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ABSTRACT 
Objective: To determine the outcome of early and late-onset Fontan operation in patients with univentricular heart repair. 
Study Design: Quasi-experimental study. 
Place and Duration of the Study: Department of Paediatric Cardiology, National Institute of Cardiovascular Diseases, Karachi 
Pakistan, from Jan 2019 to Dec 2021. 
Methodology: During the study period, 121 patients of both genders, up to any age, with functionally univentricular hearts 
and who planned to undergo Fontan procedures were included. All cases were divided into two groups, Group-A had 
patients who underwent extra-cardiac Fontan at age ≤6 years, while Group B had patients who underwent extra-cardiac 
Fontan at age >6 years. Pre-procedure diagnosis, demographic, anatomic and hemodynamic characteristics, post-Fontan 
procedure morbidity and mortality were noted. 
Results: As per inclusion/exclusion criteria, 121 cases underwent Fontan surgery during the study period. There were 
61(50.4%) male patients. Overall, the mean age was 7.02±4.6 years. Seventy-six 76(61.2%) cases were in Group-A and 45(38.8%) 
in Group-B. Mortality (within 30 days post-surgery) was reported in 11(9.1%) patients. Except for the mean duration of chest 
tube drainage ((0.010), there was no difference in terms of post-Fontan surgery outcomes between both study groups (p>0.05). 
Conclusion: The age of the patients at the time of the Fontan procedure did not affect the outcomes.  
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INTRODUCTION 

The first successful Fontan procedure was 
reported in 1971, and since then, this procedure has 
seen many modifications in cases of single-ventricle 
physiology.1 Leval and Coworkers introduced total 
cavopulmonary connection (TCPC) in 1988, which 
soon became the standard operation approach.2 The 
TCPC delivers better venous hemodynamics and is 
less arrhythmogenic than other contemporary Fontan 
modifications.3 Main aims of all the modifications and 
innovations from the original Fontan surgery have 
mostly been to reduce the duration between palliative 
procedures and the actual surgical procedure,                     
the implantation of the extra-cardiac conduit 
with/without bypass fenestration among the systemic 
venous reservoir and the atrium receiving the 
pulmonary veins and the ability to modulate the 
definitive stepped univentricular model in to two well 
differentiated surgical steps.4,5  

The approach to functionally univentricular heart 
has seen lots of evolution, with the ultimate goal of 
achieving normal volume and pressure for the 
univentricular heart and as close as possible to normal 

oxygen saturation levels in the affected individuals.6 
As Fontan operation is expected to deliver near normal 
systemic oxygen saturation with a single ventricular 
physiology, pre-surgery factors like age have been 
reported to influence outcomes.7 Contemporary 
pediatric cardiologists have endorsed opting for            
cases of relatively younger age for Fontan operation. 
However, the exact effect of age on early and late 
outcomes has yet to be described.8 Among adults, 
TCPC may carry a higher risk when compared                           
to pediatric age groups, as adults are found to have 
complications accompanying functional ventricles   
due to chronic hypoxia, volume overload, and higher 
venous pressure. Ventricular dysfunction and 
limitations in exercise capacity.9 As no local data is 
available about the outcomes of the Fontan operation, 
we aimed to report our experience of early and                   
late-onset Fontan operation outcomes in patients             
with univentricular heart repair. The findings of the 
present study provide helpful information about the    
influence of various pre-operative and post-operative 
characteristics on the outcomes of Fontan operation. 

METHODOLOGY 

The quasi-experiment study was conducted at 
The Department of Pediatric Cardiology, National 
Institute of Cardiovascular Diseases, Karachi Pakistan, 
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from January 2019 to December 2021. Approval from 
the Institutional Ethical Committee” was obtained 
(ERC 1021/2021).  

Inclusion Criteria: Patients of either gender and of any 
age group, with functionally univentricular hearts                  
and planning to undergo Fontan procedures were 
included.  

Exclusion Criteria: Patients with severe anomalies like 
discontinuation of the pulmonary branches, severe 
organic mitral insufficiency needing a prosthetic valve, 
or anomalous pulmonary venous drain were excluded. 

Written informed consent were sought from 
either patients or their parents/guardians.                              
We considered all cases coming to us per 
inclusion/exclusion criteria for this study during the 
described study duration. The non-probability 
consecutive sampling technique was adopted. All cases 
were divided into two groups. Group-A had patients 
who underwent extra-cardiac Fontan at age ≤ 6 years, 
while Group-B had patients who underwent extra-
cardiac Fontan at age > six years (Figure).10 

 

 

Figure: Patient Flow Diagram (n=121)  

 

Hemodynamic criteria for early Fontan 
completion were pulmonary artery pressure below                  
15 mmHg, pulmonary vascular resistance below 4 
WU*m2 and existence of aortopulmonary collaterals. 
Increasing cyanosis, decreased physical activity 
and/or failure to thrive were other significant impetus 
for early Fontan procedure.11 

The pre-procedure diagnosis was labelled, while 
all patients' demographic, anatomic and hemodynamic 
characteristics were noted. Standard Fontan 
procedures were done in all cases. Post-procedure, all 
patients were kept on Warfarin plus Aspirin to have an 
International Normalized Ratio (INR) between 1.8-2.5. 
Post-procedure outcomes and morbidity and mortality 

were noted in all patients and compared between both 
study groups. A specially designed proforma was used 
to record all study data. 

Data was analyzed using Statistical Package                   
for the Social Sciences (SPSS) SPSS version 26.0. 
Qualitative data was expressed as frequency and 
percentages. Mean and standard deviation (SD) were 
estimated for quantitative data. Independent sample t-
test was used to compare quantitative data, while the 
chi-square test was employed for qualitative data, 
considering p value of <0.05 as significant. 

RESULTS 

In a total of 121 cases, Fontan surgery was 
performed. There were 61(50.4%) males. The mean age 
was 7.02±4.6 years, and the mean body weight was 
20.3±10.8 kg. Mean pulmonary artery pressure was 
11.1±1.5 mmHg, whereas mean arterial oxygen 
saturation (%) at enrollment was 80.3±5.2. There were 
76(61.2%) cases who were aged ≤ 6 years so they were 
placed in Group-A while remaining 45(38.8%) cases 
belonged to Group-B (Table-I).  

Table-I: Characteristics of the Patients of Study Groups (n=121) 

Characteristics 
Group-A 

(n=76) 
Group-B 

(n=45) 
p-

value 

Gender 
Male 42(55.3%) 19(42.1%) 

0.166 
Female 34(44.7%) 26(57.8%) 

Mean Age (years) 4.0±1.3 12.1±3.7 <0.001 

Mean Body Weight (kg) 13.9±3.6 30.9±10.5 <0.001 

Single 
Ventricle 
Morphology 

Right 23(30.3%) 7(15.6%) 

0.062 Left 41(53.9%) 24(53.3%) 

Intermediate 12(15.8%) 14(31.1%) 

Mean Pulmonary Artery 
Pressure (mmHg) 

11.2±1.4 11.1±1.6 0.805 

Mean Arterial Oxygen 
Saturation (%) 

82.8±3.5 80.5±4.9 0.004 

Diagnosis 

Dextrocardia 8(10.5%) 4(8.9%) 

0.630 

Double Inlet 
Left Ventricle 

27(35.5%) 15(33.3%) 

Double Outlet 
Right Ventricle 

15(19.7%) 6(13.3%) 

Mitral Atresia 4(5.3%) 1(2.2%) 

Tricuspid 
Atresia 

8(10.5%) 9(20.0%) 

Unbalanced 
Atrioventricular 

Septal Defect 
13(17.1%) 8(17.8%) 

Others 1(1.3%) 2(4.4%) 
Group-A: Early Fontan Surgery (≤6 years); Group-B: Late Fontan Surgery (>6 years) 

 

The mean post-operative saturation (%) was 
92.8±3.1. Overall, the mean post-surgery duration of 
mechanical ventilation was 1.92±1.0 days. The mean 
duration of ICU stay was 3.1±1.0 days. Overall, the 
mean duration of hospitalization was 22.6±5.2 days. In 
121 patients, mortality (within 30 days post-surgery) 
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was reported in 11(9.1%) patients. Table-II shows a 
comparison of post-Fontan surgery outcomes in both 
study groups. Except for the mean duration of chest 
tube drainage ((0.010), there was no difference in terms 
of post-Fontan surgery outcomes like thrombosis 
(p=0.771), stroke (0.260), chylothorax (p=0.854), 
bleeding (p=0.417), serious post-surgery arrhythmias 
(p=0.590), mean saturation (p=0.421), mean duration               
of mechanical ventilation (p=0.527), mean ICU                     
stay (p=0.472), mean total duration of hospital stay 
(p=0.105) and mortality (p=0.475) in between both 
study groups (p>0.05). 

 

Table-II: Comparison of Post Fontan Surgery Outcomes in 
Study Groups (n=121) 

Post Fontan Surgery 
Outcomes 

Group-A 
(n=76) 

Group-B 
(n=45) 

p-value 

Thrombosis 8(10.5%) 4(8.9%) 0.771 

Stroke 3(3.9%) 4(8.9%) 0.260 

Chylothorax 18(23.7%) 10(22.2%) 0.854 

Bleeding 4(5.3%) 1(2.2%) 0.417 

Serious Post-Surgery 
Arrhythmias 

2(2.6%) 2(4.4%) 0.590 

Mean Saturation (%) 93.0±2.9 92.5±3.5 0.421 

Mean Duration of 
Mechanical 
Ventilation (days) 

1.96±1.0 1.84±1.0 0.527 

Mean Duration of 
Chest Tube 
Drainage (days) 

11.8±2.5 13.4±4.4 0.010 

Mean ICU Stay 
(days) 

3.2±1.0 3.02±1.0 0.472 

Mean Total duration 
of Hospital Stay 
(days) 

23.2±5.1 21.6±5.4 0.105 

Mortality 8(10.5%) 3(6.7%) 0.475 
Group-A: Early Fontan Surgery (≤6 years); Group-B: Late Fontan Surgery (>6 years) 

 

DISCUSSION 

In the present research, we noticed that the most 
common post-procedure morbidities are thrombosis 
(10.0%), chylothorax (23.1%) and stroke (5.8%). The 
types of post-Fontan surgery morbidity and incidence 
correlate well with other researchers.12,13 Cazzaniga      
et al. 14 from Spain revealed subaortic stenosis (8%), 
protein loss syndrome (4%), arrhythmias (33%) and 
thromboembolism (4%) to be the commonest post-
surgery morbidities among cases undergoing Fontan 
procedures. Another study from the Middle East 
found thrombosis, stroke, chylothorax, bleeding, 
pericardial effusion and wound infection to be                       
the commonest short-term post-Fontan procedure 
morbidities.10 

There has yet to be a consensus about the best age 
for Fontan procedure in contemporary literature. Some 
researchers have propagated early Fontan surgery 
among children.15,16 In the present study, we noted a 
survival rate of 90.9% among cases undergoing                      
the Fontan procedure. Bezuska et al. 11 from Lithuania 
shared their 30-year experience of Fontan surgery, 
which revealed a survival rate of 94%, which is close to 
what we observed. A study from the Middle East 
shared an overall hospital mortality of 7.9%.10 The 
literature reports mid-term survival rates between 92-
98%, so our findings correlate well with the published 
literature.13,17,18 Long-term follow-up data (20-year 
follow-up) from Spain14 showed a survival rate of 61%, 
while past data from Mayo Clinic showed that 16% of 
the patients died in the 1stmonth following Fontan 
surgery.19 Some significant factors affecting the 
survival of Fontan surgery cases have been labelled as 
raised central venous pressure and abnormal cardiac 
functions20. However, as we only noticed relatively 
short-term survival in the present study, we could not 
establish any linkages between post-Fontan surgery 
mortality and studied variables. Recent decades have 
witnessed progress toward better long-term survival 
rates among patients undergoing  Fontan surgery.21 
recent report estimated that cases undergoing Fontan 
surgery will be doubled in the next two decades, 
which means that there will be increased demand for 
medical and non-medical healthcare services for these 
patients.22 Stake-holders need to plan strategies to cater 
to increasing requirements for the care of patients 
requiring Fontan surgeries. The present study is                    
the first one from Pakistan to show early versus late 
Fontan surgery outcomes. 

LIMITATIONS OF THE STUDY 

We only noted relatively short outcomes in the present 
study. 
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