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Background: Down syndrome (DS) is the most common chromosomal abnormality in children. Atrio-ventricular septal
defect (AVSD) is the most common congenital heart disease (CHD) reported in DS. The mortality rate of DS with congenital
heart disease (CHD) is 5-7 times higher than normal population. The survival rate in DS has improved with time and has
reported up to 91% and 85% at one and ten years of age, respectively.

Objective: To study the prevalence of CHD, clinical course, treatment, the overall survival in patients with DS compare with
those who are associated with CHD.

Study Designs: DS registry, multidisciplinary approach, single centre.

Material and Method: All DS patients at QSNICH with parental signed consent were enrolled in the registry. The study was
conducted for 5 years starting from May 2007 to April 2012. All patients were followed-up according to schedule modified
from American Academic of Pediatrics (AAP) health supervision guideline. Standard treatment was given to all those children
with diagnosis of CHD and/or other associated diseases.

Results: Four hundred and two cases of DS were enrolled. Two cases were excluded due to the parental inconvenience. The
mode and mean age of the patients at registration were 1 and 7 months (1-62). Two hundred and seventy-one cases had an
initial echocardiographic diagnosis of CHD, which included 91 of Patent ductus arteriosus (PDA), 49 of Ventricular septal
defect (VSD), 34 of AVSD, 34 of secondum Atrial septal defect (ASD), 6 of Tetralogy of Fallot (TOF), 2 of Coractation of Aorta
(CoA), 11 of other CHD and 44 of combined lesions. During the follow-up period, spontaneous closure of PDA, VSD and ASD
occurred in 46, 12 and 15 cases, respectively. After the exclusion of those who had spontaneous closure, the prevalence rate
of CHD in DS was 49.8%. VSD was the most common lesion, slightly more than PDA. Ninety-eight cases underwent cardiac
surgery; including 39 of associated VSD, 24 of AVSD, 26 of PDA, 3 of TOF, 4 of CoA/AA repaired, one each of Cor triatriatum
and primum ASD. Twelve cases had catheter interventions, including PDA occlusion (10 cases), and 1 case of balloon
dilatation of re-CoA and coils embolization of isolated major aorto-pulmonary collateral artery. Seven cases were lost at
follow-up. By using the hospital information and National Health Security Office (NHSO) database, 47 infants died during the
follow-up period. The causes of death were immediate post cardiac surgery in 10 cases (AVSD in 9, VSD in 1) and not
associated with surgery in 37 cases including CHF in 8, pneumonia in 7, leukemia in 4, airway disease in 3, others 7 and
unknown 8 cases. The overall survival at land 5 years of age were 96% and 86%, respectively. DS with CHD had a
significantly lower survival rate than those without CHD (p<0.001).

Conclusion: According to this study, the prevalence rate of CHD in DS was high. VSD was the most common lesion and has
better prognosis than AVSD. The main cause of death was a cardiac problem. Follow-up patients by using modified AAP
guideline and standard treatment can improve their overall survival.
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Down syndrome (DS) is the most common
chromosomal abnormality in children. There are
multiple major congenital anomalies in DS®?, Heart
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disease is the most common congenital abnormality
and various types of congenital heart diseases (CHD)
have been reported in DS®. Atrio-ventricular septal
defect (AVSD) was the most common CHD in DS“9),
followed by ventricular septal defect (VSD) and others.
Life expectancy in DS is shorter than normal population,
especially if it is associated with significant CHD®,
The mortality rate in DS is 5-7 times higher than
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normal®® when associated with CHD. The survival
rate of DS is improving with time%2, This could be
due to the multidisciplinary approach and specific
congenital anomalies treatment especially surgical
correction of congenital heart disease®. One report
has shown the survival rate in DS to be 91% at one
year and 89% at ten years of age®®. However, there
have been no long-term survival rates reported from
Thailand. The objectives of the present study were to
find out the prevalence rate of CHD and the survival
rate of DS patients with and without CHD in Thailand.

Material and Method

The design study was a DS registry with multi-
disciplinary approach. A programmed follow-up of the
patients was modified from the AAP guideline®®,
which is shown in Table 1. The enrollment period was
from May 2007 to April 2012 at Queen Sirikit National
Institute of Child Health (QSNICH). All patients with
DS attending any clinic at QSNICH during the study
period were included in the present study after
obtaining informed consent from the parents. Complete
cardiac work-ups including echocardiogram were
performed in all cases at the first cardiology visit, if
possible. Standard treatments were used for those with
abnormal diagnostic findings. The cardiology follow-
up schedules were every 1-2 months if the patients
were symptomatic and every 6 months if they were
asymptomatic or were not scheduled for any cardiac
interventions during that period. Phone calls were made
and the patients to ascertain information in case they
did not return for their scheduled follow-up. Hospital

information systems were also searched for the last
visit to the other departments if they could not be
reached by phone calls. Survival of some patients who
did not return for follow-up was checked from the
network of national health security office (NHSO) of
Thailand. Kaplan-Myer analysis was used for survival
rates and curves.

Results

During the 5-year study period, 402 cases of
DS were enrolled. Two cases were excluded due to the
parental inconvenience; 400 cases of DS were followed-
up. Ages at the first enrollment ranged from less than 1
month to 62 months. The mean age at presentation was
7 months with mode at 1 month as shown in Fig. 1. The
results of the first echo diagnosis showed that 271
patients had CHD (Table 2). Forty-six cases of patent
ductus arteriosus (PDA), 12 cases of ventricular septal
defect (VSD) and 15 cases of atrial septal defect (ASD)
had spontaneously closed. One hundred and ninety-
nine cases had persistent cardiac defects, giving the
prevalence rate of CHD in this case series equal to
49.8%. One hundred and sixty cases had isolated lesions
and 39 cases had multiple cardiac lesions. After the
spontaneous closure, VSD and its associated lesions
was the most common diagnosis slightly more than
PDA (73 vs. 72 lesions) and about 1.9 times more than
AVSD. All AVSD cases were the complete type. Twenty-
four cases of VSD were classified as a perimembranous
inlet VSD and there were two cases of isolated primum
ASD, which have been classified by many as partial
AVSD.

Table 1. Modified AAP guideline for health supervision for children with Down syndrome

Genetic

Ch.study PE, HC TFT Cardio Eye Ear Resp Dent  Ortho  Dev

CBC growth
Newborn/ Y Y Y Y Y Y Y
1 visit
6m Y Y Y Y Y
12m Y Y Y Y Y Y
24m Y Y Y Y Y Y
36m Y Y Y Y Y Y Y
48m Y Y Y Y Y Y Y
60 m Y Y Y Y Y Y Y

Ch.study = chromosome study; CBC = complete blood count; PE = physical examination; HC = head circumference; TFT
= thyroid function test; Resp = respiratory system; Dent = dentist; Ortho = orthopedics; Dev = development; Y = should

be performed
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During the follow-up period, 98 cases (49.2%)
had cardiac surgery and 12 cases underwent catheter
intervention. All, except three cases had corrective
procedures. The indications for surgery were CHF,
severe cyanosis not responding to medication or poor
weight gain. Small to moderate size PDA had elective
trans-catheter closure with coils or devices after
one year of age. At the last follow-up, seven cases
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Fig. 1

were still on medication, 3/7 on low dose aspirin for
modified Blalock-Taussig shunt (BTS). Most cases were
categorized as functional class I, except for four cases
who refused surgery or was inoperable due to late
presentation, who were in functional classes II-11I.
Seven cases were lost in follow-up.

The overall survival at 1 and 5 years of age
were 96% and 86%, respectively. The Kaplan-Meier
survival curve (Fig. 2) showed that the survival rate
slowly dropped with age but remained steady at about
40 months of age. Comparison of the survival rate of
DS with and without CHD (Fig. 3) showed that there
was a difference in survival rate of the patient DS with
and without CHD before the first year of life, which
stabilized after two years of age. At 1 and 5 years of
age, the survival rate of DS without CHD was 99% and
92% as compared to 91.3% and 79.6% of those with
CHD, respectively.

Forty-seven patients died during the follow-
up period. Seven point nine percent (16/201) of DS
without CHD and 15.6 percent (31/199) of DS with CHD
died. CHD was a major risk factor of death in DS with
the Hazard risk of 3.50; 95%Cl 1.78-6.89. The causes of
death were immediate post cardiac surgery, 10 cases
(AVSD 8,VSD 1, DKS/BDG 1), congestive heart failure

Table 2. Prevalence of congenital heart disease diagnosis at initial echocardiogram, after spontaneous closure and the

number of surgical and catheter intervention

Lesions Initial echo (n) SC (n) After SC (n) Surgery (n) Catheter (n)
VSD 49 6 43 17

VSD, ASD 8 8 6

VSD, PDA 20 5 15 11

VSD, PDA, ASD 4 4 3

VSD, PDA, COA 1 1 1 1
VSD hypo AA 1 1 1

VSD, COCM 1 1 1

PDA 91 45 46 24 10
PDA, ASD 4 1 3 2

AVSD 34 34 21

AVSD, PDA 3 3 3

ASD 34 15 19

TOF 6 6 3

CoA 2 2 2

Prim. ASD 2 2 1

AVSD, ToF 2 2 1

Others 9 9 2 1
Total (cases) 271 73 199 98 12

VSD = ventricular septal defect; ASD = atrial septal defect; PDA = patent ductus arteriosus; CoA = coarctation of the aorta;
hypo AA = hypoplastic aortic arch; COCM = congestive cardiomyopathy; AVSD = atrio-ventricular septal defect; TOF =
tetralogy of Fallot; Prim ASD = primum atrial septal defect; SC = spontaneously closure
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Kaplan-Meier survival curve of overall patients
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Fig. 2  Kaplan-Meier survival curve of overall Down
syndrome patients.
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Fig. 3  Kaplan-Meier survival curve comparison between

Down syndrome with and without significant
congenital heart disease.

8 cases, pneumonia 7 cases, leukemia 4 cases, airway
problems 3 cases, the other causes 7 cases and
unknown 8 cases.

Discussion

The present report is a large series of DS
patients who were registered at QSNICH since 2007
and had a medium term follow-up. Most cases
presented in early infancy period, however, 15% of the
cases registered after 1 year of age. Echocardiogram at
the time of registration showed the prevalence rate of
CHD was 67.7%. PDA was the most common diagnosis.
After exclusion, those who had spontaneous closure
during follow-up period, the prevalence of CHD in DS
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decreased to 49.8%. This prospective echocardiogram
study showed a higher prevalence of CHD than the
previous report from Thailand®. Isolated VVSD occurred
frequently less than isolated PDA but when each was
counted as part of multiple lesions, VSD was slightly
more prevalent than PDA and 1.9 times more frequent
than AVSD. However, AVSD may be considered more
prevalent than VSD (63 vs. 49 cases), if the perimem-
branous-inlet type of VSD and primum ASD are
considered a partial form of AVSD. Since QSNICH isa
tertiary care hospital, most of the DS cases had been
referred from all over Thailand for investigation and
treatment. The prevalence rate of CHD in the present
study may be higher than general DS population.

The present study showed that the overall
survival rate of DS was 96% and 86% at 1 and 5 years,
respectively. This survival rate was slightly different
from the developed countries. Compared to other
previous studies®*!®, the survival rate at 1 year in this
study was higher (96% vs. 91-92.9%). This may be due
to the standard protocol of early surgery within the
first year of life, which may cause a higher 1-year
mortality rate but better long-term survival. The long
term survival rate at 5 year (86%) in this present study
is lower than the survival rate at 10 year of 85-88.6%
from the previous studies®*'9. Patients with major CHD
need either surgery or cardiac interventions very soon
after birth with complete repair within the 1% year of life
to avoid late complications of recurrent lung infection,
severe pulmonary hypertension or pulmonary vascular
obstructive disease, which may be the cause of poor
outcomes if surgery is performed later on. From the
survival curve in Fig. 2, the survival rate falls until about
3.5 years of age.

CHD is the risk factor of survival in DS
patients("*4610 and also the risk factor for lower
respiratory tract infection®®. The survival rate was
higher in a group of DS without CHD when compare to
those of DS with CHD. From Kaplan-Meier survival
curve, comparison of DS with and without CHD (Fig. 3)
showed the higher survival in DS without CHD. The
difference in survival of both groups started within the
first year of life and increased to about three years of
age after which it stabilized. Thus, in the present study
CHD s a risk factor in DS on the mortality during
infancy. The difference of 12-13% in survival rates
between these two groups was significant, (p<0.001).
This present demonstrated that CHD in DS increases
the risk of mortality rate by 3.5 compare to those without
CHD.

The mortality rate was high either from pre or
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post cardiac operation, especially in patients with
complete AVSD. Fifteen patients died from congestive
heart failure and pneumonia prior to the operation.
Many of these cases had been referred with complicated
lungs infection before the diagnosis of serious CHD
was made. Some needed prolonged respiratory support
and treatment until resolution of lung infection before
further intervention or surgery. The long waiting list
for cardiac surgery is another determining factor in a
developing country like Thailand, which has limited
resources. Patients with better prognosis, simple
lesions, less associated anomalies will be the first
priority for surgery. Ten cases died immediately post
operation; eight had AVSD. Twenty-five of 39 AVSD
cases underwent cardiac repair during the study,
showing 32 percent mortality rate in the repaired AVSD
patients. This high rate is a cause for concern and
indicates that there is need for improvement is the care
of these patients.

Before and immediately after cardiac surgery
in this study, loss of follow-up was due to inactive
cardiac disease, lack of transportation, financial issues
and poor parental attitude. The present study was
designed to maximize the survival data by many
methods. One is asking for more than two phone
numbers from either the parents or their relatives at
the enrollment. Another is to search the hospital
information system for the last visit or next appointment
to any of the departments in the hospital if failed phone
calls. Lastly, if they did not contact to the hospital, the
survival case was then searched from the National
Health Security Office database via Thai ID number.
Age of the surviving patient at the last contact or age
at death was used for Kaplan-Myer survival analysis
and curve. During the 5-year follow-up period, we were
unable to gather information for seven patients.

There was one interesting case of DS with
diagnosis of left to right shunt at small ASD with severe
pulmonary hypertension. Clinically, he was thin, had
poor weight gain and developed recurrent lung infection
requiring frequent hospitalization. Several echocardio-
grams failed to explain his clinical problems. Serum
immunoglobulin levels were normal and anti-HIV non-
reactive. Cardiac CTA at 16 months of age showed an
isolated big MAPCA, single supply to left lower lung.
After multiple coils embolization of this MAPCA, there
was much improvement to his clinical status.

Asignificant CHD in DS may have less clinical
signs of CHD compared to non-DS with CHD. This
may be due to frequent association with recurrent
respiratory tract infection®, early development of
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pulmonary vascular obstructive disease or secondary
pulmonary hypertension from respiratory problems®
in DS patient, which may have an effect on physical
findings and timing of surgery. Some late presentation
cases may go beyond surgery®. The golden period
for surgical intervention differs with each type of CHD.
Many cases were referred for treatment of other organ
anomalies and found to have unexpected severe CHD.
The modified health supervision from the AAP
guideline®™ is helpful for a systematic multidisciplinary
approach. All organ systems will be prospectively
evaluated and receive treatment at the appropriate time.
This may not only improve the survival rate, but also
the quality of life in DS patients.
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