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ORIGINAL RESEARCH

Impact of Fontan Fenestration on  
Long-Term Outcomes: A Propensity  
Score–Matched Analysis
Michael Daley , MD; Edward Buratto , MBBS, PhD; Gregory King , MD; Leeanne Grigg, MBBS;  
Ajay Iyengar, MBBS, PhD; Nelson Alphonso , MBBS; Andrew Bullock, MBBS; David S. Celermajer , MBBS, DSc; 
Julian Ayer, MBBS, PhD; Terry Robertson, MBBS; Yves d’Udekem, MD, PhD; Igor E. Konstantinov , MD, PhD

BACKGROUND: The long-term impact of fenestration at the time of Fontan operation remains unclear. We aimed to review the 
early and long-term impact of Fontan fenestration in the Australia and New Zealand cohort.

METHODS AND RESULTS: We reviewed 1443 patients (621 fenestrated, 822 nonfenestrated) from the Australia and New Zealand 
Fontan registry. Data were collected on preoperative demographics, operative details, and follow-up. Propensity-score match-
ing was performed to account for the various preoperative and operative differences and risk factors. Primary outcomes were 
survival and freedom from failure. Median follow-up was 10.6 years. After propensity-score matching (407 matched pairs), 
there was no difference in survival (87% versus 90% at 20 years; P=0.16) or freedom from failure (73% versus 80% at 20 years; 
P=0.10) between patients with and without fenestration, respectively. Although patients with fenestration had longer bypass 
and cross-clamp times (P<0.001), there was no difference in hospital length of stay or prolonged pleural effusions (P=0.80 and 
P=0.46, respectively). Freedom from systemic and Fontan circuit thromboembolism was higher in the nonfenestrated group 
(89%; 95% CI, 88%–95%) than the fenestrated group (84%; 95% CI, 77%–89%; P=0.03). There was no difference in incidence 
of plastic bronchitis, protein-losing enteropathy, New York Heart Association Class III/IV symptoms, or Fontan takedown.

CONCLUSIONS: In the propensity score–matched analysis we have demonstrated no difference in long-term survival or free-
dom from Fontan failure in patients with and without fenestration. There was a higher incidence of long-term thromboembolic 
events in patients with fenestration. Overall, it appears that fenestration in Fontan circulation does not bring long-term benefits.

Key Words: fenestration ■ risk factor ■ survival ■ thromboembolism ■ univentricular

The concept of fenestration between the systemic 
venous return and atrial chamber was developed 
to improve early outcomes after the Fontan pro-

cedure.1,2 The proposed benefits of fenestration are to 
reduce the rise in post-Fontan systemic venous pres-
sure and to augment preload of the systemic ventri-
cle.3 These benefits are believed to minimize pleural 
drainage, hospital length of stay, and short-term mor-
bidity.4,5 However, fenestration causes a degree of 
systemic arterial desaturation and exposes the patient 
to a risk of paradoxical thromboembolism. The overall 
long-term effects of fenestration remain poorly defined. 

Although some advocate for routine fenestration of the 
Fontan pathway, there remains a debate as to its ben-
efits in all patients.6–8 We aimed to address this uncer-
tainty through a propensity-scored analysis of a large 
cohort of patients with Fontan circulation.

METHODS
Because of the confidential nature of the data used, 
the study data will not be made available. The analytic 
methods used in this study are described in the statiscial 
analysis section. The Australian and New Zealand (ANZ) 
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Fontan Registry is a binational registry that includes pa-
tients from the 2 countries who have survived to hospital 
discharge with an intact Fontan circulation. The design of 
the ANZ Fontan Registry has previously been described, 
and the ongoing approval for research using the con-
tained patient data is maintained by all institutional review 
boards involved.9 A review of the ANZ Fontan Registry was 
conducted. Patient demographics, pre-Fontan hemody-
namic data, operative details, and follow-up data were 
collected from the registry. Fenestration was performed 
using a technique previously described.10 The decision 
whether to perform a fenestration was variable across in-
stitutions, with some performing routine fenestration and 
others on a case-by-case basis. Thromboembolic proph-
ylaxis as well as management of liver and renal dysfunc-
tion were also on a case-by-case basis.

A total of 1690 patients were identified from the reg-
istry who underwent the Fontan procedure between 
June 1975 and January 2020. Although the atriopul-
monary Fontan operation was performed in the early 
era, following a brief period of lateral tunnel use, the 
extracardiac conduit has almost exclusively been per-
formed since 1996 across ANZ. To make the results of 
this study applicable to contemporary practice, patients 
with atriopulmonary Fontan circulation (n=232) were 
excluded. Of the 1458 patients with a lateral tunnel or 
extracardiac conduit Fontan modification, a further 15 
patients did not have data recorded on the presence 

of fenestration and were excluded. The remaining 1443 
patients, who underwent Fontan operation between 
1980 and 2020, constituted the cohort used in analysis.

Definitions
Thromboembolic events were defined as all systemic, 
intracardiac, and Fontan conduit thromboembolic 
events, with the exclusion of distal deep vein thrombo-
ses and pulmonary embolism. Prolonged pleural drain-
age was defined as chest drains in situ for >30 days 
postoperatively or reoperations for pleural effusions. 
Fontan failure was defined as death, Fontan takedown, 
transplantation, plastic bronchitis, protein-losing en-
teropathy, or New York Heart Association Class III/IV 
symptoms during follow-up. For patients who experi-
enced >1 of these end points, the date of Fontan failure 
was the date of the earliest end point. In the absence 
of clear event dates, the time to event was determined 
to be the time until last seen well.

Statistical Analysis
All analyses were performed in Stata V.18 (StataCorp, 
College Station, TX). Values are given as mean±SD for 
normally distributed variables or median (interquartile 
range and range) for nonparametric continuous vari-
ables and count and percentages for categorical vari-
ables. Categorical variables were compared using the 
χ2 test unless group size was <10, in which case the 
Fisher exact test was used. Continuous variables were 
compared using the Kruskal–Wallis test.

Propensity-score matching was performed using the 
following variables: sex, age at Fontan operation, era of 
Fontan operation, hypoplastic left heart syndrome, right 
ventricular dominance, pre-Fontan moderate or great 
atrioventricular valve (AVV) regurgitation, pre-Fontan 
pulmonary artery (PA) pressure, Fontan modification 
type, isomerism, concomitant AVV surgery at Fontan 
operation, and concomitant PA plasty at Fontan oper-
ation. Regarding the definition of propensity matching, 
we prospectively defined a well-matched pair as a pair 
in which 1-to-1 matching had a fixed calliper width equal 
to 0.2 SDs of the logistic regression of the mean of pro-
pensity scores. An acceptable degree of balance was 
considered a standardized mean difference of <10%.

Time-dependent end points were analyzed using 
the Kaplan–Meier method. A log-rank test stratified on 
quintiles of the propensity score was used to compare 
Kaplan–Meier curves. The threshold for statistical sig-
nificance was P<0.05.

RESULTS
Overall Unmatched Cohort
Baseline patient demographics comparing patients 
with fenestrated and nonfenestrated Fontan circulations 

CLINICAL PERSPECTIVE

What Is New?
•	 Fenestration of the Fontan circuit does not ap-

pear to convey long-term benefits in propensity 
score–matched cohorts.

•	 Fenestration is associated with a higher risk of 
thromboembolic events.

What Are the Clinical Implications?
•	 It is important to precisely define the short-term 

benefits of fenestration in Fontan circulation 
given that routine placement fenestration does 
not appear to confer long-term benefits and is 
associated with an increased risk of thrombosis.

•	 The addition of fenestration at the time of Fontan 
operation should be considered on a case-by-
case basis.

Nonstandard Abbreviations and Acronyms

ANZ	 Australia and New Zealand
AVV	 atrioventricular valve
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are shown in Table 1. The median follow-up time was 
10.6 years (range, 1 day–41.7 years). Importantly, the 
group who underwent fenestration had a significantly 
higher proportion with hypoplastic left heart syndrome, 
lateral tunnel Fontan modification, right ventricular 
dominance, significant preoperative AVV regurgitation, 
concomitant PA plasty, concomitant AVV surgery, and 
higher mean preoperative PA pressures.

Intraoperative and early postoperative outcomes 
are shown in Table  2. Patients with fenestration had 
longer bypass and cross-clamp times; however, the 
length of stay and proportion with prolonged pleural 
drainage did not differ significantly.

Survival

Survival at 10 and 20 years was 95.5% (95% CI, 
93.1%–97.1%) and 88.9% (95% CI, 83.6%–92.6%) in 
the fenestrated group compared with 97.7% (95% CI, 
96.0%–98.7%) and 92.5% (95% CI, 88.4%–95.1%) in 
the nonfenestrated group (P=0.04; Figure 1A).

Fontan Failure

Freedom from Fontan failure at 10 and 20 years was 
87.2% (95% CI, 83.7%–90.0%) and 76.4% (95% CI, 
70.2%–81.5%) in the fenestrated group compared with 
94.0% (95% CI, 91.7%–95.7%) and 85.9% (95% CI, 
81.6%–89.2%) in the nonfenestrated group (P=0.01; 
Figure 1B).

Thromboembolic Events

Freedom from Fontan thromboembolism at 10 and 20 
years was 91.3% (95% CI, 88.4%–93.4%) and 85.8% 
(95% CI, 80.5%–89.7%) in the fenestrated group com-
pared with 95.2% (95% CI, 93.2%–96.6%) and 88.8% 
(95% CI, 84.4%–92.1%) in the nonfenestrated group 
(P=0.01; Figure 2C).

Functional Status

Patients with fenestration had lower freedom from New 
York Heart Association Class III/IV symptoms (P<0.01) 
and freedom from protein-losing enteropathy (P=0.001). 
However, there was no difference in the rate of Fontan 
takedown (P=0.10) or plastic bronchitis (P=0.15).

Propensity Score–Matched Cohort
After propensity-score matching was performed, 407 
well-matched pairs of patients were identified. Baseline 
demographics of the matched cohort are presented 
in Table 3. Intraoperative and early postoperative out-
comes are shown in Table 4. Patients with fenestration 
had longer bypass and cross-clamp times; however, 
the length of stay and proportion with prolonged pleural 
drainage did not differ significantly between the groups.

Survival

Survival at 10 and 20 years was 95.3% (95% CI, 
92.2%–97.2%) and 87.0% (95% CI, 80.0%–91.7%) in 

Table 1.  Baseline Demographics of the Unmatched Cohort

Fenestrated Nonfenestrated Standardized difference P value

N 621 822

Age, y 4.7 (3.8–5.8) 4.5 (3.7–5.5) −9.3 0.55

Male sex 369 (59.4) 480 (58.4) 5.1 0.70

HLHS 151 (24.3) 67 (8.2) 50.6 <0.001

Fontan type −19.0 <0.001

LT 151 137

ECC 470 685

RV dominance 277 (44.6) 246 (29.9) −30.9 <0.001

Isomerism 38 (6.1) 66 (8.0) −0.9 0.16

Preoperative AVV 
regurgitation

67/523 55/653 16.8 0.01

PA pressure, mmHg 11.7±2.8 10.9±3.6 13.0 <0.001

AVV surgery 28 (4.5) 14 (1.7) 16.0 0.002

PA plasty 82 (13.2) 48 (5.8) 25.2 <0.001

Decade of surgery 8.1 0.02

1980–1989 0 10

1990–1999 127 184

2000–2009 229 293

2010–2020 265 334

Fenestrated and nonfenestrated data are provided as number, number (percentage), mean±SD, or median (range). AVV indicates atrioventricular valve; ECC, 
extracardiac conduit; HLHS, hypoplastic left heart syndrome; LT, lateral tunnel; PA, pulmonary artery; and RV, right ventricular.
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the fenestrated group compared with 97.1% (95% CI, 
94.3%–98.6%) and 90.0% (95% CI, 83.2%–94.2%) in 
the nonfenestrated group (P=0.16; Figure 2A).

Fontan Failure

Freedom from Fontan failure at 10 and 20 years was 87.3% 
(95% CI, 82.9%–90.6%) and 73.2% (95% CI, 64.9%–
80.0%) in the fenestrated group compared with 91.2% 
(95% CI, 87.2%–94.0%) and 80.9% (95% CI, 74.0%–
86.1%) in the nonfenestrated group (P=0.10; Figure 2B).

Thromboembolic Events

Freedom from Fontan thromboembolism at 10 and 20 
years was 89.6% (95% CI, 85.7%–92.5%) and 84.1% 
(95% CI, 77.2%–89.0%) in the fenestrated group com-
pared with 93.5% (95% CI, 90.0%–95.8%) and 88.8% 

(95% CI, 87.9%–94.9%) in the nonfenestrated group 
(P=0.03; Figure 2C).

Functional Status

There was no difference between groups in terms of 
freedom from New York Heart Association Class III/
IV symptoms (P=0.06), plastic bronchitis (P=0.25), 
protein-losing enteropathy (P=0.46), or Fontan take-
down (P=0.73).

DISCUSSION
Fenestration of the Fontan circuit was initially devised 
to address the sequelae of the immediate postop-
erative increase in systemic venous pressure and 
expand the eligibility for the Fontan operation. Since 

Table 2.  Operative and Early Postoperative Details for the Unmatched Cohort

Fenestrated Nonfenestrated P value

N 621 822

Cardiopulmonary bypass, min 117 (94–155) 93 (71–120) <0.001

Aortic cross-clamp, min 32 (20–51) 0 (0–41) <0.001

Length of stay, d 13 (10–20) 13 (10–20) 0.15

Additional procedure during admission 108 (17) 64 (8) <0.001

Fontan revision 11 4

Pleurodesis 6 8

Fenestration intervention, dilation/creation 14 4

Coiling of collaterals 13 8

Early pacemaker insertion 14 13

Intercostal catheter insertion, additional 16 3

Re-exploration for bleeding or tamponade 34 20

Prolonged effusions, >30 d or requiring intervention 40 (6) 48 (6) 0.72

Fenestrated and nonfenestrated data are provided as number, number (percentage), or median (range).

Figure 1.  Comparison of unmatched cohorts.
A, Survival in unmatched cohorts. Log-rank analysis of the unmatched cohorts demonstrated better survival in the nonfenestrated 
cohort (P=0.04). This result may pertain to the higher preoperative risk factors in the fenestration group, influencing the decision to 
perform fenestration. B, Freedom from Fontan failure in unmatched cohorts. Log-rank analysis of the unmatched cohorts demonstrated 
improved freedom from Fontan failure in the nonfenestrated group. Similarly, this is likely attributed to higher risk patients undergoing 
fenestration, which is unaccounted for in the unmatched analysis (P=0.01). C, Freedom from thromboembolic events in unmatched 
cohorts. Log-rank analysis of the unmatched cohorts showed a higher incidence of thromboembolic events in the fenestrated group. 
Although this may be attributed to higher preoperative risk factors in the fenestration group, the presence of the fenestration may also 
predispose the group to thromboembolism (P=0.01).
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its conception, there have been numerous studies 
attempting to address the impact of fenestration, 
both short term and long term.4–7,11–13 It has been 
demonstrated that Fontan fenestration may reduce 
the duration of postoperative pleural drainage.7,11,13,14 
Contrarily, a recent report noted excellent early out-
comes with nonfenestrated Fontans for several dec-
ades.15 Previous studies were predominantly limited 
by small numbers, short follow-up, lack of randomiza-
tion, or propensity-score matching.

The only randomized control trial was conducted by 
Lemler et al in 49 patients and demonstrated that pa-
tients with fenestration (n=25) had less pleural drainage 
and shorter hospital stays.5 This study, however, was 
also limited by a small cohort and lack of follow-up be-
yond hospital discharge.

Two recent meta-analyses were performed by Li et 
al and Bouhout et al in 2019 and 2020, respectively.6,11 
Both meta-analyses describe inconsistent conclusions 
of various articles on the topic. Li et al reported a lower 

Figure 2.  Comparison of propensity score–matched cohorts.
A, Survival in propensity score–matched cohorts. Log-rank analysis of the propensity score–matched cohorts showed no difference 
in survival (P=0.16). The lack of difference demonstrates the influence of preoperative risk factors and the lack of impact of the 
fenestration on long-term survival. B, Freedom from Fontan failure in propensity score–matched cohorts. Log-rank analysis of the 
propensity score–matched cohorts showed no difference in freedom from Fontan failure (P=0.10). Similarly, the lack of difference 
demonstrates the influence of preoperative risk factors and the lack of impact of the fenestration on long-term survival. C, Freedom 
from thromboembolic events in propensity score–matched cohorts. Log-rank analysis of the propensity score–matched cohorts 
showed a higher incidence of thromboembolic events in the fenestrated group (P=0.03). Given this difference persists after propensity-
score matching, it demonstrates an association between fenestration and long-term thromboembolic events that cannot be attributed 
to the cohort demographics.

Table 3.  Demographic Data of Matched Cohort

Fenestrated Nonfenestrated Standardized difference P value

N 407 407

Age, y 4.7 (3.8–5.8) 4.5 (3.7–5.6) 4.5 0.50

Male sex 249 (59.3) 249 (59.3) −2.0 1.0

HLHS 58 (14.3) 59 (14.5) −0.7 0.92

Fontan type −1.8 0.8

LT 91 (22.4) 88 (21.6)

ECC 316 (77.6) 319 (78.4)

Dominant RV 156 (38.3) 148 (36.4) 7.5 0.56

Isomerism 27 (6.6) 32 (7.9) 0.6 0.50

Preoperative AVV 
regurgitation

43 (10.5) 46 (11.3) −2.4 0.74

PA pressure, mmHg 11.7±2.7 11.7±3.1 1.6 0.81

AVV surgery 7 (1.7) 11 (2.7) −5.7 0.34

PA plasty 44 (10.8) 35 (8.6) 7.6 0.29

Decade of surgery 1.2 0.77

1980–1989 0 0

1990–1999 92 95

2000–2009 145 140

2010–2020 170 171

Fenestrated and nonfenestrated data are provided as number, number (percentage), mean±SD, or median (range). AVV indicates atrioventricular valve; ECC, 
extracardiac conduit; HLHS, hypoplastic left heart syndrome; LT, lateral tunnel; PA, pulmonary artery; and RV, right ventricular.
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early postoperative arrhythmia burden in the fenes-
trated group at the expense of reduced early systemic 
oxygen saturation and longer bypass time.6 In addition, 
Bouhout et al described the apparent benefit of fenes-
tration in reducing PA pressures and minimizing pleural 
drainage.11 These varying results could be attributable 
to the heterogeneity of patients’ preoperative conditions 
as patients undergoing fenestration often had more 
comorbidities and higher PA pressures. There was no 
difference in the incidence of stroke and thrombosis 
between the 2 groups in both meta-analyses.6,11 Both 
analyses noted the lack of significant impact of fenes-
tration on the long-term survival or Fontan failure.6,11

Saiki et al attempted to identify the physiological 
benefits of persistent long-term fenestration for chronic 
cardioprotection. They demonstrated that persistent 
fenestration allowed for more reserve in preload and 
reduction in afterload; however, these benefits disap-
peared with atrial tachycardia.12

It is well documented that many fenestrations un-
dergo spontaneous closure. The exact timing of spon-
taneous closure is unknown. However, it has been 
reported that high preoperative pulmonary vascular re-
sistance and history of venous thromboembolism may 
prevent spontaneous closure.16 A review by Atz et al of 
the effects of persistent Fontan fenestration demon-
strated that the persistence of a patent fenestration 
did not have deleterious effects on long-term morbidity 
or mortality.13 However, they did report that persistent 
fenestration was associated with lower systemic oxy-
gen saturations and more medications.

In the current study, we observed in the unmatched 
cohort lower survival, lower freedom from Fontan fail-
ure, and lower freedom from thromboembolic events in 
patients with fenestrated Fontan circulation. However, 
patients with fenestration had significantly high rates 
of hypoplastic left heart syndrome, right ventricular 
dominance, AVV regurgitation, PA plasty, and higher 
PA pressures. As such, the differences in these base-
line characteristics may have influenced the outcomes. 
Thus, we performed a propensity-match analysis to 
adjust for the aforementioned baseline characteristics.

The propensity-match analysis demonstrated 
no difference in survival or Fontan failure between 

fenestrated and nonfenestrated groups. We did not 
observe a difference in the rate of prolonged postoper-
ative pleural drainage (duration of >30 days). However, 
we demonstrated a long-term increase in the rate of 
thromboembolic events in patients with fenestration. 
A meta-analysis recently reported no difference in the 
incidence of stroke (with varying anticoagulation strat-
egies).11 By comparison, Fontan circuit thrombosis and 
intracardiac thrombosis were included in our defini-
tion of thromboembolic events rather than only stroke. 
Given the turbulent flow across the fenestration and al-
tered atrial morphology and flow, it is unsurprising that 
atrial thromboses account for most of the intracardiac 
thrombosis in patients with a Fontan modification.17,18

Because of the design of the ANZ Fontan Registry, 
we cannot make any inferences into the impact of fen-
estration on operative mortality or Fontan takedown 
that may have occurred before discharge from the hos-
pital. However, because of low operative mortality and 
takedown of Fontan circulation, the impact of fenes-
tration, if any, is expected to be minimal.19–22 Similarly, 
because of the design of the registry, we were unable 
to determine the effects of fenestration on long-term 
renal and hepatic function in this study.

Limitations
Our study is limited by the retrospective nature of the 
ANZ Fontan Registry. The study includes only hospi-
tal survivors with Fontan circulation. Thus, the impact 
of fenestration on operative mortality and takedown of 
Fontan circulation cannot be assessed. In addition, our 
definitions of variables are set by the recorded data within 
the registry. Although the groups were well matched, the 
propensity-score matching may not account for all pos-
sible confounding variables. The study was performed 
as an intention-to-treat analysis and, as such, the long-
term patency of the fenestration was not accounted for.

CONCLUSIONS
In the propensity score–matched analysis, we dem-
onstrated no difference in long-term survival or free-
dom from Fontan failure in patients with and without 

Table 4.  Operative and Early Postoperative Details for the Matched Cohort

Fenestrated Nonfenestrated P value

N 407 407

Cardiopulmonary bypass, min 117 (91–157) 100 (77–127) <0.001

Aortic cross-clamp, min 32 (22–52) 0 (0–49) <0.001

Length of stay, d 14 (10–20) 14 (10–21) 0.80

Additional procedure 64 (15.7) 31 (7.6) <0.001

Prolonged effusions, >30 d or requiring intervention 27 (6) 22 (6) 0.46

Fenestrated and nonfenestrated data are provided as number, number (percentage), or median (range).
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Figure 3.  The impact of Fontan fenestration on long-term outcomes.
Propensity-score matching was performed on 1443 patients, producing 407 matched pairs 
for an intention-to-treat analysis. Log-rank tests were performed on time-dependent variables 
to test the differences between groups. No difference in survival or freedom from failure was 
detected between the 2 groups. Patients undergoing fenestration did have an increased risk of 
thromboembolic events during follow-up.
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fenestration. There was a higher incidence in long-term 
thromboembolic events in patients with fenestration 
(Figure 3). Overall, it appears that fenestration in Fontan 
circulation does not bring long-term benefits.
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