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ABSTRACT

Objective: To determine the risk factors for early post-operative arrhythmias in children undergoing congenital heart surgeries
at a tertiary care hospital.

Study Design: Prospective longitudinal study.

Place and Duration of Study: National Institute of Cardiovascular Disease, Karachi Pakistan, from Jan to Jul 2020.
Methodology: We included 143 patients of both genders undergoing open heart surgery for congenital heart diseases. We
noted all patients' pre-operative, intra-operative, and post-operative clinical characteristics. Patients were monitored in the
pediatric cardiac intensive care unit. We analyzed the development of postoperative arrhythmias and the factors associated
with them.

Results: In 143 patients, the mean age at the time of surgery was 7.52+6.0 years. There were 83(58.0%) male patients. Tetralogy
of Fallot was the most common type of congenital heart disease noted in 57(39.0%) patients. The mean cardiopulmonary
bypass time was 83.9425.5 minutes, while the mean aortic cross-clamp time was 58.1+21.9 minutes. Post-operatively,
arrhythmia was observed in 39(27.3%) children. Intra-operative arrhythmias (p<0.001), prolonged cardiopulmonary bypass
time (p=0.008), prolonged cross-clamp time (p<0.001), higher inotropic score (p<0.001) and lower post-operative left
ventricular ejection fraction (p=0.001) were significantly associated with arrhythmias.

Conclusion: The post-operative arrhythmias among patients undergoing congenital heart surgeries was high. Intra-operative
arrhythmias, prolonged cardiopulmonary bypass time, decreased post-operative left ventricular ejection fraction, and high
inotropic score were significant risk factors for the development of post-operative arrhythmias.
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INTRODUCTION However, arrhythmias persist for a short
duration and are also manageable in most of the bases,
but they cause substantial morbidity and mortality.
Known risk factors for early postoperative arrhy-
thmias comprise early age and lesser body weight at
the time of the procedure, extended length for
cardiopulmonary bypass (CPB) and aortic cross-clamp
(AXC), electrolyte disproportion, temperature altera-
tions and usage of deep hypothermia and circulatory
arrest.5

One of the well-known complications of
cardiothoracic surgery throughout the immediate
post-operative days is arrhythmias for pediatric
and adult groups.'? The incidence of post-operative
arrhythmias varies from 7.5-48% among cardiac
patients in the pediatric population.3# latrogenic injury
or manipulation to the cardiac conduction system
or myocardial oedema or tenderness next to the
conducting system may lead to the majority of these
events during the early postoperative period.5 For over an era, researchers have been interested
Hemodynamic variations usually arise throughout In ascertaining the occurrence of arrhythmias
this period, increasing instability for the patient and following cardiac procedures in the paediatric group,
further causing low cardiac output syndrome (LCOS)  but most data is predominantly reported by developed
and cardiac arrest, except arrhythmias are timely  nations. This study was planned to determine the risk
managed and resolved. There are multiple reports factors for early post-operative —arrhythmias in
available in the literature relating to the occurrence in children undergoing congenital heart surgeries at a

adult patients.6” tertiary care hospital.
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Institute of Cardiovascular Disease (NICVD), Karachi
Pakistan, after approval from the Institutional
Ethical Review Committee (Reference number ERC-
06/2020, dated January 18, 2020). The sample size was
calculated using a WHO sample size calculator, taking
the reported prevalence of early post-operative
arrhythmias among children undergoing CHD repair
as 15%.°

Inclusion Criteria: Patients of either gender who
underwent open heart surgery for congenital heart
defects were included.

Exclusion Criteria: Patients who underwent surgery
without CPB or a history of chronic arrhythmias, were
excluded.

Written consent was sought from either patients
or their parents/guardians. During the study period,
we enrolled a total of 143 patients as per inclusion/
exclusion criteria. The parents were assured that all
the patient's data would be kept confidential and
that in no situation would the name of the child or
the family be used anywhere. The non-probability
consecutive sampling technique was used. The
data was collected through observation and non-
participation of the subjects using a questionnaire
filled out by obtaining data from the subjects' medical
record files. All patients undergoing congenital heart
disease surgeries were monitored for the first 48 hours
and reviewed by a paediatric cardiac intensive cardiac
unit (PCICU) consultant. The development of
arrhythmia was noted, and management was
performed per standard protocol.

A rhythm change that would necessitate any
interference, like medication adjustment, short-term
use of pacing wires, electrical cardioversion/
defibrillation or just observation, was labelled as an
arrhythmia. When it occurs in the first 48 hours after
the patient comes from the operation theatre, then it is
considered as early arrhythmia. A narrow complex
tachycardia, with AV dissociation or retrograde atrial
capture at least 20% faster than the underlying sinus
rate, was considered Junctional Ectopic Tachycardia
(JET). All automatic focus and reentrant tachycardia
were considered, as they uniformly require inter-
ference for correction or limiting the hemodynamic
influence of the arrhythmia. The special proforma was
designed to record all study data.

Statistical Package for the Social Sciences (SPSS)
version 26.00 was used for data analysis. Demographic
characteristics along with pre-operative, intra-
operative and post-operative clinical characteristics

were recorded. Quantitative data were shown
as Meantstandard deviation (SD), and qualitative data
were represented as frequency and percentages.
Quantitative data was compared in the study groups
using independent sample student t-test. Qualitative
data were compared using the Chi-square test. The p-
value of <0.05 was considered significant.

RESULTS

In 143 patients, the mean age at the time of
surgery was 7.52+6.0 years (ranging between 6 months
to 30 years), while 54(37.8%) patients were between
2 to 5 years. The mean age at the time of CHD
diagnosis was reported to be 3.18+4.7 years. There
were 83(58.0%) male patients. Overall, the mean body
weight was 18.9+12.7 kg. Tetralogy of Fallot was the
most common type of CHD noted in 57(39.0%)
patients, followed by VSD in 36(25.2%), as shown in
Table-I.

Table-I: Frequency Distribution of Characteristics and Types
of Cardiac Lesions (n=143)

Characteristics | n(%)
Age
6-24 months 15(10.5)
24-60 months 54(37.8)
5-10 years 35(24.5)
10 years and above 39(27.3)
Gender
Male 83(58.0)
Female 60(42.0)
History of Previous Cardiac Surgery 20(14.0%)
Cardiac lesion
Tetralogy of Fallot (TOF), Total correction 57(39.9)
Ventricular septal defect (VSD) closure 36(25.2)
Atrial septal defect (ASD) closure 24(16.8)
Atrioventricularseptal defect (AVSD) repair 8(5.6)
Both ASD+VSD Closure 7(4.9)
BD Glenn shunt 6(4.2)
Senning operation 3(2.1)
Fonton operation 2(1.4)

The mean pre-operative LVEF was 69.11+3.0%.
The mean CPB time was 83.9+25.5 minutes, while the
mean cross-clamp time was 58.1+21.9 minutes. There
were 7(4.9%) patients who experienced intra-
operative arrhythmia. Post-operatively, arrhythmia
was observed in 39(27.3%) children. There were
36(92.3%) patients who were observed to have onset of
arrhythmia appearance within 24 hours in the post-
operative period. The mean inotropic score was
14.948.7. Table-Il shows a comparison of the
distribution of cardiac lesions with respect to types of
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arrhythmias, and no statistically significant difference
was noted (p=0.993).

Intra-operative arrhythmias (p<0.001), increased
CPB time (p=0.008), increased cross-clamp time
(p<0.001), higher inotropic score (p<0.001) and lower
post-operative LVEF (p=0.001) were significantly
associated with arrhythmias as shown in table-III.
Patients with arrhythmias were also found to have
significantly more time of ICU stay (p<0.001).

arrhythmias is between 7.5% and 48%.4,1912 The
frequency of arrhythmias in the current study was
27%. Kamel et al. reported the prevalence of post-
operative arrhythmias as 27.2%.13 Our frequency
was lower than 31.3% by Chelo et al.,° and higher than
8.8%, 14.4% and 15% as reported by Yildirim et al.,*
Jain et al.,5> and Delaney et al.” Valsangiacomo et al.’5
demonstrated the prevalence of cardiac arrhythmias
during a day after heart surgery to be 48%. Grosse-
Wortmann et all® reported relatively higher

Table-II: Frequency Distribution of Different Type of Arrhythmias Among Cardiac Conditions (n=143)

Cardiac Condition
Types of Fonton Sennin P
Arrhythmia ASD ASD+VSD | AVSD | BDGS ; 8 TOF VSD value
Operation | Operation
Atflal Fibrillation 0 0 0 0 0 0 2(100%) 0
(n=2)
Atrial Flutter (n=2) 0 0 0 0 0 0 2(100%) 0
Junctional Ectopic o o o o o o
Tachycardia (n=14) 1(7.1%) 0 1(7.1%) | 1(7.1%) 0 1(7.1%) 6(42.9%) | 2(28.6%)
Supraventricular o o o o o
Tachycardia (n=9) 2(22.2%) 1(11.1%) 0 0 0 1(11.1%) 3(3.3%) | 2(22.2%) 0.993
Complete Heart o o o o
Block (n=7) 1(14.3%) 0 0 0 1(14.3%) 0 2(28.6%) | 3(42.9%)
Ventricular o o o
Tachycardia (n=4) 0 0 0 0 1(25.0%) 0 2(50.0%) | 1(25.0%)
Ventricular o
Fibrillation (n=1) 0 0 0 0 0 0 1(100%) 0
ASD: Atrial septal defect; VSD: Ventricular septal defect, ASD: Atrial septal defect; AVSD: Atrioventricular septal defect; BD GS: Bidirectional Glenn shunt
Table-III: Association of Different Risk Factor with Arrhythmic and Non-Arrhythmic Patients (n=143)
Risk factors Arrhythmias (n=39) No Arrhythmias (n=104) p-value
<2 years 4(26.7%) 11(73.3%)
2-5 years 15(27.8%) 39(72.2%)
Age 5-10 years 9(25.7%) 26(74.3%) 0995
>10 years 11(28.2%) 28(71.8%)
Body weight in kg 17.9£11.5 19.24£13.2 0.573
Male 26(31.3%) 57(68.7%)
Gender Female 13(21.7%) 47(78.3%) 0201
Pre-Operative Cyanosis 21(30.4%) 48(69.6%) 0.412
Pre-operative LVEF 68.6+3.2 69.3+2.9 0.248
History of previous surgery 8(40.0%) 12(60.0%) 0.168
Intra-operative arrhythmias 7(100%) 0 <0.001
CPB time 93.74£28.7 80.6+£23.5 0.008
Cross Clamp time 71.5+22.4 53.5%19.9 <0.001
Inotropic score 21.5+10.1 12.546.7 <0.001
Post-operative LVEF 47.6£11.5 52.9+7.3 0.001
ICU stay 4.85+2.0 3.04£1.2 <0.001
LVEEF: Left ventricular ejection fraction; ICU: Intensive care unit
DISCUSSION arrhythmias frequency, which was 734% for
Regardless of advancements in surgical newborns and 79.1%for older children. This higher

approach, perfusion expertise, and cautious peri-
operative care during the previous years, arrhythmias
remain an alarming hurdle following congenital
cardiac procedures. The documented frequency of

prevalence was due to the use of Holter monitoring,
which is a more sensitive method than bedside ECG
monitoring without taking into account the usual
benign arrhythmias; this prevalence then dropped to
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29.6% and 38.9%, respectively. This variation in the
incidence of early post-operative arrhythmias is most
likely due to the definition of arrhythmia and the
sensitivity of the method used.

We noted JET to be the most frequent type of
arrhythmia. At the same time, JET can be a source of
significant hemodynamic consequences, which are
very difficult to treat in children who have undergone
open cardiac surgeries. Although the exact underlying
aetiology for the occurrence of JET is not identified, it
is understood that it can result from injury to the AV
node and the bundle of His.1¢ Literature reports the
prevalence of JET ranging from 2-11%.1017.18

In the ©present research, intra-operative
arrhythmias (p<0.001), increased CPB time (p=0.008),
increased cross-clamp time (p<0.001), higher inotropic
score (p<0.001) and lower post-operative LVEF (p=
0.001) were significantly associated with arrhythmias.
Patients with arrhythmias were also found to have
significantly more time of ICU stay (p<0.001). In this
study, we have found a 92.3% early-onset arrhythmia.
The mechanism for these post-operative arrhythmias
may include direct tissue injury and oedema of the
myocardial tissue, altered hemodynamic conditions,
high dose inotropic support in the immediate post-
operative period and metabolic and electrolytes
derangement, as shown in the previous studies.l?
Some studies have also reported that prolonged aortic
cross-clamp time is considerably linked with the
development of postoperative arrhythmias.’>?0 Among
the treatment modalities in our study, amiodarone
was the most commonly administered anti-arrhythmic
drug, followed by adenosine and temporary
pacemaker implantation. In our study, we also used
Dexmedetomidine to manage junctional ectopic
tachycardia, which is instrumental in managing and
inhibiting JET, as shown in a study.

Previous investigations have shown a reduced
additional mortality associated with early post-
operative arrhythmias ranging from 0 to 1.2%.%1% One
death which was linked to early post-operative
arrhythmia (ventricular fibrillation) was reported in
our study; the mortality rate due to post-operative
arrhythmias was 0.7% in our study. Delaney et al.’
demonstrated that electrolyte imbalances have no
statistical meaning in developing arrhythmia, while in
our study, electrolyte imbalance was meaningfully
linked with the occurrence of arrhythmias. This
finding was in line with Batra et al.?!, who observed
that reduced magnesium levels were accountable for

the onset of JET. In our study, children with post-
operative arrhythmias have a prolonged ICU stay as
compared to those patients whose rhythm was
normal; similar findings were reported by Rekawek et
al 20

LIMITATION OF STUDY

We only noted relatively short outcomes in the present
study.
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