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Abstract

Background:As patients progress through single-ventricle palliation, changing haemodynamics
and patient conditions can prevent progression to Fontan. We sought to determine the inci-
dence of Fontan completion at our institution and to investigate the reasons for non-Fontan
candidacy.Methods: Patients who underwent superior cavopulmonary anastomosis from 2010
to 2020 at a single institution were included. Pre-Fontan testing was reviewed for all patients,
and the primary reason for non-candidacy was determined based on a review of the electronic
medical records. Results: Of the 427 patients included, 396 (93%) underwent Fontan or were
referred for Fontan at the time of the study. Reasons for non-Fontan candidacy in the remaining
31 patients included cardiac reasons (n= 26), mainly univentricular dysfunction or atrio-
ventricular valve regurgitation, respiratory conditions (n= 3), or miscellaneous reasons (n= 2).
The patients who were non-Fontan candidates due to respiratory conditions andmiscellaneous
reasons are all alive without further palliation at the time of the study. There are 17 patients
(17/31; 55%) in the non-candidacy group who had a heart transplant or were listed for
transplant at the time of the study. Non-Fontan candidates had a higher incidence of moderate
or severe atrioventricular valve regurgitation prior to superior cavopulmonary anastomosis.
Discussion: Thirty-one patients (31/427; 7%) were not Fontan candidates at our centre. Our
results demonstrate that the reasons for non-Fontan candidacy after completion of stage 2 are
broadly due to echocardiographic findings and respiratory concerns. Predicting non-Fontan
candidacy prior to superior cavopulmonary anastomosis remains difficult.

Background

The Fontan operation completes single ventricle palliation and has been shown to have excellent
perioperative and long-term outcomes.1,2 However, there is a subset of patients who reach
superior cavopulmonary anastomosis, or stage 2 palliation, but do not advance to Fontan. As
patients progress through staged palliation, changing haemodynamics and other medical
conditions can prevent completion of Fontan. The attrition of patients between stage 2 and
Fontan, or failure to complete Fontan, has been described in other literature as approximately
8–13% over different centres and eras.3,4,5 Risk factors for mortality throughout single ventricle
palliation have been described,6,7,8 but there has been less literature regarding the risk of non-
Fontan candidacy and the pathways of those who cannot complete single ventricle palliation.9

Patients on the single ventricle pathway are a heterogeneous group with variability in anatomic
diagnosis with single left versus right ventricle, differences in additional surgery needed initially
in infancy, and even differences in provider practices leading to variable timing of pre-Fontan
testing.10,11,12 Non-Fontan candidacy can be a source of emotional stress on the patient, family,
and providers. Given the uncertainty of Fontan attrition and lack of literature into pathways
after non-Fontan candidacy, we sought to describe the incidence of completion at our insti-
tution, investigate the reasons for non-Fontan candidacy, and describe pathways after non-
candidacy was determined.

Methods

This is a retrospective single-centre study including patients who underwent single ventricle
palliation between January 1st, 2010, and December 31st, 2020. Our institutional surgical
database was queried, and patients who completed superior cavopulmonary anastomosis were
included for analysis. Clinical data were extracted from the medical records. The typical age of
Fontan was defined as ranging from 2 to 4 years old based on the majority institutional practice.
Patients who completed or were referred for Fontan by 4 years old were included in the Fontan
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group. Referral for Fontan required all pre-Fontan testing (cardiac
catheterisation and transthoracic echocardiogram) had been
reviewed at the institutional combined Cardiology and
Cardiothoracic Surgery conference and were determined to be a
candidate for Fontan. Patients who underwent 1.5 or 2 ventricle
repair or were lost to follow-up between superior cavopulmonary
anastomosis and typical age of Fontan were excluded from
analysis. Any patient with late pre-Fontan testing was excluded
from the analysis, including death prior to pre-Fontan testing,
Kawashima, or late referral for provider practice preference. This
was done in an effort to compare patients with similar manage-
ment strategies. Baseline demographics were obtained from the
medical record, and notes were reviewed to determine the main
reason for non-Fontan candidacy or reason for delay of pre-Fontan

testing. Cardiac catheterisation reports were reviewed for hae-
modynamic data. Echocardiograms were reviewed pre- and post-
stage 2 and Fontan to obtain the degree of atrioventricular valve
regurgitation and a qualitative functional assessment. This study
was approved by the Children’s Healthcare of Atlanta Institutional
Review Board (IRB #00000210), and informed consent was waived.

Statistical analysis

Statistical analysis was completed in IBM SPSS version 29.0.2.0
(Armonk, NY). Continuous data were analysed with the paired
t-test or Mann-Whitney U test, and categorical data were analysed
with the Pearson chi-square test. Odds ratios were calculated for
specific variables of interest. A p-value of <0.05 was considered

Figure 1. Flow diagram detailing the included patients and reasons for non-Fontan candidacy.
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significant. Kaplan-Meier survival curves were generated to
compare Fontan candidates to non-Fontan candidates.

Results

A total of 552 patients who reached superior cavopulmonary
anastomosis between 2010 and 2020 were reviewed. After exclu-
sion criteria were applied, the total number of eligible and included
patients was 427. The number of excluded patients and reasons for
exclusion are provided in Figure 1. Three hundred ninety-six (396)
out of 427 included patients (93%) underwent the Fontan pro-
cedure or were referred for Fontan before the age of 4 years old
(Figure 1). The mean age at the time of Fontan was 4.5 years old.
Thirty-one (7%) patients were deemed non-Fontan candidates.
Baseline demographics and a breakdown of data between Fontan
and non-Fontan candidates are reported in Table 1. In further
investigation of the excluded patients, delayed referral (n= 20) was
due to practice variation or family preference in all but 3 patients
who had medical reasons delaying pre-Fontan testing, those rea-
sons being poor weight gain, multiple infections delaying the pre-
Fontan catheterisation, and a stage with a shunt to the left pul-
monary artery due to hypoplasia, respectively. The main practice
variation was a desire to delay Fontan until a decrease in oxygen
saturations, in order to delay the non-cardiac complications of
Fontan palliation. There were 43 patients who died prior to pre-
Fontan testing with a median age at death of 8.5 months. Table 2
shows the morbidities present in these patients.

Reasons for non-Fontan candidacy are detailed in Figure 1 and
divided into cardiac (n= 26), respiratory (n= 3), and other rea-
sons (n= 2). A majority of patients who were not candidates for
cardiac reasons had systolic or diastolic ventricular dysfunction as
the primary reason for non-candidacy (n= 15), with fewer having
atrioventricular valve regurgitation or stenosis (n= 8) or

pulmonary vein stenosis (n= 3) (Figure 1). Those with atrio-
ventricular valve regurgitation who were deemed non-candidates
had either concurrent ventricular dysfunction or a prior attempt at
surgical repair of the valve, and repeat valve intervention was not
thought to be beneficial. Respiratory aetiologies included
pneumonectomy and obstructive sleep apnoea. One patient had a
right pneumonectomy and left pulmonary vein stenosis prior to
superior cavopulmonary anastomosis and another had a
pneumonectomy due to severe unilateral pulmonary vein stenosis
after superior cavopulmonary anastomosis. The patients with
other reasons for non-candidacy included one patient who was
tracheostomy dependent, non-ambulatory, and had abnormal
right lung vasculature, and another patient who had complete
occlusion of the Kawashima that was not able to be resolved
medically or surgically. No patient was deemed a non-Fontan
candidate after superior cavopulmonary anastomosis for a genetic
syndrome or neurologic issue. The outcomes from each group are
detailed in Figure 1. Most patients with cardiac reasons for non-
Fontan candidacy went on to transplant (n= 17), but others have
had a Fontan at another centre (n= 2), died (n= 3), or remain alive
with superior cavopulmonary anastomosis (n= 4). Those with
respiratory and the other reasons for non-Fontan candidacy are
alive with superior cavopulmonary anastomosis at the time of the
study. There were 2 non-Fontan candidates at our centre who went
on to undergo Fontan at another centre. The reasons for non-
Fontan candidacy in these 2 patients were atrioventricular valve
regurgitation (although our centre had planned to do an atrio-
ventricular valve repair before the Fontan, whereas the other centre
did both simultaneously) and pulmonary vein stenosis, respec-
tively. Of the patients who were non-Fontan candidates, 17 went
on to heart transplant, 2 underwent Fontan at another centre, and 9
are alive with superior cavopulmonary anastomosis. Only 3 non-
Fontan candidates have died, all 3 of whom had a transplant or
were listed for transplant at the time of death. The mean age of
patients who are alive with superior cavopulmonary anastomosis
at the time of the study is 11 years old. Survival of Fontan vs non-
Fontan candidates is shown in Figure 2. Patients who were non-
Fontan candidates had a much higher probability of death overall
with a p-value of<0.001. The survival curve from age 4 to 14 is also
shown with a statistically significant difference in Fontan and non-
Fontan candidates with a p-value of 0.017.

Pre-stage 2 haemodynamic and echocardiographic data are
displayed in the top portion of Table 3, showing that the only
significant variable differing between Fontan and non-Fontan
candidates pre-superior cavopulmonary anastomosis was the
degree of atrioventricular valve regurgitation, with the non-Fontan
group having a higher incidence of moderate or severe atrio-
ventricular valve regurgitation. Odds ratio demonstrates that there
are higher odds (3.5) of patients with atrioventricular valve
regurgitation pre-stage 2 being non-Fontan candidates eventually,
whereas odds ratio does not support that depressed function pre-
stage 2 is predictive of non-Fontan candidacy. Otherwise, the
haemodynamic data were similar between the two groups.

Pre-Fontan haemodynamics and echocardiographic data are
displayed in the lower portion of Table 3. The non-Fontan can-
didates were smaller at the time of pre-Fontan catheterisation.
They had significantly lower arterial and venous oxygen satu-
rations, higher ventricular end-diastolic pressure, higher mean
pulmonary artery pressures, and lower cardiac index. The QpQs
and indexed pulmonary vascular resistance were not significantly
different between the two groups. On echocardiogram, the non-
Fontan patients have a higher incidence of moderate or greater

Table 1. Demographics and patient characteristics of overall cohort stratified by
Fontan candidacy

Variables
Total

(n= 427) Fontan candidate p-Value

Yes
(n= 396)

No
(n= 31)

Sex
Female
Male

186 (44%)
240 (56%)

175 (44%)
219 (55%)

11 (34%)
21 (66%) 0.50

Race
Black/African
American
Caucasian
Hispanic
Other

156 (37%)
252 (59%)
4 (1%)
14 (3%)

143 (36%)
233 (59%)
4 (1%)
14 (4%)

12 (39%)
19 (61%)

0
0

0.73

Single ventricle type
LV
RV
Undetermined

174 (41%)
247 (58%)
5 (1%)

163 (41%)
227 (57%)
4 (1%)

11 (34%)
20 (63%)
1 (3%)

0.65

Surgical era
Pre-2014
2014 þ

194 (45%)
232 (54%)

176 (45%)
218 (55%)

18 (56%)
14 (44%)

0.41

Genetic syndrome/
chromosomal
abnormality

36 (8%) 27 (7%) 3 (9%) 0.98

Results depicted in n (percentile), median (interquartile range/IQR).
LV = left ventricle; RV = right ventricle.
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Table 2. Pre-SCPA and pre-Fontan cardiac catheterisation and echocardiographic variables stratified by Fontan candidacy

Variables
Total Cohort
(n = 427)

Fontan candidate

p-value
Yes

(n = 396)
No

(n = 31)

Pre-SCPA cardiac catheterisation variables*

BSA (m2) 0.3 (0.26–0.31) 0.3 (0.26–0.31) 0.3 (0.25–0.31) 0.71

HGB (g/dl) 13 (11.9–14.3) 13.1 (12.0–14.3) 12.6 (11.3–13.1) 0.01

Arterial saturation (%) 78 (74–82) 78 (74–82) 78 (74–82) 0.98

SVC saturation (%) 51 (45–57) 51 (44–58) 49 (45–56) 0.60

SV-EDp (mmHg) 9 (8–10) 9 (8–10) 8 (7–10) 0.10

mPAp (mmHg) 15 (13–18) 15 (13–18) 15 (12–18) 0.66

CI (L/min/m2) 3.7 (3.1–5.0) 3.7 (3.1–5.0) 3.7 (3.0–5.2) 0.83

PVRi 1.6 (1.0–1.9) 1.6 (1.0–1.9) 1.5 (1.1–1.8) —

Qp/Qs 1.4 (1.0–1.9) 1.4 (1.0–1.9) 1.7 (1.2–2.2) 0.10

Pre-SCPA transthoracic echocardiogram findings

AVVR
No-Mild AVVR
Moderate-severe AVVR

366 (86%)
62 (14%)

345 (87%)
51 (13%)

21 (66%)
11 (34%) <0.001

Single ventricle function

Normal-mild dysfunction
Moderate-severe dysfunction

420 (98%)
8 (2%)

390 (98%)
6 (2%)

30 (94%)
2 (6%)

0.09

SCPA operative and postoperative variables

Main stage-2 procedure

Bidirectional Glenn 383 (90%) 352 (89%) 31 (97%) 0.88

Bilateral Bidirectional Glenn 43 (10%) 42 (11%) 1 (3%)

Age at stage 2 (days) 159 (130–204) 160 (132–205) 157 (113–196) 0.22

Weight at stage 2 6.2 (5.5–7.0) 6.1 (5.5–6.9) 6.7 (5.8–7.0) 0.72

Pre-stage 2 oxygen saturation (%) 76 (71–81) 76 (71–82) 75 (67–77) 0.21

CPB time (min) 76 (53–105) 76 (54–103) 62 (48–115) 0.45

Duration of mechanical ventilation (hours) 16.4 (12.4–22.1) 17.2 (13.2–24.8) 17.3 (14.2–21.5) 0.99

Hospital length of stay (days) 5 (4–9) 7 (4–16) 6 (4–10) 0.79

Pre-Fontan cardiac catheterisation variables**

Weight (kg) 14.7 (12.7–17.0) 14.9 (12.8–17.0) 12.5 (10.9–14.3) 0.02

BSA (m2) 0.6 (0.6–0.7) 0.6 (0.6–0.7) 0.6 (0.5-0.7) 0.007

HGB (g/dl) 15.2 (14.3 –16.4) 15.2 (14.3–16.4) 15.3 (14.2–16.3) 0.6

Arterial saturation (%) 85 (82–87) 85 (83–87) 81 (78–85) <0.001

SVC saturation (%) 70 (65–73) 70 (66–73) 61 (57–65) <0.001

SV-EDp (mmHg) 10 (8–10) 9 (8–10) 11 (10–14) 0.002

mPAp (mmHg) 12 (11–14) 12 (11–13) 18 (15-20) <0.001

CI (L/min/m2) 5.0 (4.0–6.0) 5.0 (4.0–6.0) 3.7 (3.1–4.5) 0.004

PVRi 2.0 (1.5–2.7) 2.1 (1.5–2.7) 1.9 (1.5–2.8) 0.9

Qp/Qs 0.6 (0.5–0.7) 0.6 (0.5–0.7) 0.7 (0.6-0.8) 0.1

Pre-Fontan transthoracic echocardiogram findings

AVVR
No-mild AVVR

Moderate-severe AVVR
354 (83%)

71 (17%)
338 (85%)

56 (14%)
15 (47%)
16 (52%) <0.001

Single ventricle function
Normal-mild dysfunction
Moderate-severe dysfunction

405 (95%)
20 (5%)

390 (98%)
4 (1%)

15 (47%)
16 (52%)

<0.001

BSA= body surface area; HGB= .haemoglobin; SVC= superior vena cava; SV-EDp= single ventricle end-diastolic pressure; mPAP=mean pulmonary artery pressure; CI= cardiac index; PVRi=
indexed pulmonary vascular resistance; Qp = pulmonary blood flow; Qs = systemic blood flow; AVVR = atrioventricular valve regurgitation; CPB = cardiopulmonary bypass.
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atrioventricular valve regurgitation and moderate or greater ven-
tricular dysfunction, which is also supported by odds ratios dis-
played in the table.

Discussion

Fontan attrition, or failure to complete Fontan after superior
cavopulmonary anastomosis, has been reported to be approx-
imately 8–13% at other institutions in different single-centre
studies.3,4,5 Of the 427 included patients who underwent stage 2
palliation at our institution, 31 patients (7%) were not Fontan
candidates. The largest reason for non-Fontan candidacy was
cardiac reasons (26/31, 84%), including atrioventricular valve
regurgitation and ventricular dysfunction, with a smaller subset of
patients having respiratory (3/31, 10%) or other reasons (2/31,
6.5%). The only significant finding on pre-stage 2 echocardiogram
and cardiac catheterisation data was an increased incidence of
moderate or severe atrioventricular valve regurgitation and

moderate or severe ventricular dysfunction in the non-Fontan
group. As expected, those who were not Fontan candidates did
have significant differences in Fontan cardiac catheterisation data
with increased ventricular end-diastolic pressure, pulmonary
artery pressure, and decreased cardiac index. Unfortunately, other
than the echocardiographic findings mentioned, there was no
significant finding prior to stage 2 that could help determine the
likelihood of candidacy at pre-Fontan testing. However, despite
not being candidates for Fontan, a significant number of patients
went on to transplant or have survived with superior cav-
opulmonary anastomosis physiology at the time of the study.
Interestingly, although many of the patients who died prior to
pre-Fontan testing had systolic or diastolic dysfunction, it was not
the majority of patients, further demonstrating the lack of ability
to predict non-Fontan candidacy at the time of superior
cavopulmonary anastomosis.

In prior single-centre studies, the absolute attrition rates
reported may vary based on the exclusion criteria applied to that

Figure 2. Kaplan-Meier curves demonstrating the survival of
Fontan candidates to non-Fontan candidates from birth to 15
years old (top) and from 4 to 15 years old (bottom). Fontan
candidates - yellow; Non-Fontan candidates - blue.
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study. In a 30-year report by Lawrence et al., there is an attrition
rate of 8.3% when excluding patients who died prior to hospital
discharge after superior cavopulmonary anastomosis, were
awaiting Fontan and deemed a candidate at their institution at the
time of the study, were lost to follow-up, or underwent two-ven-
tricle repair.3 With the inherent variability in mind, our study
excluded similar patients to the study published by Lawrence et al.
Some literature has shown that there is a considerable increased
risk of attrition attributable to medical complexity or need for
procedures and additional surgeries between the superior cav-
opulmonary anastomosis and Fontan.13 Surrogates for complexity
in these studies included length of stay at the time of stage 2, longer
cardiopulmonary bypass times at stage 2, and additional surgery
needs such as atrioventricular valve repair at the time of superior
cavopulmonary anastomosis. A study by Stack et al. demonstrated
that with combined atrioventricular valve regurgitation and ven-
tricular dysfunction, there is 20 times higher odds of Fontan
attrition.4 Similarly, we found a significant difference in incidence
of atrioventricular valve regurgitation between the Fontan and
non-Fontan groups, both on pre-stage 2 and pre-Fontan testing.
We did not find other differences between the Fontan and non-
Fontan candidate groups from the standpoint of the afore-
mentioned surrogates for medical complexity.

Cardiac reasons for non-Fontan candidacy in our group
included atrioventricular valve regurgitation, ventricular dys-
function, and pulmonary vein stenosis. Interestingly, there were
not haemodynamic factors pre-stage 2 that were associated with
ultimate non-Fontan candidacy, possibly due to the patients with
significant differences not undergoing superior cavopulmonary
anastomosis and thus being excluded from this analysis.
Pulmonary vein stenosis and total anomalous pulmonary venous
connections have historically difficult outcomes in single ventricle
patients. A study fromGeoffrion et al. investigating single ventricle
with total anomalous pulmonary venous connection patients from
1984 to 2021 showed 54% survival to 10 years old in the era
from 2008 to 2021 that has not significantly improved from the era
from 1993 to 2007.14 Another study from Sugano et al. showed
5-year survival at 58% and freedom from re-stenosis at 54%, with
some patients going on to Fontan completion.15 Three patients in
our cohort were non-Fontan candidates due to pulmonary vein
stenosis, and one did go on to get a Fontan at another centre. This

patient population has a high risk for failure of single ventricle
palliation, but based on the literature, each patientmust be weighed
on a case-by-case basis with the knowledge that re-stenosis of
pulmonary veins may lead to non-Fontan candidacy. Although the
number of patients with pulmonary vein stenosis is small in our
study, the two who did not have Fontan are alive, as is the patient
who went to another centre for Fontan.

In our study, patients deemed non-candidates for respiratory
reasons all survived with superior cavopulmonary anastomosis at
the time of this study with an average age of 11 years old. There are
considerable haemodynamic changes that can result from respi-
ratory conditions, which may lead to failed Fontan physiology
despite favourable haemodynamics with the superior cav-
opulmonary anastomosis at the time of pre-Fontan testing, but
there are not outcomes specifically for patients with pre-existing
respiratory conditions undergoing Fontan, likely due to small
sample sizes.

Although there are patients who were deemed non-Fontan
candidates at both our centre and when presented to other centres
for second opinions, some of these patients remain alive with
superior cavopulmonary anastomosis at the time of the study.
This begs the question: would there have been an opportunity to
complete Fontan palliation at some point, or would the patient
have had a worse outcome if proceeding with Fontan with their
physiology? Is the option of having superior cavopulmonary
anastomosis as the last stage of palliation an acceptable alternative
and destination? This cannot be known from this type of study but
would be an interesting avenue for future research. This study also
adds to the literature by demonstrating that non-candidacy for
Fontan may lead to other avenues, as there may be many years that
a patient can live with their superior cavopulmonary anastomosis
physiology, giving a later opportunity for Fontan completion or
transplantation if haemodynamics or medical conditions become
more favourable. This is supported by a recent study by Miyake
et al. following 36 patients with superior cavopulmonary anasto-
mosis without progression to Fontan. The 20-year survival was
approximately 50% in their group, with 40-year survival being
approximately 40%.16 Knowledge of this type of data may help in
counselling families and patients who are non-Fontan candidates.

Limitations of this study include those limitations common to
all retrospective studies. In addition, the exclusion criteria pose a
challenge due to variability in exclusion criteria amongst similar
studies, leading to difficulty comparing the attrition rates. We
attempted to exclude similar groups of patients as other studies.
Excluding patients deceased prior to Fontan evaluation may be
excluding a subset of patients who would have been non-Fontan
candidates due to failed superior cavopulmonary anastomosis
physiology, but the main reason for this was to determine non-
candidacy in survivors of superior cavopulmonary anastomosis.
Additionally, not finding differences in pre-stage 2 catheterisation
data may be due to the exclusion of those who did not undergo
superior cavopulmonary anastomosis or died between stage 2 and
Fontan testing. Unfortunately, there was not pre-Fontan cardiac
catheterisation data for every non-Fontan candidate for a variety of
reasons, including family preference to avoid invasive testing when
the patient was unlikely to be a candidate based on echocardio-
graphic findings. Given the small number of patients who are non-
Fontan candidates and the heterogeneity of the group, we are
unable to adequately complete a multivariate analysis to compare
risk factors or predictors for non-Fontan candidates. Finally, non-
Fontan candidacy is determined by provider consensus rather than
protocol, which introduces inherent variability in candidacy

Table 3. Comorbidities and causes of death in patients who died prior to pre-
Fontan testing

Variables

Percentage of patients
with condition,
% (n/total N)

Systolic heart failure 35 (15/43)

Cardiac arrest 35 (15/43)

Neurologic injury 16 (7/43)

Multiple organ failure 12 (5/43)

Extracorporeal membrane oxygenation 12 (5/43)

Sepsis 9 (4/43)

Diastolic heart failure 7 (3/43)

Inoperable cardiac lesion 7 (3/43)

Out of hospital cardiac arrest 7 (3/43)

Results are depicted as % (n/Total N); Total N= 43.
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criteria. Due to the changes in staff at the institution in any given
year, this is not something that can be standardised in a retro-
spective study.

Conclusions

Wedescribe reasons for non-Fontan candidacy and the outcomes of
patients who do not undergo Fontan at our institution with an
overall attrition rate of 7%. Those who are non-Fontan candidates
have a higher incidence of moderate or severe atrioventricular valve
regurgitation or ventricular dysfunction. Prior to Fontan, cardiac
catheterisation data demonstrates lower cardiac index, higher mean
pulmonary artery pressures, and higher ventricular end-diastolic
pressure. Earlier in single ventricle palliation, prior to the stage 2
operation, it remains difficult to predict those who will not be
candidates for Fontan, but the outcomes of non-Fontan candidates
can be consideredwhen counselling patients who are not candidates.

Competing interests. All authors have no financial relationships or com-
peting interests to disclose.

References

1. 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. DOI: 10.1016/j.athoracsur.2009.05.076.

2. 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. DOI: 10.1016/j.jacc.2012.05.010.

3. Lawrence KM, Ittenbach RF, HuntML, et al. Attrition between the superior
cavopulmonary connection and the Fontan procedure in hypoplastic left
heart syndrome. J Thorac Cardiovasc Surg 2021; 162(2): 385–393. DOI: 10.
1016/j.jtcvs.2020.10.053.

4. Stack KO, Schluger C, Roberts AL, et al. Impact of ventricular dysfunction
and atrioventricular valve regurgitation on pre-Fontan attrition. Ann Thorac
Surg 2023; 116(4): 778–785. DOI: 10.1016/j.athoracsur.2023.05.046.

5. Carlo WF, Carberry KE, Heinle JS, et al. Interstage attrition between
bidirectional Glenn and Fontan palliation in children with hypoplastic left
heart syndrome. J Thorac Cardiovasc Surg 2011; 142(3): 511–516. DOI: 10.
1016/j.jtcvs.2011.01.030.

6. Cnota JF, Allen KR, Colan S, et al. Superior cavopulmonary anastomosis
timing and outcomes in infants with single ventricle. J Thorac Cardiovasc
Surg 2013; 145(5): 1288–1296. DOI: 10.1016/j.jtcvs.2012.07.069.

7. Rochelson E, Richmond ME, LaPar DJ, Torres A, Anderson BR.
Identification of risk factors for early Fontan failure. Semin Thorac
Cardiovasc Surg 2020; 32(3): 522–528. DOI: 10.1053/j.semtcvs.2020.02.
018.

8. 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. DOI: 10.1111/chd.12468.

9. Zheng WC, Lee MGY, dUdekem Y. Fate of patients with single ventricles
who do not undergo the Fontan procedure. Ann Thorac Surg 2022; 114(1):
25–33. DOI: 10.1016/j.athoracsur.2021.02.011.

10. WallaceMC, Jaggers J, Li JS, et al. Center variation in patient age andweight
at Fontan operation and impact on postoperative outcomes. Ann Thorac
Surg 2011; 91(5): 1445–1452. DOI: 10.1016/j.athoracsur.2010.11.064.

11. Loomba RS, Frommelt PC, Anderson RH, Flores S, Tweddell JS. Timing of
Fontan completion in children with functionally univentricular hearts and
isomerism: the impact of age, weight, and pre-Fontan arterial oxygen
saturation. Pediatr Cardiol 2019; 40(4): 753–761. DOI: 10.1007/s00246-
019-02060-z.

12. Pace Napoleone C, OppidoG, Angeli E, Giardini A, Resciniti E, Gargiulo G.
Results of the modified Fontan procedure are not related to age at oper-
ation. Eur J Cardiothorac Surg 2010; 37(3): 645–650. DOI: 10.1016/j.ejcts.
2009.09.003.

13. Ravishankar C, Gerstenberger E, Sleeper LA, et al. Factors affecting Fontan
length of stay: results from the single ventricle reconstruction trial. J Thorac
Cardiovasc Surg 2016; 151(3): 669–675.e1. DOI: 10.1016/j.jtcvs.2015.09.
061.

14. Geoffrion TR, Aronowitz DI,Mangeot C, et al. Contemporary outcomes for
functional single ventricle with total anomalous pulmonary venous con-
nection. J Thorac Cardiovasc Surg 2024; 167 (6): 2177–2185.e1. DOI: 10.
1016/j.jtcvs.2023.09.046.

15. Sugano M, Murata M, Ide Y, et al. Midterm results and risk factors of
functional single ventricles with extracardiac total anomalous pulmonary
venous connection. Gen Thorac Cardiovasc Surg 2019; 67 (11): 941–948.
DOI: 10.1007/s11748-019-01141-3.

16. MiyakeM, Sakamoto J, Kondo H, Iwakura A, Doi H, Tamura T. Forty-year
survival after Glenn procedure without Fontan procedure in patients with
single ventricle. Eur J Cardiothorac Surg 2023; 63 (2): ezac528. DOI: 10.
1093/ejcts/ezac528.

508 M. E. Adamson et al.

https://doi.org/10.1017/S1047951126111354 Published online by Cambridge University Press

https://doi.org/10.1016/j.athoracsur.2009.05.076
https://doi.org/10.1016/j.jacc.2012.05.010
https://doi.org/10.1016/j.jtcvs.2020.10.053
https://doi.org/10.1016/j.jtcvs.2020.10.053
https://doi.org/10.1016/j.athoracsur.2023.05.046
https://doi.org/10.1016/j.jtcvs.2011.01.030
https://doi.org/10.1016/j.jtcvs.2011.01.030
https://doi.org/10.1016/j.jtcvs.2012.07.069
https://doi.org/10.1053/j.semtcvs.2020.02.018
https://doi.org/10.1053/j.semtcvs.2020.02.018
https://doi.org/10.1111/chd.12468
https://doi.org/10.1016/j.athoracsur.2021.02.011
https://doi.org/10.1016/j.athoracsur.2010.11.064
https://doi.org/10.1007/s00246-019-02060-z
https://doi.org/10.1007/s00246-019-02060-z
https://doi.org/10.1016/j.ejcts.2009.09.003
https://doi.org/10.1016/j.ejcts.2009.09.003
https://doi.org/10.1016/j.jtcvs.2015.09.061
https://doi.org/10.1016/j.jtcvs.2015.09.061
https://doi.org/10.1016/j.jtcvs.2023.09.046
https://doi.org/10.1016/j.jtcvs.2023.09.046
https://doi.org/10.1007/s11748-019-01141-3
https://doi.org/10.1093/ejcts/ezac528
https://doi.org/10.1093/ejcts/ezac528
https://doi.org/10.1017/S1047951126111354

	A 10-year single-centre report on Fontan attrition and non-Fontan candidacy
	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


