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The hypoplastic left heart syndrome is a term coined by Lev35 to de
scribe a group of anomalies having as a common denominator an 
obstructive lesion (atresia or stenosis) on the left side of the heart. 
The spectrum of hypoplasia of the left side of the heart ranges from 
a mere vestigial left ventricle in cases with both aortic and mitral valve 
atresia to lesser forms of this syndrome (hypoplasia of the aortic arch) 
in which only a relative underdevelopment of the left ventricle exists. 
In all instances the pulmonary artery is large and the right ventricle 
dilated and hypertrophied. There is no transposition of the arterial 
trunks. 

A variety of pathologic complexes may give rise to this syndrome. 
Although the exact clinical profile depends in part on the particular 
lesions present, most patients bear a striking resemblance to one an
other. Clinical discussions in the past were usually limited to one par
ticular complex with no attempt to discuss the syndrome as a whole. 
In this clinic the various groups of clinical lesions forming the syndrome 
will be discussed and compared, and an attempt will be made to point 
out the similarities of the group so that a diagnosis of the syndrome, if 
not the exact entity, can be established premortem. A clinicopathologic 
study of such cases seen at the Children's Medical Center in Boston 
over the past nine years will form the basis for this discussion and in 
addition material from the literature will be included. 

From the Department of Pediatrics, Harvard Medical School, and The Sharon Cardio
vascular Unit, The Children's Medical Center, Boston. 
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INCIDENCE 

In reviewing the postmortem records at the Children's Medical Cen
ter for the past nine years, 101 patients with the syndrome under dis
cussion were found; about one such infant comes to autopsy each month. 
In an average year between 70 and 80 postmortem examinations are 
performed on children with various forms of heart disease in this hos
pital. Therefore these patients comprise approximately 15 per cent of 
the autopsied cases of heart disease here. If only infants under one 

TABLE 10. 101 Patients with Hypoplastic Left Heart Syndrome Seen at the Children's 
Medical Center, Boston, 1949-1957 Inclusive 

NUMBER OF PATIENTS 

Aortic valve atresia. . . . . . . . . . . . . . . . .. 15 
With mitral atresia. . . . . . . . . . . . . .. 2 

With mitral hypoplasia ............... 13 
Mitral atresia. . . . . . . . . . . . 5 

Mitral stenosis. . . . . . . . . . 4 
Atresia of transverse aortic arch. . . . . . . . . 6 

Hypoplasia of aortic arch. . . . . . . . . 71 
Total. .................... 101 

Patients with more than one of these findings are listed under the principal lesion 
only (see text). 

TABLE 11. Ages at Death of the 101 Patients Listed in Table 10 

AGE AT DEATH NUMBER OF PATIENTS 

Under 72 hours. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 
4-14 days. ... ... . ... 27 

15-35 days. . . . . . . . . . . . 22 
6-12 weeks. . . . . .... 17 

3~-6 months. . . . . . . . . . . . . . . . . . . . . . . . . 10 
7-12 months. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 

2-6 years. .. . .. . .. ... ... .. ...... .... ... 3 
7-13 years. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 

Total .................................... 101 

month are considered, this group ranks second to transposition as the 
leading cause of death in infants with congenital heart disease. 

Table 10 lists the various forms of this syndrome and the total num
ber of patients in each group. A number of patients had more than one 
of the entities listed. These are included only under the grouping of 
the more severe lesion (e.g., aortic atresia). The mitral stenosis group 
includes only patients with no additional left-sided obstructive lesion. 
The remaining patients with mitral stenosis are listed under the appro
priate associated abnormality (e.g., hypoplasia of the aortic arch). There 
were 59 males and 41 females. In Table 11 the ages at death of these 
101 patients are summarized; this varied from stillbirth to 12 8/12 years. 
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Sixty-five per cent were dead by the end of 35 days and 82 per cent by 
three months. 

PATHOGENESIS 

No universally excepted explanation of the pathogenesis of this syn
drome exists. However, premature closure of the foramen ovale and 
consecutive absence of the physiologic right-to-Ieft shunt during fetal 
life have been implicated by several authors. 36,43 Premature closure of 
the foramen ovale has only rarely been recorded in the literature; since 
the foramen ovale is anatomically closed in 55 per cent of the routine 
autopsy cases over one year of age and in 7l.7 per cent39 of those over 
20 years, the significance of finding a "closed foramen" is never certain. 
Nevertheless, it should be mentioned that less than 1 per cent39 of the 
routine autopsies on infants under one week of age demonstrate an 
anatomically sealed foramen. It is interesting to note that every one of 

TABLE 12. Significant Family History Noted among the 101 Patients Studied 

PERTINENT FAMILY HISTORY 

Congenital heart disease in siblings ...... . 
Congenital heart disease in more remote relatives ...... . 

Siblings or parent with noncardiac congenital anomalies ..... . 
Family history of diabetes .. . 

Previous history of miscarriages in mother. . . . ... 

NUMBER OF 

PATIENTS 

. ... 4 
. 3 

3 
. ..... 11 
. ..... 11 

20 cases of definite premature closure of the foramen ovale collected 
from the literature7, 11, 34, 51 (stillbirth to five weeks of age) showed 
evidence of congestive cardiac failure. In 16 of the 18' cases in which 
the left ventricle was mentioned it was hypoplastic. From the rarity of 
this condition and the high incidence of left ventricular hypoplasia in 
the reported cases it would seem that more than a chance relation exists. 

In most people's minds a more likely genesis, however, in the majority 
of cases is that of a developmental anomaly. A third theory postulates 
an abnormally large ductus which favors the flow of blood from the 
pulmonary artery to the descending aorta and deprives the left ventricle 
and ascending aorta of normal blood flow in fetal life. A cursory review 
of the literature failed to uncover any obvious intrauterine insults in 
the gestational history of most cases. 

In our material the prenatal history was in general unremarkable. 
A family history of possible significance was noted in a rather high 
percentage of cases and is summarized in Table 12. Associated non
cardiac anomalies occurred in 37 per cent and are summarized in Table 
13. 

The foramen ovale was patent in the majority, but in many of the 
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older patients it was anatomically closed. There were seven patients 
with a completely sealed foramen ovale and thickening of the mem
brane. The foramen ovale appeared abnormal in all these, and, although 
not proved, premature closure may well have occurred. These seven 
patients had endocardial fibroelastosis of the left atrium, and all had 
an abnormal mitral valve ranging from stenosis in five to complete 
atresia in two. In addition, a hypoplastic aortic arch was noted in five. 

The other striking finding at postmortem was the presence of mild 
to severe endocardial fibroelastosis (EFE) in 47 patients. The left ven
tricle and the left atrium were the usual sites, but frequently the mitral 
valve or aortic valve was similarly affected. The association of EFE 

TABLE 13. Noncardiac Anomalies Occurring in 37 Patients (Multiple Anomalies 
Frequent) 

ANOMALY NUMBER OF PATIENT 

Meckel's diverticulum ......................... 11 
Genitourinary anomalies. . . . . ... 10 

Multiple spleens. . . . . . . . . . . . . . 7 
Skeletal anomalies. . . . . . . . . . . . . . . . . . . . . . . .. 7 

Central nervous system anomalies ........................ . 6 
6 
6 
2 
5 
5 
3 
1 

Malrotation of intestines ........................ . 
Harelip and cleft palate .................... . 

Cleft palate alone ........................ . 
Trachea-esophageal fistula ........................ . 

Diaphragmatic hernia ........................ . 
Imperforate anus ........................ . 

Mongolism ........................ . 

with left-sided obstructive lesions has been noted frequently in the 
literature.2, 8, 9,14, 25, 27 

AORTIC VALVE ATRESIA 

Pathophysiology 

Atresia of the aortic valve with hypoplasia or actual atresia of the 
mitral valve causes profound circulatory disturbances. The left ventricle 
is essentially nonfunctioning, and in cases with both aortic and mitral 
atresia it is only a vestigial structure. An atrial opening or anomalous 
pulmonary venous return in addition to a patent ductus arteriosus is 
necessary to maintain a more or less adequate circulation. The ductus 
arteriosus through retrograde flow supplies the coronaries and carotids 
and also joins with the descending aorta to supply the rest of the systemic 
circulation. Systemic and pulmonary arterial blood is comprised of 
mixed right and left atrial blood. The right ventricle must maintain both 
the pulmonary and systemic outputs. It is little wonder that right-sided 
failure and severe generalized anoxia result and early death occurs. In 
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cases with a patent but hypoplastic mitral valve a ventricular defect may 
also help maintain an adequate pulmonary blood flow. 

Incidence 

Aortic atresia is an uncommon anomaly. AbbotP reports an incidence 
of 12 in 1000 malformed hearts. Friedman et a1.21 , 22 report a total of 
44 cases of primary aortic atresia and 45 cases of combined aortic and 
mitral atresia from the literature.3, 15, 21,36,33,42,48,49 

Among the 15 patients autopsied at the Children's Medical Center 
were nine with primary aortic valve atresia, two with combined aortic 
and mitral valve atresia, and four with aortic stenosis with only a pin
point opening. In the last group obviously some oxygenated blood may 
be propelled through the diminutive left ventricle and tiny aortic valve; 
coronary and carotid perfusion should thus be better in such cases. Of 
these 15 patients, 10 were male and five were female. This predominance 
of males over females has also been noted in the literature. 

Clinical Picture 

Although patients with such a severe anomaly would be expected to 
be born cyanotic and very sick, it is not uncommon for these infants 
to appear normal at birth and indeed to do quite well for short periods. 
Nine patients in our study were considered normal at birth. Of these, 
four had a sudden onset of cyanosis and respiratory distress by the end 
of 24 hours and were dead by 48 hours. The remaining six patients 
were described as cyanotic or pale and weak from birth. 

All these infants were seriously ill on admission, and some were even 
moribund. Eleven were described as cyanotic, two were pale, and one 
was icteric. A nonspecific, soft systolic murmur was audible over the 
precordium in only 10 patients; in three of these a mid-diastolic rumble 
at the apex was also heard. Tachycardia, tachypnea, dyspnea, hepa
tomegaly and gallop rhythm were present in most. Peripheral pulses 
were frequently weak in these infants, and the femorals were often 
not palpable. Flush blood pressure determinations showed no signifi-
cant difference between upper and lower extremities. . 

Roentgenograms revealed nonspecific cardiac enlargement of mod
erate to marked degree in most. Figure 141 shows the films of two 
patients with aortic atresia and two with both aortic and mitral atresia. 
A complete 12-lead electrocardiogram was obtained in nine patients. 
Right axis deviation, P pulmonale and right ventricular hypertrophy 
with S-T and T wave changes were found in seven. Left axis deviation 
with right ventricular hypertrophy was noted in one patient with aortic 
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Fig. 141. A, Two·day·old infant with aortic valve atresia and associated duodenal 
atresia. B, Infant with aortic atresia who survived to 8 weeks. C, Three·months·old 
patient with atresia of both aortic and mitral valves. D, Four-months-old infant with 
same findings as in C. 

and mitral atresia.44 Another patient with severe aortic stenosis and 
endocardial fibroelastosis of the left ventricle had a normal axis and 
left ventricular hypertrophy. At postmortem the left ventricle in this 
latter case had a small cavity, but was hypertrophied, measuring 0.7 to 
1.1 cm. 

Autopsy Findings 

At postmortem a small left ventricle, hypoplastic ascending aorta, 
and patent ductus arteriosus were found in all. An anatomically patent 
foramen ovale was noted in 10, and a secundum atrial septal defect 
and atrioventricularis communis in one each. The atrial septum was 
described as closed in three cases. In one of these three oxygenated 
blood was shunted from the left atrium via a persistent levocardial vein 
to the right superior vena cava. Another of these patients had a patent 
mitral valve and a stenotic, but still patent, aortic valve. In the third, 
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dying at the age of eight weeks with aortic atresia, no obvious connec
tion between pulmonary venous return and the right ventricle was 
found. Thirteen patients had an intact ventricular septum. One patient, 
a mongolian idiot, had an atrioventricularis communis, and one patient 
with aortic stenosis had a ventricular septal defect. 

Twelve patients, all with a patent mitral valve and an intact ven
tricular septum, had significant endocardial fibroelastosis (EFE) of the 
left ventricle. This fact and the nearly uniform absence of EFE in infants 
with associated mitral atresia suggest that in addition to anoxia a con
tracting left ventricle may be necessary in the etiology of EFE.8, 27 

Noncardiac anomalies were present in six patieFlts, accessory spleens 
in three, renal anomalies in two, duodenal atresia, mongolism, and hare
lip with cleft palate in one each. 

Diagnosis 

The sudden onset of respiratory distress and other signs of congestive 
cardiac failure in an infant under one week of age who mayor may not 
have a significant murmur should suggest the diagnosis of aortic atresia. 
Moderate cardiac enlargement by x-ray examination and an electro
cardiogram showing right axis deviation, right ventricular hypertrophy, 
P pulmonale, and SoT and T wave changes would support such a diag
nosis. Angiocardiography has been suggested as a useful tool29 in estab
lishing a premortem diagnosis. 

Differential diagnosis should include, of course, other forms of the 
hypoplastic left heart syndrome. In addition, transposition of the great 
arteries should be considered; such patients are more deeply cyanotic, 
however, and. their roentgenograms are more specific in relation to 
cardiac contour and pulmonary vasculature. 

Treatment and Prognosis 

Medical treatment is of temporary value only, and the prognosis is 
uniformly poor. Surgical correction is not possible at present, though 
enlarging the atrial opening might afford temporary improvement. 

Seven patients were dead by 72 hours of age, and none survived past 
four months. The two patients with both aortic and mitral atresia sur
vived to three and four months respectively. Among the patients with 
pure aortic atresia, six died before the third day of life, one died at II 
days, and another at eight weeks. The one patient with aortic atresia and 
a persistent atrioventricularis communis survived to 2¥2 months. Of 
the four patients with maximal aortic stenosis, one was stillborn, and 
the others lived to 11, 13 and 21 days respectively. 
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MITRAL ATRESIA 

Pathophysiology 

In mitral atresia without aortic atresia, but with a hypoplastic left 
ventricle, a left-to-right shunt through an atrial opening or anomalous 
pulmonary venous return is essential. Mixed right and left atrial blood 
then reaches the systemic circulation in one of two ways. In the great 
majority a ventricular septal defect is present, and a right-to-Ieft shunt 
through this into the dextroposed aorta is the course of the systemic 
flow. The ascending aorta is usually relatively normal in size in contrast 
to the patients with aortic atresia. In the rare instances without a ven
tricular septal defect the circulation is identical with that found in aortic 
atresia, and of course the ascending aorta would be rudimentary. 

Cardiac catheterization and angiocardiography were performed in 
one of our patients. The catheterization demonstrated a left-to-right 
shunt at the atrial level and a right-to-Ieft shunt at the ventricular level. 
The angiogram demonstrated simultaneous filling of the pulmonary 
artery and aorta from the right ventricle. Differential pressure measure
ments in the aorta and femoral artery confirmed the clinical impression 
of a coarctation of the aorta. An arterial saturation of 83 per cent was 
noted. 

Incidence 

Isolated mitral atresia with a hypoplastic left ventricle is a rare 
anomaly. Friedman22 in his review of the literature was able to collect 
11 cases. In the study at Children's Medical Center there were five such 
infants. 

Clinical Picture 

The clinical picture is similar to that of aortic atresia. In general, these 
infants are thought to be normal at birth. One of our infants with 
tracheo-esophageal fistula had respiratory distress from birth and died 
two days after operation for the fistula. The other four patients exhibited 
symptoms at five days, eight days, two weeks and six weeks respectively, 
which· is considerably later than the majority of patients with aortic 
atresia. 

Pallor and mild cyanosis are the rule. Congestive failure with hepato
megaly and dyspnea is usually present. An associated coarctation of the 
aorta (present in three of our patients) may be manifested by a relative 
hypertension of the upper extremities. In four patients a harsh systolic 
murmur along the left sternal border was described, and the second 
sound was increased in intensity. 
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The electrocardiogram showed right axis deviation in three and left 
axis deviation in one. All four had right ventricular hypertrophy with 
S-T and T wave changes. In two there was evidence of right atrial enlarge
ment and in two, first-degree atrioventricular block. Roentgenograms 
showed right-sided cardiac enlargement. A narrowed cardiac waist was 
noted in two. Pulmonary vasculature was described as increased in two 
and definitely diminished in one. In one patient questionable left atrial 

Fig. 142. A, Four-week-old female infant with mitral atresia, ventricular defect, and 
dextroposed aorta. Note globular heart with narrow waist. B, Five-week-old male 
infant with same anatomic defects. Note cardiac enlargement with prominent pul
monary vasculature and passive congestion. 

enlargement was noted. Figure 142 shows the roentgenograms of two 
of these patients. 

Autopsy Findings 

All our patients had a ventricular defect, a patent ductus arteriosus and 
an atrial opening. In four the aorta was described as overriding, and in 
one it was anterior to the pulmonary artery, but arose from the left 
ventricle ("corrected transposition"). A "preductal" coarctation was 
noted in three patients. Only one infant had an associated noncardiac 
anomaly, namely, a tracheo-esophageal fistula with esophageal atresia. 

Diagnosis 

Mitral atresia with a hypoplastic left ventricle is difficult to differ
entiate from other forms of the hypoplastic left heart syndrome. In 
general, the life span and age at onset of symptoms tend to separate this 
group from the patients with aortic atresia, although the two groups 
overlap. Cardiac catheterization and angiocardiography may be of use 
in establishing a pre mortem diagnosis. 
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Treatment and Prognosis 

No surgical procedure to correct this anomaly is available. Enlarging 
the atrial opening would afford only temporary relief. Unlike the patients 
with aortic atresia, response to medical therapy in these patients, al
though not dramatic, was at least encouraging. Death did not occur for 
three weeks or longer after onset of symptoms in four of our patients. 
Although medical therapy may prolong life, the prognosis is uniformly 
poor. 

Age at death was two days in the infant with an associated tracheo
esophageal fistula. The others survived four weeks, five weeks, 3~ 
months and six months respectively. It is postulated that survival is 
longer because cerebral and coronary perfusion is better than in cases 
with aortic atresia. 

MITRAL STENOSIS 

Pathophysiology 

Mitral stenosis as the sole obstructive lesion on the left side and 
associated with a hypoplastic left ventricle was noted in four patients. 
From review of the few similar cases in the literature4 , 17, 19, 2D, 28 and 
our own, associated cardiac defects are common, and the pathophysiol
ogy depends in part on these additional lesions. In all an elevated left 
atrial pressure and consequent increase in pulmonary artery pressure is 
to be expected. In two cases from the literature,4,46 documented by 
catheterization, right-to-left shunting of blood through a patent ductus 
arteriosus was demonstrated. In two of our patients and in one from the 
literature a ventricular septal defect with a somewhat dextroposed aorta 
was the associated lesion. Right-to-left shunting through this ventricular 
defect as evidenced clinically by cyanosis and clubbing was present in 
all three. In all patients with mitral stenosis pulmonary vascular changes 
can occur which narrow the pulmonary bed and reduce blood flow to the 
lung. As the pressure in the right ventricle rises to systemic levels, right
to-left shunting of blood through a ventricular defect or patent ductus 
arteriosus may occur. In patients with no associated intracardiac defects, 
and therefore no escape valve, severe congestive changes in the lungs 
may result. Our one patient with no associated intracardiac defects died 
suddenly from pulmonary edema. 

Unlike cases with aortic or mitral atresia, a left-to-right shunt at the 
atrial level is not a frequent finding. As in the infants with mitral atresia, 
right-to-left shunting of blood at the ventricular level may occur. In the 
rare patient with no intracardiac defects there is no mixing of the two 
circulations, and unlike any of the previous cases, the right ventricle 
supplies none of the systemic flow. 
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Incidence 

Congenital mitral stenosis is rare. Of the 43 cases reported by 
Ferencz,19 about 15 had mitral stenosis as the only left-sided obstructive 
lesion. The size of the left ventricle was not always noted, but was 
definitely small in at least half of these. 

Clinical Picture 

Dyspnea was the most common symptom and was present in all. 
Cyanosis was constantly present in the two patients with ventricular 
defects and was intermittent in the other two. Symptoms dated from 
birth in three of our patients. Poor development was uniformly noted. 
One of our patients weighed 7 pounds 12Y2 ounces at the age of six 
months. A systolic murmur was present in all. In one a transient, apical 
diastolic murmur was noted. A typical presystolic mitral murmur has 
been noted occasionally in the reported cases from the literature, but 
is not a constant finding. 

The electrocardiogram uniformly showed right axis deviation and 
right ventricular hypertrophy and, in two, P pulmonale. None of our 
patients demonstrated P mitrale, and only infrequently in the literature 
has electrocardiographic evidence of left atrial enlargement been re
ported. In spite of the severity of mitral stenosis no left atrial enlarge
ment was demonstrated by fluoroscopy in our three patients studied. An 
occasional patient reported in the literature has shown significant en
largement bf the left atrium. Our two patients with ventricular defects 
were described as having a somewhat enlarged heart, but an otherwise 
typical x-ray picture of tetralogy of Fallot. Pulmonary vasculature was 
described as decreased in both. In one of these patients an infundibular 
pulmonic stenosis was present, but the other had a completely normal 
pulmonary outflow tract and valve. X-ray examination in a third patient 
showed moderate nonspecific cardiac enlargement. 

Autopsy Findings 

At postmortem all patients had mitral stenosis with a small left atrium 
and left ventricle, and the right ventricle was dilated and hypertrophied. 
The mitral valve was thickened and the chordae tendineae shortened 
and fused. Definite endocardial fibroelastosis of the left atrium and 
mitral valve was present in three. A ventricular defect was present in 
two, one of whom also had infundibular pulmonic stenosis. A patent 
ductus arteriosus was present in another who also had a small, but uni
form in caliber, aorta. The fourth patient had no other intracardiac 
defects. Noncardiac anomalies were present in two. 
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Diagnosis 

The possibility of congenital mitral stenosis with a hypoplastic left 
ventricle should come to mind in an older infant whose presenting 
symptom is paroxsymal dyspnea. Further evidence in this regard is the 
presence of a presystolic mitral murmur. Roentgenograms vary so much, 
depending on the associated anomalies, that they are not of great assist
ance in establishing the diagnosis. The electrocardiogram shows right 
axis deviation and right ventricular hypertrophy. We have no catheteri
zation data on our patients, but, unless one would be prepared to do a 
left heart catheterization, it is unlikely that this procedure would do 
more than demonstrate associated defects. An angiogram might dem
onstrate delayed emptying of the left atrium and be of diagnostic help. 

Treatment and Prognosis 

Our patients died at four months, six months, 11 months and 5lh years 
respectively. Death under one year of age was noted in the great majority 
of the cases reported in the literature. In general, patients with mitral 
stenosis survive longer than those with the other members of the hypo
plastic left heart syndrome discussed above. 

Medical therapy is of limited value. Surgical treatment has been 
attempted,lO and at least one patient has survived valvotomy. Whether 
or not this patient had a small left ventricle is not known. From the 
pathologic alteration in the valve it is doubtful that valyotomy can 
achieve a completely satisfactory result. The presence of associated 
cardiac defects complicates a surgical approach. If operation is attempted 
for an associated cardiac defect (e.g., patent ductus), unless the mitral 
stenosis is recognized and treated at the same time, it is unlikely that a 
favorable outcome will result.46 

AORTIC ARCH ATRESIA 

Pathophysiology 

Complete interruption of the aortic arch usually occurs between the 
left common carotid artery and the point of entrance of the ductus 
arteriosus. The ascending aorta arises normally from the left ventricle 
and supplies the coronaries and part or all of the upper half of the body. 
The left ventricle, as in cases with mitral stenosis, is functional, but, 
as in cases with aortic atresia and mitral atresia, the right ventricle is 
also systemic and furnishes systemic flow via the ductus to the descend
ing aorta. Mixing of left and right atrial blood is not essential in such 
patients. Frequently associated with this anomaly are hypoplasia of the 
ascending aorta, minor malformations of the aortic valve, and a defect 
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in the membranous portion of the ventricular septum. Associated aortic 
arch anomalies are also frequent, anomalous subclavian, innominate 
or carotid arteries arising from the descending aorta in many cases. 

Incidence 

This is a rare anomaly. In a recent review Klinerman et aJ.31 reported 
on 21 cases from the literature18• 32. 45. 50 and added six of their own. 
We have found six such patients in our material. Equal sex distribution 
was noted in the literature, but five of our six patients were female. 

Clinical Picture 

In general these patients resemble those with aortic atresia. Five 
patients were thought to be normal at birth; but when symptoms de
veloped, the course was rapidly downhill. 

From the anatomy of this malformation, differential cyanosis would 
be expected to be present uniformly.47 Surprisingly enough, this is not 
true. Only two patients in the literature31 and one of ours had differ· 
ential cyanosis. Our patient had mild generalized cyanosis except for 
the face; the right arm was cyanotic because the right subclavian artery 
arose from the pulmonary artery. The absence of differential cyanosis 
is probably due to several factors. In the majority a ventricular septal 
defect is present and allows mixing of blood at the ventricular level; 
oxygen saturations in the pulmonary artery and aorta in such cases may 
be similar. Anomalous origin of the aortic arch arteries is another im
portant factor. Since these babies are often in congestive failure or have 
pneumonia, generalized cyanosis due to respiratory factors may occur. 
Lastly, it is difficult to note minimal differential cyanosis clinically in 
such young infants. 

It could also logically be predicted that infants with atresia of the 
transverse aortic arch would have relative hypertension of the upper 
extremities as infants with coarctation do. In fact, however, only a few 
patients demonstrated this. Only one of our patients had hypertension 
of the arms. In cases with anomalous origin of the subclavian arteries 
careful palpation of the carotids may demonstrate a difference. Our 
one patient with the differential cyanosis had this sign. It is possible that 
in patients with a large ventricular defect pressures may be equal in 
both ventricles, so that radials and femorals, although supplied by dif
ferent ventricles, may have essentially the same pressure. 

A nonspecific systolic murmur was heard in three. Signs of conges
tive failure were present in four, and the other two died of pneumonia 
or intracranial hemorrhage. 

The electrocardiogram is similar to that in patients with right axis 

-~-~-------------
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Fig. 143. Atresia of the aortic arch. A, Infant dying at 7 days of age of intracranial 
hemorrhage. No evidence of congestive failure at postmortem examination. Heart top 
normal in size. B, Infant dying at 20 days from congestive failure. Note large heart 
with pulmonary congestion. 

deviation and right ventricular hypertrophy, the usual findings. Roent
genograms revealed cardiac enlargement in all dying in congestive failure. 
Figure 143 shows the films of two patients. One died of an intracranial 
hemorrhage and had a top normal-sized heart. The other shows definite 
cardiac enlargement and passive congestion. 

Autopsy Findings 

At postmortem all patients had a patent ductus arteriosus, and in 
five a ventricular defect was also found. Four had anomalous origin of 
one or more of the aortic arch arteries. In two, endocardial fibroe1astosis 
of the left atrium, left ventricle and right ventricle was noted. Except 
for one patient with an ectopic pancreas there were no associated non
cardiac anomalies. 

Diagnosis 

Differential cyanosis, if present, may separate these patients from those 
with aortic atresia, but the frequent absence of this sign makes differ
ential diagnosis difficult. Angiocardiography would presumably be a 
useful tool in establishing this diagnosis. We have had no such studies 
in any of our patients, and none is reported from the literature. 

Treatment and Prognosis 

Surgical correction of this anomaly has not been attempted. Theo
retically, an aortic or synthetic graft could be constructed to bridge the 
defect and the ductus could be divided. The high incidence of associated 
defects of the ventricular septum and the occasional association of mitral 
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atresia noted in the literature would make such operation difficult. Since 
the right ventricle supplies the descending aorta, pulmonary hyperten
sion is a constant finding and would complicate surgical repair. For these 
reasons it seems unlikely that this lesion, even if diagnosed, could be 
successfully corrected by surgical means in most cases. Nevertheless, in 
view of the uniformly fatal outcome, operation should be considered if 
such a diagnosis is established. 

Medical measures are of temporary value only. In general the response 
is poor, and a rather rapid downhill course is the rule. Five of our patients 
were dead by 20 days, though one survived to 3Y2 months. The litera
ture31 reports ages at death ranging from stillbirth to 180 days, the great 
majority dying within the first month. 

HYPOPLASIA OF THE AORTIC ARCH (71 CASES) 

Pathophysiology 

This entity is the commonest form of the hypoplastic left heart syn
drome. The left ventricle, as in cases with mitral stenosis or aortic arch 
atresia, is small but functioning. The right ventricle mayor may not 
supply the systemic circulation. There were nine patients with asso
ciated mitral stenosis and eight with aortic stenosis. About half had a 
defect of the atrial or ventricular septum. A patent ductus was observed 
in 67 of the 71. In addition to the hypoplasia of the arch present in all, 
many had a definite site of further narrowing at or above the insertion 
of the ductus arteriosus. These various associated defects contribute to 
the disturbed physiology. 

The circulatory disturbances have not been well documented in many 
cases by reliable catheterization studies. We have studied seven of these 
patients, and the catheterization data are summarized in Table 14. One 
may attempt to reconstruct the course of the circulation by fitting to
gether the anatomic facts and the clinical and laboratory observations. 
The following speculations are probably justifiable: (1) There must be 
left ventricular hypertension to compensate for the narrowed aortic arch. 
The left ventricular pressure is higher than the right unless a large ven
tricular defect is present. In such cases the pressures may be identical. 
The direction and degree of shunting will depend in part on the relative 
differences in pressure and the status of the pulmonary vascular bed. 
Cases 2 and 3 in Table 14 represent two varieties of this complex. In 
2 a large ventricular defect and obstructive pulmonary vascular changes 
(medial hypertrophy and intimal proliferation) were present at post
mortem. The pressures in the brachial artery and pulmonary artery were 
identical at catheterization. Case 3 had a moderate left-to-right shunt, 
and the pulmonary artery pressure, although elevated, was well below 
the brachial artery pressure. A small ventricular defect was noted at 
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TABLE 14. Right Heart Catheterization Findings in 7 Patients with Hypoplasia of the Aortic Arch .... 
CASE AGE PRESSURES AND OXYGEN SATURATION PUL. CAP. Qp Qs Rp Rs AUTOPSY £ MEAN PRESS L./MIN./M' L./MIN./M' MM. Hg/L. MM.Hg/L. 

BA FA PA /MIN./M' /MIN.!M' 

1. HP 140/75 85/65 100/80 15.7 6.3 5.4 16 Coare. .., 
8 2/12 yrs. m=100 m=76 m=90 PDA iII 93% 91% 88% VSD t'l pva (severe) 

140/88 122-140/80 
iII 

2. SP m=20 6.6 4.2 12.6 26.4 Coare. ><: 
8 yrs. m=115 m=104 Large VSD "d 

94% 84.8% pva (severe) 0 
"d 

3. CC 110/60 50/22 m=12 7.2 4.0 3.3 18.3 Small VSD t"' ,.. 
3 months m=75 m=36 MS '" 92.6% 77.4% Coare. 

.., 
(RV 75/0/3) Mild PS >-< 

() 
No pul. arteriolar disease 

t"' 
4. MW 105/75 67/50 95/50 1.54 2.68 36.8 Coare. t'l 

>'%j 
21 days m=80 m=65 m=68 PDA .., 

94% 60% 34.6% MS 
EFE iII pva (mod.)- t'l ,.. 

5. SM 85/65 100/38 12.5 5.5 4.6 11.8 Coare. !;d 

5)1z weeks m=75 m=70 ASD 
.., 

87.5% 76.8% PDA '" pva (mild) ><: 
Z 

6. KB 112/72 80/40 3.3 2.0 16.4 40 Coare. ~ 44/12 yrs. m=88 m=62 MS 
92% 70% SmallASD 0 

pva (severe) a::: 
t'l 

7. DG 150/75 85/56 70/30 13.5 4.5 4.5 7 25 Coare. 
a.1 11/12 yrs. m=115 m=72 m=45 MS 

96% 96% 82% No pul. arteriolar disease 
b.2 9/12 yrs. 120/66 85/62 34/10 12.0 4.6 4.6 2 18.2 

m=87 m=73 m=21 
99% 99% 

Rp: pulmonary resistance mm.Hg/L./min./M' RV: right ventricle 
Rs: systemic resistance mm. Hg/L./min./M2 PS: pulmonic stenosis 
Qp: pulmonary flow in L./min./M2 PDA: patent ductus arteriosus 
Qs: systemic flow in L./ min./M2 VSD: ventricular defect 
BA: brachial artery ASD: atrial defect 
FA: femoral artery MS: mitral stenosis 
PA: pulmonary artery EFE: endocardial fibro~lastosis 
PVO: pulmonary vascular obstruction (medial thickening and intimal proliferation of pulmonary arterioles) 
• Persistence of fetal pattern plus fibrin thrombi. 
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postmortem. (2) If a ductus is patent below the constricted aorta, some 
degree of right-to-Ieft shunting to the descending aorta probably results. 
In such cases the right ventricle furnishes some of the systemic flow, and 
both left and right ventricles are thus "systemic." Case 1 had a small 
right-to-left shunt, and case 4 had a more significant degree of femoral 
unsaturation. In such patients the femoral artery pressure reflects the 
pulmonary artery pressure to some extent. A significant gradient from 
pulmonary artery to femoral artery may be demonstrated, however, since 
in most instances the lumen of the ductus is less than that of the pul
monary artery. (3) In the presence of an atrial defect a left-to-right 
shunt at the atrial level is noted. Case 6 had in addition mitral stenosis, 
which no doubt contributed to the pulmonary artery hypertension 
demonstrated. Case 5 also had pulmonary hypertension. At postmortem 
the ductus was patent. Unfortunately, a brachial artery saturation to 
compare with the femoral artery was not obtained. (4) In the absence 
of either a patent ductus arteriosus, mitral stenosis or a ventricular defect, 
it is not known whether pulmonary hypertension exists in these patients. 
It may well be that patients with a "pure" hypoplasia of the aortic arch 
with no associated cardiac defects live normal lives in childhood and are 
operated upon in later life like the usual uncomplicated adult coarcta
tion. Clagett13 reported that 16 per cent of coarctations operated upon in 
later life were preductal in location. More data are necessary to interpret 
the physiology of this complex completely. Case 7, who at postmortem 
had mitral stenosis, showed a striking decrease in pulmonary artery pres
sure at a second catheterization performed 11 months after the first. 
The reason for this change is not at all clear. . 

Clinical Picture 

The prenatal history and birth were usually uneventful. Fourteen 
patients had symptoms at birth, but all had associated severe non cardiac 
anomalies such as a diaphragmatic hernia or a tracheo-esophag€al 
fistula. The remaining infants were considered normal at birth. Over 
50 per cent of these had cardiovascular symptoms between four and 
15 days of age; about 20 per cent had symptoms earlier, and 20 per cent 
from three to six weeks of age; less than 10 per cent had the onset of 
symptoms after six weeks. A chief complaint of respiratory distress, cya
nosis, refusal to eat or listlessness was usually elicited. 

On physical examination most of these infants appear seriously ill. 
A peculiar ashen gray color is frequently noted. Mild cyanosis was noted 
in two thirds, but marked blueness was thought to be present in only 
one patient. Differential cyanosis due to a right-to-Ieft shunt at the ductus 
level was noted in 10 per cent of our patients. The most useful maneuver 
in establishing this diagnosis is palpation of the femoral pulsations and 
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determination of blood pressure in the upper and lower extremities. 
Blood pressure should be measured in both arms, since frequently the 
coarctation involves the left subclavian artery. A difference of over 20 
mm. by flush measurements between the right arm and the legs is found 
in the great majority. Occasionally, in patients with an anomalous right 
subclavian artery, pressures may be the same in all extremities, or the 
pressure in the left arm may be higher than in the right. If pulmonary 
artery and brachial artery pressures are identical, the femoral artery 
pressure may be similar to the brachial artery pressure in the presence 

TABLE 15. Heart Axis Determined by Electrocardiogram with Hypoplasia of the 
Aortic Arch 

ASSOCIATED DEFECT RIGHT AXIS NORMAL LEFT AXIS INDETER- TOTAL 

DEVIATION 

Intact ventricular septum ..... 1 9 
Ventricular defect. .... 10 

Atrioventricularis communis. . . .. 0 

Total ....... . 

4 
3 
o 

DEVIA- MINATE 

TION AXIS 

o 
2 
1 

5 
4 
2 

NUMBER 

28 
19 

3 

. ............ 50 

TABLE 16. Electrocardiographic Findings in 50 Patients with Hypoplasia of Aortic 
Arch 

ELECTROCARDIOGRAPHIC FINDING NUMBER OF PATIENTS 

Right ventricular hypertrophy, 
not definitely abnormal ................... . .29 

Right ventricular hypertrophy, 
definite ... . 

Left ventricular hypertrophy .. . 
s-T and T wave changes .. . 

P pulmonale ... . 
Incomplete right bundle branch block ... . 

1st-degree atrioventricular 
block ..... . 

P mitrale (?) . . . . 

. ..... 17 
4 

. .. 32 
. ...... 19 

. .. 15 

. .. 10 
2 

of a large patent ductus shunting right to left. In babies who are desper
ately ill the blood pressure may be low in all extremities. With improve
ment in the congestive failure, hypertension in the arms usually becomes 
evident. 

Signs of left- and right-sided congestive failure are present in all except 
those dying of noncardiac causes. Rapid respirations may be the only 
evidence of left-sided failure, but in about 50 per cent of our patients 
rales were heard in the lungs. 

In spite of the young age of these infants a definite left chest deformity 
is not uncommon. Cardiac enlargement, xiphoid impulse, tachycardia 
and gallop rhythm are frequently noted. Usually a grade III systolic 
murmur described as harsh or blowing is heard along the left sternal 
border. Unlike the older patients with a coarctation of the aorta, trans-
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mission of the murmur to the back is not a striking finding. Twenty 
per cent of our patients had no murmur described. Nine patients had a 
mid-diastolic rumble at the apex; in four of these a ventricular defect 
and in one an atrioventricularis communis was present. In three mitral 
stenosis was the associated finding, and one had Ebstein's malformation 
of the tricuspid valve. A thrill was noted in seven patients. Three of 
these had a ventricular defect, one had an atrioventricularis communis, 
and three aortic stenosis. It is interesting that only five of 59 infants 
dying by the sixth week of age had a thrill or mid-diastolic rumble de
scribed, while all five patients surviving past the age of one year had one 
or both of these findings. 

Electrocardiograms usually show right axis deviation, right ventricular 
hypertrophy and nonspecific T wave changes. Tables 15 and 16 sum-

Fig. 144. Hypoplasia of the aortic arch, patent ductus arteriosus and no septal de
fect. A, Tremendous cardiac enlargement in infant dying at 7 days of age. B, Moderate 
cardiac enlargement in infant dying at 7Y2 weeks. 

marize the electrocardiographic findings in 50 patients. The infants 
showing left ventricular hypertrophy by electrocardiogram at post
mortem had hypertrophy of both right and left ventricles. There were 
no obvious differences in these patients noted at postmortem from the 
majority showing right ventricular hypertrophy by electrocardiogram. 

X-ray examination usually reveals moderate but occasionally marked 
cardiac enlargement. Figure 144 shows one patient with moderate and 
one with marked cardiac enlargement. Occasionally a patient dying from 
a noncardiac cause has a heart within normal size. X-ray films may be 
helpful in distinguishing patients with septal defects from those without. 
Figure 145 shows the roentgenograms of two such patients with left-to
right shunts demonstrated at catheterization. Nearly all patients with 
a ventricular defect at autopsy had x-ray findings of increased pulmonary 
vasculature and often a prominent pulmonary artery. On the other hand, 
some infants with no septal defects were also described as having pul
monary plethora. The presence of passive congestion is sometimes con-
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Fig. 145. Hypoplasia of aortic arch and a left-to-right shunt demonstrated at cardiac 
catheterization. A, Female infant, 51/2 weeks old, with left-to-right shunt at atrial 
level (see Table 14, case 5, for catheterization findings) . Pulmonary vasculature is 
increased. B, Infant dying at 31/2 months. At autopsy a ventricular defect, mild pul
monic stenosis and mitral stenosis were present. ote prominent pulmonary artery and 
pulmonary plethora. (See Table 14, case 3, for catheterization findings.) 

Fig. 146. Serial roentgenograms showing striking increase in heart size over a period 
of 1 month. A, Age 1 day. Infant admitted because of imperforate anus. Withstood 
anoplasty well, and no cardiac findings were noted. B, Age 11 days, following sudden 
onset of cyanosis, respiratory distress and congestive failure. ote striking enlargement 
of heart over the 10-day period. C, Prior to death at age 1 month. Further increase in 
heart size evident. 
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fusing in such infants. At fluoroscopy the heart beat was described as 
poor in all patients in congestive failure. An aberrant tight subclavian 
artery was diagnosed by barium swallow on several occasions. Figure 146 
shows the striking increase in heart size in an infant over a one-month 
period. 

Other diagnostic studies such as retrograde aortography or angio
cardiography may be helpful in outlining the area of coarctation or 
demonstrating the right-to-Ieft shunting through a ductus. Figure 147 

Fig. 147. Venous angiogram demonstrating right-to-left shunting of dye through a 
patent ductus arteriosus to the descending aorta. 

shows a venous angiogram with a right-to-Ieft shunt through a patent 
ductus to the descending aorta. 

Differential Diagnosis 

This condition has to be differentiated principally from the other 
members of the hypoplastic left heart syndrome and the uncomplicated 
coarctation causing congestive failure in infancy.5, 12, 29, 37, 41 Table 17 
shows the salient features useful in distinguishing the various forms of 
the hypoplastic left heart syndrome. 

It is often impossible to distinguish these infants from those with a 
simple coarctation in congestive failure. In general, however, symptoms 
develop earlier, cyanosis is more frequent, and response to medical 
therapy less gratifying in the former. After the age of six months the 
presence of right ventricular hypertrophy by electrocardiogram always 
militates against a simple coarctation. Right heart catheterization may 
reveal the presence of a left-to-right shunt in those with intracardiac 
defects, but will not localize the level of the coarctation. Demonstra-



1 

TABLE 17. Clinical Aids in Differentiation of the Clinical Entities Forming the Hypoplastic Left Heart Syndrome 

CLINICAL ENTITY USUAL LENGTH 

OF SURVIVAL 

Aortic valve atresia .... Under 1 week 

Mitral atresia .... 2-4 months 

Mitral stenosis .... 6-24 months 

Aortic arch atresia .... Under 1 month 

Hypoplasia of aortic arch .... Half die by 6 weeks; 
some survive 
through childhood 

CYANOSIS X-RAYS 

Mod., generalized Large globular heart 

Mild, generalized Moderate cardiac enlargement, 
narrow waist (occ). Pul. vas
culature may be diminished 

Variable Moderate cardiac enlargement, 
contour variable, pul. vase. 
sometimes diminhhed 

May be differential Moderate cardiac enlargement, 
sometimes pul. plethora 

May be differenti:il Moderate cardiac enlargement, 
frequent pul. plethora 

REMARKS 

Sudden onset of cardiac failure 
and rapid downhill course in 
first week of life 

X-ray somewhat atypical for 
group and may help in differ
ential diagnosis 

Paroxysmal bouts of dyspnea. Oc
casional typical presystolic mi
tral murmur 

Difficult to distinguish from hypo
plasia, Murmurs in only half 

Most common form of syndrome. 
Relative hypertension in arms 
in majority 

... 
o 
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tion of a right-to-Ieft shunt at the femoral artery level would indicate 
a patent ductus entering below the coarctation. Elevated pulmonary 
wedge, pulmonary artery pressures, and a high calculated pulmonary 
resistance may be seen in any infant with coarctation who is in con
gestive failure at the time of study. Selective angiocardiography showing 
the level of the coarctation and the relative size of the left ventricle may 
possibly be of considerable help in distinguishing the two groups. 

Prognosis 

The mortality of this group is high. Only five patients survived past 
the age of one year. All had severe associated cardiac defects and died 

Fig. 148. Same patient as in Figure 147. Roentgenograms taken at ages 6 weeks (A) 
and 8 years (B). Note relative decrease in heart size. Death followed attempted 
surgical resection of coarctation and division of a patent ductus. (See Table 14, case I, 
for catheterization findings.) 

after surgical attempt at correction. The great majority died in early 
infancy. Forty-seven per cent were dead by 20 days and 85 per cent by 
six weeks. 

Since only autopsied cases are included in this study, no account is 
taken of patients who may have survived. We are following up in the 
congenital heart clinic a few older children with a coarctation of the 
aorta and right-to-Ieft shunting through a patent ductus. In general, 
these patients tend to remain stable through childhood. Figure 148 
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shows x-ray pictures taken at an eight-year interval in one of our patients 
who died after operation. The relative decrease in heart size is striking. 

As mentioned earlier, it is possible that some infants with a hypo
plasia of the aortic arch with no other cardiac anomalies survive closure 
of the ductus and physiologically become identical with the usual adult 
coarctation. We have no evidence to substantiate this, but asymptomatic 
adults with such an anomaly have been described and successfully oper~ 
ated upon.13. 24 

Autopsy Findings 

As mentioned previously, associated cardiac anomalies were frequent. 
Sixty-seven of the 71 patients had a patent ductus. In some the ductus 

TABLE 18. Additional Anomalies Noted at Autopsy in 71 Patients with Hypoplasia of 
the Aortic Arch 

ANOMALY NUMBER OF PATIENTS 

Patent ductus arteriosus ......................... 67 
Ventricular defect ......................... 30 

Atrioventricularis communis. . . . . . . . . . . . . . . . . . . . . . . .. 5 
Ostium primum. . . . . . . . . . . . . . . . . . . . . . . .. 2 

Ostium secundum. . . . . . . . . . . . . . . . . . . . . . . .. 5 
Mitral stenosis. . . . . . . . . . . . . . . . . . . . . . . .. 9 
Aortic stenosis. . . . . . . . . . . . . . . . . . . . . . . .. 8 

Bicuspid aortic valve ......................... 15 
Endocardial fibroelastosis ......................... 20 

Myocardial fibrosis ......................... 6 
Anomalous right subclavian artery. . . . . . . . . . . . . . . . . . . . . . . .. 9 

Other anomalous arteries ......................... 10 
Persistent left superior vena cava. . . . . . . . . . . . . . . . . . . . . . . .. 4 

Noncardiac anomalies ......................... 28 

appeared to be closing, but in many it was widely patent. Closure of 
the ductus has been cited by some as the reason why these infants suffer 
congestive failure and die. From the postmortem findings this explana
tion would be unsatisfactory for the majority of patients. 

Table 18 lists the associated findings at postmortem. Only eight 
patients were noted to have no other intracardiac anomalies but hypo
plasia of the aortic arch and a patent ductus arteriosus. In three of these, 
serious noncardiac anomalies, namely, tracheo-esophageal fistula, dia
phragmatic hernia and polycystic kidneys, were the major cause of death. 
One infant died of a beta streptococcal pneumonia with no evidence of 
congestive failure. Three infants died in congestive failure. In two of 
these, pneumonia with empyema was a major contributing cause of 
death. The eighth patient was a 12 8/12-year-old child who died at oper
ation after division of a patent ductus. 
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Treatment 

From the preceding discussion it is obvious that there is no satisfactory 
treatment. Vigorous decongestive measures should be used and anti
biotics considered because of the frequent findings of pneumonitis at 
autopsy. Infants with an uncomplicated coarctation will often respond 
dramatically to medical treatment.ss In general, these infants with com
plicated lesions showed a poor medical response, but in some cases tem
porary improvement was striking. 

Surgical resection of coarctation of the aorta even in early infancy 
has been attempted,6, 2S, so, 40 and although the results have been some
what encouraging, the surgical mortality rate is higher than in later 
childhood. The presence of serious associated" cardiac defects makes 
operation in this particular group of infants discouraging. The older 
children in our study who died after operation in general had pulmonary 
vascular obstructive change which increases the surgical mortality 
rate.16,26 It seems unlikely that many of these infants will benefit by 
surgical intervention unless one is prepared to correct the associated 
defects. It is possible that in the not-too-distant future, by use of a 
cardiac bypass apparatus, surgical correction of all these defects at one 
time may be feasible. 

In general, all infants with coarctation of the aorta in congestive 
failure should first be treated by vigorous medical means. In those who 
do not respond well to medical therapy operation should be considered. 
Cardiac catheterization and angiocardiography may help in localizing the 
area of coarctation and any associated defects and may be of diagnostic 
use prior to surgical intervention. 

SUMMARY 

Hypoplastic left heart syndrome is proposed as a useful term to de
scribe infants with an obstructive lesion on the left side of the heart 
associated with hypoplasia of the left ventricle and right ventricular 
hypertrophy. The clinical and autopsy findings in 101 patients with 
this condition have been presented. A sudden onset of right- and left
sided congestive failure in a young infant with mild cyanosis, a non
specific heart murmur and either weak pulses in all extremities or rela
tive hypertension in the arm should suggest this diagnosis. Right axis 
deviation, right ventricular hypertrophy, P pulmonale and S-T and T 
wave changes by electrocardiogram and moderate to marked cardiac 
enlargement with or without pulmonary plethora by x-ray examination 
would lend support. 

The clinical recognition of the syndrome is not difficult in most cases, 
but to make a specific diagnosis of the exact anatomic defects present 
is often impossible. Table 17 presents the salient differences in the 
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various entities forming this syndrome. Frequently there are multiple 
obstructive lesions in the same patient. Once a diagnosis of the syndrome 
is made, cardiac catheterization and angiocardiography may be of assist
ance in defining more clearly the exact malformations present. 

Medical treatment at present is unsatisfactory, and surgical treatment 
is limited. It is important that physiologic studies by catheterization 
and angiocardiography be carried out in these infants to furnish much 
needed information on the exact disturbances of circulation present. 
With this knowledge, as further advances are made in open heart 
surgery, it is possible that some of these infants may be salvaged. 
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