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  Original Article  

The Fontan operation is considered the defi nitive 
palliative procedure for the treatment of patients 
with univentricular heart physiology. The Fontan 
operation was fi rst performed in 1971 by Dr. Francois 
Marie Fontan for the treatment of tricuspid atresia. 
Since then, the classical Fontan procedure has been 
modifi ed to several techniques. Extracardiac conduit 
(ECC) Fontan is currently the preferred procedure, 
as it results in fewer long-term complications when 
comparing to the atriopulmonary connection and 
lateral tunnel techniques(1).

Recent improvements in surgical technique and 
post-operative care have resulted in reduction of the 

mortality and post-operative complications of Fontan 
procedure. However, the long-term complications 
that occur following the Fontan procedure remain 
a concern. As Dr. Fontan mentioned, this operation 
did not resolve the anatomical problem, it only 
corrected the physiology. Thus, it is impossible to 
avoid complications after this surgery. There are many 
factors that play a role in determining the surgical 
outcomes. One is the age of the patient at the time of 
Fontan completion, which is still dubious. Currently, 
most surgeons prefer to perform the operation when 
the patient is around 2 to 4 years of age, as many 
studies have supported the benefi ts of performing 
the operation in younger patients. These include a 
reduction in the risk of post-operative mortality and 
morbidity(2) and improvements of quality of life with 
regard to exercise capacity(3). However, some studies 
have reported no signifi cant diff erence with regard to 
either mid-term or long-term surgical outcomes when 
Fontan completion is performed in older patients(4,5). 
The optimal age at which Fontan completion should 
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be performed, thus, remains inconclusive.

Objective
The aim of the present study was to focus on 

the patients with a functional single ventricle that 
underwent ECC Fontan at a late age defi ned as age 
more than 4-year-old, and to review the outcomes of 
the surgery in terms of mortality rates, post-operative 
complications, and factors aff ecting the results.

Materials and Methods
The present study was performed at Srinagarind 

Hospital and Queen Sirikit Heart Center of the 
Northeast at Khon Kaen University’s Faculty of 
Medicine and approved by the Ethical Board of the 
University.

The medical records of patients who were 
more than four years old and underwent the ECC 
Fontan operation between January 2007 and 
December 2017 were retrospectively reviewed. 
Demographic, laboratory, non-invasive imaging, 
cardiac catheterization, pre- and peri-operative, post-
operative complication, hospital stay, and follow-up 
data were collected. Patient characteristics are shown 
in Table 1.

Preoperative catheterization was performed in 
every case. Crucial parameters, such as pulmonary 
artery (PA) pressure, were measured. The anatomy 
of the heart, ventricular function, PA size, and 
confi guration were evaluated.

Operative technique
ECC Fontan was performed via median 

sternotomy and on cardiopulmonary bypass with 
aortic and bicaval cannulation without an aortic 
cross-clamp, except in case requiring concomitant 
valve surgery, aortic cross clamp would be applied. 
The previous superior cavopulmonary shunt and 
PA were dissected to enable full exposure. The 
inferior vena cava (IVC) was dissected down to the 
diaphragmatic surface before a cannula was inserted. 
A polytetrafl uoroethylene graft (Goretex) was used. 
The size of the conduit grafts varied from 16 to 22 
mm depending on the patient’s weight and IVC size. 
The operation was performed under mild hypothermic 
conditions. The IVC was separated from the heart 
and connected to the tube graft. The proximal of 
the tube graft was sutured to the inferior portion of 
the central PA opposite the superior cavopulmonary 
shunt and slightly extended to the left side. In cases 
of concomitant PA stenosis, PA plasty would be 
performed at the same time. When indicated, a 4 mm 

fenestration was created using a punch and connected 
between the right atrium and tube graft.

Follow-up data
The pediatric cardiologist and cardiac surgeons in 

outpatient unit followed up all patients. Mortality and 
post-operative complications were regularly monitored. 
Routine physical examination, electrocardiography, 
and chest X-ray were performed at each visit. The 
first session of outpatient echocardiography was 
performed by a pediatric cardiologist at two weeks 
after discharge. Further investigation such as cardiac 
catheterization, cardiac magnetic resonance imaging 
(MRI), abdominal ultrasound with liver function test 
were performed as clinically indicated.

De initions
Late Fontan completion was defi ned when Fontan 

operation was performed in patient who were older 
than four-year-old.

Early or hospital mortality was defi ned as death 
occurring within 30 days after surgery. Overall 
mortality included both early and late mortality.

Post-operative complications included early and 
delayed complications. Early complications were 
defi ned as any complications occurring within 30 
days after the procedure. Delayed complications were 

Table 1. Patient characteristics (n = 36)

Variables n (%)

Age at ECC (years), Median (range) 10 (5 to 24)

Weight at ECC (years), Median (range) 27.6 (12 to 60)

Height at ECC (years), Median (range) 135 (96.5 to 165)

Sex: male 19 (52.78)

Primary diagnosis

TA with IVS 7 (19.44)

TA with VSD 7 (19.44)

DORV 8 (22.22)

PA with IVS 1 (2.78)

Unbalanced AVSD 1 (2.78)

Heterotaxy syndrome 12 (33.33)

Dominant RV 5 (13.89)

Dominant LV 31 (86.11)

ECC=extracardiac conduit Fontan; TA=tricuspid atresia; 
IVS=intact ventricular septum; VSD=ventricular septal defect; 
DORV=double outlet right ventricle; PA=pulmonary atresia; 
AVSD=atrioventricular septal defect; RV=right ventricle; 
LV=left ventricle
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defi ned as any complication occurring after 30 days 
post operation.

Prolonged pleural eff usion drainage was defi ned 
as continuous pleural drainage for more than 14 days 
following the operation.

Statistical analysis
Continuous variables were presented as means 

with standard deviation or median with range. 
Categorical variables were presented as numbers or 
percentages. The student t-test was used for normally 
distributed variables and the Mann-Whitney test was 
used for non-normal distribution. Both were applied 
to compare continuous variables. Chi-square tests and 
Fisher’s exact tests were used for the comparison of 
categorical variables. The cox regression model was 
used to evaluate the association between risk factors 
and hospital mortality. A p-value smaller than 0.05 
was considered signifi cant. Statistical analyses were 
performed by using Stata version 13.0 (StataCorp, 
TX).

Results
Baseline patient characteristics

Thirty-six patients, older than four years of age, 
underwent the ECC Fontan operation between 2007 
and 2017 and were included in our study. The median 
follow-up period was fi ve years (range 1 to 8 years). 
The median age was 10 years. The youngest patient 
was fi ve years old. The oldest was 24 years old. 
Nineteen of the patients were male (52.78%), and the 
median weight at surgery was 27.6 kg. Most patients 
were diagnosed with tricuspid atresia (38.88%), and 
most were left ventricular dominant (86.11%). Patient 
characteristics are shown in Table 1.

About 60% of the patient presented with 
inadequate pulmonary blood fl ow and required a 
palliative procedure such as a modified Blalock 
Taussig shunt or central shunt. One patient presented 
with congestive heart failure and required PA banding 
during the neonatal period. All patients underwent 
a bidirectional Glenn shunt (BDG) as second-stage 
palliation at a mean age of fi ve years (four months 
to 21 years). The median time interval from BDG to 
Fontan completion was three years (one to 10 years). 
The median age at the time the patient underwent the 
Fontan procedure was 10 years. Half of the patients 
underwent the Fontan operation when they were over 
10 years old. Most patients had pre-operative PA 
pressure of less than 15 mmHg (Table 2).

All patients underwent ECC Fontan. The median 
CPB time was 144 minutes. Two patients required 

atrioventricular valve repair as a concomitant 
procedure due to valve insuffi  ciency, which required 
aortic cross clamping. PA plasty was performed 
in one patient who had proximal left PA stenosis. 
One patient required atrial septectomy to correct 
atrial septal restriction. Nineteen patients (52.78%) 
required fenestration as clinically indicated such as 
PA pressure greater than 15 mmHg, unfavorable PA 
confi guration, concomitant PA reconstruction, had 
previously presented with chylothorax, or suff ered 
from prolonged pleural effusion at the time the 
Bidirectional Glenn operation was performed. The 
4-mm fenestration was made at graft and sutured 
directly to the right atrium at which a small incision 
had been made, which was controlled with a partial 
clamp. Graft sizes varied between 16 to 22 mm. The 
graft used was 16 mm in fi ve patients (13.89%), 18 

Table 2. Preoperative data

Variables n (%) 

Initial palliation

Blalock-Taussig shunt 20 (55.56)

Central shunt 2 (5.56)

PA banding 1 (2.78)

Prior staging procedure

BDG 36 (100)

Age at Fontan procedure (years)

Age >4 to 10 18 (50.00)

Age >10 18 (50.00)

PA pressure (mmHg)

<15 31 (80.56)

≥15 5 (13.89)

PA=pulmonary artery; BDG=bidirectional Glenn shunt

Table 3. Perioperative data

Variables n (%)

CPB time (minute), Median (range) 144 (73 to 303)

Concomitant procedure

AVV repair 2 (5.56)

PA reconstruction 1 (2.78)

Atrial septectomy 1 (2.78)

Fenestration 19 (52.78)

Graft size (mm), Median (range) 18 (16 to 22)

CPB=cardiopulmonary bypass; AVV=atrioventricular valve; 
PA=pulmonary artery
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mm in 11 (30.56%) patients, 20 mm in 11 (30.56%) 
patients, and 22 mm in nine (25%) patients (Table 3).

Post-operative mortality
Four patients died within 30 days after the 

surgery, three died from low cardiac output and 
ventricular failure, and one died from massive 
bleeding that required re-operation, complicated     
by multi-organ failure. There was an 88.89% early 
(fi rst 30 days) survival rate (Figure 1). There were 
two late mortalities with a median time follow-up 
duration of fi ve years. The overall fi ve-year survival 
rate was 83.33% (95% CI 70.83 to 98.02%), as shown 
in Figure 2. One patient died two months after the 
operation from severe sepsis, another died two years 
later due to cardiac cirrhosis and multi-organ failure 

after graft revision.

Post-operative morbidity
Two patients required re-operation in the early 

post-operative period due to bleeding. Sixteen patients 
had prolonged pleural eff usion drainage (of more than 
14 days) and required chest tube retaining (mean 17 
days). One patient developed chylothorax, which 
improved with conservative treatment. Two patients 
developed transient tachyarrhythmia in the early post-
operative period and required antiarrhythmic control.

Late graft thrombosis was found in three patients 
(8.33%) (Table 4). Two developed partial thrombosis 
in the first year after surgery and were treated 
successfully with anticoagulants, while the other had 
a problem with graft kinking and required re-operation 
for correction. This latter patient ended up with cardiac 
cirrhosis and multi-organ failure two years after the 
initial Fontan operation. There were no other late 
complications, such as arrhythmia, protein losing 
enteropathy, plastic bronchitis, or Fontan failure, 
observed in the present study. Seventy-fi ve percent 
of the patients required admission for more than two 
weeks due to persistent pleural eff usions.

Risk factors for increased mortality rate
Risk factors for hospital mortality within the fi rst 

30 days are shown in Table 5. Pulmonary pressure 
of more than 15 mmHg was the only factor that was 
related to early death.

Discussion
Early and late mortality

The authors’ institution began performing ECC 
Fontan procedures in 2004. Since then, surgical 
outcomes have improved, and mortality has decreased. 
Chikitpingyo et al(6) retrospectively reviewed the 
mortality rate after the Fontan procedure in all age 
group patients in the present institution and found 

Figure 1. Kaplan-Meier estimated of early survival of 
the patients following extracardiac Fontan completion, 
95% CI 72.36% to 95.55%.

Figure 2. Kaplan-Meier estimated of late survival of 
the patients following extracardiac Fontan completion, 
95% CI 70.83 to 98.02%.

Table 4. Mortality rate and postoperative morbidities

Variables n (%)

Early mortality 4 (11.11)

Late mortality 2 (6.25)

Prolonged pleural effusion drainage (days) 16 (44.44)

Mean (range) 17 (2 to 61)

Chylothorax 1 (2.78)

Arrhythmia 2 (5.56)

Thrombosis 3 (8.33)
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that the early mortality rate about was 11%, which 
is comparable to that found in the authors’ study. 
Other studies had also reported early mortality 
rates of between 5% to 13%(7). Prachasilchai et al(8) 
reported the early mortality rate to be about 18% 
in older patients (mean age 7.4 years). The overall 
mortality rate in the present study was 16%. The 
main cause of early death was low cardiac output as a 
consequence of ventricular failure. The authors found 
pulmonary pressure greater than 15 mmHg to be a 
signifi cant risk factor for early mortality (within 30 
days). This is consistent with the results of previous 
studies, which found that PA pressure greater than 
15 mmHg can lead to unfavorable outcomes(9,10). 
However, the other potential risk factors, such as age 
older than 10 years, cardiopulmonary bypass time, 
heterotaxy syndrome, dominant ventricle, or fenestrate 
creation, did not aff ect the outcome. Other common 
unfavorable factors that have been reported were not 
identifi ed in the present study, included presenting 
of common atrioventricular valve(9,11,12), prolonged 
deep hypothermic circulatory arrest, and impaired 
ventricular function(10). As there were few patients 
in the present study that suff ered from late mortality, 
the authors did not analyze the associated risk factors. 
Schwartz et al(13) conducted a meta-analysis of 5,859 
patients and found the signifi cant factors associated 
with late death were the type of Fontan procedure 
and older age at the time of Fontan. Other factors 
reported were heterotaxy syndrome, moderate to 
severe atrioventricular valve regurgitation, prolonged 
cardiopulmonary bypass time, and prolonged aortic 
cross-clamp(14). Alsaied et al(15) reviewed the records 
of 6,707 patients, found the most common cause of 
late death to be heart/Fontan failure (22%), arrhythmia 
(16%), respiratory failure (15%), renal disease (12%), 

and thrombosis/bleeding (10%).

Age at the time of Fontan operation
Currently, there is no consensus regarding the 

optimal age for Fontan completion. In the institute, 
the authors prefer to perform the modifi ed Fontan 
operation when the patient is around two to four years 
of age. However, there are some patients who seek 
treatment late or do not follow-up, especially after 
having undergone the staged procedure. Because 
of these, almost 25% of the patients receive Fontan 
completion when they are over four years old. 
Although, there is no exact optimal age to undergo 
the Fontan operation, most surgeons tend to perform 
the operation early due to early unloading ventricle, 
less atrioventricular valve regurgitation, better 
exercised activity, and improved long-term outcome 
and survival rate. Performing the operation early has 
also been shown to result in fewer post-operative 
complications such as arrhythmia(16-18) and pleural 
eff usion(19). Recently, there was a report published that 
found that the Fontan procedure yielded acceptable 
surgical outcomes in infants(20). In addition, another 
study found that the surgery could be performed in 
pediatric patients who weighed less than 10 kg(18).

However, some surgeons prefer to delay surgery 
to allow the patient to grow enough to be fi t with larger 
grafts(4). Other studies have reported no diff erence in 
the mortality rates of adult and pediatric patients(1,4,21). 
Deraz et al(22) reported that age had no infl uence on the 
outcomes or ventricular function. This suggests that 
further study or systematic review about the optimal 
age the patients should undergo the Fontan procedure 
may be required.

Fenestration
Fenestrated Fontan was fi rst described by Bridges 

et al (1990). It is indicated in high-risk patients to 
diminish post-operative complications such as low 
post-operative cardiac output, pleural and pericardial 
eff usion, ventricular dysfunction, exercise intolerance, 
and protein-losing enteropathy(23). Fenestrated 
Fontan is performed routinely at some institutions. 
However, some studies showed no diff erence in terms 
of late outcomes between patients that underwent 
the fenestrated Fontan procedure and those that 
underwent the non-fenestrated procedure(24). In 
addition, fenestration can cause complications, such as 
systemic emboli, stroke, decreased exercise tolerance, 
and systemic desaturation(24,25), which were not found 
in the authors’ study. Therefore, it is recommended 
that fenestration only be performed in selective 

Table 5. Hazard ratios for risk of hospital mortality 
outcome

Variables HR 95% CI p-value

Sex: male 2.72 0.28 to 26.13 0.355

Age (years) 1.14 0.16 to 8.11 0.895

Dominant RV 5.16 0.73 to 36.64 0.119

Heterotaxy 6.49 0.67 to 62.61 0.075

Fenestration 2.00 0.21 to 19.23 0.528

PA pressure ≥15 mmHg 11.07 1.15 to 106.64 0.022

CPB time ≥120 minutes 1.55 0.16 to 14.91 0.695

RV=right ventricle; PA=pulmonary artery; CPB=cardio-
pulmonary bypass; HR=hazard ratio; CI=conϐidence interval
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cases. The authors also have the selective criteria for 
fenestration in patients who are at risk for Fontan 
failure including those with PA pressure greater than 
15 mmHg, unfavorable PA confi guration, concomitant 
PA reconstruction, have previously presented with 
chylothorax, or suffered from prolonged pleural 
eff usion at the time the bidirectional Glenn operation 
was performed. In the present study, the authors found 
that majority of patients had PA pressure greater than 
12 mmHg. The mean PA pressure of patients with 
mortal outcomes was more than 15. About 50% of 
the present patients received fenestration at the time 
of Fontan completion.

Prolonged pleural effusion drainage, chylothorax, and 
protein losing enteropathy

Prolonged eff usion is a common problem after 
undergoing the modifi ed Fontan procedure especially 
in cases in which ECC Fontan is performed(26). 
In the present series, 44% of patients developed 
prolonged pleural eff usion and one patient developed 
chylothorax. This number is quite high when 
compared to other studies, in which the incidence of 
post-operative persistent pleural eff usion was about 
37% to 38.9%(27,28). Vogel et al(19) reported that patients 
younger than 2.5 years old had less prolonged pleural 
eff usion when compared to older patients, which is 
consistent with a study by Fedderly et al(29) that found 
the patients over four years of age had signifi cantly 
higher rates post-operative persistent pleural eff usion. 
Although the risks factors that contribute to prolonged 
pleural eff usion are unclear, pre- and post-operative 
infection, non-fenestration, and low pre-operative 
oxygen saturation may be related(27,29). Prolonged 
pleural effusions after the Fontan procedure is a 
challenging problem and can lead to increased post-
operative morbidity and prolonged hospital stay. 
Poh et al(11) reported that prolonged pleural eff usion 
is a signifi cant predictor of late death post-Fontan 
surgery (HR 1.18, 95% CI 1.09 to 1.29, p<0.001). 
Some protocols have been developed to decrease 
the risk of this complication occurring such as 
the early initiation of diuretic, fluid restriction, 
continued oxygen supplementation, and a low-fat 
diet(30). This protocol is similar to the techniques the 
authors used in the management of patients with 
persistent pleural eff usion. Fortunately, all of the 
present patients who developed persistent pleural 
eff usion and chylothorax improved with conservative 
treatment and no further procedures were required. 
Protein losing enteropathy is also one of the common 
complications after Fontan procedure. Most patients 

have gastrointestinal symptoms such as diarrhea, 
abdominal pain, hypoalbuminemia, hypoproteinemia, 
low serum calcium, lymphocytopenia, elevated 
alpha-1 antitrypsin in the stool and increased alpha-1 
antitrypsin clearance. Technetium 99m-labeled 
human serum albumin scintigraphy may be used to 
confi rm the diagnosis. In the authors institute, the 
physicians usually consider the patients developing 
protein losing enteropathy complication when they 
present with gastrointestinal symptoms and blood tests 
show characteristic of protein losing as previously 
mentioned. There were no cases of protein-losing 
enteropathy following the procedure in the present 
study.

Graft thrombosis
The incidence of post-operative Fontan thrombosis 

and thromboembolic events varies from 3% to 
20%(31). The risk factors for this condition include 
chronic systemic venous hypertension, protein losing 
enteropathy, passive blood fl ow, conduit stenosis, 
prosthetic material used, prolonged using of central 
venous lines, and lower FiO₂ after the procedure(31,32). 
Three patients developed graft thrombosis in the 
present study (8.3%). Two were diagnosed with 
early partial thrombosis and treated successfully 
with anticoagulant before discharge. One patient 
had the problem with graft kinking from the surgical 
technique and required re-operation for correction. 
Early administration of low molecular weight heparin 
(enoxaparin) and warfarin were initiated post-
operatively to prevent graft thrombosis according 
to the present protocol. When the international 
normalized ratio (INR) is in therapeutic level as 1.5 
to 2, administration of Enoxaparin is discontinued 
while warfarin is continued for two years after the 
surgery. Some institutions may prefer to use aspirin 
as a prophylactic medication instead of warfarin. 
Some studies found no difference in terms of 
eff ectiveness between aspirin and warfarin in cases 
of thrombotic prophylaxis(32,33). However, care should 
be taken in administering aspirin in adult patients, as 
aspirin resistance can occur due to increased platelet 
activities(34).

Arrhythmia
Atrial tachyarrhythmia is a major late complication 

in adult Fontan patients. Giannakoulas et al(2) reported 
that late atrial tachyarrhythmia in adult patients is 
associated with higher morbidity and mortality at a 
mid-term follow-up. However, early arrhythmia did 
not aff ect the outcome. The prevalence of overall atrial 
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arrhythmia following ECC Fontan is approximately 
8% to 15%(24,35,36). The occurrence rate of early 
tachyarrhythmia post-operation has been shown to 
be about 8%(35), which is comparable to the present 
results. In the present study, two patients (5%) 
developed early tachyarrhythmia and were treated 
successfully with medication. Recent studies have 
reported that the prevalence of clinically relevant 
arrhythmia increases significantly with age(37,38). 
However, the authors did not fi nd any relationship 
between age and arrhythmia in the present study. No 
late arrhythmia was observed at a fi ve-year follow-up. 
The risk factors for post-operative arrhythmia are still 
unclear. Atriopulmonary connection or lateral tunnel 
modifi ed Fontan operations are particularly likely to be 
risk factors for post-operative arrhythmia(36). However, 
in a report by Balaji et al(35), the type of Fontan was not 
related to arrhythmia outcome. Other risk factors to 
increase post-operative arrhythmia include heterotaxia 
syndrome and common atrioventricular valve(11).

Hepatic dysfunction
The Fontan operation is associated with late 

hepatic dysfunction due to systemic venous congestion. 
A report by Agnoletti et al(39) found that cardiac output 
had decreased significantly five years after the 
operation, while New York Heart Association (NYHA) 
class had increased signifi cantly. Patients with NYHA 
class II/III have been shown to have remarkably higher 
hepatic pressure levels. In the authors’ institution, 
a hepatic function test is conducted once early in 
the follow-up period and subsequently as clinically 
indicated. There is no policy to perform routine 
abdominal ultrasounds except in cases that clinical or 
lab data are abnormal. However, recent studies have 
reported that lab abnormality detection is probably 
not sensitive enough to detect hepatic problems 
early as most patients who have Fontan-associated 
liver disease (FALD) are asymptomatic and have 
normal hepatic function(24,40). This may be the reason 
the authors could not identify any patients who had 
late FALD following the procedure. High-frequency 
ultrasound transducer is a good screening tool for 
early FALD detection and may also be able to detect 
early-stage fi brosis by demonstrating hyper-echoic 
lesions without surface nodularity(41).

Limitation
The limitation of the present study is that it was 

retrospective and conducted in a single institute. There 
was also limited data on late mortality and morbidity 
due to the short follow-up period. The small number 

of patients might also limit the reliability of the 
present study in terms of statistical analysis and the 
identifi cation of risk factors.

Conclusion
The authors found that late ECC Fontan 

completion yielded acceptable outcomes. The 
mortality rate was comparable to that in younger 
patients. The main causes of death were the ventricular 
failure and low cardiac output. High PA pressure 
(greater than 15 mmHg) was found to be a risk factor 
for early mortality. The prevalence of post-operative 
persistent pleural eff usion was higher in older patients 
following the procedure, but the other complications, 
such as PLE, arrhythmia, graft thrombosis, and hepatic 
dysfunction, did not diff er from the other patients.

What is already known on this topic?
Although most surgeons prefer to perform early 

Fontan operation, the optimal age at the time of Fontan 
completion is still a controversy. This is because the 
outcomes of the patient that underwent late Fontan 
operation remain inconclusive.

What this study adds?
The outcomes of late Fontan completion are 

acceptable and comparable to early completion. 
However, the incidence of post-operative persistent 
pleural eff usion is higher.

Acknowledgement
This research was supported by the Khon Kaen 

University Cardiovascular and Thoracic Surgery 
Research Group.

Conflicts of interest
The authors declare no confl ict of interest.

References
1. Burkhart HM, Dearani JA, Mair DD, Warnes CA, 

Rowland CC, Schaff  HV, et al. The modifi ed Fontan 
procedure: early and late results in 132 adult patients. 
J Thorac Cardiovasc Surg 2003;125:1252-9.

2. Giannakoulas G, Dimopoulos K, Yuksel S, Inuzuka 
R, Pijuan-Domenech A, Hussain W, et al. Atrial 
tachyarrhythmias late after Fontan operation are 
related to increase in mortality and hospitalization. Int 
J Cardiol 2012;157:221-6.

3. Shiraishi S, Yagihara T, Kagisaki K, Hagino I, 
Ohuchi H, Kobayashi J, et al. Impact of age at Fontan 
completion on postoperative hemodynamics and 
long-term aerobic exercise capacity in patients with 
dominant left ventricle. Ann Thorac Surg 2009;87: 



J Med Assoc Thai | Vol.102 | No.4 | April 2019 421

555-60.
4. Lytrivi ID, Sfyridis PG, Papagiannis J, Kirvassilis G, 

Zavaropoulos P, Sarris GE. Impact of age at fontan 
completion on functional status at mid-term follow 
up. Hellenic J Cardiol 2011;52:118-22.

5. Mott AR, Feltes TF, McKenzie ED, Andropoulos DB, 
Bezold LI, Fenrich AL, et al. Improved early results 
with the Fontan operation in adults with functional 
single ventricle. Ann Thorac Surg 2004;77:1334-40.

6. Chaikitpinyo A, Panamonta M, Tantisirin C, Kuptanon 
C, Prathanee S. The clinical outcomes in children with 
cyanotic congenital heart diseases. Srinagarind Med J 
2007;22:24-31.

7. Ohuchi H, Kagisaki K, Miyazaki A, Kitano M, Yazaki 
S, Sakaguchi H, et al. Impact of the evolution of the 
Fontan operation on early and late mortality: a single-
center experience of 405 patients over 3 decades. Ann 
Thorac Surg 2011;92:1457-66.

8. Prachasilchai P, Promphan W, Katanyuwong P, 
Layangool T, Sangtawesin C, Kirawittaya T, et al. 
Outcomes of straightforward extracardiac Fontan 
operation in advanced-age group. J Med Assoc Thai 
2014;97 Suppl 6:S205-12.

9. Rogers LS, Glatz AC, Ravishankar C, Spray TL, 
Nicolson SC, Rychik J, et al. 18 years of the Fontan 
operation at a single institution: results from 771 
consecutive patients. J Am Coll Cardiol 2012;60: 
1018-25.

10. Hosein RB, Clarke AJ, McGuirk SP, Griselli M, 
Stumper O, De Giovanni JV, et al. Factors infl uencing 
early and late outcome following the Fontan procedure 
in the current era. The ‘Two Commandments’? Eur J 
Cardiothorac Surg 2007;31:344-52.

11. Poh CL, d’Udekem Y. Life after surviving Fontan 
surgery: A meta-analysis of the incidence and 
predictors of late death. Heart Lung Circ 2018;27: 
552-9.

12. McGuirk SP, Winlaw DS, Langley SM, Stumper 
OF, De Giovanni JV, Wright JG, et al. The impact of 
ventricular morphology on midterm outcome following 
completion total cavopulmonary connection. Eur J 
Cardiothorac Surg 2003;24:37-46.

13. Schwartz I, McCracken CE, Petit CJ, Sachdeva R. 
Late outcomes after the Fontan procedure in patients 
with single ventricle: a meta-analysis. Heart 2018;104: 
1508-14.

14. Yoshimura N, Yamaguchi M, Oshima Y, Oka S, Ootaki 
Y, Tei T, et al. Risk factors infl uencing early and late 
mortality after total cavopulmonary connection. Eur J 
Cardiothorac Surg 2001;20:598-602.

15. Alsaied T, Bokma JP, Engel ME, Kuijpers JM, Hanke 
SP, Zuhlke L, et al. Factors associated with long-term 
mortality after Fontan procedures: a systematic review. 
Heart 2017;103:104-10.

16. Ohuchi H, Yasuda K, Miyazaki A, Iwasa T, Sakaguchi 
H, Shin O, et al. Comparison of prognostic variables 
in children and adults with Fontan circulation. Int J 
Cardiol 2014;173:277-83.

17. Cecchin F, Johnsrude CL, Perry JC, Friedman RA. 
Eff ect of age and surgical technique on symptomatic 
arrhythmias after the Fontan procedure. Am J Cardiol 
1995;76:386-91.

18. Ota N, Fujimoto Y, Murata M, Tosaka Y, Ide Y, Tachi 
M, et al. Impact of postoperative hemodynamics in 
patients with functional single ventricle undergoing 
Fontan completion before weighing 10 kg. Ann Thorac 
Surg 2012;94:1570-7.

19. Vogel M, Staller W, Buhlmeyer K, Sebening F. 
Infl uence of age at time of surgery on pre-operative left 
ventricular mass and postoperative outcome of Fontan 
operation in children with tricuspid atresia and native 
pulmonary stenosis. Herz 1992;17:228-33.

20. Pizarro C, Mroczek T, Gidding SS, Murphy JD, 
Norwood WI. Fontan completion in infants. Ann 
Thorac Surg 2006;81:2243-8.

21. Fujii Y, Sano S, Kotani Y, Yoshizumi K, Kasahara 
S, Ishino K, et al. Midterm to long-term outcome of 
total cavopulmonary connection in high-risk adult 
candidates. Ann Thorac Surg 2009;87:562-70.

22. Deraz S, Ismail MF, Jamjoom A. Outcome of early 
and late onset Fontan operation in patients with 
univentricular heart repair. Egypt Heart J 2014;66: 
171-6. 

23. Lemler MS, Scott WA, Leonard SR, Stromberg D, 
Ramaciotti C. Fenestration improves clinical outcome 
of the fontan procedure: a prospective, randomized 
study. Circulation 2002;105:207-12.

24. Fiore AC, Tan C, Armbrecht E, Huddleston CB, 
Kim E, Goel N, et al. Comparison of fenestrated 
and nonfenestrated patients undergoing extracardiac 
Fontan. Ann Thorac Surg 2014;97:924-31.

25. Salazar JD, Zafar F, Siddiqui K, Coleman RD, Morales 
DL, Heinle JS, et al. Fenestration during Fontan 
palliation: now the exception instead of the rule.              
J Thorac Cardiovasc Surg 2010;140:129-36.

26. Mascio CE, Wayment M, Colaizy TT, Mahoney LT, 
Burkhart HM. The modifi ed Fontan procedure and 
prolonged pleural eff usions. Am Surg 2009;75:175-7.

27. Fu S, Feng ZC, Dietmar S. Factors infl uencing pleural 
eff usion after Fontan operation: an analysis with 95 
patients. Chin Med Sci J 2010;25:38-43.

28. Gupta A, Daggett C, Behera S, Ferraro M, Wells W, 
Starnes V. Risk factors for persistent pleural eff usions 
after the extracardiac Fontan procedure. J Thorac 
Cardiovasc Surg 2004;127:1664-9.

29. Fedderly RT, Whitstone BN, Frisbee SJ, Tweddell JS, 
Litwin SB. Factors related to pleural eff usions after 
Fontan procedure in the era of fenestration. Circulation 
2001;104:I148-I151.

30. Pike NA, Okuhara CA, Toyama J, Gross BP, Wells WJ, 
Starnes VA. Reduced pleural drainage, length of stay, 
and readmissions using a modifi ed Fontan management 
protocol. J Thorac Cardiovasc Surg 2015;150:481-7.

31. Firdouse M, Agarwal A, Chan AK, Mondal T. 
Thrombosis and thromboembolic complications in 
fontan patients: a literature review. Clin Appl Thromb 



422 J Med Assoc Thai | Vol.102 | No.4 | April 2019

Hemost 2014;20:484-92.
32. McCrindle BW, Manlhiot C, Cochrane A, Roberts R, 

Hughes M, Szechtman B, et al. Factors associated with 
thrombotic complications after the Fontan procedure: 
a secondary analysis of a multicenter, randomized trial 
of primary thromboprophylaxis for 2 years after the 
Fontan procedure. J Am Coll Cardiol 2013;61:346-53.

33. Potter BJ, Leong-Sit P, Fernandes SM, Feifer A, 
Mayer JE Jr, Triedman JK, et al. Eff ect of aspirin and 
warfarin therapy on thromboembolic events in patients 
with univentricular hearts and Fontan palliation. Int J 
Cardiol 2013;168:3940-3.

34. Tomkiewicz-Pajak L, Wojcik T, Chlopicki S, 
Olszowska M, Pajak J, Podolec J, et al. Aspirin 
resistance in adult patients after Fontan surgery. Int J 
Cardiol 2015;181:19-26.

35. Balaji S, Daga A, Bradley DJ, Etheridge SP, Law 
IH, Batra AS, et al. An international multicenter 
study comparing arrhythmia prevalence between the 
intracardiac lateral tunnel and the extracardiac conduit 
type of Fontan operations. J Thorac Cardiovasc Surg 
2014;148:576-81.

36. Lasa JJ, Glatz AC, Daga A, Shah M. Prevalence of 

arrhythmias late after the Fontan operation. Am J 
Cardiol 2014;113:1184-8.

37. Idorn L, Juul K, Jensen AS, Hanel B, Nielsen KG, 
Andersen H, et al. Arrhythmia and exercise intolerance 
in Fontan patients: current status and future burden. Int 
J Cardiol 2013;168:1458-65.

38. Stephenson EA, Lu M, Berul CI, Etheridge SP, Idriss 
SF, Margossian R, et al. Arrhythmias in a contemporary 
fontan cohort: prevalence and clinical associations in 
a multicenter cross-sectional study. J Am Coll Cardiol 
2010;56:890-6.

39. Agnoletti G, Ferraro G, Bordese R, Marini D, Gala S, 
Bergamasco L, et al. Fontan circulation causes early, 
severe liver damage. Should we off er patients a tailored 
strategy? Int J Cardiol 2016;209:60-5.

40. Greenway SC, Crossland DS, Hudson M, Martin SR, 
Myers RP, Prieur T, et al. Fontan-associated liver 
disease: Implications for heart transplantation. J Heart 
Lung Transplant 2016;35:26-33.

41. Bae JM, Jeon TY, Kim JS, Kim S, Hwang SM, Yoo SY, 
et al. Fontan-associated liver disease: Spectrum of US 
fi ndings. Eur J Radiol 2016;85:850-6.


