s
. 5
3
- s - '
% y
g g T
- ¥
S ~ 7 - o
O . i
3 ¢ ¥ . T
— ¥ ol
o Ll
' G "
it
[
~ n 5 154
% ' -
.
* ’
. ¥
.
7.
- - 3 \
{ /e




VOLUME II

CONGENITAL
HEART
DISKEASE

Correlatwon of Pathologic
Anatomy and

Anguwcardiography

JESSE E. EDWARDS, M.D.

Director of Laboratories "
The Charles T. Miller Hospital, St. Paul, Minnesota
Clinical Professor of Pathology, Medical School and
Professor of Pathology, Graduate School
University of Minnesota, Minneapolis, Minnesota

LEWIS S. CAREY, M.D.

Director, Cardiovascular Diagnostic Unit, Department of Radiology
St. Joseph’s Hospital, St. Paul, Minnesota

Clinical Assistant Professor, Department of Radiology
University of Minnesota Medical School, Minneapolis, Minnesota

HENRY N. NEUFELD, M.D.

Chief, Heart Institute

Tel-Hashomer Government Hospital, Israel
Formerly Research Associate

The Charles T. Miller Hospital, St. Paul, Minnesota
Honorary Fellow

University of Minnesota, Minneapolis, Minnesota

RICHARD G. LESTER, M.D.

Chairman, Department of Radiology
Medical College of Virginia, Richmond, Virginia

W. B. SAUNDERS COMPANY, Philadelphia and London, 1965



© 1965 by W. B. Saunders Company. Copyright under the International Copyright Union.
All rights reserved. This book is protected by copyright. No part of it may be duplicated
or reproduced in any manner without written permission of the publisher. Made in the
United States of America. Press of W. B. Saunders Company. Library of

catalog card number 64-14739.



CONTENTS

VOLUME 1
INCREASED PULMONARY ARTERIAL VASCULATURE; CYANOSIS
2N BRSBTS R S A RO L ST RS e s A S e S R b R S i I 4-234
Extracardiac Left-to-Right Shunts. . .. .................................. 4-80
dhtracardiot LettetosRaghtiShmta, . ... .o bl in ofan s fares e aldn s « 55 81-234

INCREASED PULMONARY ARTERIAL VASCULATURE; CYANOSIS

1500001 03 RS N P TR T o 8 e, R R S 236-396
1N DB IRV IR T, . 50 | e 22 Tt 5 S aions ks o8 3 sherh el s 2 i-xi
VOLUME 11

DECREASED PULMONARY ARTERIAL VASCULATURE; CYANOSIS
RRESINT. (. . Jo0 crog Bt 200l T 0 L o TR 398-654

NORMAL PULMONARY ARTERIAL VASCULATURE; CYANOSIS ABSENT 656-763

With Obstruction to Outflow from the Right Ventricle. . ................... 656-675
With Obstruction to Outflow from the Left Ventricle. . . ............. T o 676-763
PULMONARY VENOUS*OBSERUCTION. ; ... .....  c00 of ot s 8 oo 765-890
WitHORESREL. Uil ot o« o s e et e T P oL o 765-834
With Bidirectional Shunt. . .. ... ... ... ... ... ... . .. ... ... 835-890
INDEX TO VOLUMES Iand IT.................... s ot b e R T P i-xi

Page iii



DECREASED PULMONARY ARTERIAL
VASCULATURE; CYANOSIS PRESENT

Tetralogydfifallor. > P o uriontie ax ([, 7] AGLIR LN And O7 DR | 399
(General ConsIdEratIONG . . ... .7 . wuso ws o srosos oo sl nislos mis b s e s s s bin dress o afoe s s 399
Y T e e 1 e e o S e 400
Pathologici PRYRIOIORY (ol o IR 0E 00 o o oo e T s 418
Anatomic Expression of Functional Derangements. ........................... 420
Complieationstasial’ . wolt-hooM vraadodin. o DOBmtmily Jo. naomsdsiiaon o, . . 425
Chnieal Bindngd oo 00 ooi0 . oL o adeondien Bk Jirtsn v Sele T . . 437
Hoentgenourhntaetanags - Looo o pe o L i e T b 438
ANSIOCaEOTPADNTCIREITIOR S . . oi5he i o0 ses s s 5ot e o xe sfos s o cihgadiges o o 441
Angiocardiographic-Pathologic Correlations. . .. .............................. 448

“ Pseudotruncus Arteriosus. . . ... ........... .ottt 458
v Persistent Truncus Arteriosus, Type IV . .. . ... .. ... .. ... . ... .......... 472

Anomalous Muscle Bundle of Right Ventricle Causing Subpulmonary Stenosis 477
Complete Transposition, Ventricular Septal Defect and Pulmonary Stenosis 480
Origin of Both Great Vessels from the Right Ventricle with Pulmonary

T T e R e PR P R SR € 0 e 486
Corrected Transposition of Great Vessels, Ventricular Septal Defect and
Obstruction to Pulmonary Flow. .. ... ......... ... ... .. .. ........... 491
Cor Triloculare Biatriatum with Obstruction to Pulmonary Flow. ... ... ... 513
Coexistent Mitral Atresia and Obstruction to Pulmonary Flow............ 529
Congenital Heart Disease Associated with Asplenia. .. ................... 532
Tricuspid Atresia with Pulmonary Stenosis. . . .......................... 554
Coexistent Tricuspid and Pulmonary Atresia............................ 569
Pulmonary Atresia with Intact Ventricular Septum......... ... ... ... . ... 575
Pulmonary Stenosis with Intact Ventricular Septum and Right-to-Left
LT T I O ORI £ S PR 599
Corrected Transposition of Great Vessels and Obstruction to Pulmonary Flow
With Fntact VentrionIRr SREMIIN. . - - .0 . -« o s etoe e annas e s 615
Pulmonary Valvular Stenosis with Small Ventricular Septal Defect. . . ..... 623
Ebstein’s Malformation of Tricuspid Valve. . . . ......................... 627
Hypoplasia of Right Ventricle and Tricuspid Valve. . .................... 643
Cleft of Tricuspid Valve Associated with Atrial Septal Defect ............. 647
Pulmonary Arteriovenous Fistula................. .. ... .. ... .......0.. 648

Page 397



DECREASED PULMONARY ARTERIAL VASCULATURE;
CYANOSIS PRESENT

The association of diminution in pulmonary arterial vasculature roentgeno-
graphically with cyanosis or peripheral arterial desaturation is common. Ana-
tomically, except for pulmonary arteriovenous fistula, each of the entities
considered in this section exhibits: (1) an abnormal communication between the
lesser and greater circulations, and (2) an obstruction to the flow of blood into
the pulmonary circulation. As a result, there is a right-to-left shunt through the
abnormal communication.

This combination of anatomic and physiologic features forms the basis for
the coexistence of diminution in pulmonary blood flow (decreased pulmonary
arterial vasculature) and cyanosis.

Cyanosis associated with increased pulmonary arterial vasculature, on the
other hand, results from an admixture of blood from both sides of the heart.
These lesions have been covered in Volume I.

Among the conditions to be covered in this section are the tetralogy of
Fallot, pulmonary stenosis or atresia with intact ventricular septum and with
right-to-left shunt at the atrial level, tricuspid atresia, congenital corrected
transposition with pulmonary atresia or stenosis and ventricular septal defect as
well as other functionally related anomalies.
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Tetralogy of Fallot

GENERAL CONSIDERATIONS

The anatomic combination of ventricular septal defect, biventricular origin of the aorta,
pulmonary or subpulmonary stenosis and right ventricular hypertrophy is commonly called the
tetralogy of Fallot.

Obstruction to pulmonary blood flow (so-called pulmonary stenosis) may result from a
narrow state of one or several anatomic structures, including the right ventricular infundibulum,
the pulmonary valve and /or the pulmonary trunk. The obstruction may take the form of atresia,
in which no channel for the flow of blood is present, or stenosis, in which a narrow opening is
present.

In the tetralogy of Fallot it is common that cases with pulmonary atresia and pulmonary
stenosis be considered together. Since, however, the potential for surgical therapy is different,
we shall present separate coverage for these two types of the condition. Tetralogy of Fallot with
pulmonary stenosis will be presented in the immediately following pages under the title of
Tetralogy of Fallot. :

Tetralogy of Fallot with pulmonary atresia will then follow under the title of Pseudo-

truncus Arteriosus.
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Tetralogy of Fallot

PATHOLOGIC ANATOMY

In the tetralogy of Fallot the external relationship between the ascending aorta and the
pulmonary trunk is nearly normal. Usually, however, there is an obvious disproportion in
size between these two vessels, the aorta being wider than normal while the pulmonary trunk
is narrow. The heart tends to display a rounded shape as the blunt apex of the heart is formed by
the right ventricle.

Within the heart the specific elements of the entity are apparent. The ventricular septal
defect lies in a basal position and is of the “large” variety, being sufficiently wide to allow
equalization of pressure between the two ventricles. The aorta straddles the ventricular septal
defect and arises from both ventricles. The proportion of the aorta which arises from one ventri-
cle and that which arises from the other varies. The feature of the aorta taking some of its origin
from the right ventricle has been called ‘“‘dextroposition of the aorta.”

The infundibulum forms a narrow subdivision of the right ventricle and usually contributes
to obstruction to pulmonary blood flow. Beyond the narrowed area there may be some dilatation
of the infundibulum (the so-called third ventricle). The pulmonary valve is usually bicuspid
and may be stenotic. The pulmonary trunk is more narrow than normal, but usually contributes
less to pulmonary stenosis than do the changes in the right ventricular infundibulum or the
pulmonary valve.

The right ventricular hypertrophy is concentric, the wall of this chamber being of about
the same thickness as is the wall of the left ventricle.

Conditions that commonly accompany the tetralogy of Fallot include (1) a patent foramen
ovale and (2) a right aortic arch.
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Tetralogy of Fallot

PATHOLOGIC AnNaToMY: GENERAL RELATIONS

On this page are shown two examples of the tetralogy of Fallot to illustrate typical struc-
tural changes of the malformation. In each instance the interior of the right ventricle is exposed
and an incision has been carried from this chamber into the ascending aorta. Each shows a nar-
row infundibular chamber, the ventricular septal defect overhung by the aorta and the right
ventricular hypertrophy

Fi1c. 484. Interior of right ventricle (R.V.) and ascending aorta (A.) in two cases of the tetralogy of
Fallot. Left. In this specimen the subpulmonary infundibular channel (probe) has not been opened. Tl_le
ascending aorta straddles the ventricular septal defect (D.). Right. This specimen shows similar relationship
between the aorta and the ventricular septal defect. In this instance the infundibular chamber has been opened,
as has been the origin of the pulmonary trunk (P.T.). The infundibular chamber (I.) is made narrow by a
vertical hypertrophied crista supraventricularis (C.). )
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Tetralogy of Fallot

PAtHOLOGIC ANATOMY: RELATIONS OF AORTIC VALVE TO VENTRICULAR SEPTUM AND MITRAL

VALVE :
On this and the following page are emphasized the relationships of the aortic valve to the
mitral valve and to the ventricular septal defect in typical examples of the tetralogy of Fallot.

' F1c. 485. Left ventricle (L.V.), aortic valve and a portion of ascending aorta (A.) in the tetralogy iof

- Fallot. The ventricular septal defect (D.) lies inferior to the right (R.) aortic cusp. Attached to the posterior
aortic cusp (P.) and the anterior leaflet of the mitral valve (A.M.) is a segment of residual membranous portion
of the ventricular septum (M.). There is normal continuity between the anterior leaflet of the mitral valve and

" elements of the pulmonary valve. As an incidental finding, the left (L.) and the posterior aortic cusps are joined
by an acquired adhesion. It is not uncommon that small remnants of the membranous septum may be identified

at the posterior edge of the ventricular septal defect in the tetralogy of Fallot.

Fi1c.-486. Sagittal section through the right ventricle (R.V.), ventricular septum and left ventr.icl.e (L.V.)
in the tetralogy of Fallot. The aortic valve (A.V.) lies above the ventricular septal defect (D.). In this instance
it is clear that the anterior leaflet of the mitral valve is continuous with the aortic valve. The aorta arises from
both ventricles and straddles the ventricular septal defect, arising about equally from each ventricle.
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Tetralogy of Fallot

PAaTHOLOGIC ANATOMY: RELATIONS OF AORTIC VALVE TO VENTRICULAR SEPTUM AND MITRAL
VALVE (continued)

Fic. 487 . Heart sectioned as in Figure 486 of the preceding page. In this instance the aortic valve (A.V.)
appears to arise more above the left ventricle (L.V.) than above the right (R.V.). D. = Ventricular septal de-
fect. A.M. = Anterior mitral leaflet.

i % 4

Fi1c. 488. The sagittal section of the heart in this case of the tetralogy of Fallot shows the aorta (A.)
arising over the ventricular septum (V.S.), more from the right ventricle (R.V.) than from the left ventricle. The
anatomic relations tend toward those of origin of both great vessels from the right ventricle, but, in the tetralogy
of Fallot, with extreme positioning of the aorta over the right ventricle, there is continuity, as in this case,
between the anterior leaflet of the mitral valve and the aortic valve. This feature distinguishes the tetralogy of
Fallot from origin of both great vessels from the right ventricle.
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Tetralogy of Fallot

PATHOLOGIC ANATOMY: BASIS FOR PULMONARY STENOSIS

In the tetralogy of Fallot there are three possible sites at which obstruction to pulmonary
arterial flow may occur. They are, in order of frequency, the right ventricular infundibulum,
the pulmonary valve and the pulmonary trunk. In many cases a combination of obstructlons
at more than one site is present, the usual combination being infundibular and pulmonary
valvular obstruction.

In the material that follows, examples of obstruction at each of the aforementioned sites
will be illustrated, with particular emphasis upon the nature of the malformation of the right
ventricular mflmdlbulum

F1c. 489. The right ventricle (R.V.) and ascending aorta (A.) in the tetralogy of Fallot. The funda-
mental features of the infundibular malformation in the tetralogy of Fallot are illustrated. In the anterior and
superior aspect of the right ventricle (right side of the illustration) lies the right ventricular infundibulum (I.).
This is separated from the ventricular septal defect (D.) by a vertically oriented parietal limb of the crista
supraventricularis (C.). The aforementioned limb of the crista supraventricularis runs from the septal wall of
the right ventricle to the anteroiateral wall of the right ventricle. In preparation of the spedmen the crista has
been divided and appears in two segments. The medial boundary of the infundibulum (I.) is the ventricular
septum. The anterior boundary of the infundibulum is the anterior wall of the right ventricle (A.R.). In this
instance the infundibular chamber is of fairly uniform caliber and is relatively wide. Considerable variation in
the contour of this chamber and in its diameter occurs among cases of the tetralogy of Fallot. Other examples
of the infundibular chamber will be demonstrated on the next page.
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Tetralogy of Fallot a
* AR
PATHOLOGIC ANATOMY: BASIS FOR PULMONARY STENOSIS (continued) |

F1G. 490. Infundibular stenosis in the tetralogy of Fallot. Left. In this specimen the heart nas been dis-
sected as in the illustration on the preceding page and, in addition, the pulmonary valve has been opened to
reveal the interior of the pulmonary trunk (P.). In this instance the infundibulum is relatively uniform in
caliber, although its narrow state is accentuated somewhat at its inlet by the protrusion of the broad limb of the
crista supraventricularis (C.) into the lower aspect of the infundibular chamber. D. = Ventricular septal defect.
Right. In this instance the infundibular chamber of the right ventricle (I.) has been opened, as have the bicuspid
pulmonary valve and the pulmonary trunk (P.). The infundibular chamber is relatively uniform, although, as in
the instance in Left, the lowermost aspect is somewhat more narrow than is the upper aspect. There is endo-
cardial thickening in the lower half of the infundibular chamber.

Fic. 491. Sagittal section through the outflow
portion of the right ventricle including the infundib-
ulum, the aorta (A.) and the pulmonary trunk (P.T.).
The ventricular septal defect (D.) has been closed by
the placement of a prosthetic patch. The right ven-
tricular infundibulum is somewhat sigmoid in shape
and relatively wide. The pulmonary valve, which was
stenotic, had been enlarged surgically.
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Tetralogy of Fallot

PATHOLOGIC ANATOMY: BASIS FOR PULMONARY STENOSIS (continued)

On this page are emphasized examples of the tetralogy of Fallot in which infundibular
stenosis was an important element but in which the infundibular stenosis had a tendency to be
localized to the lowermost aspect of this part of the right ventricular chamber.

Fic. 492. The heart of a 6-week-old girl. Left. The right ventricle (R.V.) and the aorta (A.) have been
opened as in the specimen illustrated on page 404. Only a portion of the right ventricular infundibulum is appar-
ent in this dissection. There is characteristic relationship between the aorta and the ventricular septal defect.
The aorta is wide. Right. Following the dissection displayed in Left a longitudinal incision has been carried
through the anterior wall of the infundibulum into the pulmonary trunk (P.). At the inlet to the infundibulum
(facing arrows) the channel is markedly narrowed. Beyond this the infundibulum widens somewhat, although
even here, the caliber is relatively confined. The pulmonary valve is bicuspid. The pulmonary trunk is narrow

F1G. 493. Localized infundibular stenosis in the tetralogy
of Fallot. A 30-year-old man. The right ventricular infundib-
ulum is viewed through the pulmonary valve from above. The
valve has three leaflets and the infundibulum immediately
beneath the valve is relatively wide. At the lowermost aspect
of the infundibulum the caliber of the channel is narrow (fac-
ing arrows).
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Tetralogy of Fallot

PaTHOLOGIC ANATOMY: BASIS FOR PULMONARY STENOSIS (continued)

In most examples of the tetralogy of Fallot the pulmonary valve is bicuspid. In many of
these the valve contributes an element of pulmonary stenosis. In some instances this contribu-
tion is derived from the fact that the leaflets are short and adherent at the commissures, thus
creating a more narrow orifice than would be the case with normal leaflets. Another feature:
related to the bicuspid pulmonary valve is that the orifice of the pulmonary trunk is usually
intrinsically narrow and may inherently contribute to the pulmonary stenosis.

F1G. 494. Left. Right ventricular infundibulum (R.V.) and pulmonary trunk (P.T.) in the tetralogy of
Fallot. The pulmonary valve is deformed in a dome-shaped manner, yielding a narrow orifice (containing probe).
Right. The pulmonary valve from above in the tetralogy of Fallot. Superficial resemblance to the bicuspid valve,
although there is but one commissure (point of arrow). This is a unicommissural type of pulmonary valve
comparable to the deformity seen in some instances of congenital aortic stenosis. The valve is essentially a

modified dome-shaped structure.

: FI1G. 495. The right ventricular infundibulum, pul-
monary trunk (P.) and left (L.) and right (R.) pulmonary
arteries. The pulmonary valvular orifice is narrow, as are
the pulmonary trunk and its major branches. The latter
two features contribute to pulmonary stenosis in this
instance. A. = Exterior of ascending aorta.
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Tetralogy of Fallot

PATHOLOGIC ANATOMY: ASSOCIATED ANOMALIES

In the patient with the tetralogy of Fallot anomalies or variants other than those forming
part of the complex may be encountered. The most common is a patent foramen ovale of the
valvular competent variety, a condition that is not truly a malformation. True atrial septal
defect, however, may exist in association with the tetralogy of Fallot. Rarely is there a muscular
ventricular septal defect in addition to the usual ventricular septal defect of the tetralogy.
Partial anomalous venous connection, hypoplasia or absence of the pulmonary valve, persistent
common atrioventricular canal, partial anomalous pulmonary venous connection and tricuspid
insufficiency are among the various intracardiac malformations that are associated uncommoniy
with the tetralogy.

Extracardiac anomalies in the form of malformations of the aortic arch system are common.
Considerably less common is stenosis of peripheral pulmonary arteries.

F1c. 496. "'wo examples of valvular competent patent foramen ovale and atrial septal defect in tI¥
tetralogy of Fallot. Left. From a 13-year-old boy. Left atrium and left ventricle. In addition to a.valvul.ar
competent patent foramen ovale (arrow) there are two defects (D.) in the floor of the fossa ovalis. Right. Left
atrium and left ventricle in a male infant 8 months of age. The probe lies in a valvular competent patent foramen
lovale. Below this is a small true atrial septal defect (D.) at the fossa ovalis. In the tetralogy of Fallot with an
interatrial communication some of the right-to-left shunt characteristic of this condition may occur at the

atrial level.
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Tetralogy of Fallot

PATHOLOGIC ANATOMY: ASSOCIATED ANOMALIES (continued)

F16.497. Left. ught atrium in the 13-year-old boy from whom the left side ot the heart is illustrated in Fig-
ure 496, Left, page 408. In addition to the two defects at the fossa ovalis, there is partial anomalous pulmonary
venous connection in that the right upper pulmonary vein (R.U.) communicates with the right atrium (R.A.)
at the level of the entrance of the superior vena cava (S.V.C.). Right. Tetralogy of Fallot with hypoplasia of
pulmonary valve in an 8-week-old girl. Illustrated are the upper portion of the right ventricular infundibulum
(R.V.), the pulmonary valve (P.V.) and the beginning of the pulmonary trunk. The pulmonary valve is repre-
sented by a rudimentary rim of fibrous tissue. The subject of congenital pulmonary insufficiency in association
with the tetralogy of Fallot was presented in Volume I, pages 145 to 148.

F1c.498. Tetralogy of Fallot and persistent common atrioventricular canal in an 8-month-old male infant.
Left. Right ventricle (R.V.) and ascending aorta (A.). Features of the tetralogy of Fallot, the biventricular origin
of the aorta and a stenotic infundibular chamber, are displayed. Right. The atrial septum has been divided
and retracted to reveal the common atrioventricular valve from above. To the right, the valve leads into the
right ventricle (R.V.), and to the left, into the left ventricle (L.V.). R.A. = Right atrial appendage. L.A.
= Left atrial appendage.
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