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ABSTRACT… Objective: To find out echocardiographic findings in patients with tetralogy of Fallot (TOF) prior to total 
corrective surgery admitted at a tertiary care hospital. Study Design: Cross-sectional study. Setting: Department of 
Pediatric Cardiology, National Institute of Cardiovascular Disease, Karachi. Period: January 2021 to December 2021. 
Material & Methods: A total of 197 echocardiography confirmed TOF cases of both genders and age up to any years were 
included. Physical examination, chest radiography and electrocardiogram were done in each patient prior to transthoracic 
echocardiography (TTE) using Toshiba Aplio i600 using 5 Hz and 6 Hz transducers. Standard protocols were followed in 
all TTE procedures. Results: In a total of 197 patients with TOF, there were 121 (61.4%) male. Mean age was 8.36±10.12 
years. Hypoplastic pulmonary arteries was the most frequent pulmonary artery abnormality observed in 30 (15.2%) cases. 
Thickened and domed pulmonic valve was the most common pulmonary valvular anomaly noted in 89 (45.2%). Associated 
“atrial septal defect (ASD)” was observed in 47 (23.9%) cases while “patent ductus arteriosus (PDA)” was seen in 83 (42.1%) 
patients. History of past “Blalock and Taussig (BT) Shunt” performed was found in 20 (10.2%) cases, out of which, 15 were 
functioning. Conclusion: Echocardiography is an inexpensive and safe approach to cardiac evaluation among patients of 
tetralogy of fallot. Hypoplastic pulmonary arteries was the most frequent pulmonary artery abnormality observed in tetralogy 
of Fallot patients. PDA was the most frequent associated abnormality followed by associated ASD. 
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INTRODUCTION
Tetralogy of Fallot (TOF) is considered to be the 
most frequent type of cyanotic congenital heart 
disease (CHD). The incidence of TOF is estimated 
to be between 0.3/1,000 live births.1 TOF is 
calculated to form 7-10% of all CHD cases.2 The 
extent of right ventricular (RV) outflow obstruction 
generally predicts the onset of symptoms along 
with extent of cyanosis and RV hypertrophy.3 
Data has showed that best survival as well as 
physiological outcomes have been observed in 
primary elective repairs of TOF among infants 
aged between 3 to 11 months4 while experts 
endorse best age of TOF correction to be from 
birth to 12 months.5 

Transthoracic echocardiography (TTE) evaluation 

is considered to be the cornerstone of imaging 
modalities among patients of TOF both pre-
operatively and post-operatively.6,7 The TTE is 
expected to provide important information like 
septal anatomy, RV and LV size and functioning, 
tricuspid and pulmonary stenosis as well as 
regurgitation. The TTE is also very useful in 
assessing hemodynamic indicators like RV and 
pulmonary pressure.8,9 Although, TTE requires 
good level of expertise but as it is broadly 
available and portable its findings are generally 
reproducible and valid.10 The scanning protocols 
in TTE comprise of all standard echocardiographic 
views in the subxiphoid, apical, parasternal 
and suprasternal windows in a combination of 
complete sweeps and multiple selected single 
planes.
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In Pakistan, not much data is observed regarding 
echocardiographic findings in patients with TOF 
so the present study was planned. The findings 
of this study were thought to provide useful 
information about the most common features and 
associations among patients of TOF.

MATERIAL & METHODS
This cross-sectional study was conducted at the 
Department of Pediatric Cardiology, National 
Institute of Cardiovascular Disease, Karachi from 
January 2021 to December 2021. Approval from 
“Institutional Ethical Committee” was acquired 
(ERC-1027-2021). Verbal and written consents 
were sought from patients or their parents/
caregivers explaining them the objectives of this 
study and ensuring them the confidentiality of 
their data. “Non-probability convenient sampling” 
technique was adopted. During the study period, 
a total of 197 echocardiography confirmed TOF 
cases of both genders and age up to any years 
were included. All children unable to undergo 
TTE or those who were unwilling to be part of this 
study were excluded. 

Physical examination, chest radiography and 
electrocardiogram were done in each patient 
prior to TTE using Toshiba Aplio i600 using 5 
Hz and 6 Hz transducers. Echocardiography 
of all the patients was performed by an 
echoardiographer with at least five year 
experience of echocardiography in congenital 
heart diseases in the presence of a consultant 
pediatric cardiologist. Patients were lying in supine 
position without breath-holding using 2D model, 
M-mode and Doppler method while the average 
value of each parameter was noted in 3 cardiac 
cycles. Severity of “right ventricular outflow tract 
obstruction (RVOTO)” was passed on pressure 
gradiant across RVOT as mild (30-40 mmHg), 
moderate (40-60 mmHg) or severe (>60 mmHg). 
Right ventricular (RV) dysfunction was labeled on 
the basis of RV “Tricuspid annular plane systolic 
excursion (TAPSE)” according to age and gender 
appropriate population based nomograms. 
Left ventricular (LV) dysfunction was labeled on 
the basis of “Teichol’s Method” according to 
age and gender appropriate population based 
nomograms. Standard protocols were followed 

in all TTE procedures.

A special proforma was used to record all 
demographical and echocardiographic 
parameters. For data analysis, “Statistical 
Package for Social Sciences (SPSS)” version 
26.0 was employed. Quantitative data was shown 
as mean and standard deviation (SD) whereas 
categorical data was highlighted as frequencies/
percentages.

RESULTS
In a total of 197 patients with TOF, there were 121 
(61.4%) male and 76 (38.6%) female representing 
a male to female ratio of 1.6:1. Mean age was 
8.36±10.12 years (ranging between 9 days 
to 48 years) while 50 (25.4%) patients were 
aged above 10 years. Residential status of 101 
(51.3%) patients was rural. Table-I is showing 
demographic and anthropometric characteristics 
of all patients with TOF. 

Characteristics Number (%) / 
Mean±SD

Gender
Male 121 (61.4%)
Female 76 (38.6%)

Age (years)

≤1 42 (21.3%)
2-5 57 (28.9%)
6-10 48 (24.3%)
>10 50 (25.4%)

Residential Status
Urban 96 (48.7%)
Rural 101 (51.3%)

Body Weight in kg 19.97±15.60
Body Height in cm 101.69±36.0

Table-I. Demographic and anthropometric 
characteristics of patients with tetralogy of fallot 

(n=197)

Hypoplastic pulmonary arteries (PAs) was the 
most frequent PA abnormality observed in 30 
(15.2%) cases. Thickened and domed pulmonic 
valve was the commonest pulmonary valvular 
anomaly noted in 89 (45.2%). Severity of RVOTO 
was severe in 169 (85.8%) cases. Persistent left 
superior vena cava was observed in 34 (17.3%) 
patients. Right sided aortic arch sidedness was 
seen in 15 (7.6%) cases. Associated “atrial septal 
defect (ASD)” was observed in 47 (23.9%) cases 
while “patent ductus arteriosus (PDA)” was seen 
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in 83 (42.1%) patients. Mild right ventricular (RV) 
and mild left ventricular (LV) dysfunctions were 
observed in 21 (10.7%) and 36 (18.3%) patients 
respectively. History of past “Blalock and Taussig 
(BT) Shunt” performed was found in 20 (10.2%) 
cases, out of which, 15 were functioning. There 
were 12 (6.1%) patients who were referred 

for surgical repair following TTE findings. The 
remaining required either CT angiogram or 
cardiac catheterization prior to referral for total 
corrective surgery. Table-II is showing details of 
echocardiographic findings among patients of 
TOF.

Echocardiographic Findings Number (%) / Mean±SD

Pulmonary Artery Abnormalities

Hypoplastic Pulmonary Arteries 30 (15.2%)
Hugely Dilated Pulmonary Arteries 5 (2.5%)
Absence of Left Pulmonary Artery 5 (2.5%)
Ostial Narrowing of Branch Pulmonary Artery 5 (2.5%)
No Abnormality 152 (77.2%)

Right Pulmonary Artery Size in mm 7.84±2.94
Left Pulmonary Artery Size in mm 8.35±3.16
Pulmonary Annulus Size in mm 8.16±3.77
Main Pulmonary Artery Size in mm 8.66±4.41

Pulmonary Valve Anomalies

Thickened and Domed Pulmonic Valve 89 (45.2%)
Dysplastic Pulmonic Valve 3 (1.5%)
Pulmonic Valve Stenosis 55 (27.9%)
Pulmonic Valvular Atresia 26 (13.2%)
Bicuspid Pulmonic Valve 6 (3.0%)
None 18 (9.1%)

Severity of Right Ventricular 
Outflow Tract Obstruction

Mild 6 (3.0%)
Moderate 22 (11.2%)
Severe 169 (85.8%)

Patent Ductus Arteriosus 83 (42.1%)
Major Aortopulmonary Collateral Arteries 95 (48.2%)
Persistent Left Superior Vena Cava 34 (17.3%)

Atrio-Ventricular Concordance
Defined Normal Atrio-ventricular Connections 189 (95.9%)
Complete Atrioventricular Septal Defect 8 (4.1%)

Ventriculo Arterial Concordance
Defined Normal Ventriculo Arterial Connections 174 (99.3%)
Double Outlet Right Ventricle 23 (11.7%)

Aortic Arch Sidedness
Right 15 (7.6%)
Left 182 (92.4%)

Associated Atrial Septal Defect 47 (23.9%)

Site of Obstruction in Right 
Ventricular Outflow Tract

Infundibulr 25 (12.7%)
Infundibular+Valvular 135 (68.5%)
Supravalvular+Valvular 8 (4.1%)
Infundibular+Valvular + Supravalvular 29 (14.7%)

Coronary Arteries having Close Proximity to Right Ventricular Outflow Tract 5 (2.5%)

Right Ventricular (RV)
Dysfunction

No RV Dysfunction 176 (89.3%)
Mild 21 (10.7%)

Left Ventricular (LV) Dysfunction
No LV Dysfunction 161 (81.7%)
Mild 36 (18.3%)

Table-II. Echocardiographic findings in patients with tetralogy of fallot (n=197)
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DISCUSSION
Although, TOF was 1st recognized by “Niels 
Stenson” in 1671 but detailed description of 
TOF was stated by “William Hunter” in 1784.11 
Anatomical abnormalities and pathological 
issues were further described by “Louis Arthur” in 
1888.12 Canadian Pediatric cardiologist “Maude 
Abbott” was the one who actually labeled the 
term TOF in 1924.13

In this study, 61.4% patients were male 
representing a male to female ratio of 1.6:1. 
Some researchers have shown equal gender 
distribution in TOF cases13,14 but our findings are 
consistent with the regional data from Iran where 
Noori NM et al found 66.6% cases of TOF to be 
male.15

We noted mean age of TOF patients to be 
8.36±10.12 years (ranging between 9 days to 
48 years) while 50 (25.4%) patients were aged 
above 10 years. Our findings are different to what 
has been reported from Nepal where researchers 
found mean age of TOF patients to be 3.5±3.9 
years while 44% cases were aged below 1 year.16 
Our findings are close to a local study published 
from Lahore where mean age of TOF patients 
was 6.0±3.8 years.17 No real researches exits but 
in a country like Pakistan, lack of awareness in 
general public, late diagnosis of TOF, resources 
constriction and delayed access to healthcare 
facilities are thought to be some of the most 
common reasons for delayed interventions for 
primary TOF repair.6

The PA anomalies were identified in 22.8% TOF 
cases in this study which are more than what was 
reported by Shakya U et al from Nepal where they 
noted 10.2% of TOF patients to have some kinds 
of PA anomalies.16 Relatively higher age of TOF 
patients in this study could be the reason behind 
this exaggerated finding in our study. Sheikh 
AM et al found 19% cases of TOF to have PA 
anomalies which is close to what we found.18 The 
literature suggests presence of pulmonary atresia 
(PA) in 5 to 10% of TOF cases.19 We found 13.2% 
TOF cases to have PA. 

In the present work, PDA was the commonest 

associated abnormality noticed in 42.1% TOF 
cases, while associated ASD was observed in 
23.9% cases. A study from Turkey also found 20% 
children of TOF to have PDA.20 We notice “Double 
Outlet Right Ventricle (DORV)” to be evident in 
11.7% TOF cases which is comparable to what 
was found by Kervancioglu M et al.20

Being a single center study, with a relatively 
small sample size are some of the limitations of 
this study. We were unable to record outcomes 
among TOF patients.

CONCLUSION
Echocardiography is an inexpensive and safe 
approach to cardiac evaluation among patients 
of tetralogy of fallot. Hypoplastic pulmonary 
arteries was the most frequent pulmonary artery 
abnormality observed in tetralogy of Fallot 
patients. Patent ductus arteriosus was the most 
frequent associated abnormality followed by 
associated atrial septal defect. Relatively higher 
age shows delay in diagnosis, referral and 
required interventions among patients of TOF.
Copyright© 28 June, 2022.
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