
THE ANATOMY OF TETRALOGY OF FALLOT AS SEEN

in infants and children has been well described,
with a reported incidence of 2–2.6 per 10,000

live births.1,2 There is a spectrum of obstruction in
the right ventricular outflow tract, which character-
istically progresses with age. It is recognised that 
the clinical symptoms, and hence requirements for

intervention, depend on the degree of obstruction in
the right ventricular outflow tract. Severe obstruc-
tion to pulmonary blood flow is associated with
duct-dependent pulmonary circulation, necessitat-
ing palliation soon after birth. Fetal echocardio-
graphy allows identification of congenital cardiac
disease, including tetralogy of Fallot. There is little
data on the prenatal patterns of growth and flow in the
great arteries in patients with tetralogy of Fallot.3–5

The aim of this longitudinal observational study
was to document the antenatal and postnatal echo-
cardiographic features of tetralogy of Fallot, with
emphasis on growth of the pulmonary and aortic
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valves, and Doppler patterns of flow across them. 
In addition, we wished to observe whether the ante-
natal and postnatal sonographic findings correlated
with the timing of surgical correction or palliation.

Methods

Patients studied
We included fetuses with tetralogy of Fallot assessed
at our tertiary fetal cardiology unit between 1 January
1999 and 31 October 2002. Cases were selected using
our prospective database (Filemaker Pro V 4.0, Claris
Corporation, Santa Clara, CA, USA). During this
period, a total of 25 fetuses were diagnosed with
tetralogy of Fallot. The gestational age at examina-
tion was determined by obstetric ultrasonic scan-
ning in all cases. Infants were followed until either
elective correction or earlier intervention. The last
measurements included were those immediately
prior to surgery or catheter intervention.

Echocardiographic methods
Fetal echocardiograms were all performed using 
an Agilent 5500 ultrasound system (Agilent Inc.
Andover, Mass., USA). Cross-sectional echocardio-
graphy was used to measure the internal diameters of
the aorta and pulmonary trunk at the level of the arte-
rial valves at end-diastole. Pulsed Doppler velocities
across the aortic and pulmonary valves were recorded
with angle correction not exceeding 15 degrees. Where
possible, measurements were made with the ultra-
sonic beam perpendicular to the vessel wall, but this
was not always possible due to fetal position. To min-
imize observer error, videotapes of all the fetal echocar-
diograms were analysed by a single observer (JMS).
Ideally, we would have preferred to measure the min-
imum diameter of the subpulmonary area, but this
did not prove possible retrospectively.

Postnatal echocardiography was performed using
Vingmed CFM 800, General Electric Vivid 3 (General
Electric Corporation, Milwaukee, USA), Agilent
2000 or 5500 ultrasound systems (Agilent Inc,
Andover, Mass, USA) with 3–12 MHz transducers,
measuring the pulmonary and aortic valvar diame-
ters. In most cases, only flow across the pulmonary
valve was interrogated by Doppler, because flow was
laminar across the aortic valve. The pulmonary 
valvar diameter was determined from the short axis
view of the heart, at end-diastole, at the level of the
valve. Aortic valvar diameter was determined from
the long axis view of the left ventricular outflow tract.
Measurements were made of the internal diameter of
the vessel at the level of insertion of the valvar leaf-
lets at end-diastole. Doppler velocity at the level of

the pulmonary valve was measured from the short
axis view at an insonation angle to the flow of less
than 15°. At least five consecutive uniform Doppler
velocity waveforms were observed and recorded.
Peak velocities were then averaged.

Analysis of data
Peak Doppler velocities across the right ventricular
outflow tract were documented. The diameters of the
arterial valves, and corresponding ratios, were meas-
ured. Data points were compared to graphs of normal
values. The studies reporting these normal ranges
were selected to ensure that the data was recorded in
a similar manner. The normal reference ranges used
were: fetal pulmonary and aortic valvar diameters;6

ratio of aortic to pulmonary fetal valvar diameters;6

fetal pulmonary valvar Doppler velocities;7 fetal 
aortic valvar Doppler velocities;8 ratio of velocities
across the aortic and pulmonary valves;6,8 normal pul-
monary valvar and aortic diameters in neonates and
infants;9 normal ranges of Doppler velocities across
the pulmonary valve in neonates and infants.10

Management policy for tetralogy of Fallot

Infants born under our care were discharged only after
reassurance that their saturations of oxygen in air
were greater than 80%, and serial echocardiograms
had verified that either their duct had closed, or was
not thought to provide significant pulmonary blood
flow. The policy in our hospital is electively to repair
infants with tetralogy of Fallot at the age of 6 to 12
months when weighing in excess of 6 kilograms. For
symptomatic infants, those having excessive or inad-
equate flow of blood to the lungs, correction may be
considered earlier. The option of a temporizing inter-
vention, by means of contruction of a Blalock-Taussig
shunt or balloon dilation of the right ventricular out-
flow tract, is also considered. Serial echocardiograms
were performed until the infants reached the appro-
priate weight for elective correction, or until an early
intervention was required. In this study, early inter-
vention was considered to be “early” correction, or a
temporizing procedure as described above, thus sep-
arating the patients into two groups, those having
elective correction or requiring early intervention.

Exclusions

Pregnancies that ended in termination were excluded
from analysis. Fetuses with pulmonary atresia at ini-
tial presentation were excluded from analysis because
all will have retrograde flow of blood from the arte-
rial duct or from aortopulmonary collateral arteries.
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In addition, fetuses with tetralogy of Fallot and “absent
pulmonary valve” were also excluded, because their
echocardiographic features and postnatal management
is different from “classical” tetralogy of Fallot.11 We
also excluded fetuses that had an atrioventricular
septal defect in association with tetralogy of Fallot.

Results

We identified 25 fetuses with tetralogy of Fallot 
during the chosen period. In five cases, the parents
elected to terminate the pregnancy. There were chro-
mosomal abnormalities in two of these, one each with
trisomy 21 and trisomy 18. The details of the 20 con-
tinuing pregnancies are shown in Table 1. Of the 20
continuing pregnancies, 15 had been referred because
of abnormal routine obstetric scans. In two cases,
congenital cardiac disease had been found in a previ-
ous pregnancy, one with ventricular septal defect and

the other with discordant ventriculo-arterial con-
nections, ventricular septal defect, and pulmonary
stenosis. Another case had paternal history of congen-
ital cardiac disease, specifically a small ventricular
septal defect, and the final two mothers were referred
because of increased nuchal translucency. Of the 18
infants who have delivered, 12 were born at our cen-
ter, and the remaining six in other hospitals. Of
these six, two were referred to us, and are included in
our postnatal echocardiographic data. The remaining
four are followed up at other cardiac centers. Their
postnatal echocardiograms were not available for
review.

Analysis of echocardiograms

Fetal echocardiographic data
In total, 44 echocardiograms were assessed, at a 
gestational age ranging from 15 through 38 weeks. 

Table 1. Characteristics of fetuses with tetralogy of Fallot.

Birth Age at 
Fetus/ Reason for Intracardiac Extracardiac weight Postnatal intervention 
Infant referral abnormalities abnormalities/other (kg) outcome (months)

1 Suspected CHD Coronary artery to – 0.99 Emergency correction 3.9
left atrium fistula

2 Family history – Klinefelter’s syndrome, 2.62 Elective correction 7.3
dilated renal pelvis

3 Suspected CHD – – 3.26 Elective correction 10.6
4 Suspected CHD – – 2.88 Elective correction 8.5
5 Suspected CHD – Anophthalmia, 2.16 Elective correction 15.5

shortened femur
6 Family history – Micrognathia, 2.62 BT shunt birth

polydactyly
7 Suspected CHD – 22q11 deletion 3.04 Elective correction 7.2
8 Suspected CHD – – NK Elective correction 6.3
9 Suspected CHD Additional VSD,  – NK BT shunt 7.5

septal hypertrophy
10 Suspected CHD – – 2.78 RVOT dilation 4
11 Increased NT, – Trisomy 21 RVOT dilation at 4 months and 

Trisomy 21 Hirschprung’s disease – complete repair at 11 months 4
12 Suspected CHD NK Lost to follow up but no –

intervention to date
13 Suspected CHD Twin pregnancy 2.32 No intervention to date –

at 6 months
14 Suspected CHD Acquired pulmonary 3.20 BT shunt birth

atresia
15 Family history – 3.40 No intervention at –

18 weeks
16 Suspected CHD 2.58 No intervention at –

16 weeks
17 Suspected CHD – Twin pregnancy 3.02 No intervention at –

4 months
18 Suspected CHD Acquired pulmonary 2.80 BT shunt birth

atresia
19 Increased NT – Ongoing pregnancy –
20 Suspected CHD – Ongoing pregnancy –

Abbreviations: CHD: congenital heart disease; VSD: ventricular septal defect; BT shunt: Blalock-Taussig shunt; NT: nuchal translucency; 
NK: not known

1303-04.qxd  17/Jun/03  12:09 PM  Page 242

https://doi.org/10.1017/S1047951103000477 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951103000477


The fetal echocardiographic data is shown in 
Figures 1–6. In all but two cases, the pulmonary val-
var diameter was below the normal range at some
point during gestation (Fig. 1). The aortic valvar
diameters tended to increase across centiles with
advancing gestation (Fig. 2), and the ratio of aortic
to pulmonary valvar diameter was abnormal in all
fetuses (Fig. 3). The aortic valvar Doppler velocity
was normal (Fig. 4). The Doppler velocity across the
pulmonary valve was above the normal range in all
cases at some stage in pregnancy, with some overlap
with the upper half of the normal range (Fig. 5). The
ratio of aortic to pulmonary Doppler velocity was
abnormal in all fetuses at some point in gestation
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Figure 1.
Graph of pulmonary arterial diameters plotted against gestational
age. Normal centiles are indicated by blue lines. Black data points –
elective correction, red data points – early intervention, blue data
points ongoing pregnancy or infant not yet reached 4 months of age
but has not needed intervention. The three fetuses who required
Blalock Taussig shunts soon after birth are indicated.
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Figure 2.
Graph of fetal aortic diameters plotted against gestational age.
Normal centiles are indicated by solid lines. Black data points –
elective correction, red data points – early intervention, blue data
points ongoing pregnancy or infant not yet reached 4 months of age
but has not needed intervention.
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Figure 3.
Ratio of aortic to pulmonary arterial dimension in fetuses with
tetralogy of Fallot. Normal centiles are indicated by solid blue lines.
Black data points – elective correction, red data points – early inter-
vention, blue data points ongoing pregnancy or infant not yet
reached 4 months of age but has not needed intervention.
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Figure 4.
Aortic Doppler velocity in fetuses with tetralogy of Fallot. Normal
centiles are indicated by solid lines. Black data points – elective cor-
rection, red data points – early intervention, blue data points ongo-
ing pregnancy or infant not yet reached 4 months of age but has not
needed intervention.
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Figure 5.
Pulmonary arterial Doppler velocity in fetuses with tetralogy of
Fallot. Normal centiles are indicated by solid blue lines. Black data
points – elective correction, red data points – early intervention, blue
data points ongoing pregnancy or infant not yet reached 4 months of
age but has not needed intervention.
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(Fig. 6). In two fetuses, cases 14 and 18, there was
reversal of flow in the arterial duct at presentation
during fetal life.

Postnatal echocardiographic data
The pulmonary valvar diameter was below the 50th
centile in all but one case (Fig. 7). The pulmonary
valvar diameters of those infants requiring early inter-
vention appeared slightly lower than those repaired
electively, when plotted against body weight, but there
was considerable overlap (Fig. 7). The aortic valvar
diameter was above the 50th centile in all but one
case (Fig. 8). This resulted in abnormal ratios of the
diameters of the aortic and pulmonary valves (Fig. 9).
The pulmonary arterial Doppler velocity was ele-
vated, and increased with postnatal age and weight
(Figs 10 and 11).

Clinical data
The clinical outcome is shown as a flowchart in
Figure 12. The median gestational age at delivery

was 37.9 weeks, ranging from 32 to 40.6 weeks.
Three infants were born prior to term, one at 32 weeks
and two at 35 weeks. One of the infants, Case 6, red
triangle in figures, who was born at a district general
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Figure 6.
Ratio of aortic to pulmonary arterial Doppler velocity in fetuses with
tetralogy of Fallot. Black data points – elective correction, red data
points – early intervention, blue data points ongoing pregnancy or
infant not yet reached 4 months of age but has not needed intervention.
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Figure 7.
Pulmonary valvar diameter plotted against weight for infants with
tetralogy of Fallot. Normal centiles are indicated by solid blue lines.
Black data points – elective correction, red data points – early inter-
vention, blue data points less than 4 months and has not required
intervention yet. The two fetuses who developed pulmonary atresia
are indicated by arrows.
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Figure 8.
Aortic diameter plotted against weight for infants with tetralogy of
Fallot. Normal centiles are indicated by solid lines. Black data
points – elective correction, red data points – early intervention, blue
data points less than 4 months and has not required intervention yet.
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Figure 9.
Ratio of aortic to pulmonary valvar diameter for infants with
tetralogy of Fallot. Normal centiles are indicated by solid lines.
Black data points – elective correction, red data points – early inter-
vention, blue data points less than 4 months and has not required
intervention yet.
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Figure 10.
Pulmonary arterial Doppler velocity plotted against weight for
infants with tetralogy of Fallot. Black data points – elective correc-
tion, red data points – early intervention, blue data points less than
4 months and has not required intervention yet.
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hospital, was transferred on the first day of life to
another cardiac centre for emergency construction of
a modified Blalock-Taussig shunt because of severe
desaturations. In two fetuses, cases 14 and 18, forward
flow of blood was documented across the pulmonary
valve in the second trimester, but pulmonary atresia
had developed by birth. Of these cases, one was referred
to our center at 38 weeks gestation from another 
cardiac centre and had forward flow documented
across the pulmonary valve at 1.6 metres per second,
although reversal of flow in the arterial duct was also
noted. In the other case, case 18, a small jet of for-
ward flow of blood was seen on colour flow Doppler
in the mid trimester, but none on the final fetal echo-
cardiogram. Reversal of flow in the arterial duct was
noted throughout. It was not possible to align the
Doppler reliably to the colour jet in this case. Both

of these fetuses had a right-sided Blalock-Taussig
shunt inserted in the first week following delivery.
In two infants, cases 10 and 11, saturations were suf-
ficient for them to be discharged home initially, but
they represented with low oxygen saturations. Both
underwent balloon dilation of the right ventricular
outflow tract at 4 months of age, and underwent suc-
cessful elective repair later in infancy.

Overall, 17 of the 18 live-born infants survived.
The baby who died, our first case, had a large fistula
from the left coronary artery draining to the left atrial
appendage. This baby was small for dates, with a
weight at birth of 990 g. The postnatal course was
complicated by volume loading of the left ventricle
due to the fistula and significant desaturations from
14 weeks onwards, when the baby weighed 2.5 kg.
The option of a Blalock-Taussig shunt was rejected
because this would have increased the volume load 
on the left ventricle. Correction was therefore under-
taken, coupled with surgical ligation of the coronary
arterial fistula. The baby initially made good post-
operative progress, and was extubated, but died 5 days
postoperatively secondary to poor left ventricular
function.

Of the remaining infants, 7 were repaired elec-
tively. The median age at time of surgery was 
7.9 months. The oldest age at surgery was 15.5 months
in a child with multiple extracardiac abnormalities
and poor growth. The youngest age of elective sur-
gery was 6.3 months. The median body weight at
time of elective correction was 7.4 kg, ranging from
6.5 kg to 8.6 kg. One infant, who was under the care
of another hospital, had a modified Blalock-Taussig
shunt inserted at 8 months of age. This reflected a
difference of policy for repair of tetralogy of Fallot
compared to our institution. We were uncertain how
to classify this baby for the purpose of comparison of
the fetuses requiring early versus late intervention.
We have included this infant as an elective “correc-
tion”, given that primary correction would probably
have been favoured at our hospital.

Discussion

Fetal echocardiographic data
As far as we are aware, this is the first study of tetralogy
of Fallot to document serial changes in echocardio-
graphic parameters throughout fetal and postnatal
life until intervention. Unlike previous series.3,4 we
excluded cases of tetralogy of Fallot with pulmonary
atresia at presentation. We did include two fetuses
who acquired pulmonary atresia with advancing ges-
tational age. Hornberger et al.3 reported the postnatal
outcomes of sixteen fetuses diagnosed with tetralogy
of Fallot, two of whom had pulmonary atresia. The
remaining fourteen had similar pulmonary and aortic
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Figure 11.
Pulmonary arterial Doppler velocity plotted against postnatal age
for infants with tetralogy of Fallot. Black data points – elective
correction, red data points – early intervention, blue data points less
than 4 months and has not required intervention yet.
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Figure 12.
Flowchart illustrating the outcome of the twelve fetuses diagnosed
with tetralogy of Fallot.
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valvar diameters and trends of growth compared to
our series. Hornberger et al.3 found that Doppler
velocities across the pulmonary valve were normal or
mildly elevated. Our data showed that, at some point
during gestation, all of our fetuses had a Doppler velo-
city above the 50th centile, and most had a Doppler
velocity above the normal range at some point,
although the degree of elevation was not marked
(Fig. 5). Thus, although the right ventricle faces a
high pulmonary vascular resistance during fetal life,
the Doppler velocity is usually increased, although
not to a major degree.

Another study, by Lee et al.,4 reported the post-
natal outcome of 17 cases of tetralogy of Fallot diag-
nosed antenatally. The pulmonary valvar diameters
we found were also very similar to that series,
although the normal ranges were different, and did
not appear to be modeled to take account of increas-
ing gestational age.12 The ratio of aortic to pul-
monary valvar diameters was always abnormal in our
series. This finding is important, because views of
the outflow tracts are obtained during routine anom-
aly scans, and any major discrepancy in the size of
the great arteries merits detailed specialist fetal
echocardiography.

One of the aims of our study was to predict which
fetuses require early intervention. Both of the fetuses
with reversal of flow in the arterial duct went on 
to develop acquired pulmonary atresia and required
shunting in the neonatal period. Of those fetuses
who had antegrade flow across the pulmonary valve
throughout gestation, it was difficult to distinguish
the group who would require early intervention
from those who would not, although two cases did
demonstrate growth failure of the pulmonary trunk.
Interestingly, when the pulmonary valvar diameter
measured postnatally was plotted against body weight,
those fetuses requiring early intervention did appear
to have lower values than those who were repaired elec-
tively, and similarly the ratio of aorta to pulmonary
arterial size was higher when plotted against body
weight. We made no attempt to measure fetal weight,
and cannot obtain this information retrospectively,
but this may be relevant for prospective work.

Azancot et al.5 reported a series of 44 cases of pre-
natally diagnosed tetralogy of Fallot, and subdivided
cases into those with major extracardiac abnormali-
ties and those with “isolated” tetralogy of Fallot. The
survival in the two groups was 10% and 84%, respec-
tively, confirming the profound influence of extra-
cardiac malformations on prognosis. Azancot et al.5 did
not present detailed postnatal information, but did
observe a relationship between the pulmonary arte-
rial size and the ratio of the aorta to the pulmonary
trunk with the timing of surgery. This contrasts with
the current study.

Postnatal echocardiographic data
Again, to the best of our knowledge, there are no pre-
vious series that include detailed postnatal echocar-
diographic information of fetuses with tetralogy of
Fallot diagnosed during fetal life. Postnatally, pul-
monary valvar diameters showed either low or normal
values. There was some tendency for reduced growth
with advancing postnatal age compared to normal.
The aortic valvar diameters tended to increase rela-
tive to centiles with advancing postnatal age. The
Doppler velocity across the pulmonary valve increased
with postnatal age and weight. The acute change in
Doppler velocity from prenatal to postnatal life reflects
the initial decrease in pulmonary vascular resistance,
permitting a larger flow across the pulmonary valve.
In the longer term, increasing obstruction of the
right ventricular outflow tract will also contribute to
this trend of elevated Doppler velocities across the
pulmonary valve. 

Clinical significance
In three babies, it proved necessary to construct
Blalock-Taussig shunts in the first week postnatally
(cases 6, 14,18). Cases 6 and 18 were studied sequen-
tially, and had subnormal growth of the pulmonary
trunk, particularly late in gestation (Fig. 1). One of
these fetuses developed pulmonary atresia prenatally
(case 18), but the other (case 6) had antegrade flow
across the pulmonary valve, with no reversal of ductal
flow, on the final fetal echocardiogram at 34 weeks.
Thus, failure of growth of the pulmonary trunk may
be helpful in predicting the need for early postnatal
intervention, and fetal echocardiography at a rela-
tively late stage in gestation appears warranted. Two of
these fetuses (cases 14 and 18) demonstrated reversal
of flow in the arterial duct, which was not observed in
any other fetuses in this series. Firm predictors of early
intervention, nonetheless, will require to be estab-
lished in a larger prospective series. When parents
are counseled regarding postnatal management, they
should be alerted that emergency intervention is
occasionally required. Prenatal identification of these
infants is difficult. Thus, such infants should be deli-
vered at units that have adequate facilities to manage
the cyanosed newborn.

The majority of infants in our series underwent
elective correction, with 17 of 18 liveborn infants
surviving. A previous study documented a high mor-
tality (75%) following prenatal diagnosis of tetralogy
of Fallot.13 The mortality was mainly due to extra-
cardiac and chromosomal abnormalities. Significant
extracardiac abnormalities were present in five of our
patients, but despite this overall survival was good.
This reflects improved surgical results, but referral
patterns may also influence mortality. An increasing
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number of fetuses with major anomalies are detected
by use of early screening tests such as nuchal trans-
lucency, serum screening, or early anomaly scans. This
may result in termination of pregnancy at an early
stage, without fetal echocardiography. Two continu-
ing pregnancies in the current study had chromoso-
mal abnormalities, including a chromosome 22q11
deletion which has been increasingly recognized with
this lesion,14 and an XXY karyotype which has not
previously been linked to tetralogy of Fallot. The one
baby who died was a small infant with an associated
large coronary arterial fistula. In this case, left ven-
tricular dysfunction was the cause of death, rather
than the usual pattern of malformations associated
with tetralogy of Fallot.

Study limitations
The relatively small size of our sample makes detailed
statistical analysis inappropriate. The timing of pre-
natal and postnatal scans was not standardized. Ideally,
relevant measurements would have been made pros-
pectively. We attempted to minimize observer error
by using a single observer during fetal life, and two
observers for postnatal analysis. Three sets of post-
natal echocardiographic data were not available to us
for analysis. We would have preferred to assess the 
diameter and Doppler velocity of flow through the
subpulmonary area as well as the pulmonary valve but
this did not prove possible retrospectively.
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