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The Fontan circulation: evolution of a concept
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The Fontan circulation is a specific haemodynamic concept developed and modified over the past 50 years to treat paediatric patients 
with complex congenital heart defects. The common denominator for these defects is usually a single dominant ventricle supporting 
both systemic and pulmonary circulation together with cyanosis since birth. Two main palliative cardiac surgical procedures (bidirec‑
tional superior cavopulmonary and total cavopulmonary anastomosis) are currently used to establish the Fontan circulation. Refinement 
of surgical techniques and improved understanding of perioperative and postoperative complications led to improvement in the sur‑
vival of children and adults with complex congenital heart defects. 
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Slavik Z. Fontanova cirkulace: vývoj koncepce. Cor Vasa 2009;51(6):410–414.

Fontanova cirkulace je specifická hemodynamická koncepce vyvinutá a modifikovaná za posledních padesát let k  léčbě dětských pa‑
cientů s komplexními vrozenými srdečními vadami. Společným jmenovatelem těchto vad je obvykle jedna dominantní srdeční komora 
podporující jak systémovou, tak i plicní cirkulaci společně s cyanózou od narození. Dnes se k vytvoření Fontanovy cirkulace užívají pře‑
devším dva paliativní kardiochirurgické výkony (horní bidirekční kavopulmonální a totální kavopulmonální anastomózu). Zlepšení chi‑
rurgických postupů a  lepší porozumění operačním a  pooperačním komplikacím vedlo ke  zlepšenému přežití dětí a  dospělých 
s komplexními srdečními vadami. 
Klíčová slova: Cyanóza  – Horní bidirekční kavopulmonální anastomóza – Totální kavopulmonální anastomóza – Komplexní srdeční 
vady

Address: Dr.  Zdenek Slavik, MD (UK), FRCPCH, Royal Brompton Hospital, Sydney Street, London SW3 6NP, United Kingdom, e‑mail: 
zslavik@hotmail.com

The first publication of the Fontan operation in 1971 
followed previous experimental and clinical attempts at 
various palliative surgical procedures for patients born with 
complex congenital heart defects.(1‑4) A common feature of 
these complex congenital heart defects is often single 
dominant ventricle supporting both pulmonary and 
systemic circulation ultimately connected in series as 
opposed to their parallel arrangement in normal 
cardiovascular anatomy and physiology. Another common 
denominator is cyanosis caused by intracardiac mixing of 
systemic and pulmonary venous return together with 
reduced pulmonary blood flow in the majority of these 
patients. 

Patients with hypoplastic left heart syndrome form 
a  subgroup where palliative surgical algorithm includes 
systemic‑to‑pulmonary or right ventricle‑to‑pulmonary 
arterial shunt as part of their initial treatment strategy 

(stage I of Norwood operation). Up to 93% of the remaining 
patients with complex congenital heart defects (Table 1) 
benefiting from palliative cardiac surgical treatment fall 
broadly into two groups.(5,6) Patients with initially reduced 
pulmonary blood flow have this increased by insertion of 
systemic‑to‑pulmonary arterial shunt, currently fashioned 
mostly as modified Blalock‑Taussig shunt using interposition 
of Gore‑Tex or other vascular graft between the subclavian 
artery and corresponding branch pulmonary artery. 
A  smaller group of patients will have central cyanosis 
despite increased pulmonary blood flow and signs of 
congestive heart failure. Their first palliative surgical 
treatment usually involves pulmonary arterial banding. The 
remaining 7% of the patients will have a  balanced ratio 
between pulmonary and systemic blood flow due to the 
variable degree of obstruction between the heart and 
pulmonary arteries where early palliation is not required.
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Ideal palliation and bidirectional superior 
cavopulmonary anastomosis

Ideal subsequent surgical palliation should provide 
controlled pulmonary blood flow allowing adequate tissue 
oxygenation and normal psychosomatic development, it 
should prevent damage to the pulmonary circulation and 
systemic ventricle, and be the final palliation or its part. 
Clinical introduction of bidirectional superior 
cavopulmonary anastomosis (BCPA), despite its later 
publication, preceded the introduction of Fontan operation 
in an attempt to redirect systemic venous return to 
pulmonary arteries bypassing the right ventricle in the quest 
for such an ideal palliation.(7) BCPA is currently accepted 
second stage palliation in the majority of patients with 
complex congenital heart defects.(8) There are, however, 
several important issues related to this surgical treatment 
that warrant closer attention.

The lowest age when BCPA can be safely performed 
remains controversial. It was shown that BCPA is a feasible 
palliation in selected patients even below 2 months of age.(9) 
However, the postoperative care in such patients is 
particularly demanding requiring inhaled nitric oxide 
and/or negative pressure ventilation to successfully overcome 
the early postoperative period. A surgical approach through 
lateral thoracotomy avoiding the use of cardiopulmonary 
bypass, where possible, is particularly appealing in these 
patients. Medium‑term pulmonary arterial growth is 
uncertain after BCPA at such a young age when it is the 
only source of pulmonary blood flow.(10) The currently 
accepted safe early age for BCPA is between 4–6 
months.(11,12)

The role of an additional source of pulmonary blood flow 
(stenotic native pulmonary valve, banded pulmonary artery, 
systemic‑to‑pulmonary artery shunt) following BCPA has 
been extensively studied.(11‑14) It became obvious that 
a single, restrictive additional source of pulmonary blood 
flow is not only well tolerated leading to shorter length of 
ventilation postoperatively(13) but it also conveys several 
practical benefits. It contributes to better medium‑term 
growth of the pulmonary artery contralateral to BCPA(10) 
and limits an early onset of intra‑pulmonary shunting with 
ensuing clinically significant cyanosis – see below.(15)

Pulmonary arterio‑venous malformations develop in 
patients with pulmonary circulation deprived of hepatic 
effluent (after BCPA as the only source of pulmonary blood 

flow) or in patients with severely compromised liver 
function (i.e., patients with advanced hepatic cirrhosis  – 
hepatopulmonary syndrome).(16) The presence of an 
additional source of pulmonary blood flow after BCPA 
should therefore eliminate or limit the extent of pulmonary 
arterio‑venous malformations. We performed radionuclide 
lung perfusion scan using technetium‑labelled albumin 
particles to assess the extent of intrapulmonary shunting in 
patients with surgically corrected congenital heart defects 
and biventricular circulation (control group) and in patients 
with univentricular hearts following BCPA with or without 
an additional source of pulmonary blood flow.(15) Although 
patients with BCPA and an additional source of pulmonary 
blood flow had higher volume of intrapulmonary shunt 
(mean 12%) than the control group with physiological shunt 
(mean 5%; p = 0.01), patients with BCPA as the only source 
of pulmonary blood had markedly increased intrapulmonary 
shunt (mean 35%, p < 0.001 when compared with control 
group). Clinical implications of these findings are far 
reaching. Progressive cyanosis in the short‑term and 
medium‑term follow‑up limits the use of BCPA as the final 
palliation in the majority of such patients. An additional 
source of pulmonary blood flow after BCPA thus at least 
partly alleviates progression of cyanosis and allows for 
long‑term palliation in selected patients.(17)

Total cavopulomonary connection

The timing and type of final palliation involving redirection 
of inferior vena caval blood into the pulmonary arteries 
(total cavopulmonary connection  – TCPC, Figure 1) has 

Table 1  Congenital heart defects where the Fontan 
circulation is used 

Pulmonary atresia with intact inter‑ventricular septum QQ

(40% with severe right ventricular hypoplasia) 

Tricuspid valve absence or atresiaQQ

Double inlet left or right ventricleQQ

Hypoplastic left heart syndromeQQ

Complex defects with left or right isomerismQQ

Figure 1  Diagram of total cavopulmonary connection showing 
direct anastomosis between the superior vena cava (SVC) and 
right pulmonary artery – bidirectional superior cavopulmonary 
anastomosis – and conduit (C) joining inferior vena cava (IVC) 
with right pulmonary artery 

SVC

IVC

C
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undergone various modifications. Some institutions believe 
that completion of TCPC within 12–24 months after BCPA 
or even performance of a primary TCPC (single operation 
involving BCPA and TCPC) provides the best protection 
of the single ventricle against chronic volume overload and 
later failure.(18,19) This notion is contradicted by experience 
of others(5,20) who achieved remarkable long‑term results 
with a staged approach and completion of TCPC later than 
24 months after BCPA. Diastolic myocardial dysfunction 
and increased systemic vascular resistance are common 
early after BCPA or TCPC.(8,21) Evidence exists for the benefit 
of BCPA performed separately from TCPC. This benefit 
relates to better adjustment of myocardial diastolic function 
and systemic vascular resistance before TCPC is carried 
out.(8) Whether this adjustment translates into significant 
clinical improvement of long‑term mortality and morbidity 
following TCPC is to be ascertained.(5,18,20) 

Postoperative management  
and complications

Bidirectional superior cavopulmonary  
anastomosis

Early postoperative management of patients undergoing 
BCPA can be challenging. Nursing in head‑up position is 
a  simple measure ensuring enhanced systemic venous 
return through the superior vena cava (SVC) and reducing 
SVC syndrome. Relative hypoventilation with increased 
systemic arterial PCO2 (6–8 kPa) improves systemic 
(cerebral) oxygenation through lower cerebral vascular 
resistance and increased SVC and pulmonary blood 
flow.(22,23) Early onset of spontaneous ventilation and 
extubation leading to intermittent negative intra‑thoracic 
pressure improve SVC and pulmonary blood flow (a similar 
effect is achievable by negative pressure ventilation where 
necessary). A focus on lusitropic myocardial support and 
systemic vasodilatation (phosphodiesterase inhibitors  – 
milrinone or enoximone, ACE inhibitors) is beneficial given 
the adverse postoperative changes in myocardial function 
and systemic vascular resistance (increased ventricular wall 
to cavity ratio, diastolic dysfunction, increased systemic 
vascular resistance).(5,8,21) Early removal of central venous 
catheters is desirable as a pro‑coagulant tendency exists and 
the risk of thrombo‑embolic complications is high.(24) 
Insertion of trans‑atrial catheters at the time of surgery has 
been advocated in these patients over the classic central 
venous approach.

Pleuropericardial and/or peritoneal fluid collections are 
common following BCPA. An altered pattern of flow in 
SVC, increased SVC pressure, and iatrogenic injury to the 
thoracic duct are considered the most frequent causes of 
these fluid collections with the fluid being serous or chylous 
in nature.(25,26) Perioperative administration of intravenous 
enalapril followed by oral administration of captopril 
reduced the volume and duration of pleural drainage 
immediately after BCPA.(26) We have shown that a strict diet 

containing fat only in the form of medium‑chain triglycerides 
supplemented by intravenous infusion of octreotide 
(a somastostatin analogue) markedly cut down the volume 
and duration of pleural and peritoneal chylous drainage in 
some of the patients.(25)

Profound cyanosis in the early postoperative period may 
be caused by low pulmonary blood flow due to increased 
pulmonary vascular resistance and impaired lung diffusion 
capacity early after BCPA, and it strengthens the role of 
BCPA construction without the use of a cardiopulmonary 
bypass.(27) Apart from the general recommendations for 
early postoperative management mentioned above, the use 
of pulmonary vasodilators (e.g., inhaled nitric oxide) and 
meticulous attention to fluid balance may prove useful in 
this situation. Early onset of intrapulmonary right‑to‑left 
shunting through arterio‑venous malformations with 
marked systemic desaturation has been well described.(15,28) 
Rapid opening of veno‑venous collateral channels between 
the superior and inferior vena caval territory or inferior 
vena cava/azygos continuation of inferior vena cava and 
hepatic veins (in left isomerism following Kawashima 
modification of BCPA) have led to severe early postoperative 
cyanosis requiring closure of these channels through 
interventional cardiac catheterisation procedures.(29,30) 

Total cavopulmonary connection
Details of early postoperative management are similar to 
the ones applicable to BCPA. Presence of atrioventricular 
synchrony is imperative for a successful outcome in all the 
patients. Sequential dual chamber pacing may be required 
through temporary or permanent epicardial leads as this 
mode of transvenous pacing is impossible given the newly 
constructed systemic venous pathways. Tachydysrhythmias 
(junctional ectopic or atrial ectopic) are poorly tolerated 
and need prompt diagnosis and treatment (correction of 
electrolyte dysbalance, control of body temperature including 
active cooling to normothermia or mild hypothermia  – 
34–35 deg C  – and/or intravenous administration of 
amiodarone to reduce intrinsic heart rate followed by atrial 
or sequential dual chamber pacing with rate above the 
intrinsic one).(31,32)

Early postoperative pleuropericardial and peritoneal 
fluid collection is common and the causes are mostly similar 
to those present after BCPA (see above). A complete heart 
block with a slow ventricular response or slow nodal rhythm 
lead to an increase in filling pressures and intrathoracic 
and/or peritoneal fluid collections. Early postoperative 
insertion of permanent pacemaker is justified as it leads to 
rapid resolution of fluid drainage (personal observation). 
Residual systemic‑to‑pulmonary shunt or collaterals are not 
tolerated and warrant aggressive transcatheter or surgical 
treatment.(33,34)

Severe cyanosis can occur in the early postoperative 
period caused by persistent intrapulmonary arterio‑venous 
malformations related to previous BCPA (see above).(35) 
High pulmonary arterial pressure/resistance may lead to 
significant right‑to‑left shunting across conduit fenestration 
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constructed, as a  rule, or in selected patients considered 
high‑risk candidates for TCPC completion.(5,20) Treatment 
with inhaled nitric oxide and/or sildenafil has been used 
with some success.(5,36)

Anticoagulation or antiplatelet medication 
following total cavopulmonary connection
There is no consensus on the best prevention of thrombo
‑embolic complications early and late after TCPC. 
Protocols ranging from full anticoagulation using 
coumadin preparations (e.g., warfarin) through treatment 
with aspirin and/or clopidogrel to no medication have 
been used.(5,37) Convincing evidence for the long‑term 
benefit of anticoagulation or antiplatelet medication comes 
from the recently published study of Khairy et al.(37) Their 
results show that thrombo‑embolic complications were 
the cause of mortality in 7% of all the patients dying after 
TCPC. Lack of anticoagulation or antiplatelet treatment 
was an independent risk factor for death (HR 92; 
p = 0.0041). 

Long‑term results of the Fontan circulation 

Given the heterogeneity of the patient population and 
changing surgical strategy over the last 40 years, it is difficult 
to compare published results on the long‑term fate of 
patients palliated with the Fontan circulation. Nevertheless, 
the largest series of patients’ results published to date comes 
from the Mayo Clinic.(38) It is not surprising that results 

from an earlier era (1973–1986) improved in the later 
period (1987–1992) not only for early mortality (from 16% 
to 9%; p = 0.002) but, also, for medium‑term results (5‑year 
survival from 73% to 81%; p = 0.006). More recent data 
from other institutions show promising results of long‑term 
follow‑up with 20‑year survival between 83%–87% 
(Table 2).(5,37) These results have to be considered in light of 
the original 10 commandments related to individual 
patient’s suitability for the Fontan circulation put forward 
by Choussat and Fontan in 1978 as the basis for successful 
palliation of complex congenital heart defects and the fact 
that they have been reduced to only 2 commandments in 
the current era (Table 3).(5,39)

Conclusion

The outlook of patients born with complex congenital heart 
defects has changed markedly over the past 40 years. The 
Fontan circulation has played a pivotal role in this success. 
The above results have to be considered against the almost 
100% mortality the majority of the complex congenital heart 
defects carry when left untreated. It is also important to 
take into account that, despite best efforts, some of the 
patients, those with hypoplastic left heart syndrome in 
particular, will have a very poor long‑term outcome despite 
numerous successful palliative procedures.(40)
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