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Electrocardiography (ECG) is an important non-invasive tool used to detect cardiac
arrhythmias. Abnormal, and indeed dangerous, rhythms may exist among apparently healthy
school children. Regular cardiovascular screening may help reveal such abnormal rhythms
and thus help to prevent unexpected adverse events, including sudden death. The aim of this
study was to ascertain the different heart rhythms that occur in pupils in Enugu metropolis.
A descriptive cross-sectional research approach was adopted. Three hundred and fourty-one
healthy looking pupils between age six and twelve years were recruited. Questionnaires were
administered; medical general examination and electrocardiography, using a 12-lead ECG
machine, were done on each of the pupils. At the end of the study, no structural evidence of
heart disease was identified in any of the pupils. There was normal sinus rhythm in 79.1% of
the pupils, however, in 20.9% of them abnormal rhythm was seen. The abnormal rhythms noted
were: premature complexes (8.44%), atrial tachycardia (5.64%), first degree atrioventricular
block (5.63%), bradycardia (2.82%) and incomplete right bundle block (2.82%). This study
showed that among apparently healthy school children, abnormal heart rhythms are present,
and these rhythms could be missed in absence of cardiovascular screening. As the reported
cases of sudden death during sports in children and young adults keep rising, it is important to
encourage routine cardiovascular screening to aid early detection and prevention of possible
abnormalities.
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The relationship between sudden death
and cardiovascular abnormalities continues to
receive increasing attention, especially with
the rise in incidence of sudden death in young
peopleglobally.'Cardiovascular diseases like
Ischaemic Heart disease and cardiovascular
accidents are among the leading causes of death
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worldwide. There is increasing advocacy for
routine medical, especially cardiovascular system,
checks for young individuals participating in
sporting activity. Not much of such advocacy is
being pushed in sub-Saharan Africa, and indeed in
Nigeria, for pupils and students in schools despite
the physical exertion they undertake daily.'
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Electrocardiography (ECG) is an
important non-invasive test used to monitor and
interpret cardiac rhythms. The ECG can detect
cardiac arrhythmias, myocardial infarctions
and other cardiac electrical conducting system
abnormalities.’The standard 12-lead ECG is the
most commonly used ECG variety.

Heart arrhythmias are quite common as
they occur in many individuals around the world. A
large number of these rhythm changes are benign.
Dangerous rhythm abnormalities may exist among
apparently healthy school children and regular
cardiovascular screening may help reveal such and
thus prevent unexpected adverse events, including
sudden death.'? There is dearth of studies done on
the ECG readings of pupils, aged 6 to 12 years old,
in South-Eastern Nigeria. Hence this study sought
to identify the common heart rhythms among
school pupils in Enugu, south east Nigeria.

MATERIALS AND METHODS

In this study, a descriptive cross-sectional
study approach was adopted. The study was done
in Enugu, the ancient capital city of Enugu State,
between October 2018 and May 2019. A sample
size of three hundred and ten (310) was calculated.
However, using a method previously described in
literature, a total of three hundred and forty-one
(341) apparently healthy children were recruited.’

Inclusion criteria involved apparently
healthy asymptomatic children aged 6 to 12 years.
Children with diagnosed morbidities such as: sickle
cell disease, HIV/AIDS, lung diseases, congenital
or acquired heart diseases, evidence of pallor or
jaundice on examination were excluded from the
study. Interviewer-administered questionnaires
were used to obtain information from parents of the
recruited children. Information obtained included
personal bio data, social family history (the part
of the metropolis they lived in, the setting they
lived in; how many of them lived in a room), past
medical history (suggestive of any chronic illness),
symptoms of cardiac disease if any, and drug
history (use of antiretroviral drugs, anti-arrhythmic
drugs, drugs for management of sickle cell anemia).

Ethical Approval
The ethical approval for the work was
obtained from the Research and Ethics committee

of the College of Medicine, University of Nigeria
Enugu Campus, Enugu, Enugu State, with protocol
number 052/09/2018.

Informed Consent

Parents of all the children who participated
in this study gave written informed. consent was
also obtained from the older children. The data
collected was stored, and confidentiality was
ascertained.

Physical examination was done on each of
the participants. The body mass index (BMI) was
calculated for each child as the weight in kilograms
(kg) divided by a square of the height in meters (m).
The height of each participant was measured using
a stadiometer; while the weight was measured
with a weighing balance. The blood pressure was
measured in both arms with patient sitting using a
mercury sphygmomanometer (Bokang, Germany)
and stethoscope (Littmann model, China).* An
appropriately sized cuff was placed on the arm
with the cuff covering at least eighty percent of
the arm. Simultaneously, systolic blood pressure
was estimated by palpated radial pulse obliteration
pressure and the cuff was then inflated 10-20
mmHg above the level obtained by palpation for
the auscultatory determinations. Once two or more
initial sounds (Korotkoff sounds) were heard, that
point was taken as the systolic blood pressure; and
the point of eventual cessation of Korotkoff sounds
was taken as the diastolic blood pressure.

The children were called in batches into
the examination room provided by the school and
church authorities after 10- 12 hours of overnight
rest. A demonstration of the ECG procedure was
done for the children to observe. Taking turns, each
child had a standard 12-lead ECG recording, using
a portable digital electrocardiograph, as specified
by the American Heart Association.’ The 12-lead
ECG tracing was recorded using a 210mm tracing
paper at a speed 25m/s and frequency H50 d 55 Hz.
A minimum of five cardiac cycles were recorded
per ECG lead; measuring along the vertical line of
the ECG graph paper, 10 mm represented 1 mV,
whilst Imm along the horizontal line represented
0.04s(40ms).

To improve the quality of the ECG
recording, the skin over the chest wall and limbs of
each child was cleaned before procedure.** Arrow
ECQG electrode jelly was used to provide effective
contact between the skin and electrode. Cotton
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wool and methylated spirit were used to clean the
skin before the gel was applied. Electrodes were
placed on the arms and legs distal to the shoulders
and hips, and thus not necessarily on the wrists and
ankles.”!? Six electrodes were placed on the chest
in the following locations: the V1 electrode was
placed in the fourth intercostal space at the right
sternal border; the V2 electrode was positioned in
the fourth intercostal space at the left sternal border;
the V3 electrode was placed midway between V2
and V4 electrodes; the V4 electrode was placed in
the fifth intercostal space in the mid-clavicular line;
the V5 electrode was positioned in the horizontal
plane of V4 at the anterior axillary line; and the V6
electrode was placed in the horizontal plane of V4
at the mid-axillary line.

Statistical Package for Social Sciences
(SPSS) version 20 was used to analyse the data
obtained from the study. The student t-test was
used for comparing the means, while binary logit
regression was used for determination of predicting
factors of ECG abnormalities. Values of p < 0.5
were taken as statistically significant.

RESULTS AND DISCUSSION

This study assessed the heart rhythms of
pupils, aged between 6 and 12 years, in a selected
location in Enugu, Nigeria. 157(46%) male and
184(54%) female 6-12 year-old kids formed
the participants of this work. The average age

PREVALENCE OF NORMAL AND ABNORMAL
SINUS RHYTHM IN CHILDREN (6-12 YEARS)

of the children was 9.2( 1.6) years; their mean
weight and height were 34.5(8.9) kilograms and
1.4 (£0.1) meters respectively. Those that have
undergone disease screening of any type, including
electrocardiography, were 132(38.7%); while
those that have not undergone screening of any
type in the past were 209 (61.3%). Mean diastolic
blood pressure and mean systolic blood pressure
were 59 (£10.7) mmHg and 90.8 (£10.6) mmHg
respectively (Table 1). None of the children had
structural evidence of heart disease, and throughout
the duration of the study, no abnormal events
occurred. Comparing the BMI, age, systolic
and diastolic blood pressures of children with
normal and abnormal ECG findings, BMI and
age showed significant correlation, with p values
0.041* and 0.001* respectively (Table 2). The
prevalence of normal sinus thythm was 79.1%,
while abnormal rhythm was seen in 20.9% of
the participants (Figure 1). During the study,
the following abnormal rhythms were recorded:
premature complexes (8.44%); atrial tachycardia
(5.64%); first degree atrioventricular block(5.63%);
bradycardia (2.82%) and incomplete right bundle
block 2.82% (Figure 2).

In 0.2-2.2% of normal children, isolated
ventricular premature beatings may be seen on a
routine resting ECG.!" However, in this current
study, premature complex rhythms accounted
for 8.44% of the ECG abnormalities identified.
In a particular report, premature beats found in

PREVALENCE OF ABNORMAL SINUS
RYTHM IN CHILDREN(AGED 6-12 YEARS)

m NORMAL = ABNORMAL

Fig. 1. Prevalence of normal and abnormal sinus
rhythms in children aged 6-12 years

m PREMATURE COMPLEX m 1ST DEGREE AV BLOCK

= ATRIAL TACHYCARDIA m BRADYCARDIA
B INCOMPLETE RIGHT BUNDLE BRANCH B OTHER ABNORMALITIES
Fig. 2. Prevalence of abnormal sinus rhythm in
children aged 6-12 years
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14% of the infants studied were supraventricular
beats.'? Supraventricular premature beats have
been reported in between 15— 40% of older
children in a study. Hence, there appears to be an
age related variation in occurrence of PVCs in
apparently healthy children. About twenty percent
of newborns have uncomplicated ventricular
ectopic beats consisting of uniform PVCs or
couplets.”* Uncomplicated ventricular ectopic
beats is seen in 10% of toddlers and school-age
children and increases to between 20% to 30%
in normal adolescents.'*!” Although having some
ventricular ectopic beats is common in otherwise
normal adolescent boys, multiform PVCs, couplets,
or non-sustained VT can be seen in less than 2% of

them during 24-hour monitoring, and less than 5%
will have more than 50 beats per 24 hours.'*!>1
Premature ventricular contractions (PVC)
have been reported to be more common in older
folks, especially elderly men, but can occur at
any age even in a healthy person.'” PVCs have
been reported to occur spontaneously, with no
known cause, in a very significant proportion of
people, and may be indicative of a hidden cardiac
pathology. So, finding PVCs requires a more
elaborate cardiac check. High blood calcium,
cardiomyopathy — hypertrophic or dilated, hypoxia,
mitral valve prolapse, magnesium and potassium
deficiency, lack of sleep/exhaustion and stress have

all been fingered as possible causatives of PVCs.
19,20

Table 1. Socio-demographics of the children aged 6-12 years

Variables Frequency Percentage Mean (SD)
Sex

Male 157 46.0

Female 184 54.0

Total 341 100.0

Age (Years)

6t09 172 50.4 9.2+1.6
10 to 12 169 49.6

Total 341 100.0

Screening in the past

Yes 132 38.7

No 209 61.3

Total 341 100.0

Weight(kilogram) 341 100.0 34.5+8.9
Height(meters) 341 100.0 1.4 +0.1
BMI 341 100.0 17.242.8
Systolic BP(mmHg) 341 100.0 90.8 £10.6
Diastolic BP(mmHg) 341 100.0 59 +£10.7

Table 2. Comparing BMI, Blood pressure and age of children with
normal and abnormal ECG findings

Parameter ECG Status Mean+SD p-values
BMI Normal 17.49+2.99 0.041*
Abnormal 16.88+2.35
SBP Normal 91.40£10.37 0.221
Abnormal 89.98+10.87
DBP Normal 60.27+£7.92 0.112
Abnormal 58.89+8.02
Age Normal 8.83%1.69 0.001*
Abnormal 9.43+1.51

*Significant p <0.05
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Investigating PVCs usually would involve
thorough history taking and physical examination,
electrocardiography, echocardiography and Holter
monitoring.- 2% %

The major problem faced in most
developing and underdeveloped countries in the
world is lack of screening culture probably due
to ignorance and poverty, thus PVCs may not be
identified on time and followed up appropriately to
avoid the incidence of sudden death among various
age groups.

Atrial tachycardia (AT) accounted for
5.64% of the abnormalities. Atrial tachycardia
has been noted to occur in children with otherwise
normal hearts but it can occur along with other
congenital heart problems.?*** Basically, AT is
seen as a type of supraventricular tachycardia
(SVT). In AT, heart rate can range between 100
to 300 beats per minute > AT can easily be
found in children who have congenital cardiac
abnormalities, but its occurrence is not limited
to this age group. Another less common cause of
supraventricular tachycardia in kids is Focal atrial
tachycardia (FAT). FAT occurs because of the
presence of abnormal and exaggerated discharge
from a non-sinus origin in the atrium.?”’-?* FAT
usually manifests as continuous arrhythmias. FAT
will usually easily lead to tachycardia-induced
cardiomyopathy, preventable by prompt control
of the arrhythmia.’***? Ectopic atrial tachycardia
(EAT) is a frequent reason for manifestation of
persistent supraventricular tachycardia in the
young (prevalence of 0.34% to 0.46%).%3-** The
life history of ectopic atrial tachycardia includes
possible progression to congestive cardiac
failure and it features as a reversible cause of
cardiomyopathy.***” EAT and permanent junctional
reciprocating tachycardia constitute a minor
proportion of SVTs, but they are a major cause of
Tachycardia Induced Cardiomyopathy (TIC) seem
in infants and children less than 5 years old.*® The
cardiomyopathy results from the erratic nature of
these tachycardias in most of the patients. 3733
Typically in ectopic atrial tachycardia we find a
continuous atrial tachycardia and an irregularly
heart rate which is too fast for the child’s age. 644!
Possible causes of atrial tachycardia include a
problematic heart valve and weak or inflamed heart
muscles/tissue.*?

When the PR interval is more than 200
millisecond on an electrocardiogram (ECG), a
first-degree atrioventricular block is said to have
occurred. Such heart blocks are known not to
show any symptoms typically and usually have no
significant complications, as they are only spotted
through an ECG reading. Basically treatment is
not required in first-degree heart blocks. In such
cases routine observation is done to ensure the
condition is not worsening, in which case there
would be increased conduction delay.*** First
degree heart block accounted for 5.63% of the
abnormalities in this study. Previous studies have
shown that prevalence of first degree heart block
in apparently healthy individuals increases with
age, and can rise to as high as approximately 6.0%
by age of 60 years. Male folks are two times more
affected than females. In particular, about 10%
of active athletes have been reported to have first
degree heart block features. This finding in young
athletes suggests that rigorous exercise-induced
parasympathetic autonomic firings may play
causative arole in etiology of first-degree AV block
in these atheletes.*> 4

First or second degree block can be seen in
children with congenital heart defects, diphtheria,
rheumatic carditis and patients having digoxin
overdose.”’ Though generally considered as benign,
first-degree heart blocks may be associated with
atrial arrhythmias which may need pacemaker
implantation to prevent mortality.*®

Abnormal sinus bradycardia is not
commonly seen in children. It appears most times
following cardiac surgery. It could be due to
increase vagal tone and inherited arrhythmias.
Conduction delay or incomplete right bundle branch
block constituted 2.82 % of the abnormalities
reported. Data on prevalence of Right Bundle
Branch Block (RBBB) in less than 12-year-old
population is limited. In one study, 2.94% of 20,000
apparently healthy children had incomplete RBBB,
while 0.16% had complete RBBB.*® This could
probably due to conduction system disease in some
individuals.”!

Previous studies have shown that ECG
could be influenced by age, sex, nutrition and
race.’>**In this study, the BMI of the children was
within normal limits. So, we could not possibly
draw a correlation of BMI with ECG abnormalities
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noted. A larger population study may provide more
evidence, however a study postulated that obesity
does not result in pathologic ECG phenomena in
children.*

We report age as a possible predictor of
ECG abnormalities, similar to previous studies by
Hiss et al.*” This could probably be explained that
as age increases there is decrease in sympathetic
activity, increase in parasympathetic activities and
age-related desensitization/degeneration of the
sinus node.>*?!

CONCLUSION

In conclusion, this study showed that
among apparently healthy school children, abnormal
heart rhythms are present, and these rhythms could
be missed in absence of cardiovascular screening.
As the reported cases of sudden death during
sports in children and young adults keep rising, it
is important to encourage routine cardiovascular
screening to aid early detection and prevention of
possible abnormalities.
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