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The role of cross sectional echocardiography and
pulsed Doppler ultrasound in the management
of neonates in whom congenital heart disease is
suspected
A prospective study
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suMMARY The application of cross sectional echocardiography and pulsed Doppler ultrasound to

the management of symptomatic neonates with suspected congenital heart disease was studied in
96 consecutive cases. The ability of echocardiography to establish a complete and accurate

diagnosis and a correct management plan was evaluated. Sequential segmental analysis of data
from cardiac catheterisation and necropsy identified 536 cardiovascular anomalies. Of the 536
anomalies 512 were correctly diagnosed by echocardiography (sensitivity 95 5%). Seven false
positive echocardiographic diagnoses were made (specificity 98 6%). Nearly all the missing
diagnoses and all the false positive diagnoses made by echocardiography were extracardiac
vascular anomalies. Normal cardiovascular anatomy was at all times correctly identified by
echocardiography. In 12 babies (12 5%) a management plan could not be established because of
inconclusive echocardiographic findings. Of the 84 proposed plans based on the echocardio-
graphic findings, eight were found to be inappropriate after catheterisation. Thus, 76 babies
(79-2%) could have been correctly managed without cardiac catheterisation. The combination of
cross sectional echocardiography and pulsed Doppler ultrasound not only allows diagnosis of
congenital cardiac anomalies in most neonates but can facilitate appropriate clinical management.
Only a minority of neonates with suspected congenital heart disease require cardiac catheter-
isation and angiography.

Mortality is high in infants who present with cardio-
respiratory symptoms in the first few weeks of life. ' 2

Appropriate lifesaving management including early
operation depends on the accurate determination of
the cardiovascular anatomy and haemodynamic
function. Although conventional cardiac cath-
eterisation and cinecardioangiography are valuable
diagnostic methods, they are not without hazards
especially when performed on the critically ill neo-
nates.3 High resolution cross sectional echo-
cardiography can define intracardiac,4 5 great
artery,6 7 systemic venous' and pulmonary venous9
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anomalies and relations, while pulsed Doppler ultra-
sound can detect and quantify intracardiac'0 and
extracardiac" shunts, valvar stenosis,1213 and
valvar regurgitation. s

Since cross sectional echocardiography and pulsed
Doppler ultrasound are non-invasive and
complication-free procedures, they are attractive
altematives to the conventional invasive diagnostic
methods. We assessed the role of combined cross
sectional echocardiography and pulsed Doppler
ultrasound in the management of symptomatic neo-
nates in whom congenital heart disease is suspected.

Patients and methods

We studied 96 consecutive neonates (mean age 11
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days) admitted to the Grantham Hospital with car-

diorespiratory symptoms (heart failure, cyanosis,
and tachypnoea) between October 1983 and April
1985. To evaluate the role of echocardiography in
the management of these neonates, we determined
its ability to establish a complete and accurate diag-

nosis and a correct management plan. On admission
careful clinical assessment, chest radiograph, stan-
dard electrocardiogram, and laboratory tests were

carried out.
Cross sectional echocardiography and pulsed

Doppler ultrasound were then performed by one of
the three paediatric cardiologists (MPL, KCL, RL)
using an Advanced Technology Laboratory (mark V
series 300) mechanical scanner fitted with a 5 or

7-5 MHz transducer. The atrial situs,16 atrio-
ventricular and ventriculoarterial junctions were

defined and ventricular morphology and intracardiac
anatomy were studied in the standard views.'7 A
search was made for extracardiac vascular anomalies,
intracardiac and extracardiac shunts, valvar stenosis,
and regurgitation. All echocardiograms were

recorded on video tapes and were reviewed by all
three paediatric cardiologists together. The clinical
history, results of the physical examination, electro-
cardiograms, and chest radiographs were available to
all physicians.
Depending on the clinical and echocardiographic

findings either medical or surgical management was

proposed whenever possible. If operation was indi-
cated it was planned together with the surgeon
(CKM). Cardiac catheterisation was then carried out
according to the indications recommended by
Rudolph"8 except in those who were moribund on

admission. Catheterisation was performed under
general anaesthesia with intermittent positive pres-
sure ventilation. Conventional techniques were

used. The approach and pattern of study adopted
were that appropriate to each individual patient's
condition and pre-catheterisation diagnosis.
The aim of all studies was to achieve a complete

diagnosis in the shortest possible time. After cardiac
catheterisation a definitive management plan was

made and executed. Neonates with normal cardio-
vascular anatomy (for example, those with isolated
persistent fetal circulation), cardiovascular anoma-

lies without critical haemodynamic derangement
(for example, tetralogy of Fallot without severe hy-
poxaemia), uncorrectable cardiovascular anomalies
(for example, aortic atresia), and those who were

moribund were managed conservatively. The
remaining neonates who had operable cardiovascular
anomalies with critical derangement of hae-
modynamic function (for example, pulmonary
atresia, total anomalous pulmonary venous con-

nection) were subjected to either palliative or cor-
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rective surgery, and balloon septostomy was per-
formed in babies with transposition of great arteries.
The echocardiographic findings were compared

with the catheterisation or necropsy findings. We
used the sequential segmental approach19 to deter-
mine the sensitivity and specificity of echo-
cardiography in determining cardiac anatomy:
Sensitivity =
number of correct echocardiographic diagnoses
number of catheterisation + necropsy diagnoses

Specificity =
number of correct echocardiographic diagnoses

number of correct+ false positive echocardiographic
diagnoses

If an echocardiographic diagnosis was in doubt
and if it was later confirmed by cardiac cath-
eterisation, it was not counted as a correct diagnosis.
If, however, a doubtful echocardiographic diagnosis
was later disproved by cardiac catheterisation, it was
regarded as a false positive diagnosis.
The impact of echocardiography on the manage-

ment of these babies was evaluated by comparing the
proposed management plan based on echocardio-
graphic findings with the definitive management.

Results
Cross sectional echocardiography and pulsed
Doppler ultrasound were satisfactorily performed
and recorded on all neonates. Cardiac catheterisation
was carried out in all babies except seven who were
moribund on admission. At catheterisation five
babies had transient arrhythmia during manipu-
lation of the catheter. In 10 babies the body tem-
perature fell below 35°C; 12 babies developed meta-
bolic acidosis requiring correction and one baby
died. Two babies later developed acute renal failure
and a total of 35 babies received blood transfusion.
All seven babies who were moribund and not cath-
eterised died soon after admission and in all of them
a necropsy was performed. Five had hypoplastic left
heart syndrome, one each with interrupted aorta
associated with truncus arteriosus and coarctation of
aorta associated with aortic stenosis.

DIAGNOSIS
In four babies no structural cardiac abnormality was
found by either echocardiography or cardiac cath-
eterisation. In all four babies the fetal pattern of high
pulmonary vascular resistance persisted. Table 1
lists the congenital cardiovascular anomalies found
in 92 babies.
A total of 536 cardiovascular anomalies were diag-

nosed by sequential segmental analysis of data
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Echocardiography in the management of neonates with suspected congenital heart disease

Table 1 Diagnostic classification

Diagnosis No

Pulmonary outflow obstruction
Pulmonary stenosis (valvar and/or subvalvar):

isolated valvar
with UVH (and right isomerism)
with VSD (tetralogy of Fallot)
with A-V canal
with VSD and hypoplastic RV
with ASD
with DORV

Pulmonary atresia:
with intact ventricular septum
with UVH (one with right isomerism)
with UVH, right isomerism, and TAPVC
with UVH, bilateral ductus, and absent PA

confluence (one with right isomerism)
with VSD and absent MPA
with VSD

Complete transposition:
with DA (one with dextrocardia)
with VSD
with VSD and subvalvar PS
with VSD and hypoplastic RV
with UVH
with UVH and subvalvar PS

Aortic outflow obstruction
Coarctation:

with VSD and DA
with UVH and TGA
isolated
with AS
with DORV
with UVH, TGA, and subaortic stenosis

Interrupted aorta:
with bilateral ductus and RSA from RPA
with truncus

Hypoplastic left heart syndrome
Left to right shunt

VSD (isolated)
A-V canal
DA (isolated)

Others
TAPVC (isolated)
Normal heart (persistent fetal circulation)
DORV with DA
Ebstein anomaly
Supravalvar (mitral) membrane
AS (critical) with UVH and hypoplasia of ascen

aorta
Cardiac tumour
Cardiomyopathy

4
3
3
3

1

7
4
3

2
2
1

Total 35

9
3
3
1
1

Total 18

6
2

l
1

Total 11

2
1
1

Total 4

4
4
1
1

iding

Total 14

AS, aortic stenosis; ASD, atrial septal defect; A-V, atrioventricular;
DORV, double outlet right ventricle; MPA, main pulmonary
artery; PA, pulmonary artery; DA, ductus arteriosus; PS,
pulmonary stenosis; RSA, right subclavian artery; RPA, right
pulmonary artery; RV, right ventricle; TAPVC, total anomalous
pulmonary venous confluence; TGA, transposition of great arteries;
UVH, heart with univentricular atrioventricular connection; VSD,
ventricular septal defect.

obtained at cardiac catheterisation and at necropsy.
Of these, 512 were correctly identified by echo-
cardiography, yielding a sensitivity of 95 5%. Seven
false positive diagnoses were made by echo-
cardiography, so the specificity of the technique was
98-6%. The normal cardiac segments were correctly
identified by echocardiography. Table 2 summarises
the segmental analysis.

One case of suspected ventricular septal defect was
confirmed and one case of suspected ductus arte-
riosus was excluded by catheterisation. Of the three
cases of suspected coarctation of aorta, two were
confirmed and one was excluded by catheterisation.
In seven babies with right isomerism and compro-
mised pulmonary blood flow, the pulmonary venous
connection could only be defined by catheterisation,
and obstructed total anomalous pulmonary venous
connection was demonstrated in three babies. Echo-
cardiography failed to diagnose one of the eight cases
of right isomerism, two cases each of aberrant right
subclavian artery and absent main pulmonary artery,
three cases of bilateral ductus arteriosus, and six of
ductus arteriosus. Among these 14 babies with
missed diagnoses, 13 had other associated anomalies
that were identified by echocardiography. In two
cases of isolated total anomalous pulmonary venous
connection, the drainage site of the common pul-
monary venous trunk could only be determined by
catheterisation. Two of the seven babies with pul-
monary atresia and intact ventricular septum had
extensive myocardial sinusoid-coronary commu-
nications and these were demonstrated by angio-
graphy only.

In the present study, pulsed Doppler ultrasound
was found to be a useful adjunct in diagnosing
extracardiac vascular anomalies and abnormal valvar
function. It was extremely helpful in the detection of
ductus arteriosus, coarctation of aorta, abnormal
systemic venous channels, and valvar regurgitation.
In two cases of total anomalous pulmonary venous
connection the drainage site of the common pul-
monary venous trunk could not be located without
pulsed Doppler ultrasound. It overestimated the
severity of one case of pulmonary stenosis, however,
and was of limited value in defining the pulmonary
venous connection in babies with right isomerism
and compromised pulmonary blood flow.

PROPOSED AND DEFINITIVE MANAGEMENT
PLANS
The management of 12 (12-5%) babies could not be
planned on the basis of clinical and echo-
cardiographic findings alone. As mentioned above,
seven babies with right isomerism and compromised
pulmonary blood flow required catheterisation to
define their pulmonary venous connection. Obstruc-
ted total anomalous pulmonary venous connection
was diagnosed in three and this precluded systemic-
to-pulmonary artery shunting. Two patients with
isolated total anomalous pulmonary venous -con-
nection required catheterisation to determine the
drainage site of the common pulmonary venous
trunk before operation. Two of three cases of sus-
pected coarctation of aorta were c6nfirmied by angio-
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Table 2 Comparison of cross sectional echocardiography and cardiac catheterisation and necropsy findings in diagnosing cardiac
anomalies

Diagnosis No of correct echo diagnoses No of catheter and necropsy Sensitivity False positive Spec

Atrial situs:
Normal E
Inversus
Left isomerism
Right isomerism

Atrial-ventricular junction:
Connection:
Concordant
Discordant
Ambiguous
Absent right connection
Absent left connection
Double inlet with two A-V valves
Double inlet with common A-V

valve
A-V valves
TV with normal morphology
and function 4

TV regurgitation
Ebstein anomaly
MV with normal morphology
and function

MV regurgitation
MV straddling
MV hypoplastic
MV imperforate
Common A-V valve (concordant

connection)
Common A-V valve

regurgitation
Ventriculoarterial junction:

Connection:
Concordant
Discordant
Single outlet-truncus

-pulmonary
atresia

Double outlet from RV
UVH

Ventricular outflow and semilunar
valves
RV outflow and PV normal
PV stenosis
PV critical stenosis
PV atresia
Sub-PV stenosis
LV outflow and AV normal
AV critical stenosis
AV atresia
Sub-AV stenosis

Intracardiac anomalies:
Absent
Atrial septal defect-secundum

-primum
Ventricular septal defect
AV canal defect
Supravalvar membrane in left
atrium

Ventricular morphology and
anomalies:
Normal
Hypoplastic RV-tripartate

-absent
infundibulum

Hypoplastic LV
UVH with rudimentary RV
UVH with rudimentary LV
UVH without rudimentary

ventricle
Ventricular wall tumour

2
3
7

68

62

diagnoses (%) echo diagnosis (%/.)
92-3 0 100

2
3
8

100 100

0
2
5
9

11

14

65
2

12

2

100

83

68

62

0
2
5
9
1

11

14

65
2

21

2

100 0

57
21

1

12
3
2

57

4
7
13
82
2
11
I

30
23
11
40
4

54
11

11
12
1

5

57

57

30

54

21
1

12
3
2

4
7
13
82
2

11
1

23
11
41
4

100 1 800

988 0 100

97-6

100 0 100

I1

12
1

5
1

Ctj
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Echocardiography in the management of neonates with suspected congenital heart disease

)le 2-continued

ynosis No of correct echo diagnoses No of catheter and necropsy Sensitivity False positive Specificity
diagnoses (00) echo diagnosis (0 )

acardiac vascular anomalies: 81 6 6 94 2
bsent 15 15
:rsistent LSVC 5 5
bsent IVC with azygos
continuation 3 3
APVC 2 4
APVC with right isomerism 0 3 0 4
bsent main pulmonary artery 0 2
3rtic right arch 4 4
ortic coarctation 10 12 83-3 1 90-9
ortic interruption 2 2
ortic hypoplasia (i) ascending

aortic 12 12
(ii) isthmic 2 2

A left 58 64 90 6 1 98 3
A bilateral 0 3 0
berrant right subclavian artery 0 2
iyocardial sinusoid-coronary
communication 0 2
11 512 536 95-5 7 98-6

, atrioventricular; AV, aortic valve IVC, inferior vena cava; LSVC, left superior vena cava; LV, left ventricle; MV, mitral valve; DA, ductus arteriosus;
pulmonary valve; RV, right ventricle; TAPVC, total anomalous pulmonary venous confluence; TV, tricuspid valve; UVH, heart with univentricular
ventricular connection.

WE,.. .. -l~W R1Ri..XcU'.
Fig. 1 (a) Aortogram showing a left sided ductus (curved black arrow) feeding into the left pulmonary artery only. (b)
Another frame from the same aortogram showing a right sided ductus (straight black arrow) arising from the right
subclavian artery and feeding into the right pulmonary artery. There was no confluence between the left and right
pulmonary arteries. Cross sectional echocardiography failed to identify these tortuous anomalous vessels. AO, aorta; LPA,
left pulmonary artery; RPA, right pulmonary artery.
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RSA

RPA

Fig. 2 Angiography by double catheter technique showing the complex anatomy of interruption of aorta and
bilateral ductus arteriosus. (a) Retrograde right axillary artery injection (single black arrow) showed up the right
subclavian artery-right ductus (black star)-right pulmonary artery continuation. The second balloon catheter
(double black arrows) traversed the main pulmonary artery and descending aorta through a large left ductus. (b)
Separate injection through the balloon catheter outlined the main pulmonary artery-left ductus (curved black
arrow)-descending aorta continuation and the left subclavian artery arising from the descending aorta. Cross
sectional echocardiography failed to demonstrate the right sided ductus. DAO, descending aorta, LSA, left
subclavian artery; MPA, main pulmonary artery; RPA, right pulmonary artery; RSA, right subclavian artery.

graphy; the remaining patient had isolated cardio-
myopathy.
A management plan was established in each of the

remaining 84 babies after echocardiography. After
cardiac catheterisation, however, the management
plan was found to be inappropriate in eight babies.
Two babies with univentricular atrioventricular
connection and pulmonary atresia were scheduled
for systemic-to-pulmonary artery shunting. How-
ever, angiography demonstrated bilateral ductus
arteriosus supplying the pulmonary circulation and
there was no pulmonary artery confluence (Fig. 1),
and the proposed shunt was abandoned. The pro-
posed operation was not performed in another baby
with interruption of aorta and ventricular septal
defect because angiography demonstrated additional
bilateral ductus arteriosus with right subclavian
artery to right ductus and to right pulmonary artery

.continuation (Fig. 2). Two babies with pulmonary
atresia and intact ventricular septum were scheduled
for closed transventricular pulmonary valvotomy,
but this was ruled out by the angiographic demon-
stration of extensive sinusoidal coronary commu-

nications at the right ventricular infundibulum, and
systemic-to-pulmonary artery shunt alone was per-
formed. At catheterisation, an unexpected ventricu-
lar septal defect was demonstrated in a baby with
hypoplastic right ventricle and pulmonary valvar
stenosis (Fig. 3). This excluded early operation. The
proposed management was abandoned after cath-
eterisation in two other babies-one with an isolated
ductus arteriosus which was missed by echo-
cardiography and another with an atrial septal defect
and mild pulmonary valvar stenosis in whom the
degree of pulmonary stenosis had been over-
estimated by echocardiography.

In 76 (79 2%) babies the proposed management
plan did not require alteration after catheterisation,
although in nine of them diagnosis by echo-
cardiography was incomplete. The missed diagnoses
were ductus arteriosus in five (three with associated
transposition of the great arteries, one with associ-
ated coarctation of aorta and ventricular septal
defect, and the remaining one with infra-
diaphragmatic total anomalous pulmonary venous
connection), aberrant right subclavian artery in two
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babies (one had associated hypoplastic left heart syn-
drome and the other had associated coarctation of
aorta, ductus arteriosus, and ventricular septal
defect), and absent main pulmonary artery in two
other babies with pulmonary atresia and ventricular
septal defect. Thus, echocardiography provided
complete diagnosis in 67 (69.8%) babies.

Discussion

To keep echocardiography as a totally non-invasive

Fig. 3 (a) Anteroposterior view of selective right
ventriculogram showing a hypoplastic right ventricle,
narrowed infundibulum, and dilated main pulmonary
artery. (b) Lateral view of the same ventriculogram
showing the thick dysplastic pulmonary valve (black
arrows). (c) Selective left ventriculogram outlining a large
left ventricle, with contrast crossing the ventricular septal
defect to outline the hypoplastic right ventricle (white
arrows). AO, aorta; LV, left ventricle; MPA, main
pulmonary artery; RV, right ventricle.

diagnostic method we did not use contrast echo-
cardiography in the present study. Our results
confirm the morbidity and mortality associated with
cardiac catheterisation but not with echo-
cardiography. The present study indicates tat com-
bined cross sectional echocardiography and pulsed
Doppler ultrasound have a high sensitivity and
specificity for detecting abnormal situs and anoma-
lies of the atrioventricular and ventriculoarterial
junctions as well as intracardiac anatomy. It was less
good, however, for the identification of extracardiac
vascular anomalies. This has been the experience of
other investigators also20 21 and is probably related
to the different and tortuous routes of vessels at the
base and posterior aspect of the heart. Following
their courses with what is basically a tomographic
technique can be difficult. Hence it is not surprising
that in some babies we failed to demonstrate echo-
cardiographically ductus arteriosus, coarctation of
aorta, pulmonary artery and vein distribution, medi-
astinal vascular anomalies, and coronary anatomy.

In the present study the number of missed extra-
cardiac vascular anomalies would have increased
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Fig. 4 (a) Cross sectional echocardiography (suprasternal view) of the aortic arch. The suspected site of
coarctation (white arrow) was confirmed by pulsed Doppler ultrasound when the sample volume was at the
position indicated by the white asterisk. (b) Graphic display of pulsed Doppler ultrasound showing the impaired
turbulent systolic blood flow (straight black arrow) and the abnormal continuation of blood flow during diastole
(curved black arrow) registered in the descending aorta distal to the site of coarctation.

without pulsed Doppler ultrasound. Differences in
flow patterns demonstrated by pulsed Doppler ultra-
sound allow venous channels to be distinguished
from arteries. Persistent left superior vena cava and
absent inferior vena cava with azygos continuation
can be identified. The impaired blood flow distal to
the site of suspected coarctation of aorta (Fig. 4),
shunting across a suspected ductus arteriosus
(Fig. 5), or the abnormal turbulence at the probable
drainage site of isolated total anomalous pulmonary
venous connection are diagnostic when these
Doppler signals are present.

Pulsed Doppler ultrasound also contributes
significantly to the detection of atrioventricular and
ventriculoarterial junction anomalies. Atrio-
ventricular valve regurgitation can be demonstrated
readily, and subvalvar pulmonary stenosis, pul-
monary valvar stenosis, and pulmonary atresia can
be differentiated without difficulty. We over-
estimated the degree of pulmonary valvar stenosis in
one baby and failed to detect the shunting across the
isolated ductus arteriosus in another baby, however.
The latter missed diagnosis was probably related to
a high PaCO2 of 9 kPa at the time of echo-
cardiographic examination. This would lead to an

increase in pulmonary vascular resistance and would
abolish the shunting across the ductus.
We found that it was impossible to delineate with

certainty the pulmonary venous connection in right
isomerism associated with pulmonary atresia or
stenosis. The pulmonary veins were too small to be
traced and the sluggish pulmonary venous return
precluded detection of the drainage site by pulsed
Doppler ultrasound. We also failed to identify by
echocardiography bilateral ductus with its associated
sixth arch anomalies and sinusoidal coronary com-
munication in pulmonary atresia and intact ventricu-
lar septum.
Although we were unable to identify some of the

extracardiac vascular anomalies with echo-
cardiography, 76 (79-2%) babies could have been
correctly managed without cardiac catheterisation.
The result of this study must be interpreted in the
context in which it was performed, however. The
physicians performing and interpreting the echo-
cardiograms were experienced paediatric cardiol-
ogists and echocardiographers and they were aware
of the clinical findings, the results of the electro-
cardiograms, and chest radiographs. Also, echo-
cardiography was being performed with a goal-
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Fig. 5 (a) Cross sectional echocardiography (suprasternal view) of the aortic arch showing a ductus
"diverticulum" (white arrow). The patency of the ductus was confirmed by pulsed Doppler ultrasound. (b)
Graphic display of pulsed Doppler ultrasound showing the presence of turbulent flow in both systolic and
diastolic phase (between black arrows). The Doppler signals below the zero line represent aliasing.

oriented approach.
Thus, in the presence of high resolution cross sec-

tional echocardiography and pulsed Doppler ultra-
sound as well as expert and knowledgeable echo-
cardiographers, few catheterisations are required in
the management of neonates with suspected con-
genital heart disease. Clinical decisions about man-
agement may be made on the basis of echo-
cardiography. Only a selected minority will require
cardiac catheterisation and angiography.
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