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PREFACE

Tlus book 1s the result of a ten year study of 121 angivaardio-
grams, cach one consisting of appronimately twenty Glms, la'Lc“
on 283 panents with cyanotic types of congenital ‘“7‘“‘.’"“.“"""‘
ol the heart.® The sahient points in the angincardmgrap\uc diagno-
sts of ten cenbities ate presented,

In order to best establish the value of angiocardiography as a
separate laboratory toal, the anthors based the angiocardiographic
draguoss of cach entity only on the bnowledge that the patients
were yanatic, and on the mterpretation of the angiocardiographic
findings

The accuraey of this angrocardiographic diagnosis was then
hecked in each case agunst the final diagnosis arrised at by a

ompiete physical, fluoroscopic, Tacntgenologic and clectrocardio-
graphc exanunation and, m addition, by cardiac catheterization
and or surgery and ‘ot autopsy

Twentyoue entites of the cyanouc type of congenital mal.
formations of the heart are dassified into four groups. We wish
to umphasize that this manusenpt represents only a summary of
the basi findings of the most important types of congenital mal
formntons of the heart.

The authars wish o evtend their thanks and appreciation tn
Br Charles T Duoteer, Professor and Chairman, Department of
Radiology of the University of Oregon Medica) School, lor read-
g the provts and wffenng many helpful suggestons, We also
wush to thank our ciel technician, Mr. Glen Volz and our arust,
Mo Glota Jones who have fathfully assisted m thiss work since
WS mception.

* The 1012} numiher of angmocandy
diograms that die authors hase st
30 ol sanon vanonc and non e on pren

300U ypes of con 2
beart s e 1000t 10es of ongenual moMormations of e
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The Salient Points and The Value of V'enous Angiocardiography
wn the Diagnosis of the Cyanotic Types of
Congenital Malformations of the Heart



The following Key is for the drawings on pages 8, 17, 21, 23, 36, 11, 15, 51, 58, 61, 63

KEY

Venous blood

Arterial blood

Mixed blood predominantly arterial

SR
e

e R

KRR
RS R
) \‘\\‘ RN
What it et
R

Mixed blood predominantly venous

$V C —~Supenor Vena Cava
IV C —Infenor Vena Cava
R \ —~Right \trum

RV -~ raght Ventricle

P A —Pulmonary Artery
'\ —pulmonary Vems
LA =Teft vtnium

LV —teft Ventncle

MO —rorta

CT —Common Trunk

Br A —Bronchual Artery

The ligures mn the cardiac chambers and in the sessels denote the respectine per-
centage of their oxygen saturation



INTRODUCTION

wr perrase of this ook, 1 to bring out the sahient points in
Tlhc angiocardiographic dtagnosis of the varjous cyanotic types
of tongenital matformations of the fieart and to eslal)hsh. l.hc
\alue of angrocardiography as a diagnostic ool for these enuyes,
e, therefare, based our diagnosts on angiocardiographic findings
alone and the knowledge that the patients yere cyanotic, In order
to best establish the diagnostic value of angiocardiography as a
suptate faboratory tool, ali other avaitable information regarding
the lustory, physical, fluoroscopic, yoentgenologic, electrocardio-
wapha cardsac catheterimtion and autopsy indings was purposely
anntted  Durng the past ten years 421 angiocardiograms, each
consisting of an average of twenty hlms, were done on 283 patients
with Ganotic tpes of congennal malformation of the heart.
Nomen fine pereent af our patients were under hifteen years of
age \ complute physical, fluotoscopic, Toentgenologic and electro-
cardiographic exnmnation was done routnely on all patients
before an angioaasdiogram was performed. In adduion o these
xammations the diagnosis was confirmed in 149 patients by cardiac
athenzation, m 101 patents by surgery and i 98 patients by
attapsy bindmgs, As g result of this study, ve believe that the
diagnost salue of angrocardiography can be best demonstrated
b dasalving the Ganotic types of congenital malformation of

the heart wito four groups and by the presentation of their salient
angrocardiographue pomts

m-n.m. te Tichtoen Incitute for Mfedical Research, the Pedistne Cardio-
l\ .: ‘\\uhﬁ‘ Depanment of €aod Counts Chutdren's Hospital, the Pediaine znd
IRl Depatimenn of the Lanersity of $linol A
Pretisseran Hospat of 0 Thu s et by » e e e

Chea; oz
G fhet e k™ Nhnois: Thus study was auded by a grant from the
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4 Venous Angiocardiography and Congental Malformations

Group 1

Entities in which the diagnosis can ALMOST ALIVAYS be
made by proper interpretation of a technically good angiocardio-
gram (Table I

Group 2

Entities in which the diagnosis can USUALLY be made by
proper interpretation of a technically good angiocardiogram
(Table 2).

Graup 3

Entities in which the diagnosis can USUALLY NOT BE MADE
by proper interpretation of a technically good angiocardiogram
(Table 3).

Group 4

Entities which ALIVAYS REQUIRE additional studies before
a definite diagnosis can be estabhished (Table 4).

The salient points in the angiocardiographic diagnosis of the
following ten cyanotic types of congenital malformations of the
heart which belong to our Groups 1, 2 and 3 will now be presented
briefly. Eleven other types of cyanotic congenital malformations
of the heart belonging to Group 4, which represent entities where
the value of angiocardiography alone is limited, will not be
discussed.



GROUP 1



4 Venous Angiocardiography and Congenital Malformations

Group 1

Entities in which the diagnosis can ALMOST ALWAYS be
made by proper interpretation of a technically good angiocardio-
gram (Table 1).

Group 2
Entities in which the diagnosis can USUALLY be made by
proper interpretation of a technically good angiocardiogram

(Table 2).

Group 3

Entities in which the diagnosis can USUALLY NOT BE MADE
by proper interpietation of a technically good angiocardiogram
(Table 3).

Group 4

Enuties which ALIWWAYS REQUIRE additional studies before
a defimte diagnosis can be established (Table 4).

The sahent points in the angiocardiographic diagnosis of the
following ten cyanotic types ol congenital malformations of the
heart which belong to our Groups 1, 2 and 8 will now be presented
briefly. Eleven other types of cyanotic congenital malformations
of the heart belonging to Group 4, which represent entities where
the salue of angiocardiography alone s lunited, will not be
discussed.
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TETRALOGY OF FALLOT

TATHOLOGY

1 Varying degrees of infundibular stenosis or combined in-
fundibular and alvalar stenosis Rarely, onty \:.a\\ular stenosis
whith 15 then usually associated with poststenotic difatation of
the pulmomary artery Exceptionally, alvular or pulmonary
atresia )

2 Large defect 1n the membranous and upper muscufar portion
of the ventnicular septum

4 Varymg degrees of functional dextroposition {oversidmg of
aorta

1 Because of the above anomalies, the right ventricle is hyper-
rophied and. in some cases, cifated.

HEMODYNAMICS

Systeinic venous blood retarming to ithe night atrium and en-
tricde 15 dnerted from the lung m proporuon to the degree of
ulntruction wansed by the stenosis. The venous blood which can-
not enter the stenone outflow tract will follow a path of lesser re-
sistance and pass into the aotta Tlus produces cyanosis, The sys-
whk pressure ut the right ventricle is approximately the same as
w the Jeft ventricle 1n all cases the pulmonary blood flow 15 de-
ereased and the systemc flow is increased In cases where the pul-

monan artery s atretie, the pulmonary circulation s maintained
B branchual artenies or other collateral vessels
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Tetralogy of Tallot 9
Salient Angiographic Features

[, Sumultancous visualization of the aorta and pulmonary ar-
tenies {Tag. 1-2).

2 Yo the majority of cases the wain pulmonary artery and the
branches are hypoplastic and the aorta is wide. In about 209, of
these cases there is a right aortic arch (Fig. 1-b)

3, Patients with valsular or combined stenosis usuaily revcal
a poststenotic dilatation of the pulmonary artery.

4. In some pauents with localized infundibular stenosis as-
suctated with salvular stenosis, there is opacification of a third
ventricle. The size of his third ventricle varies depending upon
the space between the localired infundibulas stenosis and the
puimonary valses (Fig. 1<),

5 Opacification of the peripheral pulmonary vessels is dimin-
wshed.

G. Tamt, or no opacification of the left cardiac chambers. Usu-
alty the famter the opacification the more severe is the ma¥forma-
non, The apacificatson of the colfateral vessels in these severe
mal{ormations is oftentimes well sisualized {Fig. 1d).

7 Tihe type of stenosis (valvular, infundibular ot combined)
tould at umes not be determined m our senes (Fig 1-c and 1-f).
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Tetralngy of Fallot 9
Salient Angiographic Features

1 Simultaneous visualization of the aorta and pulmonary ar-
teries (Fig 1-a),

2 In the majority of cases the main puimonary artery and the
branches are hypoplastic and the aotta is wide. In about 20%, of
these cases there is a Tight aortic arch (Fig. 1-b),

3, Patients with \aliular or combined stenosis usually reveal
a post stenotic dilatanon of the pulmonary artery,

1. In some patients with locatized infundibular stenosis as-
socated with vabvular stenosis, there is opacification of a third
ventnde The size of this third ventricle varies depending upon
the space between the lecalized infundibular stenosis and the
pulmonary valves (Fig. I-c).

5. Opaaificanion of the peripheral pulmonary vessels is dimin-
tshed.

6 Tamy, or no opacification of the left cardise chambers. Usu-
ally the famnter the opacification the more severe is the malforma-
ton. The opacification of the colateral vessels m these severe
malformaions 1s oftentimes well sisualized {Fig. 1-q).

7 The type of stenosis (vahular, infundibular or combined)
ould at tumes not be determined m our series (Fig. 1-e and 1),



10 Tenous Angiocardiography and Congenital Malformations

Figure 1-a. Tetialogy of Fallot A-P view of a typical severe tetralogy ol
Fallot at 114 seconds. Early and simultaneous visualizauon of hypo-
plastic pulmonary arterzes and of a marhedly dextroposed wide aorta.
Note the location of the pulmonary semilunar valves (arrow), the
opacification of the peripheral pulmonary vessels 1s diminished MPA—
main pulmonary artery; LPA—left pulmonary artery, AO—aorta



u

Tetralogy of Talot

Frgure 1-b AP atew at 2<econds. Simultaneous visualization of pul-
monary artenes and ol a wide aorta with a right aortic arch, RV-right
ventricle, 3V thord ventricle, PA-pulmonary artery, AQ aorta,



12 Tenous Angiocardiography and Congenital Malformations

b el .

Figure I-c. A-P view at I-second. Simultaneous visualization of a wide
aorta with a left aortic arch, and of the pulmonary arteries The in-
fundibulum is very narrow (lower arrow), and the pulmonary semi-
Junar valves are visualized (upper arrow). The third ventricle is seen
between the two arrows. RAxight atrium, RVnght ventricle, MPA-
main pulmonary artery.



Tetralogy of Fallot

Figure 14 AP view a1 514 seconds Severe tetralogy of Fallot with
famt apacification of the left cardiac chambess. The reticulated ap-
pewrance of the peripheral lung fields 15 due to marked collateral cir-
culatton,



14 Tenous Angrocardiography and Congenstal Malformations

Figiwre [-e LAO view at 114 seconds. Note the overriding of the aorea
partially from the opacified right ventnicle and partially from the
non»opacxﬁed left ventricle There is simultancous visualization of
markedly hypoplastic pulmonary arteries AO-aorta, P.A\-pulmonary
artery,



15
Tetralogy of Fallot

Figure I-f RAO tiew at 2seconds Note the stenotic infundibulum of
the right ventricle which persisted thughout several cardiac qdes
and ns, therefore, a sign of stenosis, and is not
due to a momentary infundibular contraction in systole, There 1s an
absetice of the wnfertar vena cava and the hepatc veins enter the nght.
amum Limfundibulum, AO-aorta, AzV-azygos vein; HV hepatic vem.




COMPLETE TRANSPOSITION OF THE
GREAT VESSELS

PATHOLOGY

L. Aorta originates from the right ventricle. Pulmonary artery
from the left ventricle. Rarely, pulmonary stenosis may be present.

2. Associated defects in the form of atrial or ventricular septal
defects or patent ductus arteriosus or anomalous entrance of pul-
monary veins into the systemic veins or right atrium may be
present,

HEMODYNAMICS

Venaus blood enters the aorta from the right ventricle and
ovygenated blood 1s pumped to the pulmonary circuit from the
left ventricle. Life can only be mamtained if assocrated defects
that permst the mixing of venous and oxygenated blood are pres-
ent. The more defects there are, the longer life is prolonged.



Transposition of the Great Tessels
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COMPLETE TRANSPOSITION OF ARTERIAL TRUNKS

(See hey on page 2)



18  IPenous Angiocardiography and Congenital Malformations

Salient Angiographic Features

1. Left anterior oblique is the best view for the demonstration
of an anteriorly displaced, densely opacified ascending aorta and
of a very wide aortic arch (Fig. 2-a).

2. Absence of, or faint opacification of the pulmonary arteries
at the time of the opacification of the aorta is characteristic.

3. Associated lesions such as septal defects or patent ductus
arteriosus may at times be demonstrated (Fig. 2-b).

Frgure 2-a. Transposition of the Great Fessels. LAO view at 14 second
Note the size of the ascending aorta arising from the right vemncl.c amd
the anteriorly displaced wide aortic arch. The pulmnnnr). artery is not
opacified The infundibulum of the aorta 1s \'lsu.;llued in the region
of the patent ductus arteriosus. R .A A-right awrial appendage, AQ

aorta; Ao.l-aortic infundibulum.



Transposition of the Great Vessels 19

1 Thearea of the cardiac sithouette that is not opacified during
right heart filling (that is the area of the left atrium and of the
left ventricle) is surprisingly large in view of the cyanosis.

bigure 23 1\ view
AT with 2 wide anr
Arterosus and of the Pulmonary
artenosus, Py Pulmonry artery

at Isecond  Opactfy

@ton of the trang
tc arch. Visualization of the

posed
Patent ductys

artery AQ-aorta, PDA-patent ductus



ANOMALOUS DRAINAGE OF ALL PUL-
MONARY VEINS INTO THE SUPRA-
CARDIAC SYSTEMIC VEINS

PATHOLOGY

1. All pulmonary veins enter into either the persistent left su-
perior vena cava, left innominate vein, coronary sinus, right
atrium, right superior vena cava, portal vein or ductus yvenosus

2. Associated communications between the cardiac chambers
may be present.

HEMODYNAMICS

The right atrium receives not only the venous blood, but also
all the oxygenated blood returning from the lungs. Unless there
are associated lesions present, death takes place upon closure of
the foramen ovale.

20
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22 Penous Angiocardiography and Congenital Maljormations

Salient Angiographic Features

1. The pathognomonic sign is the early visualization of a
markedly widened superior vena cava (Fig. 3-) and its tribu-
taries, followed first by the disappearance of the contrast sub-
stance (Fig. 3-b), and later by the reopacification of the abote men-
tioned wide vessels (Fig. 3-c). This, of course, is anly pathogno-
monic if there is no delayed reinjection of the contrast substance.

1

Figue 3-a. Anomalous entiance of all Pubmonary I'eins. \-P view at
14 second. Marked dilatation of the right superior vena cava and of
the left innominate vein. L. Subc. V-left subclavian vemn; LIV-left
innominate vein; SVC-superior vena cava.



s Into Systemic Uewnts 23

Drasnage of Pulmonaty Te

Ligure 3% AP view of same angiocardjogram at two seconds Disap-
pearance of the contrast substance from the supenor vena cava and
optahcaten of the nght atrinm, night sentricle and of the pulmonary
arteies \O aorta, P\-pulmonary artery.



21 TPenous dngiocardiogiaphy and Congenital Malformations

-~

Figure 3-c. A-P view of same angrocardiogram at three seconds. Reap-
pearance of the radio opaque substance into the left nnominate vem
and into the superior vena cava without reopaclfication of the left
subclavian vein, thus excluding a delayed re-injection of the contrast
substance. The presence of such reopacification 1s a pathognomonic
sign of anomalous entrance of pulinonary veins nto the great systemic
vemns. An. PV.aanomalous pulmonary veins, LIV-left mnonunate vern,

SVC-superior yvena cava




GROUP 2






TRICUSPID ATRESIA

PATHOLOGY

1 Absence of the tricuspid valve
2, Patent foramen ovale or atral septal defect
3 ypoplasuc or absent vight ventricle
1 Pulmonary stenosis or atresia
5. Ventricular septal defect and jor patent ductus may be pres-
ot

6 Uncommonly, tricusprd atresia may be assoniated with com-
plete transposiuon of the great vessels, In these cases the pulmon-
ary artery is wually wide, however, pulmonary stenosts may be
present

HLMODYNAMICS

Venous blood from the night atrium must enter the left atrium
and thence the left ventricle There 15, therefore, always arteral
ovygen unsaturation 1f there 1s no ventricular septal defect blood
n enter the lung only through a patent ductus arteriosus or
enlarged bronchial coliateral vessels Unless there 1s an associated
transposition of the great sessels with a large pulmonary artery

ongmatny from the left ventricie, pulmonary blood flow 1s always
dunimished






TRICUSPID ATRESIA

PATHOLOGY
Absence of the tricuspid valve
Patent foramen orale or atrial septal defect
Hypoplastic or absent right ventricle
Tulmaonary stenosis or atresia
Ventricular septal defect andfor patent ductus may be pres-

e

ent

6 Uncommonly, tricuspid atfesta may be associated with com-

plete transposition of the great vessels. In these cases the pulmon-
ary artery 15 usmally wide, Lowever, pulmonary stenosis may be
present
HEMODYNAMICS

Venous blood (rom the nght atrium must enter the left atrium
and thence the left ventricle There is, therelore, always arterial
ovygen unsaturauion, It there 15 no ventricular septal defect blood
an enter the lung only through a patent ductus arteriosus or
entirged bronchnal collaterat vessels. Unless there is an associated
tansposition of the great vessels with a large pulmonary artery

onginating from the left ventricle, pulmonary blood flow 1 always
diminished
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Trneuspid Atresia 29
Salient Angiographic Features

1 The best view is the left anterior oblique because there is no
saperimposition of the atria in this view (Fig. 4-a). i

2 [mmediate +visuatization of the shunt from right to lett
anem {Tig. 4b).

3. The opacification of the left atrium js usvally intense. A
part of the diaphragmatic surface of the heart in the AP view
usually occupred by the night vemnicle may not be opacified in
the carly dextroangiocardiograms This flling defect becomes
opacified in the fater fitms if a ventricular septal defect is present
as the contrast substance enters the hypoplastic right ventricle
from the feft ventricle. The pulmonary arteries are usually small
and the appendage of the left atrium is seen o occupy the left
upper medial horder of the heart (Fig, 4<).

1 There is an early dense opacification of a Jarge left ventricle
(Fiz. 1d)

5. "Thie farge right atiium and the counter-clockwise rotation of
the heart due to the large left ventucle may simulate a dextro-
mnlin(an. 1-e).

G In cases of tricasped atresta that ave associated with complete
transposition of the great vessels, the pulimonary artery originating
from the large lefr ventricle 15 usually large and wide, and the
ot s hypoplastic. However, pubmomary stenosis may be present

eiher sh the usual fype of tricuspid atresia or in those with trans-
posstion of the great vessels



30 Penous dngiocerdiograply and Congenttal Malformations

higwre A-a. Trcuspid Afresia. LAO view at one second. Note shunt
from right atrium mto the left atrium and left ventricle. The location
of the attial septal defect 1s well visualized (arrow) RA-right atnum,
LA-left atrium,




1
Tricusprd Alresia 3

Trgure 3-b 1.AO view at one second. Another LAO view of a tricuspid
atresia with the contrast substance injected 1nto the saphenous vein
There 15 sumultaneous visualizauon of the right atnum, left atrium
and left ventnicle. IVCinferior vena cava, RA-night attium; LA-Jeft
atum, LV [e{t sentexcle



32 Tenous dngiocardiography and Gongemital Malformations

Figwe 4. A-P view at one second Simultaneous visualization of lh.c
right atrium, left atrium, large left ventricle, aorta and hypoplastic
pulmonary arteries. The area usually occupied by the right ventucle
(arrow) 1s not opacified. Note visualization of the appendage of the
lefe atrium. RA-right atrium, LV-left ventricle, LAAJeft atrial ap-
pendage; AO-aorta.



83

Tricuspid Atresia

Fizure 4d. AP view at one second. Opacihicaton of the large right
atrium, Jeft atrium, large lefz ventricle, hypoplastic pulmonary arteries
and 2orta RA night awnum, LV-eft sentricle; PA pulmonary artery,
\Oa0rt2



32 Tenous dAngiocardiography and Congenital Malformations

Figure 4-c A-P view at one second Smmultaneous yisualization of the
right atrium, left atrum, large left ventricle, aorta and h)poplas(ic
pulmonary arteries. The area usually occupied by the right ventricle
(arrow) is not opacified. Note visualization of the appendage of the
left atrmum. RA-night atrium, LV-left ventricle, LAA-left atral ap-
pendage, AO-aorta



i 33
Trcusprd Atresia

Figure 44 AT view at one second Opaaflication of the large night
atrium, left atrum, large left ventricle, hypoplastic pulmonary arteries

and sorta R A nght atem, LV-elt sentricle, PA-pulmonary artery,
\Oaorta



34 Penous dngiocardiogiaphy and Congenital Malformations

Figure {-e. A-P view at 114 seconds. Visualizanon of the large night
atrium, left atrfum and its appendage. The large aoruc knob 15 seen
on the upper left cardiac border. The area usually occupied by the
right ventricle 15 not opacified and the pulmonary arteries are hypo-
plastic PA-pulmonary artery, RPA-night pulmonary artery, LAAeft
atrial appendage; LV-left ventricle, AG-aorta.



PULMONARY STENOSIS WITH NORMAL
AORTIC ROOT AND ATRIAL COMMUNI-
CATION AND RIGHT TO LEFT SHUNT

PATHOLOGY
1. Varying degrees of valvular stenosis in tare cases amounting
to atresia, Usually post-stenotic dilatation of the pulmonary artery.
1. Patent foramen osale or atrial communication.

HEMODYNAMICS
‘There is always right ventricular hypertension and low pulmon-
ary arterial pressure Right ventricular hypertension results in an

cleated right atrial pressure and a nght to left shunt at the atral
fevel,
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(See Rey on page



Pulmonary Stenosts 37

Salient Angiographic Features

1. The nght antenor oblique is the best view for the demon-
stratton of the pulmonary artenes and valves (Fig 54).

2 An important diagnostic point is the very early opacification
of the left atrinm before the opacification of the aorta in the Jeft
anterior view (Fig 5-b). Since a portion of the contrast substance
enters the nght ventricle and the rest is shunted jinto the left
atrium, the eatly opacification of the Jeft atnum and of the left
ventricle 15 not as tntense as in patients with tricuspid atresia
When tlie aorta is visualized 1t is not dextroposed (Fig 5-),

3 In cases where there is a simultaneous visualization of the
aora and of the pulmonary artery, the presence of a post-stenotic
dilatation of the pulmonary artery and of a definite enlargement
of the transverse diameter of the heart usually exclude tetralogy
of Faflot or pentalogy.

! Poststenotrc difatation of the mam pulmonary artery js al-
ot always present

5 The charactenstic sign s the visualization of the jetlile
farmaton of the contrast substance through the dome-shaped
stenatic wabve With our techmgue thus finding was not often
demonsirated {hig 54)

6 Prolonged opacification of the pulmonary artery with a well
apafied aona (Fag. See).



38 Venous Angiocardiogiaphy and Congenital Malformations

[ SIS OO O P
Figure 5-a Pulmonary Stenosis with Noimal dortic Root & Atral
Communication. RAO view at two seconds. Opacification of the right
atrium, right ventricular inflow tract, the infundibulum and of the
post-stenotic dilatation of the pulmonary artery. The night border of
the left atrium can be visualized. RA-right atrium; RV-night ventricle,
I.Infundibulum; PA-pulmonary artery; LA-left atrium.




Pulmonary Stenosis 39

Lrgure § 5. LAO view at one second Case of severe valvular pulmonary
stenosis with normal aortic root and atrial communication. Simul-
taneous opatification of large night awum, night vemincle and left
atrum . Note shunt from nght into left ateum (arrow) RA nght
atnum, L \deft atrium



40 Tenous Angiocardiography and Congenital Malformations

Figure 5-c. LAO view of same case at two seconds Visualization of
right atrtum, right ventricle, lelt atrium, left ventricle, hypoplastic
pulmonary arteries and aorta The aorta is not dextroposed. L \-left
atrium; LV-left ventricle, AO-aorta



Pulmonary Stenosis 41

Figure 5¢ RAO siew at 144 seconds Vabvular stenosis. Opacification
of the supenor vena cava, night atrium, nght entricle and infunds-
bulum Note the location of the tricuspid valve (arrow), the dome
shaped area of the pulmonary salves and the jetlike propulston of the

eontrast syl mto the | ally dilated pul y artery
RAnght atnum, R\-nght ventnicle, L-infundibulum, J.-jet



42 Venous Angiocardiography and Congenital AMalformations

Figure 5-e. RAO view at 214 seconds Same case as Figure 5-a. Opacifi-
cation of right atrium, right ventricle, post-stenotic dilatation of the
pulmonary artery and aorta RV.night ventricle, I -infundibulum, PA-
pulmonary artery; AQ-aorta.



PERSISTENT TRUNCUS ARTERIOSUS

PATHOLOGY

1, Twotyjes are seen, )

fype £. Common vessel arises from right and feft sentricles, Oue
or two large pulmonary atteries onginate from the ascending por-
uon of the common vessel.

Type . One or two hypoplastic pulmonary arteries or no pul-
monary avterics arise from the common trmk,

2. A bigh ventricutar septal defect is present in both types.

BEMODYNAMICS

Type £, Mined vinous and artenal blood from both senncles
enters the common vessel The pressure m both ventricles is about
equal. ‘The pulmonary araum recenes ats bloogd supply directly
Trom the comwon vessel under high pressure through the pulmo-
wary arterics Perpheral artenal ovygen unsatusation s always
Proent, but heeawse of the large solume of blood entermg the
Tungs, this (yanosis may not be evident chineally

Typr 1 The hewedynamies are the same as m Type 1. exeepr
ot much Lo Blood emers the ling under deeased pressare,
tither frony the small puimonary arteries or from bronchmt col-
Tteralseasels Cyanons 15 intense
Tarr

With etther one or two large pulmonary arteries woming oft
the common trund,

Ty 2

. Wak either one or tha small pulmonary aneries coming off

i

w{;(lmmlnn trunk, Rately, there may be no pulmenary arteries
. T i i

' M The angiecardiographye findings are entirely different in

fhesetwo types

13



42 TPenous Angiocardiography and Congenital Malformations

Figwre 5-¢ RAO view at 214 seconds Same ase as ligume 5-a. Opacifi-
cation of 1ight atrium, night ventdle, poststenotie dilatation of the

pulmonary artery and aorta RVeright ventricle, Leinfundibulum, P\
pulmonary artery, AO-aorta



PERSISTENT TRUNCUS ARTERIOSUS

PATHOLOGY

I Teotgpesare seent. .

Type I Cimmon sevsel aruses from right and Teft venmr{a. (e
¢ rvy [azze pulmonary arteries ariginate from the aswcending pot-
e of the common vewel.

Tipe I1. One ot two hypoplastie pulmonary arteries or no pal-
memary arteriey arise from the common k.

2. A Biah sentricnlar septal defecr is present i both topes.

HEMODYNAMICS
Tshe I Mixed senous and artenal blond from both venrricles
enzers the common vessel The pressure n both ventricles 15 alooz
eyal The puimanary ewrcmt recerves it blood suppls doecty
for e common vewiel under high prevure throazh the pulnin-
a7 atteries. Peripheral artermt ovvaen unwaturannn o alwive
frewnr, but Lecanse of the larze solume of binead enrermyy the
i o th ranears man not be esident elimirally
X Typ= I The hemodonamics are the ame a3 m Tepe T except
A wueh less blod enters the lung ander derreaser! pressare.
#her from the wnall pulmonars arteries ar from hronchnl enl
bremal sewels. Csancas i zense
Tver o
Trn

. ether ane or tvn larze pulmonary attenes coming off
feenmmon rami.

Tvey 2

L enh

Be e

e

€7 ore 67 ten small pulmonary arteries coming off
™ron o)

. Rarels there mav be no pulmonary arreriey

" Ite armecarlicaraphic fndings are entrels differens m
Tt ey,

13



42 Venous Angiocardiography and Congenital Malformations

Figure 5-e. RAO view at 214 seconds Same case as Figure 5-a Opacifi-
cation of right atrium, right ventricle, post-stenotic dilatation of the
pulmonary artery and aorta. RV-right ventricle, I -infundibulum, PA-
pulmanary artery, AO-aorta.



PERSISTENT TRUNCUS ARTERIOSUS

PATHOLOGY

L. Twatypesare seen.

Type I. Common vessel arises from night and left ventricles, One
or two large pulmmonary arteries originate from the ascending por-
tion of the common vessel.

Type 1. One ox twa hypoplastic pulmonary arteries or no pul-
monary arteties anse from the common trunk.

2 A high ventnicular septal defect is present mn both types.

HEMODYNAMICS

Type £ Mised venous and arterial blood from both sentricles
enters the common vessel ‘The pressure in both ventricles 15 about
tqual. The pulmonary aircuit Teceives 1ts blood supply directly
from the comman vessel under high pressure through the putmo-
nary arteries Peripheral anienal oxygen unsaturanon s always
present, hat because of the farge volume of blood entering the
tungs, this ©yanusts may not be evident chnically

Type 11 The hemodynamics are the same as i Type 1, except
It much less Mood enters the lung under decreased pressure,

;nhcr from the small pulmonary artenes or from bronchal col-
ateralvessels Cyanosis 1s intense

Taeg |
W
1th either one or two large pulmonary arteries coming oft
the cammon trupl. N
Tarr 2

Wi
0 h ether one ar two small pulmonars artertes coming off
¢ common wrunl Raret: 5

3 y. there may be no pulmonary arteries
presear. The ang) 05 2§ ar

ncards,
these ¢ oty geaphuc findings are entirely different 1n

13
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TRUNCUS COMMUNIS—TYPE 2



46 T'enous Angiocardiography and Congenital Malformations

Salient Angiographic Features
Tyee 1

1. In the A-P view there is usually a concavity in the pulmonary
arca because the pulmonary arteries originate from the trunk and,
therefore, are in a higher position than normal. In addition, one of
the pulmonary arteries may be absent (Fig. 6-a).

2, The origin of the pulmonary arteries, as well as the over-
riding of the truncus arteriosus, can be best demonstrated in the
left anterior oblique view (Fig. 6-b).

3 The pulmonary vessels are large and well opacified when
present.



Persistent Truncus Artertosits 47

Figure 60 Persistent Truncus Artertoss A-P view at two seconds
Viualuation of night atemm, large right ventricle, very wide common
trunk and large left pulmonary artery The concawity i the region
of the pulmonars witers—a rather charactenstic sign i the malforma-
ton—y this seen to be due to the higher ongin of the pulmonary
aren from the comman trunk and not from the ousflow wract of the

nght ventnude R \night atrium, RV right venwricle, Tr.truncus com-
mums, P A pulmonary artery.
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Salient Angiographic Features
Tyre 1

1. In the A-P view there is usually a concavity in the pulmonary
area because the pulmonary arterzes originate from the trunk and,
therefore, are in a higher position than normal. In addition, one of
the pulmonary arteries may be absent (Fig. 6-a).

2. The origin of the pulmonary arteries, as well as the over-
riding of the truncus arteriosus, can be best demonstiated in the
left anterior oblique view (Fig. G-b).

3. The pulmonary vessels are large and well opacified when
present.



Persistent Truncus Arteriosus 49
Tire 2
1. The difference between this type and type one is the finding
of small pulmonary arteries and dimmished opacification of the
peripheral pulmonary vessels (Fig 6-c).
2. This diagnosis can only he made if the small pulmonary
arteries are seen to emerge [rom the truncus arteriosus, Usually this
type cannot be distingtushed from an extreme tetralogy of Tallot.

AT ey ~r -
comman trunk and a
merping from the “

LI atr =
Putmonan arters, § r-truncys corfmunls wum, RVoight ventricle, PA-

Tigme 6,



18  Penous Angiocardriography and Congenital Malformations

Frgwe 6-b LAO view at two seconds. Note the opacification of the
right atrium, right ventricle and overriding wide common trunk, The
pulmonary arteries are seen to onginate from the common trunk.
RV-right ventricle; PA-pulmonary artery, Tr.-truncus communis,
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Mitral Atresia
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MITRAL ATRESIA WITH VENTRICULAR
SEPTAL DEFECT

PATHOLOGY

1. Absence of mitral valve

2. Patent ductus arteriosus

3. This entity is always associated with the presence of one or
more of some of the following additional defects Atrial septal
communication, ventricular septal defect, hypoplasia or atresia of
the ascending aorta and of the aortic arcly, single ventricle or hypo-
plasia of the left ventricle and anomalous return of the pulmon-
ary veins.

HEMODYNAMICS

There is always arterial oxygen unsaturation. The ovygenated
blood from the left atrium is shunted through an atral com-
munication into an enlarged right atrium, right ventricle, pul-
monary artery and patent ductus artertosus into the aortic arch
and descending aorta Unless there are assouated lesions m the
form of a ventricular septal defect or anomalous entrance of pul
monary veins mto the systemic verns or right atrium, death takes
place in early infancy.

50
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MITRAL ATRESIA WITH VENTRICULAR
SEPTAL DEFLECT

PATHOLOGY

1. Absence of mitral valve

2. Patent ductus arteriosus

3. This entity is always associated witls the presence of one or
more of some of the following additional defects: Atrial septal
communication, ventricular septal defect, hypoplasia or atresia of
the ascending aorta and of the aortic arch, single ventricle or hypo-
plasia of the left ventricle and anomalous return of the pulmon-
ary veins.

HEMODYNAMICS

There is always arterial oxygen unsaturation. The oxygenated
blood from the left atrium is shunted through an atrial com-
munication 1nto an enlarged Tight atrium, right ventricle, puk
monary artery and patent ductus arteriosus into the aortic arch
and descending aorta. Unless there are associated lesions i the
form of a ventricular septal defect or anomalous entrance of pul-
monary vemns nto the systemuc veins or right atrum, death takes
place in early mfancy

50
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52 Venous Angiocardiography and Congenttal Malformations

Salient Angiographic Features

1. The left anterior oblique view is the best view and, so far as
we know, angiocardiography is the only laboratory test to help
establish the diagnosis (Fg. 7-a).

2. The most important angiocardiographic finding is the opaci-
fication of a hypoplastic left sided chamber in the presence of a
large right atrium, right ventricle and pulmonary arteries (Fig
7-b).

3. Patent ductus may be visualized and the descending aorta
may be wider and opacified to a greater degree than the proximal
aorta.



Mitral Atresia 3%

Bigure 7a Mitral Atresnsa LAO view at two seconds Simultaneous
voudlizaton of the right atnum, night sentncle, large pulmonary
artery and avrta. Note the rudimentary left sided, posteriorly located
chimber which commumicates with the right ventricle through a

sentricular septal defect, \O aorta, PA-pulmonary artery, RLV-rudi
mentary left ventricle
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Figwe 7-b. P-A view at one second Simultaneous visualization of the
right atrrum, right ventricle, pulmonary artery, rudimentary left ven-
tricle and aorta. RA-right atrium, RV-right ventricle, P.A-pulmonary
artery; RLV-rudimentary left ventricle, AO-rorta
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TAUSSIG-BING ANOMALY

PATHOLOGY
1. Transposition of the aorta.
2 Tevoposition of the pulmonary artery, ic., the pulmonary
aniery overrides both ventricles,
3 Ventricular septal defect of the membranous and upper nus-
cular portion of the ventrcular septwin,

HEMODYNAMICS

Venous blood enters the aorta from the right ventricle. Venous
blood from the nght ventnicle and artenalized blood {rom the
{tit ventnele enter the pulmonary arculation through the over-
nding pulmonary artery, Pressures in both ventncles and both
2R vessels are approumately equal. Patency of the ductus
anenosus and the size of the ventricular defect, as well as the
pulmonary resistance, determine the amount of blood that is

shunted trom the systemic into the pulmonary circuit and vice
ersa
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Taussig-Bing Anomaly 5
Salient Angiographic Features

i aorta
L. Simultaneous visuahzation of an anteriorly lrfms};]ose;ib]i @
and levoposed large pulmonary artery, best seen in the q
views (Fig, 8 a). . ]
2 'ﬁ'h: branches of the pulmonary arteries are usually well
opacified.

RA.

brgme sq Tausng-Bing Heart RAO view atone
ssuthanon of the transposed aorta an
oy arters. RArght arrem,
Pulmonarsy arteny

second Simultaneous
d ol the lesoposed large pul-
. RVunght ‘entricle, \OQ aorta, PA.



EISENMENGER COMPLEX

PATHOLOGY

Type 1. The “anatomic” Eisenmenger—the rare type.

1 Fuuctional dextroposition of the aorta is present from birth
on.

2 Ventricular septal defect of the membranous and upper
muscular portion.

3. Large pulmonary artery.

Type I1. The common type.

1. Large ventricular septal defect in the membranous portion
of the septum. Right ventricular hypertrophy. Actual destropost-
tion of the aorta may be difficult to demonstrate even at autopsy.

2. Large pulmonary arteries.

HEMODYNAMICS

Type I. There is arterial oxygen unsaturation even though
clinical cyanosis may not be evident, paitrcularly early m hfe.
‘The amount of venous blood shunted nto the aorta depends
upon the degree of functional dextroposition of the aorta and the
height of the pulmonary resistance

Type II There 1s usually no artersal oxygen unsaturation for
a number of years At first the shunt is from the left ventricie mto
the right one. For a number ol years there is a gradual and prog-
ressive tise m the pulmonary resistance resulting i some of the
blood from the right ventricle shunung mto the aorta. Persistent
cyanosis at rest is only present when the pulmonary resistance be-
comes higher than the systemic resistance. The degree of (yanosis
depends upon the amount of blood shunted into the aorta

G0
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EISENMENGER COMPLEX

PATHOLOGY

Type 1. The “anatomic” Eisenmenger—the rare type.

1. Functional dextroposition of the aorta is present from burth
on.

2. Ventricular scptal defect of the membranous and upper
muscular portion.

3. Large pulmonary artery.

Type I1. The common type.

L. Large ventricular septal defect in thie membranous portion
of the septum. Right ventricular hiypertrophy .Actual dextroposi-
tion of the aorta may be difficult to demonstrate cien at autopsy

2 Large pulmonary arteries.

HEMODYNAMICS

Type 1. There 1s arterial onygen unsaturation cien though
clinical cyanosis may not be evident, puticularly carly m Iife.
The amount of venous blood shunted mto the aorta depends
upon the degree of functional dextroposition ot the aorta nd the
height of the pulmonary resistance.

Type II. There 1s usually no arteral oxygen unsanuration for
a number of years At first the shunt 1s from the left ventricle into
the right one. For a number ol years there 15 a gradual and prog-
ressive rise in the pulmonary resistance resuiting in some of the
blood from the right ventricle shunting 1nto the aorta Persistent
cyanosts at rest is only present when the pulmonary resistance be
comes higher than the systemuc resistance The degree of cyanosts
depends upon the amount of blood shunted into the aorta



Gl

Esenmenger Complex

$lseia Joacs

E\SENMENGER COMPLEX

(See Aey an page 2}



62 Venous dngrocardiography and Congemtal Malformations

Salient Angiographic Features

I. Simultaneous visualization of a large pulmonary artery and
aorta (Fig. 9-a).

2. The opacification of the pulmonary artery is usually gicater
than that of the aorta,

3. We divide the Eisenmenger’s comple into two types*

—— .

Figure 9-a Eisenmenger's Complex AP view at 314 seconds Simul-
£ £ .
taneous visuahization of large pulmonary arteries and of the aorta PA-

pulmonary artery, AQ-aorta



Tavr 1

Anatomue type with definite detraposition of the aora from
buthon (Fig 9-b}
Tirg 2=The Common 13p¢

Deselopment of the Eisenmenges syndrome in later hie from a
Targe ventricular septal defect This latter type cannot be diagnosed
angicardiograpincally before appearance of cyanosts, and the

ofa ltaneous visualzation of the dextroposed
aonaand af the large pulmonary arteries

Tigne 9b AP
en at 1, seconcd:
2 > Simultaneou i
muarkedhy entrged pulmonan artenes and of a sma:lumahm“on "
aorta Note the
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PENTALOGY

PATHOLOGY
1. Tetralogy of Fallot and an atrial communication in the form
of a patent foramen ovale or an atrial septal defect.

HEMODYNAMICS

If there is no evidence of right heart failure and the diastolic
pressure in the right ventricle is within normal limits, the hemo-
dynamics are tite same as in a tetralogy of Fallot. In the presence,
however, of an atrial septal defect and normal diastolic pressure
m the ventricle, the shunt will be from the left atrium into the
right atrnun 1f the diastolic pressure in the night ventricle is ele-
vated, there will be a shunt from right atrium to the left atrium,
irrespective of whether there is a patent foramen ovale or an
atrial septal defect.

64
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Salient Angiographic Features

The presence of a right-toleft shunt at the atrial level makes
the angrocardiographic diagnosis very difficult.

1. The left anterior oblique view is the best,

2. Early and, at times, simultancous visualization of the right
atrium, lefe atrium, right ventricle, pulmonary arteries and aorta
(Fig. 10-a),

3. The left atrium is usually not as densely opacified as in
tricuspid atresia. The aorta overrides both ventricles—a point of
greatest importance in the differential diagnosis from pulmonary
stenosis with interatrial communication and a normal aortic
root (Fig. 10-a).
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DISCUSSION

Table 1 consists of the entities in which the diagnosis can almost
always be made by proper interpretation of a technically good
angiocardiogram; tetralogy of Fallot, transposition of the great
vessels and anomalous drainage of the pulmonary veins into the
systemic veins,

TETRALOGY OF FALLOT

Ninety-three patients were studied. Out of 127 angiocardiograms
reviewed the diagnosis was correctly made in 96 (75.5%) The
diagnosis was highly suggestive, but not made with certainty, and
the possibility of another diagnosts was constdered in 7 (5.5%)-
Only m 6 (4.75;) of our angiocardiograms was the diagnosis incor-
rectly made. Of the total number of angiocardiograms, 13 or
10.49, were technically poor and visualization of the various
chambers of the heart and the grear vessels was impossible, and
5 angiocardiograms (3.99,) were missing from our files The tech-
nically poor angiocardiograms were enconntered in the carler
years ol this study. It 1s thus clear that the percentage of the cor-
rect angiocardiographic diagnoses could have been about 9055 if
we add the 10.4° of the rechnically pvor and 3 9%, of the missing
angiocardiograms to the total correctly diagnosed

Of the 93 pattents studied the dragnosis of tetralogy of Fallot
was confirmed by cathetenizaton n fifty-six patients, by surgery
in fifty patients and by autopsy 1 tuenty-thiee cases

TRANSPOSITION OF THE GREAT VESSLLS

Thirty-five patents were studted Out of 18 angrocardiograms,
10 or 83.3¢;, were correctly diagnosed, and only 1 two cases (1 2%)
was the diagnosis not defimte. This group represents, theretore,
cven a higher percentage ot correct angiocardiographic diaghoses
than those of tetralogy of Fallot In the 2 cases where the diagnosis
was not definite the angiocardiogram was taken m the AP view
Had they been talen m the left antersor oblique view—uwhich we

68
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DISCUSSION

Table I consists of the entities in which the diagnosis can almost
always be made by proper interpretation of a technically good
angiocardiogiam; tetralogy of Fallot, tiansposition of the great
vessels and anomalous diainage of the pulmonary veins into the
systemic veins,

TETRALOGY OF FALLOT

Ninety-three patients were studied. Qut of 127 angiccardiogmms
reviewed the diagnosis was correctly made in 96 (75.57%). The
diagnosis was highly suggestive, but not made with certainty, and
the possibility of another diagnosis was considered n 7 (5.5%)-
Ouly in 6 (4.7%,) of our angiocardiograns was the diagnosis incor-
rectly made. Of the total number of angivcardiograms, 13 or
10.49, were technically poor and visualization ot the sariots
chambers of the heart and the great vessels was mmpossible, and
5 angiacardiograms (3.99;) were missing from our files. The tech-
nically poor angiocardiograms were encountered in the earlier
years of tlns study It 1s thus cleat that the percentage of the cor
rect angiocardiographic diagnoses could have been about 909 3
we add the [0 49 of the techmcally poor and 3 9, of the mussing
angiocardiogranis to the total correctly diagnosed.

Of the 93 pauents studied the dtagnosis of tetralogy of Fallot
was confirmed by catheterization tn fifry-six patients, by susgety
m fifty patients and by autopsy 11 twenty-thiee cases.

TRANSPOSITION OF THE GREAT VISSCLS

Thirty-five pattents were studied. Qut of 18 angrocardiograms,
10 or 83.3%, were correctly diagnosed, and only mn two cases .29)
was the diagnosis not defite This gronp represents, thereloe,
even a lugher percentage ol correct angtocardiographic dagnoses
than those of tetralogy of Fallot In the 2 cases where the diagnosis
was not definite the angtocardiogram was taken n the 4\-)“ vien,
Had they been taken in the lelt antertor obhque view —which we
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70 Venous Angiocardiography and Congenital Malformations

consider the best one for the demonstration of the transposition
of the great vessels—the correct diagnosis could have been most
probably made. The number of the technically poor and missing
angiocardiograms was 2 (4 29,) and 4 (8.3%) respectively. The
diagnosis in the case of these 35 was confirmed in twelve patients
by catheterization, in seven patients by surgery and m twenty-
three patients by post mortem exammation,

ANOMALOUS DRAINAGE OF ALL PULMONARY
VEINS INTO SUPRACARDIAC SYSTEMIC VEINS

Six angiocardiograms were taken on five pattents. The angio-
cardiographic diagnosis could have been most probably as high as
100% were 1t not for one technically poor angiocardiogram. We
wish to emphasize that we are considering here only the anomaloits
drainage of all pulmonary vems into the systemic vens, and not
those cases where the anomalous veins drain directly into the
right atrium or into the coronary sinus. In the latter, the percent-
age of coriect angrocardiographic diagnoses 15 considerably lower.
The diagnosis 1 this group of five patients was confirmed in four
patients by catheterization, 1 one patient by surgery and in three
ptients by post-mortem esamnation.

Table 2 contains four entitres in which the diagnosis can usually
be made by proper mterpretation of a technically good angio
cadiogram; tricuspid atiesia, pulmonary stenosis with normal
aortic root and atrial communication, persistent Lrunciis arteriosus
and mutral atresia.

TRICUSPID ATRESIA

Twenty-one angrocardiogiams taken on 11 patients have been
studiecd The diagnosis was made n 16 (76.29;) and was highly
ive i : i 1 997w issing.
suggestive in 4 (19.19;). One angrocardiogram (4 994 was missiy
In b instances the diagnosis was confirmed by catheterization, m

12 by surgery and in 4 by post mortem exammation,
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“Fabie 3 contains entatics in which the diagnosis can usually not
be made by proper intespretation of a technically good angio-
i T

P g-Bing heart, Ei ger's complex and pen-
alogy

TAUSSIGRING ANOMALY

Seventeen angiocardiograms done on eight patients were stud-
1ed The diagnosis was correct m 8 (47.275), and m 5 (20.4%,) the
diagnosis was lughly suggestne, Two {11 79,) of the angiocardio-
gramms are mussing The diagnosts was confirmed by cathetetiration
sy out of seven patients Because we believe that in the majority
of cases 1t is nnpossible to differentiate with certainty angiocardio-
graplucally a Tausng-thng heart from complete transposition of
the great vessels with a large ventricular septal defect, and even
at antopsy this differential diagnosis cannot always be made, we
mcluded m this group our patients with transposition of the great
vessels with farge vemricntar sepial defects in winch the pulmon-
ary artery was visuahized franeously with the transposed aorta

TISENMENGER'S COMPLEX

Out of the 21 angrocardiograms done on sixteen patients 13
G187 were correctly diagnosed The diagnosis was highly sug:
gestve m 5 (208°), and was not made 1in § (1259%) One (129)
angocardiogram was not used because of poor technique Diag-
nosts has Leen conbrmed 10 exght patients by cathetertzation, m
une pauent by surgery and n eght patients by post mortem
v\amnition

PENTALOGY
Tuehe an i i
hmu)u 1n,,mc;xr‘dm'grmnsr\\crc done on eight patients. The
dagmos as M

i s owas made in 7 (98 407), was tughly suggestve 1n 4

. o and was imcorvectly made i 1 (8 30

The diagnosis w:
A vas
confimed w four of the patents by cathetertzation u‘io by sur.

sern, and on four pauents by post mortem @anunatons.

These thee entiues Lelong 1o Group 3 because of l’hc
cralhy Tower percentage of correctly diagnosed annomrdlmgen'
Hugher percentage of doutntuy diagnosis and hwh:r crccn: ;‘"“,
ncatrect diagnoss than encountered in Gruu:) 1 ax:xd Gn?\:; ;i
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PULMONARY STENOSIS WITH NORMAL AORTIC
ROOT AND ATRIAL COMMUNICATION
AND RIGHT TO LITT SHUNT

Out of 3% angiocardiograms taken on thirty patients 27 (69.3%)
were diagnosed, In 7 (17.997) the diagnosis was highly suggestive
and in § (7.67,) diagnosis could not be established. Only two
angiocardiograms (5.1¢7) were technicaily poor. The diagnosis
was confirmed by catheterization n twenty patients, by surgery in
tourteen patients and by post mortem exanunation in four pa-
uents, The doubtful diagnoses a1 this entity were due to the fact
that the angrocardiograms were taken in the A-P view, Had these
been tahen in the oblique view where the shunt from right-to-left
atrium can be best demonstrated, the diagnosts could have heen
made in a higher percentage. The need of a second angiocardio-
gram taken in the oblique view s thus demonstrated

PERSISTENT TRUNCUS ARTERIOSUS

Siateen patients were studied, including the two types of per-
sistent truncus arteriosus Out of the 28 angiocardiograms exam-
ined, 20 (71 495} were diagnosed cortectly, and m 6 {21 49) the
diagnosis was highly suggestive. A correct diagnosis was not estab-
lished m only one patient (3 0%;,) The diagnosts was confrrmed
by catheterization in seven patients, by surgery n four patients,
and by post mortem exanunation n exght patients

MITRAL ATRESIA WITH VENTRICULAR
SEPTAL DLFECT

Three pavents and 6 angiocardiograms were studicd. The
diaguosts was made 1n four angiocardiograms (66.6°). The diag-
nosis was confirmed i three pattents by surgery, one by cathetert-
zation and 1 {our paticnts by post mortem examnation.

The above fowr entities belong to Group 2 mstead of Group 1,
Lecause of the generally loner percentage of correct diagnosis and
greater percentage of ughly suggestive diagnosis




COMMENTS

Our own wterpretations of our angiocardiograms have been
onstantly changing in the hght of 2 cotrelatnve clinical, roent-
zenologc, electrocardiograpluc, catheterization, surgical and post
mortem findings
The unprosement m our techniques, such as the use of rectal
barhiturate sedauion for our imfants and younger cluldren, the
very rapad injection of the contrast substance, the improved radiog-
raphy. have all been very important factors 1n obtaming satis-
factory visualization of the vanous cardiac chambers and of the
great vessels and of theiwr tributaries The results obtained in this
study are based on our experiences in the use of venous angio-
ardiography  We used a Faircinld camera and our hlms were
taken at 14 second ntenvals at 1/60 second ewposure ume. The
technique of venous angtocardiography 1s rather sumple and is
ditussed fully in the standard wotks on angiocardiography by
Drs Dotter and Steinberg, Dr. Castellanos and associates, and
others This techmique does not require the use of very expensine
claboate apparatus, and ane physictan and usually one technician
are all thar 1s netessary for thus procedure Dr, Kjelberg and as-
socates made extensive use of selectine angrocardiography by -
jectmg the contrast substance throngh a catheter as closely as pos-
sthle muo a partcular area of the heart under m\es(ig:\uon, This
sune group as well as Drs Wegelius and Lind, have utilized a
speaadly constacted wadune that enabies them to tale twenty-
four films per second=-twelve films n two diffierent Planes at right
angles 1o cach other and at an exposure ume as fast as 0 003 sec-
ands
That wontributions are most saluable and the many details
that they were able to obtain, suck as the exact locatios d st
ot the stenosss, the degree of the dentroposition of th n and size
e aorta and
192
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CONCLUSIONS

A study of #21 angiocardiograms done on 283 patients led to
the following conclusions regarding the diagnostic value of venous
angiocardiography.

1) The diaghosts of tetralogy of Fallot, complete transposition
of the great vessels and anomalous entrance of the pulmonary veins
mto the great systemic veins can ALMOST ALWAYS be made
from a properly performed and properly interpreted angiocardio-
gram

2) The diagnosts of tricuspid atresta, pulmonary stenosis with
normal aoruc oot and atnal commumcation and right to left
shunt persistent truncus arteriosus and mitral atresia with ven-
triudar septal defect can USUALLY be made from a properly
nterpreted anglocardiogram,

31 The diagnosis of Tausug-Bing anomaly, Eisenmmger‘s com-
ples and pentalogy in which the diagnosis can USUALLY NOT
B MAIN. by proper interpretation of a techmically good angio-
cardiogram

h ANl other forms of the ¢yanotic types of congenital mat
formatioms of the heart ALWAYS REQUIRE ADDITIONAL
stuchies betore a definite diagnosis can be estabhished.

W The sahent angrocardiographic findings m ten entityes are
presented
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of the pulmonary artery, the location and the size of the septal
defects, cannot be duplicated by venous angiocardiography, and
by the use of a machine that takes only two films per second at
1/60 sccond exposure time. On the other hand, selective angio-
cardiography 1s a much more complicated and time consunung
procedure. A general anesthetic, cardiac catheterization and a
competent team of workers are necessary for this procedure, From
our Iimted experience with selective angtocardiography, we be-
lieve that this angrocardiographic procedure 15 attended with
greater danger to the patient. In this scries of 421 angiocardio-
grams no death occurred directly attributable to the procedure.
We wish to state that while we believe that in the vast majority of
all cases, the experienced climician can establish a clinical diagno-
sis without angrocardiography and/or catheterization, 1t is the
espertence gained from correlative studies of angiocardiography,
catheterization and autopsy materral combined with the histor?’.
physical, fluoroscopic, roentgenologic and clectrocardiographic
studies that make 1t possible for the clmucian to establish these
clmical diagnoses.

So far as we know no preyvious attempt to establish the value of
angrocardiography as a separate laboratory tool has been published
previously. We purposely omitted any references to the dmual,
roentgenologic, clectrocardiographic and cardiac catheterization
findings m any of these enuties .\lthough our division of the
cyanotic types of congenital mallormations of the heart mto 4
groups may appear to be an artificial one and although we realize
that some authorities i this field will differ with us regarding this
classification, the results recorded in this manuscript are those
based on our personal experiences No attempt was made by us
to minumze the percentages of the techmeally poor angiocardio-
grams as well as the percentage of those angiocardiograms which
offered difficultics 1n arriving at a cotrect diagnosis
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TABLL 4

Extimies Winton LIS REQUIRE AppitioNat Stupies BeFore A DEFnTE
Dracnosts Can Be Lstantrsuen®

Angio-
Name of Entity Patients 41 fingrams

Congenttal Matra) Stenosis 3 5
Tricusprd Stenosis 4 8
Tricuspid Atresia with Transposition of the Great Vessels 3 5
Tricusprd Atresia with Persistent Truncus Arteriosus 3 6
Swgle Ventricle 4 8
Ebstcin’s Anomaly 4 3
Levocardia [ 1
Isolated Dextrocarcia 3 3
Pulmonary Stenosis with Ventricular Septal Defect B 8
Pulmonary Stenosis with Patent Ductus Arteriosus 1 3
Cor Pulmonale 1 !
Patent Ductus Arteriosus with Reversal of the Shunt 3 3
Primary Pulmonary Hypertension 3 4
Anomalous Entrance of All Pulmonary Vems ito Right

Atrsum 1
©yanosis of Non-Cardiac ongin 11 19
Total 55 93

T

¢ The authors realize that scveral of these enuties particalarle  Patent Ductus

Arteriosits with Reversal of the Shant, could properiv be placed i Table 1t or Hi.
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