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Abstract 

Background  The Fontan operation has improved the survival of children born with congenital heart disease with 
single ventricle physiology. The most widely adopted variations of the Fontan procedure are the extracardiac conduit, 
the lateral tunnel ve the intra/extracardiac conduit with fenestration. Despite advances in the treatment and pre-
vention of early and late complications that may develop after Fontan surgery, morbidity still remains an important 
problem.

Methods  304 patients who underwent Fontan surgery in our center between 1995 and 2022 were included in our 
study. The complications that developed in patients who underwent primary Fontan or lateral tunnel surgery and 
extracardiac conduit Fontan application were compared.

Results  Classic Fontan surgery and lateral tunnel surgery were performed in 26 of the patients, and extracardiac 
Fontan surgery was performed in 278 patients. 218 of 304 cases were patients with single ventricular pathology. 86 
cases were patients with two ventricular morphologies but complex cardiac pathology. Fenestration was performed 
in only 6 patients, other patients did not require fenestration. The mean follow-up period of our patients was 12 years 
(3 months–27 years). When the complications between Fontan procedures were compared in our study, it was found 
that the length of hospital stay and mortality were statistically significantly reduced in patients who underwent ext-
racardiac Fontan surgery. There was no significant difference in terms of complications that can be seen after Fontan 
surgery and the length of stay in the intensive care unit.

Conclusion  Fontan complex is a palliative surgery for children with complex heart disease. Palliative surgical opera-
tions aimed at the preparation of the Fontan circulation lead to the preparation of the pulmonary vascular bed and 
the preservation of ventricular function. The techniques applied in Fontan surgery affect the early and long-term 
complications and the survival of the patients. In our study, when we examined the patients who extracardiac conduit 
Fontan procedure for the non-cardiac route, we found that mortality and morbidity were minimal.
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Introductıon
The beginning of Fontan surgery in 1968 marked a 
turning point in the treatment and prognosis of the 
most complex congenital heart diseases [1]. The Fon-
tan procedure provides a palliative treatment option 
for pediatric patients with functionally single ventricle 
congenital heart disease, with an estimated incidence 
of 0.08 to 0.4 per 1000 live births [2].

Today, it is a preferred palliative surgery method in con-
genital heart diseases with single ventricular anatomy and 
physiology and in other complex groups that do not allow 
biventricular repair (unbalanced ventricular, atrioventricu-
lar septal defect (AVSD), double outlet right ventricle, whole 
correction). possibilities, complex transposition of the great 
arteries, etc.). This surgical technique distinguishes between 
pulmonary and systemic venous return [3].

The original approach was a Glenn shunt, which 
describes patients with tricuspid atresia and was first 
applied by Fontan et al. [1] in 1968, where the superior 
vena cava is connected to the right pulmonary artery. 
Few changes have been made since then. Shortly after 
Fontan, Kreutzer et al. [4] described modified atriopul-
monary connection techniques. The right atrial-right 
ventricular connection was reported by Björk et al. [5] 
in 1979. The total cavopulmonary connection (TCPC) 
or lateral tunnel, which is still widely practiced, has 
started to be used by Laval et al. [6] in 1988.

Fontan operation is performed not only in cardiac mal-
formations with single ventricular morphology, but also 
in almost all cardiac malformations that are not suit-
able to biventricular repair. Early and late death rates 
are constantly decreasing,owing to advances in surgical 
technique and perioperative care, the development of 
preoperative selection criteria, and innovations in medi-
cal and interventional treatment strategies [7–10].

There was a clear decrease in early death rates after 
the fontan procedure.The early death rate, which was 
20.1% in the first studies, decreased to 0.5% in the lat-
est publications [11–15]. Decrease in systemic ven-
tricular systolic and diastolic function, increase in 
pulmonary vascular resistance, development of sys-
temic venous thrombus, protein-losing enteropathy, 
lymphatic dysfunction, development of arrhythmia, 
liver dysfunction are important in the long-term per-
formance of the Fontan circulation [16–20].

The purpose of this review is to summarize our clini-
cal experience and our results regarding the morbidity 
and mortality observed after Fontan surgery.

Methods
304 patients who underwent Fontan surgery in our pedi-
atric cardiovascular surgery unit of Florence Nightingale 
Hospital between 1995 and 2022 were included in the 

study. The patients were evaluated in pediatric cardiol-
ogy and Fontan operation was decided by the surgical 
council. All of the patients were evaluated in our pedi-
atric cardiology and pediatric cardiovascular surgery 
council in our hospital. The information of the patients 
was scanned retrospectively from the records in the hos-
pital database.

Of the 304 patients included in our study, 26 patients 
underwent classical Fontan or lateral tunnel sur-
gery (LT), and 278 patients underwent extracardiac 
Fontan(ECC) surgery. Of 304 cases, 218 had single ven-
tricular pathology, 86 had complex cardiac pathologies 
with biventricular morphology but not amenable to 
biventricular repair.

Choussat and Fontan proposed 10 criteria for the 
success of Fontan surgery and for reducing the risk. 
Choussat and Fontan criteria [21]: 1. The operation 
should be performed between the ages of 3–15, 2. 
The heart rhythm is sinus rhythm, 3. Systemic venous 
return is normal, 4. Right atrial volume is normal, 5. 
Mean pulmonary artery pressure is ≤ 15  mmHg, 6. 
Pulmonary arterial resistance < 4  U/m2, 7. Pulmonary 
artery diameter / Aorta diameter > 0.75, 8. Left ventric-
ular ejection fraction ≥ 60%, 9. Mitral valve intact, 10. 
Problems related to previous pulmonary artery surger-
ies absence.

Our patients were evaluated by the pediatric car-
diology and cardiovascular surgery council, and sur-
gery was decided for the patients who met the criteria. 
Fontan surgery was performed with the decision of the 
pediatric cardiology council (26 months, 29 months and 
31 months) in 3 patients who had the above parameters 
but were younger than 3 years old.

Currently, the most acceptable methods of Fontan 
connection are extracardiac conduit and lateral tunnel 
total cavopulmonary connection. In the lateral tunnel 
operation, the superior vena cava is connected directly 
to the pulmonary artery and the inferior vena cava is 
connected to the pulmonary artery through a channel 
(lateral tunnel tunnel). The lateral tunnel technique cre-
ates a perfect flow towards the pulmonary artery, pre-
serves low pressure conditions in the coronary atrium 
and involves a low risk of injury to the atrioventricular 
node. The intra-extracardiac conduit Fontan modifica-
tions were performed with cardiopulmonary bypass 
(CPB), aortic cross-clamping, and cardioplegic arrest 
by using an oblique low right atriotomy to anastomose 
a beveled expanded polytetrafluoroethylene (ePTFE) 
conduit to the internal opening of the inferior vena cava 
(IVC) to the right atrium.

EC Fontan modifications were performed on the CPB 
in a standard manner with end-to-end anastomosis of 
an ePTFE channel to the split caudal end of the IVC. 
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Number 20 and 22 Gore-tex (W. L. Gore & Associates, 
Flagstaff, AZ) ring-supported PTFE condiuits was used 
in all patients.

Fenestration was performed in only 6 patients, other 
patients did not require fenestration. A fenestration was 
created using a 5 mm aortic staple along the left lateral 
aspect of the canal immediately cranial to the IVC-con-
duit anastomosis, followed by anastomosis around the 
fenestration of the cardiac end of the split IVC as before. 
VEDP > 2 mm Hg, MPAP > 15 mm Hg, PVR > 2 Wood U/
m2, moderate or more atrioventricular valve insufficiency, 
and moderate or more systemic ventricular dysfunction 
were detected in 6 patients who received Fenestrated 
Fontan. Prolonged pleural effusion was defined as the 
need for a chest tube for > 14 days [22].

Protein C, protein S, antithrombin III and factor 
VIII levels are evaluated in the follow-up of the risk of 
thromboembolism.

Fındıngs
304 patients who had Fontan surgery between 1995 and 
2022 were included in the study. The age range of our 
patients was 2–17 years (mean 5.3 years, standart devi-
ation 3,42). 171 of the patients were male and 133 were 
female.

Classic Fontan or lateral tunnel surgery was per-
formed on 26 patients between 1995 and 1998. Ext-
racardiac Fontan surgery was performed with 20 or 
22 Goretex in 278 cases between 1999 and 2022. The 
mean age of the patients at Fontan surgery was 5.3, and 
ranged from 2 to 17 years. The surgical procedures per-
formed before Fontan surgery and the demographic 
information of the patients are shown in Table 1.

218 of 304 cases were patients with single ventricular 
pathology. 86 cases were patients with two ventricular 
morphologies but complex cardiac pathology. Of the 
patients with complex cardiac pathology, 45 had cor-
rected-TGA-VSD-PS, 12 had criss cross heart, 11 had 
DORV, 6 had CAVC-TOF, 3 had D-TGA-VSD-PS, 2 had 
IVS-pulmonary atresia, and the last 2 patient groups 
had hypoplastic tricuspid valves. The distribution of 
these pathologies is shown in Table 2.

The age range of these 86 cases was between 4 and 17 
(mean 5.1 ± 1.5), 48 of them were boys and 38 of them 
were girls. The hospital stay ranged from 7 to 46  days 
(mean 13 days). The procedures applied to 86 patients 
with biventricular morphology before Fontan surgery 
are shown in Table 3.

In our follow-up, the mean follow-up period of our 
patients was 12 years (3 months–27 years).

Table 1  Information of patients who have had Fontan surgery 
(n = 304)

Age (years) 5.3 ± 3.43 (2–17)

Male (n,%) 171 (56%)

Female (n,%) 133 (44%)

Dominant ventricular morphology (%) Right ventricle (129, 42%)

Left ventricle (172, 57%)

Undetermined ventricle (3, 1%)

Primer Fontan (n,%) 11 (4%)

Fontan after BT shunt (n,%) 14 (5%)

Fontan after Glenn (n,%) 190 (62%)

Table 2  Pathologies of patients with biventricular morphology (n = 86)

Dextrocardi 
situs ınversus

Dextrocardi 
situs solitus

Dextrocardi 
coronary 
anomalies

Levocardi 
situs 
solitus

Right atrial 
Isomerism

Left atrial 
ısomerism

Remote VSD Coroner 
sinusoids

AV valve-
straddling 
overriding 
pathologies

Corrected TGA-
VSD-PS (n = 45)

11 7 – 24 2 1 – – –

Criss-cross-
heart-VSD-PS 
(n = 12)

5 2 – 2 2 1 – – 4

DORV (n = 11) 2 1 3 5 – 3 – 6

CAVC-TOF 
(n = 6)

1 1 – – 3 1 – – 2

D-TGA-VSD-PS 
(n = 3)

– – – 3 – – – – –

TOF-Hypoplas-
tic tricuspid 
valve (n = 2)

– – – 2 – – – – –

IVS-Pulmoner 
atresie (n = 2)

– – – 2 – – – – –
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Early and mid-term postoperative complications in our 
patients who underwent Fontan operation are shown in 
Table 4.

Postoperative morbidity and mortality of patients who 
underwent classical Fontan and extracardiac Fontan sur-
gery were compared. Patients undergoing extracardiac 
Fontan operation mean hospital stay was 14.5  days and 
16  days in patients treated with classical Fontan. There 
was a statistically significant difference between the two 
groups (p < 0.000).

Comparing the mortality rates between the 2 groups. 
Mortality was found to be low in Extracardiac Fontans 
(p < 0.004). When the two groups were compared in 
terms of length of stay in intensive care unit (ICU), acute 
renal failure, nodal rhythm, temporary neurologic prob-
lem, prolonged pleural drainage, hemorrhagiac revision, 
protein loosing enteropathy, there was no statistically sig-
nificant difference (p > 0.05). The median pleural effusion 
time in patients who received extracardiac Fontan at our 
center was 15 (IQR 10.0–20.7) days.

Two patients (%2.3) who developed protein-losing 
enteropathy and associated hypoalbuminemia were con-
trolled with medical treatment and physical exercises. 
Thrombo-embolism and graft thrombosis did not devel-
opment 4 of our female patients got married and had 
children.

Fontan operation was performed on 86 patients with 
complex pathology unsuitable for biventricular repair. 
No hospital mortality was observed in this group. Two 
of our patients with single ventricular morphology died. 
The first patient to die had hemiparesis due to preexisting 
SVA. The patient, who could not be mobilized after sur-
gery, died at the 3rd postoperative month due to sepsis 
developing after low cardiac output. The second patient 
died due to sudden cardiac arrest after postoperative per-
icardial tamponade treatment.

Dıscussıon
The Fontan procedure was developed in humans in the 
early 1970s for situations where there are no two separate 
ventricles to pump blood in parallel to the pulmonary and 
systemic circulation [23]. However, it is currently used in 
functional single ventricular pathologies where biven-
tricular repair is not. The progression of the procedures 
applied to patients with single ventricular morphology 
has been divided into 4 generations. The atriopulmonary 
Fontan Kreutzer procedure was used in the first genera-
tion, lateral tunnel FP in the second generation, extra-
cardiac canal FP in the third generation, and fenestrated 
intra/extracardiac canal in the fourth generation.

Of the patients in our study, 218 had single ventricular 
pathology, 86 patients had functional single ventricular 
pathology despite having biventricular anatomy. Extra 
cardiac conduit FP in 276 patients, lateral tunnel FP was 
performed in 26 patients, and the intra/extracardiac con-
duit with fenestration was performed in 6 patients.

In addition to single ventricular condition, the biven-
tricular approach is avoided in some cardiac malfor-
mations. Patients may have inadequate ventricles (for 
example hypoplastic left ventricle in Shone’s syndrome) 
or AV valves (e.g. pulmonary atresia/tricuspid stenosis 
with unimpaired ventricular septum), c-TGA, unbal-
anced AV canal defect, DORV with unspecified VSD 

Table 3  Procedures applied to patients with biventricular 
morphology before Fontan surgery and their information (n = 86)

Age at definitive procedure (years) 5.1 ± 1.5 (4–17)

Weight at definitive procedure (kg) 8.0 ± 2.2

Dominant ventricular morphology (n,%) Left ventricle (48, 56%)

Right ventricle (38, 44%)

Fontan after Glenn (n,%) 32 (37%)

Fontan after BT shunt (n,%) 2 (2%)

Fontan after BT shunt + Glenn (n,%) 52 (60.%)

Table 4  Complications after Fontan surgery

Classic Fontan (n = 26) Extracardiac Fontan (n = 278) p value

Mean hospital stay (days) 16 14 0.000

Median ICU stay (days) 3 2 0.255

Acut renal failure (n,%) – 3 (1%) 0.596

Nodal rhythm (n,%) 1 (4%) 13 (5%) 0.847

Temporary neurological problem (n,%) – 1 (1%) 0.760

Prolonged pleural drainage (n,%) 1 (4%) 21 (8%) 0.487

Hemorrhage revision (n,%) – 4 (2%) 0.540

Protein-losing enteropathy (n,%) – 2 (1%) 0.666

Mortality (n,%) 2 (8%) 2 (1%) 0.003
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or heterotaxy syndromes with complex ventricular 
relationships.

In the pathologies of patients with a functional sin-
gle ventricle; Syndromes of c-TGA, criss-cross heart, 
D-TGA-VSD-PS, TOF-hypoplastic tricuspid valve, pul-
monary atresia with intact ventricular septum, unstable 
AV channel, DORV with unspecified VSD, or heterotaxy 
with complex ventricular association have been reported. 
The presence of cardiac positions (situs inversus/solitus 
and heterotaxy syndromes) accompanying these patholo-
gies are similar to those written in the literature [24]. 
Consistent with the literature, dextrocardi-situs inversus 
was seen in 19 cases, dextrocardi-situs solitus in 11 cases, 
right atrial isomerism in 12 cases, left atrial isomerism in 
3 cases.

Developments began in the early 1980s to achieve a 
successful Fontan circulation. Conclusions for children 
with a functional single ventricle were significantly devel-
oped with the modified Fontan operation. Ventricular 
function and well-developed pulmonary vascular bed 
are important factors affecting the prognosis for the Fon-
tan circulation to work successfully [25–27]. Additional 
surgical procedures were performed to prepare patients 
for a well-functioning Fontan circulation and to ensure 
its long-term success. Hopkins and colleagues proposed 
bilateral cavopulmonary anastomosis before Fontan was 
completed. Before Fontan surgery in our patient popu-
lation; Glenn shunt was applied to 190 patients, BT 
shunt + Glenn shunt to 89 patients and BT shunt to 14 
patients. Surgery was performed before Fontan surgery 
in 86 patients with single ventricular function in our 
study.Glenn shunt was applied to 32 patients, Glenn + BT 
shunt to 52 patients, and BT shunt to 2 patients. The 
effect of additional procedures performed before the 
completion of the Fontan circulation on the patient’s 
prognosis is very important. Palliative surgical operations 
for the preparation of the Fontan circulation, they lead to 
preparation of the pulmonary vascular bed and preserva-
tion of ventricular function [28, 29].

During stage 2 palliation, systemic-pulmonary artery 
shunts placed in stage 1 palliation are closed. Because 
the diastolic circulation steals blood from the coronary 
circulation, early closure of the systemic pulmonary 
artery shunt is important as it may lead to a decrease in 
the capasity of the future single ventricle. Compared to 
bT shunt, the Glenn procedure provides a better perfor-
mance for hemodynamics and is a more effectual method 
for pulmonary gas exchange [30, 31].

In our study, BT shunt was applied to 103 (33%) 
patients, Glenn shunt and BT shunt were applied to 89 
patients as palliative surgery before Fontan operation. 
Thus contributing to the development of the pulmonary 

artery. However, it can also cause an increase in pulmo-
nary pressure.

Stage 3 Fontan procedure gave better results in patients 
with previous bilateral cavopulmonary anastomosis. 
In addition to the stage 2 palliation, we performed pul-
monary artery patch augmentation, AV valve repair, 
and atrial septectomy procedures. Systemic-pulmonary 
artery shunts placed between them during stage 1 pallia-
tion should be closed after stage 2 palliation.

The most important reason for early closure of sys-
temic pulmonary artery shunt is that it may lead to a 
decrease in the performance of the future single ventricle 
as diastolic flow steals blood from the coronary circula-
tion. If we compare the bidirectional Glenn procedure 
with a BT shunt, we see that it is a more effective method 
of pulmonary gas exchange, and in addition, it provides 
better hemodynamic performance in patients.

The NHLBI-funded Pediatric Heart Network has fol-
lowed a cohort of Fontan patients for nearly 20 years. A 
recent study of this cohort (Fontan 3) found that ven-
tricular morphology had no effect on survival of the 
373 patients (mean age 21 years) included. Large cohort 
studies concluded that ventricular morphology was 
not among the risk factors for morbidity and mortality 
observed after the Fontan procedure [32–34].

Marathe et  al. examined whether the Fontan proce-
dure applied to patients with biventricular morphology 
was better than the Fontan procedure applied to patients 
with single ventricular morphology. The group stud-
ied 1377 patients in the Australia-New Zealand Fontan 
(ANZFR) registry and have been followed for an average 
of 11.5 years since Fontan. 79 of the patients had biven-
tricular anatomy. Comparing patients with single ven-
tricular anatomy and patients with biventricular anatomy 
when mortality and postoperative complications were 
compared, they found that there was no significant differ-
ence between the groups. [35].

Rossi et  al. In their study of ventricular morphology 
in patients undergoing the Fontan procedure, they con-
cluded that having an additional ventricle did not signifi-
cantly differ in morbidity or mortality. This retrospective 
study reviewed all patients who underwent the Fontan 
operation over a remarkably long period of 40 years. In 
contrast to the ANZFR study, 22% of the 210 patients met 
the criteria of biventricular Fontan. There was also good 
distribution of dominant ventricle type with 78 patients 
having a dominant right ventricle, 115 patients having a 
dominant left ventricle and 17 patients with an undeter-
mined ventricle. The authors found no difference in early 
complications after Fontan or early death for those with 
biventricular Fontan in comparison to single ventricle 
Fontan [36].
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In our study, 86 (28.2%) of 304 patients met the criteria 
for biventricular Fontan. There were 218 (71.8%) patients 
with single ventricle Fontan structure, 124 patients with 
dominant left ventricle, 91 patients with dominant right 
ventricle, and 3 patients with undetermined ventricle. In 
our study, when patients with biventricular Fontan were 
compared with single ventricular Fontan, no significant 
difference was found in terms of early complications and 
mortality when evaluated with ventricular morphology. 
In our study, 2 (0.71%) of our 278 patients who extracar-
diac Fontan operation with an died, and these patients 
had a single ventricular morphology. Mortality in extra-
cardiac Fontanes was found to be lower than in classical 
Fontanes.

As a result of improvements in Fontan surgical proce-
dure and improvements in intensive care conditions, a 
decrease in mortality rates was observed.The postopera-
tive 5, 10, and 15-year survival rates were 86%, 81%, and 
73%, respectively [37].

Long-term increase in systemic venous pressure is one 
of the important criteria for prognosis and causes many 
complications. Early causes of morbidity associated with 
the Fontan operation include pleural and pericardial effu-
sions, low cardiac output, sinus node injury, and pulmo-
nary and systemic venous obstruction [38].

Chronic pulsatile flow deprivation is a pathology that 
causes a progressive increase in PVR, endothelial func-
tion and nitric oxide release in the pulsatile circulation, 
a decrease in vascular healing and consequently deterio-
ration of lung growth, and is one of the major risks that 
can be seen in all Fontan patients. Factors associated 
with long-term morbidity after Fontan surgery: pro-
gressive dysfunction of the atrioventricular connection, 
right atrial distension, pulmonary vein bed occlusion, 
thromboembolic attacks, worsening of cyanosis due to: 
presence of surgically induced communication (fenestra-
tion) development of collateral arteriovenous circulation 
(systemic and pulmonary), decreased exercise tolerance, 
cognitive impairments, protein-losing enteropathy, pro-
gressive liver failure, plastic bronchitis [39, 40].

The long-term increase in the systemic venous pressure 
seems to play an important role and is reflected in many 
complications that may appear, such as distension of the 
right atrium and coronary sinus, hepatic dysfunction and 
increased splanchnic venous pressure [41, 42].

One of the postoperative complications is sinus node 
dysfunction and chronotropic insufficiency, which is 
common in the early and late periods after Fontan sur-
gery and has been shown to damage exercise tolerance 
[43–46]. Recently, chronotropic insufficiency has been 
shown to decrease peak exercise capacity, increase mor-
tality and the need for hospitalization and transplanta-
tion. Avoiding atrial incisions and suture lines is thought 

to reduce the rate of atrial arrhythmia that increases over 
time. In ECC Fontan, excluding the atrium during sur-
gery theoretically protects the atrial wall from distention 
and the risk of subsequent arrhythmias [47].

Heterotaxy syndromes, relative anomalies of the atrio-
ventricular valve, and the lateral tunnel technique are risk 
factors in themselves for the development of arrhythmia. 
Lateral tunnel technique leads to the development of 
arrhythmias due to suture lines placed in the atrium [48]. 
Bradyarrhythmias have also been observed in patients 
treated with ECC [49]. A normal circulating tachycardia 
can increase pulmonary blood flow by up to 35% without 
changing the diameter of the pulmonary vessel imped-
ance, but this mechanism is absent in Fontan patients.

One of the complications after Fontan operation is pro-
longed pleural effusion [22]. It has been observed that 
patients with pleural effusion have a prolonged hospital 
stay and an increased risk of infection, requiring addi-
tional postoperative procedures [50]. Among the condi-
tions that cause postoperative pleural effusion, there may 
be many factors affected by hormonal, inflammatory and 
hemodynamic changes. Gupta et al. investigated risk fac-
tors for persistent pleural effusion in 100 patients under-
going extracardiac Fontan surgery other than the risk 
factors just listed; Prolonged pleural effusion occurred 
in 37% of this group [22, 51]. Based on the definition of 
permanent pleural effusion lasting more than 14  days, 
Lo et al. showed that one-third of patients had persistent 
pleural effusion. Risk factors for prolonged pleural effu-
sion include high pulmonary artery pressure and pul-
monary atresia observed before Fontan operation. The 
increase in hydrostatic pressure in the Fontan circulation 
results from increased pulmonary vascular resistance, 
which is exacerbated by the absence of atrioventricular 
synchrony. It is predicted that prolonged exposure to 
high CVP may chronically affect the hydrostatic pressure, 
leading to a tendency to develop aortopulmonary collat-
eral and venous collateral. Meyer et al. [52] reported that 
they applied fenestration to 90% of 160 Fontan patients, 
with a mean chest tube drainage time of 2  days and an 
average length of stay of 6  days. Fu et  al. showed that 
absence of fenestration, low preoperative oxygen satura-
tion, and postoperative infections are independent risk 
factors for long-term pleural drainage [53].

Extracardiac channels, acceptable aortic cross-clamp-
ing and cardiopulmonary bypass periods can be applied 
to prevent the development of pleural effusion. Use of 
inotropes and vasodilators when necessary for optimal 
intravascular volume with modified ultrafiltration and 
early postoperative extubation were recommended.In 
our study, prolonged pleural effusion was detected in 21 
(7.6%) of 278 patients who underwent Fontan surgery 
with an extracardiac conduit.
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Thromboembolic events after Fontan surgery signifi-
cantly increase morbidity [54]. Normally, there was no 
reported difference for thrombotic events between LT and 
ECC [46, 55]. However, a recent report by Deshaies et al. 
[56] showed that in a highly variable time analysis of 522 
patients across 12 institutions, ECC and LT had a similar 
arrhythmic risk and that ECC was associated with a lower 
incidence of thromboembolic events. The clinical inci-
dences of the above-mentioned conditions vary through 
different studies from 3% up to 16% for venous thrombo-
ses and from 3% up to 19% for vascular strokes [57–59].

Most causes of early ECC deaths were attributed to 
thromboembolic complications, although there was no 
overall difference in thromboembolic events after Fon-
tan operation between the groups. It is difficult to explain 
whether these complications are caused by the prosthetic 
material used in ECC or by the preoperative thrombo-
sis tendency of these patients. These complications are 
frequently seen in the first 32 months after surgery, but 
attacks have also been reported in patients more than 
16  years after surgery. Although patients use different 
doses of aspirin, warfarin and heparin in the literature, 
thromboembolic attacks still continue.Daily administra-
tion of aspirin (80 mg) is probably a convenient, safe and 
effective medical regimen [55].

Protein-losing enteropathy causes protein loss through 
the gastrointestinal tract and is associated with signifi-
cant mortality rates, occurring weeks to years after Fon-
tan surgery [60, 61]. Although the exact causes of its 
formation are unknown, increased venous pressure in 
the splanchnic region and postoperative low cardiac out-
put have been considered as etiological factors.There are 
3 main causes of protein-losing enteropathy. These are 
chronic venous congestion, impaired intestinal lymphatic 
drainage and intestinal inflammation. Clinical manifesta-
tions are related to the degree of hypoproteinemia, and 
in addition, ascites, peripheral edema, pleural effusion, 
immunodeficiency, and coagulation disorders may occur. 
The increase of α1-antitrypsin in feces confirms enteric 
protein loss [62, 63].

Fenestration, pacing, or even transplantation may be 
needed. Pharmaceutical treatment includes the adminis-
tration of diuretics and dietary supplements. Corticoster-
oids and heparin have been empirically proved to reduce 
the protein loss in some patients [64, 65]. However, the 
prognosis of protein-losing enteropathy remains poor.

Kreutzer et  al. reviewed the fifty-year results of the 
Fontan-Kreutzer procedure and grouped the factors that 
compromised late results into three categories. He noted 
that the suboptimal surgical approach, ventricular dys-
function and increases in PVR will help identify high-risk 
candidates for the Fontan operation, with Coussat’s "ten 
commandments" or the Birmingham-England group’s 

"two orders" in the modern age of congenital heart sur-
gery. Along with ventricular function, MPAP, transpul-
monary gradient, and PVR are the most important 
parameters to address the long-term outcome of the Fon-
tan circulation [66, 67].

Conclusion
The results of this study showed that during 12 years of 
follow-up, the overall survival and the functional status 
of the survivors after an extracardiac Fontan procedure 
were satisfactory. The incidence of late death, reop-
eration, obstruction of the cavopulmonary pathway, 
arrhythmias, and thromboembolism was low. There are 
unresolved questions regarding the choice of Fontan pro-
cedures and their impact on complication development. 
It is important to combine the experiences of large series 
in finding the answers to these questions. In our study, 
we wanted to contribute to the literature by presenting 
our 27 years of experience in Fontan surgery.

Abbreviations
TGA​	� Transposition of the great arteries
VSD	� Ventricular septal defect
PS	� Pulmonary stenosis
IVS	� Intact ventricular septum
IVC	� Inferior vena cava
CAVC	� Complete AV canal connection
D-TGA​	� Dextro transposition of great arteries
DORV	� Double outlet right ventricle
FP	� Fontan procedure
ECC	� Extracardiac conduit
LT	� Lateral tunnel
TCPC	� Total cavopulmonary connection
CPB	� Cardiopulmonary bypass
ePTFE	� Expanded polytetrafluoroethylene
CVP	� Central venous pressure
MPAP	� Mean pulmonary artery pressure
PVR	� Pulmonary vascular resistance
SVA	� Cerebrovascular disease
ICU	� Intensive care unit

Author contributions
ABP and ME, performed the surgical operations and edited the method part 
of the article; KÖ, saw patients in pediatric councils and performed preopera-
tive examinations and postoperative care; OU, examined neonatal patients; 
NK, edited the statistical information along with the tables of the article; KÖ 
and NK, searched the literature, systematically reviewed, evaluated quality, 
sorted and analyzed data; KÖ, prepared a draft; KÖ and NK significantly revised 
the article. All authors approved the submitted version and have agreed both 
to be personally accountable for the author’s own contributions and to ensure 
that questions related to the accuracy or integrity of any part of the work. 
Even ones in which the author was not personally involved are re appropri-
ately investigated, resolved, and the resolution documented in the literature. 
All authors read and approved the final manuscript.

Funding
This declaration is not applicable.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.



Page 8 of 9Polat et al. Journal of Cardiothoracic Surgery           (2023) 18:38 

Declarations

Ethics approval and consent to participate
All methods were performed in accordance with the Declaration of Helsinki. 
The consent was obtained from study participants and was written, the study 
was submitted and approved by Istanbul S.B.Ü Kanuni Sultan Süleyman Train-
ing and Research Hospital ethics committee. The reference number of the 
committee is 202208190.

Compenting ınterests
The authors declare no competing interests.

Received: 3 August 2022   Accepted: 10 January 2023

References
	1.	 Fontan FBE, Baudet E. Surgical repair of tricuspid atresia. Thorax. 

1971;26:240–8.
	2.	 Lee M, Shahjehan RD. Fontan completion. In: StatPearls. Treasure Island 

(FL): StatPearls Publishing; 2022.
	3.	 Edelson JB, Ravishankar C, Griffis H, Zhang X, Faerber J, Gardner MM, 

Naim MY, Macsio CE, Glatz AC, Goldberg DJ. A comparison of bidi-
rectional Glenn vs. Hemi-Fontan procedure: an analysis of the single 
ventricle reconstruction trial public use dataset. Pediatr Cardiol. 
2020;41(6):1166–72. https://​doi.​org/​10.​1007/​s00246-​020-​02371-6.

	4.	 Kreutzer C, Kreutzer J, Kreutzer GO. Reflections on five decades of the 
Fontan Kreutzer procedure. Front Pediatr. 2013;1:45.

	5.	 Bjork V, Olin C, Bjarke B, Thorcen C. Right atrial-right ventricular anas-
tomosis for correction of tricuspid atresia. J Thorac Cardiovasc Surg. 
1979;77(3):452–8.

	6.	 De Leval M, Kilner P, Gewillig M, Bull C. Total cavopulmonary con- nection: 
a logical alternative to atriopulmonary connection for com- plex Fontan 
operations. Experimental studies and early clinical experiance. J Thorac 
Cardiovasc Surg. 1988;96:682.

	7.	 Driscoll DJ. Long-term results of the Fontan operation. Pediatr Cardiol. 
2007;28(6):438–42.

	8.	 Gaynor JW, Bridges ND, Cohen MI, et al. Predictors of outcome after the 
Fontan operation: is hypoplastic left heart syndrome still a risk factor? J 
Thorac Cardiovasc Surg. 2002;123(2):237–45.

	9.	 D’udekem Y, Iyengar AJ, Galati JC, et al. Redefining expectations of long-
term survival after the Fontan procedure: twenty-five years of follow-up 
from the entire population of Australia and New Zealand. Circulation. 
2014;130:32–8.

	10.	 Bartz PJ, Driscoll DJ, Dearani J, et al. Early and late results of the modified 
fontan operation for heterotaxy syndrome 30 years of experience in 142 
patients. J Am Coll Cardiol. 2006;48(11):2301–5.

	11.	 Brown JW, Ruzmetov M, Deschner BW, Rodefeld MD, Turrentine MW. Lat-
eral tunnel Fontan in the current era: is it still a good option? Ann Thorac 
Surg. 2010;89(2):556–62.

	12.	 Alphonso N, Baghai M, Sundar P, Tulloh R, Austin C, Anderson D. Interme-
diate-term outcome following the fontan operation: a sur- vival, func-
tional and risk-factor analysis. Eur J Cardiothorac Surg. 2005;28(4):529–35.

	13.	 Dabal RJ, Kirklin JK, Kukreja M, et al. The modern Fontan operation shows 
no increase in mortality out to 20 years: a new paradigm. J Thorac Cardio-
vasc Surg. 2014;148(6):2517–24.

	14.	 Chungsomprasong P, Soongswang J, Nana A, et al. Medium and 
long-term outcomes of Fontan operation. J Med Assoc Thail. 
2011;94(3):323–30.

	15.	 Podzolkov VP, Zaets SB, Chiaureli MR, Alekyan BG, Zotova LM, Chernikh 
IG. Comparative assessment of Fontan operation in modifications of 
atriopulmonary and total cavopulmonary anastomoses 1. Eur J Cardio-
Thoracic Surg. 1997;11(3):458–65.

	16.	 Ono M, Boethig D, Goerler H, Lange M, Westhoff-Bleck M, Breymann T. 
Clinical outcome of patients 20 years after Fontan operation-effect of fen-
estration on late morbidity. Eur J Cardio- Thoracic Surg. 2006;30(6):923–9.

	17.	 Podzolkov VP, Zaets SB, Chiaureli MR, Alekyan BG, Zotova LM, Chernikh 
IG. Comparative assessment of Fontan operation in modi- fications of 

atriopulmonary and total cavopulmonary anastomoses 1. Eur J Cardio-
Thoracic Surg. 1997;11(3):458–65.

	18.	 Idorn L, Juul K, Jensen S, et al. Arrhythmia and exercise intolerance 
in Fontan patients: current status and future burden. Int J Cardiol. 
2013;168(2):1458–65.

	19.	 Naito Y, Hiramatsu T, Kurosawa H, et al. Long-term results of modi- fied 
fontan operation for single-ventricle patients associated with atrioven-
tricular valve regurgitation. Ann Thorac Surg. 2013;96(1):211–8. https://​
doi.​org/​10.​1016/j.​athor​acsur.​2013.​02.​029.

	20	 Alsaied T, Bokma JP, Engel ME, et al. Predicting long-term mortality after 
Fontan procedures: a risk score based on 6707 patients from 28 studies. 
Congenit Heart Dis. 2017;12(4):393–8. https://​doi.​org/​10.​1111/​chd.​12468.

	21	 Choussat A. Selection criteria for Fontan’s procedure. In: Anderson RH, 
Shinebourne EA, editors. Paediatric Cardiology 1977. Churchill Living-
stone; 1978. p. 559–66.

	22.	 Lo Rito M, Al-Radi OO, Saedi A, Kotani Y, Ben Sivarajan V, Russell JL, 
Caldarone CA, Van Arsdell GS, Honjo O. Chylothorax and pleural effusion 
in contemporary extracar- diac fenestrated fontan completion. J Thorac 
Cardiovasc Surg. 2018;155:2069–77.

	23	 Kreutzer G, et al. An operation for the correction of tricuspid atresia. J 
Thorac Cardiovasc Surg. 1973;66:613–21.

	24	 Teele SA, Jacobs JP, Border WL, Chanani NK. Heterotaxy syndrome: pro-
ceedings from the 10th international PCICS meeting. J Pediatr Congenit 
Heart Surg. 2015;6(4):616–29.

	25.	 Mair DD, Hagler DJ, Julsrud PR, et al. Early and late results of the modified 
Fontan procedure for double-inlet left ventricle: the Mayo Clinic experi-
ence. J Am Coll Cardiol. 1991;18:1727–32.

	26.	 Piehler JM, Danielson GK, McGoon DC, et al. Management of pulmo-
nary atresia with ventricular septal defect and hypoplastic arteries by 
right ventricular outflow tract obstruction. J Thorac Cardiovasc Surg. 
1980;80:552–67.

	27.	 Fontan F, Fernandez G, Costa F, et al. The size of the pulmonary arter-
ies and the results of the Fontan operation. J Thorac Cardiovasc Surg. 
1989;98:711–9.

	28	 Kirklin JK, Blackstone EH, Kirklin JW, et al. The Fontan operation. Ven-
tricular hypertrophy, age, and date of operation as risk factors. J Thorac 
Cardiovasc Surg. 1986;92:1049.

	29.	 Seliem M, Muster AJ, Paul MH, Benson DW Jr. Relation between preopera-
tive left ventricular muscle mass and outcome of the Fontan procedure 
in patients with tricuspid atresia. J Am Coll Cardiol. 1989;14:750–5.

	30.	 Özyüksel A, Şimşek B, Özden Ö, Demiroluk S, Saygi M, Bilal M. Fontan 
procedure in patients with preoperative mean pulmonary artery pressure 
over 15 mmHg. J Cardiac Surg. 2020; in press.

	31.	 Fujii Y, Sano S, Asou T, et al. Outcomes of one-lung Fontan opera-
tion: a retrospective multicenter study in Japan. Ann Thorac Surg. 
2012;94(4):1275–80.

	32.	 Downing TE, Allen KY, Glatz AC, Rogers LS, Ravishankar C, Rychik J, et al. 
Long-term survival after the Fontan operation: twenty years of experi- 
ence at a single center. J Thorac Cardiovasc Surg. 2017;154:243–53.

	33.	 Allen KY, Downing TE, Glatz AC, Rogers LS, Ravishankar C, Rychik J, et al. 
Effect of Fontan-associated morbidities on survival with intact Fontan 
circulation. Am J Cardiol. 2017;119:1866–71.

	34.	 Alsoufi B, Gillespie S, Kim D, Shashidharan S, Kanter K, Maher 
K, et al. The impact of dominant ventricle morphology on pal-
liation outcomes of single ventricle anomalies. Ann Thorac Surg. 
2016;102:593–601.

	35.	 Marathe SP, Zannino D, Shi WY, Du Plessis K, Kehr J, Perumal G, et al. Two 
ventricle are not better than one in the Fontan circulation: equiva- lent 
late outcomes. Ann Thorac Surg. 2019;107:852–9.

	36	 Rossi E, Chiara Frigo A, Reffo E, Cabrelle G, Castaldi B, Di Savlo G, et al. 
The presence of an additional ventricular chamber does not change the 
outcome of Fontan circulation. A comparative study. Eur J Cardiothorac 
Surg. 2021;60:1074.

	37.	 Mair DD, Puga FJ, Danielson GK. The Fontan procedure for tricuspid 
atresia: early and late results of a 25-year experience with 216 patients. J 
Am Coll Cardiol. 2001;37:933–9.

	38.	 Franklin RCG, Spiegelhalter DJ, Sullivan ID, et al. Tricuspid atresia present-
ing in infancy: survival and suitability for the Fontan operation. Circula-
tion. 1993;87:427–39.

https://doi.org/10.1007/s00246-020-02371-6
https://doi.org/10.1016/j.athoracsur.2013.02.029
https://doi.org/10.1016/j.athoracsur.2013.02.029
https://doi.org/10.1111/chd.12468


Page 9 of 9Polat et al. Journal of Cardiothoracic Surgery           (2023) 18:38 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	39.	 Gentles TL, Mayer JE Jr, Gauvreau K, et al. Fontan operation in five hun-
dred consecutive patients: factors influencing early and late outcome. J 
Thorac Cardiovasc Surg. 1997;114:376–91.

	40	 Wernovsky G, Stiles KM, Gauvreau K, Gentles TL, duPlessis AJ, Bellinger 
DC, Walsh AZ, Burnett J, Jonas RA, Mayer JE, Newburger JW. Cognitive 
development after the Fontan operation. Circulation. 2000;102(8):883–9. 
https://​doi.​org/​10.​1161/​01.​CIR.​102.8.​883.

	41.	 Fontan F, Kirklin JW, Fernandez G, et al. Outcome after a “perfect” Fontan 
operation. Circulation. 1990;81:1520.

	42.	 Stamm C, Friehs I, Mayer JE, et al. Long-term results of the lateral tunnel 
Fontan operation. J Thorac Cardiovasc Surg. 2001;121:28–41.

	43.	 Iyengar AJ, Winlaw DS, Galati JC, Celermajer DS, Wheaton GR, Gentles TL, 
et al. Trends in Fontan surgery and risk factors for early adverse outcomes 
after Fontan surgery: the Australia and New Zealand Fontan registry 
experience. J Thorac Cardiovasc Surg. 2014;148:566–75.

	44.	 d’Udekem Y, Iyengar AJ, Galati JC, Forsdick V, Weintraub RG, Wheaton 
GR, et al. Redefining expectations of long-term survival after the Fontan 
procedure: twenty-five years of follow-up from the entire pop- ulation of 
Australia and New Zealand. Circulation. 2014;130(11 Suppl 1):S32–8.

	45.	 Pundi KN, Johnson JN, Dearani JA, Pundi KN, Li Z, Hinck CA, et al. 40-year 
follow-up after the Fontan operation: long-term outcomes of 1,052 
patients. J Am Coll Cardiol. 2015;66:1700–10.

	46.	 Cohen MI, Wernovsky G, Vetter VL, Wieand TS, Gaynor JW, Jacobs ML, 
et al. Sinus node function after a systematically staged Fontan procedure. 
Circulation. 1998;98(19 Suppl):II352–8.

	47.	 Robbers-Visser D, Miedema M, Nijveld A, Boersma E, Bogers AJ, Haas F, 
et al. Results of staged total cavopulmonary connection for functionally 
univentricular hearts; comparison of intra-atrial lateral tunnel and extra-
cardiac conduit. Eur J Cardiothorac Surg. 2010;37:934–41.

	48.	 Rodefeld MD, Bromberg BI, Schuessler RB, et al. Atrial flutter after lateral 
tunnel construction in the modified Fontan operation: a canine model. J 
Thorac Cardiovasc Surg. 1996;111:514–26.

	49.	 Silka MJ, Manwill JR, Kron J, McAnulty JH. Bradycardiamediated tachyar-
rhythmias in congenital heart disease and responses to chronic pacing at 
physiologic rates. Am J Cardiol. 1990;65:488–93.

	50.	 Ono M, Burri M, Balling G, Beran E, Cleuziou J, Pabst von Ohain J, Strbad 
M, Hager A, Horer J, Lange R. Predicted clinical factors associated with the 
intensive care unit length of stay after total cavopulmonary connection. J 
Thorac Cardiovasc Surg. 2018;157:2005–13.

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

	52.	 Meyer DB, Zamora G, Wernovsky G, Ittenbach RF, Gallagher PR, Tabbutt 
S, Gruber PJ, Nicolson SC, Gaynor JW, Spray TL. Outcomes of the Fontan 
procedure using cardiopulmonary bypass with aortic cross-clamping. 
Ann Thorac Surg. 2006;82:1611–8.

	53.	 Fu S, Feng ZC, Dietmar S. Factors influencing pleural effu- sion after Fon-
tan operation: an analysis with 95 patients. Chin Med Sci J. 2010;25:38–43.

	54.	 Alsaied T, Alsidawi S, Allen CC, Faircloth J, Palumbo JS, Veldtman GR. 
Strate- gies for thromboprophylaxis in Fontan circulation: a meta-analysis. 
Heart. 2015;101:1731–7.

	55.	 Coon PD, Rychik J, Novello RT, Ro PS, Gaynor JW, Spray TL. Thrombus 
formation after the Fontan operation. Ann Thorac Surg. 2001;71:1990–4.

	56.	 Deshaies C, Hamilton RM, Shohoudi A, Trottier H, Poirier N, Aboulhosn 
J, et al. Thromboembolic risk after atriopulmonary, lateral tunnel, and 
extracardiac conduit Fontan surgery. J Am Coll Cardiol. 2019;74:1071–81.

	57.	 Dobell ARC, Trusler GA, Smallhorn JF, Williams WG. Atrial thrombi after the 
Fontan operation. Ann Thorac Surg. 1986;42:664–7.

	58	 Rosenthal D, Friedman AH, Kleinman S, et al. Thromboembolic complica-
tions after Fontan operation. Circulation. 1995;92(Suppl):II287–93.

	59.	 du Plessis AJ, Chang AC, Wessel DL, et al. Cerebrovascular accidents fol-
lowing the Fontan operation. Pediatr Neurol. 1995;12:230–6.

	60.	 Feldt RH, Driscoll DJ, Offord KP, et al. Protein-losing enteropathy after 
Fontan operation. J Thorac Cardiovasc Surg. 1996;112:672–80.

	61	 Mertens L, Hagler DJ, Sauer U, et al. Protein-losing enteropathy after the 
Fontan operation: an international multicenter study. PLE study group. J 
Thorac Cardiovasc Surg. 1998;115:1063–73.

	62.	 Gewillig M. The Fontan circulation. Heart. 2005;91(6):839–46.
	63.	 Hill RE, Hercz A, Corey ML, et al. Fecal clearance of alpha 1-antit-

rypsin: a reliable measure of enteric protein loss in children. J Pediatr. 
1981;99:416–8.

	64.	 Rychik J, Piccoli DA, Barber G. Usefulness of corticosteroid therapy for 
protein-losing enteropathy after the Fontan surgery. Am J Cardiol. 
1991;68:819–21.

	65.	 Donnelly JP, Rosenthal A, Castle VP, Holmes RD. Reversal of protein-losing 
enteropathy with heparin therapy in three patients with univentricular 
hearts and Fontan palliation. J Pediatr. 1997;130:474–8.

	66.	 Vigano G, et al. High-risk Fontan completion patients achieve low perio-
perative risk and benefit from cavopulmonary connection 7 years out. 
Eur J Cardiothorac Surg. 2019;56(4):664–70. https://​doi.​org/​10.​1093/​ejcts/​
ezz069.

	67.	 Choussat A, Fontan F, Besse P, et al. Selection criteria for Fontan’s proce-
dure. In: Anderson RH, Shinebourne EA, editors., et al., Paediatric cardiol-
ogy. Edinburgh: Churchill Livingstone; 1978. p. 559–66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/01.CIR.102.8.883
https://doi.org/10.1093/ejcts/ezz069
https://doi.org/10.1093/ejcts/ezz069

	27 years of experience with the Fontan procedure: characteristics and clinical outcomes of children in a tertiary referral hospital
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introductıon
	Methods
	Fındıngs
	Dıscussıon
	Conclusion
	References


