frequently m cal of the
pencardium and has a wide diffusion This occurs at the tume of rapid filing
and s the pathologic equivalent of 2 third sound

A typical finding 15 that of a systolic chick or snap This 15 a huph pitched
whration at or after the muddle of systole frequently followed by a few
smaller vibrations {5 g 251} Cases where two or three small extra sounds
are present in systole may occur An abuormal depresston or an additional

wave of the cardiogram frequently des wath the chick

Simultaneous tracings of the jugular veins and of the radial pulse reveal
the frequent eustence of Ki Is pk p causes swell
of the jgutar veins and simul wesh (or even disappearance) of

the radeal pulse (pulsus paradoxus) (Fig 252) Disappearance of the pulse
duning expiration a more unusual phenomenon s called Hiegel's sign
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c

| SO VU
Fic 250 Absence of changes Fig 251 Systohc click (SC) n a pa
of the electnic axis 1 a subject trent with pléuro pencardial adhesions

with adhesive perrcarditis Lead
1—(A) supme (B) on the nght
side (C) on the left side

Fi6 252 hussmaul ph I y d of the artenal pulse

Pneumocardiogram

An abnormal ph g of the of the pormal
systolic waves has been described in some patients **

In the author s cases’® the waves were of normal type but smaller than 10
normal subjects The difference in the findings may be explained by different
criterza used 10 the selection of the cases
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Electrokymogram

A typical diagnostic sign of constrictive pericarditis has been described
by Gillick® and confirmed by McKusich *® the border tracing of the left
ventricle presents a sharp and deep drop followed by a rapid ise There 1s a
flat line duning most of diastole and no evidence of the normat rebound which

15t 2nd st 2nd

Fic 253 Scheme of the V type of electrokymogram and of the typical
pattern of intracardiac tracing 1n constrictve pericarditis

marks the end of 1sometric relaxation period Also the secondary waves due to
positional and rotational movements are absent This pattern has been called
the ¥ type of ventricular contraction Ventricular filling 15 very rapid and
comes to an abrupt end (Fig 253)
Less constant features are
1 A late systolic platean i the ventricular border tracing (1impediment to
systolic emptymng}
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2 A small nse above the base line of the diastolic Ievel at the end of rapid
filling
3 Long flat, diastolic intervals between the pulse waves of the pulmonary
artery (constriction of the pulmonary artery)
4 Damping or obliteratton of the pulsations of the night atrial border
5 Promment pulsations of the superior cava, occasionally with a diastohe
plateau
Cases studied by the author presented, on the other hand only a severe
decrease m amplitude of pulsations over all structures It 15 likely that the
dufference results from the observation of different types of patients those
studied by Gillick were cases selected for surgery while those studied by the
author were unselected cases

Cardiomanometry

Pressure measurements have diagnostic importance 1n certam cases® *

Mean right atnal pressure 1s elevated and diastolic atrial pressure 1s also
high The pulsations of the night atium have a pattern resembling an M due
to equal height of the two highest peaks This occurs even 1n atral fibrillation

The systolic pressure of the rght ventricle 1s usually within normal lmus,
however ventricular diastolic pressure 1s far above the zero hine (Fig 253)
There 15 a steep nise 1n early diastole, the tracing reaches its highest diastolic
level at about one half of diastole, then forms a diastolic plateau Perncardal
chicks were recorded at the end of 1sometric relaxation Coarser, maudible
vibrattons were often noted at the beginmng of diastole All the above findings
were never observed m perwarditis with effuston polyserositis or congestive
farlure ®

Abnormally high pressure mn the superior cava with normal or low pressure
1n the right atrium 1s evidence of pericaval or penatrial constriction

High pressure 1n the right ventricle and pulmonary artery has been inter
preted as evidence of constriction of the left ventricle and atrium * However
both mutral stenosis and left heart failure should be excluded before attributing
a decisive value to these data
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CHAPTER 51

Duseases of the Aorta and Pulmonary Artery

COARCTATION OF THE AORTA

There are two main types of coarctation

1 A narrowmng of the aortic isthmus shightly above the opening of the
ductus arteriosus This 1s a truly congemtal lesion and 1s present smce burth
(so called “infantile type or preductal type of coarctation) It may be
assoctated with patency of the ductus and may reach the extreme grade of
aortic atresia

2 A narrowing of the zorta at or shghtly below the level of the ductus
artenosus  The lesion 1s congenital but may become gradually more severe
during Iife (so-called * adult type or postductal type of coarctation)

Electrocardiogram

This tracing may reveal the existence of left axis deviation There may be
evidence of left ventricular hypertrophy left intraventricular block or both
On the other hand coarctation plus patency of the ductus 1s usually followed
by might ventricular hypertrophy and stram

Phonocardiogram
A systolic murmur caused by the narrowing of the aorta 1s frequently
recorded The vibrations of this murmur have usually a diamond shaped

aspect but may be nondescnipt 1 type This murmur 1s recorded best over
486
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the base especially at the left of the sternum It m1y be recorded even better
at the bach, between left scapula and spine, as proven by Wells ef al * When
the murmur s louder at the back an important differential datum with any
valvular defect 15 obtamed An early diastolic murmur sumilar to that of
aottic 1nsuffictency 15 recorded 1n most cases af the back even though 1t may
not be heard with a stethoscope ° It 15 caused by the blood flowing through
the narrow section of aorta durng dastole

.

Fi6 254 Scheme of changes m coarctation of the aorta Phonocardiogram over
the back, brachual and femoral tracengs balhstocardiogram

Pulse Tracings

Pulse traciags reveal that the femoral pulse which normally 1s simultaneous
With the brachual pulse occurs some time later ! ® In general the fise of the
femoraj pulse 1 these cases 1s only shghtly delayed over that of the brachral
but the femoral peak accurs from 0 15 to 0 20 second later than the brachial
Peak The femoral pulse has a small amphtude and a slow ascending branch
(Fig 254) 1t may be so small that no record 1s possible
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Pressure Tracings

Direct or ndirect pressure tracings of the brachial artery reveal the exist
ence of normal or elevated arterial pressure 1n the upper extremities * Indirect
pressure tracings of both lower extremuties may not be possible on account
of too small amplitude of the pulse If obtained they reveal a low pulse
pressure Direct pressure tracings are possible even n cases where no pulsation
1s felt Then a pressure level of 60-90 mm of mercury may be obtamed with
small oscillations or none at all This 1s evidence of a nearly continuous blood
flow, partly through the narrow section and partly through anastomotic
arterial vessels
R k 24 El k 7

Roentgenkymography shows a sharp contrast between the pulsations of the
aortic arch and those of the descendmng aorta

Electrokymography also shows that the densogram of the aortic arch has
large pulsations while that of the descending aorta has small pulsations or
none at all (Fig 254) 8

Ballistocardiogram

The ballistocardtogram presents typically the absence of the K wave (Fig
254) 7 This pattern which has diagnostic value becomes normal after
surgery
Conclusions

The diagnosis of coarctation of the aorta 1s aided by the study of com
parative pulse and pressure tracings between the upper and the lower
extremuities The electrokymograms of the aorta may demonstrate the evact
area of the narrow section

AORTITIS ATHEROSCLEROSIS OF AORTA

These two processes bave been classified 1n the past under the same name of
aortitis* It 15 preferable to keep them apart because of their different
etiologies and festations However h as the two forms can be
associated a clinscal differentiation 15 not always possible
Aertitis 15 due to an inflammatory Ieston usually syphilitic It 1s usually
Tocated 1n a limited portion of the vessel and 1n one or few of 1ts branches
the ascending aorta and the aortic arch being the preferred sites
Atherosclerosis of the aorta may occur mn young people but, as a rule 15
found after 50 and 1s frequent 1n old age The atherosclerotic aorta 1s longer

* Exceptional cases have a lower pressure and a smaller pulse 1n the Jeft brachial artery
on account of constriction of the left subclavian artery
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and larger than a normal vessel The process 1s most frequent i the abdomuntal
aorta

Aortitss of Atherosclerosis of the Ascending Aorta and Aortic Arch

Thus localization 1s frequently accompamed by coronary artenosclerosis
aortic 1suffierency, or both
ELECTROCARDIOGRAM  This tracing may present dufferent patterns caused by
assocsated lesions Thus changes due to aortic msufficiency (p 336) hyper
tension (p 476), bundle branch or intraventneular block (pp 429 and 436)
and coronary heart disease are frequently encountered There 15 no relative
bradycardia Iike 1n 2ortic stenosis (p 346)

PrONOCARDIOGRAM  The phonocardiogram may reveal the following data

1 An opeming chek (or snap) of the aortic valve this 1s a high and Ioud
vibration which precedes the rise of the carotid pulse by from 001 to 0 02
second and 15 due to leston of the semmilunar valves This vibration 15 a part
of the first sound complex and 1s farger than the other vibration owcurring at
the tume of a v valve closure (p 42)

2 A tnple thythm due to addition of a Joud systolic vibration (so
called systolic gallop) * the first sound complex 1s followed by two or more
low pitched high vibrations which are simultaneous with the systolic ex
pansion of the aorta (peak of the carotid wave)

3 The second sound consists of three to four large vibrations and 1s
prolonged by two or three smaller vibrations equivalent to a short diastolic
murmur

4 A systolic murmur 1s also frequently present its vibrations have either
the aspect of a short early systolic murmur or that of a diamond shaped
murmur It 15 recorded best over the second or third night interspaces but
may be loudest at the left of the sternum

In cases of syphilitic aortitis the fine Iigh pitched vibrations of friction

Tubs may be recorded near the manubrm
Low FREQUENCY TRACING (CarplooraM)  The apex cardiogram 1s of
normal aspect or reveals a rapid high pulsation There 15 no slow staggered
st Jike 1 aortic stenosts {p 346)
PULSE AND PressURE TRACINGS The pube tracings reveal a sleep nse a
sharp peak and a quick descent These changes may be due to either aortic
wsufficiency (syphibis) or d ngidity of the aortic wall (atheroscler
0s15) There 15 no anacrotic depression like 12 aortic stenosis The pulse and
Ppressure tracings of the lower extremities frequently reveal an 1ncreased pres
Sure Atherosclerosis of the aortic arch may cause smaller pulse and lower
blood pressure 1n the arms (narrowing of the subclavian arteries) The
Tesulting prcture 15 the opposite of that of coarctation (p 466)
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ELECTROKYMOGRAM  Both the border tracings and the densograms of the
ascending aorta and the aortic arch have pulsations of normal or increased
magnitude The pulses have a steep rise, a sharp peak and a rapid descent
There 15 no anacrotism in the descending limb These data like those of the
pulse tracings are useful in the differential diagnosis with aortic stenosts

Atherosclerosis of the Abdominal Aorta

PULSE TRACING, PHONOARTERIOGRAM  The pulse tracing of the femoral
arteries has a great litude Its pattern consists of a sharp nise and a rapid
drop

Simultancous sound tracing over the second right nterspace and femoral
pulse tracing (or simultaneous pulse
tracings of the suprasternal notch
and the femoral arteries) reveal an
mereased speed of the pulse n the
descending aorta The femoral pulse
normally 1s simultaneous with the
brachial 1nthese patients jt may pre
cede the brachial pulse (Fig 255)

A systolic murmur 1s frequently
recorded over the abdommal aorta

CONCLUSIONS

Graphic data of diagnostic value
are
1 A diamond shaped aortic systolic

Fic 255 Pulse tracings of murmur (phono)
with atherosclerosts cfgslhef n‘:)dg:::?;: 2 Alarge pulse with rapid nise and
aorta rapid fall (carotid tracing aortic
eky)
3 An apex cardiogram with rapid high pulsation
These data together with the electrocardiogram (moderate or absent lelt
ventnicular hypertrophy no bradycardia) are sufficient for a correct diagnosis
and for excluding aortic stenosis which mught cause a simular systolic murmur
The diag of ath Jerosis of the abd. 1 aorta 15 helped by the
study of the aortogram

ANEURYSMS

‘The great majority of the aneurysms of the aortic arch are syphilitic while
most of those of the abdominal aorta are caused by an atherosclerotic lesion
The aneurysm may be fusiform or saccular The blood contasned 1 the pouch
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may reman fld 1n such a case the ancurysm acts ltke a reservor which
dilates dunng systole and shrinks wsth drastole In many cases however
steatified thrombr fill the pouch and this behaves bike a sohd mass Com
pression of one or more artenies 55 posssble and may lead to umlateral or
bilateral disappearance of the radsal pulse

When the aneurysm grows outward it forms a mass which pulsates with
an expansie pulsation In certam cases the systolic thrust of the apev &
followed by 2 diastolie thrust due to the recoil of a retrocardiac aneurysm
{double pulsation) Auscultation of the mass reveals the heart sounds and a
double murmur caused by the blood enterng and leaving the pouch through
2 narrow opemng

Electrocardiogram

Possible changes are those already mentioned wn cases of aorts and
atherosclerosts of the aorta

Polse Trocimgs Cardiagrom

Severe changes of circulatory dynamucs take place when the aneurysmat sac
islarge elastic and contans flmd blood if the opening 15 rarrow the effects
ate more marked The sac behaves ike a reservoir because st fills durng
systole decreasing the systoh pressure below 1t and gives back the blood m
dustole snereasmg the diastohe pressure below it Therefore a comparison
between an artery above and one below the sac reveals that the pulse 1s
smaller and has a slower nise (pulsus fardus) 1 the artenes placed below

In aneurysm of the ascending aoria a tgh but slowly developing pulsation
s recorded over the second and third nght interspaces where the pouch con
facts the soft parts of the anterior chest wall The apex cardiogram may reveal
2 double thrust (one m systole one w dastole) or only » diastohe thrust due
i the rebound of the aneurysm which displaces the entice heart The tracings
of the brachial arteries reveal 1 simultaneous trse of the two pulses however
the night pulse 1s smaller than the left and has a slower nise so that s peakh
s delayed (Fig 256)

0 aneurysm of the agorie arch a typical hgh and slow pulsation 35
Tecorded at the suprasternal notch The brachial pulses have 2 simultaneous
¥ise but the left pulse 1s smaller and has a slower ascendmg branch so that
18 peak s delayed (Fig 257)

The anenrysm of the nnommate frunk causes a smaller and delayed pulse
i the nght arm while that of the left subclavian artery 15 followed by simular
changes i the left arm (Fig 258)

The anzurysm of the abdomunal gorta 35 Tevealed by a high and slow
Pulsation over the pulsating mass The femoral pulse 15 smaller and has a
slower nge i companson with the brachsal pulse (Fig 25%) Two st
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Fic 256 Scheme of the pulses m the
aneurysm of ascending aorta From above
night radial left radial and tibial pulse

LA

Fi6 257  Scheme of the pulses i the
aneurysm of aortic arch (see Fig 256)

multaneous aortograms recorded
at the two opposite sides of the
mass may aid 1n the differential
diagnosis with a tumor an anen
rysm has an expansive pulsation
revealed by two positive pulses, a
tumor has a transmutted pulsation
and thes 1s revealed by a positive
and a negative pulse

Phonocardiogram Phoncarieriogram

Various changes caused by
myocardial damage (p 418) or
aortic valvular leston (p 336)
may be observed

Records taken over the pulsat
ing aneurysm (ascending aorta or
aortic arch) reveal 2 systolic and
frequently also a diastolic mur
mur It 1s difficult to say whether
these are caused by the blood
movmg 1n and out of the pouch
or are transmmitted from the aortic
valve Insuch acase dilatation of
the ascending aorta (relative ste
nosis of the ostium) would cause
the first, valvular Jesion (aortic in
sufficiency), the second

Fic 258 Scheme of the pulses m the ancurysm of 1n
nommnate trunk (sec Fig 256)
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In ancurysm of the abdominal aorta, a tracing recorded over the pouch
reveals a rough systolic murmur seldom also a diastolic

Electrokymogram

Two types of tracings can be taken border tracings and densograms of the
pulsating mass

A border tracing presents a typseal pattern the waves are large and have a
slow rise and a slow fall 1n any case where the pouch 1s expanding and contamns
flsd blood On the contrary, the pattern 1s 1dentical to that of the aortic pulse
when the pouch 15 full of clots This tracing cannot be used for differential
diagnosts with fumors because both an aneurysm and a tumor may present
border pulsations of artersal type due to mechanical transmission of the aortic
pulse

The densogram of an aneurysm has a large pulsation with a slow curve of
the pulse This can be easily differentiated from the densogram of a tumor
which having a poor blood supply presents a small pulsatton or none at all
(Fig 260) * * ¢ When a tumor 15 over the aorta or the pulmonary artery, the
most sustable projectron should be selected m order not to record the pulsation
of these vessels

In aneurysm of the pulmonary artery, typscal changes are observed, not only
over the mamn trunk but usually also over one or both stems Thus the hular
shadows frequently present Jarge and slow pulse waves with the pattern found
1 aneurysms

DISSECTING ANEURYSM OF THE AORTA

Dufferent types of tracings can be obtamed according to the sevenity and
extension of the dissection In simple tear of the ascending aorta a soft, early
duastolic murmur 15 recorded by the phonocardiograph over the second right
iterspace This 15 due to lack of support of one of the aortic cusps causing
201ie regurgitation

Hthere ss compresston of the coronary arteries a typteal pattern of jschemia
Ot injury may be revealed by the electrocardiogram

It the dissection progresses and there 15 compression of one of the brachial
arteries the pulse tracing of the latter shows small and possibly delayed waves

In dnssectmg aneurysm of the abdomunal aorta a pulsalmg mass becomes
2ppatent in the abdomen The femoral pulse 1s small and delayed or dis
appears The extremely small amplitude of the pulse is a differential sign with
other types of aneurysm of the abdomnal aorta
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Fi 259 Scheme of the pulses n the
aneurysm of the abdomunal aorta (sce
Fig 256)

0

CONCLUSIONS

The diagnosis of aneurysm of the aorta and 1ts exact location are con
siderably aided by the study of the various pulse tracings and by the electro
Kymogram Furthermore the electrokymogram gives data which are of help
m the differential diagnosis between aneurysms and tumors

/\Eky
2

Fi 260 Scheme of the electrokymogram i aneurysm of
the thoracic aorta {4) and i mediastinal tumors (B)
1 Border tracing 2 densogram
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CHAPTER 52

Hypertension

SYSTEMIC HYPERTENSION AND HYPERVENSIVE HEART DISEASE

Arterial hypertension 1s frequently a secondary occurrence mn diseases of
the hidneys or the artertes It may be present as a solitary occurrence Hyper
tensive heart disease 1s not the same as hypertenston , such term should be
used only when there 1s evidence of left ventricular hypertrophy and schemia

Electrocardiogram

The early stages of hypertension may not be accompanted by electrocardio
graphic changes However, a short P R mterval (about 0 14 second) with
normal QRS has been described 12

The electrocardiographic evidence of left ventricular hypertrophy 1s con
sidered one of the most important signs of hypertensive heart disease (p 418)
The umpolar Iimb leads may show an inverted T wave either 1n aVL (left
arm} or 1n aVF (left leg) according to the position of the heart For this
reason while such pattern 1s scen most commonly 1 lead 1 1t may be present
occasionally also in lead 3 8

Patrents with renal hypertension may also present low voltage of P and QRS
and prolongation of Q T This electrocardiographc pictuse has been called
cor renale '®

476
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Phonocardiogram

Thus tracing may show high and prolonged vibrations caused by a Joud
boommg second aortic sound the vibrations of the first aortic sound are
often prolonged

A systolic murmur 15 frequently recorded at the 8pex over the aortic area
orboth The former s due to left ventricular enlargement causing shight mutral
regurgitatton and may be favored by fibrosts of the mytral valve The fatter 55
caused by enlargement of the left ventricle and the ascending aorta resulting
ma relative aortic stenoms ¢ p 351)

It1s common to record a tnple thythm The meaning and mechanism of this
have been already discussed ( p 422)

Pulse and Pressura Tracings

The pulse curve may present an dey d g left
venleieular stran There may be pulsus alternans evidence of a severe func
tonal abrormabty of the Jeft ventricle (p 428)

The pressure tracing recorded with both the osciltatory and auscultatory
methods ( p 154) trcquemly veveals an auscultatory gap This consssts of a
lach of artersal sounds while the pulses are unchanged the phenomenon seems
connected with the anacrotism of the pulse (p 350)

The conveational himit of the upper range of blood pressure 15 150/90
Whenever a temporary inerease of blood pressute can be excluded
2 systolic pressure higher than 150 mm or a diastohc pressure higher than

0 mm  should be considered abrormal In hypertension systolic pressure
may reach the extreme fevel of 300 mm of mercury diastolic pressure s
Usually also elevated In the authors experience diastohic pressuse 55 much
h!ghcr in secondary hypertension of nephritis and m mahignant hypertension
than 1n essential hypertension therefore pulse pressure 1s usually greater in
the Jatter

Different readings 1n the two arms with a tugher blood pressure 1n ether
the night or the left arm {more often the left) are common The systolic pres
S9%¢ of the lower extremities 15 usually from 30 to 40 mm hgher while the
diastalic pressure 15 from 10 1o 20 mm higher than that of the arm A greater
difference pomts to esther aortic wsufficiency or abdominal aortitis The op
Postte behavior namely lower pressure m the legs 15 a sign of coarctation of
the aorta High pressure m the legs with low pressure m the arms may be
“aused by hypertension plus atherosclerosss of the aortic arch (p 469)

It has been said that an 1solated hypertension of the lower extremities may
Precede by years the establishment of hypertension in the hugher imbs This
fact hovever needs confirmation
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Venous Pressure

Venous pressure may be normal or low However, cases of essential hyper
tension where venous pressure reached 14 and even 16 cm H O without
evidence of heart failure have been described This elevation has been at
tnibuted to partial transmission of the high artersal pressure

Cardiomanometry

Catheterization has shown that normal pressures are found in both the nght
ventricle and the pulmonary artery m cases with bemign hypertension On the
other hand elevated pressures have been recorded 1n malignant hypertension
as well as 1n cases with heart farlure

Penpheral Circulaton

Radral pulse tracings should be correlated with digital plethysmograms In
hypertenston the following changes were observed by Dillon and Herzman 3
1 Increased crest tme (p 139) m both the digital and radral pulses
2 Disappearance of the dicrotic wave in both tracings
3 Trangular shape of the digital pulse, rounding and flattening of the radal

pulse

The 1ncrease of the crest time has been explained with the appearance of
a small wave between peak of the mam wave and mcisura This wave 18
absent or very small 1n normal subjects and seems to be related to an increase
of peripheral resistances

These changes are similar to those caused by arteriosclerosis (p 484) and
become significant 1f noted 1n young or middle aged individuals

Electrokymogram

The border tracing of the left ventricle may present several abnormalities
which indicate suffermg and stramn of this chamber Apart from the result of
bundle branch or intraventricular block and from the occurrence of alternans
or premature contractions, the following data may be observed
Increase of the 1sometnic relaxation period 2
High atnial wave
Delayed onset of contraction
Small imtial drop followed by a more rapid drop mn the second part of
systole
5 Severe drop, or deep rebound 1n early diastole

In addition the changes due to a dynamic aneurysm (p 453) can be
observed they are evidence of single or multsple old myocardsal infarcts

The border tracing of the aortic arch may reveal changes similar to those
of the artenal tracing e g anacrotic depresston alternans or the rregular
waves due to premature contractions

ENERENE
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Ballistacardiogram

A

According to Starr and Jonas ' the bail gram of hypert
pattents frequently reveals fow cardiac output and an abnormal pattern
The findings are sunslar to those encountered 1n coronary heart disease or
artensosclerosts (p 484) Thecefore they have a certam value only of present
10 young idviduals without evidence of coronary heart disease

Conclunons

Pulse and pressure tracings indicate whether or not there 1s astenal hyper
tension and whether tns 15 diffused to the entire system or lmuted to the
higher hike of the aorta They may reveal the
ewustence of anacrotism auscultatory gap or alternans evidence of abnormal
Ieft ventricular contraction

The electrocardiogram reveals whether or not the left ventnicle 1 hyper
trophied and has ischema of the wall i such a case hypertensive heart
disease should be admutted It further shows whether mcreased excrtability
(premature contractions) or myocardial damage (intraventnicular block
bundle branch black old mfarcts, etc ¥ 15 present

The phonocardiogram may reveal evidence of left ventnicular stram (tniple
rthythm functional murmurs)

The electrokymogram may reveal several data wndicating abnormat Jeft
ventricular contraction including prolongation of the 1sometnic refaxation
pertad and slow late ar srregular descending branch of the ventricular wave

An abnormal ballistocardiogram miay confirm the strain and suffening of
the left ventricle and reveal a low cardiac output

HYPERTENSION OF THE tESSER CIRCULATION AND CHRONIC COR PULMONALE

The syndromes cavsed by hyp of the lesser cir have been
described more recently than those caused by systemic hypertension A
secondary leston of the night heart 1s 2 frequent, though not snevitable, result

Cbronic pulmonary heart disease 15 the Tesult of persistent hypertension of
the fesser circulation Even if this hypertension 1s frequent m patients with
mutraf stenosis or congenttal lestons of the heart the term ‘ pulmonary heart
disease should be restricted to cases where the high pressure of the pulmonary
artery 1s due to extracardac causes

Several types of chromie <or pulmonale have been d

1 That of patients having diopathic pulmonary hypertension or arterio
sclerosis of the pulmonary vessels Increased ressstance in the artenoles
causes an increased work of the nght ventncle There 1 lutle or no smparment’
to oxygen intake mn the pulmonary capillares

2 That of patients with pulmonary emphysema or pulmonary fibross
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resultmg from chromc inflammation of the Iungs (tuberculosss, abscess
bronchiectasts, chromic bronchitis, bronchial asthma) An obstruction of the
capillaries mereasing the load of the right ventricle, 1s present mn these patients
Hypowa resulting from the primary pulmonary lesion complicates the preture

3 That of patients with chest deformuties Here, imparrment of respiration
15 due to abnormal chest structure and abnormal respiratory dynamics

4 That of patients with a v fistula of the lung where the shunt prevents
oxygenation of a certan percentage of the blood

Electrocardiogram

Cardrac thythm 1s usually regular, cardiac rate 15 nearly always increased

Right axis deviation 1s frequent Rught ventnicular hypertrophy 15 usually
noted (p 420) and there may be evidence of 1schemia of the right ventricular
wall depressed S T and inverted T wave 1n leads 2, 3, and aVF, as well asn
the chest leads V1-V2 There may be a P pulmonale, which 1s evidence of nght
atrial enlargement (p 421) This consists of high voltage and longer duration
of P1n leads 2 3, and aVF There 1s a positive phase of P, followed by a brief
and peaked negative phase 11 V1-V2, the duration of the diphasic P 1s greater
than 0 10 second (Fig 222)

Phonocardiogram

A diamond shaped systolic murmur 1s often recorded over the second left
mterspace It 1s caused by the dilatation of the pulmonary artery (relatne
stenosts) The second pulmonic sound 15 loud and occasionally spht It may
be followed by a few vibrations 1n decrescendo caused by shight incompetence
of the pulmonic valve due to either high pressure (functional pulmonic 1n
sufficiency) or valvular fibrosis (organic pulmonic msufficrency) In an
advanced stage 1t 1s possible to record the vibrations of a systolic murmur
over the tricusprd area (functional tricuspid msufficiency)

A tnple thythm 15 frequently recorded (p 422) over the epigastrium and
the tricuspid area (so-called night ventricular gallop)

The murmurs of the a v fistula of the lung are the following ™* A late
systolic musmur frequently overshadowsng the second sound or an eatly
diastolic murmur

These murmurs are louder during mspiration' and are recorded 1n the
area which 1s nearest the fistula

Low Frequency Vibrations of the Chest ond Epigastrium

An apex cardiogram may reveal a systolic depression of the apex On the
contrary the epigastric tracing usually Teveals a igh casly and forceful
positive thrust due to the hypertrophy of the night ventricle (p 422) The
atnial wave 1s high in the eprgastric tracing ¥
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Jugulor ond Hepohe Tratings

Both tracings reveal a high presystolic atrral wave In advanced stages
relatve tricusprd insufficiency may be revealed by a typical plateau Iike
positine wave 1n systole (p 359)

Electrokymogram

The tracing of the nght ventricle may indicate the severity of myocardial
damage through abnormahty of the contraction pattern
Usually the most notable findings are the following 7 * ¢ *
I High aod rapidly expandung pulse of the pulmonary arch wath a high
dicrotic wave
2 Highand rapidly expanding pulse over the hilar shadows
3 Small or absent pulsation over the Jung fields In cases with umlateral or
lobar fibrosis this absence of pulsation 1s himited to the affected side or to
the fibrotic Jobes
In cases with a v fistula of the lung border tracings and densograms of the
shadow reveal a hugh and rapid pulsation of an artenal type **

Cardiomanometry

Rught ventnicular systolic pressure 1s between 34 and 90 mm mercury
(normal 22-23) nght ventricular diastolic pressure 1s frequently 3-5 mm
mercury (normal Q) therefore there 1s an increased pulse pressure If the
nght ventricle 1s 1 farlure 1its diastolic pressure becomes higher The systolic
pressure of the pulmonary artery 1s about the same as that of the right ventricle
€8 34-90 (normal 22-23) while the diastolic 15 frequently 10-30 (normal
7-9)r4e 0

The gradieat of pressure between pulmonary artery and pulmenary capil
fares 15 frequently increased indicating pulmonary artertolar vasoconstriction
OXygen mhbalation or intravenous digitalis frequently reduces this gradient
sadicating uts functional nature If the patient 1s 1n farlure the pressures of the
nght ventricle and pulmonary artery are remarkably higher and that of the
nght atnum 15 above zero durng all phases of the cardsac cycle

In cases with a v fistula of the lungs the pulmonary artery has a high
Systolic and 2 low drastolie pressure The oxygen saturation of the night heart
as well as that of the arterial blood 15 frequently low 1 chrome cor pulmonale
hus particuarly low 1n cases with a v fistula of the lungs

*The frequently existing dyspn a makes the takin of a record i apnea difficult Therefore
U5t of a special electric filter and study during normal re pirahion muy bevome necessary *
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Respiratory Traengs

Tracmngs of resprration may ndicate the existence of an important broncho
spastic component, revealed by prolonged duration of exprration This would
undoubtedly increase the seventy of dyspnea

Spirograms may indicate whether the vital capacity 1s decreased

Conclusions

The electrocardiogram gives data mdicating nght ventricular hypertrophy
and 1schemia and nght atral enlargement

The phonocardiogram reveals the effects of high pressure 1n the pulmonary
artery (systohc murmur loud P2) and may reveal an il valvular m
sufficiency (early drastolic murmur) It frequently shows evidence of right
ventncular stramn (triple rhythm)

The low frequency tracing gives evidence of rght ventricular enlargement
(high systolic pulsation at the epigastrium) while both this and the venous
tracing reveal night atnial enlargement (hugh atrial wave)

Evidence of obstruction m the arterioles or capillanes of the lungs 1
supplied by the electrokymograph which reveals a contrast between the large
astersal vessels (high pulsation) and the pulmonary parenchyma (small or
no pulsation)

Catheterization of the heart mndicates exactly the degree of hypertension
of the pulmonary artery and whether there 15 functional vasoconstriction
(lugh reversible gradient between pulmonary artersal pressure and capillary
pressure), 1t may reveal right Ventricular farlure (high dastolic pressure of
the right ventncle)

Respiratory tracings may reveal the part played by bronchial and pulmonary
elements 1n causing dyspnea
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CHAPTER 53

Perpheral Vascular Diseases

Peripheral vascular diseases may involve the artenal system the venous
system, or both

Artersal vascular disorders can be divided imnto functional and organic
vascular conditions The best known functional disorders are Raynauds
disease, acrocyanosis, erythromelalgia and the vasospastic states caused by
prolonged exposure to extremes of temperature The most common 0rganic
artenial diseases are arteriosclerosts obliterans, periartentis nodosa artertal
thrombosis and embolism

Venous discases include thrombophlebitis and vancose vemns Artento
venous fistulas and Buerger s disease mvolve mostly the medum sized arteries
(ulnar, radial, posterior tibial and dorsalis pedis) and only later the
Jarger vessels Arteriosclerosis obliterans mvolves the larger arteries (femoral
poplteal iliac) and only later, the posterior and anterior tibial arterses
Usually, 1t does not involve the vessels of the upper extremities Both Buergers
disease and arteriosclesosis obliterans are revealed by ntermittent claudica
tion

PULSE AND BLOOD PRESSURE TRACINGS

These tracings reveal the level of pressure in the various arteries the
amphitude of pulsations, and the configuration of the pulses
484
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The most vard findings can be obtamed In certan cases no pulse trac
g (and no indirect pressure tracing) can be obtained over certain arteries
Thus 15 usually due to occlusion of the vessels However extreme narrowng of
an artery may still allow a thir continuous flow of blaod which cannot be
recogmzed by these tracings on ac
count of the lack of pulsation A
simlar phenomenon 15 obsersed m
coarctation of the aorta (lower ex
tremuttes only ), and 1n aortic steno

A

!
sts shock or congestive faslure (all {
artenes) Absence of pulsations be [
Jon 2 given pont 15 suggestne of M ;

arternal occluston 1n cases of em  lpw | ol
bolsm P— b
Senile
arteriosclerosts 15 accom cr cT

pamed by changes 1n the configura

t20n of both the radial and the digial  Fia 261 bRa‘dng nnd(dls‘"v:vl glul;s P;:
normal subjec patient s &

Pl o ittt s dose e T s

creased 10 both the radial and the

diital tracngs (Fig 261) Younger

1 2
persons with il artenosclerosis
may present an increase of the crest
tme of the digital pulse It has been
also noted that 1 arteriosclerosis
the dicrotic waves decrease sharply A

and may disappear i the tracings of
the fingers and toes 7
Pulse and pressure tracings can /\
Ye recorded before and after exer B
ose on a special bicycle In normal
subjects mmoreased 31’) lood presure Fic 262 Changes of the artersal pulse
p of the lower extremittes before exertron
#nd Jarger pulses are observed after (1) and after exertion (2) A normal
exertion On the contrary patients sybject mcreased amphitude of the pulse
with organic artenial discase withor B patient with artertosclerosis obliterans
without ntermuttent claud d amp of the pulse
Present an mverse reaction wath de
crease of blood pressure and smafler pulses 1 the lower extrermues® (Fig 262)
Tn arteriosenous fistula a normat or Jow systolic and a Jow drastolic
pressure are observed Pulse pressure 1> markedly mcreased, the pulse wave
has an mereased velocity The predicrotic notch may be at a low Ievel % The
arterna] pulse may be weak and even disappear below the fistula
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VENOUS PRESSURE TRACING

In arteriovenous fistula local venous pressure 15 elevated while systemic
venous pressure 1s normal

PHONOCARDIOGRAM

A sound tracing recorded over the abdomunal aorta frequently reveals a
systolic murmur i peripheral vascular diseases * This murmur 15 probably
due to the association of atherosclerosis of the abdominal aorta with obstruc
tion of flow 1n the 1liac or femoral arteries

My '!r. oW 1 i "'"'”1(,»,

NN

Fic 263  Phonoarteriogram and pulse tracing of a traumatic arteriovenous
fistula at the gromn Continuous murmur with systolic ncrease

Wi

In arteniovenous fistula sound tracings reveal a continuous murmur with
vibrations of both high and low pitch The vibrations are larger dunng the ex
pansion of the artery smaller during 1ts collapse (Fig 263) The two phases
comeide with ventricular systole and duastole 1f the fistula 15 near the heart
while they are delayed over such phases i more peripheral vessels

The sound tracing has been used for the differential diagnosis with an
arternal aneurysm compressing the veins Such an aneurysm usually presents
no audible diastolic murmur However the sound tracing may reveal minute
diastolic vibrations, especially 1f there 1s aortic regurgitation Whenever the
fistula 1s within the chest (aorta to superior cava) the murmurs mcrease i
tnspiration *

PLETHYSMOGRAPHY

Maximal blood flow 1n the most affected limb of patients with Buergers
disease was found decreased by hunkel and Stead within normal limits by
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Landowne® and by Abramson * Ths contrasted with the chmeal symptoms of
ewertional pan and claudication Functional tests seem on the other hand
to reveal the existence and severty of astersal narrowing *

Maxmal blood flow was found severely decreased 1 artenosclerosis oblit
erans by hunhel and Stead® but symptoms and trophic changes were absent
usless the reduction was betow 33 per cent

BALUSTOCARDIOGRAM
The ballistocardiogram of ar
terots P

1

I Y
presents abnormal palt‘ems :
These are extremely vamable and
are similar to those already de
seribed 1 coronary heast disease

(p 456) They may have smpor Fie 264  Balistocardiogram of artenio-
tance sf found 1 relatively JOURE  ueraus The datted hine 1ndicates the nor

pessons (Fig 264) mal pattern
CONCLUSIONS
Pulse tracings blood P tracings pleth and balt rdio

grams yield smportant data m penpheral vascular diseases Artertal and
Yenous pressure readings sound tracings and functional tests also contribute
to dnagnosxs 1 some of the diseases
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CHAPTER 54

Heart Failure

RESPIRATORY TRACINGS

Fatients with paroxysmal dyspnea present mcreased fespiratory rate There
fr"lucnﬂy 15 a prolonged expiratory phase® 7 (cases with wheezing respiration)
sumilar to that observed 1n bronchial asthma (Ftg 265) Both cardiac and
allergic patients fail to reveal a shortening of expiration after exercise like
rormal subjects and both reveal a shortening of expiration during ntravenous
ad of phyllin ® These pl are probably caused by
eflex bronchospasm following pulmonary congestion

Cheyne Stokes respiratton may occur in certamn cases dunng paroxysmal
d}’spnea However this type of respiration may be observed also 1n chrome
congestive farlure Two variehes have been described (Fig 266) that with
gradual transition between phases of apnea and phases of dyspnea and that
With sudden change from one phase to the other

In exertional and 1n connnuous dyspnea of a cardiac patient the tracmg
veals an increased rate and, 11 some cases, an oblique course of the 1n
Spiratton 7

ELECTROCARDIOGRAM

This tracing reveals various disturbances of the cardiac rate and thythm
which are indirect] ted with congestive falure and dilatation of the

489
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Fic 265 (A) Thoracic tracing m paroxysmal dyspnea increased
duration of expiration (B) Pneumotachogram in a case of allergic
asthma Extreme increase of expiration

heart The most frequent are sinus tachycardia, atrial flutter or fibnillation,
ventricular premature contractions and ventricular tachycardia
Two abnormalities have been attributed to abnormal metabolism of the
myocardium causing failure (so called energeto dynamuc type of failure)
1 Low voltage and increased duration of QRS, prolonged P R interval*
2 Prolongatton of QT 8
The latter may cause dissociation between electrical and mechanical systole
so that the end of T falls
after the second sound

<l e

companied by a progressne

__N ‘H engorgement of the veins

Wit revealed by progressive flat
i

tening and early end of the
systolic collapse ® This may

Fic 266 The two varseties of Cheyne Stokes be favored by relative trt
respiration cuspid msufficiency (p 359)
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CARDIOMANQMETRY

1eh Ventnevlar Failure

Failure of the left heart causes inerease of the resudual bloed 1n the left
venincle and atum which 15 foflowed by tacreased diastolic pressure of the
Pt venticle and wnereased left atnal pressure High pulmonary artery
pressures frequently follow but the p gradient between pul
artery and pulmonary “capiliaries 15 unchanged Intravenous digowin m
ereases the output of the left ventrile and decreases systoli and diastolic
pressures of the pulmonary artery *

Right Yentreular Falure

Patients with night ventrycular fatlure cansed by mcreased resistance in the
acculation of the tungs (cor pulmonale) present d diastolc p "
the nght ventricle and the night atnum The gradient of pressure between pul
monary artery and pulmo
nry capiflages s fre R L
quently mereased probably
on account of pulmonary
vasoconstriction appar
ently due to anoua Intra

ure
venous Fic 267 Radwcardogram wn congestive fa
nght gown wncreases Prolongation and fusion of the waves R and L m
gt ventncular and pul dicating passing of the radioactive materal through
monay systalic pressuses e 1o ventncles The dotted hme mdicates the
and nght ventricular ot pormal pattern (after Prinzmetal)
Put 1t decreases right ven
tncular and pul drastol the pul y hypertension
d i of 3 b iy * so tha. the
€aused by the drug 15 only temporary and ] 0 thas
pulmonary arternal pressure may become stabiized at a normal level

RADIOCARDIOGRAM
Patients 1 congestive fatlure have 2 stow nise of the first wave (R wave)
neomplete or complete fusion of this with the second wase (L wave) severe
prolongation of the L wave (Fig 267)*° These changes are due to mcom
plete empiying of the ventricles with persistence of the radhoactive material in
erthier of the cardiac chambers ot both

VENOUS PRESSURE TRACINGS

Venous pressure may be snereased by esther obstacle to circulaton (in
uspid stenosis) or heart failure Increased venons pressure of heart fasture 1s
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thought to be due to several factors (sncluding venous hypertonus) which are
only indirectly related to the weakness of the heart Stll, repeated tracings may
reveal whether the failure 1s increasing or decreasing because the venous
pressure level vartes mversely with the efficiency of the myocardium
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Dcscnptwns of Various Apparatus






ELECTROCARDIOGRAPHS

The action potentials spreading from the heart are m the order of magnutude of
fractions of millolts (mv ) and present rapid oscillations A sustable recording
apparatus must be sensstive rapid and exact, so that the vanous waves are re
corded without delay or distortion This can be done (1)} by employmng a string
galvanometer of high sensttvity or (2) by amplifying the action potentials so that
they can be recorded by an electromaguetic galvanometer In both cases the gal
vanometer should have a high frequency pertod mn order to record correctly the
rapid oscillayons and should be properly damped 1n order to retarn promptly to
the mitial posttion

String Elecfrocardiograph

‘The electnic currents of the heart are recorded without amplification by means of
Emthoven s string galvanometer This consists of a thin metaliic coated quartz
string through which flow the currents The string moves withun the magneti field
of an electromagnet according to Amperes Iiw The shadow of the string 1s pro-
jected onto the film by a system of magmifying lenses the movement of the shadow
combmed with the Iinear movement of the paper, ¢reates a graph or tracing The
extremefy small mass of the strng insures a high recording fidelity however the
sensitvity of the system can be regulated only by moduying the tension of the
strng A current of 1 mv  switched from a dry cell mnto the circant which includes
the patient 1s used for standardizatton a deflectron of 1 cm should be recorded

The current which flows through the strng 1s directly proporitonal to the voltage
and inversely pmpamonal to the resistance of the circutt mostly caused by skin

the should be fully and propesly apphed

Irnclusion of condensers m the crcpnt serves o em’uak currents produced &y the
various structures of the body while a resistance compensates for possible polariza
tron currents of the electrodes The spokes of a turmng wheel are used for macking
ume lines on the film

These basic punciples of construction of Einthoven s electrocardiograph are stilf
applied in the construction of certam modern apparatus which however are
operated by a]tematmg current In one of these apparatus thc Cambnidge All Elec
tric Elect ph only the standard, current 1s furmished by a battery
supplied with an adjustment rheostat This current can be reversed if the string
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when compensating cannot be brought back to the center of the field A lead con
trol knob connects the string to the various leads (1,2 3), while 1n 2 fourth post
tion, a resistance of 2000 ohms is connected i series with the strng * An
d 1 for AC can be used whenever the typical AC mter
ference (or hum) occurs revealed by a fuzziness of the stnng shadow
The Portable All Electric Cambridge Apparatus 1s contained 1n two cases the
farger contamns galvanometer, lamp camera, time marker, and control panel the
smaller contams power umt and compartments for accessorses

A
7
A
i
LEAD
swire E:.‘lj STRING GALVANOMETER
PATIENT
CONTROL  BOX
0’7 B OSCILLOGRAPH

1 =~ ]

]
L o

Fic 268 A, Ciscutt of a strung galvanometer B, Circutt of an oscillograph
with thermiomic amplhfier (From Medical Physics, courtesy of Year Book
Inc)

A more modern machine 1s the Cambridge Simph Trol It 1s of smaller size and
1s housed 1n a single case Standardization of the gal 15 plished by
a two way switch providing potentials of 1 and 3 mv in order to check the pro-
portion of string deflections

Amplifying Electrocardiogroph

In this type of instrument amplificatton of the cardrac potentials 1s acuomphshed
by thermionic vacuum tubes In the thermionic vacuum tube a current of electrons
goes from the heated cathode toward the plate if a difference of potential oceurs

* To determine the patrent s the formula 15 d by the Cambridge
Co Rp=A (Rs42000)=Rs

A=strning deflection in cm when lead knob 1s 1 fourth position

Ry=sinng resistance Rp=patient resistance

The operation 1s as foliows with the patient connected and the lead control knob placed on
1 standardize the string deficcion to 1 cm /mv ‘Then witbout changing the tension of the
strng switch 10 posinon 4 deflection A wall be found when 1 mv 1 placed m the aircuit 1n
genera! 1f deflection 4 does not exceed 13 cm  the patient resistance s within average hamits
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between them An imtecposed gnd, with low negative potential controls the flow
of current in the plate circunt and a proportional vanation of voltage takes place
across the resistor placed mn the plate ewcwt Thus vanation of valtage across the
plate resstor 1s simifar o that of gnd voltage even though amplified

In the amphfying electrocardiograph the patient 1s connected with the gnd cir
cut of 2 multistage thermionic amplifier the plate circwit of each tube 15 closed by
some form of impedance and the changes of potenuial mamfested across the mmped
ance load are then transmutted to the gnd of the next tube The gnd and plate re
sistors are hinked by a condenser which acts as an isolating medim for the durect
current potentials of the gnd and plate circuts if the changes of potential are of a
pulsating character, they pass through the condenser A suttable degree of amphfi
tation can be obtaned with a three stage system The degree of amplification
provided by the thermionic vacuum tubes can be modified by the reststance-<capac
1ty aurcut stself For correct secording of the low frequency waves the tme e
quired by the oscillograph to reach one half a previous standard deviation should be
1.5 seconds This property of the cureuit s known as the ame constant and 1s one

of the most of the el drograph

The amplified p Is are ded by an oscillograph the osci!
lograph consists of a foop (or col) of wire which moves within the field of a
permanent magnet when currents flow through 1t Attached to the Joop 15 2 small
mureor which throws a beam of light In other types a small prece of metal carnies
the murror and moves within the field of 2n electromagnet, The frequency of an
oscillograph must be high enough to record rapid variauons of potential (200 to
400 Hertz), the mnmum tume required for a deflection s usually 0 01 second
The oscillograph must be damped so that it can retum to the position of rest soon
after a deflection .

Many types of amplifying di phs are now some op
by battenes others by AC Most of them are portable thercfore both the sturdiness
of the galvanometer and 1ts hmited weght are important qualities

In the Sanborn Instomatic Cardiette the beam of Iight recerved by the murror 1
crossed by a lme, therefore the resulting tracing 1 white-on black * Medern ap
Paratus have devices for lead selection (1,23 V) and for checking battenes they
also meorporate a device for automatic compensation between leads permittmg
the rapid swatch from one to the other (instomatic)

Cathode Ray Electrocardiogroph
In tlus type of oscullograph a beam of cathode rays is deviated by the electro
statc deflection plates which ave directly connected vath the output of the amph
fier Theoreucally 1t 15 the most perfect osciiograph because 3t has a wniform
lrequency response and no mertia the deviations of the spot of light bemng photo
8raphed by a umform speed camera While practical advantages for climcal electro-
Cardwgtaphy are not signuficant, the cathode ray tube 1s used for visualization of the
n
R;;‘ﬂ:g»:ﬁge&yuo:;u;::zﬁc:g:nnzp‘%,',’,’:::;"J;p’c‘::d‘.o‘;::;""Onen’llzpeh«’zﬁ:?;:dcﬁs
IStrument 13 not suited for recordng extremely slow changes of potentra
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electrocardiogram on a fluorescent screen (oscilloscope) and n the construction of
the vectorcardiograph

Modem apparatus frequently include 1n the same assembly two or more systems
of amplification 1n order to record 1 ly two or more electrocard
or an electrocardiogram and a tracing of heart sounds (stethogram or phonocar
diogram)

Direct Writing Electrocardiographs

These electrocardiographs are operated by AC The most mmportant advantage
of these mnstruments consists of the fact that the tracing can be read at once These
cardiographs are of the amphfymg type great power, delvered by the amphfier to
the galvanometer 1s used 1n order to move a writing arm or stylus A heated stylus
writing on heat sensttive paper 1s used 1n the best modern apparatus while others
wnte by means of chemical devices or mk Since the writing stylus describes an arch
when moving different devices are used 1n order to obtam accurate rectangular
coordinates mn the tracing In the Cambridge Simpl Scribe, the film moves withm a
concave groove having the same radmus as the wnting stylus In the Sanborn Viso
Cardiette the film 1s pulled over a sharp edge and the heated stylus swings over this
edge thus producing records with true gul d and a neghgibl
tangential error (0 5 mm n the extreme posttions of the stylus)

The Sanborn Poly Viso Cardiette has a wide potential range of use 1 chimcal
and physiologte research It embodies the same bastc features of the single-channel
Viso Cardiette It contams four separate channels which give four stmultaneoys
tracings There are three types of mput circtits and a wide, controllable range of
sensitivities and paper speeds Each of the four channels incorparates four push pull
stages of amplification with the Jast three stages directcoupled The first stage
(ECG preamphfier) 1s capacity-coupled to the last three stages A balanced at
tenuator or double network of resistors 1s placed between the first and second
stages It 1s designed 1n order to reduce large stgnals by defimite ratios to amphtudes
suitable for registration without overloading the DC amplifiers It has five steps of
attenuation permuttmg the recording of signals 4 20 100 400 and 1000 times the
average normal amplitude A sixth position of the attenuator (x 1) feeds the signal
to the amplifier without reduction of voltage The over all sensitity of each chan
nel s such that 1t gives 1 cm deflection for 1 mv of AC signal duectly mto the
grids of the first stage push pull tubes On the other hand 50 mv are required for
an equal deflection when the signal 1s applied to the DC amplifier mput jacks
Because of the design of the amplifier, balanced circurts can be fed durectly to the
first or second stage grids n push pull by grounding one of the two grids of the
first or second stage an unbalanced (single-ended) circwt can feed the ungrounded
gund

The sensttivity of the ECG and DC recordiny, systems for cach position of the
attenuator s shown n Table 29

The conventional electrocardiographic leads are recorded through the ECG
amphfier (1,23 aVR aVL aVF V,CR CL CF) Sphygmograms phlebograms and
other low frequency tracings (apex am regonal cardiog epigastric

5
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tractng) can be recorded through the ECG Pulse sput jack A phosocardiogram
¢an also be recorded for timing even though the frequency of the system does not
aftow a perfect reproduction of the rapid sound vibrations Sigmals contasung slowly
varying or constant components like mtracardiac or artenal pressures respiration
etc are recorded through the DC amplifier

TABLE 22 ATTENUATOR STEPS POLY VISO CARDIETTE

Sensureity jor 1 em deflecnion
Cvolts)

Attenuator Through ECG Through DC
setting amphfier amphifier alone
x1 000t 005
x4 0004 Q20
x20 Qo2 10
* 100 — 50
%400 — 200
X 1000 — 00

The constants for each galvanometer are as follows

10 ma fem

200 800 dyne/cm

4§ cycles/sec

25 em cach way (from center)

Sensttivity

Torque developed by 10 ma 1n coit
Undamped natural frequency
Maxumurn wndistorted deflection

Under eritzcally damped condittons 80 per cent of a final deflection 15 reached
m 0 01 second

The paper speeds selected through o gearshuft are 50 25 10 25 10 05 and
025 mm per seccnd The speed of 25 mm per second s the conventional speed
for clirucol el Special i d ta seplace one or more
of the DC amphfiers can be added Then the Poly Viso can be adapted to tecord
ing of other electrophysic and tologic phenomena (stresses strams temperature
Or pressure varations) An wstomanc device 1s provided to protect the wrsting
arms when a selector switch 1s moved from one position to another An automatic
Tme ereut also protects the wnting arms agamst t00 marked deflections

Cardioscopes

These are d d for cluucal on a slowly moving

screen of el 4 and other phenomena They can
be connected with a normal electmcard;ograph having the proper input jack (San
born Stetho Cardiette  Sanborn Poly Viso Cardiette) or constitute a separate

assembly
The Cambndge Electronic Cardioscope conssts of 1) an amp!xfymg stetho
scope unit with muluple stethoph (2) two el lifiers with

multiple lead selector switches and (3) a large cathode ray tub:: havmg along per
sistence sereen The following phenomena may be viened the electrocardiogram
in any lead the vectorcardiogram of several Jead combnations the heart sounds
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and murmurs (also heard by audiophones) A recorder and reproducer 1s available
n order to record interesting or uncommon phenomena

PHONOCARDIOGRAPHS OR STETHOGRAPHS

The heart sounds can be amplfied (ampliymg stethoscope) and recorded
(stethograph) by a special equipment which consists of (1) a microphone which
picks up the rapid acoustic vibrations of the chest wall, (2) an amplifier which
serves to intensify the small output of the microphone, and (3) an oscillograph
which records the tracing on a film Since the tracing of the heart sounds 1s some
umes of difficult interpretation, 1t should be recorded simultaneously with an elec
trocardiogram a cardiogram or a phlebogram, which are used for ‘timing the
VATIOUS Waves

In Ewmnthovens Phonocardiograph the heart sounds picked up by a common
stethoscope  were directed to a carbon granule microphone with an mterposed
adjustable leak valve The electrical pulsations onginating into the mucrophone
were adjusted n intensity by a rheostat, passed through a transformer and re
corded by the metal-coated quartz string of a galvanometer The strung was tight
ened 1n order to record high pitched vibrations Several defects of this device
(notses ongmating 1 the leak valve and m the undamped carbon particles of the
microphone distortion of the sounds by the transformer), reduced the practical
value of the apparatus

Several subseq difications although notable did not permit an accurate
transeription of the heart sounds until the prezoelectric crystal microphone was
perfected In this device the output potentials are proportional to the stresses 11
duced by the acoustic waves These varying potentials pass into a vacuum tube
amplifier sumilar to thosc used m the amplfying electrocardiograph The amount
of amplification 1s regulated by a volume control device Audiophones for auscultz
tory control of the degree of amplification, and a D Arsonval type of galvanometer
capable of responding to the frequency bands of the sounds are connected to the
output of the amphifier As in the amplifying electr diograph the gal t
coil carnies a mirror and oscillates m response to the electrical pulsations A beam
of light 1s reflected by the murror upon a moving ¢ de film The
of the longitudinal motion of the paper with the transverse movement of the Dight
beam produces a graph of the sounds plotted agamst time

In crystal microphones Rochelle salt crystals are commonly used (sodwm po-
tassium tartrate) because the piezoelectnic constant of this salt 1s more than on¢
thousand times that of quartz or tourmaline The fundamental frequency or natural
period, of a bimorph erystal 1s approximately 10 000 cycles/sec When a diaphragn

15 coupled to the erystal the fund y of the comt 15 lowered
to a few thousand cycles per sec This 1s still well above the upper frequency Lt
ed in ph diography The phone case incorporates an acoustic

tugh pass filter which clmmates the low frequency wvibrations of the chest wall
having no acoustic sigmificance and protects the crystal from sudden stresses such
as those produced by applying the microphone to the chest The same system can
be used m making a ph with a flat f) from near z¢ro 10

1 7 e3P
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Fi6 269  Sketch of an app 1 recording of el d
and phonocardiogram  (From Rappaport and Sprague courtesy of C V' Moshy
Co)

Fia 270 4 Sketch of an oscil
lopraph B sketch of a cathode
ray tube (From Fattorusso }
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several hundred cycles per second This microphone called the linear mucrophone
1s connected by a rubber tubing to a cup and can be used for electncal recording
of the artenal or venous pulse or other } ph g the
mmperfections of the mechanical and optical capsule types of sphygmographs

The above mentioned principles were used in the design of the Sanborn Stetho
Cardiette which ncludes two independ h Is of diff electrical ch
istics one for amplifying sounds and the other for electrocardiography The
galvanometer employed 1n the electrocardiograph 1s a D Arsonval type moving
coil carrymg a murror 1t has a deflection time of approximately 0 01 second The
amplifier system has no loganthmic decay for more than 0 2 second, a gradual one
thereafter Therefore this channel can be used also for recording other physologic
phenomena 1 connection with either a p lectric sphygmogtaph b
(hnear microphone) or an electrokymograph The stethographic channel can be
used only for the recording of heart sounds The tracing appears n the upper strip
of a 6 cm high bromde film The camera should be run at 25 mm /sec for record
mg the ecg and at 75 mm /sec for sounds

Two types of crystal microphones are provided for sound tracings The first 15
able 1o pick up all the vibrations of the chest wall, except the very low pitched
having no acoustic value (0-10 cycles/second) 1t 1s called the stethoscopic micro
phone The other has an acoustic filter excluding the low pitched vibrations for
which the human ear has a poor sensitivity, the resulting tracing 1s a picture of the
sounds as they are heard by the human ear 1t 1s called the logarthmic microphone

An attachment 15 provided for one or more audiophones The audiophone 15 an
electromagnetic telephone receiver, which converts the amplified electical pulsa
tions 1nto equivalent sounds similar to those normally heard with a stethoscope In
this way the observer can control the correct recording of the sounds Another
attachment can be used for the cardioscope a useful complement 1n climcal demon
strations The electric power of the Stetho Cardiette 15 supplied by batteries

This two-channel model has been 1mproved in the Sanborn Twin Beam Cardiette
This consists of (1) a recorder and output amplifier unit, with controls and (2)
two ble and interct bl phfiers which provide for simultaneous or
separate registration of electrocardiogram (or slowly varying mputs) and phono
cardiogram It 1s a portable apparatus operated by AC The power supply 1s elec
tronically regulated to compensate for shifts 1 line voltage from 105 to 130 volts
without matenally affecting the baseline The two-channel output amplifier operates
two identical galvanometers which have undamped natural frequency of 500
cycles/second but are damped to about 71 per cent of cnitical damping correspond
g to a deflection time of one mulhsecond

The ecg DC amplifier 15 a separate plug in unit and consists of a preamplifier
stage and a driver stage The preamplifier stage 15 based on a condenser coupled
to the dnver stage which 15 1n turn directly coupled to the output stage The
entire amplifier 15 a push pull unit It provides for amplification and registraton
(through the recorder umt already descnibed) of electrocardiograms, pulse type
signals  slowly varying signals and constant (or DC) signals The normal over all
sensttvity of the ecg amplifier 1s 05 mv /em The normal senstvity of the DC
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amphfier 1s 20 mv /om The input smp of the DC amplifier 55 50 h
gnd to ground or 10 0 megohms gnid to gnd Direct access o a pteamphﬁer god
1s avatiable as stated below through the pulse mput yack and the mput mmpedance
15 exceptionally fugh There 15 o stx step altenuator haviag sanges from 1008 1 to
11 pios a cahbrating posttion and an OFF position

The phono amphifier contans a two stage amplfier between the mucrophone and
the output amplifier of the oscitlograph unit Audiophone output 15 made avadable
through a sepazate output stage The tnput smpedance of s umt 15 30 ohms and
the amplifier 13 equalized so that an over all frequency range of 1000 cycles/second
1s achieved The normal sensitivaty of the amplifier in the frequency range near 100
cycles 15 such that a deflection of 1 cm will be obtaed for a sound pressure of
016 dynes per square cm (58 decibels above the standard refercnce threshold of
D 0002 dynes per square cm ) Upon 3 by and:
of heart sounds closely duphcates the phenomena heard (hrough a convenhonnl
stethoscope A switch permts shie choice of exther a loganthmic or a stethoscopic
type of record without changng the cb for which 15 always
loganthmrc on account of the charactenstics of the car Both the microphone and
the audiophone are mmpervious to maisture and not affected by temperature
changes

Thge Twin Beam Cardistte may be equipped ongmally with twa ecg DC ampl
fiers or wath one ecg DC amphﬁer and one phono amphfier or with two phono

P Complete wter of these amg permts the aperator to
set up any combmation at any time
AC or DCoop d string phs were also modified by the addy

tion of a stethographic wmit consisting of a crystal mucrophone a vacuum tube
amplifier and 2 moving cot D Arsonval type galvanometer (Cambridge AN Elec-
tric Electrocardiograph-Stethograph and Sunph Trol portable Electrocardiograph
Stethograph) The sound tracing ss recorded on the upper part of 2 6 cm hugh

film The same pnnciple 15 apphcd for the Mobile Type and the small
portab!c Sxmplz Trol A puls: 18 also provided which permits
the mechamical recording of the artenal or venaus pulse sxmu!tanzously with any
tracing ded by the graph 1t consists of a recarding tambour a

recesver for applcation to the artery “or e and the connecting by The re
cording tambour which 18 contamed 1 3 small metal hovsing mounted on top of
the projection lens tube consists of a draphragm to which 1s attached a light lever
of metal tubing which projects downward snto the lens tube so that ats mage 1
prajected mto the camera in the same manner as the shadow of the galvanometer
stnng Consequently the movements of this arm are magnified by the ocular lens
Two types of recewver are furnished For recording the radial pulse a modsfication
of Lewss glycenne pelotte 15 used For recording the carotd or jugular pulse a hght
molded plastic cup 1s provided which adheres by suction 1o the skin over the
ﬁ!(cry arven
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BALLISTOCARDIOGRAPHS
Mechanical Methods

In Starr s ongmal spring damped bed, the movement of the bed suspended from
the celling was magnified by 2 moving murror and a hight beam system and recorded
by a moving film camera Ball drograms can be ot d also by means of a
mechamical pressure recorder (so called sphygmographic method) A recewving
membrane 1s connected by a rubber tubmg having 2 leak to a recording membrane,
as 1n a pulse recorder Thus 1s applied to the vertex of the patient s head

L —

Fic 271 Sketch of Docks magnetic ballistocardio-
graph (mnsert) and of a pk lectric b d ph
(from Dock and Taubman courtesy of the Am J Med )

Electromagnetic Method

This simple method records the ball diogram by d g the veloaity of
bodily motion more than its magnitude A coil of fine copper wire, supported by 3
crosspiece placed across the shins of the patient moves within the field of a perma
nent magnet the resulting electrical current 1s transcribed by a galvanometer at
tached to the col Many arrangements are possible the most used melude (a) 2
1 %% * coil of 8000 turns of No 40 wire wound on a bobbin (b) a HS2V Almeo
horseshoe magnet

Photoelectric Method

Many devices can be used A beam of light can be moved by the shaking body
across the window of a phototube or an occulting stnp illuminated by a standing
Iight, can project 1ts shadow on the same window

The first principle 15 used 1n the Sanborn apparatus which consists of two umts
The first 1s a crosspiece placed over the shins of the patient st contains a constant
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fight sauece (supplied by 2 3 volt battery) an optical system a voltmeter and 2
filament temperatuze control The second eonssts of an adjustable pedestal placed
on the table next to the patient and housing a phototube As the beam of hght from
the frame swings rhythmically across the rectangular hood of the phototube a gal
vanometer {(a drograph d by the Jead cables to the
photocell unit) traces the ballistocardiogram The y of the fmng elec
trocardsograph 15 set at 1 om /mv

A switch s wstalied at the base of the photorelt unit below the binding posts
for the electrocardiograph cables With the swatch at IN a fifter s included and the
charactenstic of the entire umit approximate those of Starr s ballistocardiograph
The wandering of the baseline due to respuration is reduced a deeper h wave 15
registered and other minor modfications take place With the fiter swatch at OUT

the basehne wanders with resp This can be obviated if the tracing 1s secorded
during apnea
When taking a balt drog the elect drograph lead selector shoutd

be turned to Lead 1 (except 1 the Poly Viso or Twin Beam) The beam spreading
from the hght source must cover half of the wiewing scale of the phototube A
geatle caudad push applied to the pattent s soles should cause an upnight deflection
of the tracing Otherwise the photocell unit should be so moved that the hight field
covers the opposite half of the viewing scale wnth the edge of ight meeting the
hawline

ELECTROMANOMETERS

The Sanborn el 15 an for direct pressure measurements
(ntracardiac mntea artenal mtravenous cerebrospmal or other) through the use
of catheters or needles of for of § P The bl
of the mstrument ¢ransf p mto equivalent electne p 15 these are

iptified to values for gal having a sensitrvity of not less than
01 ma/em The mstrument can be op d with any el dograph 1 the
case of the Viso Cardiette an mcluded amphifier mtensifies the electric output of
the electromanometer

The apparatus consists of two unts The mawn umt mofudes 2 budge ciremt with

3¢ contsol 2 and a d with its control valves ‘The trans
ducer contamns a condenser microphane which acts as the pressute sensitive element
of the AC bridge crcwt this 15 an electnie netwotk wih wput and output termnals
The cirewt and the components are o arranged that 2 balance condition can be
obtained when no output voltage appears even though an aput voltage 15 applied
¥ however ane of the elements of the bndge crreut 15 varted the balance condt
uon 15 destroyed and some fraction of the mput voltage appears at the output
terminals The magnitude of this output voltage depends wpon the degree of unbal
ance and 15 directly propoctronal to the magmitude of change occurnng mn the
vanable bridge element When the d d Y d by pressure
the bridge becomes unbalanced and the unbatanced voltage 15 amplfied rectified
and fed to the electrocardiograph {or other secorder)
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The bydraulic system contains two valves, one connects the bottle to the trans
ducer (BT) or to the catheter (BC), or the catheter to the transducer (CT) the
other valve the water to the transd n order to record low
pressures

The second untt consists of the power supply box which 1s used 1n order to select
the sensitwvity range and the registration of esther the mean pressure or the instan
taneous pressure

In general, the electromanometer makes use of a crystal microphone of medium
sensitivity For special studies a high sensitivity microphone can be used, then
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Fic 272 Hydraulic system mn the Sanborn electro
manometer

small changes m pressure like those caused by low frequency vibrations of the
chest or respiratory movements can be recorded

A switch permits recording either mean pressure or the pulsations of a variable
pressure

ELECTROKYMOGRAPHS
The first practical apparatus was butlt by the Cambnidge Co Several modifica
tions tending to an of the de of lifi without pmpomonal

mncrease of the artifacts were embodred 1n another mode} bult by the Sanborn Co
In both apparatus the main part 1s an electro multiplier phototube (RCA 931 A)
which consists of a light sensitive photocathode a system of nne secondary ems
ston electrodes (dynodes) and a coll anode The phototube has a maximal
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response to light of 4200 A which 1s 1 the blue regron The sensitivity 15 abou
70 pet cent of the maximum for green radiation

When the photoeathode 18 exposed fo Ight 2 proportionate number of electron
15 released and mmediately attracted to 2 dynode which 15 2t positive potentia
with sespest to the photocathode The surface of the dynode ss treated for second
ary emission so that each electron which ongiates at the photocathode displaces
several adduttonal electrons at the first dynode These secondary electrons aze ther
directed to a second dynode winch 13 at a potential more positive than the firs
dynode surface and they i turn displace more electrons Since thus multiphcatior
process 15 cumulative 1 the nime stages of amplification the maxumuat over al

current of amy le 15 app: ly one muthon tmes

Fig 273 Stheme of the Cambudge electrokymograph (from Hemny and
Boone courtesy of Charles C Thomas)

£
st

The author has used subsequently an RCA. 1P21 phototube This 15 ssmdlar to
the 931 A but 13 capable of an amphfication of about two mlfion tsmes if the tube
ss operated at 100 volts per stage Arufacts are mmwmuzed by the use of this tube
1t should be kept m mmnd that the high voltages at which this tube 15 operated are
dangerons and that shiefding should be perfcct

A stap of Patterson B screen 15 d 1o the glass pe of the multiph
phototube dsrectly m front of the photocathode When the x rays strke the fuor
escent screen the fight emmed by the screen i3 picked up by the photocathode

£ d into i and by electron multiphea
non Thus the clecmc output of the phototube vanies m proportion to the move
ment of the sihouette within the openmg of the sht The output of the tube 13 m
tutn fed 1nto the electracardrographic channel through a potentiometer which acts
ke 2 sensitivity contro}

‘Three forms of should be el d et radiation flicker
due to the cychic & ty of the x ray and fi ons of the power
hine
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The first 15 easily el d by lete shielding of the electrokymographic
crcuit (the recording electrocardxograph 18 suﬁicxemly shielded) To suppress the
flscker interference a tuned filter attenuating the flicker interference approximately
one thousand times was used 1n the Cambridge model With the greater amphifica
tion obtained in the Sanborn model, this attenuation was msufficient, therefore a
two stage resistance capacitance type parallel T network attenuator was used this
attenuates the flicker at least one hundred thousand times Moreover, the tuned
filter reduces the effective deflection speed of the galvanometer (from 001 to 002
second at least) which 1s less affected by the resistance capacitance attenuator

A further modlﬁcauon, described by Swedish workers, was based on the use of
aDC lifier, g the capacity filter with an inductance capacity
filter m order to obmm correct tming
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fetal 279

beart farfure 489
bypertension 476
intraventneslar block 436
malformations of the heart 382
mammaban 294

mutral wsulliciency 317
mutzral stemons 316
myocardial m!arctxcn 445
myocardius 438

nodal rhythar 410
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Electrocardiogram-—Continued
normal

electncal axis 257
P wave 234 235 238
P R nterval 235 237
Q wave 235
QRS complex 233 234 239
QRS interval 237 238
QT interval 238 490
R wave 233
S wave 233
ST segment 239
T wave 239
Ta wave 235
U wave 237
ventricular gradient 263
patent ductus arteriosus 375
penicarditis
acute 458
constrictive 461
positions of the heart
horizontal heart 276
honizontal heart with clockwise rotation
around longitudinal axis 278
horizontal heart with counterclockwise
rotation around longitudmal axis 277
horizontal heart with forward rotation of
apex 277
vertical heart 272
vertical heart with backward rotation of
apex 276
vertical heart with marked clockwise

Index

Electrocardiogtaphic leads—Continued
central termunal 231
chest leads 232 241
esophageal lead 247
explonng electrode 231
ndifferent electrode 231
semwnipolar 231
standard hmb leads 230
umpolar chest leads 232 241
umipolar hmb Jeads 231 239
Electrocardrography
apparatus see Electrocardiograph
arhfacts 224
confinuous 252
esophageal 247
functional tests 252
ntrabronchial 251
intracardiac 249
leads see Electrocardiographic leads
technic 222
Electrokymogram
acute pericarditts 459
aneurysms 473
aortic msufficiency 343
aortic stenosis 350
atnal fibrllation 398
atrial flutter 397
atnal septal defect 372
atrioventnicular block 414
bundle branch block 434
chronuc cor pulmonale 481
coarctation of the aorta 468

rotation around X aus 274
pregnancy 289
premature contractions 403
pulmonic sufficiency 364
pulmonic sterosis 367
rheumatic fever 311
smoatrial block 410
sinus arrhythmia 393
sinus bradycardia 391
sinus tachycardia 391
tricuspid insufficrency 353
tricuspid stenosis 359
ventricnlar flutter and fibnillation 402
ventricular hypertrophy 419
ventricular septal defect 373
ventricular tachycardia 400
Wolff Parkmson White synd.

periarditis 463

hypertension 478

malformations of the heart 385

mutral insufficiency 321

mitral steosis 331

myocardral infarction 450 451 452 453
454

patent ductus arteniosis 377
Ppremature contractions 408
pulmome insufficiency 364
pulmome stenosis 368
rheymatic disease 315
tricuspid spsufficiency 357
ventricular septal defect 374
‘Wolff Parkinson White syndrome 438
Electrokymograph 179 506
Electrok

437
Electrocardtograph

amplifier 223 496

cathode ray 223 497

direct wnting 223 498

electronic 497

photographic 223

portable 496

sting 495

see also Galvanometer string

Electrocardiographic leads

augmented vapolar 231

bipolar 229

determmation of cardiac output 186

history 178

normal tracings
aortic arch 195
aper 187
ascending aorta 194
descending aorta 196
halar shadows 197
mferior cava 201
left atnum 191
left ventricle 187
fungs 199



Index

Electrokymography—Continued

normat tracmgs—continued
pulmonavy artery 197
pulmonary vens 199
Tight atnum 92
nght vemtricte 150
supenior cava 201

systake plateau 32t

techme 180 181 183

value of 204

velocity of the pulmonary artemal waves

200

Elttlmmanomlltf 220 505
Elepha
electrocardxogram 295 297
beart rate 294 295
phonocardmgtam 297 259 300
Elsberg E 1
Elhinger G ¥ l7Z 173 177 203 204 413

439

Elis G N 361
Emetine action on electrocardiogram 306
Engelmann T W 6 227 227
Engstroem B 203 331 352 418
Epigastnic casdio ram  see Epsgastnic tracing
Epigastric tracing

cause of wnaves 75

history 74

mtral stenonis 331

pulmanc sitpous 367

technie 74

mcusp)d msuﬁ'mcncy 355

valne

various typcs

ventriclar h gmo by 422
Epsten B SYP i
Epsten M A 91 333

515

Fabre R 65 73 162

Fallots tesralogy see Matformatons of heart
Fattoruyso V245 501
Fell H § 465
Feldman L 289 291
Femorat tracmg :ez Sphygmo«raphy
Ferguson F
Ferrer Y 432 492
Ferrero C 254
Fetal hean
elactrocardiogram 279
phonocardiogtam 281
Feuersteins § 255
Fick O 128 131 146 151
Fufth saund 53
Filling ses szsxo!e
Fust
Fust scund
duration 46
factors 17
feud 318

&

pmlongntmn Sl 313 42

tuming 44
First soond comp!ex see Sound
Fischer G 124
Fischer R 116 415
Fischgold H 172 176 465
Fistula asteriovencus

acton on ram mimonary 4
3 Flersch A "117 124 154 214 235 247
Erfanger § 161 246 278 Flascher F 161 179 2
Erostene D € 473 Flaschbner ¥ G 3 62 171 204 334 373
Escapes 4 379 416 433 440 452 457 475 483
Eskildsen P 170 465 Flemung T C
Esmem C 110 114 Flleg W o210 417 492
see 5 see p
Fox C 279 283

Esophagocardmgrayhy Foeat block 421 437

analysis of waves 111 Forssmann W 170

history 110 Fourth sound 17 I8 53 54 286 313 318

mierprefation 113 320 424 425

mtral msummeuy k24 Fowler N D 170

technie Frada

value 114 Frangom ank 5 94 101 U7 124

waves 111 Frank O 5 25 60 61 74 95 104 132 136
Essex H E 20 141 211 214
Estandia A 255 Fraser ¥ R 307 308
Estes E H 260 264 Fredéneqg H 102 114 131
Evans W 351 438 Frey 128
Excitabiltty 8 Fnction ruba see Acute pericarditis phono-
Exercise  actionp on 306

see P Fnedland C k., 93
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Friedman B 334

Friedreich § 94 102 116 124

Fright action on electrocardiogram 306
Ensch R 304

Froment R 415

Frugom C 117 124

Fukumi N 74 77

Funaro 286 287

Functional msufficiency see Relative msuf

ficiency under specific type

Functional stenosis see Relative stenosis under

specific type

Galenus 127 399
Gallavardin L 161 352 415 465
Gallop rthythm see Tople thythm
Galvagm: E 116 124
Galvam L 222 227
Galvanometer
murror 222 223 496
sting 222 223 495
Gammeltoft § A 289 291
Garten § 25 61
Garvn C F 352
Gaspary ¥ 415
Gasul B M xn 389
Geiger C J 280 283
Geluk M A J 25 61
Gerber H 131
Gerhardt O 25 94 102
Gerbartz H 6 61
Gibbon § H 151
Gibson A G 99 102 161
Gillck F G 170 415 439 463 465
Gilson A § 19
Girand G 145
Giroux R 161
Glasser O 221
Glaubach N 228
Gley P 161
Glucose action on electrocardiogram 306
Goat
electrocardiogram 295 297
heart rate 294 295
phonocardio ram 300
Goett T 172 173 177
Goetzsche H 170 465
Golbltn V281 283

Goldberger B. 223 231 245 246 271 277

316 439 456 483
Goldfarb A xu 210
Goldmann M 171
Goldstem W 256
Goldstein I 251 255 456
Gomes V133
Gomez D M 161
Gonzales R. 415
Gonzales Sabathté L. 415
Gordon J W 81 92 13t
Gorlin R 170 333
Gottwalt E 94 102
Goulder N E 81 91 92

Index

Graham G R 131

Grant R P 260 264

Graybiel H 246 305, 308 439
Gremullion A T

Gnshman A 141 255 259 264 361

Groede!l F M 61 62 95 102 106 110

114 124 §43 145 153 161 287 355
361

Grossman N 203 370

Gubergritz M M 19

Gubner R, 81 92 293 456 457 487

Guinea pig
electrocardiogram 294 295 297
beart rate 294 295
phonocardiogram 298 300

Hafkesbring R 296 304

Hales § 153 161

Hallock P 355 361

Hamilton W F 92 130 131 132 135 158
161

Hansen A T 170 465
Haotman H W 304
Harmg O M xu 61 254 256 456
Harvey R M 482
Harvey W P 61 145 415 416 492
Haussmann O 295 304
Hay S 108
Haykraft 117
Haykraft S B 125
Heald C B 81 92
Heard J D 279 283
Heart falure
cardiomanometry 491
electrocardiogram 489
Jugular tracing 490
left ventncular fallure 491
radiocardiogram 491
respiratory tracings 439
right venincular fatlure 491
venous pressure tracings 491
Heart rate
of the child see Child
of mammalians see Mammalians
Heart sounds
acoustic recordmg 39
calibratton 39
drastohe 53
electric recording 39
fifth 53
first 42
fourth 54
frequency of 28
graphic registration 41
mtervals between 38 S5
1 various mammals 297
normal 41
phystcal charactenistics 41
second
systohe 42
thurd 53

Heat action on electrocardiogram of 306



Index

Hecht H H 246 255 261 278 415
Heckmang K 172 177 178 %03 379
Hegin R 61 492
Ham de Balzac R 333 457 475
Hewtz A 1
Hrgtmanedk M R 483 488
Heltersten H b 457
Henderson Y 81 92
Hemny G C 7 178 203 507
Hepatic tracings
@ wave 106
hustory 104
W atral septal defect 372
n chrome cor pulmonale 481
diastolic collapse 108
n malformations of the heart 385
normal 106
1 pulmofic stenosis 367
systalie collapse 107
techrue
1 tncuspid insufficiency 355
e tocuspid stenosts 359
v wave 108
value 108
waves §
Hepatogram see Hepatic tracing
Hepatography see Hepatic tracmg
eriag
Hemnck 223
Hefrmann G R 465 48} 438
Hertzenan A B 146
Heswest W ¥ 281 "83

Herzman A B 141 (51 487 387
Hess C 64

Hess W R 6 19 25 61

Heuser ¢ 163 171

Hewlett A W 136 115
Heyer H E 351 370 49,
Hﬂl H H 28
Himmelsten A
Humes L E 283

Hunteregger ¥ 137 125

Happocrates 127

Hirschfeldee A D 99 102

Hustory of graph»: methods 3
thzcnbbrger 07 108 U7 125 172

170 379 383

H;elmare G 173 204

Hochrien M 117 125 214 217 465
Hofbaver »h 211 213 81 283 492
Hofimaan R B € 308 456
Hollander A G 789 291

Holldach 329 334

Holzmarm M 20 .28 245 407 416 492
Hory

dcctmczrdxogmm 295 297 302 303

heart rate 294 295

phonocardmgram 297 .99 300 302 303
Horwitz O

57

Houssay B A 41 61 94 102

Howatt G N 93

Hubbard } P 375 379 4i6

Huerthl K 5 7 25 61 128 132 13§ 246
267

Huall B 245 415 439
Humphreys G H 475
Hust T W 363
Hutchimson A 220 221
Hymap A S 280 281 283
Eypertensiont
ballistocardiogram 479
sarthomanomeury 478
electrocardiogram 476
clectrokymogram 478
penpheral creculaton 478
phonocasdiogram 477
pulse and pressure tracings 477
vanons pressure tracing 478
Hypertrophy
atnal 42§
ventricular 418

ialaver A 161
Iocsura 130 134
Infrasounds 78
Tasulin action on electrocardiogran 306
internal  pneumocardiogram  sez Poeumo
cardiorram
lmmhmacxc tracings 214
block  see
intraventiicular  pressure
omet
Intnosic deflectian see Deflection
Ipecac action on electrocardiogram of 306
Isometric
<contraction 12
welavaton 14
Isrgel [ 25§

see Cardioman

Saffe H L 259 264 .87
Jamowskt W 110 14
Jaguet A S 136 161
!enks 5 1. 295 3
Jensen P G 201
Jochim K E 15t
Toknston 717 D 7 246 259 265 277 218
45"
Somas L A79 483 488
Jones L 93
Jones R § 81 9t 92
Jordan F C 61
Joseph L G 287
Joseph N R 93
Jugular bulb 98
Xug\.\kr traciogy
a-¢ mtetval 97 1
m acute percarditis 460
appheator for 96
arterial type 100
. atnal and nodal tachyeardia 393
w atnaf fibnifzton 399
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Jugular tracings—Continued
in atnal flutter 397
atrral pressure type 100
in atnal septal defect 372
mn amovenmculxr block 414
(a) wave
i bundle branch block 433
(c) wave 99
mn chromic cor pulmonale 481
concussion waves 95
m constrictive pericarditis 461
diastolic collapse 99
diastolic wave 99
(b} wave 99
in heart failure 490
history 95
1n mafformations of the heart 385
m mtral insuffictency 321
in nodal rhythm 410
1 premature cobtractions 405
presystolic wave 99
i pulmonic stenosis 367
10 sinus tachycardia 391
systolic collapse 99
systolic wave 99
time relationship 100 101
i tricuspid msufficrency 355
mn tnenspid stenosis 359
n ventricular fachycardia 401
meamng of the waves 100
respiratory vaniations 98 160
tidal waves 95
technie 95
(v) wave 99
value 101
waves 98
{x) wave 99
(y) wave 99

kahn R H 295 304

kay C F

Reneedy J A 279 284

Kerr W J 281 283 355 363 415
Reys 227

see El k h

l 170 171 203 205 246
288 295 304 370 439 440 457 465
171

mng 135 139 o
Kkisch B 287

Ressim M 246

Rpelberg S R 203 333 352 415
Rlem © 163 171
Klemensiewscz 117 125

Klewitz F 117 125

Koelliker A 222 228

Roemig B S 457

Korotkow N S 143 161
Rossmann C E. 246 265 278
Rotte S H 161

hountz W% B 19

Rralower C A 389

Index

krause M 296 304
krogh A lSl 220 221

93
Runkel P 486 487
kuo 329
Kurokov 154
Kkussmaul A 259 461 465

Laennec 26

Lagerloef H 171 370
Lalich 1 296 304

Lam C R 334

Lanan A 162 171

Landis E M 151

Landois L 117 125 136, 141

Landowne M 453 457 487

Landt H, 289 291

Leng G 74 77 116 125

Larngendorf R 416 417

Langevin A 154 161

Langner P H 251 25§

Lapham J 233 246

Laplace L 117 125 154 160

Larsson Y 370

Lasser R P 115 335

Laubry C 475

Lauson H D 46 333

Lawrence J S 475

Lax H 487

Lehmann G 206 207

Lenegre J 163 171 255 483

Lenzt M 172 177

Lepeschkun E 6 246

Lequme § 160

Lesser cuculation hypertension of 480 481
respiratory !racmgs 482

Levine H D 6

Levine § A 61 145 255 415 416 417

Levinson D C 379

Levitt G 293

Levy R L 252 255 454 457 492

Lewes D 353

Lewis L 20 61
Lewis T x 5 102 223 255 399 416
488 492 503

Lian C 26 61 110 114 145 178 281
283 334 370 416 440

Lieberson A 255

Lieberson F 247 255

Likoff W B 255

Limon Lasén R 171

Lints H A 304

Lipman B § 277

Lippmann G 222 228

Little R C 363

Liver pulsations see Hepauc tracing

Lockhart M L. 5 26

Loewe L. 115 335

Loewenberg S A 352

Lomans



index:

Lombard £ A 304
lopez Rammrez R 235
loubatidres R 145
Low frequency fracing
of apex se¢ Cardiogram

of epigastnum  see Epigasinic tracimg

of hver see Hepatic tracung
Lucrane L 1310 114 117 125 211 213 221
Ludwig C 153 161 221
Lwsada A A "D 61 62 72 77 92 102
108 114 125 131 142 145 162 174
203 204 210 217 1% 255 267
263 287 291 293 304 216 334 33§
332 363 370 379 416 439 440 457
(465 475 483

L see M:

£
of the beart
Lyon T P 440 451

MacCalta R L 281 283
MacCalmont W 296 303
McGuue S 161
McInfosh R 285 287
Mckay C M 300
Mackenzie 7 xt 5 74 77 94 99 107 104
103 132 135 355 359 363 Al6
Mchinzon J B 334
Mehusick ¥ A 463 465
Macleod H G 161 246 265
McMichae] 3 163 171 483
Medfllan T 307 308 464
MacWillam § A 154 162
Magidson O 379
Magnam A 145
Magn G x 72 77 210 315 316 335 363
Mawmzer F 296 304
Malformation of the beart
cardiomanometry 387
carotid tracing 385
electrocardiogram 382
electrokymogram 385
hepatic tracing 385
jugular tracing 385
phomocardiogram 383
Mammalians
electrocardiogram 294
heart rate 294
phonocardiogram 291
dandelbzum H 457
Mandelbaum R A 457
Mangano § N
Maon H 219 244 279 283
Madohetner E S 26 38 62 370
Marchal M 171 178 204 334 363 475
Marchand B T 438
Margelies A 26 63 334 152 417 441 475
Marey 3 xt 4 7 64 65 72 74 94 104
128 131 136 138 141 151 153 {62
211 213 214 222 228
Marka D 205 207
Martin H F 308
Martr P 141

519

Masking 28

Massa 39

Mawell B F 287 316 335

Masse E 277

Master A M 141 252 255 286 287 454
457

Mathets | A [ 475

Mattevecy C G 222 228

Matthes K L7 124 147 151

Maurce P 171 249 255

Mautner H 285 287 304 416

Mayock R L 93

Mayor ¥ 281 283

Mechanweal tracings see Tracings mechanical
Mecholyl action on electrocardiogram 306
Liedmc}{ H 179 204 440 457

Mepa R H 333

Mendy § C 285 267
Menezes de Olverra R 246 278
Messer A L 63 334 363 416
Microphones

carbon pranvles 28

crystai 28 29

clectromagnetic 28

hnear 28

logaathaue 29 30

period of 28

prezoelectrie 28

stethoscopie 29 30 31
Muller A 62 72 102 109 12§ 131 213
Matler A 7 203
Miller M 61 62 110 114 143 145 153

287

Menkowsks O 110 114

Minot G 345 178 204 295 300 334

Mintz § § 416

Mitral inyufficency
apex cardiogram 318
electrocardiogram 317
electrokymogram 32t
esophagocardiogram 322
Jugular tracing 311
phonocardiogram 318
relative 324

Mitral stenosis
apex cardiogram 331
cardiomanometry 331
clecteocardiogram 325
electrokymogram 331
epigastnie tracing 331
Graham Steelt marmur 314 339
ponocardiogram 326
relative 133

Mitral valve
apemng suap 33 318
dapeming sound S5O
sounds and mumers 33

Mobux W 416

Moeller T 370
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Mogkey Myocardial infarcion—Continued
electrocardrogram 295 296 phonoeardiogram 450
heart rate 294 295 roentgenkymogram 450
phonocardiogram 300 Myocarditis 438 439
Morelt A C 172 173 177
Morgan R H 204 Nadzs A S 287
Morphine action on diog 306 A 255
Moskowitz § N 279 283 Navarro Viola R 335
Mosso A 94 102 117 125 146 151 211 Nay R M 465
213 220 221 Nichoyanopoulos J 465
Mouse Nickerson J I 81 92 475
electrocardiogram 294 295 299 Nicolan G F 287
heart rate 294 295 Nitrites action on electrocardiogram 306
pbonocardxogram 300 Nodal thythm 409
Mozer J I 440 Nodal tachycardia see Tachycardia atral
Mueller H 131 152 222 228 Noerr § 295 304
Mueller O 128 146 Norgaard 289 291
Muenzer E 162 Norns R F 465
Munnell E R 334 Nouaille J 389
Murmurs Novelo § 390
all systohe sce Systohc murmur Nyboer § 247 255
Austm Flint 339 341
calibration 39 Oblath R W 417
concertina hke see Systolic murmur Ohm R 6 25 62 102 141
continyons 375 Olver H 487
diamond shaped sce Systolic murmur Olsen 39
daastolic 56 58 Opening snap see Snaj
double 340 Oppenhetmer M J 186 203 204 252 255
Duroziez 340 296 304
frequency 26 Oral whif 116
Graham Steell 330 Onas O 6 17 20 60 62 417 439
1n crescendo see Systolic murmur Overy D C 72
1m decrescendo see Systolic murmur Ox
machinery 58 375 electrocardiogram 295 297
musical 55 337 beart rate 294 295
presystolic see Presystolic murmur phonocardiogram 300
pulse wave Iike 56 Otygen action on electrocardiogram 307
rough 58
seagull ery 58 313 Pace O 110 114
soft 56 Pachon V 65 73 136 141 153 162
systolic see Systohc murmur Pamne R M 93
transmission 33 Pal E J 153 162
Mussey R O 284 Paley D H 205 335 456
Myers G B 415 440 Palmer R § 289 291
Myocardral infarction Panmer R 334 417 475
atrnal 448 Pardee H E B 6 223 465
atypical 449 Parker R L 389
cardiogram 450 Parkinson J 102 441
electrocardiogram Patent ductus arteriosus
antertor 445 449 artea of auscultation 34
anterolateral 445 446 454 blood pressure tracing 378
anteroseptal 445 446 cardjomanometry 376
posterior 445 electrocardiogram 375
posterobasal 445 447 448 electrokymogram 377
posterolateral 445 447 phonocardiogram 375
electrocardiographic diagnosis 448 pulse tracing 378
clectrohymo,ram 450 454 Pazzanese D 417 .
dynamic aneurysm 452 454 Pedal
10cal paralysis 451 Peralta Ramos A 281 232 283
paradovical pulsation 452 Percusston wave 133

multiple 449 Pereira J C 281 283



Index

Perez Montes L 334 352 416
Pericarditis
acute 458
adhesive 460
cardiomanometry 460
chrome 460
canstuctive 460
electrocardiogram 458 461
clectrokymogram 458 463
epelat Satmgs 460
phonocardiogram 459 41
pneumocardiogram 46,
subacute 458
venous pressure 460
Period
tiection 14
tenson 12
Penpheral vascular diseases
bathstocardiogram 487
blood pressure tracing 484
phonacardiogram 486
plethysmography 436
pulse tractn s 484
vencus pressuie traung 486
Pest E R 20
Persson L 203 333 352 415
Pestalozza E 62
Petersen E 5 304
Petter ¥ 136 141
Pezzi C 20
Piaundler M 2
Phicbography see Jugular tracing
Phlcbomanomes
direct measusement  §59
M acute pencarditiy 460
3 beagt faduge 491
m hypettension 478
10 petipheraf vascular discases 486
1 tncusprd wsufficeency
phlebostatic axs 159
vatue 159
Phonoarteriogram
in aneurysms 472
@ aonte (osufficrency 340
s atherosclerons of abdorunal aosta 470
history 143
wterpretation 144
techoe 143
whlity 145
waves 144
Phonocardiogrant
acute pencarditis 45%
aged 292
aneurysms 472
aortic msuffimency 337
aortie stenosis 347
aoruus 469
atherasclerons of aorta 469
atnal and nodat tachycarda 394
atnal fibnilaver 400
atrial flutter 397

Phonocardiogram—Contimied
atnal septal defect 372
atnoventricutar doch 413
bundle branch block 432
the child 287
chrome cor pulmonale ¢80
coarstation of she rorta 466
constrichive pertcarditis 461
fetal 39
Sypenenvion 477
matformations of the heart 383
mammalians 287
mitrat msufficiency 318
outral stenosis 326
wmyocardial infarction 450
myocarditis 438
nedal thythn 410
patent ductus arteriosus 375
peripheral vascular diseases 486
pregnancy 291
Ppremature contractions 406 407
pulmonic msuffictency 364
pulmenic stenoss 367
pulsus alternans 428
quadruple rhythms 422
rheumatic fever 313
tucuspid msufficiency 353
tncuspid stenosis 359
trple hythms 432
ventneular septal defect 373
wventricular tachycardia 401

Vyolff Parkinson White syndrome 438
00

Phonocardiographs § 25 .8 31

Phonocardiography
apparatus 8 31 32
2reas of swly 3%
artifacts 35 36
calibration 39
£sophageal 59
fetal 59
film speeds 38
hastory 25
wnterpretation 38
mtervals 38 55
teports 83
request 82
simtltaneons 31
spenial appheations 5%
technical recording 35
trmung of waves 38 39
tacheal 59
value 59

521

P g sze
Phonophlebography
analysis of the waves 144
tustory 143
techme 143
value 145
;hys:cﬂ exammanon 3

18
electrocardiogram .95
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Pig—Continued
heart rate 294 295
phonocardiogram 300
Plant R K 283
Plesch J 154 162
Plethysmograph:
abdom1§31 g 1{7
calibraon 148
flmd displacement method 197
general rules 147
history 146
photoelectric 148
pressure 148
techme 147
waves 150
Pleural tracings 126
Pneumocardiogram
1n aortic msuffictency 343
n constrictive percardiis 462
n pulmonic insufficiency 364
m tricuspid ansufficiency 357
Pneumocardiography
analysis of waves 118
calibration 118
effect of standstills 118
electncal filter 118
phystologic vanations 122
pneumotachograms 117
posttional changes 123
pressure curves 117
respiratory changes 122
techmc 118

value 124
Pneumographs 211 212
P graphy see Resp
velocity
Poilet P 162
153 162

Poiseulle J L M
Pokress M J 316
Poly beam 31
Polyvio 118 499
Polzer K 205 207
Popkin R J 488
Pordy 1. 255
Porte D 465

Position effect on electrocardiogram 307
109

Potam P C E 64 102 104

Potassium action on electrocardtoram 307

Poulos E 352 370

Poumailioux M 440

Pre¢ O 370

Pregnancy
electrocardiogram 289
Pphonocardiogram 291

Premature contractions
arternal tracings 312 407
atrial 403
blood pressure tracin,s 467
cardiogram 405
electrocardiogram 403

Y tracings

Index

ontinued

electrokymogram 408

hemodynamics 407

Jugnlar tracings 405
phonocardiogram 407
ventricular 405

Pressure 1nf

trathoracic see Pleural tracings

Pressure tracings
artenial see Arterral tracings

tracard
pleural s

ac _see Cardiomanometry
ee Pleural tractn,s

venous see Phlebomanometry

Presystole

11

Presystoic murmur 58 326
488

Prce G B

Priebe F Kk 93

Prinzmetal
Puddy V
Pullen 264
Pulmonary
aneurysm
pressure
Pulmonary
Pulmonic

M 7 208 210 396 417 492
98 102 110 114 334 359 363
artery

473

159 168

capillary pressure 168

area of auscultation 34
closmg snap see Sccond sound

opeping snap 367

Pulmonic msufficiency
cardiomanometry 366

electrocar

diogram 364

electrokymogram 364
phonocardiogram 364 480
preumocardiogram 364
pulse tracmgs 364

relative 367 480

Pulmontc stenosis 367 368
pressure gradient 369
Pulsations from arr passages see Pncumo
cardiography

Pulse

alternating 139 385
aortic 128

anacrotic

se¢ Anacrotism 348

artenal wave of 133 138 140

brachial
carotid 1
digutal, 13
femoral
pedal 13
radal 131

136

32

6 478 485
136

6

6

subclavian 132
tibtal 136

collapsing
crest time

342 343 377 378
139 478 485

dicroti 139

Galenus
hepatic s
wrregular
nasal see
paradotal

399
ee Hepatic tracing
6

Pneumocardiogram
132 461
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Pulse—Continued
venous see Phlebogram
waterhamaer 139
wave shape of 140
wave speed of 139
Pulse tracings
aneurysms 471
aoruc wsufficeency 342
aortic stenosis 3438
aortiis 469
atherosclerosis of aorta 469
atnal and nodal tachycardiz 394
atpial fibnllation 399
atuaventnoutar black 414
bunidie branch block 433
coarctation of the aorta 467
constrictive persearditis 139 461
hypertension 477
malformations of the keart 385
myocarditis 438
patent ductys arteriosus 378
pesipheral vascular diseases 484
premature coatractions 407
pulmonie tnsufficiency 364
sinus arthythmia 393
veatncular tachycardia 401
Pulsus
alernans 385
celer 342
tardus 471

Quadmple rhythms
factors 423
mezning 426 427
pathologie 423
phonccardiogram 425
physiologic 423
varieties 425
Qumby B H 210
Qumidine  action on electrocardiogram 307
QT mtesval
normal 238
prolonged 313
shortened 306

Rabbit
ehectronadiogam 295 296 301
heart rate 275
phomca(dnagtxm 299 300 30t

523

Randak E F

Randall W C

Randolph R 61

Ranges H A 170

Ramd acuve filing see Ventncular diastele

Rapid passive fillng see Ventricular duastole

Rappaport 1 296 304 475

Rappaport M B x5 17 20 26 3% &0
62 63 96 136 137 142 144 143
153 162 178 204 246 255 296 304
333 334 352 363 416 430 501

179 203 204
151

Rat
electrocardrogram 284 295 297
heart rate 294
phonocardiogram 297 299 300
Raatenberg £ 110 114
79

Recklinghausen H 142 154 162
Regmer M 433
Reich L 172 173 177
Reschert P 287
Relative msufficigncy see under specific type
Relatve stenosts see under spectfic type
Respsration 19
Resprratory tracings
n ¢hrome cor pulmonale 482
external 214
hustory 211
techmic 211
valoe 233
waves 212
an heart farlure 439
pressure
ustory 214
techme 214
valee 126
waves 216
velooity
edry 147 214
techme 215
value 216
waves 21§
y pulse see P phy
Reubt F 14! 142
Reynolds W F 308 455
Rucotardiography 206 207
Rheunmatic disease
apex cardiogram  3tS

Rheumatic fever see Rheumatic diseass

Racine M ex:ctmcardmgram 311
Radsal sph see Sph b
Radwation methods 6 208 phonotardiograra m
Radwcacdiography
in heart fasdure 491 Rhythm
tustory 208 a v see Nodal raythm
technic 208 double 403 411
value 210 galiop see Triple rhy(hm
waves 210 schoventneular 411

Rabo W E 26 3f 38 33 60
Ramurez Jaume M H 247 363

modal see Nodal thythm
quadruple sez Quadnuple shythm
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Rhythm—Continued
sa see Sinus thythm
septal 411
sinus see Stnus rhythm
train wheel see Quadruple rhythm
triple see Triple rhythm
Richards D § Jr 333 464 482 492
Richman B 287
Richmond J B 389
Ricketts H T 304
Riegel F 103 461
Ribl J 103
Riley R L 170
Rilhet B 254
Rmng G C 186 204
Riseman J E F 62
Ritter O 245
Riva Rocer § 153 162
Ruvero Carvallo J M 62 363
Robtnow M 287 288
Rodriguez 1 255
Rodstem M 92
Roentgen W K 6 7
Roentgenkymogram
1 atnal septal defect 372
n coarctation of the aorta 468
in myocardial infarction 450
Roentgenkymo,raphy
analysis of waves
artifacts 174 176
hstory 172
techme 172
value 176
Roester H 172 177
Rogers disease see Ventricular septal defect
Rogers H M 389
Roitman M 423 440
Romano F J 62 203 204 334 417 440
Rosa L 206 207
Rosenbaum F F 246 277 278 417 457
Rosenblum H 286 288
Rosenman R H 246
Rosenthal J 172 173
Roth 220 221
Rothberper C J 5 223 399 417
Routier D 334 375 379 440
Rubimo A 117 125 126 255
Rudhe V 203 333 352 415
Rumble
dastolic 315
early diastolic 326
presystolic 326
Russell A E. 151 457
Russell N G Jr 457
Rytand D 417

173

177

S-a block see Swoatrial block
Sa exatation 9

S-a node 9

Saffian R 210

Index

Salans A H 131 171 179 205
Samatn L 160
Samet P 204 440 457
Sampson J J 281 283 286 288
Sanborn 26 31 33 137 148 158 164 178
214 498 499 502 504 505 506
Sandberg A A 255
Sarolea 110 115
Satterthwaite T E 93
Savjaloff 251 255
Scarst R 246
Scaturro A 379
Scebat R 171 483
Schack § A 205
Schaefer H 206 207 283
Schall L 110 114
Scheck S A 203
Schellong F 264
Scherf D 396 399 417 483
Scherlis L 247 255
Schinzel G 296 304
Schlesinger N J 456
Schlossmann A 285 287
Schmid A 141 142
Schmitz W 206 207
Schmutzer K 246
Schnabel 329
Schneider J 170
Schneider R F 162
Schmtker M A 370 389
Schoelmench P 334
Schroeder H A 93
Schuhfried F 207
Schwab E H 465
Schwartz L 210
Schwarzschuld M M 246
Schwedel J B 172 177 204 435 440 457
Schweigger 222
Schweisguth O 389
Scott R C 465
Scott R W 170
Second sound
duratton 46 51
mechanism 18
parts 49
prolongation 56
split 313 329 430
ttming 50
Second sound complex see Second sound
Se,anti A 60 283 379
Seghers M 437 440 483
Segment capsule see Capsule
Sellers A L 416 417
Selvint A 145
Septal defect
aorto-pulmonary 379
atrial see Atnal septal defect
ventricular see Ventncular septal defect
Septum _activation of 235 430
Shafer E B xu
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Sharpey Shafer £ P 171
Shechan G A 93
Sheep
electrocardiogram 294 295 297
heart rate 294 295
phoncardiogram 300
m

Sherun ¥ ¥
e B 246
Shunts

uncomplicated 371
with assocrated malformatony
formations of the heart
Staba D 114 334
Swiltane L., 117 125
Sdber E M 203 246 370
Silberman 162
Simoatrma} block 312 410
Swus arbythmia 312
Sinus bradycardia 311
Sinws tachycardis 311
Smih H L 17 20 281 28 283
Smith §J R 19

see Mal

Snap
opentrg 318 329 332
systolic gee Click
Sayder B R 255
Soberén 1 255 440
Sodh Palfares 13 246 255 258 265 440
Sokolow M 440 443
Soskis § 304
Sosman M C 163 17¢
Sossat A 171
Soulie P 231 246 134 363 389 465
Sound preof room 35
Sound tracings
of arteries see Phoavartenagraphy
of heart see Phonocardiography
of vans see Phonophiebography
Sounds
dastolic 14 17
wnftasounds 28
systoke 14 17
Sphygmogram
abnormat 139
absolute 139
applications 139
0 adhesive pericarditis 461
m gortic aseusysms 471
m aortic msuficiency 342
m fortic stenosis 348
m aortstis 469
m applications 139
in atnel fibritlation 399
m atral fluter 396
m atnoventneular block 414
1 byadle branch block 433
m coarctation of aorta 467
n constrictive pencarditis 461
normat
in penpheral vascular diseases 484

525

Sphygmo sam—Conterued
@ premature contractions 407
1 parotysmal tachycardia 394 401
n smoatnal block 411
Sphypmomanometry
analysis of tracings 155
direct 157
History 153
ndirect 154
technie 154 157
value 158 160
Spagraphy 220 22{
Sprague H B 5 17 20 26 38 60 62 63
96 333 334 337 352 355 363 418
439 440 475 5031
Spatzler R J 210 492
Standin,, wave 130
Starting’ ¥ 128
Starr I B! 93 457 479 433 48% 504
Steat E A 486 487
Steell G 314 330 367
Steffrnan A 283
Stemberg M F 361
Stetho-cardietre 118 50
Stetho,raphy see Phonocardiography
Stethoscope 27

see p
Stever R A 280 283

Stckle A W 315

Stodet 39

Stokes Adams artacks 413

Strassman B O .79 283 283

Straub H 141 152

Strahmaer A 295 304

Strode solume 140

Stroud W D 308 352 417 465

Stumplt P 7 172 173 177

Sturm R E 204

Subacute pencardins see Percarditis
Subclavian tracur, s see Central pulse tracings
Sulzer R 259 264 265

Supplemental air 224

Suprasternal notch tracing of see Aortagram
S tracing  see

Sussman M L 456 457

Sweet R H 465

Syhes T F 295 300
Systolic elck see Chek systalic
Systolic murur

all systolic 56 318

coacettina 56

contisuous 38

m crescendo 56 318

en decrescendo 56 313 318 331
Sulagy N 31§

Tachycardma
atnal 393
nodal 393
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‘Tachycardia—Continued Tricusprd snsufficiency—Contnued
sinus 391 epigastric tracing 355
ventricular 400 hepatic tracing 355

Taqum A C 62 110 115 316 335 Jugular tracmg 355

Taran L M 316 phonocardiogram 353

Taubman F 92 504 pneumocardiogram 357

Taussig H 380 389 relative 359 480 490

Techmcal exanmnation 3 venous pressure 356

Terranova R 417 Trcuspid stenosis 359 360

Terry L L 416 Tricuspid stenosis or atresia with shunts see

Test C E 304 Malformations of the heart

Tetralogy of fallot Tnmam A 415
cardiomanometry 387 Triple rhythm
carotid tracing ~ 385 factors 423
electrocardtogram 382 meaning 426 427
electrokymogram 385 pathologic 423
hepatic ‘tracing 385 phonocardiogram 425
jugular tracing 385 physiologic 423
phonocardtogram 383 varieties 425

Thayer W § 20 Troullter G 172 173 177

Third sound Tucker W § 92
duration 54 Tuptkowa N A 304
mecharusm 18 53 Tutner A H 151
sphittng 53 Twinbeam 31 39 118 502
timing 55

Thyroid extract action on electrocardiogram  Uhley M H 389

307 Ungerlerder H B 92 162 457

Tdal air 221 Uskoff L I 162

Tidal wave 133 134

Tiger E 203 Vacarezza R A 159 162 171

Tigerstedt R 20 128 131 220 221 266  Valves 11 12

268 Van Beylen C 417 475

Tixier L 352 Van Bogaert A 160 440

Tobacco action on electrocardrogram 307 Van Den Berg 207

Tones see Heart sounds Van Der Veer J B 465

Tonus cardiac 8 Van Loo A 417 475

Torre 1 M 62 204 334 440 Van Potter R 151 152 171

Touche M 1389 Vaquez H 109 153 162 352 417

Toyoshima T 279 283 Vectorcardiogram 259

Tracings Vectorcardiograph 498
electrical see Electrocardiography Vetel E 146 152
f pic see ph Venous
mechanical 4 function 19

d see Rad, p pressure tracing see Phlebomanometry
see Roentg 2 p see &
sound see Phonocardiopraphy tracing see Phlebogram
volume see Plethysmograph Ventricular

Train wheel thythm see Quadruple rhythm complex see Electrocardiogram

Transposition of the large vessels see Mal septal defect see Ventricular septal defect

formations of the heart wave see Ventricular wave

Traube double tone of 340 Ventricular drastole 14

Trendelenburg F 26 62 Ventricular filling see Ventricular diastole

Tni beam 117 Ventricular flutter and fibrullation 402

Tncuspid v gradient see g
area of auscultation 34 normal
murmurs  see Tricusprd insufficiency and ~ Ventnicular hypertrophy

Tneuspid stenosis electrocardiogram 419

Tncusprd wnsufficiency low frequency tracing 422
cardiogram 355 Ventncular septal defect 373 374
cardiomanometry 356 Ventricular systole 12 14
electrocardiogram 353 begmning and end of 38

clectrokymogram 357 Ventricular tachycardia 400 401
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Ventricular wave
cardiogram see Cardiogram
epigastnc tracing see Epigastric tracing
hepatee tracing see Hepatic tracing
jugular tracing see Jugu ar

reg.onal cardnograms :u Cardmgrnm
Vesell H 363

Viem E 374 380

Vierord: 136 142 2°0 221

Vital capacity 221

Vizcamo M~ 255 440

Voo G

Volume lracmgs :ee Plethysmography
Von Basch §

Von Dungern 267

Von kappf W 108

Voogd M 415

Walker G 304
Waller A D 6 7 222 278 247 256 295
0.

Walsh B J 316 335
Ward ¥ W 279 284
Warren J V22 171 355 363
Wave
a see Jugular tracing and Ppeumocardio
am

BF:
£ see Plethysmogram
c see Jugular tracing
d d see Pneumotschogram
dicrotic see Artenal tracing
F see Ballistocardiogeam
G see Ballstocardiogram
H see Ballistocardiogram
h see Jugutar tracing
1 see Ballistocardiogram
v see Plethysmogram
J see Ballstocardiogram
L see Ballistocardiogram
M see Ballistocardiogram
N see Ballistocardiogram
O see Bailistocardiogram
P see Electrocardiogram
P p” see Pneumocardiogiam
Q see Electrocardiogeam
R see¢ Electrocardiogram
s see Pneumocardiogtam
S see Electrocardiogram
standing see Aortic tracing
T se¢ Electrocardiogram
t see Poeumocardiogram
U see Electrocardiogram
v v” see Poeumocardiogram
X see Jugular tracing and Ballistocardio
ram
y see Jugular tracing

1 1a 2 22 3 4 5 see Phonocardiogram
Low frequency tracing  of apex
and  Epg

acn) g
‘Wearn ] T 441
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Weber A 28 31 62 64 103
Weber E H 73 127 131 146 152
Webster C A 482

Wedemeyer G H H C 94 103
Wemberg H B 457

Wenss E 128 131

Weiss O 281 283

Weiss § 117 125 217 465
Weisz L 63 287 904
Wentbrecht 127 131

Weitz W 73 110 114 335

Wells B G 62 352 475

Wells H S 333

Welti 1 J 145 370 416 440
Wenckebach K F x1 5 6 94 103 223 417
Wener J 255

Werkoe L 171 370
Westcott R N 170
Weyl R 171

Weyler H 417

Wezler k132 135 140 142

White Bock sndex 419 420

White P D 67 72 102 107 25 13 203
246 295 304 305 308 355 363 417
441 465

Whitehotn W V206 2

Wiggers C 1 6 17 20 26 63 95 103 104
131 132 135 335 417

Willams H B 63

Willams N E 255

Vallams @ C 246

Willus 227

Wilson s block see Bundle branch block

Wibon F N 6 223 231 246 247 259 263
265 271 277 278 279 333 432 441

457
Wmnsor T 245
Winterberg H 103 417
Wintermitz M 417

Wise G S 152

Wolferth C C 26 63 334 335 352 417
441

wolff C

441

Wolff L 246 334 370 457
‘v\nlﬂ}’arkmson White syndrome 437 438
Wood E H 465

Woods 7 W 171

Wood P 370 372 379 380 388 457
Wrght 1 S 162 439

Yamaguch: T 142 483
Young C J 110 115
Young E W 457

Zagan C 128 131
Zatuchoe I 289 291
2dansky E 172 173 177
Ziegler R F 288
Zinsser H F 171

Zoll P M 456
Zuckermann R 390 483









