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Abstract

Background: In Uganda, few children with congenital heart diseases (CHD) benefit from early corrective
cardiac surgery. These children are at high risk of developing heart failure and electrolyte imbalances;
factors which increase their risk of developing arrhythmias. This study aimed to determine the prevalence
and factors associated with arrhythmias among children with congenital heart diseases receiving care at

Mulago Hospital.

Methods: This was a cross-sectional study carried out from August 2013 to March 2014 at Mulago Hospital.
Children were consecutively enrolled into the study. Standard 12-lead electrocardiograms (ECGs) were performed
on 194 children with CHD (age range 10 days—15 years). Data was analysed using SPSS 16.0.

Results: Out of 194 children studied, 53/194 (27.3 %, 95 % CI 21.0 - 33.6) children had arrhythmias. Of the CHD
children, 44/194 (22.7 %, 95 % Cl 16.8 — 28.6) had first degree AV block while 9/194 (4.6 %, 95 % Cl 1.7 - 7.6)
children had either ectopic atrial rhythm, premature atrial contractions, junctional rhythm, complete
atrioventricular (AV) dissociation or premature ventricular contractions. Children using digoxin were more likely to
have first degree AV block (OR 3.75, 95 % Cl 1.60-8.86) while those aged 5 years and below were less likely to have

first degree AV block (OR 0.16, 95 % CI 0.07-0.37).

Conclusion: Arrhythmias are common among children with CHD receiving care from Mulago Hospital. These are
associated with digoxin use, child’s age and electrolyte imbalances; factors which can easily be assessed, managed
and where possible modified in these children during their care.
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Background

Children with congenital heart diseases (CHD) com-
monly develop arrhythmias. If they are not identified
early and managed appropriately, the arrhythmias con-
tribute to morbidity and mortality among these children
[1]. The arrhythmias are a result of either co-existing
congenital abnormalities of the specialized conduction
system or in response to hemodynamic influences on
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chamber dimensions, muscle mass and metabolism of
myocardial tissue [2].

In low resource countries, very few children with CHD
get early corrective heart surgery [3]. Due to delayed
surgery, these children develop many complications such
as heart failure, severe cyanosis and other long-term
sequelae which increase their risk of developing arrhyth-
mias [4]. In addition, children in low resource settings
are at an increased risk of malnutrition, HIV and electro-
lyte imbalances; factors which are known to increase the
risk of developing arrhythmias [5-7].

There is currently limited data on the magnitude of ar-
rhythmias among children with congenital heart diseases
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in low resource countries due to limited access to elec-
trocardiography services in these countries. In Uganda,
electrocardiography is not offered as part of the routine
care of children with congenital heart diseases because
of its limited availability and high cost. We therefore
conducted a cross-sectional study to determine the
prevalence and factors associated with arrhythmias
among children with congenital heart diseases receiving
care at Mulago National Referral Hospital, Kampala.

Methods

Study site and population

Mulago National Referral Hospital is located in Kampala,
the capital city of Uganda. The hospital has the Uganda
Heart Institute which employed the only two paediatric
cardiologists in the country at the time when the study
was carried out. Children with congenital heart diseases
from different parts of the country receive care from
this hospital.

Children with congenital heart diseases who presented
to the hospital between the period of August 2013 and
March 2014 were consecutively enrolled into the study.
We included all children aged 0—15years with congenital
heart disease confirmed on echocardiography by a quali-
fied paediatric cardiologist.

Sample size calculation

The number of participants was generated using the
Kish Leslie (1965) formula for cross-sectional studies [8].
Prevalence of arrhythmias among children with congeni-
tal heart disease in other studies ranges from 6.3 % (be-
fore surgery) to 12 % (in the late post-operative follow
up period) [9]. The sample size required, n, was calcu-
lated using the formula #=pqz*/d® where p is the
prevalence of arrhythmias among children with congeni-
tal heart defects (p=0.12); q=1-p; z is 1.96 (for 5 %
alpha error); and d is precision which is 0.05 (permis-
sible margin of error at 5 % level of statistical signifi-
cance). This gave a total of 162 children with congenital
heart defects. We incorporated a non-response rate/
missing data of 20 % [10] and this gave a total required
study population of 194 children.

Data collection

Standardized pretested and pre — coded interviewer —
administered data collection tools were used in data
collection. Data collection was done by the principal
investigator (AB) and a research assistant who was a
medical officer with two years of experience in manage-
ment of children with heart diseases.

Clinical history
Information collected included child’s social demo-
graphic characteristics and information concerning the
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medication the child was using in the period one week
prior to the interview (heart failure medication). All chil-
dren who were enrolled into the study were assessed for
features of heart failure by the principal investigator or
research assistant. The severity of heart failure was
graded using the modified Ross score. Patients with a
score of 0 to 6 were classified as no or mild heart failure
while those with a score of above 6 were classified as
having moderate or severe heart failure [11, 12].

Laboratory investigations

A complete blood count was done for each child using a
Celltac E MEK-7222 automatic hematology analyzer.
The World Health Organization age specific values
for hemoglobin levels were used to classify children
as having mild, moderate or severe anaemia [13]. We ana-
lysed serum electrolytes using automated clinical che-
mistry analyzer (Cobas® Integra 400 plus model Roche,
Germany). Interpretation of serum electrolyte values was
made with reference to age specific reference values de-
scribed by Pesce 2007 [14].

We tested all children for HIV using standard rapid
testing kits. The procedure involved an initial screen
Alere™ HIV-1/2 Determine® followed by STAT-PAK®
HIV-1/2; the third rapid test Uni-Gold™ Recombigen®
HIV was used as a tie breaker. For children under
18 months with a positive HIV serology test and of un-
known HIV status (children without an HIV DNA PCR
report done in the past 3 months), blood was sent for
DNA PCR to confirm presence or absence of HIV.

Electrocardiography procedure

The electrocardiography was conducted using ECG ma-
chines (Mortara ELI 350 model, USA and MCA 1200
model, USA). Standard 12-lead electrocardiography was
performed in supine position (at 25 mm/s. and voltage
of 10 mm/mV). ECGs were carried out by a technician
who is a professional nurse working with the Uganda
Heart Institute; she was trained in the study methodolo-
gies before the start of the study. The electrocardiograms
were interpreted by two paediatric cardiologists (PL and
SL). Each electrocardiograph was read and interpreted
by any one of the cardiologists who was available on
duty on a given day during the study period; and the
cardiologist’s interpretation was taken as the final in-
terpretation for a given ECG.

Statistics

Data was entered using Epi data version 2.1b and then
exported to SPSS 16.0 for analysis. Descriptive statistics
were generated as frequencies and distributions. Associ-
ations were derived between the independent and the
outcome variables (arrhythmias). At bivariate analysis,
factors with a p value less than 0.2 were entered into the



Batte et al. BMC Cardiovascular Disorders (2016) 16:67

final logistic regression model using a model of 7 events
per variable [15] and analysed using the backward likeli-
hood ratio approach. Variables with p values less than
0.05 were considered significant.

Results

Baseline characteristics

A total of 194 children aged 10 days to 15 years were re-
cruited (median age 2.4 years, IQR 1- 5.3). Only 2 chil-
dren (1 %) were HIV positive and none of them was on
antiretroviral therapy. Majority of the children 111
(57.2 %) were female. A large number of the children
presented with ventricular septal defects 48/194 (24.7 %),
patent ductus arteriosus 38/194 (19.6 %) and tetralogy of
Fallot 25/194 (12.9 %) as shown in Table 1. In total, these
three diagnoses constituted 57.2 % of the congenital heart
diseases among the children. Majority of the children had
a single heart anomaly 163/194 (84 %) while fewer chil-
dren 31/194 (16 %) had multiple structural heart
anomalies as shown in Tables 1 and 2.

Arrhythmias among the children with congenital heart
disease
Arrhythmias were found in 53/194 (27.3 %, 95 % CI
21.0 — 33.6) children as shown in Table 3. Of these
children, 44/194 (22.7 %, 95 % CI 16.8 — 28.6) had
first degree AV block while 9/194 (4.6 %, 95 % CI 1.7 —
7.6) had either ectopic atrial rhythm, premature atrial
contractions, junctional rhythm, complete atrioventricular
(AV) dissociation or premature ventricular contractions;
the clinical and laboratory characteristics of these children
are shown in Table 4.

Of the children who had first degree AV block, all had
never had corrective heart surgery, none of them had

Table 1 Children with single structural congenital heart

anomalies

Abnormality Frequency Percentage®
Ventricular Septal Defect (VSD) 48 247
Patent Ductus Arteriosus (PDA) 38 19.6
Tetralogy of Fallot 25 129
Complete atrio-ventricular defect 14 7.2
Atrial septal defect (ASD) 10 52
Double outlet right ventricle 9 46
Truncus arteriosus 8 4.1
Pulmonary stenosis 4 2.1
Ligated arteriosus 3 1.5
Aortic stenosis 2 1.0
Mitral valve prolapse 1 0.5
Aorto-pulmonary window 1 0.5
Total 163 84.0

?Percentage is based on the total number of children in the study (194)
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Table 2 Children with multiple structural congenital heart

anomalies

Abnormality Frequency Percentage®
Ventricular septal defect + atrial septal 7 36
defect + patent ductus arteriosus

Pulmonary atresia + ventricular septal defect 6 3.1
Ventricular septal defect + patent ductus 4 2.1
arteriosus

Tricuspid atresia + ventricular septal 4 2.1
defect + atrial septal defect

Atrial septal defect + patent ductus arteriosus 3 1.5
Ventricular septal defect + atrial septal defect 2 1.0
Common atrium + patent ductus arteriosus 1 0.5
Aorto-right ventricular fistula + patent ductus 1 0.5
arteriosus

Double inlet left ventricle + Transposition of 1 0.5

the Great Arteries

Dextrocardia + Common atria + ventricular 1 0.5
septal defect

Ventricular septal defect + atrial septal defect 1 0.5
closed by patch
Total 31 16.0

®Percentage is based on the total number of children in the study (194)

hypercalcemia and all were HIV negative. At bivariate
analysis, factors that were associated with first degree
AV block included age 5 years and below, use of digoxin
and hypokalemia as shown in Tables 5 and 6. At ad-
justed analysis, factors that were associated with first
degree AV block were digoxin use (OR 3.75, 95 % CI
1.60-8.86) and age 5 years and below (OR 0.16, 95 %
CI 0.07-0.37) as shown in Table 7.

Discussion

In this study, arrhythmias were found in 27.3 % of chil-
dren; with 22.7 % having first degree AV block while
4.6 % had either ectopic atrial rhythm, premature atrial
contractions, junctional rhythm, complete atrioventricu-
lar (AV) dissociation or premature ventricular contrac-
tions (PVCs). This prevalence of arrhythmias with the

Table 3 Arrhythimias found among the 194 children with
congenital heart diseases

Arrhythmia Frequency  Percentage® (95 % Cl)
First degree A-V block 44 227 (16.8 — 28.6)
Ectopic A-V rhythm 3 502-32)
Premature atrial contractions 3 5(0.2-32)
Junctional rhythm 1 5(0.5-1.5)
Complete A-V block 1 5(05-15)
Premature ventricular contractions 1 5(0.5-1.5)

Total 53 273 (210 - 33.6)

Cl confidence interval, A-V atrio-ventricular
“Percentage is based on the total number of children in the study (194)
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Table 4 Characteristics of children with arrhythmias other than first degree AV block

Child's age Sex  Arrhythmia Heart defect Serum Electrolytes (mmol/L)  Heart failure  Anaemia

2 years F Ectopic atrial rhythm  Truncus arteriosus Normal Severe Mild

3 years 8 months M Ectopic atrial rhythm ~ Pulmonary stenosis 1 Mg** (1.17) No Moderate
1KY (2.30)
1 Ga* (15)

4 months F Ectopic atrial rhythm ~ TOF L Na* (131.3) No Moderate

3 years M PACs ASD 1 Na* (147.8) No No

3 months F PACs VSD T Mg2+ (1.10) Severe Moderate
L Na* (131.0)

10 months M PACs Common atrium + PDA Normal Severe No

6 years F Junctional rhythm Dextrocardia + common atrium +VSD 1 Mg?* (1.0) Severe No

2 years 1 months M Complete AV block TOF Normal Moderate No

14 years M PVCs Aortic stenosis l ca™t (1.8) Severe Severe

1 Na* (127.0)

Abbreviations: F female, M male, PACs premature atrial contractions, PVCs premature ventricular contractions, AV atrial ventricular. | - Lower than the reference
value for age, 1 - Higher than the reference value for age. Values of calcium are total serum calcium levels

exception of first degree AV block is comparable to a
study by Ringel and colleagues 1984 who detected ar-
rhythmias in 4/64 (6.3 %) children (age one week to
16 years) with congenital heart disease attending Univer-
sity of Merryland hospital [9]. However, this prevalence
is lower than the prevalence of arrhythmias detected by
holter ECGs, which show a prevalence of up to 41.2 %
in infants and children with congenital heart diseases be-
fore surgical correction of the heart defects [16]. Holter
ECGs are not readily available in Uganda and other de-
veloping countries and thus the use of standard 12 lead
ECG is employed.

Complete AV dissociation, a life threatening arrhythmia
was detected in one child (0.5 %). This arrhythmia in asso-
ciation with structural heart disease has a case fatality rate
of 29 % in infancy and 10 % in childhood [17]. Complete

Table 5 Association between clinical-demographic variables and
first degree A-V block in children with congenital heart disease

Variable First Degree A-V Block Unadjusted OR  p-value
Yes, n (%) No, n (%) (95 % Cl)

Age
<5 years 22 (153 %) 122 (847 %) 0.21 (0.10-044)  <0.001
> 5 years 22 (468 %) 25 (53.2 %)

Type of heart disease
Cyanotic 11 (204 %) 43 (796 %)  081(037-1.74) 0583
Acyanotic 33 (24.1%) 104 (759 %)

Heart failure
Mod/severe 20 (26.3 %) 56 (73.7 %) 135 (069-267) 0382
No/mild 24 (209 %) 91 (79.1 %)

Digoxin use
Yes 17 (34 %) 33 (66 %) 218 (1.06-447) 0034
No 27 (192 %) 114 (80.8 %)

AV dissociation has been described in children with L-
TGA and in children with CAVC [18, 19]. However, in
our study this arrhythmia was found in a child with TOF.
There is limited literature on occurrence of complete
AV dissociation in children with TOF although studies
have describe this arrhythmia among fetuses with TOF
[20, 21]. This child with complete AV dissociation had
normal serum electrolytes (sodium, potassium, magne-
sium and total serum calcium) implying that imbalances
of these serum electrolytes had no role in predisposing the
child to complete AV dissociation.

In our study, prevalence of ectopic atrial rhythm was
1.5 %, PACs 1.5 %, junctional rhythm 0.5 % and that of

Table 6 Association between serum electrolytes and first
degree A-V block in children with congenital heart disease

Variable First Degree A-V Block Unadjusted OR p-value
Yes, n %) No, n (%) (95 % Cl)

Hyperkalemia
Yes 2 (9.5 %) 19 (90.5 %) 0.32 (0.07-1.44) 0.138
No 40 (24.7 %) 122 (753 %)

Hypokalemia
Yes 4(57.1 %) 3 (429 %) 484 (1.04-2257) 0045
No 38 (21.6 %) 138 (784 %)

Hypernatremia
Yes 13 (325 %) 27 (67.5 %) 1.88 (0.87-4.07) 0.110
No 30 (204 %) 117 (79.6 %)

Hyponatremia
Yes 9 (164 %) 46 (83.6 %) 0.56 (0.25-1.27) 0.168
No 34 (25.8 %) 98 (74.2 %)

Hypermagnesemia
Yes 9 (214 %) 33 (786 %) 0.84 (0.36-1.95) 0678

No 30 (24.6 %) 92 (754 %)
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Table 7 Logistic Regression for factors associated with first
degree A-V block in children with congenital heart disease

Variable Adjusted OR (95 % Cl) p-value

Age < 5 years 0.16 (0.07-0.37) <0.001
> 5 years

Digoxin Yes 3.75 (1.60-8.86) 0.003
No

Hyperkalemia Yes 0.37 (0.08-1.75) 0210
No

Hypokalemia Yes 3.35 (0.59-18.87) 0.171
No

Hypernatremia Yes 1.15 (0.44-3.04) 0.773
No

Hyponatremia Yes 0.75 (0.29-1.92) 0.545
No

PVCs was 0.5 %. Similar studies among children with
congenital heart diseases detected comparable preva-
lence of these arrhythmias. Prevalence of PVCs being at
1.5 % among children with congenital heart diseases [9].
Ectopic atrial rhythm has been reported in children with
TOF at a prevalence of 1/15 (6.7 %) [22]. PVCs have
been described in children with VSD and CAVC while
PACs and junctional rhythm have been reported in indi-
viduals with TGA [19, 23].

The three children with PACs in our study had either
normal or mild electrolyte imbalances (one had mild
hypernatraemia for age while the second child mild hyper-
natraemia and mild hypermagnesaemia) which may not
have predisposed these children to having PACs.

Significant electrolyte imbalances were seen in a child
with ectopic atrial rhythm (hypermagnesaemia, severe
hypokalemia and severe hypocalcemia) and the child
with PVCs (severe hyponatraemia and severe hypocalce-
mia). Hypermagnesemia is rare in children and it is often
iatrogenic following excessive intake of magnesium.
There is limited data on association of hypermagnesimia
with ectopic atrial rhythms although some reports have
associated hypermagnesemia with first degree AV block
[24]. Arrhythmias associated with hypokalemia include a
prolonged QT interval, ventricular extrasystoles, and
malignant ventricular arrhythmias such as ventricular
tachycardia, torsades de pointes and ventricular fibrilla-
tion [25]. There are no previous reports associating
ectopic atrial rhythm with hypokalemia. However, in
patients with underlying heart disease, even mild-to-
moderate hypokalemia increases their likelihood of
cardiac arrhythmias [26], and this could therefore have
predisposed this child to development of an atrial
rhythm. Hypocalcaemia causes prolongation of QTc
interval and this is directly proportional to the degree of
hypocalcaemia [27], there are no reports which associate
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hypocalcemia with ectopic atrial rhythm or PVCs. This
may thus mean that hypocalceamia may not have had
any role in predisposing these children to ectopic atrial
rhythm and PVCs. The child with PVCs had severe se-
vere hyponatraemia in addition to severe hypocalcemia.
Patients with hyponatremia are more prone to cardiac
arrhythmias [28] and thus this might have increased the
risk of this child developing PVCs.

In our study, prevalence of first degree AV block was
22.7 %. A higher prevalence of first degree AV block
(44.4 %) among children and young adults with congeni-
tal heart diseases was described by Waldo and col-
leagues, 1974 in New York [29]. Waldo and colleagues
studied 30 children and young adults of ages 2 years to
25 years with various congenital heart diseases. The
higher prevalence of first degree AV block in their study
compared to the prevalence we have found in our study
could be due to the difference in the age groups since
Waldo and colleagues included individuals above age
15 years and also because they had a smaller sample size.

There is generally paucity of data on the prevalence of
first degree AV block among children with congenital
heart diseases. This is because in the past, first degree
AV block was considered a benign condition. However,
recently first degree AV block has been reported to be
associated with increased risk of atrial fibrillation, pace-
maker implantation and all-cause mortality especially in
adults [30]. Patients with a borderline first-degree AV
block during normal sinus rhythm may also have dual
AV node physiology and may be at higher risk for clin-
ical atrioventricular nodal re-entry tachycardia (AVNRT)
[31]. In Uganda many children with congenital heart dis-
eases grow into adulthood without corrective surgery.
Our study does not provide information on how first de-
gree AV block affects these children as they grow with
congenital heart diseases. However, these results mean
that electrocardiography should be done regularly for
these children and there is need for further research to
assess the impact of first degree AV block on these chil-
dren as they grow into adulthood.

In this study, use of digoxin and age were independ-
ently associated with first degree AV block. One of the
possible explanations for the association between di-
goxin use and first degree AV block in this study could
be that first degree AV block was a manifestation of di-
goxin toxicity in these children. In this study, we did not
measure serum digoxin levels for children who had first
degree AV block, which was a limitation. However, digoxin
toxicity is known to cause first degree AV block [32].

In this study, children aged 5 years and below were less
likely to have first degree AV block compared to children
above 5 years. This could be because young children are
less likely to have digoxin toxicity. The younger the child,
the higher the serum levels of digoxin which can be
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tolerated before manifestations of digoxin toxicity occurs
[32]. The other reason why older children have a higher
prevalence of first degree AV block may also be because
these children have lived longer with un-operated con-
genital heart disease and are more likely to present with
arrhythmias as a complication of the congenital heart
defects.

This study was carried out among children in Mulago
Hospital; a setting where children with congenital
heart diseases rarely have ECGs done during their
care. These results therefore provide an understanding
of the prevalence of arrhythmias among the children who
are managed in the hospital. The study also shows some
of the factors associated with these arrhythmias such as
age of the child, digoxin use and electrolyte imbalances.
These are factors that can easily be assessed among the
children who receive care at Mulago Hospital and in other
similar resource limited settings.

Study limitations

This study was carried out using a standard 12 lead ECG
and not a holter ECG thus the prevalence of arrhythmias
reported may be lower than the actual prevalence which
would be detected using holter ECGs.

In this study we did not determine serum digoxin
levels to assess for digoxin toxicity. This limited our abil-
ity to determine whether the prevalence of first degree
AV block was a feature of digoxin toxicity.

This study was unable to assess other factors which
could predispose these children to arrhythmias such as
genetic factors, infections and in cases of neonates fac-
tors such as congenital infections, maternal diabetes and
prematurity.

Conclusion

Arrhythmias are relatively common among children with
congenital heart diseases presenting at Mulago hospital;
occurring in approximately one in four children with
congenital heart diseases. Factors associated with these
arrhythmias include age of the child, digoxin use and
electrolyte imbalances. This study therefore provides an
understanding of the need to routinely assess children
with congenital heart disease for arrhythmias and the
various factors associated with these arrhythmias as the
children receive routine care at the hospital. Future
research can be done using a holter ECG to provide a
more comprehensive analysis of the arrhythmias among
children with congenital heart diseases in similar re-
source limited settings.
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