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Abstract
Almost fifty years after its first clinical application, the modified Fontan operation is among the

most frequently performed procedures in congenital heart disease surgery in children today. The

objective of this review is to systematically summarize the international evolution of outcomes in

regard to morbidity and mortality of patients with Fontan palliation. All studies published over the

past five decades with more than 100 Fontan patients included were screened. In eligible studies,

information concerning preoperative patients’ characteristics, Fontan modifications employed,

early mortality, long-term survival and frequency of relevant complications was extracted. Ulti-

mately, thirty-one studies published by the largest surgical centers with an overall number of 9390

patients were included in this review. The extracardiac total cavopulmonary anastomosis is the

most frequently used Fontan modification. Hemodynamic data demonstrate a rigorous overall

adherence to suggested Fontan selection criteria. The analysis showed a clear trend toward

improved early and long-term survival over the time period covered. Although inconsistently

reported, severe complications such as arrhythmias, thromboembolic events and protein-losing

enteropathy as well as reoperations and reinterventions were frequent. In conclusion, patients pal-

liated for complex univentricular heart malformations nowadays benefit from the experience and

technical developments of the past decades and have a significantly improved long-term prognosis.

However, important issues concerning postoperative long-term morbidity and mortality are still

unsolved and clear intrinsic limitations of the Fontan circulation are becoming evident as the popu-

lation of Fontan patients ages.
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1 | INTRODUCTION

The introduction of the Fontan operation in 1971 marked a turning

point in the treatment and prognosis of the most complex congenital

heart diseases: the univentricular heart malformations.1

The original approach, described for patients with tricuspid atre-

sia and performed for the first time in 1968 by Fontan and col-

leagues, consisted of a classical Glenn shunt, in which the superior

vena cava is connected to the right pulmonary artery, followed by

connection of the right atrium to the left pulmonary artery with the

interposition of a homograft.1,2 Several modifications have since

been introduced. Only shortly after Fontan, Kreutzer et al. described

their modified atriopulmonary connection techniques.3 In 1979, a

right atrial-right ventricular connection was reported by Bj€ork et al.4

More recently and still widely applied, the total cavopulmonary con-

nection (TCPC) or lateral tunnel Fontan was established by de Laval

et al. in 1988. Venous blood flow of the inferior vena cava (IVC) was

directed to the pulmonary artery by an intraatrial tunnel consisting

of a prosthetic baffle incorporating the atrial wall.5 The most recent

approach, the extracardiac TCPC, was introduced by the groups of

Puga and Marceletti and is now the most frequently applied modifi-

cation. Systemic venous blood is entirely redirected extracardially by

interposing an extracardiac conduit connecting the IVC with the pul-

monary artery.6,7

Owing to the continuous improvements in surgical techniques and

perioperative care, the development of preoperative selection criteria

and innovations in medical and interventional treatment strategies,

early and late mortality rates have been constantly declining and the
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Fontan operation is now performed in virtually all kinds of cardiac mal-

formations not amenable to biventricular repair.8–14

However, it has become evident that the profoundly unphysiological

character of the Fontan circulation does not remain without consequen-

ces. Passive pulmonary blood is largely dependent on pulmonary vascu-

lar resistance as well as preserved systolic and diastolic ventricular

function. The Fontan circulation physiology results in venous congestion

with elevated venous pressures and reduced ventricular preload with a

chronic low output state. This may lead to reduced exercise tolerance,

end organ damage and consequently numerous complications, including

ventricular failure, Fontan-associated liver disease, renal failure, arrhyth-

mias, thromboembolic events, plastic bronchitis and protein-losing enter-

opathy. Several authors have expressed their concern about the

obviously inevitable decline of the Fontan pathway function leading to

irreversible Fontan failure and premature death.15–18

Now, almost 50 years after the first clinical application of the origi-

nal procedure, the modified Fontan operation is among the most fre-

quently performed procedures in congenital heart disease surgery in

children.19–21 It is regularly performed in large cardiothoracic surgical

centers with an ever-growing number of studies reporting institutional

and multi-institutional outcomes. The objective of this review is to sys-

tematically summarize the international evolution of outcomes in

regard to morbidity and mortality of Fontan patients by analyzing the

collective data published over the past five decades.

2 | METHODS

To identify relevant studies concerning outcome after Fontan proce-

dure published to date, a systematic literature search via PubMed data-

base was conducted. The following search terms were used: (Title:)

“Fontan” OR “univentricular heart” OR “single ventricle” OR “cavopul-

monary connection” OR “Fontan circulation” OR “Fontan-circulation,”

(Abstract:) AND “follow up” OR “follow-up” OR “outcome” AND “sur-

vival” OR “mortality” OR “morbidity” OR “complications” OR “failure.”

Additional studies were identified through hand search of bibliogra-

phies in relevant publications retrieved.

All retrieved abstracts of studies published between 1971 and 2016

were screened. Follow-up studies with �100 Fontan patients were

taken into consideration and further reviewed. Exclusion criteria applied

were: articles not published in the English language, articles that neither

presented early nor late mortality after Fontan operation and articles

that did not specify the period of Fontan operations performed or only

examined a certain subgroup of patients with univentricular heart mal-

formations. If a given institution had published more than one article

with overlapping study periods and patient cohorts, we chose the study

with the largest cohort that best fit the selection criteria.

In studies eligible for inclusion, the following data were extracted:

general information (center, number of Fontan patients, follow-up

time), preoperative patient characteristics (morphology of systemic

ventricle, age, weight, mean pulmonary artery pressure, systemic ven-

tricular end-diastolic pressure, transpulmonary pressure gradient), fre-

quency of Fontan modifications, early mortality, long-term survival

estimates, frequency of relevant complications as well as frequencies

of reoperations, reinterventions and cardiac transplantations.

Data were collected and analyzed using Microsoft Office Excel

2011 for Mac OS X (Microsoft, Redmond, WA, USA). Results are given

in numbers and percentages. For comparability reasons, if figures were

not presented in the studies, we calculated or recalculated given figures

as follows: percentages for late mortality as well as reoperations, rein-

terventions and cardiac transplantations were calculated or recalculated

based on the entire cohorts of Fontan patients in the respective stud-

ies. Percentages for late complications, such as arrhythmias, throm-

boembolic events and protein-losing enteropathy were calculated or

recalculated based on the number of early survivors of the Fontan

operation, excluding early mortality. Calculated figures not provided in

the original manuscripts are marked in the tables. Furthermore, the cor-

responding authors of 30/31 studies included were contacted via email

with a request to provide missing data not reported in the original

manuscripts. By this, additional data was obtained from 1 study. If

patient cohorts were subdivided into several groups, the collective was

summarized if possible.

Graphs were created with GraphPad Prism Version 6.0 2014 for

Mac OS X (GraphPad, La Jolla, CA, USA).

3 | RESULTS

Overall, 650 potentially eligible studies were identified through the sys-

tematic PubMed search and further hand search. Of these, 392 were

excluded because the study title reflected a nonmatching topic. A further

155 articles were excluded after screening of the abstract (review, case-

report, editorial comment, particularly specific research question or exam-

ination of only a subgroup of patients with univentricular malformations,

not written in the English language, limited patient cohort size). After

comprehensive examination of the remaining 103 studies, 72 studies

were excluded because they did not meet the selection criteria (limited

patient cohort sizes, missing data on early or late mortality, period of Fon-

tan operations performed not specified, no extractable data with regard

to our research focus, studies from the same center with overlapping

study periods). A total of 31 studies were then included in this review.

3.1 | General information: Follow-up period after

Fontan, number of patients and geographic

distribution of patients

The study periods of the analyzed reports comprised 47 years of Fontan

operations (1968–2015), covering the eras of the original Fontan proce-

dure and modified atriopulmonary connections as well as the more recent

modifications of the lateral tunnel and extracardiac TCPC, which were

introduced in the late 1980s and early 1990s. Postoperative follow-up

intervals varied substantially, ranging from a mean of 2.0 years to up to

18.4 years.22,23 Study periods, authors, centers, number of patients and

duration of follow-up of the studies included are listed in Table 1.

The individual sample sizes of included studies varied from a mini-

mum of 100 patients to a maximum of 1052 patients, resulting in an over-

all number of 9390 patients.26,48 Studies were published by more than 40
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surgical centers, predominantly from developed economies. The geo-

graphical distribution of patient numbers is depicted in Figure 1.

3.2 | Preoperative patient characteristics

Reported ventricular morphology of palliated univentricular heart mal-

formations showed a larger proportion of malformations with a

systemic left ventricle in most of the studies included. A few more

recent studies, though, included a majority of patients with systemic

right ventricles, ranging from 51.0% to 64.0% of the respective

cohorts.33,37 Presence of heterotaxy varied considerably with propor-

tions between 3.1% and 39.8% of the patient populations.23,37 The rea-

son for this variability remains unclear; none of the studies specified

how the diagnosis of heterotaxy was established. Preoperative

TABLE 1 List of included studies

Study period, first author Center Patients (n) Follow-up (years)

2009–2013, Zhu24 Children’s Medical Center, Shanghai 101 2.4*

2002–2008, Salazar22 Texas Children’s Hospital, Houston 226 2.0*

1997–2008, O’Brien25 The Children’s Mercy Hospitals and Clinics, Kansas City 145 3.3*

1997–2003, Ocello26 Ospedale Civico, Palermo 100 3.3*

1996–2006, Kim27 Sejong General Hospital, Sejong 200 4.4*

1995–2011, Ovroutski28 Deutsches Herzzentrum Berlin, Berlin 140

1995–2006, Lee29 Seoul National University Children’s Hospital, Seoul 165 6.2/2.7*

1994–2015, Ono30 German Heart Center Munich, Munich 434 6.6*

1994–2014, Nakano31 Fukuoka Children’s Hospital, Fukuoka 500 6.7**

1994–2009, Hasaniya32 Children’s Hospital, Loma Linda 160 6.5*

1994–2007, Tweddell33 Children’s Hospital of Wisconsin, Wisconsin 256 4.4*

1994–1998, Azakie34 Hospital for Sick Children, Toronto 107 2.8/2.5*

1992–2009, Rogers35 The Children’s Hospital of Philadelphia, Philadelphia 771

1992–2008, Brown36 James Whitcomb Riley Hospital, Indianapolis 220 6.7*

1992–2007, Hirsch37 University of Michigan, Ann Arbor 636 4.2**

1991–2002, Alphonso38 Guy’s and St. Thomas Hospitals, London 122 4.5**

1990–1994, Sharma39 All India Institute of Medical Sciences, New Delhi 202

1988–2011, Dabal40 University of Alabama, Birmingham 207 5.4**

1988–2008, Robbers-Visser41 Sophia Children’s Hospital, Rotterdam 209 4.3**

1988–2004, Hosein9 Birmingham Children’s Hospital, Birmingham 406 6.1*

1988–2003, Giannico42 Bambino Gesu Hospital, Rome 221 4.2**

1987–2007, Chungsomprasong43 Siriraj Hospital, Bangkok 139 4.8**

1984–2004, Ono44 Hannover Medical School, Hannover 121 10.9*

1983–1995, Podzolkov45 Scientific Center of Cardiovascular Surgery, Moscow 150 3.7*

1981–2009, Idorn46 Rigshospitalet, Copenhagen 235 8.3*

1979–2010, Ohuchi23 National Cerebral and Cardiovascular Center, Osaka 201 18.4*

1978–2000, Cazzaniga47 Hospital Ram�on y Cajal, Madrid 124 8.4*

1975–2010, D’Udekem14 Fontan Registry, Australia and New Zealand 1006

1973–2012, Pundi48 Mayo Clinic, Rochester 1052 15.3*

1973–1991, Gentles49 Children’s Hospital, Boston 500

1968–1988, Fontan50 Hopital Cardiologique du Haute-Leveque, Bordeaux 334 5.0**

List of studies included in this review sorted by reported time period of Fontan operations. Duration of follow-up after Fontan operation is given as
reported (*mean or **median).
/, study cohort discriminated between Fontan modifications intracardiac and extracardiac total cavopulmonary connection; blank space, information not
available.
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demographic data showed a clear trend toward younger age and con-

sequently lower body weight at the time of Fontan procedure. Age at

Fontan operation varied between 4.6 (median) and 9.8 (mean) years

until 1990 and between 2.0 (median) and 5.6 (mean) years in the most

recent surgical era.26,37,40,50

Reported hemodynamic data prior to Fontan operation illustrated

a nearly homogeneous distribution of mean pulmonary artery pressure

(mPAP), systemic ventricular end-diastolic pressure (EDP) and transpul-

monary pressure gradient (TPG) with only a marginal tendency to lower

mPAP and EDP over time. In the majority of univentricular heart mal-

formation patients in the studies reviewed, the “commandments” sug-

gested by Choussat et al. considering the preoperative hemodynamic

prerequisites have been respected.8 Reported preoperative patients’

characteristics are shown in Table 2.

3.3 | Modifications of the Fontan operation

Distribution of the surgical modifications of the Fontan procedure dis-

played a continuous sequential replacement of the atriopulmonary con-

nections by the lateral tunnel TCPC and the extracardiac TCPC over

time. In the entire combined patient cohort, the extracardiac TCPC was

the most frequent modification, performed in 3704 patients (44.0%),

followed by the lateral tunnel TCPC in 2760 patients (32.8%) and atrio-

pulmonary connection modifications in 1949 patients (23.2%). The rela-

tive proportions of Fontan modifications in the individual studies are

depicted in Figure 2.

3.4 | Early mortality and long-term survival

There was a clear decrease in early mortality rates after Fontan proce-

dure over time. While the first studies reported early mortality rates of

up to 20.1%, it is as low as 0.5% in recent publications.36,50 Early

mortality rates according to the era of Fontan operations performed

are plotted in Figure 3.

A total of 24 (77.4%) studies reported long-term survival rates.

Kaplan-Meier survival estimates, sorted by surgical eras, are depicted in

Figure 4. The graph illustrates a clear trend of improved long-term sur-

vival in the more recent studies. While 15-year survival rates in the ear-

lier reports ranged from 52% to 82%, they reached up to 95% in the

most recent surgical era.9,36,43,50 The studies with the longest follow-

up periods have reported survival rates of 83% after 25 years and 43%

after 30 years, respectively.14,48

Only 16 (51.6%) of the studies specified causes of late mortality.

The most common cause of late mortality was related to Fontan failure

due to systemic ventricular failure.9,23,24,30–32,36,44,45,48 Other frequent

causes of late death included sudden death and death after reopera-

tion, especially after cardiac transplantation.22,24,34,38,42,44,50

3.5 | Long-term morbidity

Complications during long-term follow-up have not been consis-

tently reported. Most frequently, studies focused on the most com-

mon complications such as arrhythmias and thromboembolic events,

but also less common complications such as protein-losing enterop-

athy. Further complications such as Fontan-associated liver disease,

plastic bronchitis, varicosis, hemorrhage, chronic effusions, renal fail-

ure and others were only mentioned occasionally. Arrhythmias com-

prised the most frequently reported complication with incidences

varying from 3.0% to up to 41%, followed by thromboembolic

events and protein-losing enteropathy with incidences of 0.6%-

10.2% and 0.9%–10.2%, respectively (Table 3).38,42,44,48,51 During

long-term follow-up, reoperations and reinterventions were fre-

quent, with relative proportions in the individual studies ranging

from 0.0%-26.6% and 0.0%-28.1%, respectively.24,44,47 However,

only 14 (45.2%) studies reported reoperation rates after Fontan

FIGURE 1 Overview of Fontan patient numbers and geographical distribution. Depiction of patient numbers and their geographical
distribution from reports included in this review. Figures are absolute numbers and percentages of total patient number from the reports
included
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operation and only 12 (38.7%) have specified reasons for reopera-

tions. Among the most common reoperations were pacemaker

implantations, atrioventricular valve procedures and Fontan revision

and conversion.9,22,27,30,31,41,48 Cardiac transplantations were car-

ried out in up to 3.5% of Fontan patients.48 Reinterventions were

also only sporadically mentioned; among the most common

TABLE 2 Preoperative patients’ characteristics

Systemic
ventricle (%) Heterotaxy

Study period, first author LV RV (%)
Age at
Fontan (years)

Weight at
Fontan (kg)

PAP
(mm Hg)

EDP
(mm Hg)

TPG
(mm Hg)

2009–2013, Zhu 20.1 3.7** 15.0**

2002–2008, Salazar 38.9 34.5 18.1 4.3* 17.2* 4.1*

1997–2008, O’Brien 12.4 3.0** 13.6** 12.0** 9.0**

1997–2003, Ocello 23.0 5.6* 19.8* 11.0* 7.0*

1996–2006, Kim 32.0 3.4** 12.4* 10.0* 4.9*

1995–2011, Ovroutski 36.4 17.9 3.8** 14.3** 10.0** 7.0** 4.0**

1995–2006, Lee 4.0/4.3* 15.8/16.7* 7.1/5.5*

1994–2015, Ono 51.0 7.8 2.3** 12.0**

1994–2014, Nakano 24.6 3.4** 12.0*

1994–2009, Hasaniya 12.5 3.3** 15.5** 12.0**

1994–2007, Tweddell 44.1 55.5 7.0 3.0** 13.0** 13.0** 9.0**

1994–1998, Azakie 58.9 41.1 12.1 3.8/4.0* 14.9/15.9* 11.0/10.0* 7.0/7.0* 5.0/5.0*

1992–2009, Rogers 30.1 18.8 8.6 2.3** 12.0** 11.3* 7.5*

1992–2008, Brown 11.8 2.5*

1992–2007, Hirsch 36.0 64.0 3.1 2.0** 11.1** 12.0** 8.0**

1991–2002, Alphonso 57.0 41.0 15.6 5.6* 18.5** 13.5*

1990–1994, Sharma 11.1* 10.7*

1988–2011, Dabal 5.8 4.6**

1988–2008, Robbers-Visser 54.6 44.0 3.0/3.2** 14.0/14.0** 11.2/11.0** 9.0/9.4**

1988–2004, Hosein 59.0 40.0 11.1 4,7** 16.8** 12.0** 8.0** 5.0**

1988–2003, Giannico 12.0 6.0*

1987–2007, Chungsomprasong 55.3 28.2 12.9 8.7** 13.0** 10.0**

1984–2004, Ono 67.8 32.2 10.7 5.8*

1983–1995, Podzolkov 8.6/10.0* 14.3/13.3*

1981–2009, Idorn 31.1 3.1–12.4*

1979–2010, Ohuchi 40.0 46.3 39.8 5.7* 6.9*

1978–2000, Cazzaniga 70.0 12.0 4.8 7.3* 22.0**

1975–2010, D’Udekem 61.0 31.0 6.6 4.6** 12.0*

1973–2012, Pundi 68.0 29.0 12.8 9.4* 29.9** 16.0** 11.0**

1973–1991, Gentles 69.4 8.2 6.8*

1968–1988, Fontan 9.8*

Overview of reported preoperative patients’ characteristics before definitive univentricular palliation. Data given as reported (*mean or **median). Mor-
phology of the dominant systemic ventricle is specified as reported. Figures given in italics represent data acquired through personal communication
with the corresponding authors.
/, study cohort discriminated between Fontan modifications intracardiac and extracardiac total cavopulmonary connection as well as atriopulmonary
and total cavopulmonary connection; blank space, information not available.
Abbreviations: EDP, end-diastolic pressure of the systemic ventricle; LV, left ventricle; PAP, mean pulmonary artery pressure; RV, right ventricle; TPG,
transpulmonary pressure gradient.
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procedures were closures of fenestrations, occlusion of collaterals

and balloon angioplasty of or stent implantation into the pulmonary

arteries or the Fontan conduit.9,22,30,31,44 Inconsistent reporting of

reoperations or reinterventions precludes conclusions about

changes in frequency across the time periods covered in this review.

Cardiopulmonary capacity during long-term follow-up was rarely

reported and only 14 (45.2%) studies specified NYHA functional

class at the last follow-up after Fontan operation. Overall, the major-

ity of patients were reported to be in NYHA functional class I or II

(Table 3). Data on the use of anticongestive and pulmonary anti-

FIGURE 2 Distribution of Fontan modifications. Relative proportion of different Fontan modifications reported by the individual
studies included in this review. Columns are tabulated according to the first year of study period covered by publications.
Abbreviations: APC, atriopulmonary connection, ecTCPC, extracardiac total cavopulmonary connection, icTCPC, intracardiac total
cavopulmonary connection

FIGURE 3 Early mortality after Fontan operation. Reported early mortality rates after definitive univentricular palliation of included studies
according to study period covered. Transverse bars mark individual reports’ study period; percentage value represents reported early
mortality rates. Bar colors represent surgical eras according to the beginning of the study period. Early mortality was defined as 30-day mor-
tality by 17 (54.8%) studies and in-hospital mortality by 4 (12.9%) studies. Exceptions are marked as follows: *6 weeks postoperatively, **6
months postoperatively, †operative mortality without further specification, ‡early postoperative mortality without further specification.
Blank space, early mortality information not available
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hypertensive medical treatments were also rarely reported and thus

not analyzed.

4 | DISCUSSION

The data compiled in this systematic review outline the success story

of the Fontan procedure having provided a perspective for numerous

patients with complex univentricular heart malformations. They also

demonstrate the continuously improving results emerging from the

procedural evolution of definitive univentricular palliation and concomi-

tant advancements in medical care throughout the past almost 50

years. Previously burdened with very poor life expectancy, a large num-

ber of these patients have entered adolescence and adulthood

today.13,14 The Fontan procedure in its contemporary modifications is

now frequently performed in surgical centers in developed economies

across the world. Accordingly, a large quantity of studies on early, mid-

term and long-term outcome has been published to date.

4.1 | Preoperative patients’ characteristics

In respect to preoperative patient characteristics, different trends could

be observed. More contemporary cohorts included an increasing num-

ber of patients with systemic right ventricles, were younger at Fontan

operation, and had a tendency to lower mean pulmonary artery and

end-diastolic pressures. These observations reflect that, together with

the continuous improvement of surgical strategies as well as pre and

postoperative management, the selection characteristics of patients to

undergo the Fontan operation have changed fundamentally over the

years. Initially created to palliate only a small subgroup of univentricular

malformations, namely tricuspid atresia, the procedure is now regularly

performed in the most complex malformations such as hypoplastic left

heart syndrome, with satisfactory postoperative results.11,51,52 The

former relatively late timing has been revised, and, preventing long-

lasting cyanosis and volume overload of the single ventricle, the Fontan

operation is now generally performed between 2 and 4 years of age.53

Low pulmonary vascular resistance and preserved systolic and diastolic

ventricular function remain the most crucial prerequisites for satisfying

postoperative results. Accordingly, some of the “ten commandments”

for patient selection stated by Choussat et al. in 1978 have become

less relevant over time. In this sense, Hosein et al. even referred to

them as the “two commandments” in 2007.8,9 Even in high-risk

patients with elevated pulmonary resistance or a right systemic ventri-

cle, formerly not considered to be Fontan candidates, good early and

midterm results after Fontan completion can be achieved, for example

by creation of fenestrations to minimize the risk of low cardiac output

and excessive elevation of venous pressures.54,55

However, especially those patients with suboptimal prerequisites

and multiple preoperative risk factors might pose additional challenges

yet to come. Despite the advancements in extending the indication for

the Fontan operation, a significant proportion of patients with univen-

tricular heart malformations will not proceed to that stage due to

interim mortality or decline as a Fontan candidate.56,57 Several risk fac-

tors for early and late mortality are well-acknowledged but there is no

universal consensus on the definite criteria for admittance or decline for

the Fontan procedure. Among other factors, high pulmonary artery

pressure or pulmonary vascular resistance, compromised ventricular

function and significant atrioventricular valve regurgitation have

consistently been associated with poor early and late out-

come.9,11,27,30,35,48,49,58,59 Consequently, a cavo-pulmonary and/or

systemico-pulmonary shunt may then be considered as definitive pallia-

tion since it might represent the more appropriate approach in some

high-risk Fontan candidates.

4.2 | Modifications of the Fontan operation

Analysis of the Fontan modifications employed demonstrated continu-

ous replacement of the initial surgical approaches by the more recent

extracardiac conduit TCPC. Its advantages in comparison to prior modi-

fications have been pointed out by many study groups. The extracar-

diac approach allows the reduction or even omission of the use of

cardiopulmonary bypass, thus reducing possible perioperative compli-

cations, the laminar flow improves hemodynamic results, and the avoid-

ance of intraatrial surgery decreases the incidence of postoperative

arrhythmias.6,34,60–62 However, it has to be considered that the patient

population palliated with the extracardiac TCPC modification is cur-

rently the youngest and benefits not only from the developments in

surgical techniques but also from the experience gathered concerning

preoperative selection, perioperative care, medical treatment and inter-

ventional strategies. Comparability of outcome after extracardiac TCPC

with previously employed Fontan modifications and older patient

cohorts is, therefore, limited and long-term benefits are not yet

clarified.

Research in order to further improve hemodynamic results is con-

tinuing. The recently introduced Y-shaped extracardiac baffle, which

has been developed based on theoretical computational fluid-dynamic

FIGURE 4 Long-term survival after Fontan. Reported late survival
rates after definitive univentricular palliation of included studies
according to study period covered. Only studies with specified
survival rates are included in this figure. Dots represent respective
reported Kaplan-Meier survival estimates at given time points.
Connecting lines represent individual studies having survival esti-
mates reported at several time points. Line/dot colors mark surgical
eras, dashed vertical lines mark 15 and 20 years. *, definition by
death and cardiac transplantation or revision
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considerations to reduce energy loss, might prove hemodynamically

advantageous in comparison to the original tube-shaped extracardiac

TCPC.63–65

4.3 | Early mortality and long-term survival

Early mortality rates clearly decreased over the time period covered. In

addition, long-term survival estimates were considerably higher in more

recent publications compared to earlier reports. However, the growing,

diverse population of aging Fontan patients is at risk of developing mul-

tiple complications eventually leading to Fontan failure and premature

death.16,66 Among the biggest concerns regarding the long-term per-

formance of the Fontan circulation are a continuous decline of the sys-

temic ventricular systolic and diastolic function and an increase in

pulmonary vascular resistance.67,68 In fact, in most of the studies

included in this review, ventricular failure was the predominant cause

for late death while Fontan failure due to increasing pulmonary vascu-

lar resistance was only occasionally reported. Several reasons, including

individual preconditions originating from the cardiac malformation

itself, cyanosis and volume overload prior to palliation resulting in myo-

cardial fibrosis, permanent systemic ventricular preload restriction after

Fontan palliation and multiple surgical interventions, may result in

impairment of both systolic and diastolic ventricular function.69,70 Con-

ventional treatment strategies for heart failure employed in patients

with biventricular hearts are not comparably efficient in univentricular

heart malformations.71 In the future, the establishment of evidence-

based standardized treatment regimens and the implementation of

innovative therapies will be decisive for these patients.72,73

4.4 | Long-term morbidity

A significant number of patients suffered from late complications, illus-

trating the palliative character of the Fontan procedure. Arrhythmia

was clearly the most frequent complication (Table 3). A recent study

points out that beyond the increasing incidence of tachyarrhythmias

during long-term follow-up, Fontan patients also have a considerable

risk of sudden cardiac death.74 Comparative studies have shown a

lower incidence in patients palliated with the extracardiac modification

in which atrial scarring is prevented and the atrial wall is not incorpo-

rated into the Fontan pathway.34,74,75 Thus, a long-term reduction of

the occurrence of arrhythmias can be hoped for in contemporary

patient cohorts.

Thromboembolic events and protein-losing enteropathy are both

related to multifactorial causes. Reasons for thromboembolism include

coagulation abnormalities, slow venous blood flow and tachyarrhyth-

mias. The preferable antithrombotic treatment after Fontan palliation

remains somewhat controversial since convincing evidence to establish

standardized treatment regimens is lacking.76–79 Protein-losing enter-

opathy is presumably triggered by chronic venous congestion, impaired

intestinal lymphatic drainage and intestinal inflammation.67,80,81 It is a

comparably rare but nonetheless severe complication with poor prog-

nosis. Treatment is challenging since no single proposed treatmentT
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strategy has proven universally successful and consensus on manage-

ment guidelines has not been achieved.

Catheter-based reinterventions and reoperations were relatively

frequently performed; however, a considerable number of studies did

not report reoperation and reintervention incidences and their actual

incidence may even be underappreciated as has also been pointed out

in more recent studies.82 Moreover, indications for reinterventions

were only sporadically given. The delicate Fontan hemodynamics have

to be maintained under all circumstances to avoid circulatory compro-

mise and consequent Fontan failure and, in this sense, interventions

may be viewed as indispensable “maintenance work” to ensure favor-

able long-term outcome and minimize morbidity in Fontan patients.

As the Fontan population ages, cardiac transplantation will become

increasingly important. Current indications include not only cardiac fail-

ure but also refractory hemodynamic failure, as in therapy-resistant

protein-losing enteropathy. While survival after transplantation for

ventricular failure shows encouraging results, reported outcome after

transplantation in patients with preserved ventricular function is vari-

able with multiple additional risk factors such as malnutrition, immuno-

suppression and increased pulmonary vascular resistance being

discussed as reasons for increased mortality. However, while some

studies found a comparably worse survival after cardiac transplantation

in Fontan patients with preserved ventricular function, more recent

and larger studies could not confirm these observations.83–86

The reported overall functional status after Fontan operation

was generally good, with most of the surviving patients being in

NYHA class I or II at their last follow-up. However, NYHA classifica-

tion does not provide information about the overall physical capacity

or quality of life of the Fontan population. One of the few studies

published on this subject demonstrated significantly impaired quality

of life in young Fontan patients.87 In another report, multiple non-

cardiac medical problems with great impact on physical health status

were observed in children and adolescents after Fontan. Psychoso-

cial issues such as learning deficits, anxiety and depression were

more prevalent in Fontan patients than in the general population.88

These aspects of psychosocial development and quality of life are

still largely underappreciated.

4.5 | Conclusions and future perspectives

Almost fifty years after the original introduction of the Fontan proce-

dure, patients with univentricular heart malformations nowadays bene-

fit from the experience and developments of the past decades and

have a significantly improved long-term prognosis. However, important

issues concerning long-term morbidity and mortality are not yet solved

and clear intrinsic limitations of the Fontan circulation have become

evident. Additional complex late complications such as Fontan-

associated liver disease, the inevitable continuous decline of the uni-

ventricular function and increasing pulmonary vascular resistance are

still deeply concerning. A comprehensive regular follow-up regime

together with continuous research remains crucial for further improve-

ments of the future perspectives after Fontan operation.

5 | L IMITATIONS

The main limitation of this review lies in the great diversity of the stud-

ies included. The studies focused on various research questions and

differed in the number of Fontan patients reported, surgical strategies

and follow-up duration beyond numerous other aspects. Because of

the restricted number of studies and inconsistent data reports, mean-

ingful statistical analyses cannot be performed and this review is, there-

fore, of descriptive character only.

ACKNOWLEDGMENT

We thank Anne Gale for editorial assistance.

AUTHOR CONTRIBUTIONS

Data analysis: Kverneland

Drafting article: Kverneland

Data interpretation: Kramer

Critical revision: Kramer, Ovroutski

Concept/design: Ovroutski

Manuscript approval: Ovroutski

CONFLICT OF INTEREST

The authors report no conflicts of interest.

DISCLOSURES

None

ORCID

Laura S. Kverneland MD http://orcid.org/0000-0002-0375-6343

REFERENCES

[1] Fontan FBE. Surgical repair of tricuspid atresia. Thorax. 1971;26:

240–248.

[2] Glenn W. Circulatory by-pass of the right side of the heart. IV.

Shunt between the superior vena cava and distal right pulmonary

artery: report of a clinical application. N Engl J Med. 1958;259:117.

[3] Kreutzer C, Kreutzer J, Kreutzer GO. Reflections on five decades of

the fontan kreutzer procedure. Front Pediatr. 2013;1:45.

[4] Bj€ork V, Olin C, Bjarke B, Thor�en C. Right atrial-right ventricular

anastomosis for correction of tricuspid atresia. J Thorac Cardiovasc

Surg. 1979;77(3):452–458.

[5] 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.

[6] Marcelletti C, Corno A, Giannico S, Marino B. Inferior vena cava -

pulmonary artery extracardiac conduit. A new form of right heart

bypass. J Thorac Cardiovasc Surg. 1990;100(2):228–232.

[7] Humes R, Feldt R, Porter C, Julsrud P, Puga F, Danielson G. The

modified Fontan operation for asplenia and polysplenia syndromes.

J Thorac Cardiovasc Surg. 1988;96(2):212–218.

[8] Choussat A, Fontan F, Besse P, Vallot F, Chauve A, Bricaud H.

Selection criteria for Fontan’s procedure. In: Anderson RH,

190 | KVERNELAND ET AL.

http://orcid.org/0000-0002-0375-6343


Shinebourne EA, eds. Paediatric Cardiology. Edinburgh: Churchill

Livingstone; 1978:559–566.

[9] Hosein RBM, Clarke AJB, McGuirk SP. Factors influencing early and

late outcome following the Fontan procedure in the current era.

The “Two Commandments”? Eur J Cardiothorac Surg. 2007;31(3):

344–352.

[10] Driscoll DJ. Long-term results of the Fontan operation. Pediatr Car-

diol. 2007;28(6):438–442.

[11] 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):237–245.

[12] 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):

2301–2305.

[13] M€ossinger LS. Langzeitverlauf Nach Fontanoperation. 1st ed.

Wiesbaden: Springer Fachmedien; 2016.

[14] D’Udekem Y, Iyengar A. J, 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;130:32–38.

[15] Rychik J. Forty years of the Fontan operation: a failed strategy.

Pediatr Card Surg Annu. 2010;13(1):96–100.

[16] Gewillig M, Goldberg DJ. Failure of the Fontan circulation. Heart

Fail Clin. 2014;10(1):105–116.

[17] Johnson JN, Driscoll DJ, O’leary PW. Protein-losing enteropathy

and the Fontan operation. Nutr Clin Pract. 2012;27(3):375–384.

[18] de Leval MR. The Fontan circulation: a challenge to William

Harvey? Nat Clin Pract Cardiovasc Med. 2005;2(4):202–208.

[19] Beckmann A, Funkat AK, Lewandowski J, et al. Cardiac Surgery

in Germany during 2014: a report on behalf of the german soci-

ety for thoracic and cardiovascular surgery: congenital heart sur-

gery with/without ECC. Thorac Cardiovasc Surg. 2015;63(04):

258–269.

[20] Gersony WM. Fontan operation after 3 decades: what we have

learned. Circulation. 2008;117(1):13–15.

[21] Duke Clinical Research Institute. STS Congenital Heart Surgery Execu-

tive Summary Children. Table 3: Primary Procedure, 35 Most Frequent

for Children, Last 4 Years (Jul 2012 - Jun 2016).Web site. http://

www.sts.org/national-database/database-managers/executive-

summaries.

[22] Salazar JD, Zafar F, Siddiqui K, et al. Fenestration during Fontan

palliation: now the exception instead of the rule. J Thorac Cardio-

vasc Surg. 2010;140(1):129–136.

[23] Ohuchi H, Ono S, Tanabe Y, et al. Long-term serial aerobic exer-

cise capacity and hemodynamic properties in clinically and hemo-

dynamically good, “Excellent”, Fontan survivors. Circ J. 2012;76(1):

195–203.

[24] Zhu ZQ, Hong HF, Chen HW, et al. Intraatrial conduit Fontan pro-

cedure: Indications, operative techniques, and clinical outcomes.

Ann Thorac Surg. 2015;99(1):156–161.

[25] O’Brien JE, Marshall JA, Young AR, Handley KM, Lofland GK. The

nonfenestrated extracardiac Fontan procedure: a cohort of 145

patients. Ann Thorac Surg. 2010;89:1815–1820.

[26] Ocello S, Salviato N, Marcelletti CF. Results of 100 consecutive

extracardiac conduit Fontan operations. Pediatr Cardiol. 2007;28(6):

433–437.

[27] Kim S-J, Kim W-H, Lim H-G, Lee J-Y. Outcome of 200 patients

after an extracardiac Fontan procedure. J Thorac Cardiovasc Surg.

2008;136(1):108–116.

[28] Ovroutski S, Sohn C, Barikbin P, et al. Analysis of the risk factors

for early failure after extracardiac Fontan operation. Ann Thorac

Surg. 2013;95(4):1409–1416.

[29] Lee JR, Kwak J, Kim KC, et al. Comparison of lateral tunnel and

extracardiac conduit Fontan procedure. Interact Cardiovasc Thorac

Surg. 2007;6(3):328–330.

[30] Ono M, Kasnar-Samprec J, Hager A, et al. Clinical outcome follow-

ing total cavopulmonary connection: a 20-year single-centre experi-

ence. Eur J Cardio-Thoracic Surg. 2016;50(4):632–641.

[31] Nakano T, Kado H, Tatewaki H, et al. Results of extracardiac con-

duit total cavopulmonary connection in 500 patients. Eur J Cardio-

Thoracic Surg. 2015;48(6):3–5.

[32] Hasaniya NW, Razzouk AJ, Mulla NF, Larsen RL, Bailey LL. In situ

pericardial extracardiac lateral tunnel Fontan operation: fifteen-year

experience. J Thorac Cardiovasc Surg. 2010;140(5):1076–1083.

[33] Tweddell JS, Nersesian M, Mussatto KA, et al. Fontan palliation in

the modern era: factors impacting mortality and morbidity. Ann

Thorac Surg. 2009;88(4):1291–1299.

[34] Azakie A, McCrindle BW, Van Arsdell G, et al. Extracardiac conduit ver-

sus lateral tunnel cavopulmonary connections at a single institution:

impact on outcomes. J Thorac Cardiovasc Surg. 2001;122(6):1219–1228.

[35] Rogers LS, Glatz AC, Ravishankar C, et al. 18 years of the Fontan

operation at a single institution: Results from 771 consecutive

patients. J Am Coll Cardiol. 2012;60(11):1018–1025.

[36] Brown JW, Ruzmetov M, Deschner BW, Rodefeld MD, Turrentine

MW. Lateral tunnel Fontan in the current era: is it still a good

option?. Ann Thorac Surg. 2010;89(2):556–562.

[37] Hirsch JC, Goldberg C, Bove EL, et al. Fontan operation in the cur-

rent era: a 15-year single institution experience. Ann Surg. 2008;

248(3):402–410.

[38] Alphonso N, Baghai M, Sundar P, Tulloh R, Austin C, Anderson D.

Intermediate-term outcome following the fontan operation: a sur-

vival, functional and risk-factor analysis. Eur J Cardiothorac Surg.

2005;28(4):529–535.

[39] Sharma R, Iyer KS, Airan B, et al. Univentricular repair: early and

midterm results. J Thorac Cardiovasc Surg. 1995;110(6):1692–1701.

[40] 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 Cardiovasc Surg. 2014;148(6):2517–2524.

[41] Robbers-Visser D, Miedema M, Nijveld A, et al. Results of staged

total cavopulmonary connection for functionally univentricular

hearts; comparison of intra-atrial lateral tunnel and extracardiac

conduit. Eur J Cardiothorac Surg. 2010;37(4):934–941.

[42] Giannico S, Hammad F, Amodeo A, et al. Clinical outcome of 193

extracardiac Fontan patients. The first 15 years. J Am Coll Cardiol.

2006;47(10):2065–2073.

[43] Chungsomprasong P, Soongswang J, Nana A, et al. Medium and

long-term outcomes of Fontan operation. J Med Assoc Thail. 2011;

94(3):323–330.

[44] Ono M, Boethig D, Goerler H, Lange M, Westhoff-Bleck M,

Breymann T. Clinical outcome of patients 20 years after Fontan

operation-effect of fenestration on late morbidity. Eur J Cardio-

Thoracic Surg. 2006;30(6):923–929.

[45] 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):458–465.

[46] 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):1458–1465.

KVERNELAND ET AL. | 191

http://www.sts.org/national-database/database-managers/executive-summaries
http://www.sts.org/national-database/database-managers/executive-summaries
http://www.sts.org/national-database/database-managers/executive-summaries


[47] Cazzaniga M, Pineda LF, Villagr�a F, et al. Single-stage Fontan proce-

dure : early and late outcome in 124 patients. Rev Esp Cardiol. 2002;

55(4):391–412.

[48] Pundi KN, Johnson JN, Dearani JA, et al. 40-year follow-up after

the Fontan operation long-term outcomes of 1,052 patients. J Am

Coll Cardiol. 2015;66(15):1700–1710.

[49] Gentles TL, Mayer JE, Gauvreau K, et al. Fontan operation in five

hundred consecutive patients: factors influencing early and late out-

come. J Thorac Cardiovasc Surg. 1997;114(3):376–391.

[50] Fontan F, Kirklin JW, Fernandez G, et al. Outcome after a “perfect”
Fontan operation. Circulation. 1990;81(5):1520–1536.

[51] Hirsch JC, Ohye RG, Devaney EJ, Goldberg CS, Bove EL. The lateral

tunnel Fontan procedure for hypoplastic left heart syndrome:

Results of 100 consecutive patients. Pediatr Cardiol. 2007;28(6):

426–432.

[52] Iyengar AJ, Winlaw DS, Galati JC, et al. The extracardiac conduit

Fontan procedure in Australia and New Zealand: hypoplastic left

heart syndrome predicts worse early and late outcomes. Eur J Cardi-

othorac Surg. 2014;46:1–9.

[53] Kaulitz R, Hofbeck M. Current treatment and prognosis in children

with functionally univentricular hearts. Arch Dis Child. 2005;90(7):

757–762. https://doi.org/10.1136/adc.2003.034090.

[54] Bridges ND, Mayer JE, Lock JE, et al. Effect of baffle fenestration

on outcome of the modified Fontan operation. Circulation. 1992;86

(6):1762–1769.

[55] Bridges ND, Lock JE, Castaneda AR. Baffle fenestration with subse-

quent transcatheter closure. Modification of the Fontan operation

for patients at increased risk. Circulation. 1990;82(5):1681–1689.

[56] François K, Vandekerckhove K, De Groote K, et al. Current out-

comes of the bi-directional cavopulmonary anastomosis in single

ventricle patients: analysis of risk factors for morbidity and mortal-

ity, and suitability for Fontan completion. Cardiol Young. 2015;26:

288–297. https://doi.org/10.1017/S1047951115000153

[57] Tan AM, Iyengar AJ, Donath S, et al. Fontan completion rate and

outcomes after bidirectional cavo-pulmonary shunt. Eur J Cardio-

Thoracic Surg. 2010;38(1):59–65. https://doi.org/10.1016/j.ejcts.

2010.01.031.

[58] Naito Y, Hiramatsu T, Kurosawa H, et al. Long-term results of modi-

fied fontan operation for single-ventricle patients associated with

atrioventricular valve regurgitation. Ann Thorac Surg. 2013;96(1):

211–218. https://doi.org/10.1016/j.athoracsur.2013.02.029.

[59] 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):393–398. https://doi.

org/10.1111/chd.12468.

[60] Lardo AC, Webber S. A, Friehs I, del Nido PJ, Cape EG. Fluid

dynamic comparison of intra-atrial and extracardiac total cavo-

pulmonary connections. J Thorac Cardiovasc Surg. 1999;117(4):

697–704.

[61] d’Udekem Y, Iyengar AJ, Cochrane AD, et al. The Fontan procedure:

contemporary techniques have improved long-term outcomes. Cir-

culation. 2007;116:157–164.

[62] Kogon B, Khairy P, Poirier N. Is the extracardiac conduit the pre-

ferred fontan approach for patients with univentricular hearts?

The extracardiac conduit is not the preferred fontan approach for

patients with univentricular hearts. Circulation. 2012;126(21):

2516–2525.

[63] Kanter KR, Haggerty CM, Restrepo M, et al. Preliminary clinical

experience with a bifurcated Y-graft Fontan procedure–a feasibility

study. J Thorac Cardiovasc Surg. 2012;144(2):383–389.

[64] Marsden AL, Bernstein AJ, Reddy VM, et al. Evaluation of a novel

Y-shaped extracardiac Fontan baffle using computational fluid

dynamics. J Thorac Cardiovasc Surg. 2009;137(2):394–403.

[65] Martin MH, Feinstein JA, Chan FP, Marsden AL, Yang W, Reddy VM.

Technical feasibility and intermediate outcomes of using a hand-

crafted, area-preserving, bifurcated Y-graft modification of the Fon-

tan procedure. J Thorac Cardiovasc Surg. 2015;149(1):239–245e1.

[66] Ohuchi H. Adult patients with Fontan circulation: What we know

and how to manage adults with Fontan circulation? J Cardiol. 2016;

68(3):181–189.

[67] Gewillig M. The Fontan circulation. Heart. 2005;91(6):839–846.

[68] Khambadkone S, Li J, de Leval MR, Cullen S, Deanfield JE,

Redington A. N. Basal pulmonary vascular resistance and nitric

oxide responsiveness late after Fontan-type operation. Circulation.

2003;107(25):3204–3208.

[69] Cheung YF, Penny DJ, Redington AN. Serial assessment of left ven-

tricular diastolic function after Fontan procedure. Heart. 2000;83(4):

420–424.

[70] Eicken A, Fratz S, Gutfried C, et al. Hearts late after fontan opera-

tion have normal mass, normal volume, and reduced systolic func-

tion. J Am Coll Cardiol. 2003;42(6):1061–1065.

[71] Cedars A, Joseph S, Ludbrook P. Heart Failure in Adults who had

the Fontan Procedure: Natural History, Evaluation, and Manage-

ment. Curr Treat Options Cardiovasc Med. 2013;15(5):587–601.

[72] Derk G, Laks H, Biniwale R, et al. Novel techniques of mechanical

circulatory support for the right heart and Fontan circulation. Int J

Cardiol. 2014;176(3):828–832.

[73] Tarui S, Sano S, Oh H. Stem cell therapies in patients with single

ventricle physiology. Debakey J. 2014;10(2):77–81.

[74] Pundi KN, Pundi KN, Johnson JN, et al. Sudden cardiac death and

late arrhythmias after the Fontan operation. Congenit Heart Dis.

2017;12(1):17–23. https://doi.org/10.1111/chd.12401.

[75] N€urnberg JH, Ovroutski S, Alexi-Meskishvili V, Ewert P, Hetzer R,

Lange PE. New onset arrhythmias after the extracardiac conduit Fon-

tan operation compared with the intraatrial lateral tunnel procedure:

early and midterm results. Ann Thorac Surg. 2004;78(6):1979–1988.

[76] Kaulitz R, Ziemer G, Rauch R, et al. Prophylaxis of thromboembolic

complications after the Fontan operation (total cavopulmonary

anastomosis). J Thorac Cardiovasc Surg. 2005;129(3):569–575.

[77] McCrindle BW, Manlhiot C, Cochrane A, et al. Factors associated

with thrombotic complications after the Fontan procedure. J Am

Coll Cardiol. 2013;61(3):346–353.

[78] Jacobs ML, Pourmoghadam KK. Thromboembolism and the role of

anticoagulation in the Fontan patient. Pediatr Cardiol. 2007;28(6):

457–464.

[79] Anderson P, Breitbart R, McCrindle B, et al. The Fontan Patient:

inconsistencies in medication therapy across seven pediatric heart

network centers. Pediatr Cardiol. 2010;31(8):1219–1228.

[80] van Nieuwenhuizen RC, Peters M, Lubbers LJ, Trip MD, Tijssen JG,

Mulder BJ. Abnormalities in liver function and coagulation profile

following the Fontan procedure. Heart. 1999;82(1):40–46.

[81] Rychik J. Protein-losing enteropathy after Fontan operation. Conge-

nit Heart Dis. 1987. 2007;2(5):288–300.

[82] Downing TE, Allen KY, Goldberg DJ, et al. Surgical and catheter-

based reinterventions are common in long-term survivors of the

Fontan operation. Circ Cardiovasc Interv. 2017;10(9):1–9. https://

doi.org/10.1161/CIRCINTERVENTIONS.116.004924

[83] Mitchell MB, Campbell DN, Boucek MM. Heart transplantation for

the failing Fontan circulation. Semin Thorac Cardiovasc Surg Pediatr

Card Surg Annu. 2004;7(1):56–64.

192 | KVERNELAND ET AL.

https://doi.org/10.1136/adc.2003.034090
https://doi.org/10.1017/S1047951115000153
https://doi.org/10.1016/j.ejcts.2010.01.031
https://doi.org/10.1016/j.ejcts.2010.01.031
https://doi.org/10.1016/j.athoracsur.2013.02.029
https://doi.org/10.1111/chd.12468
https://doi.org/10.1111/chd.12468
https://doi.org/10.1111/chd.12401
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004924
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004924


[84] Griffiths ER, Kaza AK, Wyler von Ballmoos MC, et al. Evaluating

failing Fontans for heart transplantation: predictors of death. Ann

Thorac Surg. 2009;88(2):558–563.

[85] Schumacher KR, Gossett J, Guleserian K, et al. Fontan-associated

protein-losing enteropathy and heart transplant: a pediatric heart

transplant study analysis. J Hear Lung Transplant. 2015;34(9):1–8.

[86] Kanter KR. Heart transplantation in children after a Fontan proce-

dure: better than people think. Thorac Cardiovasc Surg Pediatr Card

Surg Annu. 2016;19(1):44–49.

[87] Uzark K, Zak V, Shrader P, et al. Assessment of quality of life in

young patients with single ventricle after the Fontan Operation.

J Pediatr. 2016;170:166–173.

[88] McCrindle BW, Zak V, Pemberton VL, et al. Functional health status

in children and adolescents after Fontan: comparison of generic and

disease-specific assessments. Cardiol Young. 2014;24(03):469–477.

How to cite this article: Kverneland LS, Kramer P, Ovroutski S.

Five decades of the Fontan operation: A systematic review of

international reports on outcomes after univentricular palliation.

Congenital Heart Disease. 2018;13:181–193. https://doi.org/

10.1111/chd.12570

KVERNELAND ET AL. | 193

https://doi.org/10.1111/chd.12570
https://doi.org/10.1111/chd.12570

