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Abstract  

Background:  Tetralogy of Fallot is a congenital cardiac  
malformation that occurs in 3 of every 10,000 live births, and  

accounts for 7-10% of all congenital cardiac malformations.  

Arrhythmia contributes to both morbidity and mortality in  

patients with repaired TOF. Atrial tachyarrhythmias are prev-
alent and are associated with increased morbidity. Preventing  

sudden death remains one of the largest challenges in the care  
of patients with CHD. Although there has been progress in  

noninvasive and invasive risk stratification, there remains no  
widely accepted algorithm to identify patients who are at  
greatest risk of arrhythmia and warrant more aggressive  

treatment.  

Aim of Study : To characterize patients with risk of arrhyth-
mia (SVT or Junctional), identify its predictors and prognosis  

in selected TOF patients undergoing total repair at Ain Shams  

University, Cardiothoracic Department.  

Patients and Methods:  It is a prospective observational  
study on 65 pediatric patients who underwent total correction  

of TOF, conducted at Ain Shams University Hospitals, Cardi-
othoracic Department. Preoperative, intra operative, and post  

operative variables were assessed including patients' age at  
the time of surgery, gender, weight (Kg), preoperative ECHO,  

MSCT, the use of inotropic supports, 12-lead ECG, data of  

postoperative ECHO including (residual VSD, RV function  
(RVSP & TAPSE), associated valve disorders, pulmonary  

annulus size, RVOT gradient, pulmonary arteries sizes).  

Results:  Results of the current study indicated no direct  

relationships between the occurrence of JET and gender,  

weight, level of preoperative oxygen saturation, percentage  

of cyanotic spells, ECHO hemodynamic parameters (VSD  
size, RVOT gradient, associated valve disorders, pulmonary  
arteries sizes and McGoon index), CPB, CCT, cardioplegia  

type, approach, use of TAP, VSD closure technique, use of  

RVOT patch, previous shunt, intra-op temperature, and the  
type of inotropic support used. Nonetheless, there were a  
significant relationship between younger age of operation and  
lower pulmonary annulus size with the occurrence of JET.  

Conclusion:  Cardiac arrhythmias are a frequent problem  

in the early post operative course after cardiac surgery.  

Junctional ectopic tachycardia is a frequent complication after  

Tetralogy of Fallot repair. It has a benign course; however,  
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it possesses a negative impact on ICU and hospital stay. In  

this study, we identified factors associated with the occurrence  

of arrhythmias in the postoperative period.  
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Introduction  

TETRALOGY  of Fallot is a congenital cardiac  

malformation that consists of an interventricular  

communication, also known as a ventricular septal  
defect, obstruction of the right ventricular outflow  

tract, overriding of the ventricular septum by the  

aortic root, and right ventricular hypertrophy. This  
combination of lesions occurs in 3 of every 10,000  
live births, and accounts for 7-10% of all congenital  

cardiac malformations [1] .  

The development of tetralogy of Fallot is mul-
tifactorial; it has been associated with untreated  

maternal diabetes, maternal intake of retinoic acid,  

phenylketonuria, chromosomal anomalies (triso-
mies 21, 18, 13), microdeletions of chromosome  

22q11.2, and Alagille syndrome with JAG1/  
NOTCH2 mutations [2] .  

Clinical presentation varies based on the sever-
ity of the right ventricular outflow tract obstruction,  

more commonly presenting as neonates with a  

certain degree of cyanosis. In some patients, cya-
nosis presents months later in life, when the rate  
of obstructions worsens [2] .  

Since the first surgical correction was performed  

in 1954, several epidemiologic studies evidenced  
the good prognosis of the patients operated on for  
total correction of tetralogy of Fallot (TOF), with  

a perioperative death less than 1%, and a survival  

rate 30 years after the surgery very close to 90%  

[3] .  
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After pediatric cardiac surgery, postoperative  

arrhythmia is potentially life-threatening, especially  

in the initial postoperative period due to the risk  

of hemodynamic impairment [4] . When the inter-
vention is close to the atrioventricular node and  

bundle of Hiss, as in tetralogy of Fallot (TOF), the  

risk of arrhythmia is higher. Due to mechanical  
trauma or indirect stretch injury of the conduction  

system. Electrical instability results mainly from  
anatomical modifications following surgery or  
from mechanical events such as ventricular dilation  

and stretching. In particular, abnormal fibrous  
tissue was found at different sites in the right and  
left ventricles, as well as fibrous fatty substitution  

can be present around the surgical scar, and could  

represent an anatomical substrate for reentrant  

arrhythmias, as well evidenced by endocardial  
mapping [3] .  

Arrhythmia contributes to both morbidity and  
mortality in patients with repaired TOF. Atrial  
tachyarrhythmias are prevalent and are associated  

with increased morbidity. Preventing sudden death  

remains one of the largest challenges in the care  

of patients with CHD. Although there has been  

progress in noninvasive and invasive risk stratifi-
cation, there remains no widely accepted algorithm  
to identify patients who are at greatest risk of  

arrhythmia and warrant more aggressive treatment  

[5] .  

Aim of the work:  

Arrhythmia prevention is not feasible for all  
pediatric cardiac surgery patients. Thus, high-risk  

patients must be identified. Many predicted criteria  
have been offered; however, they lack accuracy.  

The aim of this work is to characterize patients  

with risk of arrhythmia (SVT or Junctional), iden-
tify its predictors and prognosis in selected TOF  
patients undergoing total repair at Ain Shams  

University, Cardiothoracic Department.  

Patients and Methods  

Study setting: Ain Shams University Hospitals,  
Cardiothoracic Department.  

Study population:  TOF patients undergoing  
total repair.  

Methods:  
It is a prospective observational study on 65  

pediatric patients in 2022/2023 who underwent  

total correction of TOF at cardiothoracic depart-
ment, Ain Shams university. The study was ap-
proved from the ethical committee of the depart- 

ment of Cardiothoracic Surgery, Faculty of Medi-
cine, Ain Shams University. Strict confidentiality  

of patients' information was applied without any  

disclosure of identity as the data is presented by  

the patient's diagnosis,age and gender rather than  
the patient's name.  

Study procedure:  

This study was carried out on sixty-five pedi-
atric patients with their age ranging from 0.4-19  

years and weight from 5-45Kg. Patients who un-
derwent elective corrective surgery for TOF were  

included. Those with co-existing congenital heart  

diseases, any genetic anomalies, patients suffering  

from preoperative arrhythmia, other TOF variants  

were excluded.  

Preoperative variables were assessed on admis-
sion including patients' age at the time of surgery,  

gender, weight (Kg), preoperative ECHO, and  

MSCT. Preoperative heart rate and oxygen satura-
tion were collected after sedating the patients.  

Intraoperative variables included cardiopulmo-
nary bypass (CPB) time (minutes), aortic cross  
clamp time (minutes), intra-operative temperature,  

cardioplegia type, VSD closure technique, and the  
approach used.  

Collected post operative data included oxygen  
saturation (Post), the use of inotropic supports, 12- 
lead ECG, data of postoperative ECHO including  

(residual VSD, RV function (RVSP & TAPSE),  
associated valve disorders, pulmonary annulus  

size, RVOT gradient, pulmonary arteries sizes)  

and the outcome.  

Statistical analysis:  

Recorded data were analyzed using the statis-
tical package for social sciences, version 23.0  
(Released 2015. IBM SPSS Statistics for Windows,  

Armonk, New York: IBM Corporation). Quantita-
tive data were expressed as mean ± standard devi-
ation (SD). Qualitative data were expressed as  

frequency and percentage. The p-value was con-
sidered significant as the following: p-value >0.05  
was considered non-significant (NS), p-value <0.05  
was considered significant (S), p-value <0.01 was  
considered as highly significant (HS).  

Results  

This study was carried out on sixty-five pedi-
atric patients with their age ranging from 0.4-19  

years and weight from 5-45Kg.  
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The table shows that there was a statistically  
significant decrease in themedianof age of patients  

with arrhythmia 0.87 years than those without  
arrhythmia 2 years with p-value=0.016 while no  
statistically significant relation found between  

arrhythmia and gender distribution or weight of  

the studied patients with p-value=0.326 and 0.095;  
respectively.  

The results shows that there was no statistically  
significant relation found between arrhythmia and  
level of preoperative oxygen saturation and per-
centage of cyanotic spells with p-value=0.659 and  
0.344; respectively.  

The previous table shows that there was no  

statistically significant relation found between  

arrhythmia and preoperative VSD size, RVOT  
gradient, associated valve disorders, pulmonary  

arteries sizes, and McGoon index except for statis-
tically significant decrease in mean pulmonary  

annulus size in patients with arrhythmia (6.44±1.50)  

compared to those without arrhythmia (8.20±3.15)  
with p-value=0.027.  

The data shows that there was no statistically  

significant relation found between arrhythmia and  
CPB, CCT, cardioplegia type, approach, use of  
TAP, VSD closure, use of RVOT patch, previous  

shunt, or intra-op temperature. This following table  

shows that there was no statistically significant  

relation found between arrhythmia and postopera- 

tive VSD status & mean RVOT gradient among  
the studied patients with p-value=0.374 and 0.437;  
respectively.  

Furthermore, there was no statistically signifi-
cant relation found between arrhythmia and post-
operative oxygen saturation with p-value=0.391.  

Table (1): Demographic data and weight of the studied patients.  

Demographics No.=65  

Age (years):  
Median (IQR) 1.17 (0.75-3)  
Range 0.42-19  

Gender, No. (%):  
Female 28 (43.1%)  
Male 37 (56.9%)  

Weight (Kg):  
Median (IQR) 9 (7-11)  
Range 5-45  

Table (2): Postoperative oxygen saturation level among the  

studied patients.  

Post operative oxygen saturation No.=65  

Mean ± SD 93.20±3.97  

Range 85-99  

Table (3): Relation of arrhythmia with demographic data and weight of the studied patients.  

Arrhythmia  

Test  
value  

p - 
value  

Sig.  No  Yes  

No.=47  No.=18  

Age (Years):  
Median (IQR)  2 (0.83-3.5)  0.87 (0.75-1.17)  –2.411‡  0.016  S  
Range  0.42-19  0.67-3  

Gender:  
Female  22 (46.8%)  6 (33.3%)  0.964*  0.326  NS  
Male  25 (53.2%)  12 (66.7%)  

Weight (Kg):  

Median (IQR)  10 (7-11.4)  8.25 (7-9)  –1.668‡  0.095  NS  
Range  5-45  5-13  

p-value >0.05: Non significant (NS). *: Chi-square test.  
p-value <0.05: Significant (S). ‡: Mann Whitney test.  
p-value <0.01: Highly significant (HS).  
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Table (4): Relation of arrhythmia with the level of preoperative oxygen saturation and percentage  

of cyanotic spells.  

Arrhythmia  

No  Yes  
Test  

value  
p - 

value  
Sig.  

 

No.=47  

 

No.=18  

 

Pre Oxygen saturation (%):  
Mean ± SD  
Range  

Cyanotic spells:  
No  
Yes  

80.91±9.71  
65-98  

28 (59.6%)  
19 (40.4%)  

79.67±11.33  
60-97  

13 (72.2%)  
5 (27.8%)  

0.443•  

0.894*  

0.659  

0.344  

NS  

NS  

p-value >0.05: Non significant (NS). *: Chi-square test.  
p-value <0.05: Significant (S). •: Independent t-test.  
p-value <0.01: Highly significant (HS).  

Table (5): Relation of arrhythmia with preoperative echo parameters.  

Arrhythmia  

ECHO data  No Yes  Test  
value  

p - 
value  

Sig.  

No.=47 No.=18  

VSD size (mm):  

Median (IQR)  13 (11-15) 10.5 (10-20)  –1.122‡  0.262  NS  
Range  8-71 7-20  

RVOT gradient (mmHg):  

Mean ± SD  88.87±14.79 83.78±14.91  1.240•  0.220  NS  
Range  65-124 69-124  

Pulmonary annulus size (mm):  
Mean ± SD  8.20±3.15 6.44±1.50  2.263•  0.027  S  
Range  4-17 4-9  

Valve disorders:  
MR  2 (4.3%) 0 (0.0%)  3.845*  0.698  NS  
TR  2 (4.3%) 0 (0.0%)  
Moderate TR, MR  2 (4.3%) 0 (0.0%)  
ASD  1 (2.1%) 1 (5.6%)  
TR + AR  1 (2.1%) 0 (0.0%)  
Trace of AR  1 (2.1%) 0 (0.0%)  

Pulmonary arteries abnormalities:  

Origin stenosis of LPA & RPA  6 (12.8%) 6 (33.3%)  6.868*  0.076  NS  
Origin stenosis of LPA or RPA  6 (12.8%) 1 (5.6%)  
Attenuated MPA  1 (2.1%) 2 (11.1%)  

Mc Goon index:  
Mean ± SD  1.83±0.28 1.85±0.20  –0.218•  0.828  NS  
Range  1-2.3 1.5-2.4  

p-value >0.05: Non significant (NS).  *: Chi-square test.  
p-value <0.05: Significant (S).  •: Independent t-test.  
p-value <0.01: Highly significant (HS).  ‡: Mann Whitney test.  



No  

No.=47  

92.94±4.22  
85-99  

Yes  

No.=18  

93.89±3.23  
88-98  

–0.864•  

Sig.  

0.391 NS  

Post Oxygen  
Saturation  

Test p - 
value value  

Mean ± SD  
Range  
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Table (6): Relation of arrhythmia with intra-operative parameters.  

Arrhythmia  

Intra operative  
parameters  No  Yes  

Test  
value  

p - 
value  

Sig.  

No.=47  No.=18  

CPB (mm):  
Mean ± SD  121.62±39.77  136.56±40.79  –1.346•  0.183  NS  
Range  65-218  55-197  

CCT (mm):  
Mean ± SD  77.45±30.06  86.17±20.49  –1.131•  0.262  NS  
Range  22-130  29-106  

Cardioplegia type:  
Custodiol  3 (6.4%)  1 (5.6%)  0.015*  0.901  NS  
Cold  44 (93.6%)  17 (94.4%)  

Approach:  
Transatrial  15 (31.9%)  7 (38.9%)  0.626*  0.890  NS  
Transatrial + Transpulmonary  31 (65.9%)  11 (61.1%)  
Transventricular  1 (2.1%)  0 (0.0%)  

VSD closure:  
Gortex  34 (72.3%)  9 (50.0%)  5.804*  0.122  NS  
Bovine  11 (23.4%)  9 (50.0%)  
Pericardium  2 (4.3%)  0 (0.0%)  

Intra-op Temperature (°C):  
Mean ± SD  28.15±2.13  27.78±2.62  0.589•  0.558  NS  
Range  24-34  25-34  

p-value >0.05: Non significant (NS).  *: Chi-square test.  
p-value <0.05: Significant (S).  
p-value <0.01: Highly significant (HS).  

•: Independent t-test.  

Table (7): Relation of arrhythmia post-operative echo parameters.  

Arrhythmia  

   

Test  
value  

  

ECHO parameters  No  Yes  
p - 

value  
Sig.  

No.=47  

 

No.=18  

VSD:  
Residual flow 2 (4.3%) 0 (0.0%) 0.790* 0.374 NS  
Well Seated 45 (95.7%) 18 (100.0%)  

RVOT gradient (mmHg):  

Mean ± SD 27.74±8.73 29.89±12.46 –0.783• 0.437 NS  
Range 16-45 18-55  

p-value >0.05: Non significant (NS). *: Chi-square test.  
p-value <0.05: Significant (S). •: Independent t-test.  
p-value <0.01: Highly significant (HS).  

Table (8): Relation arrhythmia of with postoperative oxygen saturation.  

Arrhythmia  

p-value >0.05: Non significant (NS). *: Chi-square test.  
p-value <0.05: Significant (S). •: Independent t-test.  
p-value <0.01: Highly significant (HS).  
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Discussion  

Arrhythmias following pediatric cardiac surgery  

are a significant source of mortality and morbidity  

[9] . Despite advances in surgical procedures, per-
fusion technology, and perioperative management  

over the last decade or two, arrhythmias continue  

to be a serious consequence early following con-
genital cardiac surgery repairs. Thus, the prophy-
laxis of arrhythmia after pediatric cardiac surgery  
became the focus of many trials recently. According  

to several authors, the incidence of postoperative  

arrhythmias in children can reach up to 48%. The  

great variability in arrhythmia incidence could be  

attributed to the diagnostic criteria used and the  

wide variability in patients' characteristics [10] .  

After TOF repair, atrial arrhythmias such as  
atrial fibrillation, flutter, and focal or reentrant  

atrial tachycardia are relatively common, occurring  

at a rate of about 30%. Although there are no  

immediate effects, supraventricular tachyarrhyth-
mias are a major cause of morbidity inpatients who  
have had TOF surgically repaired. These arrhyth-
mias are linked to an increased risk of heart failure,  

reoperation, ventricular tachycardia, stroke, and  

death. The atriotomy scar also creates an anatomical  

barrier that, when combined with haemodynamic  
abnormalities, results in atrial arrhythmias, prima-
rily classic atrial flutter or re-entrant tachycardia  

in the vicinity of the atriotomy scar. Dietl et al.,  
compared the incidence of atrial and ventricular  

arrhythmias in patients who underwent transatrial  
or transventricular repair. Transatrial repair had a  

highly significant effect in reducing both atrial and  

ventricular arrhythmias [6] . Gatzoulis et al., found  
that 29 (3.5%) patients (mean age 8.2 years, mean  

postoperative follow-up 21.1 years) developed  
atrial flutter or fibrillation in their multicenter  

analysis of 793 patients. An increased right atrial  

pressure, hypertrophy, chronic right ventricular  
systolic pressure overload and elevated end-
diastolic pressures were associated with a higher  

risk of sudden mortality and atrial arrhythmia [7] .  

Junctional ectopic tachycardia (JET) is a com-
mon arrhythmia following surgical repair of con-
genital heart defects and poses a severe threat in  
the initial postoperative period due to the possible  

subsequent hemodynamic impairment. Although  
the specific cause is uncertain, it is suspected that  

postoperative JET is caused by either a direct  
mechanical trauma or an indirect stretch injury to  

the conduction system, which causes the bundle  

of His to become automatic [8] .  

Discussion since early post-operative arrhyth- 
mias are associated with a higher rate of mortalities  

and morbidities, some researchers prefer to inves-
tigate arrhythmia and its risk factors early after  

total correction of TOF. In the present study, the  

prevalence of post operative arrhythmia was found  

to be 27%, which is consistent with the results of  
many recent studies. Nearly 40% of the patients  

showed one kind of permanent electrocardiographic  

abnormality in the form of RBB early after TOF  

total correction. We observed that JET was the  

most common arrhythmia detected post-operatively.  

In the current study, 17 patients (26%) developed  

JET.  

Various risk factors for arrhythmia described  

in the literature include younger age at surgery,  

low body weight, prolonged CPB time, longer  
aortic cross clamp time, cyanosis, deep hypothermic  

circulatory arrest, and use of Milrinone. Results  
of the current study indicated no direct relationships  

between the occurrence of JET and gender, weight,  

level of preoperative oxygen saturation, percentage  

of cyanotic spells, ECHO hemodynamic parameters  

(VSD size, RVOT gradient, associated valve dis-
orders, pulmonary arteries sizes and McGoon in-
dex), CPB, CCT, cardioplegia type, approach, use  

of TAP, VSD closure technique, use of RVOT  
patch, previous shunt, intra-op temperature, and  

the type of inotropic support used. Nonetheless,  
there were a significant relationship between young-
er age of operation and lower pulmonary annulus  

size with the occurrence of JET [11] .  

The younger age can be explained by the fact  
that complex surgical interventions if more frequent  

at an early age, cause the biggest impact in favor  
of arrhythmia as the sensitivity to electrolyte and  

acid base disorder is higher early in life. Further-
more, younger patients are generally sicker and  
smaller hearts are more prone to damage by surgical  

technique and retraction. The disruption to the  

proximal right bundle branch as in courses around  
the rim of VSD, either by VSD repair, or by delay  
or block in the peripheral right ventricular Purkinje  
fibers, is the etiology of RBBB following TOF  

repair.  

Ismail et al. [12]  isa retrospective cohort study  
performed on 322 patients at King Faisal Special-
ized Hospital and Research Centre in Jeddah, Saudi  
Arabia to characterize patients with JET, identify  

its predictors, and the outcomes in selected TOF  

patients. In their series the incidence of JET was  

29.8%. In the study; younger age was significantly  

associated with increased risk of postoperative  

JET, which is consistent with results of our study.  

Preoperative B-blockers were associated with sig-
nificant reduction of postoperative JET. JET had  
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a benign course and didn't increase hospital mor- 
tality.  

In Kumar Sahu et al. [13]  data were reviewed  
pertaining to incidence, diagnosis, potential risk  
factors, and management of postoperative arrhyth-
mias in 369 consecutive patients under 18 years  
of age, undergoing elective open heart surgery. It  

revealed JET to be the commonest arrhythmia  
detected in this study population. The study attrib-
uted the type of surgery to be the most significant  
risk factor. Especially were VSD closure was done  

either in isolation or in combination with complete  
repair of other defects. Furthermore, the prevalence  

of arrhythmia was found to be low 6.7%. However,  
it included only those resulting in hemodynamic  
disturbance.  

Edraki et al. [14]  a retrospective study conducted  

on 118 pediatric patients with TOF who had con-
secutively underwent surgical totalcorrection. In  

this study, nearly 70% of the patients showed one  
kind of permanent electrocardiographic abnormality  
early after TOF total correction, mostly RBBB.  

17% of patients developed JET. The results were  
different from our study indicating no direct rela-
tionship between the occurrence of JET and age.  
Furthermore, it revealed that there was a significant  
relationship between milrinone and the occurrence  
of JET.  

In Zahidul Hoque et al. [15]  a prospective study  
on a total of 100 pediatric patients who underwent  

cardiac surgery revealed that the overall incidence  

of arrhythmia to be 31 %. Junctional ectopic tahy-
cardia (JET) and supraventricular tachycardia  
(SVT) were the most common especially in tetral-
ogy of Fallot. Moreover, it showed that younger  

age, low body weight, cyanosis, CPB time all create  
statistically significant impact in producing early  

post operative arrhythmia.  

In Paluszek et al. [16]  retrospective study was  
done on 105 patients who underwent TOF repair.  

These patients were monitored to identify risk  
factors for the occurrence of JET and to evaluate  

the outcome. In this study group, JET was the most  
common tachyarrhythmia encountered in the early  

postoperative period with an incidence of 13.3%.  
Younger age at operation as well as longer ACC  

and CPB times were identified as relevant risk  

factors for JET. There were no permanent complete  
AV blocks with the need for pacemaker implanta-
tion in JET patients. Thus, JET does not cause  
increased susceptibility to subsequent arrhythmias  

or conduction disorders.  

Conclusion:  

Cardiac arrhythmias are a frequent problem in  
the early post operative course after cardiac surgery.  

Junctional ectopic tachycardia is a frequent com- 
plication after Tetralogy of Fallot repair. It has a  

benign course; however, it possesses a negative  

impact on ICU and hospital stay. In this study, we  
identified factors associated with the occurrence  

of arrhythmias in the postoperative period. The  

current study findings revealed younger age of  
operation and smaller pulmonary annulus diameter  

as the main risk factors after TOF surgical total  
for the development of JET. Proper and careful  

monitoring of these type of patients may reduce  
the episodes of post operative arrhythmia. Thus,  
medical prevention and early diagnosis as well as  

proper management may improve the operative  
outcome.  
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