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The Role of Auscultation in the Diff erenti­
ation of Fallot's Tetralogy from Severe 

Pulmonary Stenosis with Intact Ventricular 
Septum and Right-to~Left lnteratrial Shunt 

By Lours VoGELPOEL, M.B., M.R.C.P. AND VELVA ScHRIRE, M.B., PH.D., M.R.C.P. 

A clinical and phonocardiographic study has been made of the murmurs and heart sounds in the dif­
ferentiation of Fallot's tetralogy from severe pulmonary stenosis with intact septum and right-to­
left interatrial shunt. A striking difference in the behaviour of the systolic mmmur was found in the 
two conditions and this affords a new, simple bedside method of diagnosis. Important differences 
in the behaviour of the heart sounds were al o found, but these are usually more difficult to evalu­
ate clinically and may require special study. 

THE value of auscultation in the diag­
nosis of congenital heart disease has 

not been sufficiently appreciated. This 

paper is concerned with the importance of 

auscultation in the differential diagnosis be­

tween Fallot's tetralogy and severe pulmonary 

stenosis with intact ventricular septum and 

reversed interatrial shunt. Accurate diagnosis 

is of great importance. The Blalock-Taussig 

operation is contraindicated for severe pul­

monary stenosis with reversed interatrial 

shunt, whereas it has proved to be an excel­

lent operation for Fallot's tetralogy.1- 5 The 

diagnosis can generally be made with a reason­

able degree of accuracy from consideration of 

the clinical, radiological and electrocardio­

graphic findings. However, it is often necessary 

to confirm the diagnosis by means of cardiac 

catheterisation and angiocardiography. Even 

with all available methods, certain difficulties 

arise as discussed elsewhere. 6 

Any additional, clinical differentiating sign 

is therefore of value and it is the purpose of 

this communication to present new physical 

signs, which will enable accurate diagnosis to 

be made by careful bedside auscultation. 

Furthermore, certain clinical and phono-

From the Cardiac Clinic, Department of Medicine, 
University of Cape Town and Groote Schuur Hos­
pital. This study was supported in part by a grant 
from the Dr. C. L. Herman Staff Research Fund , 
University of Cape Town . 
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cardiographic observations made during the 

study will be prese11ted. 

CLINICAL MATERIAL AND METHODS 

All cases accepted for this study presented the 
common diagnostic problem of pulmonary or infun­
dibular stenosis associated with central cvanosis. 
This combination usually resolves itself i~to the 
diagnosis of Fallot's tetralogy and severe pulmonary 
stenosis with reversed interatrial shunt. Pulmonary 
stenosis with rare associations such as transposition 
of the great vessels, single ventricle and tricuspid 
atresia were excluded from this study. 

Eighteen ca es of Fallot's tetralogy and six cases 
of severe pulmonary stenosis with intact ventricular 
septum form the basis of this study. All cases had 
central cyanosis. Cases were accepted only if cardiac 
catheterisation, selective angiocardiography, intra­
venous angiocardiography or necropsy proved (a) 
whether severe pulmonary valvular or infundibular 
stenosis was present and, (b) whether the ventricular 
septum was intact or not. If the right-to-left shunt 
took place in the ventricle through a ventricular 
septa! defect and over-riding aorta, then Fallot's 
tetralogy was considered proven. If it wa estab­
lished that the ventricular septum was intact Fallot's 
tetralogy could be excluded. In the latter case a re­
versed interatrial shunt was assumed to be present 
though often difficult to prove.28 A complete analysis 
of the find ings in each case is presented elsewhere.6 

Necropsy confirmation of the diagnosis was obtained 
in seven cases. 

In add ition to full cl ini cal examination, special 
attention was devoted to auscultation. All cases of 
pulmonary or infund ibular stenosis had a systolic 
murmur (grade 2 to 5 7) usually maximal in the sec­
ond left intercostal space but occasionally in the 
third and fom th left spaces. Special care was taken 
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at the site of maximal intensity of the murmur to 
determine whether the murmur was loudest in early, 
mid or late systole. Even more important, the rela­
tion of the end of the murmur to the second sound 
was observed. The presence or absence of splitting 
of the second sound was noted. Lastly the first heart 
sound and diastole were studied for any abnormality. 

The Sanborn Stetho-Cardiette was used to obtain 
phonocardiograms in each case. Logarithmic (high 
frequency) sound tracings, which give an accurate 
graphic representation of human hearing8-10 were 
recorded synchronously with a suitable electrocar­
diographic lead, carotid or jugular pulse tracing. The 
sound recordings were taken in succession from the 
mitral area (MA), fourth left intercostal space just 
to the left of the sternum ( 4LS), the third left space 
(3LS), pulmonary area (PA) and aortic area (AA). 
The amplification chosen was purely qualitative, 
designed to give the best record for a particular pur­
pose. Thus to record a very soft sound greater 
amplification was used . The carotid and jugular 
tracings were obtained by placing a crystal micro­
phone directly on the neck, thus avoid ing delay from 
air conduction. 

The components of split first and split second 
sounds were identified by determining their respec­
tive relationship to the onset and nadir of the clicrotic 
notch of a synchronously recorded right carotid 
pulse tracing. Tracings taken at high speed (75 mm. 
per second) were essential for accurate study. Since 
the clicrotic notch is produced by aortic valve closure, 
it can be used to identify the components of a widely 
split second sound 11 -13 (figs. 4, 6 to 8). Thus the 
onset of the component clue to aortic valve closure, 
precedes the nadir of the notch by a short interval 
(average 0.03 second), clue to the delay in pulse 
wave transmission from the aortic valve to the 
carotid arterf. It was assumed that the component 
occurring after the dicrotic notch could only be clue 
to pulmonary valve closure. In very wide splitting of 
the second heart sound as encountered in severe 
pulmonary stenosis, the soft pulmonary component 
may be mistaken for a third heart sound. The rela­
tion of this sound to the summit of the "v" wave in 
the jugular phlebogram was used to exclude a third 
heart sound arising from the right ventricle (figs. 4 
and 6). The fact that the soft sound just preceded 
the "v" wave indicated that it was produced just 
before opening of the tricuspid valve, at the time of 
pulmonary valve closure. The occurrence of this 
sound only in the pulmonary area and third left 
space is in keeping with a soft pulmonary second 
sound and unlike a third sound arising in the left 
ventricle, which is best heard at the apex or just 
internal to it. 

Synchronous carotid tracings gave a time relation 
between the first sound, added early systolic sounds 
and the opening of the aortic valve (figs. 4, 10 and 
1 l).H-13 Delay in pulse wave transmission from aortic 
valve to carotid artery was assumed to be given by 

the time interval from the onset of aortic component 
of the second sound to the nadir of the dicrotic notch. 
This interval averaged, as in a previous study,12 0.03 
second. 

RESULTS 

Auscultatory and phonocardiographic find­
ings are shown in tables 1 and 2 and figures 
1 and 2. 

DISCUSSION 

The Second Heart Sound 

The second sound is produced by closure of the 
aortic and pulmonary valves and asynchronous 
closure of these valves results in splitting of the 
second sound . Splitting in the pulmonary area is an 
almost invariable finding in healthy children and 
young adults. The degree of splitting is greatly in­
fluenced by respiration; splitting is widest at the end 
of inspiration and narrows or disappears during 
expiration. By means of synchronous phonocarclio­
grams from the mitral , aortic and pulmonary areas, 
Leatham and Towers14 showed that the pulmonary 
valve normally closes after the aortic valve. This had 
also been shown by W olferth and Margolies in their 
stud ies of bundle branch block, using aortic kymo­
grams and carotid artery tracings.11 Splitting is best 
heard in the second and third left intercostal spaces 
but not in the mitral and aortic areas because the 
normal pulmonary component is not usually con­
ducted to these areas. 15, 10 Increase in the width of 
splitting on inspiration is clue to delay of the pul­
monary component. The delayed closure of the 
pulmonary valve induced by inspiration has been 
attributed not only to the fall in pulmonary arterv 
diastolic pressure, but also to prolongation of righ.t 
ventricular systole. from increased filling.to 

It has become important during auscultation to 
note both the degree of splitting and the intensity of 
the two components of the second sound in the pul­
monary area. Splitting may be normal (grade 1 and 
2) or abnormally wide (grade 3 and 4).16 A well 
known example of abnormal splitting is that often 
found in right bundle branch block presumably due 
to delayed activation of the right ventricle. Compari­
son of the intensity of each component also provides 
important information. Thus in pulmonary hyper­
tension the pulmonary element is accentuated and is 
audible over a wide area even as far as the apex. 

We have paid special attention to the pres­
ence or absence of splitting, and to the degree 
of reduction of intensity of the pulmonary 
component in cases of pure pulmonary stenosis 
of differing severity and in cases of Fallot's 
tetralogy. Pulmonary valvular stenosis and 
infundibular stenosis, unlike aortic stenosis, 
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result in a fall in pressure distal to the obstruc­
tion and in consequence the second or pul­
monary component of the second sound be­
comes soft or inaudible depending upon the 
degree of stenosis. Furthermore, t he low pul­
monary diastolic pressure and probable pro­
longation of the right ventricular syst ole 
results in delayed closure of t he pulmonary 
valve so that wide splitting of the second sound 
is heard or recorded provided t he pulmonary 
component is loud enough. 

The Second Sound in Severe Pulmonary 
Stenosis with Closed Ventricular Septum . It is 
easier to understand t he findings in severe 
pulmonary stenosis if one first considers t he 
changes that occur in mild pulmonary stenosis. 
In most cases of mild pulmonary stenosis, as 
defined by Abrahams and Wood,16 we heard 
and recorded a normal to widely split second 
sound with a normal to soft pulmonary com­
ponent (fig. 3). The pulmonary systolic mur­
mur in all cases fi lled systole extending up t o 
the fi rst or aortic component of the split 
second sound . Even in cases of moderate pul­
monary stenosis it was often possible t o hear 
wide splitting of the second sound but the 
pulmonary component was always abnormally 
soft, thus confirming the previous observations 
of Leatham.10 An exaggeration of these findings 
might be anticipated in severe pulmonary 
valvular stenosis. 

In severe pulmonary stenosis clinical analysis 
of t he altered second sound is difficult. In t hree 
of the 6 cases the harsh prolonged pulmonary 
systolic murmur stopped before an extremely 
soft sound , but in t he remaining three no pul­
monary component could be heard. In one 
case only (case 5, P. P .) was very wide split ­
ting (grade 4) appreciated by the ear. In this 
case the aort ic component was not completely 
obscured by the murmur. The phonocardio­
gram with synchronous carotid and jugular 
tracings were essential in analysing these 
changes. In each case the systolic murmur in 
the pulmonary area was so prolonged that it 
had extended beyond the first or aort ic com­
ponent of a widely split second sound (figs. 4 
and 8). In fact the aortic sound was completely 
buried in the murmur in all except one case. 
The buried sound could be ident ified by t he 

dicrotic notch of the carotid t racing and also 
by sound tracings taken at the apex or fourth 
left space \Vhere a normal aort ic sound waE 
less obscured by the systolic murmur (fi g. 4). 
The systolic murmur ended before a very soft 
pulmonary second sound which was recorded 
in four out of six cases, t hus proving that 
very wide splitting was in fact present in 
severe pulmonary stenosis. In the remaining 
two cases the second sound was presumably 
so soft that even considerable amplification 
failed to reveal its presence. 

Thus in severe pulmonary stenosis with 
intact septum , although t he phonocardiogram 
demonstrates very wide splitting of the second 
sound and may therefore be useful as a special 
test, clinical auscultation at the site of maximal 
intensity merely reveals a harsh prolonged 
systolic murmur which may be followed by a 
very soft pulmonary second sound . However, 
auscul tation in the mitral area and fourth 
left space where the murmur is less in tense 
reveals an aortic second sound of normal 
intensity. 

The Second Sound in Fallot's Tetralogy. In 
Fa llot's tetralogy, where the severi ty of the 
stenosis is of an order comparable to severe 
pulmonary stenosis with intact septum, a simi­
lar alteration of the second sound might be 
anticipated . This is, in fact, not the case. In 
Fa llot 's tetralogy the second sound is often 
abnormally loud and thus usually palpable 
(table 2). This may be due to t he fact that t he 
aortic valve is brought closer to the anterior 
chest wall by t he dextroposit ion of the aortic 
root. Furthermore, t he systoli c murmur finishes 
or diminishes markedly before t he aort ic 
second sound (vide infra) thereby cont ributing 
to t he striking clarity of the second sound in 
Fallot's tetralogy. Phonocardi ograms con­
firmed these clinical fi ndings in a ll cases 
(fi gs. 2 and 5). Comparison of figure 4 with 
fi gure 5 shows how t he aort ic second sound is 
obscured by the prolonged systolic murmur 
in severe pulmonary stenosis with intact sep­
tum " ·hereas in Fallot's tetralogy t he loud 
aort ic second sound stands well to the right of 
a shorter pulmonary systolic murmur. 

The problem of the pulmonary second sound 
in Fallot's tetralogy is of considerable academic 
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720 AUSCULTATION IN DIAG OSIS OF CONGENITAL HEART DISEASIL 

5-6 

CAR 

FIG. 1. Six cases of Swen Pi.Zmonary Stenosis with Intact Ventricular Se ptum and Right-to -Left l n ­

teratrial Shunt. In all t he phonocardiograms ,vere taken at t he site of maximal in tensity of t he mur­

murs. In eac h case t he systoli c murmur (SM) is in tense and so prolon ged that i t extends beyo nd and 

drowns t he normal ao rt ic component (A) of t he very widely spli t second sound (2, 2' ) . It stops befo re 

t he delayed diminu t ive pulmonary component (P ) when recorded. Wi t h t he exception of case 4, whi eh 

was recorded after a part ia ll y successful pulmonary valvotomy , t he approximate position of t he 

bmied aort ic component is indi cated by t he dicrotic no tc h of t he sy nchronous ly reco rd ed carotid 

pulse. Black dots have been used to indi cate t he limi ts of t he sound vibrations in t hi s and subsequent 

figures . 

interest. It is generally stated that a pure 

single second sound occurs in Fallot's tetralogy. 

While t his is usually true our observations 

prove that in some cases the pulmonary second 

sound follows the aortic second sound · and we 

believe that splitting of the second sound in 

Fallot's tetralogy would be elicited more often 

were it not for the fact that the pulmonary 

valve closure is so quiet. In one remarkable 

case (case 17, S. P. ) of proven Fallot's tetral­

ogy, wide splitting of the second heart sound 

was easily detected clinically (fig. 6) and gave 

rise to considerable diagnostic difficulties. The 

unm:ually high pulmonary artery pressure 

found in this case seemed the best explanation 

of the audible pulmonary second sound. In 
ca e 10 (C. G.) careful auscul tation t wo months 

after a successful Blalock-Taussig operation 

revealed defini te splitting of the second heart 

sound whereas prior to operation only a single 

second sound was heard and recorded (fig. 7). 

The appearance of t he soft pulmonary second 

sound after the operation suggested that the 

pulmonary artery pressure had risen above a 

critical level necessary for production of au­

dible valve closure. In two further cases (case 8, 

W . K. , and case 21, L. K. ) a definite diminu­

tive pulmonary second sound was recorded 

but not heard. This evidence suggests that the 

usual single second sound in Fallot's tetralogy 

is not due to synchronous closure of the aortic 

and pulmonary valves. It is, in fact, due to 

aortic valve closure alone, which is followed 

by pulmonary valve closure, presumably in­

audible because of the low pulmonary diastolic 

pressure. 
Although the series is small, the width of 

splitting in Fallot's tetralogy appears to be 

considerably less than that in severe pul­

monary stenosis wi th intact septum (figs. 4, 

6, 7 and 8). In both conditi ons there is a low 

pulmonary diastolic pressure which is an 

l 
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Fra. 2. Eighteen Cases of Fa/lot's Tetralogy. In a ll cases t he phonocardiograms were taken at the 

site of maximal intensity of t he murmur. In each case the murmur commences soon after the first 
sound , reaches max imal in tensity by midsystole, and then diminishes markedly , usually end ing 
before t he singl e, loud ao rt ic component of t he second sound which is not in any way obscured by the 
murmur. In t he four most severe cases (cases 12, 13, 15 and 22) the systolic murmur was soft, early 
and shor t. 
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2 0 1""1 

Fm. 3. Synchronous phonocardiogram (PCG) 
at the pulmonary area (PA) and lead II (75 mm ./sec.), 

from a case of mild pulmonary valve stcnosis with 

in tact septum (RVP 30/ 0 ; PAP 10/ 4 mm. Hg) . The 
loud systolic murmur (SM) fills systole, extending up 

to, but not obscuring, the first or aortic compon en t 

(A) of the well split second sou nd . The second or 

pulmonary component (P ) is mod erately reduced in 

intensity. 

important common factor in the production 
of the split sound. It is suggested that the 
greater delay of the pulmonary component in 
severe pulmonary stenosis with intact septum 
is due to the additional factor of prolongation 
of right ventricular systole (vide infra). 

The Systolic Murmur 

In all cases studied a systolic murmur was 
present. The murmur was usually harsh and 
loud (grade 3 to 5 7) in which case its intensity 
was of no help in differentiating the two condi­
tions. However, in four cases of Fallot's 
tetralogy ( cases 12, 13, 15 and 22), all severe, 
the systolic murmur was soft (grade 1 or 2) . 
On this basis alone Fallot's tetralogy was 
favored as in all cases of severe pulmonary 
stenosis with intact ventricular septum the 
murmur was loud.* The site of maximal in­
tensity, however, was of no real help in the 
differential diagnosis. Where the stenosis was 
valvular in both conditions, the murmur was 
maximal at the second and third left inter­
costal spaces (with the exception of case 2, 
S. J.). In infundibular stenosis the murmur 
was as often maximal in the second as in 
third and fourth intercostal spaces. A murmur 

* We have since encountered one case of unusu­

ally severe pulmonary stenosis in heart failure in 

whom the systolic murmur was grade 2 only. 

' ., 
maximal in the fourth space favored infundib­
ular stenosis and hence Fallot's tetralogy 
because infundibular stenosis occurs so much 
more commonly in this condition. However, 
in one case of valvular stenosis with intact 
ventricular septum (S. J.), the murmur was 
maximal in the fourth intercostal space. 

Previous studies of the systolic murmur 
have failed to reveal any characteristic dis­
tinguishing feature. 4 • 10 , 16 -25 We agree that 
the loudness and the site of maximal intensity 
of the murmur is usually of no real help in the 
differential diagnosis of Fallot's tetralogy from 
severe pulmonary stenosis with intact septum. 
However, we have found that there is a strik­
ing difference in the two murmurs, if attention 
is directed to the duration of the systolic 
murmur in relation to the second sound and to 
the position in systole of maximal intensity. 
Our findings have led us to believe that an 
accurate diagnosis can be made by careful 
bedside auscultation. 

The Systolic Murmur in Severe Pulmonary 
Stenosis with Intact Ventricular Septum. Aus­
cultation at the site of maximal intensity of the 
murmur reveals a prolonged systolic murmur. 
The aortic component of the second sound is 
rarely heard, being drowned by the ere cendo 
of the murmur (figs. 1, 4, 8). The murmur 
stops before the delayed diminutive pulmonary 
component which may occasionally be heard 
by very careful auscultation in the pulmonary 
area. In the mitral area where the systolic 
murmur is much less intense, the aortic second 
sound, of normal intensity, is not drowned 
and is therefore usually clearly audible (fig. 4). 

The Systolic Murmur in Fallot's Tetralogy. 
In Fallot's tetralogy the behaviour of the 
pulmonary systolic murmur is quite different. 
However loud or soft, the systolic murmur 
at the site of maximal intensity, is much less 
prolonged than in severe pulmonary stenosis 
with intact ventricular septum. It commences 
soon after the first sound, reaches maximal 
intensity by mid-systole and then diminishes 
markedly, usually ending before the single 
loud aortic component of the second sound 
(figs. 2, 5, 6, 7). The phonocardiogram may 
record small rapid ly diminishing vibrations 
right up to the second sound, but these are 
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Fro. 4. Case 5 (P. P. ) Severe P ulmonary Stenosis 
with I ntact S eptum. The systoli c murmur at t he s ite 
of maximal in tensity (PA) i so prolonged that it 
extends beyond the first or ao rt ic component (A) of 
t he very widely spli t seco nd so und (2, 2'). The ao rt ic 
sound is , in fact , comple.tely buried in t he murmur. 
The buried sound can be ident ified by t,he dicrotic 
notch of the carotid tracing (CAR) and by t he PCG 
taken at t he mi t ral a rea (MA) where t he normal 
aortic sound (A) is not obscured by t he systolic 
mu rmur. The systoli c murmur ends before t he soft 
pulmonary component (P ) . The latte r is identified 
by t he fact t hat it just precedes the " V" wave of the 
jugular venous tracing (J UG) indicating t, hat it is 
produced just before opening of t he t ricuspid va lve, 
at the t ime of pulmona ry valve closure . The tracing 
a lso records the extremely in tense "second com­
ponent" (l' ) of the firs t sound maximal in t he PA 
commencing 0.01 second before t he onset of ejection 
in to the ao rta (a delay of 0.03 second in pu lse wave 
transmission from t he aort ic valve to t,he carotid 
arte ry has been assumed) . As the heart rate was idcnt-

-0·1-1 

FIG . 5. Case 20 (R . B .). Fallot's Tetralogy. The 
systoli c murmur at t he site of maximal in tensity 
(PA ) commences soon a fte r t he first sound (1), 
reaches maximal in tensi ty by mid -systole a nd 
diminishes markedly ending before the loud aortic 
component of t he single second sound (A), whi ch is 
id ent ified by the di crotic notch of the carotid tracing . 
Pulmonary valve closure is not reco rded but it must 
occur befo re t he summi t of t he "V" wave (i.e. within 
0.08 seco nd afte r the onset of the ao rt ic second 
sound). 

not detected by t he ear, the murmur appearing 
to end well before t he loud second sound. 

As far as ,rn are aware t his difference in 
the behavior of t he pulmonary systolic mur­
mur in the two conditions has not been hith­
erto described. 

CoMME T 

The striking difference in the duration of 
the systolic murmur can probably be related 

ical, the tracings as mounted , here and elsewh ere, are 
virtuall y synchronous. 

1 
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SPLIT SECOND SOUND IN 

PA 

-0·1-

FIG. 6. Case 17 (S. P. ) Fa/lot's 'J'etralogy. The 

systoli c murmur commences soon after the first 

sound a nd ends before t he loud aortic compo nent (A) 

of t he second sound which is ident ified by t he di croti c 

notch of t he carotid tracing. The unusua ll y loud pulmo­

nary component (P ) is ident ified by t he fact t hat it just 

precedes the " V" wave of t he jugul a r venous tracing. 

The width of spli tting measures 0.08 second as com­

pa red with 0.11 second in figure 4 and ca. 0.14 second 

in figure 8. 

to the fundamentally different dynamics of 

the two conditions. 
In severe pulmonary stenosis with intact 

ventricular septum the right ventricle a lone 

has to develop great pressure to effect adequate 

blood flow across the stenotic valve. Thus the 

systolic pressure in the right ventricle often 

exceeds t he aortic and left ventricular systolic 

pressures, especially after effort. 25 -2s, is , 40, s 

The giant "a" wave in the venous pulse is 

indicative of the right atrial hypertrophy 

which augments filling of t he right ventricle 

FALLOT'S TETRALOGY 

~ 
I 

3 ~ .., 
4 

I 
1, 

n 
PRE-OP 

POST-OP 
Fro. 7. Case 10 (C. G. ) Fallot's 'J'etralogy. (a) The 

systoli c murmur reaches max imal in tensity by mid­

systole a nd diminishes marked ly before t he loud 

ao rt ic component of t he singl e second sound. (b) 

Two months after a Blalock-T aussig operation t he 

pulmonary component (P) of t he second sound be­

came just a udibl e givin g rise to spli tting of t he 

second sound (2,2') , measuring 0.08 second . 

and assists it in generating such high pres­

sures.30, 16 • 40 A considerable difference in the 

amplitude and duration of the pressure curves 

in the right and left ventricles must occur. 

We have shown that t he second sound is 

widely split due to marked delay of the very 

soft pulmonary component. The delayed 

closure of the pulmonary valve is due not only 

to the low pulmonary diastolic pressure, but 

also to prolongation of the ejection phase of 

right ventricular syr-tole as compared with 

that of the left ventricle. Flow will continue 

across the stenot ic pulmonary valve as long 

as a pressure gradient exists between t he right 
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Fra. 8. Case 3 (J . F .) Severe P1tlmonary Stenosis 
with I ntact Septum. The prolonged systoli c murmur 
reac hes a late c rescendo compl etel:v obsc urin g t he 
aortic component (A) of t he seco nd sound , as ident i­
fied by t he d icrotic notch of t he carotid tracin g . It 
ends befo re t he soft pulmona ry component (P ) of 
the very \\"i dely pli t (ca. O.H seco nd ) second sound 
(2, 2'). The loud at ri a l sound (X) is foll owed by a 
murmur (asm) . This prcsysto li c murmur occurs afte r 
the onset of right atria l contraction whi ch is unusu­
a lly po\\"erful as revealed by t he gia nt "a" \\"ave (A). 

ventricle and t he pulmonary artery . Thus 
when t he aortic valve closes at the end of the 
normal or reduced left vent ricular systole 
active flow still continues across the pulmonary 
valve. Since t he intensity of the systolic 
murmur is probably proportional to the speed 
and volume of flow, other fac tors such as 
degree of stenosis and viscosity being equal, 
itis not surprising to find t he pulmonary systolic 
murmur cont inuing beyond the aortic second 
sound (diagram I ). 

In Fallot's tetralogy, unlike severe pul­
monary stenosis wi th in tact ventricular sep­
tum , the vent ricular septa! defect and t he 
over-riding aorta both act as a safety valve 
to the right vent ricle; no matter how severe 
the pulmonary or infundibular stenosis, the 
right vent ricular systolic pressure can never 
significantly exceed that in the aorta and left 

SEVERE PUl.M. STEN05'S 
WITH INTACT SEPTUM 

FAl.LOT'S TETIIALOGV 

Diagram I: The di agram attempts to expla in t he 
dy nami c basis for t he striking d ifference in t he 
du ration of t he systoli c murmur in relation to the 
ao rt ic second sou nd (2, A) and greater \,·idth of spli t ­
t ing in severe pulmonary stenosis wi t h in tact vent ri c­
ul a r septum. See text fo r details. 

ventricle.16 • 25 • 27 -29 Thus clinical evidence of 
right vent ricular and right atrial hypertrophy 
is much less. This is shown by the absence 
of a giant "a" ,rnve in the venous pulse, 
the slight lift over the right ventricle and 
the absence of marked right vent ricular en­
largement radiologically. In Fallot's tetral­
ogy the right and left vent ricles virtually 
function as a single ventricle from which 
blood is discharged in to two competing orifices, 
namely t he aortic " ·ith normal systemic periph­
eral resistance* and a stenotic pulmonary 
valve or infundi bulum with a much higher 
resistance. T he vent ricular pressure curve in 
both ventricles is conditioned by the lesser 
resistance offered by t he aorta and hence 
adaptation to t he severe pulmonary stenosis 
is much less effective than in pulmonary 
stenosis wi th an intact septum. Thus effective 
systole cannot be more prolonged in the right 
ventricle than the left because by the t ime 
the aortic valves close the vent ricles have 
virtually discharged their contents. This is well 
illustrated by angiocardiography which reveals 
rapid discharge of diodone from the right 
vent ricle into the aorta in Fallot's tetralogy 
cont rasting sharply with the delayed empty­
ing of t he right vent ricle seen in severe pul­
monary stenosis with intact septum.31 , 32 , 26 • 41 

Maximal flow across the stenotic valve or 
chamber occurs early in systole at the t ime of 

* This has not been measured by us but t he absence 
of hype rtension in our cases of Fallot 's tetra logy at 
least indi cates a normal systemic peripheral resist­
a nce. 

13 
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maximal flow into the aorta; during the phase 

of reduced ejection from the ventricles into 

the aorta, flow into the pulmonary artery is 

likewise reduced. By the time t he aortic valve 

closes flow into t he pulmonary artery has 

virtually ceased being entirely dependent on 

the rapidly diminishing pressure gradient 

between the righ t ventricle and pulmonary 

artery and the little available residual blood. 

It is therefore not surprising that the pul­

monary systolic murmur* in Fallot's tetralogy 

attains maximal loudness by mid-systole and 

then diminishes rapid ly, usually ending before 

the aortic second sound. Variation in the 

intensity and duration of the murmur does, 

however, occur. In our four most disabled 

patients (cases 12, 13, 15 and 22, in three of 

whom extreme stenosis was proven at necropsy) 

the murmur was soft and short reaching a 

crescendo well before midsystole and ending 

long before the aortic second sound (figs. 2, 12 

and 10). A short murmur thus appears to 

indicate severe stenosis. This inference is not 

unreasonable for the severer the stenosis the 

less the flow across the pulmonary valve. 

Unlike pulmonary stenosis with intact sep­

tum, the systemic peripheral resistance and 

not the pulmonary stenosis determines the 

level of the right ventricular systolic pressure. 

This is grossly inadequate in extreme pul­

monary stenosis and thus flow sufficient to 

produce a murmur is limited to the early 

ejection phase of the right ventricle. In milder 

cases of Fallot's tetralogy the murmur appears 

to be longer (fig. 12) but we have not yet en-

* Weare in agreement with t he generally held view 

that the ventricular septa) defect plays li ttle or no 

part in t he production of t he systoli c murmur in 

F allot 's tetralogy. Marked unidirectional fl ow from 

one ventricle to the other as found in ventricula r 

septa! defect wi th normal aortic root and normal 

pulmonary vascular resistance does not occur in 

F allot's tetralogy because t he pressures in both 

ventricles are of the same order and the overriding 

aorta provides a common exit. Moreover, in other 

conditions associated with a vent ri cul a r septa] 

defect and similar ventricular dynamics (Eisen­

menger 's compl ex, truncus a nd pseudotruncus 

arteriosus) , t here is often no systoli c murmur (fig. 11), 

and , if present, the murmur is short a nd does not 

resemble Roger's murmur. 

countered any case in which the murmur 

obscured the second sound.t 

A uscullatory Observations of Lesser Diagnostic 

Value 

Diastolic Murmurs. No case had pulmonary 

or aortic incompetence. In one case of severe 

pulmonary stenosis with intact ventricular 

septum (case 3, J. F. ), a presystolic murmur 

was well heard in the second, third and fourth 

intercostal spaces, being loudest in the pul­

monary area. It was not heard at the apex. 

The murmur was preceded by a loud atrial 

sound a lso best heard at the pulmonary area 

(fig. 8). The murmur occurred after the onset 

of right atrial contraction which was un­

usually powerful as revealed by the giant "a" 

wave (fig. 8). Cardiac catheterisation showed 

a right atrial systolic pressure of consider­

able magnitude transmitted into the left 

atrial and pulmonary veins as reported else­

where. 6 Abrahams and Wood16 have encoun­

tered in severe pulmonary stenosis a similar 

presystolic murmur which they attributed to 

flow across a patent foramen ovate shown at 

necropsy. In our case flow across the pul­

monary valve produced by the powerful right 

atrial contraction may be an alternative ex­

planation. 
The Atrial Sound. In three cases of severe 

pulmonary stenosis with intact ventricular 

septum (cases 1, 3 and 5), a singularly loud 

t Unusual prolongation of t he systoli c murmur in 

Fallot's tetralogy may occasionally occur. The second 

sound, however , is still not obscured by t he murmur. 

In our only case of proven Fallot's tetralogy where 

th is occurred, coarctation of the aorta was also 

present, causing a systemic blood pressure of 170/ 80 

mm . Hg. It is probable t hat t he unusua ll y high right 

vent ri cular systoli c pressure conditioned by t he 

high aort ic resistance permitted vigorous flow to 

continue through t he stenosed pulmona ry valve for 

a longer durati on t han t he usual case of Fallot's 

tetralogy. This is supported by the fact that t he 

patient's cyanosis had disappeared clini call y during 

observation over several years, and his effor t to ler­

ance had in creased. Furthermore, t he pulmonary 

artery pressure was unusuall y high and t he second 

sound was widely spli t with a v ery soft but audible 

pulmonary component . Being complicated by coarc ­

tation the case has not been included in t his series 

but is discussed elsewhere. 6 
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Fm. 9. Case 1 (E. B .) . Severe Pulmonary Stenosis with Intact S eptum. (a) Synchronous phonocardio­

gram at 3 LS a nd carotid tracing at 75 mm. / sec. (b) synchronous phonocardiogram at 3 LS and 
lead III at 25 mm. / sec. 

An extremely loud first so und appears sudden ly during expiration only to disappear compl etely 
during inspirat ion (I SP.). It occurs just after t he fir st sou nd and before the onset of t he carotid 
pulse. The marked effect of respirat ion on the at rial (A) is record ed, being loud during inspi rat ion 
a nd absent during expiration. The characte ristic systo li c murmur of pulmonary stenosis wi t h in tact 
septum is a lso show n. 

auricular sound was heard and recorded in 
the second, third and fourth intercostal spaces 
but not at the apex (figs. 8 and 9). The inten­
sity was markedly influenced by the phase 
of respiration, being loud during inspiration 
and soft during expiration (fig. 9). This sound 
was attributed to vibrations occurring in t he 
right ventricle or pulmonary valve produced 
by the powerful atrial systolic filling wave. 

In no case of Fallot's tetralogy was an 
atrial sound heard. This is in keeping with 
the concept already discussed that the right 
ventricle and right auricle in Fallot's tetralogy 
are under far less stress than in severe pul­
monary stenosis with intact ventricular sep­
tum. It is concluded that an audible atrial 
sound favours the diagnosis of severe pul­
monary stenosis with intact septum. 

The First Heart Sound. Several points of 
interest emerged from the study of the first 
sound which require further investigation 

and may prove to be of additional diagnostic 
value. 

In Fallot's tetralogy the first sound was 
usually normal, being either single or closely 
split. In four cases it was apparently " widely 
spl it". The second component, however, was 
not attributed to the second component of a 
physiologically split first sound but to an 
aortic early systolic sound 12 because of the 
wide transmission to all areas including the 
aortic area and the marked degree of splitting. 
Furthermore, the phonocardiogram proved 
the separate identity of this added sound by 
showing normal splitting of the first sound 
preceding the aortic sound (fig. 10). Moreover, 
this sound occurred about 0.04 second after 
ejection into the aorta, a delay of 0.03 second 
in pulse wave transmission from aortic valve 
to carotid artery being assumed. The aorta 
is dextroposed and nearer the chest wal 1 than 
normal. It is dilated and receives a greater 

15 
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CAR 
FIG. 10. The Aortic Early Systolic Sound in Severe 

Fallot's Tetralogy. (Case 12, E . ]{.) There is normal 

splitting of t he first sound (1, 1') followed by a loud 

aort ic earl y systoli c sound (X ). This sound occurred 

about 0.04 second after t he onset of rise of pressure 

in the aorta (a delay of 0.03 second in pulse wave 

transmission from aort ic valve to t he caro t id a rte ry 

has been assumed ) . The added ejection soun d was 

transmi tted widely to a ll a reas including t he ao rt ic 

a rea. The characteri stic systoli c murmur of Fa ll ot's 

tetralogy alt hough soft is also show n. 

volume of blood than normal , being the main 

exit of blood from both ventricles. These 

factors may be responsible for this audible 

ejection sound . The presence of this sound 

appears to be an indication of the severity of 

the lesion. The more severe the pulmonary 

stenosis the greater the volume of blood 

ejected into the aorta, and hence the larger 

the aorta. This combination favours the pro­

duction of an audible ejection sound . This 

sound was only present in our four most dis­

abled cases (cases 12, 13, 15 a nd 22). Further­

more, in two cases of pulmonary atresia, 

where the output of both vent ricles was dis­

charged into a single dilated " pseudotruncus 

arteriosus", a striking aortic systolic sound 

was heard (fig. 11). Although the aortic early 

systolic sound has been described in a variety 

of conditions affecting t he aorta a nd aortic 

valves,33 • 34 • 12 its occurrence in Fallot's tetral­

ogy is much less well known 35 • 36 and in pul­

monary atresia it has not been described before. 

In severe pulmonary stenosis with intact 

septum t he first sound was usua lly normal. 

However, in t wo cases of this series a remark­

able abnormality with striking respiratory 

variation was found (figs. 4 and 9). An ex-

3 5 

;CAR 

L 

A a A 

FIG. 11. The Aortic Early Systolic Sound in Pul­

monary A tresia. There is normal split t ing of t he 

first so und (1, 1') at 5 LS fo ll o\\"ed by a loud early 

systoli c sound (X) . This sound occurred about 0.03 

second after the onset of ejection in to t he aorta. 

As t hi s case had pulmona ry at resia t he ejection sound 

co uld only be "aortic" . It had t he same features as 

t he ejection sound (X ) shown in figure 10. 

tremely loud, pa lpable, cli ck-like first sound 

would suddenly appear during expiration only 

to disappear completely during inspiration. 

It occurred just after the first sound , giving the 

impression of close splitt ing. Phonocardio­

grams showed that this sound was present 

only in expirat ion and was synchronous with 

the second component of a closely split first 

ound occurring before the onset of the carotid 

pulse (figs. 4 and 9). Clinically, it was quite 

unlike the second component of a normally 

split first sound both in intensity and in that 

it was maximal at the pulmonary area and not 

the mitral area or fourth intercostal space. 12 

This was confirmed in one of the two cases 

(case 1, E. B. ) when the heart was palpated 

at operation and the sound appeared to origi­

nate in region of the pulmonary valve. It thus 

appears to be related to the phase of ejection 

from the right vent ri cle and not to auriculo­

ventricular valve closu re. Because of the great 

shortening of the isometric contraction phase 



LOUIS VOGELPOEL AND VELVA SCHRIRE 729 

PULM. ATRESIA 

EXTREME 
TETRALOGY 

TETRALOGY 

I X ,LS 

~,..__.I ----
: CAR 
~ 

----------,;. '--

-~---\liJ-4 

~ I .. . 5M .. ;I 2' 

TE~ ---111~-lll~~I~ 
(POST-VAL~TOM"' 

~ 
FrG. 12. 'l'he Duration of the S ystolic Murmur in 

Relation lo the Severity of Fallot's 'l'etralogy. In pu l­
monary atresia t here is usua ll y no systoli c murmur . 
In Fallot's tetralogy \\'ith extreme stenos is t he mur­
mur is short, soft and confin ed to early systole. In 
both t hese cond it ions an aort ic earl y systo li c sound 
(X) is usually heard. In t he majori ty of cases of t he 
tetralogy t he systoli c murmur is loud , reaches its 
crescendo b~, midsystole and diminishes rapid ly 
befo re t he loud ao rt ic second sound . In mild cases of 
the tetralogy t he murmur appears to be of longer 
duration, as sho,Yn in t he tracing taken six mon t hs 
afte r a successful valvotomy. The murmur extends 
up to t he aortic second sound (A) but does no t obscure 
it. The pulmonary second sound (P) has become 
audibl e, producing wide spli tting (0.09 second), 
ind icating Fallot's tetralogy wi t h mild stenosis. (The 
pu lmonary valvotomy has presumably produced a 
rise in t he pulmonary diastolic pressure.) 

of t he right ventricle, due to the very low 
pulmonary diastolic pressure, this ejection 
sound may be almost superimposed on the 
t ricuspid component of the first heart sound. 
Like t he pulmonary early systolic sound in 
dilatation of the pulmonary artery, 12 this sound 
is also related to the phase of early ejection 
from the right ventricle into t he pulmonary 
artery. The mode of production, however, is 
pos ibly different. Audible vibrations may be 

set up by the sudden tautening of the stenotic 
pulmonary valve bulging into the pulmonary 
artery at the moment of ejection into the 
pulmonary artery. This sign is not confined to 
severe pulmonary stenosis but has also been 
encountered in moderate and mild stenosis. 
It was first described by Petit37 in 1902 and 
by several workers since.33

• 38
• 12 • 39 We have 

not encountered this sign in Fallot's tetralogy. 

SUMMARY 

1. The differentiation of Fallot's tetralogy 
from severe pulmonary steno is with intact 
ventricular septum and reversed interatrial 
shunt is important because the surgical treat­
ment is different. While the diagnosis can 
generally be made on clinical grounds alone, it 
is usually necessary to confirm the diagnosis 
by special investigations. 

2. A clinical and phonocardiographic study 
of the heart sounds and murmurs has been 
made in six cases of severe pulmonary stenosis 
with intact septum and in 18 cases of Fallot's 
tetralogy. 

3. A striking difference in the behaviour of 
the systolic murmur at the site of maximal in­
tensity was found in the two conditions, if at­
tention was directed to the duration of the 
systolic murmur in relation to the second 
heart sound and to the position in systole of 
its maximal intensity. In Fallot's tetralogy the 
systolic murmur, however soft or loud, starts 
soon after the first sound, reaches maximal 
intensity by mid-systole and then diminishes 
markedly, usually ending before the single 
loud , often palpable, aortic component of the 
second ound. By contrast, in severe pulmo­
nary stenosis with intact ventricular septum, 
the systolic murmur is o prolonged, that it 
extends beyond and drowns the normal aortic 
component of the very widely split second 
sound. It stops before the delayed, diminutive 
pulmonary component which may or may not 
be audible. 

4. This significant difference in the systolic 
murmur so clearly shown by phonocardi­
ography is readily appreciated by the ear and 
affords a new simple bedside method of diag­
nosis. 

5. Phonocardiographic studies revealed 

17 
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further points of interest. In severe pulmo­
nary stenosis with intact septum the second 
heart sound is very widely split due to a 
diminu tive pulmonary second sound being 
widely separated from the normal aort ic com­
ponent. In Fallot's tetralogy the second sound 
is usually single because the loud aort ic sound 
is followed by an inaudible pulmonary sound. 
However, if the pulmonary artery pressure is 
sufficiently high, this delayed pulmonary sec­
ond sound becomes recordable and even 
audible. The mechanism underlying these 
findin gs is fully discussed . 

6. A presystolic murmur loudest in t he left 
parasternal region was heard in a case of 
severe pulmonary stenosis with intact ven• 
t ricular septum and reversed interauricular 
shunt. It was attributed to flow through the 
atrial septum or the stenosed pulmonary 
valve during atria l systole. 

7. A loud atria l sound was heard in 
three cases of severe pulmonary stenosis with 
intact septum but not in Fallot's tetralogy. 

8. In four severe cases of Fallot's tetralogy 
in whom t he murmur was not intense, an early 
systolic sound was heard which caused "wide 
splitting" of t he fi rst sound . In t wo cases of 
severe pulmonary stenosis with intact ven­
t ricular septum close spli tting of t he first 
sound was heard with an intense clicking sec­
ond component. The mechanism underlying 
these fi ndings is discussed . 

SUMMARIO IN I NTERLINGUA 

l. Le different iation de tetralogia de Fallot 
ab sever stenosis pulmonar con intacte septo 
vent ricular e revert ite derivation interat rial es 
importante proque le tractamento chirurgic 
differe in le duo casos. Ben que le diagnose es 
generalmente facibile super le base de datos 
clinic, ii es usualmente necessari verificar le 
diagnose per investigationes special. 

2. Esseva executate un studio clinic e phono­
cardiographic del sonos e murmures cardiac in 
sex casos de sever stenosis pulmonar con in­
tacte septo e in dece-octo casos de tetralogia 
de Fallot. 

3. E sseva t rovate un frappante differentia 
inter le duo conditiones in le murmure systolic 
al sito de intensitate maximal. Iste differentia 

esseva manifeste in le relation inter le du ration 
del murmure systolic e le secunde sono cardiac 
e in le puncto del systole ubi le murmure 
attingeva su intensitate maximal. In casos de 
tetralogia de Fallot le murmure systolic- sin 
reguardo a si illo es forte o basse--comencia 
tosto post le prime sono; illo at t inge su intensi­
tate maximal in mediesystole; e t une illo 
diminue marcatemente e se termi na usualmente 
ante le unic e forte e frequentemente palpabile 
componente aort ic del secunde sono. Per con­
t rasto con isto, in casos de sever stenosis 
pulmonar con intacte septo ventricula r, le mur­
mure systolic es si prolongate que illo ult ra­
passa e inunda le normal componente aort ic 
del secunde sono que a lora es nettemente 
dividite. Illo se termina ante le retardate e 
minime componente pulmonar que a vices es 
audibile e a vices non. 

4. Iste significative different ia in le mur­
mure systolic, que se demonstra si clarmente 
per medios phonocardiographic, es fac ilemente 
perceptibile per le aure e representa un nove e 
simple methodo de diagnose clinic. 

5. Studios phonocardiographic revelava al­
tere punctos de interesse. In casos de sever 
stenosis pulmonar con intacte septo, le secunde 
sono es dividite a longe intervallo in conse­
quentia del facto que un minime secunde sono 
pulmonar es nettemente separate ab le normal 
componente aort ic. In tetralogia de Fallot le 
secunde sono es generalmente non-d ividite 
proque le forte sono aortic es sequite per un 
inaudibile sono pulmonar. N onobstante, si le 
pression pulmonoarterial es sufficientemente 
alte , le retardate secunde sono pulmonar 
deveni registrabile e mesmo audibile. Le 
mechanismo al base de iste constatationes es 
discutite. 

6. Un murmure presystolic que habeva su 
intensitate maximal in le region sinistro-para­
sternal esseva audite in un caso de sever stenosis 
pulmonar con intacte septo vent ricular e 
revertite derivat ion interauricular. Illo esseva 
at t ribuite a un fluxo a t ransverso le septo 
auricular o a un stenosis del valvula pulmonar 
durante le systole auricular . 

7. Un forte sono auricula r esseva audite in 
tres casos de sever st enosis pulmonar con in­
tacte septo sed non in tetralogia de Fallot. 
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8. In quatro sever casos de tetralogia de 
Fallot le murmure non esseva intense, sed il se 
audiva un prompte sono systolic que causava 
un division a grande intervallo del prime sono. 
In duo casos de sever stenosis pulmonar con 
intacte septo ventricular, un division a breve 
intervallo esseva audite in le prime sono. Le 
secunde componente representava un intense 
clic. Le mechanismo al base de iste constata­
tiones es discutite. 

ADDENDUM 

Since this paper was submitted we have en­
countered three further cases of severe pul­
monary stenosis with in tact ventricular septum 
and right-to-left interatrial shunt and eight 
cases of Fallot's tetra logy. In each case a cor­
rect diagnosis was made from auscultation 
alone. Furthermore, in Fallot's tetralogy it was 
usually possible to assess whether the stenosis 
was extreme, average or mild by paying careful 
attention to t he auscultatory features discussed 
above (fig. 12). These cases are discussed else­
where.•: 
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THE DIFFERENTIATIOX OF THE TETRALOGY OF FALLOT FROl\[ 
SEYERE P~L\CO?\ARY STEKOSIS WITH INTACT .VE~TRIC LAR 

SEPTUM AND RIGHT-TO-LEFT INTERATRIAL SHUNT1 

LOUIS VOGELPOEL, M.B ., M.R.C.P., VELVA SCHRIRE, M.Sc. , PH.D. , i\I.B ., 
M.R.C.P ., MAURICE NELLEN , M.D., M.R.C.P. , AND 

ROBERT H . GOETZ, M .B ., C11.B., M .D. 

l'ulmonary stenosis was one of the first congenital anomalies described ( I), 
and this malformation has continued to receive particular attention throughout 
the years (2). However, it i.· only since the development of cardiac catheteri­
zation, angiocardiography, and cardiac surgery that a better understanding of 
the syndromes associated " ·ith pulmonary stenosis have emerged. Fundamen­
tally, the syndromes associated with pulmonary stenosis are dependent on the 
state of the ventricular septum and t he aortic root (3). When there is a defect 
in the ventricular septum and the aorta arises partly from the right ventri cle 
the entity is that of the tetralogy of Fallot. On the other hand, when the septum 
is in tact and the aortic root normal, the condition is known as pulmonary ste­
nosis ,rith intact ventricular septum. 

Abrahams and ·wood (3) in their excellent study of pulmonary stenosis with 
intact ventricular septum have emphasized the importance of the severity of the 
stenosis in determining the clinical picture and prognosis. vVhen the stenosis 
is mild or moderate as is commonly found, there is li ttle or no disability and no 
cyanosis. An associated foramen ovale will remain functionless and even if the 
auricular septum is defective the left-to-right shunt will not be reversed. When· 
the stenosis is severe the di sability i. · much greater and central cyanosis may 
develop. The latter is dependent on the condition of the atrial septum and the 
relative pressures in both atria. If this septum is intact and the foramen ovale 
sealed, central cyanosis will not develop. However, if there is a patent foramen 
ovale or an atrial septa! defect a right-to-left interatrial shunt may develop 
giving ri e to central cyanosis (4) . This will only occur if the stenosis is of such 
severity that the right atrial pressure exceeds the left. 

It is well recognized that the syndrome of severe pulmonary stenosis with in­
tact ventricular septum and right-to-left interatrial shunt2 can be readily con­
fused clinically with the tetralogy of Fallot (3, 5, 6, 7, 4, 1). Although it occurs 
less frequently than the tetralogy, the importance of correct diagnosis is im­
perative because the surgical treatment is different. A systemic-pulmonary 
arterial anastomosis is contraindicated in this condition, whereas it has proved 
to be a very useful procedure in the tetralogy of Fallot (6, 8- 11 ), and as yet 
less hazardous than a pulmonary valvotomy or an infundibular resection. 

1 From the Cardi ac Clini c, Departmeut, of Medi cine, Univers ity of Cape Town , a nd 
Groote Schuur Hospital a nd t he Department of Surgical R esearch, Un iversity of Cape 
Town . This study was supported in part by a grant from t he Dr . C. L . Herma n Staff R e­
search Fund , University of Cape Town, and grants received from the Council for Scientific 
and Industria l Research and the Fourcade Bequest, University of Cape Town . 

2 Hereafte r to be referred to as severe pulmonary stenosis with intact ventricular septum. 
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This paper is concerned solely with an evaluation of the diagnostic cri teria 

used in t he differentiation of these two conditions. 

MATERIAL AND METHODS 

All patients accepted for this study presented the common diagnostic problem 

of pulmonary valve or infundibular stenosis associated with central cyanosis. 

Only those patients in whom the diagnosis was established beyond doubt have • 

been subj ected to a complete analysis (see tables). Patients were accepted only 

if cardiac catheterization, selective angiocardiography, intravenous angio­

cardiography, or necropsy proved (a) severe pulmonary valvular or infundibular 

stenosis and (b) whether the ventricular septum was intact or not. If the righ t-

to-left shunt took place through a ventricular septa] defect and overriding aorta, 

the tetralogy of Fallot was considered proved. If it was established that the 

ventricular septum was intact , then the t etralogy of Fallot could be excluded. 

In the latter case, a reversed interatrial shunt was assumed to be present al-

though it was often difficult to prove. There were 14 cases of severe pulmonary 

stenosis with intact ventricular septum and 48 cases of tetra logy. 
All patients were examined and assessed personally by the authors. A full 

clinical examination with special emphasis directed to the points analyzed in 

the tables was performed in every case. Disability, central cyanosis, clubbing 

and all other findings except systolic murmurs were graded O to 4 and the 4 

positive grades represented slight, moderate, considerable, and gross through­

out (12). 
Since we have become aware of the value of auscultation and phonocardiog­

raphy in the diagnosis, special attention has been paid to this method of exam­

ination. Cases 3 to 7 of severe pulmonary stenosis with intact ventricular septum 

and cases 24 to 41 of the tetralogy of Fallot have been published elsewhere (13). 

Both in these and in subsequent cases particular care has been taken at the site 
of maximal intensity of the murmur to determine whether the murmur was 

loudest in early, mid, or late systole. Even more important, the relation of the 

end of the murmur to the second sound was observed. The intensity of the mur­

mur was graded 1 to 6 as described by Levine (14). The presence or absence of 

the splitting of the second sound was noted. Lastly, the first heart sound and 

diastole were studied for any abnormality. A Sanborn Stetho-Cardiette, modi­
fied by one of the authors (L. V.) was used to obtain phonocardiograms to con­

firm the auscultatory findings as described elsewhere (13). 
The internal jugular venous pulsations received special study in all cases, 

and in the majority, jugular venous tracings were used to confirm the clinical 

findings. With the patient suitably postured and relaxed the venous waves were 

timed against the opposite carotid artery. P articular attention was paid to the 

size of the atrial or "a" wave (table 1). An approximate but not an absolute 
estimate of the size of the "a" wave was obtained by measuring the height of 

the summit of this wave above the preceding "y" descent. Considerable increase 

in the size of the "a" wave occurs during inspiration. The maximum "a" wave 

reached during quiet inspiration was estimated. The "a" wave is a pulsation of 
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short duration, normally no greater in amplitude than the "v" wave. When right 
atrial hypertrophy occurs the "a" wave becomes dominant or even giant de­
pending on the degree of right ~trial hypertrophy. The term dominant "a" 
wave is used for a pulsation greater than normal but Jess than 5 cm in height. 
The term giant "a" wave is used for a pulsation over ,5 cm in magnitude. When 
present the giant "a" wave is a most striking pulsation, and because of its rapid 
sharp action may readily be mistaken for overactive carotid pulsation. More­
over, it may move the lobe of the ear and is both palpable and audible. The crucial 
finding is that this wave is presystolic- thereby excluding carotid pulsation, 
the systolic venous pulsation of tricuspid incompetence, and "Cannon A" waves 
(15). 

Attention was also paid to the presence or absence of a lift (grade 0-4) over 
the right ventricle ori palpation of the third and fourth left interspaces to the 
left of the sternum. Palpabi lity of the heart sounds was noted as well as the 
presence of any abnormal pulsations. The site, situation , and character of the 
apex beat was also studied. 

Electrocardiograms were taken routinely. The standard limb leads, uni­
polar extremity, and unipolar precordial leads were used in every case. These 
,rnre analyzed as shown in the tables; 

Standard teleradiograms in the postero-anterior and the two oblique pro­
jections were taken. In addition each case was personally screened. The findings 
\\·ere analyzed as shown in the tables. 

Cardiac catheterization was performed by the usual technique described by 
Cournand et al. (16). Pressures were measured by means of the saline manom­
eter in the 10 earlier cases studied and by the strain gage electromanometer 
in 34 ca e . Synchronous pressure and phonocardiographic recordings ,rnre 
obtained by using a 6-channel recorder constructed by one of the authors (R. H. 
G.). The oxygen content of blood samples was analyzed by the Haldane method 
and more recently with a Kipp oximeter. In each case an attempt was made to 
prove_pulmonary valvular or infundibu]ar stenosis by withdrawing the catheter 
t ip slowly from the main pulmonary artery to the lower region of the right ven­
t ri cle under fluoroscopic guidance. The . pressure pulses were recorded 
continuously during the withdrawal. By this means valvular stenosis, or in­
fundibular stenosi , or both together, could often be proved and the site of the 
stenosis located (fig. 9). An attempt was always made to enter the aorta from 
the right ventricle (fig. 12) and the left auricle from the right atrium. Pressures 
were taken routinely from al l heart chambers and vessels entered by the catheter. 
Whenever possible, the systemic blood pressure was measured sphygmomano­
metrically while pressure recordings from the ventricle or aorta were made. 
Exercise was performed by flexing and extending the legs against manual re­
sistance. 

Selective angiocardiograms were performed in 4 ca:;es of severe pulmonary 
stenosis wi th in tact ventricular septum and 16 cases of the tetralogy at the 
end of the cardiac ratheterization before withdrawal of the catheter from the 
heart . Ten to 15 cc of 70 per cent diodone were injected as fast as possible through 
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TETRALOGY OF FALLOT AN D PULMONARY STENOSIS 221 

the catheter \\·ith t he t ip placed in the body of the right ventricle. A single ex­
posure wa made at the end of the inj ection. The size of the catheter usually 
determined the speed of the inj ection. The time of onset of the systemic effects 
of the diodone after injection of the dye was also noted . It was occasionally 
necessary to repeat the injection. 

Intravenous angiocardiography was performed in 32 cases. Diodone was 
inj ected through a polythene tube inserted through a median basilic vein into 
the subclavian or innominate vein or higher, or through the saphenous vein 
into the inferior vena cava. The angiocardiographic technique has been de­
scribed elsewhere (17). Exposures were made at one-second intervals in the left 
oblique and antero-posterior projections. The :findings are analyzed in the tables. 

Necropsy proof of the diagnosis was obtained in 4 cases of severe pulmonary 
stenosis wi th intact ventricular septum and in 12 cases of the tetralogy. 

RESULTS 

The clinical electrocardiographic and radiologic :findings in each case are 
sho,rn in table 1. The results of catheterizations, selective angiocardiography 
and intravenous angiocardiography are shown in table 2. 

DISCUSSION 

The fundamental difference in the dynamics of the two conditions form the 
basis of all the differentiating features (13). In the tetralogy of Fallot although 
the degree of pulmonary or infundibular stenosis is always severe (18), the 
presence of a ventricular septal defect and an overriding aorta act as a safety 
valve to the right ventricle. In fact, the right ventricular systolic pressure never 
significantly can exceed that in the left ventricle and aorta (3- 5, 19, 20). In 
consequence the right ventricle is seldom under severe stress and heart failure 
is rare. By contrast, in pulmonary stenosis with intact ventricular ·eptum there 
is no such limiting factor to the height of the right ventricular systolic pressure 
and consequently when the pulmonary stenosis is severe the right ventricle has 
to generate great pressure to maintain circulation (3- 5, 19, 21 , 22). This also 
resul ts in marked right atria l stress which causes the right atrial pressure to 
exceed the left atria l pressure and thus cause central cyanosis from a right-to­
left interatrial shunt. 

SYMPTOMS A ' D SIGNS 

Compari son of the findings summarized in table 1 reveals that in general the 
onset of central cyanosis occurs earlier in the tetralogy of Fallot than in severe 
pulmonary stenosis with intact ventricular septum. Thus in 44 cases in whom the 
age of onset of cyanosis was known, cyanosis was present in all by the age of 5 
years. In ·evere pulmonary stenosis with intact ventricular septum only 6 out 
of 14 had developed cyanosis before 5 years. In fact, in one case of severe pul­
monary stenosis wi th intact ventricular septum cyanosi developed at the age 
of 40 years. It would appear that the development of cyanosis in infancy is com­
mon to both condi tions and therefore of no differential value. However, delayed 
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onset of cyanosis favors severe pulmonary stenosis with intact ventricular 
septum, although the occasional case of the tetralogy may also show delayed 
cyanosis. Our findings are in agreement with most reported studies (3, 22- 24), 

although this has not been a universal finding (25). 
The intensity of cyanosis at rest was on the whole greater in the tetralogy of 

Fallot than in severe pulmonary stenosis with intact ventricular septum. Similar 
findings have been reported by others (22). However, in an individual case the 
intensity of the cyanosis is of no help, for in the tetralogy there may be no cya­
nosis at rest (case 35), while in severe pulmonary stenosis with intact ventricular 
septum the cyanosis may be severe (case 5). Spontaneous fluctuations in the 
intensity of the cyanosis occurred in both groups and was of no help in the diag­
nosis. 

Cyanotic attacks associated with loss of consciousne ·s occurred infrequently 
and were present in both conditions. 

There was a history of squatting in the majority of cases of the tetralogy of 

Fallot (70 per cent), whereas 36 per cent of the cases of severe pulmonary steno­
sis with intact ventricular septum adopted this posture. The relative infrequency 
of squatting in severe pulmonary stenosis with intact ventricular septum has 
been reported by others. Thus Abrahams and Wood (3) found squatting in only 
1 of their 8 cases of severe pulmonary stenosis with intact ventricular septum 
and Campbell (22) in 6 of his 31 cases. However, in de Balsac's (26) series squat­

ting occurred in as many as 30 per cent of cases. Although squatting is less 
frequent in severe pulmonary stenosis with intact ventricular septum it would 
appear that in the individual case the presence or absence of squatting is of 

little value in the differential diagnosis. 
Severe angina pectoris was a striking symptom in 2 of our cases of severe 

pulmonary stenosis with intact ventricular septum and in 1 of them (case 1), 
in which diffuse fibrosis of right ventricle was found at necropsy, the pain was 
incapacitating. Pain with some of the features of angina pectoris was noted in 
1 of Abrahams and Wood's (3) cases. It was found in only 1 of our cases of the 

tetralogy of Fallot. 
Dyspnea on effort was graded according to Campbell and his co-workers (27, 

28). Dyspnea of varying severity was noted in all cases, and its severity was no 
help in the diagnosis. Although it has been stated that the patient is more dysp­
neic than cyanosed in severe pulmonary stenosis with intact ventricular septum, 
we have found this combination in both conditions. However, severe cyanosis 

with mild dyspnea was found only in the tetralogy. 
Clubbing of the fingers and toes was present in the majority of cases usually 

proportionate to the degree of cyanosis. 
General appearance. Abrahams and Wood (3) have claimed that a moon facies 

is associated with severe pulmonary stenosis with intact ventricular septum but 
not with the tetralogy of Fallot. This has not been our experience, which has 
been more in accord with that of Campbell (22). Two of our cases of severe pul­
monary stenosis with intact ventricular septum were thin and under-developed, 
but the majority were of normal build without any particular fullness of face. 
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The majority of cases of the tetralogy of Fallot were small and under-developed . 
Our series is unusual in the relatively large number of 10 mild adult cases of the 
tetralogy with reasonably normal development. In 1 severe case of the tetralogy 
of Fallot the face was moon-shaped. 

Other associated abnormalities such as long, tapering fingers, high arched 
palate, and pigeon chest, were of no help in the differential diagnosis. 

The extremities in the tetralogy tended to be warmer and the veins fuller, 
whereas in severe pulmonary stenosis with intact ventricular septum the extrem­
ities were often cool and peripheral cyanosis appeared to be superimposed on 
central cyanosis. 

No differential feature emerged from examination of the pulse in either volume 
or rhythm. Also no difference was found in the blood pressure and in both con­
ditions it was often difficult to obtain an accurate diastolic pressure. 

Jugular venous pulse. Although Laubry and Pezzi (29), as long ago as 1913, 
drew attention to the presence of an exaggerated "a" or auricular wave in the 
jugular venous pulse in 5 cases of congenital heart disease, the paramount im­
portance of this sign has only recently emerged. Abrahams and Wood (3) found 
a correlation between the severity of the pulmonary stenosis with intact ven­
tricular septum, and the size of the "a" wave. An "a" ,vave of around 5 mm Hg 
was found in moderate cases with a right ventricular systolic pressure of 51 to 
100 mm Hg, whereas a giant "a" wave of about 10 mm Hg was associated with 
ventricular pressures between 125 to 175 mm Hg. In their 7 cases of severe 
pulmonary stenosis with intact ventricular septum and reversed interatrial shunt, 
"typical giant 'a' waves were seen in every case." Great diagnostic importance 
was attached to the presence of a giant "a" wave as it was never observed in the 
tetralogy of Fallot. Of our 14 cases of severe pulmonary stenosis with intact 
ventricular septum, the "a" wave was dominant3 in 6 and giant in 4. In the 
remainder it was thought to be normal. This correlated with the catheter finding 
of an "a" wave of 3 to 9 mm Hg in the cases showing a dominant "a" wave 
which is not giant by Abrahams and Wood's criteria, whereas in 2 of the 3 cases 
with a giant "a" wave which was measured with an electromanometer it was 13 
and 16 mm Hg respectively. In 1 case the "a" wave was not visible because of 
anatomic reasons (short neck); in another an arterial Corrigan pulse of coinci­
dental aortic incompetence obscured the "a" wave of 8 mm Hg measured in the 
right auricle; but in 1 case an "a" wave of 6 mm Hg was missed. In only 1 case 
was the "a" wave normal (case 14). 

In the tetralogy of Fallot, on the other hand, a dominant "a" wave was oc­
casionally encountered but a giant "a" wave was never found. This was con­
firmed by cardiac catheterization which did not reveal an "a" wave exceeding 
5 mm Hg except in 3 unusual cases (cases 43, 52, and 57). 

Thus the presence of a giant "a" wave is a most valuable sign in the differen­
tial diagnosis. Its presence excludes the tetralogy of Fallot. If this wave is dom­
inant only, although favoring severe pulmonary stenosis with intact ventricular 
septum, it is not diagnostic. On the other hand , as recognition of the "a" wave 

3 Refer to material and methods. 
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is not always easy, and may for anatomic reasons be impossible (22), the absence 
of a visible dominant "a" wave does not exclude severe pulmonary stenosis 
with intact ventricular septum. 

Palpation of the chest. In the tetralogy of Fallot the position of the apex beat 
was almost always within normal limits, which is in keeping with general experi­
ence (28, 30). In all except 3 of our cases of severe pulmonary stenosis with intact 
ventricular septum the findings were similar, but it is well known that this 
condition is capable of causing much greater cardiac enlargement than the tetral­
ogy of Fallot (6, 22). In neither series was a thrusting localized left ventricular 
impulse felt. The apex beat was usually difficult to localize, and instead, a tapping 
sensation produced by palpable first sound was found. However, palpation of 
the right ventricle in the t hird and fourth left spaces between sternum and 
midclavicular line was of some help. Thus the lift was never marked in the 
tetralogy, whereas in most cases of severe pulmonary stenosis with intact ven­
tricular septum an abnormal sustained lift was present despite the normal size 
of the heart. 

Pulsation in the second left space wa. never present in severe pulmonary 
stenosis with intact ventricular septum nor was it felt in all but 2 cases of the 
tetralogy of Fallot. In these 2 cases (cases 24 and 39), the pulsation, although 
suggesting pulmonary hypertension (Eisenmenger's complex), was attributed to 
an anteroposed aorta and the diagnosis later confirmed by necropsy. In no case 
of severe pulmonary stenosis with intact ventricular septum was the second 
sound palpable; however, this was a striking feature in most cases of the tetralogy. 
This finding has been commented on before and attributed by V ogelpoel and 
Schrire (13) to loud aortic valve closure presumably due to anteroposition of 
the aorta. We believe that the palpability of the second sound is of some value 
in the differential diagnosis. 

A systolic thrill was present in all but 1 of the cases of severe pulmonary 
stenosis with intact ventricular septum being associated with a loud systolic 
murmur. In the tetralogy a short systolic thrill was often felt between the pal­
pable first and second sounds, but in the severe cases it was usually absent. 

Auscultation. Our findings are in full agreement with numerous pervious 
studies (3, 5- 7, 18, 23, 25, 31- 35) in failing to show any difference in the systolic 
murmur of the two conditions if attention is limited to the intensity of the mur­
mur and the site of its maximal intensity. Thus the murmur was usually harsh 
and loud (grade 3 to 5), in which case its intensity was of no help in differen­
tiating the two conditions. However, in 7 cases of the tetralogy of Fallot (cases 
17, 29, 30, 32, 39, 49, and 60), all severe, the systolic murmur was soft (grade 1 
to 2) and in 1 extremely severe case (case 48) the murmur was absent.. A soft 
systolic murmur, therefore, appeared to favor the tetralogy as in all but 1 case 
of severe pulmonary stenosis with intact ventricular septum the mmmur was 
loud. In this 1 case (case 8) a loud murmur had been noted in infancy but when 
examined preterminally the murmur had become much reduced in intensity. 
As the site of maximal intensity of the murmur in both conditions varied between 
the second and fourth spaces (table 1 ), it provided no real help in differential 
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diagnosis. :Moreover, there was no strict correlation between the site of the 
stenosis and the site of maximal intensity of the murmur. 

However, we have recently become aware of a striking difference in the mur­
mur and our findings in cases 3 to 7 of severe pulmonary stenosis with intact 
ventricular sept um, and cases 24 to 41 of the tetralogy of Fallot (table 1) have 
been published elsewhere (13). Since this publication , we have encountered 8 
further cases of severe pulmonary stenosis with intact ventricular septum (cases . 
2, 8- 14) and 21 cases of the tetralogy (cases 42 to 62), which have shown t he 
same diagnostic features. Thus in the tetralogy of Fallot a short systolic murmur 
is heard between loud first and second sounds, whereas in severe pulmonary 
stenosis " ·ith intact ventricular septum, the murmur is more prolonged and is 
not followed by a loud second sound. This difference in the behavior of the sys­
tolic murmur is readily appreciated if, at the site of maxima l intensity of the 
murmur, attention is directed to the duration of the systolic murmur in relati0n 
to the second sound and to t he position in systole of its maximal intensity . In 
the tetralogy of Fallot the murmur commences soon after the first sound , reaches 
maximal intensity by midsystole and usually ends before the single loud, often 
palpable, aortic component of the second sound (figs. 1 and 8). By contrast, in 
several pulmonary stenosis with in tact ventri cular septum, t he murmur is so 

, , ., 5 ~ 
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FIG. 1. The tetralogy of Falloi . The systoli c murmur, SM, at t he s ite of maximal in ten ­
sity, begins short ly after t he firs t sound , 1, reac hes its cresce ndo by midsystole a nd stops 
before t he loud aor t ic component, A, of t he second heart sou nd , 2. The pulmonary compo­
nent is inaudibl e and t hus t he seco nd sound is s ingl e (case 25) . 
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ICAR 

FIG. 2. Severe pulmonary ste nosis with intact ventricular septum. The ystolic murmur, 

Silt!, at the site of maximal intensity, has its crescendo in late systole and is so prolonged 

that it obscures the aortic component , A, of the very widely split second sound, 2 and 2' . 

It stops before the diminutive pulmonary component, P. The dicrotic notch of the carotid 

tracing has been used to identify the position of the buried aortic component of the second 

sound (case 3). 

prolonged that it extends beyond and obscures the aortic component of the 

very widely split second sound . It stops before the delayed diminutive pulmonary 

component which may or may not be audible (figs. 2 and 11). 

In the tetralogy of Fallot the second sound was single in all but 4 of our 48 

cases. This we have attributed to the fact that the pulmonary component is 

inaudible with the low pulmonary artery pressures commonly found in this 

condition. When the pulmonary artery pressure approximates the normal level, 

as in the exceptional mild case and after successful operation, the pulmonary 

component may become just audible giving rise to wide splitting of the second 

sound. The second sound, although shown to be produced by the aortic valve 

closure alone, is particularly loud because of several factors such as anteropo­

sition of the aortic root bringing the aortic valves closer to the chest wall, the 

increased size of the aorta together with the decreased size of the main pulmo­

nary artery, and the fact that the murmur ends before and does not obscure it. 

In severe pulmonary stenosis with intact ventricular septum, on the other 

hand, we and others have shown that the second sound is very widely split (13, 

31). At the site of maximal intensity of the murmur, the aortic component is 

usually obscured in the late crescendo of the murmur. The pulmonary compo-
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nent which follows the murmur is always markedly diminished and usually 
inaudible. Thus, auscultation at the site of maximal intensity of the murmur 
merely reveals a harsh prolonged systolic murmur which may or may not be 
followed by a very soft pulmonary second sound. However, auscultation in the 
mitral area and fourth left space, where the murmur is less intense, reveals an 
aort ic second sound of normal intensity. 

In 6 cases of severe tetralogy of Fallot an early systolic sound giving rise to 
"wide splitting of the first sound" was heard. This has been shown to be due to 
an audible ejection sound arising in the aorta (13). It was not heard in severe 
pulmonary stenosis with intact ventricular septum. However, in 2 cases of the 
latter, close splitting of the first sound was heard with an intense clicking second 
component. This sound was maximal in the second and third left spaces, and 
varied strikingly with respiration, being intense during expiration and absent 
during inspiration. The significance and mechanism of these findings have been 
discussed elsewhere (13, 36). 

In our view auscul tation plays the most important role in the differential 
diagnosis of the two conditions. Furthermore, the intensity of the systolic mur­
mur may reflect the severity of the tetralogy of Fallot. Thus a short soft murmur 
with an aortic early systolic sound suggests extreme severity whereas a relatively 
long systolic murmur with a recordable or even audible pulmonary component 
of the second sound suggests a mild case (13). 

Phonocardiography with synchronous electrocardiograms and jugular and 
carotid tracings have been of great value in both the diagnosis and better ap­
preciation of the auscultatory findings in the two conditions. In 2 cases of the 
tetralogy (case 23 and 54) an unusually long murmur gave ri se to difficulty in 
the auscultatory diagnosis. The phonocardiogram, however, was conclusive in 
case 54, showing that the murmur did not obscure the aortic sound nor did it 
extend beyond it. In case 23 both auscultation and phonocardiography favored 
severe pulmonary stenosis with intact ventricular septum. However, with de­
terioration in his condit ion, the murmur became clearly shorter and diagnostic 
of tetralogy which was confirmed by angiocardiography. As could be predicted 
from the length of the murmur, both were unusually mild cases of the tetralogy. 

In only 1 case of severe pulmonary stenosis with intact ventricular septum 
(case 14) was the murmur unusually short. This was attributed to the absence 
of prolongation of the right ventricular systole probably associated with the 
small hypoplastic right ventricule which was a most unusual finding at necropsy. 

RADIOLOGIC FEATURES 

In the tetralogy of Fallot a classic radiologic appearance has been generally 
recognized. In the postero-anterior proj ection, the heart is usually normal in 
size but owing to the hypoplasia of the outflow tract of right ventricle there is a 
marked concavity of the left border. This, together with the lifting up of the 
apex, constitutes the sabot shaped heart (fig. 3 A, B , C) . The vascular pedicle 
is made up almost entirely of the anteroposed aorta and is narrow (30). In the 
left anterior oblique view the forward projection of the right ventricle brings it 

36 
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Fro . 3. The cardiac s ilhouette in t he te tralogy of F allo t . A-C show the typical sabot 

shaped heart. In B t he aor t ic a rch is unusuall y high . In C a nd H t he arch is right s ided. 

D shows the la rge aorta wi t h diminut ive pulmonary a rte ries a nd bronchial coll ater;:t l vessels. 

The infundibular cha mber is shown in E . In Ji' an unusuall y enlarged aorta i s~en . A vir­

tuall y norma l s ilhouette wi t h normal pulmona ry arte ri es is shown in G. The unusual post­

stenot ic dilatat ion in H a nd I makes t he s ilhouet te indistingui shable from pulmonary 

steno is wi th in tact ve nt ri cul ar sep t um (A to I represe nt cases 50, 22, 42, 41 , 44, 34, 52 , 53, 

38 respectively). 

closer to the chest wall. The aorta, being anteroposed, is closer t o the anterior 

chest wall than normal (fig. 3 F ). The aortic window is abnormally clear. In 

the right anterior oblique view the left atrium is not enlarged and there is absence 

of prominence of the outflow tract of the right vent ricle. The hilar shadows are 

small and t he lung fields abnormally clear. 
In severe pulmonary stenosis with intact ventricular septum, on the other 

hand, the heart is often enlarged in the postero-anteri or proj ection (22). Because 
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FIG. 4. The cardiac silhouette in severe pulmonary steno8is with intact ventricular 
septum. A-D show the range in s ize from slight to extreme right heart enlargement. The 
usual poststenotic dilatation of the main and left pulmonary arteries a nd the normal or 
small aorta are shown in A- C. In E and F the dilatation is aneurysmal whereas in D the 
enlarged cardiac shadow obscures the pulmonary arc. In G the cardiac silhouette is a lmost 
normal apart from sligh t right atrial enl a rgement . (A - G represent cases 5, 2, 4, 8, 7, 7, and 
6 respectively) . 

of the poststenotic dilatation which affects c:hiefly the main and left pulmonary 
arteries, there is a marked convexity on the left cardiac border. The right ven­
tricle is markedly hypertrophied and the apex is not lifted up from the diaphragm 
(fig. 4 A to E). The right atrium is often enlarged and the amplitude of pulsation 
in the right atrium and ventricle is abnormally forceful. The vascular pedicle 
is prominent due to the poststenoti c dilatation of the pulmonary artery and a 
normally placed aortic root (fig. 4 C and E). In the left anterior oblique pro­
jection the marked hypertrophy of the right ventricle is particularly well seen. 

38 
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The left ventricle is often displaced posteriorly so that it overlaps the spine and 
may be mistaken for left ventricular enlargement. The aortic window is often 
obscured by the large left pulmonary artery (fig. 4 F). In the right anterior 

oblique projection there is prominence of the outflow tract of the right ventricle. 
The hilar shadows are enlarged, especially the left, but do not show pulsation. 
The lung fields are abnormally clear. 

When the classic radiologic appearance is present the diagnosis may be made 
with ease. However, a significantly large number of either group do not show 
these features. 

Less than half of our cases of the tetralogy (18 of 48 cases) had the character­

istic sabot shaped heart. This is in agreement with Baker et al. (28). Most had 
a more normal shaped heart with a straight left border (fig. 3 G) and in some the 
apex was slightly lifted (table 1). In 10 cases a prominence below the pulmonary 
artery was present and shown to be due to an infundibular chamber (fig. 3 E). 

In 3 cases the heart was moderately enlarged (fig. 3 D), and in 1 (case 56), con­

siderably enlarged (CTR 62). In 15 cases the left pulmonary artery was smaller 
than normal but in the remainder this vessel was normal in size and in 4 wa~ 
more prominent than normal, and in 3 there was marked poststenotic dilatation 
(fig. 3 Hand I). The latter case could readily be confused with severe pulmonary 
stenosis with intact ventricular septum. In all except 8 cases there was oligemia. 

In severe pulmonary stenosis with intact ventricular septum, 8 of 13 cases had 
an increased cardiothoracic ratio. The cardiac silhouette was typical in 10 
cases. In 1 case the silhouette was almost normal (fig. 4 G). 

The aorta in the tetralogy of Fallot is often prominent (11 cases) and in young 
children may be quite a striking feature (fig. 3 D and F). An unusual elongation 
and prominence of the knuckle was present in 4 cases (fig. 3 B) . Six of the 48 

cases showed a right-sided aorta (fig. 3 C and H and fig. 15 C). On the other 
hand, in severe pulmonary stenosis with intact ventricular septum, the aorta 
was never unduly prominent and was usually overshadowed by the poststenotic 
dilatation of the pulmonary artery (fig. 4 C and E). A right-sided aortic arch 

is extremely rare in severe pulmonary stenosis with intact ventricular septum 
and to our knowledge has been reported only twice (22, 41). 

Radiology, therefore, is important enabling the diagnosis to be made with 

reasonable certainty in a large number of cases. Thus the sabot-shaped heart 
excludes severe pulmonary stenosis with intact ventricular septum with rare 
exceptions; conversely obvious poststenotic dilatation and cardiac enlargement 
strongly favor the latter diagnosis. A heart of normal shape and size occurs in 
both conditions but more commonly in the tetralogy. A right-sided aorta strongly 

favors the tetralogy (22). 

'l'HE ELECTROCARDIOGRAM 

Right axis deviation and right ventricular hypertrophy were found in all our 
cases of the tetralogy and severe pulmonary stenosis with intact ventricular 
septum. It is general ly held that the pattern of marked right ventricular hyper­
trophy with deep T inversion and S-T depression extending across the chest to 
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VR VL 

FIG. 5. The pattern of extreme righ t ventricular hypertrophy often encoun tered rn 
severe pulmonary ste nosis with in tact vent ri cu lar septum . Ri ght atrial hypertrophy is 
also shown (case 9) . 

2 3 YR VL VF 

FIG. 6. The pattern of moderate right ventricular hypert rophy usually seen in t he 
tetralogy of Fallot (case 52). 

V4 with tall R waves occurs only in severe pulmonary stenosis with intact ven­
tricular sept um (37) (6 of 14 cases ; fig. 5). In 5 cases of the tetralogy T-wave 
inversion was present from Vl to 4, but there was not S-T depression and the 
T waves were not deeply inverted. In the majority of cases of the tetralogy (31), 
T-wave inversion did not extend beyond Vl (fig. 6) but this finding also occurred 
in 5 of the 1-! cases of severe pulmonary stenosis with intact ventricular septum. 
vVhereas there appears to be some correlation between the severity of the pat­
tern of the right ventricular hypertrophy and the severity of the stenosis in cases 
with intact ventricular septum (22) , no such correlation exists in the tetralogy 
of Fallot. Thus in an extreme case of the tetralogy (case 49) right axis deviation 
alone was present (fig. 7). 
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L 
Fm. 7. Right axis deviation only in a case of extreme tetralogy (case 49) illustrating the 

lack of correlation between the severity of right ventricular hypertrophy and the severity 
of the stenosis . The right auricular hypertrophy is well shown. 

Incomplete right bundle-branch block was found in 3 cases of severe pulmonary 
stenosis with intact ventricular septum and 2 cases of the tetralogy, but in no 
case was complete right bundle-branch block encountered. The presence of right 
bundle-branch block has been considered to favor strongly severe pulmonary 
stenosis with intact ventricular septum (7). Tall P waves denoting right atrial 
hypertrophy were encountered sufficiently commonly in both conditions to be 
of no real value in differential diagnosis (figs. 5 and 7). The P-R interval was 
prolonged in 2 cases of severe pulmonary stenosis with intact ventricular septum, 
but was of normal duration in all cases of the tetralogy. 

Thus, as a rule, the electrocardiogram is of no speciai value in the differential 
diagnosis. However, the presence of marked right ventricular hypertrophy and 
stress favors severe pulmonary stenosis with intact ventricular septum. 

SPECIAL INVESTIGATIONS 

Special investigations are required to establish the diagnosis and to provide 
information required by the surgeon. 

Wherever possible, cardiac catheterization has been the initial investigation. 
If the diagnosis was established during this procedure (vide infra) angiocardiog­
raphy was no longer required for diagnostic purposes and was usually omitted. 
If the aorta was not entered from the right ventricle, a selective angiocardiogram 
from the right ventricle was usually performed. By this means full intravenous 
angiocardiography could sometimes be avoided. This is important because if the 
essential information can be obtained at one investigation, the patient is saved 
another procedure which in itself is not without danger. 

CARDIAC CATHE'l'ERIZATION 

Site of stenosis. Twelve of the 14 cases of severe pulmonary stenosis with intact 
ventricular septum were catheterized. In 9 the pulmonary artery- was entered 
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FIG. 8. The tetralogy of Fallot . A pulmonary artery pressure of 6 with a ri ght ventricul ar 
pressure of 100/ 0 mm Hg proves pulmonary valve stenosis. The aorta was entered from the 
right ventricle. The murmur is loudest in earl y systole and ends well before t he aortic 
second sound in cont rast to t he prolonged murmur shown in fig . 11 (case 47). 

and severe stenosis proved in each case (fig. 8). In 2 cases (S . M., ca e 10, and 
D. A., case 14) infundibular stenosis was present as well; in 1 of these the infun­
dibular stenosis was missed during catheterizat ion but was found at operation 
and necropsy. 

Thirty-two of our cases of the tetralogy of Fallot were catheterized. In 28 the 
pulmonary artery was entered and stenosis demonstrated . H owever, it is not 
always easy to locate the site of the stenosis accurately. In 24 of these where 
electromanometric t racings were obtained, the stenosis appeared to be valvular 
in 9 (fig. 8), infundibular in 6, and in the remaining 9 valvular and infundibular 
stenosis was present, infundibular stenosis usually predominating (fig. 9). 

Thus in agreement with most workers, if catheterization proves an infun­
dibular steno is the diagnosis is usually t he tetralogy of Fallot, whereas if it is 
valvular, no such inference can be made. In all cases the pulmonary and infun­
dibular stenosis was of a severe order, but there was no significant difference in 
the level of t he pulmonary arterial pressures. 

Catheterization of the aorta from the right ventricle. If the catheter t ip can be 
advanced into the aorta from the right ventricle (fi g. 12), t he ventricular sept um 
can not be intact and hence severe pulmonary stenosis with intact ventricular 
sept um is conclusively excluded. Unfort unately, it is not always easy to do this 
in t he tetralogy, for t he aorta was entered in 11 cases only . 

Comparison of the systolic pressure in the right ventricle with the systemic pressure. 
Of the 12 cases with severe pulmonary stenosis and intact ventricular sept um 
catheterized, full electromanometric data were obtained in 9. In 6 t he right 
ventricular pressure was considerably higher than the systemic systolic pressure 
(fig. 10). In 3 cases the right ventricular systolic pre sure was lower than the 
systemic. 

In the tetralogy the right ventricular systolic pressure is of the same order as 
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Fra. 9. The tetralogy of Fallot. A pulmonary artery pressure of 3, an infundibular 
chamber pressure of 18/ -2 and a right ventricular pressure of 74/ -12 to O mm Hg proves 
infundibular a nd pulmonary valve stenosis. The passage of the catheter from the right 
ventricle into the aorta proves that the ventricular septum is not intact . The diagnosis of 
the tetralogy of Fallot is thus established. The right ventri cu lar and aortic systolic pres­
sures are of the same order (case 21). 

the systemic (fig. 8 and 9). In 10 cases where the aorta was entered there was 
never more than 10 mm Hg difference between the two systolic pressures. In 
these cases the aortic pressure was in good agreement with the systolic pressure 
as determined by the sphygmomanometer. In those cases where the aorta was 
not entered the right ventricular systolic pressure was usually of the same order, 
when compared with the systemic blood pressure as determined by the sphyg­
momanometer at the same time. There was one exception (case 40), a mild case 
with a right ventricular systolic pressure 15 mm Hg above the systemic blood 
pressure. 

Thus when there is considerable difference between the right ventricular and 
systemic systolic pressures the diagnosis is almost always pulmonary stenosis 
with intact ventricular septum. In the tetralogy the pressures are usually of the 
same order. The effect of exercise on the systolic pressure in t.he right ventricle 
may be of con iderable importance. In severe pulmonary stenosis with intact 
ventricular septum, the right ventricular systolic pressure may, by coincidence, 
be at the same level as the systemic but will reach a much higher level than the 
systemic pressure in response to exercise. In the tetralogy, however, no such 
disproportion will usually result. We have not employed exercise as a routine 
but in the occasional case it may well be crucial to the diagnosis. 

These findings are in accord with the general experience of other workers (19, 
20). Soulie et al. (5), however, have also observed an occasional case of the tetral­
ogy of Fallot with a higher pressure in the right ventricle than in the aorta. 
It is conceivable that an unusually small ventricular septal defect with minimal 
overriding of the aorta may result in such a disparity in these pressures. In case 
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F IG . 10. Severe pulmonary stenosis wi t h in tact vent ricular sep tum. The catheter has 
been passed t hrough t he defect in t he at ria l septum into t he left side of t he heart. The 
pressure in t he left vent ricle (LV) is 90/ 2 whereas t hat of t he righ t vent ri cle is 150/ 2 mm Hg. 
The vent ricul ar septum is t hus intact . Cyanosis is due to a righ t -to-left atria l shun t, t he 
"a" wave in t he righ t atrium being higher than t hat of the left (7 and 3 mm H g respectively 
(case 6)). 

ISO 

FIG. 11 . Severe pulmonary stenosis with intac t vent ricular sep t um. A gi ant "a" wave 
of 13 mm Hg is recorded in t he right atrium (RA). The mean pressure in t he pulmonary 
artery (PA) is 8 mm Hg. The large "a" wave in t he pulmonary a rte ry tracing is presumably 
produced by right atri a l contraction. This pulse wave is probably transmi tted t hrough t he 
hole in t he atria l sep tum in to t he lef t atrium and t hence to t he pulmonary artery via t he 
pulmonary capilla ries. The pressure in the right vent ricle (RV) is 155/0 to 16, which is 
considerably higher t han t he systemic pressure of 115/ 85 mm Hg. The characteristic pro­
longation of t he systoli c murmur is also shown (case 5). 

57 where the systolic pressure in the right ventricle ,rns 9 mm Hg above the 
femoral artery at rest and 40 mm Hg above t he systemic level for a short while 
after effort , the angiocardiogram showed no anteroposition and only slight early 
opacification of the aorta. 
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FIG. 12. The tetralogy of Fallot . The catheter has been passed into the aorta from t he 
right ventricle. This excludes pulmonary stenosis with intact ventricular sep tum (case 47). 

Right atrial pressure. Particular attention was paid to the height of the "a" 
wave. In 3 cases of severe pulmonary stenosis with intact ventricular septum, 
a giant "a" wave (10, 13, and 16 mm Hg, respectively) was present (fig. 11). 
In 5 cases the "a" wave measured 7 to 9 mm Hg and in 2 cases the "a" wave 
was only 5 and 3 mm Hg respectively. 

In only 2 of the 22 cases of the tetralogy where the right atrial pressure was 
obtained with the electromanometer did the "a" wave exceed 5 mm Hg. In 1 
(case 43) a giant "a" wave of 11 mm Hg was present. This case, however, was 
complicated by coarctation of the aorta, which resulted in a right ventricular 
pressure of 160/ 2 mm Hg. In t he other case, (case 52) the mildest of the series, 
an "a" wave of 8 mm Hg was recorded. Thus the presence of a giant "a" wave 
excludes an uncomplicated case of the tetralogy of Fallot, and an "a" wave 
exceeding 5 mm Hg is a strong point against this diagnosis. 

Passage of catheter into left atrium from right atrium. The catheter was passed 
from the right to the left atrium in 4 cases of severe pulmonary stenosis with 
intact ventricular septum, thus proving an interatrial communication. However, 
the presence of such a communication doe not exclude the tetralogy because a 
patent foramen ovale or an atrial septal defect may also be present in this con­
dition. Thus in 2 of our cases of the tetralogy, the left atrium was entered. How­
ever, if it can be shown that the pressure in the left atrium exceeds that of the 
right auricle (case 33) severe pulmonary tenosis with intact ventricular septum 
with reversed interatrial shunt can be excluded becau e in this condition the 
pressure in the right atrium always exceeds that of the left (fig. 10). However, 
Soulie et al. (5) have reported the occasional presence of a right-to-left gradient 
even in the tetralogy. 
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Fm. 13. Selective angiocard io~ram from t he right ventricle in the tetralogy of Fallot. Simultaneous filling of t he aorta and the pulmonary artery excludes an intact ventricular septum . The infundibular stenosis and chamber are clearly demonstrated (case 33). 

SELECTIVE ANGIOCARDIOGRAPHY FROM '.L' HE RIGHT VE ::-STRICLE 

In all 5 cases of severe pulmonary stenosis with intact ventricular septum on 
whom selective angiocardiography was performed no filling of the aorta was 
observed. In 11 of the 16 cases where this procedure was performed in the tetral­
ogy the aorta was filled (fig. 13). Moreover, in the tetralogy the patient usually 
complained of the systemic effects of the dye almost immediately after t he in­
jection. In severe pulmonary stenosis with intact ventricular septum this effect 
was delayed or absent. Thus selective angiocardiography is a most useful method 
of establishing the diagnosis of the tetralogy of Fallot. However, if the aorta 
does not fill , the tetralogy can not be excluded. 

In 6 cases of the tetralogy an infundibular stenosis and chamber were outlined, 
thus providing information of diagnostic value. Moreover, the demonstration 
of the abnormal local anatomy was of some assistance to the surgeon. 

I NTRA VENOUS ANGIOCARDIOGRAPHY 

The role of intravenous angiocardiography in the di agnosis of the two condi­
tions has been discussed in detail elsewhere (17). Provided one is aware of certain 
pitfall s (38), this method can afford ronclusive proof of the diagnosis (39). 
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FIG. 14. Prograde angiocardiogram in severe pulmonary stenosis with intact ventricular 

septum. In the AP view (A) there is imultaneous and dense opacification of the aorta and 

the pulmonary artery, giving an appearance indistinguishable from the tetralogy. The 

oblique view (B) is essential to show that the aorta is filled from the left heart and not the 

right. All chambers of the heart are densely filled in the early series, proving a right -to-left 

shunt in the atria (case 9). 

In the antero-posterior projection early opacification of the aorta and pul­

monary arteries occurs in both conditions and the degree of the aortic opacifica­

tion in severe pulmonary stenosis with intact ventricular septum may be com­

parable if the interatrial shunt is considerable (figs. 15 A and C, and 14 A). 

In one of our early cases of severe pulmonary stenosis with intact ventricular 

septum (case 1) an erroneous diagnosis of the tetralogy of Fallot was made on 

these grounds. 
Thus in no case should the diagnosis be based on the appearance of the antero­

posterior angiocardiogram alone, when there is any evidence of premature opaci­

fication of the left heart. The crux of the angiocardiographic diagnosis is an 

early opacification of the left atrium in the left oblique projection (fig. 14 Band 

15 B). In 5 out of 7 cases of severe pulmonary stenosis with intact ventricular 

septum on whom angiocardiograms were performed the right and left shunt 

through the atria was clearly demonstrated (fig. 14). 

In the tetralogy of Fallot, slight fleeting filling of the left atrium may sometimes 

be seen due to a slight right-to-left interatrial shunt induced by angiocardio­

graphic conditions (17, 40). This occurred in 5 of our cases but the degree of 

fiJling of the left auricle and left ventricle was so slight that the gross filling of 

the aorta shown in the same picture could not be accounted for by the inter­

atrial shunt. In one of these cases (case 41) despite the large atrial septa! defect 

shown at necropsy, the right-to-left interatrial shunt of cliodone was small and 

fleeting (fig. 16). 
Although early opacification of the left ventricle may occur in the tetralogy 

of Fallot through an interatrial or interventricular shunt, in none of our cases 
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Fm. 15. Angiocardiogram in the tetralogy of Fall ot. Simultaneous early filling of the 
aorta and pulmonary arte ries is shown in both projections. The aorta is filled from the right 
ventricle because the left heart has not yet been opacified. While apparent in the antero­
posterior projection (A), where the right ventricle does not form the left cardiac border, 
the absence of left heart fi lli ng is a lways more decisively shown in the left oblique projec­
tion (B ). When the right ventricle fo rms the left border of the heart (C) the antero-posterior 
projection fails to differentiate the two conditions. However, the right-sided aorta strongly 
favors the tetralogy as does the disparity in size between the aorta and pulmonary artery. 
In this case valvular stenosis is clearly shown and there is no left pulmonary artery. (A, 
case 53; B, case 53; C, case 17). 

was this premature opacification dense. On the other hand, early and dense 
opacification of the left ventricle was seen in 5 cases of severe pulmonary stenosis 
with intact ventricular septum, resulting in the remarkable finding of equal 
opacification of all four heart chambers in the same picture (fig. 14 B), as al­
ready stressed elsewhere (17). In 2 cases no early opacification of the left heart 
was observed. 

As has been stressed in an earlier communication (17), attention must be 
directed not only to the early opacification of the aorta, but also to the density 
of the opacification and to the size of this vessel and its anatomic position. In 
the tetralogy of Fallot the early opacification of the aorta is usually as dense as 
that of the pulmonary a rtery. The aorta is often an abnormally large vessel, 
certainly larger than the pulmonary artery. Anteroposition is the rule and a 
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Fw. 16. Angiocardiogram in t he tetralogy of Fallot associated with atria l septa! defect 

(the pentalogy) . In t his combinat ion the angiocardiogram even in t he left oblique projec­

t ion closely resembles pulmonary stenosis with in tact ventri cula r septum (fig. 14 B ). How­

ever , t he volume of dye passing into the left heart (A) can not alone account for t he early 

and dense opacification of t he aorta (B ) which is fill ed from both ventricles. Another feat.ure 

favoring t he tetralogy is t he disparity in size betwee n the aorta a nd pulmonary artery 

<case 41). (From Goetz , Nellen , Schrire, a nd Vogelpoel, 1955, courtesy of ANGIOLOGY. ) 

right-sided arch is not uncommon (fig. 15 C), and in our series it was present in 

6 cases. On the other hand, in severe pulmonary stenosis with intact ventricular 

sept um if the aorta is prematurely opacified, it is usually less dense than the 

pulmonary artery and is not abnormally large ; in fact, the poststenotic dilatation 

of the pulmonary artery usually produces a shadow larger than the aorta (fig. 

14 A). Anteroposition is not a feature and a right-sided arch is extremely un­

common (22, 41). Anomalies of the aortic arch and its branches are not uncom­

mon in the tetralogy and these may occasionally be demonstrated by the angio­

r,ardiogram (fig. 15 C). The presence of such abnormalities favors the tetralogy. 

In one unusual case (case 43) coarctation of the aorta was found in association 

wit h the tetralogy of Fallot. 
Pulmonary valvular stenosis with poststenotic dilatation occurs in both con­

ditions. However, the degree of the dilatation is usually far greater in severe 

pulmonary stenosis with intact ventricular septum and in 1 case (case 7), it 

was in fact aneurysmal. In the tetralogy the poststenotic dilatation is not u u­

ally impressive and in only 2 cases (cases 38 and 62) was it a prominent feature 

(fig. 3). In infundibular stenosis poststenotic dilatation of the pulmonary artery 

usually is absent but may occur. 
In the tetralogy of Fallot the right ventricle empties rapidly via the aorta and 

pulmonary artery. By contrast, in severe pulmonary stenosis with intact ven­

t ricular septum, the pulmonary artery is the sole outlet of the right ventricle 

and delayed clearing of the right heart is a constant feature. Thus <lye is retained 

far longer in the right ventricle and pulmonary arteries in this condition. 

We have often experienced difficulty in determining the site of the stenosis 

by intravenous angiocardiography. The infundibulum is situated well within 
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the cardiac shadow and unless the right ventricular outflow tract is clearly out­
lined the site and degree of the stenosis is impossible to determine. Narrowing 
and irregularity of the outflow tract is usually found in the tetralogy (39), the 
normal U-shape of the right ventricle being lost. Overlying shadows produced 
by the main and left pulmonary arteries add to the difficulties and may lead to 
errors in the localization of the stenosis. However, when infundibular stenosis 
is clearly demonstrated it may be helpful in the diagnosis as infundibular stenosis 
is so much more common in the tetralogy. The presence of infundibular stenosis 
is shown by the demonstration of an infundibular chamber, and was clearly 
shown in 9 cases of the tetralogy. However, it was not shown in several others 
in whom infundibular stenosis was proved by catheterization and necropsy. An 
opacified left pulmonary artery behind the outflow tract of the right ventricle 
may be mistaken for an infundibular chamber and this error was made in one 
of our cases in whom necropsy revealed valvular stenosis. Valvular stenosis can 
occasionally be demonstrated but is of no help in differential diagnosis. 

OXYGE SATURATION 

Comparison of the oxygen saturation of the blood samples from right heart 
chambers and vessels is of little diagnostic value in the differentiation of the 
two conditions (5). If the left atrium is entered a right-to-left shunt may be 
demonstrated, but a normal oxygen saturation in a left atria sample does not 
exclude a reversed interatrial shunt, as the sample may be taken from a pulmo .. 
nary venous stream before admixture. We have not found oxygen studies to be 
of value in the differential diagnosis but we have not investigated the effect of 
exercise, oxygen inhalation, or forced breathing in the two conditions. Selective 
dye dilution curves and circulation times from the right heart chambers appear 
to be promising techniques for accurate diagnosis but have not yet been per­
formed in this laboratory. 

DIAGNOSIS AT OPERATION 

The diagnosis of the tetralogy of Fallot can be established if, during the pro­
cedure of pulmonary valvotomy or infundibular resection, the sound can be 
passed from the right ventricle into the aorta. In two of our cases (cases45 and 51) 
the diagnosis was considered proved in this way as cardiac catheterization and 
angiocardiography had not been performed. 

The recognition of an infundibular chamber normally presents little difficulty 
and its presence strongly favors the diagno is of the tetralogy. Valvular stenosis, on the other hand , is of no diagnostic value. 

SUMMARY 

1. Fourteen cases of severe pulmonary stenosis with intact ventricular septum 
and right-to-left interatrial shunt and 48 cases of the tetralogy of Fallot have 
been analyzed to assess the points of value in the differential diagnosis. 

2. The methods used in establishing conclusive proof of the diagnosis in each case are described. 
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3. The most important and constant clinical differentiating features are the 

findings on auscultation. Thus, in severe pulmonary stenosis with intact ven­

tricular septum the systolic murmur at the site of maximal intensity is so pro­

longed that it extends beyond and obscures the normal aortic component of the 

very widely split second sound. It stops, however, before the markedly delayed 

diminutive pulmonary component, which may or may not be audible. ln the 

tetralogy of Fallot on the other hand, the systolic murmur starts soon after the 

first sound, reaches maximal intensity by midsystole and then diminishes mark­

edly usually ending before the single loud, often palpable aortic component of 

the second sound. Other auscultatory findings of some importance are described. 

4. Examination of t he neck veins is second only to auscultation in importance 

in the clinical differentiation. A giant "a" wave excludes uncomplicated tetral­

ogy of Fallot where the "a" wave is usually normal. A dominant "a" wave 

strongly favors severe pulmonary stenosis with intact ventricular septum. 

5. In severe pulmonary stenosis with intact ventricular septum the heart is 

usually normal in size but may be considerably enlarged; there is usually a 

marked sustained lift over the right ventricular outflow tract and the second 

heart sound is not palpable. In the tetralogy the heart is normal in size as a rule 

and the lift over the second right ventricle is insignificant. However, the second 

sound is often easily palpable and a systolic thrust in the _pulmonary area, pre­

sumably due to the anteroposed aorta, is occasionally felt. 

6. A delayed onset of central cyanosis favors severe pulmonary stenosis with 

intact ventricular septum but may occasionally occur in the tetralogy. ,Cyanosis 

developing in the first year favors the tetralogy but may also occur in severe 

pulmonary stenosis with intact ventricular septum. The intensity of cyanosis at 

rest is on the whole greater in the tetralogy than in severe pulmonary stenosis 

with intact ventricular septum. 
7. A history of squatting occurs more commonly in the tetralogy than in 

severe pulmonary stenosis with intact ventricular septum, but is of no help in 

the diagnosis of the individual case. 

8. Dyspnea, clubbing, polycythemia, effort syncope, and stunting of growth 

are common to both conditions. 
9. A history of angina pectoris favors severe pulmonary stenosis with intact 

ventricular septum. 
10. Whereas right atrial and right ventricular hypertrophy are electrocardio­

graphic features common to both conditions, the pattern of extreme right ven­

tricular hypertrophy favors severe pulmonary stenosis with intact ventricular 

septum. 
11. In a large proportion of cases the diagnosis can be suggested on radio­

logic grounds alone. In severe pulmonary stenosis with intact ventricular septum, 

the heart is usually larger and there is marked poststenotic dilatation of the 

pulmonary arteries. In the tetralogy the heart is often sabot shaped. The aorta 

is generally unusually wide and may be right-sided . However, many features 

overlap in both conditions. Moreover, in a number of cases the cardiac silhouette 

is within normal limits. Pulmonary oligemia and right ventricular hypertrophy 

are common to both conditions. 
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12. The diagnosis can usually be made by cardiac catheterization. The dem­
onstration of an infundibular stenosis favors the tetralogy but valvular stenosis 
is common to both. Passage of the catheter from the right ventricle into the 
aorta excludes severe pulmonary stenosis with intact ventricular septum. The 
presence of an "a" wave of 9 mm Hg or more excludes uncomplicated tetralogy 
of Fallot. Passage of the catheter from the right atrium to the left does not prove 
t he diagnosis of severe pulmonary stenosis. A pressure gradient from right-to-left 
atrium and/ or the demonstration of a right-to-left interatrial shunt favors the 
latter diagnosis. 

13. Selective angiocardiography is a useful method for establishing the diag­
nosis of the tetralogy of Fallot. The aorta usually can be filled by inj ecting 
diodone into the right ventricle and the infundibular chamber can often be out­
lined. 

14. Intravenous angiocardiography usually produces simultaneous opacifica­
tion of the aorta and pulmonary arteries in both condit ions. Differentiation of 
the two is best seen in the left oblique projection. In severe pulmonary stenosis 
with intact ventricular septum, marked early opacification of the left atrium and 
left ventricle accounts for the premature opacification of the aorta. In the tetral­
ogy the aorta is filled from the right ventricle. In the anteroposterior proj ection 
the infundibular chamber can sometimes be outlined favoring the tetralogy. 
An unusually large aorta and anomalies of the aortic arch favor the tetralogy. 

15. An accurate diagnosis can usually be made at the bedside. Cardiac cath­
eterization and angiocardiography provide special anatomic information useful 
to the surgeon and may be essential for the diagnosis in the occasional case. 
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Clinical Communications 

The Use of Amyl Nitrite in the Differentiation of Fallot's T etralogy and 

Pulmonary Stenosis With Intact Ventricular Septum 

L. Vogelpoel, M. B. , M.R. C.P ., V. Schrire, M. B ., Ph.D., M.R .C.P., M. N ellen , 
M. D., M. R.C.P ., and A . Swanepoel, M. B. , M. R.C.P. , Cape Town, South Africa 

In previous communica tions concerning the different iation of Fallot's tetra l­
ogy from severe pulmona ry stenosis with in tact vent ricula r sept um a nd right­
to-left interatria l shun t, attention was d rawn ·to the striking difference in the 
duration' of the systolic murmur.1 •2 In th e tet ralogy t he murmur usually reaches 
a crescendo near mid-systole a nd ends either before or at the loud aort ic second 
sound , which it does not obscure. In severe pulmona ry stenosis with in tact 
vent ricula r sept um t he murmur is much more prolonged, reaching a crescendo 
late in systole and extending well beyond the aort ic second sound, which it often 
completely obscures. The murmur ends before a very soft pulmonary second 
sound which is very widely separated from the aort ic component . This dif­
ference in behavior of the murmurs can be appreciated at the bedside a nd the 
diagnosis usually settled by a uscul tation. 

In a subsequent publication3 it was shown that the length of the systolic 
murmur closely refl ec ts t he severity of the stenosis. H owever, t he murmur 
behaves in opposite fashion in the two condi t ions with increasingly severe ste­
nosis. Thus, in p ulmona ry stenosis with in tact ventricula r sept um the more 
severe the stenosis the longer a nd later the murmur. In Fallot's tetralogy the 
more severe t he stenosis the shor ter a nd earlier the murmu r. A successful valvot­
omy or infundibula r resection has a n opposite effect on the murmur, shortening 

F rom th e Cardiac Clinic . Groote Schuur H ospi tal, and the D epar t m ent of M e1icine. U niversity of Cape T own. Cape Town , Sout h Africa. 
This stud y " as , u pi:;or t ed b y a gr ant from GJrxo I ahcr~tor:es Ltd . , G reenfcrd, M iddlesex, London , a nd par t of t h e expenses fo r t his work h ave been d<f. al ed by grants r eceived from t he Cou nc il for Scientific and I nd uEtrial Rernacr. T h e Cit y Cou ncil of Cape Town tas a ided the Car diac Clinic finan­ciall y during t he past few year s. 
R eceived for p u blication D ec. 10, 1958. 
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it in the former and lengthening it in the la tter condition, so that accurate pre­

di ction of the operative result can be made from auscu ltation . These striking 

differences were shown to be due to the different dynamic situation in the two 

conditions. 
Occasionally, however, it is difficult to distinguish between mild Fallot's 

tetralogy (cases often acyanotic a t rest) and moderately severe pulmona ry or 

infundibular stenosis with intact ventricular septum . In both conditions long 

systolic murmurs are found extending into the aortic second sound but not ob­

scuring it. In both, wide splitting of the second sound with a delayed soft pul­

monary component occurs. 3 Moreover, the similar clinical, electrocardiographic, 

a nd radiologic features, as well as the similar right ventricula r a nd systemic 

systolic pressures found during cardiac catheterization, add to the diagnosti c 

difficulties. Accurate diagnosis is essential in planning the surgical procedure. 

The purpose of this paper is to show that inhala tion of amyl nitrite induces 

an opposite effect on the length a nd loudness of the systolic murmur in the two 

conditions, and that this is dependent on the striking difference induced on the 

right ventricular pressure by this drug. 4 This harmless procedure may be used 

either a t the bedside or during cardiac catheterization, and is of great value in 

establishing the diagnosis, particularly when the auscu ltatory and manometric 

findings of the two cond itions overlap. Furthermore, it is of va lue in differenti­

a ting other acyanotic congenital cardiac conditions associated with a pansystolic 

parasternal murmur which occasionally closely simu late pulmonary or infundib­

ula r stenosis with intact ventricular septum. 14 Its use in differentia ting aortic 

ejection from mitral regurgitant systolic murmurs has been shown by Ba rlow 

a nd Shillingford. 16 

MATERIAL AND METHODS 

There were 22 cases of Fallot's tetralogy, 12 cases of pulmona ry stenosis with intact ven­

tricular septum, and 3 cases of infundibular stenosis with intact ventricular septum. The diag­

nosis was proved in a ll cases by cardiac catheterization, selective a ngiocardiogra ph y from the 

right ventricle, surgery, or necropsy, on the basis of criteria previously described .1 •2 Further­

more, the cases studied represented varying degrees of severity in each condition. No case was 

accepted if a ny doubt remained as to whether or not the ventricular septum was intac t. 

The effects of a myl nitrite on the sys temic and right ventricular pressures were s tudied during 

cardiac catheterization in 10 cases of tetralogy, 8 cases of pulmonary stenosis with intact ventric­

ular septum, and 2 cases of infundibula r stenosis with intact ventricular septum. At the end of 

a routine diagnostic cardiac catheterizat ion a control recording was made of the right ventricular 

a nd sy temic pressures (brachia! or femoral a rtery) , together with a high-frequency phonocardio­

graphic (PCG) tracing using the N.E.P. multicha nnel recording apparatus. Immediately con­

secutive right ventricula r a nd sys temic pressures were recorded through a two-way tap attached 

to the ma nometer head. 17 The PCG was recorded at the same attenuations throughout, a nd fre­

quent recordings at fast pa per speed (75 mm. per second ) were made during held expiration 

throughout the study. Between the fast strii: s the recordings were made at slow paper speed 

(2.5 or 8 mm. per second). The patien t was encouraged to take deep inhalations of a myl nitrite 

for approximately 15 seconds. The changes in the systemic and right ventricula r pressures were 

monitored on an osci lloscope a nd recorded continuously a t slow speed , interspersed with frequent 

short recordings at fast speed. Sa mples of blood were taken from the right ventricle and systemic 

a rtery before inhalation of a myl nitrite , a nd on several occasions during the peak action of the 

drug. This was of seconda ry importance in this stud y, inasmuch as the ma in purpose was to 

obtain pressure recordings a nd PCG tracings during the brief period of action by amyl nitrite. 
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After the pressures and pulse rate had returned to a constant level (usually by 4 minutes), t he 

inhalation of amyl ni t rite was repeated, the main object being to produce a significant drop in 

the systemic pressure. If the patient cooperated well, t he tests were soon over, but in small in­

fants and uncooperative patients several attempts were often required. If t he patient strained, 

a Valsalva effect was produced, causing misleading results. During general anesthesia the effect 

of amyl nitrite is less marked, presumably because of vasodilatation induced by the anesthetic. 

A parallel stud y was a lso made on outpatients attend ing the Cardiac Clinic, who were de­

liberately selected to show the effect of a myl nitrite on cases of different severity. 3 A control 

PCG t racing was recorded with one microphone at t he site of maximum intensity of the murmur 

a nd one at a suitable site (usually at the fourth left intercostal space) to record the aortic second 

sound, together with an ECG lead. Ten deep inhalations of amyl nitrite usually produced t he 

desired brisk fall in blood pressure, flu sh, and tachycardia. Phonocardiograms were recorded 

continuously during and after the inhalation, and frequent fast tracings (75 mm. per second) 

were made during held expiration throughout the study. Recordings with constant a mpli ficat ion 

were made during held expiration in order to assess accurately any change in the intensity of the 

murmur a nd hea rt sounds. · 

The duration of the inhalation was noted and a signal registered at intervals of 7.5 seconds 

after withdrawal of the a mpule. Blood pressure readings (cuff method) were taken at very fre­

quent intervals by one of us, while the other observed the changes in the murmur through the 

audiophone. Recordings were continued until the murmur had returned to its initial intensity 

and length, which usually required 3 to 4 minutes. The study was usually repeated at least once. 

RESULTS 

Fallot' s Tetralogy.-
Ejf ect on the systemic and right ventricular pressures: The effect of inhaled 

amyl nitrite on systemic and right ventricular pressures was studied in 10 cases 

of the tetralogy and is shown in T able I. In each case, during the first 15 to 

30 seconds, there was a fall in both the systemic a nd right ventricular systolic 

pressures (Fig. 1) . The fall in the systemic systolic pressure (average, 19 mm. Hg) 

was a lways slightly greater than the fall in right ventricular systolic pressure 

(average, 15 mm. Hg). In no case did the right ventricular systolic pressure 

rise during nor immediately after the maximal effect of the d_rug, provided the 

subject was not straining or crying. There were usua lly ma rked tachycardia 

a nd increased cyanosis immediately after inhala tion . As the effect of the drug 

wore off, the systemic a nd right ventricul ar pressures gradually rose, while the 

tachycardia and cyanosis diminished, and the resting state was usually reached 

within 4 minutes . 
During the inhalation, ear oximetry showed a sharp fall in the systemic 

arterial oxygen saturation, indicating a n increase in right-to-left shunt (Fig. 1) . 

As the effect wore off, so the arterial oxygen saturation gradually rose to the 

initia l level. Ear oximetry was most useful in detecting slight transient cya­

nosis in mild cases in which there was acyanosis a t rest. 

Effect on the systolic murmur and heart sounds: During the first 30 seconds 

a fter the inhalation of a myl nitrite the pulmonary systolic murmur diminished 

in length a nd intensity in every case. This could be readily appreciated by the 

ear despite the ma rked tachycardia during the maximal effect of a myl nitrite. 

Thereafter, as the effect wore off, the systolic murmur increased in length and 

intensity a nd returned to its original state in about 3 minutes. The clinical 

observations were confirmed in each case by the PCG tracing, which a lso showed 
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that the first sound became loud, because of tachycardia, and the aortic second 
sound soft, because of the fall in systemic diastolic pressure.5 A similar effect 
was noticed in all cases of tetralogy, whether extreme (1 case), severe (4 cases), 
moderate (5 cases), or mild (12 cases) (Figs. 4 and 5). The method of grading 
severity was based on criteria described elsewhere.a In the extreme case the 
murmur disappeared completely during the peak action of amyl nitrite, and a 
similar effect was recorded in 2 of the 4 severe cases studied. In one of these 
cases the initial short early systolic murmur buried an aortic ejection sound. 

RV BA 

RV• 100/S 

BE.FORE . 

BA RV 
10 

BA-76/JO 

·No SM. 

f\V- 7S/I 

I MIN. AFTER 
INHALING AMYL NITRITE 

Fig. !.- Severe tetralogy. Effect of amyl nitrite on immediately consecutive right ventricular 
(RV) and brachia! artery (BA) pressures and arterial oxygen saturation. One minute after inhalation the BA and RV pressures dropped from 92/ 60 and 100/ 5 to 76/ 50 and 75/ 5 mm. Hg, respectively, and arterial oxygen saturation dropped from 48 to 26 per cent. The pulmonary systolic murmur temporarily disappeared, reflecting marked reduction in pulmonary blood flow. 

However, when the murmur became much softer and earlier during the effect 
of amyl nitrite, the aortic ejection sound was clearly shown (Fig. 4). In the 5 
moderately severe cases there was marked softening and shortening of the dura­
tion of the murmur during the peak action of the vapor. In one case sinus brady­
cardia persisted throughout, showing that in the tetralogy the shortening of the 
murmur is due to factors other than the sinus tachycardia induced by amyl 
nitrite. 

In all 12 mild cases the systolic murmur was loud and long, extending into 
the aortic second sound but never completely obscuring it (Fig. 5). In 9 of these 
cases a soft pulmonary component could be recorded, causing wide splitting of 
the second sound (average, 0.08 second). The graphic appearance of the murmur 
in relation to the aortic second sound and the width of splitting was indistinguish­
able from that of moderately severe pulmonary stenosis with intact ventricular 
septum, wherein the right ventricular systolic pressure is between 60 and 120 
mm. Hg.a The murmur was never as prolonged, even in the mildest tetralogy, 
as in severe pulmonary stenosis with intact ventricular septum.a In all these 
mild cases (including one case that had been converted from an extreme tetralogy 

.into a mild acyanotic tetralogy by a successful valvotomy) the murmur became 
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much reduced in intensity, and shortened considerably. No case was encountered 
with a completely negative result, although the shortening of the systolic murmur 
was much more marked in some mild cases than in others. This must be related 
to the degree of cooperation of the patient, the !ability of the vascular responses, 
and, possibly, the size of the ventricular septa! defect. 

In all 9 cases of mild tetralogy with a recordable pulmonary sound this 
sound disappeared during the maximal effect of amyl nitrite, and returned there­
after (Fig. 5). In one of these cases an incompetent pulmonary murmur followed 
the delayed sound and both disappeared during the maximal effect of amyl ni­
trite. These observations support the conjecture that pulmonary blood flow 
diminishes and pulmonary arterial pressure drops in association with the known 
drop in right ventricular systolic pressure. In fact, a drop in pulmonary arterial 
pressure during inhalation of amyl nitrite in cases of the tetralogy has been re­
ported by Wood. 6 

~\\\\,\ . 
I ,oo , 

FA FA FA RV 

50 

. ;11111 1/////11/ 
11/('hlli 1"/'111,11 h,11111 I 

~ -
i1Ji~11 1

1/ ll11J111 11111'1 I 
~OKC I t,UN .... " 

IIEFOAE INHAL ING AMYL NITAITE. J AFT ER ...J 

Fig. 2.- Severe pulmonary stenosis with intact ventricular septum. Effect of amyl nitrite on im­
mediately consecutive femoral arterial (FA) and right ventricular (RV) pressures. Before amyl nitrite 
the FA and RV pressures were 200/ 120 and 142/ 0 mm. Hg, respectively. Cardiac rate was 68/ min. 
During the 30 seconds of inhalation, FA pressure fell rapidly to 100/ 72 mm. Hg, while RV pressure rose 
steeply with each successive systole to reach a level exceeding 200 =· Hg, the cardiac rate increasing 
to 100/ min. After cessation of inhalation, FA pressure rose, reaching 175/ 135 after 30 seconds, 200/ 145 
after 1 minute, and 195/ 146 mm. Hg after 2 minutes, while cardiac rate slowed to 78/ min. RV pres­
sure, however, remained much elevated throughout the 2 minutes, and although commencing to fall 
after 1 minute, it was still high (160/ 5 mm. Hg) at 2 minutes. 

In a few cases, loud third and atrial sounds emerged for a short while and 
then quickly disappeared, even though the murmur remained short. The ap­
pearance of these sounds suggested rapid flow of blood into and through the 
right ventricle during the early phases of action of the drug. 

Pulmonary and Infundibular Stenosis With Intact Ventricular Septum.­

Effect on the systemic and right ventricular pressures: The effect of inhaled 
amyl nitrite on the systemic and right ventricular pressures was studied in 8 
cases of pulmonary valvular stenosis and 2 cases of infundibular stenosis, the 
cases being selected to cover a wide range of severity. There were 3 mild cases 
(right ventricular systolic pressure [RVP] under 60 mm. Hg), 3 moderately 
severe cases (RVP, 60 to 120 mm. Hg), one of whom had infundibular stenosis, 
and 4 severe cases (RVP, 120 to 180 mm. Hg), one of whom had infundibular 
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stenosis. The resu lts are shown in Table I and indicate that whether the stenosis 
(valvular or infundibular) was mild, moderate, or severe the eff<;ct of amyl ni­
trite on t he pressures was the same. In each case, during the first 15 seconds 
of inhalation of amyl nitrite, t here was a quick fall in t he systemic pressure and 
pulse pressure associated with a marked tachycard ia. Within 10 seconds the 
pressure in the right ventricle began to rise rapid ly with each successive beat 
(Fig. 2) . After 20 or 30 seconds the systemic pressure was usually very low and 
the right ventricular pressure very high (Figs. 2 and 3). When the inhalation 
of amyl nitrite was stopped, t he systemic pressure returned grad ually to the 
basal level, but the right ventricular systolic pressure continued to rise and took 
much longer to return to normal tha n the systemic pr.essure (Fig. 3). 

r: - n 
RV FA RV FA FA FA FA RV I 

I 

ISO 

I \ I 

\\' \ I 

1: 
Ji':\\ ~l 1 I 10 

\ . I 
I 

J so 

t!I '' ,, ~,·, r ~t~~~h~~il ,·, 2· 

"'l,i-4~\(r' .·,~ 
'·,l k . q q ' • J' 

'' 
I l, 1 

SEC 45 60 70 SEC 41,., 1,; 

J BEFORE AFTER INHALING AMYL -NITRITE 

JIV 125/10 RV 1)6/ IO RV. IIS / 10 RV 160/0 

FA 120/72 l FA 63/42 FA 12 S/ 80 FA 140 / 92 
I 

RATE llf/ MIN ) 1>0 I MIN ' JSS/ Mltl ' 160/MIN · 135 / MIN 

Fig. 3.-Severe pulmonary stenosis with intact ventricular septum. Before amyl nitrite the im­
mediately consecutive RV and FA systolic pressures were almost equal , simulating Fallot 's tetralogy. 
The systolic m urmur at the pulmonary area (PA) was very prolonged, obscuring the aortic component, 
bu t ending before the very much delayed soft pulmonary component (2,P). After inhalation, the marked 
drop in systemic pressure followed by marked rise in RV pressure proved· that the vent ricular septum 
was intact. Note the much quicker return to normal of FA than RV pressure. The FA pressure reached 
resting level in 1 minute, after which there was an overshoot. The highest RV pressure was reached at 
70 seconds, and even at 4 minutes it still exceeded the resting level. The systolic murmur increased 
in intensity with the rise in RV pressure , being loudest at 70 seconds and still increased at 4 minu tes. 
The pulmonary component persisted throughout. Oxygen saturation of the RV blood rose from 62 
to 71 per cent during the peak effect, while systemic oxygen saturation remained unchanged at 91 per 
cent. 

Thus, the peak rise in right ventricular pressure usually occurred well after 
the peak fall in systemic pressure. In several cases the systemic pressure sub­
sequently rose well above the basal level, with an increased pulse pressure, sug­
gesting an overshoot phenomenon (Fig. 3). By 4 minutes the right ventricular 
pressure usually. had returned to t he initial level. The average fall in systemic 
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systolic pressure was SO mm. H g, whi le t he average rise in the right ventricular 

pressure was 58 mm . H g. These cha nges in pressure were therefore much more 

dramatic than those seen in the tetralogy. However, the most important diag­

nostic feature was the marked ri se in right ventricular pressure, as opposed to 

its fa ll in the tetralogy. The divergent behavior of the pressures following in­

halation of amyl nitrite readily distinguished those cases of pulmonary stenosis 

with intact ventricular septum in which equal systemic a nd right ventricular 

systolic pressures simu-lated the tetralogy (Fig. 3). Conversely, the response 

to amyl nitrite should a lso identify cases of tetralogy with discrepant right ven­

tricular and systemic systolic pressures simulati ng stenosis with in tact ventricular 

septu m.2 , 7 - 9 

BP 10/ 50/ 80 I 80/ 
. l 

~c:~·# ~J___c i:_. 
2 

2 2 
2 2 

11:,.sM 
I,.. ~ lij1 I 

I ~ 

11J 

It-I ~~~ 

11 SEC 20 SEC 90 SEC 2 1/4 MIN 
-·- - - -

AFTER INHALING AMYL NI TRITE 

Fig. 4.-Severe tetralogy. Before amyl nitrite there was a sort systolic murmur which had an early 

crescendo and ended just before the very loud aortic second sound (Z). Eighteen seconds after inhala­

tion the murmur disappeared, exposing an aortic ejection sound (X). Two seconds later the ejection 
sound either disappeared or became much closer to the first heart sound. Gross diminution in intensity 

of the aortic second sound reflected the marked fall in systemic diastolic pressure. After 90 seconds, 

with the rise in blood pressure (and presumably in RV pressure), both murmur and ejection sound 

reappeared , and by 2 ~ minutes the murmur had returned to the resting state. Each vertical line meas­
ures 0.04 sec. in this and subsequent phonocardiograms. 

In cases without a right-to-left interatrial shun t there was no fall in systemic 

oxygen saturation, but this might be anticipated in cases with a n atrial septa! 

defect. Data on the change in oxygen saturation in the right ventricle were 

not adequate, and, in the main , were disappointing. A rise in oxygen saturation 

of the blood returning to the right heart would be anticipated fo llowing the 

sudden release of peripheral resistance. Those samples of blood taken during 

the peak action of amyl nitrite all showed a slight rise in oxygen saturation 

(Table I and Fig. 3) . However, the technique used was too crude to detect 
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small evanescent .changes in oxygen saturation. Moreover, this study was 
designed mainly to determine changes in pressure, which meant that sufficient 
samples could not be taken for oxygen estimation at the height of the circulatory 
changes. A catheter with double lumen was used 'on only one occasion, and by 
this meai1s pressure and oxygen saturation data cou ld be obtained simultaneously. 
This aspect is being investigated further. 

BP 105/ 
RATE IQ8f"'il,.. ' 

I_ BEF~RE 

80/ 
130/M_tN 

3I OSEC 

2 

105 / 
118 /MIN 

2 

60.SlC 4MIN 

_ .,__A .... F_T_E_R___,__ IN_HALING AMYL NI TRITE L 

Fig. 5.- Mild (acyanotic) tetralogy. Before amyl nitrite the loud prolonged systolic murmur 
filled systole but did not obscure the aortic component (2,A) . A very soft and delayed pulmonary 
component (2,P) was recorded 0.07 sec. after the aortic sound. These findings were indistinguishable 
from those of moderately severe pulmonary or infundibular stenosis. However, the marked temporary 
reduction in the intensity of the murmur with the disappearance of the pulmonary component following 
amyl nitrite proved Fallot's tetralogy. Compare with Fig. 6. 

Effect on the systolic murmur and heart sounds: The effect of inhaled amyl 
nitrite on the auscultatory and PCG findings was studied in 5 mild cases, 6 mod­
erately severe cases, 2 of whom had infundibular stenosis, and 4 severe cases, 
one of whom had infundibular stenosis. The changes induced during a nd after 
the inhalation were similar in all cases studied and quite different from those 
found in Fallot's tetralogy (compare Figs. 3 and 6 with Figs. 4 and 5). During 
the inhalation, while the systemic pressure was falling, the systolic murmur 
became much louder. This indicates that the reduced systemic pressure is ac­
companied by an increase in pulmonary flow unlike the response found in the 
tetralogy. During the period after inhalation, while the pulse rate was slowing, 
the murmur became even louder and more prolonged, reflecting the continued 
rise in right ventricular pressure, but usually after 4 minutes it had returned to 
its original intensity and duration. 

The increase in loudness was invariably confirmed by the PCG tracing, 
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and the crescendo often appeared a little later in systole, suggesting prolongation 
of right ventricular systole in relation to left ventricular systole. Left ventricular 
systole might shorten while right ventricular systole lengthens during the peak 
action of the drug. This should result in a systolic murmur of increased duration 
in rela tion to the aortic second sound and a greater width of splitting.3 However, 
it was difficult to compare the width of splitting before and during inhalation 
of amyl nitrite because of the marked difference in heart rate. The fact that 
the width of splitting, when measurable, remained virtually unchanged during 
the severe tachycardia must mean that there was either prolongation of right 
ventricular systole or shortening of left ventricular systole, or both (Figs. 3 and 6). 
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I. 
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'1 I 
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I ii.I 1, 
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NITRITE 

F ig. 6.- Moderately severe pulmonary stenosis with intact ventricular septum. The crescendo and 
duration of the murmur and wide splitting of the second sound could uot be distinguished from those iu 
mild acyanotic Fallot's tetralogy. However, the gross increase in loudness of the murmur with persis­
tence of the pulmonary component (P) after amyl nitrite proved that the ventricular septum was intact. 

The pulmonary component never disappeared , as occurred in all cases of mild 
tetralogy showing a recordable pulmonary component (compare F igs. 3 a nd 6 
with Fig. 5). This suggests that the pulmonary blood flow and pressure were 
well mainta ined and probably moderately increased by the high right ventricular 
pressure. The fact that the pulmonary component never greatly increased in 
loudness may indicate that the pulmonary arterial pressure never rose much, 
despite the ma rked rise in right ventricular pressure. The effect of amyl nitrite 
on the pulmonary arterial pressure was measured in only one case. The pressure 
rose from 15/ 5 to 23/ 10 mm. H g, remaining at this level for a minute after ces­
sation of the inhalation. The RVP rose from 72/ 0 to 115/ 0 mm. H g during a 
separate inhalation. The pulmonary component rema ined unchanged through-
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out the synchronously recorded PCG tracing, while the murmur became greatly 
increased in intensity as well as prolonged in relation to the aortic second sound. 

An atrial sound emerged in the occasional case during the inhalation but 
quickly disappeared as the cardiac rate slowed down . 

COMMENT 

The strikingly different response of the right ventricular pressure to over­
filling with blood following the inhalation of a myl nitrite forms the basis of the 
different behavior of the systolic murmur in the two conditions. Amyl nitrite 
presumably acts by suddenly releasing the systemic peripheral resistance, re­
sulting in a pronounced fall in systemic pressure and a marked tachycardia with 
an increased cardiac output. This must be associated with a sudden and marked 
increase in the venous return to the right side of the heart analogous to the tidal 
wave that follows the sudden opening of flood gates (Fig. 7) . 

In pulmonary or infundibular stenosis with intact ventricular septum the 
ventricle can discharge its contents only through the stenosed outlet, so that 
any increase in venous filling must be expelled by an appropriate increase in 
systolic pressure. The very steep rise in this pressure with each successive systole 
(Fig. 2), and the continued rise after the systemic pressure has returned to normal 
(Fig. 3), must imply a rapidly increasing venous return and indirectly reflect 
the profound extent to which amyl nitrite is capable of releasing the systemic 
resistance. 

Similar changes in pressure occurred whether the stenosis was mild or severe, 
and the rise in the right ventricular pressure was invariably associated with a 
striking increase in the intensity of the systolic murmur, reflecting the marked 
increase in the speed a nd volume of blood ejected through the stenosis. The 
increase in the intensity of the murmur was always easy to appreciate on a usculta­
tion, thus permitting a confident diagnosis at the bedside. 

In Fallot's tetralogy the dynamic situation is completely a ltered by the pres­
ence of a la rge ventricular septa! defect, which offers to the right ventricle a n 
escape route of much less resistance than its stenosed outflow tract, and hence 
the right ventricu lar pressure cannot significantly exceed the systemic pressure. 
Thus, the right ventricular pressure is determined not by the severity of the 
stenosis, as in the case of stenosis with an intact ventricu lar septum, but by the 
systemic resistance.* Pulmonary blood flow is therefore dependent on two ma in 
main factors, namely, the systemic resistance and the severity of the stenosis. 
For a constant systemic resista nce, pulmonary blood flow is inversely proportional 
to the severity of the stenosis, as shown by the inverse relation between the length 
and loudness of the murmur and the severity of the stenosis, in contrast to the 
direct relation found in cases with an intact ventricular septum. 1 •3 Conversely, 

*This argument holds for the majority of cases of tetralogy in which the ventricular septa! defect 
is large. It is appreciated that in the rare case of an exceptionally small septa! defect,3• 7 or a large de­
fect rendered functionally small by a tricuspid or endocardial flap valve, 10 •18 the severity of the stenosis 
becomes the determining factor in the level of the right ventricular pressure. In fact, the smaller the 
defect the more closely will the behavior of the right ventricular pressure and murmur before and after 
amyl nitrite simulate stenosis with an intact ventricular septum. 
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for a given degree of stenosis, pulmonary blood flow a nd, hence, the length and 
loudness of the murmur will be influenced by the systemic resistance. If the 
systemic resistance is high, the right ventricular systolic pressure rises, resulting 
in increased pulmonary flow, as shown by the favorable effect of systemic hyper­
tension16 and coarctation of the aorta1·3 on the tetralogy. If systemic resistance 
falls, the right ventricular pressure should likewise fall, resulting in decreased 

TABLE JJ. THE DIFFERENTIAL DIAGNOSIS BETWEEN MILD FALLOT'S TETRALOGY AND MODERATELY 
SEVERE PULMONARY OR INFUNDIBULAR STENOSIS 

PULMONARY OR INFUNDIBULAR 
MILD OR ACYANOTIC TETRALOGY STENOSIS (MODERATELY SEVERE) 

Symptoms Nil or mild dyspnea (squatting 
usually absent) 

Usually nont 

Cyanosis ( ear oximetry) May be absent at rest; brought 
out by effort, or amyl nitrite 

Absent 

Hemoglobin Normal or slightly elevated ormal 

Clubbing Absent or slight Absent 

"A" Wave Normal Often normal; may be dominant 

Heart Size Normal Normal 

RV Lift Slight Slight to moderate 

Systolic Murmur 
Before Loud; fills systole; A2 not Loud; fills systole; A2 partially 

obscured obscured 

After amyl nitrite Softer and shorter Louder and longer 

Heart Sounds 
Before Usually single; soft P 2 may be P2 soft in PA; split always wide 

heard in PA; split a lways wide (average, 0.08 sec.) 
(average, 0.09 sec.) 

After amyl nitrite Loud first; A2 softer; P2 Loud first; A2 softer or hidden; 
disappears P2 remains 

ECG RV hypertrophy (moderate) RV hypertrophy (moderate) 

Lung fields normal or slightly Lung fie lds normal or slightly 
oligemic oligemic 

X-Ray Shape: sabot or normal Poststenotic dilatation if valvular 
stenosis, but absent if infun-

Right aorta helpful dibular stenosis 

Cardiac Catheterization 
Before Pulmonary or infundibular Pulmonary or infundibular 

stenosis stenosis 
Systemic systolic = RV systolic Systemic systolic= RV systolic 

After amyl nitrite Systemic and RV fall Systemic falls++; RV rises++ 

Other Methods 
Aorta entered from RV Conclusive if succeeds Excludes 
Selective angiocardiog- Aorta filled Aorta not filled 

raphy from RV 
Aorta filled from RV No fi lling of aorta from RV Dye Dilution 
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pulmonary flow with shortening and softening of the murmur. Amyl nitrite 
was thus chosen as an agent which would selectively reduce the systemic re­
sistance while subjecting the right ventricle to increased work. By such a circu­
latory manipulation the presence or absence of a ventricular septa! defect can 
be readily detected. 

The striking feature in the tetralogy was the fact that the right ventricular 
pressure fell despite the greatly increased venous return following the inhalation 
of amyl nitrite. This must imply the presence of a large ventricular septa! defect 
capable of offering an effective escape route and permitting the right ventricular 
pressure to fall in response to the lowered systemic resistance (Fig. 8). It might 
be anticipated that cases of tetralogy with relatively small ventricular septa! 
defects should show no fall, or even a rise in right ventricular pressure. So far 
no such case has q~en encountered. In the tetralogy the fall in systemic pressure 
was not so marked or so prolonged as in pulmonary stenosis with intact ven­
tricular septum. This is attributed to the quicker adjustment of systemic arterial 
and venous blood volumes that must occur when there is a wide communication 
in the heart (Figs. 1 and 8). The increased venoarterial shunt during inhalation 
of amyl nitrite resulted in increased cyanosis, which was confirmed by oximetry. 
The fall in systemic resistance and, hence, in right ventricular pressure must 
reduce the gradient across the stenosis and result in a fall-off in pulmonary flow. 
In addition, pulmonary flow will also be handicapped by greater stroke volume 
lost down the aorta because of the fall in systemic diastolic pressure. This may 
account for the fact that marked shortening and softening of the systolic murmur 
sometimes occurred despite little fall in systemic systolic pressure. 

It is believed that the transient reduction in blood flow through the stenosed 
outflow tract accounts for the reduction in the intensity and duration of the 
systolic murmur during the inhalation of amyl nitrite in all cases of tetralogy, 
whether extreme or mild (Figs. 4 and 5). Iq mild cases with the murmur loud 
at the aortic sound the murmur shortens so considerably that it ends before the 
sound, or obscures much less of it (Fig. 5). In severe cases the murmur shortens 
even more and not infrequently disappears, sometimes leaving only an aortic 
ejection sound1

- 3 •
11

•
12 in its place (Fig. 4). The temporary disappearance of the 

pulmonary second sound in those mild cases in which it was recorded (Fig. 5) 
reflects the fall in pulmonary diastolic pressure that must accompany reduced 
pulmonary flow. As the systemic resistance rises with the wearing off of the 
effect of amyl nitrite, so the improving pressure gradient and pulmonary flow 
are revealed by a gradual increase in length and loudness of the murmur. 

The chief application of these observations is in the diagnosis of mild or 
acyanotic cases of tetralogy from moderately severe cases of pulmonary stenosis. 
Both present many similar features (Table II). Thus, common to both are good 
effort tolerance, absence of squatting, absence of cyanosis at rest, a loud systolic 
murmur extending into the aortic component but not obscuring it and wide 
splitting of the second sound with a soft, delayed pulmonary component, right 
ventricular hypertrophy on electrocardiogram, similar radiologic appearances, 
and, at cardiac catheterization, similar systemic and right ventricular systolic 
pressures. Points favoring a mild tetralogy may be slight cyanosis during effort, 
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which if not visible is usuall y readily revealed by ear oximetry, and a mild poly­

cythemia associated with minima l clubbing. Cyanosis due to a right-to-left 

interatrial shunt usually occurs only in severe cases of pulmona ry stenosis in 

which t he murmur is so prolonged as to render the diagnosis reasonably straight­

forward.1 The diagnosis appears to depend on the awareness that cases of acya­

notic tetralogy of Fallot may masquerade as pulmonary stenosis, and hi therto 

has often required specialized techniques such as selective angiocardiography 

from the right ventricle, a good prograde angiocardiogram, a nd selective dye 

dilution curves to show filling of the aor ta from the right ventricle.2 However, 

the use of amyl nitrite can quickly settle the problem either at the bedside or 

in the laboratory. The test can be repeated without ha rm to the patient, a nd 

phonocardiographic confirmation is useful bu t not essential. During cardiac 

catheterization the amyl nitrite test has proved more satisfactory a nd convenient 

t han t he exercise test which we used to employ whenever simila r systolic pres­

sures were encountered. 

SUMMARY 

The effect of the inhalation of amyl 111tnte on the systemic and right ven­

tricular pressures and on the systolic murmur and heart sounds has been studied 

in pulmonary stenosis with intact ventricular septum and Fallot's tetralogy. 

In pulmonary or infundibula r stenosis with intact ventricular septum the 

inhalation of amyl nitri te resul ts in a pronounced fall in systemic pressure a nd 

a marked rise in right ventricular pressure. The increased right ventricular 

pressure results in a striking increase in the loudness of the systolic murmur. 

After cessation of the inhalation, pressures a nd murmur gradually return to 

their original state in about 4 minutes. 

In Fallot's tetralogy the inhalation of amyl nitrite results in a moderate 

fall in both the systemic and right ventricular systolic pressures, with a n increase 

in right-to-left shun t. The reduced right ventricular pressure results in a dimi­

nution in pulmonary flow, which is refl ected by a decrease in the intensity a nd 

duration of the systolic murmur. As the effect of the vapor wears off, the pres­

sures, murmur, and cyanosis return to the basal level, usua lly within 3 to 4 

minutes. 

The reasons for these striking differences are discussed full y. The effect 

was similar whether the case of pulmonary stenosis or Fallot's tetralogy was 

mild, moderate, or severe. 

The amyl nitrite test is of value in settling the difficult and important diag­

nosis of mild (acyanotic) Fallot's tetralogy and moderately severe pulmonary 

or infundibular stenosis with intact ventricular septum, in cases in which the 

clinical, electrocardiographic, radiologic, a nd catheter findings may be identical. 

The different behavior of t he systolic murmur at the bedside and of the pressures 

during cardiac catheterization readily distinguishes the two conditions. 

We wish to thank members of the Staff of Groote Schuur Hospital for referring cases for 

investigation, and the Superintendent, Dr. J. Burger, for permission to publish. We should like 
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also to acknowledge the assistance received from our technicians, Mr. and Mrs. L. W. Piller and 
Mr. P. Flagg, and the help of Sisters J. Abbott and G. Wheeldon, and to thank Mr. Todt for 
photographic services. 
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The Mean Ventricular Axis in Congenital Heart Disease: A Study Con­

sidering the Natural Incidence of the Malformations 

Jorge Martins de Oliveira, M.D.,* Rodolfo Carballo, M.D.,* Elias S. Imperial 

M.D.,* Joao Tranchesi, M .D.,** and Henry A. Zimmerman, M.D.*** 

Cleveland, Ohio 

Recently, Sodi-Pallares and collaborators1 have stressed the importance of 

the mean manifest electrical axis of the ventricular activation process (AQRS) 

in the differential diagnosis of congenital heart diseases. They divided t he 

frontal plane into 6 parts, according to Bayley's triaxial system, thus analyzing 

the distribution of 16 congenital malformations from 60 to 60 degrees. 

The importance of such a study is beyond any discussion, and the value 

of the determination of AQRS in the diagnosis of congenital heart diseases has 

been extensively proved by our daily experience. However, it called our atten­

tion to the fact that the incidence of the lesions observed in their series does 

not correspond to the approximate "natural incidence"t of the different types 

of malformations in the whole group of congenita l heart diseases. For instance, 

they found a high incidence of tetralogy of Fallot a nd tricuspid atresia as compared 

to a relatively low incidence of ventricular septa! defect and pure pulmonic 

stenosis. Thus, we feel that the results obtained by Sodi-Pallares and co-workers 

are biased, since t heir study was based only on cases in which electrocardiograms 

were available. 
In order to appreciate the results that would be obtained if the approximate 

natural incidence was considered, we performed a careful analysis of the findings 

in the paper referred to above, and carried out a study of our own on the dis­

tribution of the mean ventricular axis in patients with congenita l cardiac anom­

a lies. 

Received for publication Feb. 2, 1959. 
*Fellow, Marie L . Coakley Cardiovascular Laboratory, St. Vincent Charity Hospital, Cleveland, 

Ohio. 
**Chief, Department of Electrocardiography, Hospital das Clinicas. Faculdade de Medicina, 

Universidade de Sao Paulo. Sao Paulo, Brazil. 
***Director, Marie L. Coakley Cardiovascular Laboratory, St. Vincent Charity Hospital, Cleveland, 

Ohio. 
tWe call "natura l incidence" that which could be obtained from the statistical studies of different 

authors, based on confirmed anatomic diagnosis (by surgery or autopsy). 

820 



... 

170 b 

··~ : ' 

ADD 

. . 

1 

. , 

.. 



171 

C ,e .,, ........ 
tef 

s. 

• • t • &\nt 

• J. t • septma f.a • t 

• • 
• 

i t 

int .. 
..... 

•• to 

• 1 

' 
' 1 • e f of • 

•• ol th wo c;o • 



i 

1• 

a 

ffl~lltt t .• ., Old 

111oae. A riae · 
--.... u ~ .s-~·lftfi·· 

~JA1tll"lt•lJUJl1'lOlr1n7flo• 

tot e,-•teat. 

••Pl la lntsot. 

••• OUl!t,OlR\l • 

leeta.,.Cl) 

au. 
!lm!Ylluffll •uc.-

·• tens •u ~ ........ ,.,""3 

lamw, ~­

• a1<2>. 
s.cttP1:J1,e(')( .. e £ft.tlm~~ .. !1l4e.PGl1Blllill7 

-iffft11~e ooald.MU • 

. ( .u ... .. 

dl-1 

·~ aeoona tSOlll:Ul·· 

atttm.tla . vu1 Pai~,a·t, 1,m11c)flotmCl- ot 1 

.... l 

4.l(lb~ 

t 

.m;JJ;'9GIMJQ. PUJ!illO;mlt~ t Jtl' 0. . 



1, 

e o 



114 

(1) 

• 
( 

1 1 

08 

• 1 l ... th 

t e C 

C e 1 Ut .... ,). 
A• YOH cft. 11 he 1 • 
ho l 

d. • 



175 



,.v~. 
• 

3 

117/< I , C 
20/ 

l CO/tnin. Soft 
shorts- •arl7 .:> 
Aortio ejn. 
sound. 

·L 

'l'ABL8 l 

120/96' ll?0/15 

l 

I,O. 81 
'1 

73 

,:.. 

Cvl';.u.l'i,t,;•.u 

..,J 

"', 





177 

2 . I 

4LS /:~;,: 
' ! 

p I A 
A I p ' SM PA 1! . . · SM . . , , SM ' \· ··SM ····· I 

I, • • 
,, 

'. : 

0 T ENYLEPHRENE NITR IT 



lira.d.Jrcu•TdLia wa a ~· 

... t 

e 

11 

1 

a 

lo 

0 

•• 
nare 

g~-~-vD6X'J •~~4~U<,i; 

' 

17 

.. 

• 
7 aa • • 

• 

In • 

• 



lN:IO'&i •1th 1D ac 

4)• 

PtHtelll~ in 2 111!!1'91'.'·a cue,a 

•! 
). 

tint 

• t 

1 p .. .,, 
1 l• Yalft cl • l le al! p { • ...,, 

la.r naf.• 

C 
2 /1 

• • • 
• 

} eev• 
..,. 

( 5) •• 
0 t • atoll 



' 

2) 

C 

• 11• 

• on o 

' 

• 

• 
I o , 

14)/0 

ch 



OeJ. Case 

•• 
I 

1 I .1.,.-. 
j '17 F. 
I 

I 
2 I \?•lJ• 

I 10 tf. 
l 

I 
3 1 

I 

l 
• .,,l) 

• 

t 

d:i 



DURING & AFTER O·S mg PHENYLEPHRENE 1 



PA 

4LS 

190/120 
62 / MIN 

AFTEA o·smg PHENYLEPHRENE 

113 



4. 

·• 

• 
1 • • ra 

• 

• 

• 

l ; e lt 

e II) 

.. . C 

-
• li 1 

• 1! ,1. ,~. 
r • 
•1 ' l 

'\ A • • 
1 

f f l 



PRE-OP 

POST-OP 

I.S. I\ESECTEO 
V.S.O. CLOSED 
(Pl a, TD 



• 

ela1 

• 

(.1. 

Ahlf 

• 

7 

ahift 

•1 

C. ; 

• 

0 

2 

0 

t) f. 

t ... trl.c 

., 

• 

1 

C 

• • " 
I 

a£ • 

"' t • 

' .,. t.ro• 

fi 

• • 

1 .. 

1 

• 



• 

• p ( Vl). 

• 

• 

e 



us 

• t ( 

••-r,. ft aa 

t 
' i 

i 

i ta 

• 

• 

l $ 

). 

• 

• 

cl. 

;f 

ii 

. .,.. 
l 

• 

• 

I 



a .. 

0 a p .. 
18 .. n 

r li • .._ 

•t C t 'I wit 

• 
' 0 

• 1 ·-



l 

• 



191 

• • • r. 

,. el, 

• 9 :J (• C I) . ,. 
• 55,~ 

• ' 
. , • 



192 

APPENDIX 

It was found impossible to _include the rotocole of 
a.ll cases studied; however, com. lete clinical, PCG, -OG, 
radiologicalt rd.tao oathet risation, angiocardiogr ph1c data, 
including operative and necropsy findings where a~dlicable, 
are avail l>le in 'the Cardiac Clinic, Groote Schuur HOSIJital, 
Cape own. 

A final summ.a.ry of the thesis will not be resented 
since ~he conc.lusione have been adequately st.a~ed in the 
Introduction and at the end of ea.ch cha ter .. 




