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Comparative echocardiographic features of conditions
presenting with symptomatic pulmonary hypertension
and right ventricular hypertrophy in early infancy*
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SUMMARY Echocardiographic dimensions in infants (less than 2 months) with pulmonary hypertension,
associated with coarctation of the aorta in 21, total anomalous venous return in 10, and left-to-right
shunts in 14 were compared with 10 infants with respiratory distress syndrome, seven with transient
tachypnoea of the newborn, 20 normal children, and with each other. Distinguishing features of total
anomalous pulmonary venous return were very significantly lower left atrial and left ventricular
dimensions. Right ventricular enlargement was maximal in patients with coarctation of the aorta and
total anomalous pulmonary venous return. Left ventricular end-diastolic dimension in coarctation of the
aorta was not significantly different from normal but the left ventricular end-systolic dimension was

significantly lower, suggesting a hypercontractile left ventricle. Similar findings were observed in
patients with left-to-right shunts.

M-mode echocardiograms are hence valuable in differentiating conditions which may present
with intractable congestive cardiac failure in the newborn and also distinguishing them from common

respiratory disease of the neonate.

Congestive cardiac failure in the neonatal period is
often associated with pulmonary hypertension.
Several conditions such as coarctation of the aorta,
large left-to-right shunts via ventricular septal
defect, persistent ductus arteriosus, and atrial septal
defect may occur singly or in combination. Total
anomalous pulmonary venous return, usually with
obstruction to the pulmonary veins, can present
with intractable congestive cardiac failure. It is
this latter condition that may be confused with
respiratory distress syndrome since the radiological
features often consist of an obscured cardiac
shadow.'

Since the management of respiratory distress
syndrome consists of continuous positive airway
ventilation in addition to correction of acidosis, it
is imperative that a precise diagnosis is made to
avoid potentially hazardous cardiac investigations.
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It is not uncommon to observe that the femoral
arterial pulses vary in neonates with coarctation of
the aorta.' Hence, it may not be possible to distin-
guish from other lesions causing congestive cardiac
failure.

Echocardiographic features of coarctation of the
aorta have been described recently.3 Echocardio-
graphic features of total anomalous pulmonary
venous return were described,4 though the implica-
tions of demonstrating an echo-free space behind
the left atrium have been challenged.5 6 The systolic
time intervals, in the prognosis of neonates with
respiratory distress syndrome, have been studied.7
However, a comparative analysis of these conditions
has not been made and superficial similarities
consisting of an enlarged right ventricle may exist.
The purpose of this paper was to make a com-

parative analysis of the echocardiographic features
of conditions presenting with pulmonary hyper-
tension and congestive cardiac failure in the neonate.
We believe that there are differentiating echo-
cardiographic features that enable the clinician to
make a more precise diagnosis.
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Subjects and methods

This study was performed on infants less than 2
months old admitted to The Hospital for Sick
Children, Toronto, in congestive cardiac failure.
The distribution of age and weight at the time of
the study is set out in Table 1.

Initial assessment consisted of physical examina-
tion, chest radiograph, electrocardiogram, and M-
mode echocardiogram. Twenty-one patients were

diagnosed as having coarctation of the aorta (group
1). Ten with total anomalous pulmonary venous

return formed group 2. Ten had respiratory distress
syndrome and these with seven newborns with
transient tachypnoea jointly formed group 3.
Fourteen with large left-to-right shunts (Q.p/Qs >
3:1) either had ventricular septal defect alone, in
five, or in combination with persistent ductus
arteriosus and atrial shunt, in nine, and jointly
formed group 4. Finally, 20 patients without any

cardiac or respiratory disease formed group 5, and
served as controls.
The patients with coarctation of the aorta, total

anomalous pulmonary venous return, and left-to-
right shunts all underwent cardiac catheterisation
and selective angiocardiography. All the patients in

groups 1, 2, and 4 were found to have severe

pulmonary hypertension at cardiac catheterisation:
pulmonary artery pressure greater than 3/4 mmHg
systemic. The patients with coarctation of the aorta
did not have any associated intracardiac lesions
apart from a small ventricular septal defect in nine
(Qp/Qs < 15:1) and mild aortic stenosis in four
(aortic valve gradient <25 mmHg). Patients with
total anomalous pulmonary venous return did not
have any associated intracardiac lesions. Pulmonary
venous return was to the innominate vein in five,
superior vena cava in one, and infradiaphragmatic
in three. The connection was mixed supracardiac
in one.

Echocardiograms were obtained using a 5 MHz
transducer (6 mm active diameter, non-focused) and
Hoffrel lOlC ultrasonic interfaced to a Cambridge
recorder. Infants were examined at rest lying
comfortably and without sedation. Recordings were

obtained as described previously.8 Systolic time
intervals were measured from aortic and pulmonary
valve leaflet motion recorded at 100 mm/s.9
Echocardiograms were reviewed by at least two of
the authors independently. The aortic root dimen-
sions (Ao) were measured from the anterior margin
of the posterior wall to the anterior margin of the

Table 1 Age, weight distribution, right ventricular, left atrial, and aortic root dimension

Age Weight RVW RVED LAD Ao LA/Ao
(d) (kg) (mm) (mm) (mm) (mm)

Groub 1: Coarctation of aorta
n==10 Living 18-1 3-46 3-6 15-1 16 3 9 4 1-74

(2-42) (2-1-4-3) ±1*8 ±5 ±2-8 ±1 9 ±0 4
n=11 Dying 8-8 3-52 4-4 17-4 14-9 9 0 1-69

(1-21) (2 774-16) ±0 7 ±4-6 ±3-3 ±1-3 ±0-8
n=21 Summary 13-2 3-49 3 95 17-2 15 6 9-2 1-72

(1-42) (2-14-3) ±1-28 ±4-8 ±3-1 ±1-6 ±0-6

Group 2: Total anomalous pulmonary venous return
n=5 Living 19-8 2-94 4-2 15-8 10-4 8-4 124

(4-47) (2-1-3-9) ±08 ±5 2 1-6 ±1-8 ±0-2
n=5 Dying 22-0 3-29 3-4 15-4 8-6 7-0 1-2

(1-43) (1-35-7) ±1-5 ±3-4 ±2 7 ±1 0 ±0-2
n=10 Summary 20-9 3-42 3-8 15-6 9.5 7-7 1-22

(1-47) (1-45-7) +1-15 ±43 ±2 15 ±1-4 (1-01-4)

Group 3: Transient tachypnoea of newborn
n=7 1-37 3-2 3-4 8-3 13-1 8-8 1-49

(1-3) (23-39) ±07 ±39 ±2-6 ±05 ±0-6
Respiratory distress syndrome

n=10 4-5 3-6 3-0 10-8 119 8-9 1-33
(1-2-3) (1-54-1) ±0-6 ±3-1 ±2-1 ±09 ±0-42

Group 4: Left-to-right shunts (ventricular septal defects, persistent ductus arteriosus, atrial septal defect)
n=14 24-6 2-54 3-2 12-5 15-8 9-3 1-64

(4-40) (1-62-96) ±0-8 ±3-43 ±3-72 ±1-14 ±04

Group 5: Normal
n=20 9-2 3-2 2-5 10 0 13-0 10 0 1-3

(1-20) (2-1-4-4) ±0 45 ±0 95 ±1-35 ±0 75 +0 5

RVW, right ventricular wall thickness; RVED, right ventricular end-diastolic diameter; LAD, left atrial diameter; Ao, aortic root diameter
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Comparative echocardiographic features

anterior wall at end-diastole.10 Right ventricular
wall thickness (RVW) was measured at end-
diastole (onset ofR wave) as was the right ventricu-
lar dimension (RVED). The right ventricular
dimension was measured from the right septal
surface to the epicardium.11 Left ventricular
dimensions were measured at end-systole (LVES),
and end-diastole (LVED). Ejection fraction (EF)
was determined from the left ventricular dimensions
using a regression equation as suggested for infants.'2
The ratio of pre-ejection period to ejection time

was used to avoid the problem of variation of each
individual index with heart rate.9 13
The data was subjected to the Student's test for

statistical significance. Mean echocardiographic
measurements were compared by one-tailed or two-
tailed t tests as appropriate. For instance, since we
predicted that the left heart measurements in
coarctation of the aorta (group 1) and left-to-right
shunts (group 4) would be larger than those in
total anomalous pulmonary venous return (group 2)
one-tailed tests were used. When measurements
were heteroscedastic, so that the usual t test could
not be used, a variant due to Cochran was used.14

Results

The results have been set out in Tables 1 and 2.

GROUP 1: COARCTATION OF AORTA (NO. 21)
Right ventricular wall thickness and right ventri-
cular end-diastolic dimensions were increased as

compared with group 5 (p < 0 005). Aortic root
dimension and left ventricular end-diastolic dimen-
sion were slightly lower than normal (p < 0 05 and
< 0 03). The left ventricular dimension at end-
systole was, however, not significantly different.
The left atrial to aortic root (LA/Ao) was increased.
There was no significant difference in the

dimensions of the right and left ventricles between
the patients with additional ventricular septal
defects (nine patients) and those with isolated
coarctation of the aorta. The left-to-right shunt
through the ventricular septal defect, however, was

small (P/S = 1'5/1). In another group of eight
patients with large ventricular septal defects and a

pulmonary/systemic ratio varying from 2/1 to 4/1
the right ventricular dimensions (RVED, RVES)
and left ventricular end-diastolic dimensions

Table 2 Left ventricular dimensions, ejection fraction, and systolic time intervals

Age Weight LVED LVES EF LSTI RSTI
(d) (kg) (mm) (mm) (%) PEPIET PEP/ET

Group 1: Coarctation of aorta
n=10 Living 18-1 3-46 16-9 11-3 59 3 0 35 0-36

(2-42) (2-14-3) ±3-8 ±2-1 ±17-9 ±0-24 ±0-22
n=11 Dying 8-8 3-52 16-2 12-2 52-1 0-38 0-32

(1-21) (2-77-4-16) ±3-4 ±0 7 ±20-4 ±0-28 ±0-18
n=21 Summary 13-2 3-49 16-5 11-8 55-5 0-36 0 34

(1-42) (2-14-3) +3-6 ±1-4 ±19-5 ±0-26 +0-2

Group 2: Total anomalous pulmonary venous return
n=5 Living 19-8 2-94 12-0 7-8 61-0 0 37 0-29

(4-47) (2-1-3-9) ±2-7 ±1-4 ±18-5 ±0-22 ±03
n=5 Dying 22-0 3-29 11-6 7-6 60-4 0-4 0-48

(1-43) (1-3-5-7) ±3-55 ±0-9 ±20-o ±0-22 ±0 34
n=10 Summary 20-9 3-4 11-5 7-7 60-7 0-38 0 37

(1-47) (1-0-5-7) ±3-15 ±1-15 ±18-3 ±0-22 ±0-36

Group 3: Transient tachypnoea of newborn
n=7 1-37 3-2 15-6 9-8 63-7 0-38 0-28

(1-3) (2 3-3 9) ±1-8 ±2-2 ±19-8 ±0-12 ±0-14

Respiratory distress syndrome
n=10 4-5 3-6 16-1 10-1 64-4 0-37 0 35

(1-23) (1-54-1) ±2-35 ±1-65 ±16-9 ±0-26 ±0-22

Group 4: Left-to-right shunts (ventricular septal defects, persistent ductus arteriosus, atrial septal defect)
n=14 24-6 2-54 17-1 10-8 65-4 0-29 0-36

(4-40) (1-6-2-96) ±3-08 ±2-01 ±10-8 ±0-12 ±0-16

Group 5: Normal
n=20 9-2 3-2 18-7 13-3 53-1 0-35 0-24

(1-20) (2-1-4-4) ±4-24 ±1-6 +4-2 +0-06 ±0 07

LVED, left ventricular end-diastolic diameter; LVES, left ventricular end-systolic diameter; EF, ejection fraction; LSTI, left-sided
systolic time intervals; RSTI, right-sided systolic time intervals.
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(LVED) were larger when compared with group 1
(p< 0l).

GROUP 2: TOTAL ANOMALOUS PULMONARY
VENOUS RETURN (NO. 10)
Right ventricular wall thickness and right ventricu-
lar end-diastolic dimensions were increased
(p < 0 005). The left atrial and left ventricular
dimensions were significantly less than normal
(p < 0-001). The LA/Ao ratio, however, was normal.
The ventricular septal motion was normal in five,
flat in three, and reversed in two.

GROUP 3: RESPIRATORY DISTRESS SYNDROME
AND TRANSIENT TACHYPNOEA OF
NEWBORN (NO. 17)
The echocardiographic dimensions did not differ
significantly from normal apart from slightly lower
left ventricular and aortic dimensions. This may
be the result of the relatively younger age group
(Tables 1 and 2).
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Fig. 2 Comparison of echocardiographic dimension in
left-to-right shunts (group 4), normal (group 5), and
total anomalous pulmonary venous return (group 2).
The p values in each column refer to comparison between
group 4 versus group 5, and group 4 versus group 2.
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NTRICULAR SEPTAL DEFECT PLUS Therefore, patients in groups 1, 2, and 4 had
RSISTENT DUCTUS ARTERIOSUS) (NO. 14) increased right ventricular end-diastolic dimension
e right ventricular wall thickness and right and right ventricular wall thickness. Groups 1 and 4
Ltricular end-diastolic dimensions were only had increased left atrial dimension, while group 2
rhtly increased as compared with normal had significantly low left atrial dimension and left
< 0'01 and < 0'025). Neither the aortic root ventricular end-diastolic dimension.
aensions nor the left ventricular end-diastolic When echocardiographic dimensions of groups 1
aensions were significantly different. However, and 2 were compared with each other (Fig. 1) left
left ventricular end-systolic dimension was ventricular end-diastolic, end-systolic, and left

nificantly decreased (p < 0'001). This finding atrial dimensions were significantly lower in
Lfirmed the angiographic impression of a patients with total anomalous pulmonary venous

return (p <0 001). The aortic root dimension was

also lower (p < 0 01). When group 2 was compared
with group 3, the most significant differences were
lower left ventricular end-systolic, end-diastolic,

oTotaloanofalthe Aulmonart veno2u return n=0left atrial, and aortic dimensions, and increased
right ventricular wall and right ventricular end-
diastolic dimension in group 2 (Tables 1 and 2).

T T Similarly, when group 2 was compared with group 4,
the most significant findings were lower left atrial,

i | aortic, and left ventricular end-diastolic and end-
T 1 systolic dimensions. Though the right ventricular

T wall and right ventricular end-diastolic dimensions
1 I were increased in group 2 as compared with group 4,

the differences were not statistically significant
p<OOOl p<O.OOl p<O.OOl p<OOl i(Fig. 2). Group 1 differed from group 4 in that thep<0001<.0 n.s. n.s.

right ventricular wall and right ventricular end-
LAD LVES LVED AO RVW RVED diastolic dimensions were significantly thicker and

1 Comparison of echocardiographic dimensions in larger. The systolic time intervals for the rigth
rctation of the aorta (group 1) and total anomalous ventricle in patients with total anomalous pul-
monary venous return (group 2). p values are given monary venous return who died were increased
each value. Abbreviations as in Tables 1 and 2. compared with those who survived. The aortic

return (n=10)
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root dimension was also reduced in those who died.
However, in patients with coarctation of the aorta
(group 1) no significant differences of ventricular
function were observed in survivors compared with
those who died (Table 2). Similarly, the contractility
indices in groups 3 and 4 were not significantly
different. Ventricular performance based on ejection
fraction and systolic time intervals was also not
significantly different among the various groups.

Discussion

Symptomatic coarctation of the aorta, total anomal-
ous pulmonary venous return, and left-to-right
shunting at ventricular and/or duct level all present
with pulmonary hypertension as a major haemo-
dynamic abnormality in early infancy. Superficial
similarities exist between these. In addition,
respiratory distress syndrome and transient tachyp-
noea of the newborn may be confused clinically.
A full evaluation of the echocardiogram helps in
the differential diagnosis.

Echocardiographic features of total anomalous
pulmonary venous return have been described
previously and include the demonstration of an
echo-free space posterior to the left atrium.4
However, this finding has also been observed in
patients without total anomalous pulmonary venous
return by us and others.5 '5 It may represent
structures such as the coronary sinus and epicardial
fat. It is therefore unreliable as the sole diagnostic
feature. Septal motion in patients with total anomal-
ous pulmonary venous return may either be normal,
flat, or reversed. In our series, there was reversed
motion in two, flat in three, and normal in five.
There was no correlation between the septal motion
and the left-to-right shunt or the presence of
pulmonary venous obstruction. A previous study
had suggested that the lack of paradoxical septal
motion may be a result of the reduction of the left-
to-right shunt in the presence of pulmonary venous
obstruction.'6 The ejection fraction may be un-
reliable in the presence of abnormal septal motion.
The right ventricular systolic time intervals were
significantly prolonged in those who died. This has
prognostic value in the clinical setting.
The significant differences between neonates

with total anomalous pulmonary venous return
(group 2) as compared with respiratory distress
syndrome (group 3) consisted of lower left heart
dimensions in group 2 (Tables 1 and 2). It is
important that distinction between these two
groups is made so that unnecessary and hazardous
cardiac catheterisations in neonates with respiratory
distress syndrome are avoided. By contrast, patients
in group 2 require urgent cardiac catheterisations

so that there is no deterioration before emergency
surgery for reimplantation of the pulmonary venous
trunk into the left atrium.
We believe that while there are no specific M-

mode echocardiographic features of coarctation of
the aorta and total anomalous pulmonary venous
return, the echocardiographic dimensions of the
left heart chambers usually help to differentiate the
two groups (Fig. 1). Similarly, the group with
left-to-right shunt caused by ventricular septal
defect and persistent ductus arteriosus can also
easily be distinguished from total anomalous
pulmonary venous return on the basis of signifi-
cantly increased left heart dimensions (Fig. 2). The
left heart dimensions in groups 1 and 4 were not
significantly different from each other but the right
ventricular end-diastolic dimension and right
ventricular wall thickness were significantly greater
in group 1 (p < 0-002 and < 0 05, respectively).
Both coarctation of the aorta and total anomalous

pulmonary venous return have enlarged right
ventricular dimensions with thickened right ventri-
cular wall. However, the left atrial, left ventricular,
and aortic root dimensions are significantly lower
in total anomalous pulmonary venous return.
Angiocardiographic volume determinations in total
anomalous pulmonary venous return have shown
that the left atrial volume is reduced but the left
ventricular volume is normal.'7 Similarly, an
analysis of the geometry of the left ventricle in 36
fatal cases with total anomalous pulmonary venous
return has shown that the left ventricular mass is
within normal limits.'8 Hence, the lower left
ventricle is pushed back and flattened by the
enlarged right ventricle. Thus, though the minor
dimension may be lower, the volume may not
necessarily be reduced.

In our experience, the left heart dimensions in
obstructed infradiaphragmatic total pulmonary
venous return have always been smaller than
normal. In such cases real-time echocardiographic
examination using a xiphisternal approach may
indeed show the absence of pulmonary veins
entering the left atrium and also show the descend-
ing pulmonary venous trunk behind the left atrium.

Infants with coarctation of the aorta (group 1)
and those with left-to-right shunts (group 4) were
found to have normal left ventricular end-diastolic
diameters but the left ventricular end-systolic
dimensions were lower than in the normal group.
This suggests a hypercontractile left ventricle as
often seen on angiocardiography in these conditions.

Infants with total anomalous pulmonary venous
return who died had a higher systolic time interval
ratio (PEP/ET) as well as smaller aortic roots
compared with those who survived. Echocardio-
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graphic features did not appear to have prognostic
significance in the other groups.
Pulmonary hypertension is common to a number

of cardiac anomalies in infancy. The causative
haemodynamics are different in each condition.
The M-mode echocardiogram tends to reflect these
differences, and is of great help in arriving at a
clinical diagnosis and also in planning the subse-
quent catheterisation and management of the
patient.
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