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Abstract
Background: There are great discrepancies in the quality and level of care offered to patients with Down’s syndrome and a structural
heart defect. While this is well recognized, there are few comparative data in the current era.
Aim: To compare the level of care offered, and the outcome of three cohorts of children with Down’s syndrome and congenital heart
disease, from three tertiary referral centers.

Methods: A continuous case series of patients referred to each of the tertiary referral centers was followed up to evaluate the treatment
and outcome.

Results: Early diagnosis and routine early repair of the heart defect with good outcome is the norm in the developed world. This contrasts
with late presentation with congestive heart failure and failure to thrive, lack of early and appropriate therapy, a high rate of loss of followup, and a low rate of timely correction in the developing world. Given appropriate resources and training, excellent surgical results can be
obtained universally.
Conclusion: While the majority of children with Down’s syndrome and a structural heart defect can be adequately treated to ensure long
term survival and a good quality of life, such therapeutic options are not universally available or applied.
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Introduction
Down’s syndrome is the commonest chromosomal abnormality
in man. The risk of a congenital heart defect in children with
Down’s syndrome is around 50%. The most common associated
defect is the atrioventricular septal defect, although differences
in the frequency of certain types of defects may occur depending
on the geographical location [1]. In the developed world, medical
care for infants and children with Down’s syndrome has improved
tremendously in the last four decades, resulting in a better quality
of life and higher life expectancy. One of the major factors for this
improvement has been the prompt diagnosis and management
of the associated cardiac defects, which if untreated may lead
to a variety of immediate and late complications such as failure
to thrive, recurrent infections, congestive heart failure, and
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eventually to the development of the Eisenmenger syndrome in
some patients. The median age of death for patients with Down’s
syndrome and an associated cardiac defect in the United States
has increased in the last years. In 1997 it was 49 years compared
to 25 years in 1983. Few data are available regarding organized
medical care for children with Down syndrome in the developing
world. The mortality rate in the first years of life may be postulated
to be higher due to later diagnosis and the lack of facilities for
appropriate and timely interventions for these children [1-3].
The aim of this study was to compare the outcome of the medical
care of infants with Down’s syndrome and a congenital heart
defect from three centers, representing the developing world and
Western Europe.
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Materials and Methods
These are the results of a cross-sectional descriptive study
which was done in all the neonatal units and children’s hospitals
in Khartoum, Sudan and of a retrospective study of infants and
children with Down’s syndrome and a congenital heart defect
seen at the cardiology departments of Amrita Institute of Medical
Sciences, Kochi, India, and of the University Hospital of Cologne.

Patient inclusion

All infants seen in all the Khartoum (Sudan) state neonatal
units and children’s hospitals with a clinical diagnosis of Down
syndrome during a six month study period starting from
September 2011 were prospectively included in the study
(n=109). Only patients less than 12 months of age were included.
Infants were divided into three groups based on age: group 1 aged
less than a month (n=41), group 2 with an age between one and
six months (n=37) and group 3 with an age older than six months
(n=31). Failure to thrive was defined as a weight for age which falls
below the 5th percentile. Informed consent was obtained from all
the parents. A pre-tested questionnaire was filled and all children
underwent a detailed clinical examination and echocardiography.
All the echocardiographic examinations were done by one person
using GE vivid 5 (GE Waukesha, WI). For the purpose of the
study only hemodynamically significant lesions were included (a
patent oval foramen or a clinically insignificant patent duct were
excluded).
From the database of the Amrita Institute of Medical Sciences
(India) 418 consecutive patients with Down’s syndrome were
identified between November 2005 and April 2012. Of these, a
structural cardiac defect was present in 256 patients (63.4%). The
defect was identified at <1 month of age in 124 patients (group 1),
at between 1 and 6 months in 113 (group 2), and at later than 6
months in the remainder (group 3). All defects were confirmed by
routine transthoracic echocardiography.

From the database of the university hospital of Cologne
(Germany) 92 consecutive infants with Down syndrome and
an associated significant congenital heart defect, identified
and managed between January 2003 and December 2014 were
included. All patients belonged to group 1 (diagnosis prior to 1
month of age). Parameters that were evaluated included prenatal
knowledge of Down syndrome, prenatal diagnosis of a heart
defect, age at the time of surgery, and outcome of surgery. In
all patients, the diagnosis was always confirmed by prenatal or
postnatal chromosomal analysis.

Results

Khartoum
Of the three groups 47 infants (43.1%) had a congenital heart
defect. The most common defect was the atrioventricular septal
defect (AVSD; 32%) followed by an isolated VSD, secundum atrial
septal defect (ASD), and persistently patent arterial duct (PDA).
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All of these defects were single lesions. Approximately 57% of all
the infants with Down’s syndrome, independent of whether they
had a congenital heart defect, were undernourished and only 1%
was overweight. Of the 47 infants with an associated heart defect,
41 (87%) were failing to thrive. None of the patients was offered
palliative or corrective surgery at the time of initial diagnosis,
due to lack of adequate facilities and funds for diagnostic cardiac
catheterization or open heart surgery.

Kochi

The distribution of defects in this cohort was as follows:
isolated VSD in 72 patients; AVSD in 70 patients; PDA in 43
patients; ASD in 32 patients, tetralogy of Fallot in 10 patients,
Ebstein’s anomaly in 4 patients. In addition 25 patients had
combined lesions (VSD+PDA in 14, ASD+PDA in 6, AVSD+PDA in
5). Corrective surgery was performed in 104 patients (VSD=37;
AVSD=25; PDA=14; ASD=4; Ebstein’s anomaly=3, tetralogy of
Fallot=5, combined lesions=16). The age at corrective surgery was
<6 months in 27, between 7 and 12 months in 45, 13 to 23 months
in 20, and at >24 months in 12 patients respectively. A single
surgical procedure was performed in 100 of the 104 patients.
There were no surgery related deaths. None of the patients has
been lost to follow-up. Patients who did not receive surgical
correction fell into one of two categories: those with minor defects
not requiring surgery (n=58), and those who refused surgery,
chiefly for financial reasons (n=94).

Cologne

The medical records of the department of pediatric cardiology
at the University hospital of Cologne were reviewed to identify
the treatment strategies and outcome of a consecutive cohort of
patients with Down’s syndrome between 2003 and 2014. Of 209
patients confirmed to have Down’s syndrome, a cardiac anomaly
was present in 102 infants (48.8%). Thirty eight of these were
identified prenatally to have Down’s syndrome (all confirmed
by chromosomal analysis), and in all of them the structural
cardiac lesion was also correctly diagnosed before birth. In the
remaining patients, the suspicion of a Down’s syndrome was
raised immediately after birth, and confirmed by chromosomal
analysis. All diagnoses (clinical diagnosis of Down’s syndrome
and the cardiac lesion) were established within the first week of
life. Postnatal cardiac diagnoses requiring further management
included AVSD (n=56), AVSD with tetralogy of Fallot (n=5),
isolated VSD (n=17), coarctation of the aorta (n=3), secundum ASD
(n=2), a hemodynamically significant PDA (n=2). In 17 infants a
minor defect was identified which did not require further medical
management (persistent patency of the duct, a small shunt at
atrial level, a hemodynamically insignificant VSD).
Forty eight infants were operated within the first 6 months of
life; 19 infants underwent surgery at between 7 and 12 months
of age, 5 children at between 13 and 23 months of age, and 7
children at beyond 24 months of age. Fifteen children had more
than one surgical procedure (PA banding n=12, re-repair of the
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left atrioventricular valve following initial complete repair of
AVSD n=1, late replacement of the left AV valve with a mechanical
prosthesis following AVSD repair n=1, closure of a significant
residual VSD n=1). Six children underwent a transcatheter
therapeutic procedure (ASD closure in 2, PDA closure in 4).

Follow-up

Khartoum: As of December 2016, 86 of the 109 Sudanese
patients have been routinely followed up, while 23 patients have
been lost to follow-up, due to non-attendance. Of the 86 followed
up patients, 21 have undergone surgery. This included complete
repair of AVSD outside the Sudan (n=8, with 2 early deaths), 7
children who underwent pulmonary artery banding for AVSD, 3
children who underwent PA banding for VSD, and 3 patients who
underwent late repair of an isolated VSD in the Sudan. In addition
to the two surgery-related deaths, five additional children have
died from a combination of complications of heart disease, failure
to thrive and infection.
Kochi: All patients with and without surgical repair have
undergone routine follow-up. None of the surgical group has
required a second procedure, and none of them is on long-term
medications. Among patients who refused surgery, 14 have
died from complications including recurrent infections and
Eisenmenger reaction.
Cologne: 1 patient died during the early post-operative period
due to intractable septicemia associated with multi-organ failure.
Seven patients needed a permanent pacemaker at follow-up; two
due to complete AV block after repair of AVSD, and five patients
due to late onset of sinus node disease (n=2), or intermittent AV
block at follow-up (n=3). Within 3 months of surgery, 77 of the
85 patients who had undergone surgery or transcatheter therapy
were not taking any cardiac medication, with the exception of
coumadin or aspirin.

Discussion

The purpose of this study was to evaluate the available data
of the outcome of children with Down syndrome and a congenital
heart defect and to describe the wide discrepancies in availability
of care between different centers and countries. Congestive cardiac
failure is the commonest cause of death in the first 6 months of
life in infants with a structural cardiac defect, and cardiac disease
accounts for most deaths in children with Down’s syndrome in the
first two years of life [4-6]. While life expectancy and quality of
life has improved during the last years in the western world, very
limited data exist concerning the management of these children
in developing countries. In 1981 an editorial in the British
Medical Journal stated that “if the child is one of the one quarter
of newborns with Down’s syndrome with congenital defect of
the heart or other organs, then treatment may reasonably be
withheld” [7]. In concordance with the poor surgical outcomes
in some units in the developed world, this argument was further
supported from the data from the Brompton hospital in the UK
[8]. The authors stated that “remembering the mortality figures
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for a surgical protocol must include preoperative mortality,
perioperative mortality, and late mortality, few units, including
our own, will be able to recommend operation on the grounds of
improved survival through childhood” [8]. They further suggested
that a different (conservative) approach should be taken towards
the management of complete AVSD in patients with Down’s
syndrome as opposed to those with no chromosomal abnormality.
This illustrates that medical and surgical treatment of children
with Down’s syndrome and CHD was not always universally
agreed upon, and current practice in the developed world reflects
a gradual change in attitudes towards ensuring a good quality of
life and increasing life expectancy by correcting the cardiac defect.
The data from Kochi confirm that excellent surgical outcomes
can be obtained even in a limited resource setting. Cardiac
surgery however has a major micro-economic impact. In a recent
study from Kochi it was shown that median expense for hospital
admission and cardiac surgery was 0.93 times the annual family
income of affected patients [9]. Surgical admission also resulted in
a median loss of 35 man- days and 15 job-days respectively, with
one in two families reporting overwhelming to high financial stress
related to surgery. Significantly around 50% of the families also
had to borrow money during follow-up after surgery, to cover the
costs [9]. These retrospective data also show a wide variation in
the prevalence of congenital heart disease, and in the distribution
of lesions depending on geographic location. These may reflect
true racial or ethnic differences, although a referral bias cannot
be excluded. In the developed world, given the establishment of
routine prenatal and early postnatal screening, the diagnosis of
Down’s syndrome and coexisting cardiac disease can usually
be established early, allowing appropriate care to be instituted
immediately. Presentation with failure to thrive, or with other
complications of congestive cardiac failure is therefore extremely
uncommon. Similarly, the prevalence of Eisenmenger syndrome
due to late detection or lack of facilities for timely surgical repair
has also decreased in the current era.
In contrast and as has been highlighted in a recent editorial,
pediatric cardiac surgical care is resource intensive, and only a
fraction of patients in developing countries can expect to receive
comprehensive care [10]. It is a paradox that with falling birth
rates, access to prenatal diagnosis and possible termination
of pregnancy, opportunities for optimal management are
unequally distributed, favoring countries with higher incomes,
a comprehensive, state sponsored health insurance system, and
lower patient loads.
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