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THE CALCULATED INCIDENCE OF CONGENITAL

cardiac malformations after birth varies between
4 and 12 per 1000 live births.1–5 While there

are published data from certain Gulf Regions in the
Middle East including Oman,4 Saudi Arabia,6 and
Qatar,7 there is no published information character-
izing congenital cardiac malformations as seen in the
United Arab Emirates. The United Arab Emirates is
an oil-rich enclave made up of 7 emirates, or states.
The largest is Abu Dhabi, which hosts the capital city.

The Al Corniche Hospital is one of three maternity
units in the emirate of Abu Dhabi. It is the largest
maternity hospital, with an annual delivery rate of
10,000 to 12,000, accounting for approximately two-
thirds of the deliveries in the emirate. The population
it serves is heterogeneous, only one-third being emi-
rate nationals. The expatriate population is from a host
of countries in Asia, Europe, and Africa. Obstetrical
care within the emirate is characterized by a notable
absence of home and polyclinic deliveries, which
occur within a hospital setting irrespective of risk.
While most paediatric subspecialties are in the prox-
imity of the hospital, the Neonatal Intensive Care Unit
is disadvantaged by its distance from the facility 
for Paediatric Cardiology, which is housed at the 
Al Mafraq Hospital, approximately 40 kilometres
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away. Obtaining an urgent cardiologic consultation
has, therefore, been problematic and consequently
potentially detrimental to the immediate management
of an infant with a major congenital cardiac lesion.
Furthermore, with the recent trend to early discharge
of neonates at 24 to 48 hours of age, infants with an
underlying cardiac malformation may be missed at
the initial clinical examination. Consequently, early
identification of such infants would allow for early
referral.

Over the past few years, neonatologists have been
gradually assuming the responsibility for ultrasono-
graphy in the Neonatal Intensive Care Unit, as exem-
plified by the routine cranial sonogram. A natural
progression has been a greater amount of interest in
other forms of sonography, including echocardiogra-
phy.8 The recent appointment of a neonatologist with
an interest in neonatal echocardiography (GS) gave the
staff of the Neonatal Intensive Care Unit an oppor-
tunity to address a number of clinical issues, which
form the crucible of this study. The aims were twofold:
first, to estimate the incidence of, and profile the
spread of, congenital cardiac malformations at the Al
Corniche Hospital and, second, to assess the accuracy
of the echocardiographic diagnoses as performed by
the specialist in neonatal medicine.

Materials and methods

This prospective study, designed to assess the experi-
ence over one calendar year, was conducted in the
period 11th March, 2001 to 10th March, 2002. We
included in our study all those infants, born at or
before term, who

� Showed evidence of dysmorphology and/or other
major congenital malformations

� Were born to diabetic mothers and had a history of
tachypnoea, cyanosis, or the presence of a murmur.

� Exhibited an arrhythmia
� Were admitted to the Neonatal Intensive Care

Unit with a history of dusky episodes, cyanosis,
and respiratory distress with or without a murmur

� Had a family history of congenital heart disease
or cot death

� Were asymptomatic but who, on the initial post-
natal examination, usually at the age 24 hours,
had a cardiac murmur.

These infants were not discharged, but re-examined
at age 48 hours. If the murmur was still present, 
and all pulses were present and equal, and the
patient was asymptomatic, an appointment was
made for an echocardiographic study within the first
2 weeks after birth. This was performed by either the
neonatologist (GS) or, in his absence, the patient was

referred to the paediatric cardiologist (SK). In order
to maximize ascertainment of cases, the paediatric
cardiologist was assigned the responsibility for the
capture of all infants presenting at the cardiac centre
who were born at the Al Corniche Hospital, but who
were asymptomatic, that is, not having aroused clin-
ical suspicion of an underlying cardiac lesion during
the examination prior to their discharge.

We excluded from the study those babies born
prior to term with arterial ducts, and those with an
echocardiographic diagnosis of persistent pulmonary
hypertension of the newborn. Data collected in each
case included gestational age, weight at birth, the
presence or absence of dysmorphology and/or congen-
ital malformations, symptoms and signs other than
the murmur, including respiratory distress, tachyp-
noea and cyanosis, dusky spells, a family history of
congenital cardiac disease and a maternal history of
diabetes mellitus. Mothers with diabetes mellitus were
categorized into three broad groups of gestational
diabetes on diet, gestational diabetes on insulin, and
insulin-dependent diabetes mellitus.

The echocardiographic study was performed using a
Hewlett Packard 4500 Sonos machine coupled with
a 5/7.5 megahertz transducer. All scans performed
by the neonatologist were recorded on a VHS video-
cassette recorder for independent review by the car-
diologist, who was blinded to the diagnosis stated by
the neonatal consultant. We used standard echocar-
diographic imaging and Doppler techniques.9 The
cardiologist viewed the taped images weekly, thus
ensuring timely recall of patients if this was deemed
necessary, and recorded his diagnosis.

Statistical analysis

The t-test was used to compare continuous variables.
Significance was set at p value less than 0.05. Con-
cordance in diagnosis was sought by analysis of the
agreement between the raters. Both proportions of
overall and specific agreements, and a Kappa coeffi-
cient of agreement as suggested by Cohen, were
computed. The value of Kappa, and its strength of
agreement are that less than 0.20 is poor, from 0.21 to
0.40 is fair, from 0.41 to 0.60 is moderate, from 0.61
to 0.80 is good, and from 0.81 to 1.00 is very good.10

Results

Incidence and profile of congenital cardiac
malformations
We found 165 infants who met our criterions for entry,
and these were enrolled in the study. The cohort
comprised of 36.9% national Arabs, 40.6% other Arab
nationalities, and 20% Asians. The remainder was a
mixture of other nationalities. During the period of
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study, 11,085 infants had been live-born. We dis-
covered major congenital cardiac malformations in
83 infants, giving an incidence of 7.49 per 1000 
live births, with 95% confidence intervals ranging
from 5.88 to 9.09. Of these, 36 (43.4%) were
nationals of the United Arab Emirates. None of the
lesions had been detected on a fetal anomaly scan. Of
the babies, 31 (37.3%) were conceived of a consan-
guineous marriage. While the incidence of congenital
cardiac disease was similar to that reported from
Oman,4 at 7.1 per 1000, it was lower than the figure
of 10.7 per 1000 for Saudi Arabia,6 and 12.2 per
1000 for Qatar.7 The frequency and profile of the
cardiac malformations are depicted in Table 1. As
expected, ventricular and atrial septal defects were
dominant. Other major structural anomalies, nonethe-
less, such as atrioventricular septal defects with com-
mon atrioventricular valve, coarctation of the aorta,
and hypoplasia of the left heart, contributed signifi-
cantly, with incidences of 0.45, 0.45 and 0.36 per
1000, respectively. The congenital cardiac lesions
were distributed over a number of different cate-
gories. Of the cohort of 165, there were 44 dysmorphic
infants, 18 infants of diabetic mothers, 11 infants with
arrhythmias, and a miscellaneous group of 92. In
this latter group, there were 68 infants who were
asymptomatic with a murmur; 18 symptomatic
infants presenting with tachypnoea with or without
cyanosis, of whom 11 had a murmur and 7 did not,
with 6 also having a positive family history of con-
genital cardiac disease, 3 had femoral pulses deemed
to be of poor volume on examination, and 3 infants who

were asymptomatic with a positive family history of
congenital heart disease, this being a cot death in
one instance.

Dysmorphology
In this group of 44 infants, 28 had a cardiac defect.
Furthermore, 25 of the 44 had a chromosomal dis-
order, specifically Down’s syndrome in 23, and Turner’s
syndrome and Patau’s syndrome in one each. Of the
28 infants with a cardiac defect, 18 had Down’s syn-
drome, while the remaining 10 with their associated
cardiac abnormalities are depicted in Table 2.

Down’s syndrome represented the most common
congenital anomaly, with an incidence of 2.07 per
1000 live births, with 95% confidence intervals
ranging from 1.38 to 3.11. The median age of the
mothers delivering of an infant with Down’s syndrome
was 36.0 years, with an interquartile range from
30.0 to 40.0 years. The median age at the time of 
the sonogram was 3, with an interquartile range of 
2 to 6 days. We discovered that 18 infants (78.3%)
had cardiac malformations, specifically atrioventricular
septal defects with common atrioventricular valve in
27.8%, ventricular septal defects in isolation or associ-
ated with an atrial septal defect in 38.9%, and atrial
septal defects in isolation or associated with patency of
the arterial duct in 33.3%. Of these babies, 13 (72.2%)
were asymptomatic at the time of the sonogram, includ-
ing the 5 infants with atrioventricular septal defect and
common atrioventricular valvar orifice.

Infants of diabetic mothers
Of the 127 infants of diabetic mothers admitted to
the Intensive Care Unit, 18 met our criterions for
inclusion in the study. The remainder were a clinically
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Table 1. Profile and percentage distribution of congenital heart
defects.

Type % No.

VSD 39.8 33
ASD 25.3 21
AVSD 6.0 5
CoAo 6.0 5
HLH 4.8 4
TGA 3.6 3
Valvar PS 3.6 3
PAD 2.4 2
Tricuspid atresia 1.2 1
Fallot’s tetralogy 1.2 1
Tetralogy with pulmonary atresia 1.2 1
Critical AS 1.2 1
Interrupted aortic arch 1.2 1
Functionally single ventricle 1.2 1
Right sided heart�PAD 1.2 1

Total 83

Abbreviations: VSD: ventricular septal defect; ASD: atrial septal
defect; AVSD: atrioventricular septal defect; CoAo: coarctation of aorta;
HLH: hypoplasia of the left heart; TGA: transposition of great arteries;
PS: pulmonary stenosis; PAD: patent arterial duct; AS: aortic stenosis

Table 2. Dysmorphic infants and the associated cardiac lesions
(excluding Down’s syndrome).

Disorder Congenital heart defects

Trisomy 13 HLH
Holoprosencephaly ASD
VACTERL association TGA/ASD/VSD/PAD
CHARGE association PAD
NRCP PAD
Posterior urethral valves ASD
Esophageal atresia PAD
Agenesis corpus callosum VSD/ASD
MCA Pul. atr./single atrium and ventricle 

and AV valve

Abbreviations: VACTERL: vertebral, anal, cardiac, tracheo-
esophageal, renal, and limb; CHARGE: coloboma, heart, atresia
choanae, retarded growth, genital, ear; NRCP: nonrhizomelic
chondrodysplasia punctata; MCA (nonsyndromic): multiple congenital
anomalies; Pul. atr.: pulmonary atresia; AV: atrioventricular
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heterogeneous group admitted for a variety of rea-
sons including prematurity, low weight at birth, and
hypoglycaemia. The mean birth weight and gesta-
tional age of the population studied was 3752 grams
and 38.9 weeks, with standard deviations of 883
grams and 2.0 weeks, respectively. Of the 18, 
16 infants were scanned, while 2 did not return for
follow-up. Of these 16 neonates, 3 were born to
mothers with gestational diabetes on diet, 9 to those
with gestational diabetes on insulin, and 4 to mothers
with insulin-dependent diabetes. Of the 16, there-
fore, 13 (81.3%) were born to mothers requiring
insulin. One-quarter of the sixteen had a cardiac
defect, specifically an atrial septal defect in 2 infants,
combined atrial and ventricular septal defects in 1,
and hypertrophic cardiomyopathy together with an
atrial septal defect in the other. In addition, 2 infants
had hypertrophic cardiomyopathy, 8 infants had mild-
to-moderate myocardial hypertrophy, and 2 had 
normal scans. None of those with a diagnosis of
hypertrophic cardiomyopathy required therapy. Infants
born to mothers on insulin were at a greater risk of
exhibiting a cardiac or hypertrophic cardiomyopathy,
with a relative risk of 4.33, and 95% confidence inter-
vals ranging from 1.52 to 12.34, compared to infants
born to non-insulin dependent diabetic mothers 
(p equal to 0.0001).

We followed all the infants of diabetic mothers
routinely in our high-risk clinic to a minimum age
of 6 months. None of the 109 asymptomatic infants
presented at follow-up with any clinical evidence of
cardiac disease.

Arrhythmias
We admitted and scanned 11 infants, 1 per 1000 live
births, to our Intensive Care Unit with a disturbance
of rhythm. The arrhythmias included premature
atrial and ventricular beats in 8 (72.7%), supraven-
tricular tachycardia in 2 (18.2%), and congenital
heart block in the other (9.1%). All the infants with
premature beats were asymptomatic, and had nor-
mal scans. Of the two infants with a supraventricular
tachycardia, one presented as hydrops fetalis, and
responded well to treatment prenatally with digoxin,
and postnatal treatment with adenosine and digoxin,
while the other was associated with severe hypoxic
ischaemic encephalopathy and responded to direct
current conversion following failure with cold com-
pression and adenosine. The scan revealed that both
had structurally normal hearts. The infant with con-
genital heart block was born to an asymptomatic
mother who was anti Ro and La antibody positive.
The scan showed the presence of mitral and tricuspid
regurgitation, persistent patency of the arterial duct,
and a small atrial septal defect.

Miscellaneous group
Of the 18 symptomatic infants, 14 (77.8%) had a
cardiac defect. These were hypoplasia of the left heart
in 3, discordant ventriculo-arterial connections in 3,
coarctation of the aorta in 2, common arterial trunk
in 1, atrial septal defect plus a ventricular septal defect
in 2, right-sided heart plus a patent arterial duct in 1,
tricuspid atresia in 1, and critical aortic stenosis in the
other. Of the 3 asymptomatic infants with a family
history of congenital heart disease, 2 were free of 
disease, and one infant had coarctation of the aorta
together with double outlet right ventricle. This
infant had one sibling born in a foreign country who
had died at the age of 5 days, the cause being
unknown, and a second sibling who was diagnosed as
having a complex defect associated with double 
outlet right ventricle. None of the babies with poorly
palpable femoral pulses had an underlying defect.

Of the 68 asymptomatic infants with a murmur, all
of which were systolic in nature, 59 were referred from
the postnatal wards with a persistent murmur on 
re-examination 48 hours after birth. The remaining 9
babies, all of whom were scanned by the cardiologist,
were referred, at different ages, from the outpatient
paediatric clinic, with 6 having a cardiac defect, a ven-
tricular septal defect in 5, and an atrial septal defect 
in 1. In 3, there was no underlying structural lesion,
and the murmurs were considered to be innocent. In
the cohort of 59 infants there were 38 females and 21
males. The mean birth weight and gestational age
were 3473 grams and 38.7 weeks, with standard devi-
ations of 641 grams and 1.4 weeks, respectively. The
cohort could be subdivided into 2 categories based on
the presence of the murmur at the time of the sono-
gram. In 19 of the 59 infants (32.2%), there was no
murmur audible at the time of the scan. In these, the
median age at scanning was 4 days, with a range from
2 to 10 days. None of these infants had an underlying
defect. In the other 40 infants, 67.8%, the murmur
was still present at the time of scanning. The median
age at scanning was 4.5 days with a range from 2 to 19
days. Of these, three-quarters (30) babies had a cardiac
defect, with a ventricular septal defect found in 17
(56.7%), of which 12 were in the muscular septum,
and 5 were perimembranous. An atrial septal defect
was discovered in 7, patency of the arterial duct in 1,
valvar pulmonary stenosis in 3, aortic coarctation in 1,
and acyanotic tetralogy of Fallot in the other. The 10
babies not found to have lesions at the initial scan
were re-evaluated 3 month  5, the murmur had disap-
peared, and the repeat scan showed no lesions. In the
other 5 infants, the murmur was still present, being a
soft ejection systolic murmur localized to the mid-to-
upper left sternal border. The sonograms, nonetheless,
were all normal. The clinical characteristics were sug-
gestive of an innocent murmur.
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Diagnostic concordance between the neonatologist 
and the cardiologist
Of the 165 infants enrolled, 122 (73.9%) were scanned
and videotaped by the neonatologist. The remaining
43 (26.1%) were not scanned by the neonatologist,
who was absent for varying lengths of time for a total
of 8 weeks during the period of study. No infants were
recalled during the weekly reviews of the videotapes.
For analysis of inter-rater agreement, a 2 � 2 con-
tingency table was constructed, with Cardiologist
(columns) and Neonatologist (rows) (Table 3). The fol-
lowing calculations were computed:

� The proportion of overall agreement {a � c/a �
b � c � d} was 0.84.

� The proportions of specific agreement for positive
{2a/2a � b � d} and negative {2c/2c � b � d}
agreements, that is concordance in the presence
and absence of disease, were 0.85 and 0.82
respectively.

� Cohen’s Kappa coefficient of inter-rater agree-
ment was calculated at 0.68, with 95% confi-
dence intervals ranging from 0.51 to 0.85.

Where there was disagreement in the interpretation
of the echocardiographic images between cardiolo-
gist and neonatologist, this is depicted in Table 4.
Notably, though the neonatologist described the
presence of an abnormality in 10 images, specifically
numbers 11 to 20, the diagnoses did not strictly agree
with that of the cardiologist (“the gold standard”).
We presumed this to represent a lack of inter-rater
agreement. Of the 20 cases, two were diagnosed as
being present by the neonatologist, but absent by
the cardiologist (denoted by “d” in the 2 � 2 table).
In the remaining 18 cases, denoted by “b” in the
2 � 2 table, 10 images (numbers 1 to 10) were inter-
preted as normal by the neonatologist, and therefore

regarded as absence of a congenital heart defect, while
in the remaining 8 cases, numbers 13 to 20, though
the neonatologist noted the presence of pathology,
the strict interpretation thereof was incorrect.

Discussion

Incidence and profile of congenital cardiac
malformations
The incidence of congenital cardiac disease as detected
in our hospital-based study is similar to that reported
from Oman,4 but lower than that reported from the
Kingdom of Saudi Arabia6 and Qatar.7 This data is
the first to be reported from the emirate of Abu
Dhabi, and from the United Arab Emirates. Given
the heterogeneity of our population, this incidence
cannot be extrapolated to the national population, as
only just over one-third of those studies were local
infants. The overall incidence may still be significantly
underestimated, in that there was no data available
on those infants discharged in the first 24 to 48
hours of life who were asymptomatic, and who had
no clinical signs of cardiac disease. If routine neonatal
examination fails to detect more than half of cardiac
defects,2 then the expectation was that those infants
not presenting in the neonatal period would present
postnatally in the first 6 months to 1 year of life. No
such cases came to attention, however, or were reported
to the investigators. It is possible that these infants
may have become symptomatic and treated elsewhere

Vol. 14, No. 6 Samson and Kumar: Neonatology, congenital heart disease, and echo 589

Table 3. Inter-rater agreement analysis of echocardiographic
images.

Cardiologist

Present � Absent � Total 

Neonatologist Present � 55          a 2         d 57

Absent � 18          b 47         c 65

Total 73 49 122

Proportion of overall agreement: 0.84
Proportion of specific agreement for positive (a) and negative (c)
ratings:

Positive: 0.85
Negative: 0.82

Cohen’s Kappa coefficient of inter-rater agreement is 0.68 (95%
confidence intervals from 0.51 to 0.85)

Table 4. Discordance in echocardiographic diagnoses between
cardiologist and neonatologist.

Cardiologist Neonatologist

1 ASD Normal
2 ASD Normal
3 ASD Normal 
4 ASD Normal 
5 ASD Normal 
6 ASD Normal 
7 Mild LVH Normal 
8 Moderate LVH Normal
9 Moderate LVH Normal
10 Moderate LVH Normal
11 ASD VSD/PFO 
12 VSD VSD/ASD
13 AVSD Large VSD
14 LVH/PAD PAD
15 PAD/ASD/mild valvar PS PAD/ASD
16 Severe pulmonary Common arterial trunk 

atresia�VSD
17 Interrupted aortic arch Abnormal aortic arch
18 HCM Diffuse myoc. hypertrophy
19 HCM Diffuse myoc. hypertrophy
20 Moderate LVH Mild LVH

Abbreviations: LVH: left ventricular hypertrophy; myoc.: myocardial;
HCM: hypertrophic cardiomyopathy
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in the United Arab Emirates, or that the patients
presented at the Al Mafraq hospital but were not
identified as according to our protocol. Unfortunately,
in the emirate of Abu Dhabi, there are 3 health
authorities providing medical care independently of
each other. Consequently, the different systems for
admission and identification of patients make it dif-
ficult to trace these infants. We cannot predict, there-
fore, the extent to which we have underestimated the
incidence of cardiovascular malformations. Robida
et al.,7 from Qatar, reported a high incidence of
12.23 per 1000 live births in their study. Reasons for
this finding included the early detection of lesions,
the proximity of the cardiology service to the obstet-
ric and neonatal services, and referral to and follow
up by a single group of cardiologists, all of which
optimises the ascertainment of cases.

Septal defects were dominant in their population.
This profile is similar to that described elsewhere in
the Gulf region,4,6,7 and worldwide.11 Comparative
patterns of frequency in this and other studies are
depicted in Table 5. Left-sided obstructive lesions
contributed significantly both to the overall incidence,
with a frequency of 10.8%, and to the mortality.
Hoffman,11 in his detailed critique on the postnatal
incidence of congenital cardiac malformations world-
wide, drew attention to both the similarities and dif-
ferences in the pattern of cardiac disease in different
regions of the world. Notably, left-sided obstructive
lesions appear to be less common among black chil-
dren compared to white children. Earlier reports from
Japan, Korea and Thailand suggested a similar find-
ing in Asian infants, although subsequent studies
contradicted these findings.11 Implicit in these reports
is that genetic influences may play a role in the
observed differences. As left-sided obstructive lesions
presented themselves only among Arab babies in
this study, and not among the Asian infants, it is
tempting to speculate that this pattern of malforma-
tion may have a higher incidence among infants of

Arab origin. Against this, neither Subramanyan 
et al.4 in Oman nor Alabdulgader6 in Saudi Arabia
observed a higher frequency of left-sided lesions in
the Arab populations they studied.

Dysmorphic infants
As expected, Down’s syndrome represented the most
common dysmorphic group. The incidence of about
2 per 1000 live births is higher than figure generally
reported of 0.96 to 1.5 per 1000 live births.12–15

Higher rates, nonetheless, have been published from
the Middle East,16–18 and conception at advanced
maternal age has been proposed as the major con-
tributory factor to this higher incidence. The median
age of a mother delivering of an infant with Down’s
syndrome in our study was 36 years, lending strength
to this hypothesis. A congenital cardiac lesion is a
common major malformation in Down’s syndrome,
with a reported postnatal incidence of approximately
two-fifths.15 In our study, more than seven-tenths of
the infants had a cardiac defect, with ventricular sep-
tal defects and atrial septal defects in the oval fossa
being the most common malformations. Furthermore,
more than seven-tenths of the infants were asympto-
matic at the time of the scan, including those with
an atrioventricular septal defect. The incidence of
congenital cardiac disease in this study is much
higher compared to those reported in earlier stud-
ies.12–14 The Atlanta Down Syndrome Project,12 the
largest population-based study of congenital cardiac
disease in the setting of Down’s syndrome, reported
an incidence of 44% which included 45% with atri-
oventricular septal defects, 35% with ventricular
septal defects, and 8% with atrial septal defects in
the oval fossa. Several other studies have reported
similar incidence rates and lesion profiles.13,14,19,20

Torfs and Christianson21 from the California Birth
Defects Monitoring Program, however, reported an
incidence of 56%, of which atrial septal defects in
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Table 5. Frequency pattern of congenital cardiac lesions in Gulf region and in different countries.

U.A.E.
Lesion (present study) Oman Saudi Arabia USA UK South Africa Czech

VSD 39.8 24.9 39.5 32.1 32.5 21.8 31.4
ASD 25.3 14.4 11.5 7.4 5.9 17.0 11.4
AVSD 6.0 5.9 3.5 3.6 2.4 – 4.1
Coarctation 6.0 3.7 2.7 6.7 6.3 6.1 5.8
HLH 4.8 – – 3.1 2.8 – 4.1
TGA 3.6 3.6 1.9 2.6 5.0 1.8 5.4
PS 3.6 8.8 8.9 8.6 7.6 9.2 7.1
PAD 2.4 10.3 8.6 8.3 11.9 16.1 4.8
Fallot’s tetralogy 1.2 9.6 4.2 3.8 5.9 12.2 3.6
AS 1.2 3.6 3.5 3.8 5.1 4.4 7.6
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the oval fossa comprised 31.6%, ventricular septal
defects 16.9%, and atrioventricular septal defects
15.6%. In a report from Oman22 cardiac defects were
detected in three-fifths of infants with Down’s syn-
drome, comprised of atrial septal defects in one-
third, atrioventricular septal defects in 27.8%, and
ventricular septal defects in one-quarter, a profile
similar to that observed in our study.

The higher incidence of cardiac disease in our
study could possibly be explained by the age of the
initial scan, the natural history of certain lesions, and
their propensity to spontaneous closure. Compared
to earlier studies, ours is characterized by the early
age of the first scan. Freeman et al.,12 in their elegant
Atlanta Down Syndrome Project, did not provide
information on the age of the echocardiogram, while
the ages of the cohort in the study from India was
between 6 days and 12 years, with a mean of 2.16
years.14 In the Belfast study,13 of the 81 babies, 61
were examined echocardiographically in the first 2
weeks of life. It seems reasonable to assume that very
early scans are more likely to detect lesions that will
close spontaneously with time, such as ventricular
septal defects23 and small atrial septal defects.24

Thus, later scans could theoretically underestimate
the true incidence of heart defects in Down’s syn-
drome. It is our policy currently to perform an
echocardiogram on all infants with Down’s syndrome
prior to discharge to allow for early referral and man-
agement in an attempt to minimize the risk of 
pulmonary vascular disease.13

Infants of diabetic mothers
The risk of a major congenital malformation in an
infant born to a mother with pre-existing diabetes is
4 to 5 fold higher than in the general population.25

Published studies are in agreement that risks for
malformations in general are greater for infants of
mothers with insulin dependent diabetes in contrast
to those with gestational diabetes and non-diabetic
mothers.25–27 In the population-based Atlanta Birth
Defects Case–Control study, Becerra et al.28 reported
a 7.9 relative risk for a major malformation among
infants born to mothers with insulin dependent dia-
betes compared with infants of nondiabetic mothers.
Furthermore, newborns of mothers with gestational
diabetes who required insulin in the last trimester 
of pregnancy were 20 times more likely to have a
major cardiovascular defect. Wren et al.,29 in a recent
population-based study, reported a frequency of car-
diovascular malformations of 3.6% in infants born
to mothers with pre-existing diabetes mellitus. In
our study, infants of diabetic mothers comprised a
cohort of infants with risk factors for a cardiovascular
malformation. Only 18 met the criterions for inclusion,

permitting the inference that our criterions were 
too stringent. Consequently, determining a crude
estimate of the incidence of disease was not possible.
No patient studied had a major malformation 
commonly associated with an infant of a diabetic
mother.29,30 Septal defects were the major lesions
present.

Neonatal arrhythmias
The reported incidence of fetal and neonatal arrhyth-
mias is from 1 to 2%,31,32 the majority of whom
present with premature contractions, this having a
benign outcome and not being associated with con-
genital cardiac disease. In contrast, tachy- and brady-
arrhythmias, in particular congenital heart block,
can be associated with an adverse outcome.33,34 Our
incidence was one tenth of that reported in the liter-
ature. This is probably an underestimation of the true
incidence, partly explained by the fact that many
arrhythmias, in particular those characterized by
ectopic beats, are often not detected on routine clin-
ical examination. In their study of neonatal arrhyth-
mias Southhall et al.31 reported a frequency of about
1% based on a routine 10-second electrocardiogram
prior to discharge.

In our small series, only one infant with congenital
heart block had a cardiac defect, specifically patency
of the arterial duct and an atrial septal defect. All the
infants with ectopic beats had a normal electrolytic
profile and a normal scan. This pattern is consistent
with published reports.32–34 Though it is our current
policy to perform an echocardiogram on all infants
with a disturbance of rhythm, in the absence of a
neonatal echocardiographer, we can reassure the par-
ents that the presence of ectopic beats on an electro-
cardiogram is usually a benign phenomenon not
associated with structural defects.

Miscellaneous group
In recent years, there has been an increasing trend to
early discharge of newborns. This is driven, partly,
by pressure for beds, and financial considerations of
parents and hospital management. Medical and nurs-
ing personnel have, therefore, a greater responsibil-
ity to ensure that disorders with a potential for an
adverse outcome are detected and managed expedi-
tiously. Early clinical detection and follow up become
imperative. Cardiac murmurs are common in full term
infants in the early neonatal period, with an inci-
dence ranging from 8.435 to 13.836 per 1000 live
births. Importantly, recent reports35,37 concur that
the presence of a murmur in the immediate neonatal
period carries a high risk for an underlying cardiac
defect. As the majority of our infants in the postnatal
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wards are discharged within 24 hours, and taking
into consideration the lack of immediate paediatric
cardiologic backup, we decided to perform a clinical
re-evaluation at age 48 hours, and to arrange a car-
diac sonogram if the murmur persisted. Of the 59
infants, 19 had no murmur and no lesion at the time
of scanning at a median age of 4 days. In the remain-
ing 40 infants, three-quarters had a cardiac defect,
one of which was a life-threatening lesion, namely,
aortic coarctation. Our incidence, though still repre-
senting a significant proportion of cardiac pathology,
is lower than that reported by Du et al. (84%)37 and
Rein et al. (86%).35 It is possible that the small size
of our population studied compared to the studies of
Du et al.37 and Rein et al.35 may have contributed to
the lower incidence.

Our study corroborates the findings of these other
studies,35,37 namely, that the presence of a neonatal
murmur signifies a high risk for an underlying car-
diac defect. In addition in our setting a re-evaluation
at age 48 hours of an asymptomatic infant is manda-
tory and persistence of a murmur at this time warrants
an early echocardiographic study.

Echocardiography by a neonatologist
The role of the neonatologist as echocardiographer
has generated a flurry of heated debate, with antago-
nists38,39 and protagonists40–43 providing closing
arguments. The study of Ward and Purdie38 was dis-
concerting in its exposure of a net error rate of more
than two-fifths, of which one quarter were major
anomalies, in echocardiographic diagnoses when
performed by specialists other than paediatric cardi-
ologists. Furthermore, the neonatal population was
identified as the group at most risk for erroneous
evaluations. In contrast, the survey conducted by
Evans41 showed that a majority of neonatologists have
expressed a distinct desire to develop skills in echocar-
diography. The question is, therefore, whether we
can establish and manage a harmonious marriage
between those who believe we should not have and
those who believe we should have neonatal echocar-
diographers? We believe the answer is yes, and the
driving force and prime determinant should be the
availability of resources. Our Intensive Care Unit,
attached to the largest maternity hospital in Abu
Dhabi, is disadvantaged by its distance from the
facility providing Paediatric Cardiac services, and
therefore by the quality of the service with which our
colleagues are able to provide us. Our study has shown
a fairly high concordance in diagnosis between
neonatologist and cardiologist, with an inter-rater
agreement coefficient of 0.68. More specifically, most
of the major and life threatening anomalies includ-
ing transposed arterial trunks, hypoplasia of the left

heart, and aortic coarctation (Table 1) were expedi-
tiously diagnosed and managed. Likewise, Moss et al.,42

in their prospective study, also reported a high degree
of concordance, and similarly were able to effect
early and appropriate management to the benefit of
the patient.

As noted in Table 4, nonetheless, a number of dis-
orders were also misdiagnosed, though only 3 could
be considered life-threatening, and in each case a
paediatric cardiac consultation was urgently sought.
The rest were followed up at our High Risk Clinic
for a repeat clinical evaluation at age 4 to 6 weeks. In
the early part of the study, the neonatologist, inter-
preting the patent oval foramen as a normal fetal
channel, reported the scan as normal instead of noting
and documenting the presence of patency of the oval
foramen. Consequently, the discrepancies in inter-
pretation of the scanning images between neonatol-
ogist and paediatric cardiologist are magnified by
this oversight. But it does demonstrate the fine line
needed to distinguish between patency of the oval
foramen and a small atrial septal defect. This is under-
lined by the fact that an inter-atrial shunt through a
patent oval foramen can persist into early infancy44

and into adulthood.45 Arlettaz et al.44 used a cut-off
of greater than 2 millimetre diameter to define a
significant from an insignificant interatrial shunt.
Evans46 cites 3 millimetres as the defining diameter
between a small and a large inter-atrial shunt in the
preterm infant. We believe that it can be safely
assumed that a defect in the oval fossa of less than 2
millimetres is benign, and does not warrant further
follow-up.

Ward and Purdie38 are correct to express their con-
cern for what can potentially be a clinical and medico-
legal minefield. It is for this reason that safeguards
need to be put in place. And these safeguards have
been eloquently enunciated by all involved in the
debate, including an intense and structured pro-
gramme for training and accreditation, and the devel-
opment of appropriate guidelines for referral.39–41

Acknowledging that the ultimate management of an
infant with a cardiovascular malformation is the
domain of the paediatric cardiologist, this study has
given us the confidence to continue with the present
system cognizant of the current debate.

Neonatal medicine has become an autonomous and
self-contained subspeciality, and neonatologists will
usually attempt to perform most practical procedures
short of major surgery. It would, therefore, appear
that, in certain regions, where an immediate cardiac
consultation is not possible, neonatal echocardiogra-
phy, like cranial sonography, will become a perma-
nent feature of the Neonatal Intensive Care Unit.
This can only work effectively with the full support
of the team providing paediatric cardiac services.
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