The Indonesian Biomedical Journal, Vol.12, No.4, December 2020, p.288-389

RESEARCH ARTICLE

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Increased Risk of Recurrent Acute Respiratory Infections
in Children with Congenital Heart Disease: A Prospective Cohort Study

Mulyadi Muhammad Djer*, Emilda Osmardin, Badriul Hegar, Darmawan Budi Setyanto

Department of Child Health, Faculty of Medicine, Universitas Indonesia/Cipto Mangunkusumo National General Hospital, J1. Salemba Raya No.6,
Jakarta, Indonesia

*Corresponding author. E-mail: muldjer@yahoo.com

Received date: May 8, 2020; Revised date: Sep 8, 2020; Accepted date: Sep 11, 2020

Abstract

ACKGROUND: There is a lack of local data about
Brecurrent acute respiratory infections in children
with congenital heart disease (CHD). This study
aims to investigate the incidence and recurrence of acute

respiratory infection (ARI) in left-to-right shunt CHD.

METHODS: This prospective cohort study investigated
children with left-to-right shunt CHD, aged three months to
five years, at Dr. Cipto Mangunkusumo Hospital between
September 2012 and April 2013. Age and sex-matched
participants without CHD were recruited as reference. The
occurrence of ARI was observed for six months. Acyanotic
CHD patients from 2015 to 2019 were also evaluated to
determine the proportion of ARI among this population.

RESULTS: A total of 100 subjects were enrolled in the
study, 50 in the CHD group and 50 in the non-CHD group,

six of whom were later excluded. The monthly incidence of
ARI in the CHD group ranged between 40-60% (p=0.027).
Subjects with CHD had a cumulative increased risk of 10%
for acquiring ARI (RR=1.1; 95% CI=1.02-1.2, p=0.027).
The proportion of subjects with a high recurrence of ARI
was also higher in the CHD compared to the non-CHD
group (67% vs. 30 %, p<0.001). The mean frequency of
and median duration of ARI episodes was also higher in
CHD compared to the non-CHD group, 3 vs. 1.5 episodes
(»<0.001), and 7 vs. 5 days, respectively.

CONCLUSION: Children with CHD are at an increased
risk of ARI, with more episodes and longer duration
compared to children without CHD.

KEYWORDS: non-cyanotic CHD, left-to-right shunt,
acute respiratory infections
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Introduction

Congenital heart disease (CHD) is the most common type
of congenital disorder, representing 28% of all forms of
congenital disorders worldwide.(1,2) The incidence of
CHD ranges from 6 to 10 cases in 1,000 live births, with
significant symptoms being present in 50 percent of all
patients.(3-6) Among the various types of CHD, the non-
cyanotic type is more often seen in practice (76.7%), with
the most common being ventricular septal defect (VSD),
occurring in 2 of 1000 live births, followed by atrial septal
defect (ASD), persistent ductus arteriosus (PDA), and
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atrioventricular septal defect (AVSD).(7) Congenital heart
disease can lead to significant morbidity and mortality, as
well as a high health expenditure burden.

One of the significant and problematic morbidities in
children with CHD is infection, which frequently interacts
with malnutrition, resulting in a complex health problem.
Patients with an acute infection, such as acute respiratory
infection (ARI), will experience anorexia, malabsorption, or
metabolic disorders. Inadequate calorie intake may lead to
weight decline, stunting, impaired immunity, and mucosal
damage. Changes in lung circulation may lead to structural
abnormalities accompanied by impairment in local cellular
immunity, rendering children to be more vulnerable to
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ARI.(8) Children with CHD also have ventricular function
impairment, which subsequently increases pulmonary
pressure, resulting in capillary leak and lung edema.(9)

Recurrences of ARI are often seen in CHD patients,
especially in infants less than one year old.(4,10) Data
from a study investigating 2,952 children with recurrent
pneumonia showed that 22 children (9%) have CHD, of
which 16 were left-to-right shunt types.(11) Other studies
reported that morbidities and mortality following ARI in
acyanotic left-to-right shunt are higher than that in healthy
children.(12,13) Previous studies evaluating the recurrence
of ARI in children with CHD have used cross-sectional or
retrospective data, but this is the first study in Indonesia
using prospective data to estimate the recurrence of ARI
among children with CHD. This study aims to compare
the number of episodes, recurrence, and duration of ARI
between children with acyanotic left-to-right shunt CHD
and those without CHD.

Methods

Study Design and Setting

This prospective cohort study was conducted in the
Department of Child Health and Integrated Heart Service
of Dr. Cipto Mangunkusumo Hospital, Jakarta, Indonesia,
between September 2012 and April 2013. With the two-
sample proportion test (proportion 40%, power 80%, level
of significance 0.05), the minimum sample size requirement
for each group was 40. Additional data of patients with
acyanotic congenital heart disease in the hospital from 2015
until 2019 were also investigated to identify the proportion
of acute respiratory infection among this population.

Inclusion and Exclusion Criteria

Patients diagnosed with acyanotic left-to-right shunt CHD
aged between 3 months and 5 years old were consecutively
enrolled in the study. Children without CHD, matched for
age and sex, who visited the general pediatric outpatient
clinic were recruited as the control group. Patients with other
congenital diseases, chronic diseases, severe malnutrition,
atopy, immunodeficiency (cancer, human immunodeficiency
virus infection, receiving immunosuppressive agents)
were excluded from the study. Patients who could not be
contacted or evaluated, underwent cardiac surgery, or died,
were dropped out and excluded from analysis. The episodes
were documented using a parenting diary, which was
collected every month during the routine ambulatory visits.
Follow-up were also conducted by telephone.
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To control for confounding factors in our analysis, we
matched the CHD and reference group for age and sex and
excluded children with severe malnutrition. The reference
group also underwent an echocardiography examination
to rule out the presence of any CHD. The reasons for age
range selection in our study included the fact that ARI is
more prevalent in children less than five years of age, and
pulmonary resistance begins to decline at the age of two
to three months when symptoms due to left-to-right shunt
becomes more prominent.

Parental informed consent was obtained for every
subject, and ethical approval for this study was obtained
from the Research Ethics Committee of the Faculty of
Medicine, University of Indonesia, Cipto Mangunkusumo
Hospital, file number: 634/PT02.FK/TIK/2012, on October
2%, 2012.

Operational Definitions and Clinical Outcome

The diagnosis of acyanotic left-to-right shunt CHD was
established based on echocardiography evaluation by one
of the investigators, a pediatric cardiology consultant. A
significant acyanotic left-to-right shunt was defined as a
situation in which the patient required medication to control
heart failure, suffered from moderate-to-severe pulmonary
hypertension, or was cyanotic.

Upper ARI was defined as an infection of the upper
respiratory tract (from nose to larynx) lasting for less than 14
days, during which the patient had a fever and showed any
of the following symptoms: cough, runny nose, sore throat,
hoarseness, nasal obliteration, or runny ear. Bronchial or
pulmonary infection that occurred for less than 14 days and
resulted in fever and dyspnea was classified as lower ARI.
A high recurrence of ARI was defined as having three or
more episodes of ARI or at least one episode of lower ARI
within six months. Recovery of ARI was determined as the
resolution of fever or respiratory symptoms or upon hospital
discharge, whichever one occurs earlier. The incidence of
ARI was defined in number of times.

Data Analysis

The baseline characteristics of the study participants was
presented as percentage or median, as appropriate. To
evaluate the effect of left-to-right shunt CHD on the monthly
and cumulative incidence of ARI, unadjusted relative risk
was used, while the Chi-squared test was applied to evaluate
the effect of CHD on ARI recurrence level. The data obtained
was then analyzed using Statistical Package for the Social
Sciences (SPSS) version 19.0 (IBM Corporation, Armonk,
New York, USA).

356



The Indonesian Biomedical Journal, Vol.12, No.4, December 2020, p.288-389

Results

During the study period, 50 subjects were enrolled in each
group. During the follow-up, 2 subjects died, 1 underwent
defect closure, and 3 were loss-to-follow-up, resulting in
94 subjects to be analyzed (45 subjects in the CHD group
and 49 subjects in the control group). From the additional
data obtained, there were 334 subjects with acyanotic left
heart disease in 2015-2019, of whom 156 had a history of
pneumonia.

In the CHD group, there were more girls than boys
(1.3:1), but the median age was similar between the two
groups (Table 1). There were more moderately malnourished
children in the CHD group compared to the non-CHD
group (68% vs. 26%). Likewise, low socioeconomic status
was also more common in the CHD group (80%) than the
reference group (36%). In terms of the type of CHD, the
most common lesion was VSD (50%), followed by ASD,
PDA, ASD with PDA, and VSD with PDA (16%, 14%, 6%,
and 8%), respectively. Significant left-to-right shunt CHD
was found in 37 subjects (74%).

The incidence of ARI in each month and the RR of ARI
in the CHD compared to the non-CHD group are presented
in Table 2. The incidence of ARI in the CHD group during
the six-month follow-up period ranged from 40% to 60%,
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whereas in the reference group it was 20% to 40%, with a
RR of 1.9 to 2.3 times.

There was a statistically significant difference in the
6-month cumulative incidence of ARI between the two
groups, in which children with CHD had a cumulative
incidence of almost twice (118 compared to 66 cases) that
of children without CHD. The likelihood of CHD children
having lower ARI was also higher, which was 8.6 times
that of the non-CHD group. Mean ARI episodes within 6
months in the CHD group was also double of that of the
reference group, which was 3 (SD 1.1) vs. 1.5 (SD 0.9)
times.

In terms of recurrences, children with CHD were more
likely to have high recurrence than those without CHD, as
seen in Table 3. The median ARI duration was also longer in
the CHD group compared to the reference group, at 7 (4—14)
days versus 5 (2—12) days.

Discussion

In this study, we found that children with CHD had around
twice the risk of having ARI each month with an almost
9-fold risk of lower ARI compared to those without CHD.
The risk of infection recurrence and longer duration of
illness was also more likely in children with CHD.

Table 1. Characteristics of study participants.

CHD Grou Control grou
Variable PR . (n=5§) =
Sex, n (%)
Male 22 (44%) 22 (44%)
Female 28 (56%) 28 (56%)
Age (months), median (min-max) 16 (3-60) 16 (3-60)
Nutritional status, n (%)
Moderately malnourished 34 (68%) 12 (24%)
Well-nourished 16 (32%) 38 (76%)
Maternal education, n (%)
Low 14 (28%) 4 (8%)
Middle 28 (56%) 13 (26%)
High 8 (16%) 33 (66%)
Paternal education, n (%)
Low 9 (18%) 2 (4%)
Middle 30 (60%) 16 (32%)
High 11 (22%) 32 (64%)
Socioeconomic status, n (%)
Low 40 (80%) 18(36%)
Middle to low 8 (16%) 20 (40%)
Middle to high 2(4%) 12(24%)
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Table 2. Incidence of ARI in CHD and control group for six months.

Month s ARI n Incidence RR 95% CI of o'
Yes No (%) RR

I CHD 23 27 50 46 2.3 1.2-43 0.006
Control 10 40 50 20

I CHD 20 29 49 40.8 2 1.1-3.9 0.024
Control 10 40 50 20

i CHD 19 26 45 42.2 1.9 1.1-3.6 0.034
Control 11 39 50 22

v CHD 27 18 45 60 2 1.2-32 0.003
Control 15 35 50 30

A% CHD 25 20 45 55.5 2.2 1.3-3.9 0.004
Control 12 37 49 24.4

VI CHD 23 22 45 51.1 2.2 1.2-4.1 0.004
Control 11 38 49 22.4

Cumulative CHD 45 45 100 1.1 1.03-1.2 0.027
Control 43 6 49 87.7

'tested with Chi-square; *Tested with Exact-Fisher.

In general, malnutrition is related to the inadequate
intake and absorption of nutrients, high energy expenditure,
and recurrent ARI. One study found that the prevalence of
malnutrition in CHD (cyanotic and acyanotic) children was
51.1%, of whom 22.3% were severely malnourished, and
body weight was found to be more affected than body length
(72.2% vs. 49.3%).(14) Another study concluded that there
was a significant difference in nutritional status between
patients with and without CHD.(15) This study analysed all
subjects as a whole and did not compare acyanotic to cyanotic
CHD or non-CHD children. Parental education level was
inversely correlated with the incidence and mortality of
ARI.(16) One study found that parental education level
was related to the incidence of ARI.(17) Another study also
found a significant correlation between maternal education
and the incidence of ARI, but not paternal education.(18) In
contrast, some studies found that parental education level
was not related to the incidence of ARI.(8,19)

In this study, the socioeconomic status of most of the
subjects in the CHD group was found to be low, whereas that
in the control group ranged from low to moderate. As stated
in a previous study, children from a lower socioeconomic
status have a higher risk of acquiring infections, especially
ARI, as it increases the likelihood of infection exposure
and decreased immunity.(20) Exposure to infection may
increase due to poor sanitation and hygiene as well as an
overcrowded living environment. Body defence mechanisms
may decrease due to nutritional deprivation, less access to
vaccinations, and exposure to polluted air and cigarettes. A

previous study found that children from low socioeconomic
groups are 3.3 times more likely to have ARI than those
from moderate-to-high socioeconomic groups.(21)

Ventricular septal defect (VSD) was the most common
type of CHD found in this study, which was 33.1% of all
CHD types, whereas ASD and PDA was found in 8%-13%
and 6%-11% CHD patients.(22) In our study, we also found
combinations of anatomical defects such as ASD, PDA, and
VSD. The characteristics of CHD types in our study were
similar to that of a previous study, evaluating the profile of
CHD at a teaching hospital in India.(23) The authors found
that VSD (42.6%) was the most prevalent defect, followed
by ASD (14.8%) and PDA (7.8%). Another study also
revealed similar results, reporting that VSD was found in
24% of subjects, whereas PDA, ASD, ASD and VSD, ASD
and PDA, and VSD and PDA were found in 6.6%, 6.5%,
0.6%, 0.3%, and 0.1% of subjects respectively.(24) Most
of CHD patients with recurrent pneumonia has left-to-right
shunt type.(11)

Table 3. Recurrence of ARI in CHD and control group.

Recurrences of ARL

Risk Factor
Group <3x/6 month > 3x/6 month .
(n (%)) (n (%)) 4
CHD 15(33) 30 (67) <0.0001
Control 43 (87) 6 (13)
Total 58 (61) 36 (39)

*Tested with Mann-Whitney.
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This study found that the incidence of ARI in each
group was quite stable over the months. However, in the
fourth month of follow-up, there was a little upsurge in the
occurrence of ARI due to a flood catastrophe in Indonesia.
When we compared the monthly incidence of ARI between
groups, it was higher in the CHD group compared to the
non-CHD group. It has been suggested that the incidence
of ARI in urban areas is slightly higher (20%) compared
to rural areas (17.7%).(9) Similar findings regarding the
incidence of ARI in urban and rural areas was also found in
this study.

Upper ARI comprises of rhinitis, pharyngitis,
tonsillitis, sinusitis, and otitis media, whereas lower ARI
includes bronchitis, bronchiolitis, and pneumonia.(16) This
study found that lower ARI were more prevalent in the CHD
group. Among 29 patients with lower ARI from both groups,
27 were admitted to the hospital, but 2 subjects refused to
be hospitalized. One study in 2004-2006 was conducted
on children of less than 24 months with significant cardiac
abnormalities to evaluate hospital admission for ARL.(25) Of
the 1,248 patients, 167 (13.4%) out of 210 were hospitalized
with the following diagnosis: bronchiolitis (41.7%), upper
ARI (28.1%), pneumonia (17.6%), and other infections
(18.6%). The risk factors identified included the presence
of a certain syndrome, incomplete RSV prophylaxis,
prematurity, and malnutrition. The proportion of lower ARI
in Dr. Cipto Mangunkusumo Hospital (2015 to 2019) was
found to be almost 50%. This finding was higher compared
to previous studies.(26)

The mean episode of ARI among the CHD patients
in this study during six months of observation was 3 (SD
1.1) times, whereas, in the control group, it was 1.5 (SD
0.9) times. During the observation, six subjects in the
control group had no episode of ARI. A previous study also
observed higher mean episode of ARI among patients with
CHD, at almost four times higher in children with acyanotic
CHD.(8) This difference may result from different lengths
of follow-up, CHD classification, and definition of ARI.
Another study showed that children with acyanotic CHD
experienced 4.94 (SD 2.54) episodes of ARI annually,
which was significantly higher compared to cyanotic CHD
at 2.41 (SD 1.89), (p=0.01).(27) The incidence of ARI
episodes in acyanotic left-to-right shunt is significantly
higher (5.08 (SD 2.55)) than conotruncal anomaly, which
was similar with our findings. Some authors define recurrent
ARI as respiratory infections occurring at least six times per
year or at least three times per year if it involves the lower
respiratory tract.(28) In this study, we defined recurrent
ARI as the occurrence of ARI for three times or more
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within a period of 6 months. Based on this definition, we
found a higher percentage (67%) of subjects with CHD
who had recurrent ARI compared to that in those without
CHD (13%). Our findings were similar to findings from
a previous study, although they found a less contrasting
difference between the CHD and non-CHD groups (51.7%
vs. 30.7%, respectively) due to different definitions of
recurrent ARI, which was more than six episodes per year.
(15) The differences in the above data can also be attributed
to the different study design applied between two studies,
and the definition of ARI used in the questionnaires.

We found that the duration of ARI in the CHD group
was longer than that in the reference group. In a previous
study, the median duration of ARI in children with CHD
was slightly shorter than that in our findings, which was 3.5
(2.9 to 4.5) days in non-cyanotic CHD and 4.1 (3.2 to 4.9)
days in cyanotic CHD.(8)

In this study, CHDs were classified based on cyanotic
symptoms, and non-cyanotic CHD was not further divided
based on pressure and volume loads. In a previous study,
ARI was grouped by the length of duration, which was seven
days or less (short episode) and more than seven days.(15)
That study found that percentage of children with a short
episode of ARI was almost similar between the CHD and
non-CHD groups. However, more children with CHD (19%)
had ARI of more than seven days compared to the reference
group (1.7%). Compared to this study, the previous study
used a different design and eligibility criteria, such as age
range, severe malnutrition, immunocompromised status,
and presence of atopy.

There are several limitations in this study. Firstly,
the measurement of ARI episodes were based on parental
reports, which could be influenced by the subjectivity of
parents (recall bias). Secondly, no laboratory examinations
were conducted to explore the etiology of ARI. Thirdly, other
factors that can influence the risk of acquiring ARI, such
as hygiene, pollution, access to health care, and treatment
were not evaluated and documented. Lastly, different
characteristics between the CHD and non-CHD groups
were observed in terms of nutritional status, education, and
socioeconomic level, which can affect the incidence of ARI.

Conclusion

This prospective cohort study found that children with a
non-cyanotic left-to-right shunt CHD have almost twice
the risk for having ARI with a higher risk of recurrence and
longer duration compared to children without CHD.
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