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Abstract
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Objective—Risk factors for major adverse events late after Fontan palliation are unknown. Prior
studies have suggested ventricular function and morphology as important risk factors. The aim of
this study is to (1) characterize the late major adverse event profile in adult Fontan patients and (2)
identify additional risk factors that may contribute to adverse outcomes.
Design and Setting—A retrospective review of all adult patients >15 years post-Fontan seen at
a tertiary academic center was conducted. Clinical, laboratory, cardiac data, and abdominal
imaging were collected via chart review. Major adverse events (death, cardiac transplantation, or
listing) were identified, and timing of events was plotted using Kaplan–Meier methods. Univariate
and multivariate logistic regression was used to determine independent predictors of late-term
events.
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Results—A total of 123 adult Fontan patients were identified (mean time post-Fontan 22.4 years
[±4.4]). Major adverse events occurred in 19/123 patients (15%). In this 15-year survivor cohort,
transplant-free survival rates were 94.6%, 82.9%, and 59.8% at 20, 25, and 30 years postoperation,
respectively. Modes of death were Fontan failure with preserved function (4), congestive heart
failure with decreased function (2), sudden death (2), thromboembolic event (1), post-Fontan
conversion (2), and posttransplant (2). No differences in adverse outcomes were found based on
morphology of the systemic ventricle, Fontan type, or systolic ventricular function. On the other
hand, features of portal hypertension (OR 19.0, CI 4.7–77.3, P < .0001), presence of a pacemaker
(OR 13.4, CI 2.6–69.8, P = .002), and systemic oxygen desaturation (OR 0.86, CI 0.75–0.98, P = .
02) were risk factors for major adverse events in the multivariate analysis.
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Conclusions—In adult Fontan patients surviving >15 years post-Fontan, portal hypertension,
oxygen desaturation, and need for pacemaker were predictive of adverse events. Traditional
measures may not predict late-term outcomes in adult survivors; further study of the liver’s role in
late outcomes is warranted.
Keywords
Fontan Procedure; Survival; Liver; Congenital Heart Defects; Mortality

Introduction

Author Manuscript

Infants born with functionally univentricular hearts have an estimated prevalence of 1 in
3000 live births.1 The Fontan operation, first reported in 1971, remains the default palliative
surgical procedure for pediatric patients with single-ventricle physiology.2 With the
dramatic improvement in perioperative and interstage mortality over the past 4 decades,
many of these patients are now reaching adulthood.3,4 Although the medium-term outcomes
up to 20 years are well described,5–7 there are limited data regarding outcomes later than 20
years after surgery in adults who have survived surgical palliation.
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After the Fontan operation, adult congenital patients have a unique circulation, placing them
at risk for significant morbidity and premature mortality in adulthood.8 A number of factors,
including arrhythmia burden, thromboembolic disease, protein-losing enteropathy, and
single morphologic right ventricle, have been associated with adverse events among early
survivors.5 The development of symptoms of clinical heart failure is sometimes referred to
as Fontan failure or circulatory dysfunction. Fontan failure can occur due to ventricular
dysfunction (systolic, diastolic, or combined) or may occur in the presence of normal
ventricular function or some combination of both. While some patients suffer from
decreased systemic ventricular function, many adult Fontan patients exhibit circulatory
failure, often referred to as Fontan failure, in the absence of decreased ventricular systolic
function and in the setting of normal end-diastolic pressures. Patients with preserved
ventricular systolic function remain at risk for adverse events.9 Contributors to Fontan
failure with preserved ventricular function include anatomic obstructions (pulmonary artery
stenosis, stenosis of the Fontan baffle, etc.), pulmonary vascular remodeling, protein-losing
enteropathy, plastic bronchitis, intractable atrial arrhythmias, chronotropic incompetence,
cirrhosis, renal failure, and other late complications that affect the circulation.1,10
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Recent attention has focused on the liver disease inherent to this population of late survivors
and its potential involvement in major adverse events.11,12 One recent study showed that
adult and pediatric patients with features of portal hypertension had an eightfold-increased
risk of major adverse events.9
The purpose of this study was to characterize risk factors and timing for the development of
late-term major adverse events, including death and cardiac transplantation, in adult Fontan
patients who have survived >15 years post-Fontan.

Methods
Subjects

Author Manuscript

All adult Fontan subjects >18 years of age evaluated at the Emory Adult Congenital Heart
Center from May 1999 to March 2013 were identified through a retrospective review of
available electronic records. The dataset included a minority of adult patients previously
described.9 Subjects <15 years from the time of the Fontan operation at latest follow-up
were excluded. Demographic, medical history, and clinical data at time of latest outpatient
follow-up were collected via chart review. Whenever possible, primary surgical data were
reviewed. Approval was obtained from the Emory University IRB prior to data collection.
Data Collection
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Demographic data collected included gender, age, and race. Medical history data included
time since the Fontan operation (years), type of congenital heart disease (hypoplastic left
heart syndrome, tricuspid atresia, double-inlet left ventricle, pulmonary atresia/intact
ventricular septum, double-outlet right ventricle, or other), type of Fontan (atriopulmonary,
lateral-tunnel, or extracardiac), and systemic ventricle morphology (left, right, or two
ventricles of equal size). For statistical purposes, patients with an atriopulmonary Fontan
who underwent Fontan conversion were analyzed as part of the atriopulmonary cohort.
History or presence of clinical features of heterotaxy syndrome was documented.
Clinical data was collected from the latest outpatient adult congenital cardiology follow-up.
Vital signs, including resting heart rate, oxygen saturation, and blood pressure were
documented. Anthropomorphic data including weight (kg) and height (cm) were used to
calculate body mass index (BMI, kg/m2). Clinical exam findings of hepatomegaly,
splenomegaly, or ascites were documented.
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Medications used at the time of last cardiology clinic visit were documented. Laboratory
values were collected within 1 year of the last outpatient clinic visit and included the
following: sodium, creatinine, total bilirubin, total protein, alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), hemoglobin, platelet
count, and hepatitis serologies for A, B, and C.
Comorbidities including protein-losing enteropathy (defined as an elevated stool alpha-1
antitrypsin with associated serum hypoalbuminemia) or presence of mechanical valve.
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The electrocardiogram was analyzed for rhythm and QRS duration. Presence of a pacemaker
was recorded, as well as history of atrial arrhythmia.
The most recent echocardiographic data were reviewed for verification of the primary
anatomic diagnosis. Systemic systolic ventricular function was determined by a blinded
reviewer using subjective assessment, Simpson’s method, or triplane three-dimensional
reconstruction and was ultimately dichotomized as normal/mildly decreased vs. moderate/
severely decreased.
Abdominal Imaging
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All available abdominal imaging reports were reviewed, with imaging preference as follows:
MRI > CT > US. All available endoscopic reports were reviewed. Varices were counted if
present on any imaging modality or noted endoscopically. Ascites was considered present if
seen on either imaging or clinical exam. Splenomegaly was counted if measured >13 cm in
maximal diameter on any imaging modality or if present clinically.13
Definition of Events
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The primary outcome was a major adverse event defined as death, heart transplant, or listing
for heart transplant. In cases of multiple events, the censoring event was the first sequential
event. In all cases, mode of death was determined by primary source material. Modes of
death were defined as heart failure, Fontan failure, thrombosis, sudden death, perioperative
death, or other. Heart failure death was defined as NYHA class III–IV symptoms with
decreased systolic function by echocardiogram. Fontan failure death was defined as NYHA
class III–IV symptoms with preserved systolic function. Death related to thrombosis was
defined as death within 1 week of a clinically significant thromboembolic event without
other proximal cause. Perioperative death was defined as death occurring within 30 days of
cardiac surgery, whereas sudden death was defined as death occurring within 3 hours of
symptom onset.
Statistical Methods
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Descriptive statistics were calculated overall and stratified by those with or without a major
adverse event. Differences between groups were determined using t-test and chi-square, as
well as Fisher’s exact test or Wilcoxon rank-sum test where appropriate. Transplant-free
survival was plotted using the Kaplan–Meier method and compared by log-rank statistics.
Univariate logistic regression was used to determine any significant relationships between
study variables and major adverse events. Multivariate logistic regression was used to
statistically evaluate the relationship between major adverse events and univariate predictors
or variables known to be associated with major adverse events in this population. All
variables were considered in the initial model as input to stepwise logistic regression. An
alpha level of 0.05 was selected for significance as criterion for entry into and persistence in
the model. The most parsimonious model was determined using receiver operating
characteristics (ROC). The data was analyzed using SAS 9.3 at an alpha level of 0.05.
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Results
A total of 136 adult Fontan patients were identified, of whom 123 patients were more than
15 years from the time of Fontan operation and were included in this analysis. The mean age
of the cohort at latest follow-up was 28.5 years (±7.7), and mean duration since Fontan was
22.4 years (±4.4). Baseline patient characteristics are shown in Table 1.
Among the group, cardiac lesions included tricuspid atresia (54, 43.9%), double-inlet left
ventricle (27, 22%), double-outlet right ventricle (12, 9.8%), pulmonary atresia with intact
ventricular septum (9, 7.3%), hypoplastic left heart syndrome (8, 6.5%), and other (13,
10.7%). Of those patients with an atriopulmonary Fontan, 25 patients underwent Fontan
conversion to a lateral-tunnel Fontan, with the most common indication being significant
arrhythmia burden.
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There were a total of 19 (15.4%) discrete, major adverse events in the group: 13 deaths and
9 cardiac transplants or listings for transplant, with 3 competing outcomes. Of these 19
events, 4 occurred in patients with a morphologic right ventricle and 15 occurred in patients
with a morphologic left ventricle.
Clinical, laboratory, and cardiac variables as well as other comorbidities for the cohort are
listed in Table 2. Notably, time since Fontan, systolic function of the systemic ventricle, and
prior history of a thromboembolic event were not statistically different between the event
and no-event groups. Six patients had positive hepatitis serology (B or C), but none of these
patients experienced an event.
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Of the deaths in this cohort, 4 patients died of Fontan failure with preserved systolic
function, 2 died of congestive heart failure with decreased ventricular function, 2
experienced sudden death, and 1 patient had an embolic event leading to death. Two
perioperative deaths occurred following Fontan conversion. After cardiac transplant, 2
additional patients died at 1 year and 6 years, respectively. One patient died while awaiting
cardiac transplant (Table 3).
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Among adult survivors of the Fontan operation >15 years post-Fontan, transplant-free
survival rates were 94.6%, 82.9%, and 59.8% at 20, 25, and 30 years post-Fontan,
respectively (Figure 1). Survival curves stratified by morphology of the systemic ventricle,
Fontan type, and systolic ventricular function (normal/mild decreased vs. moderate/severely
decreased) are shown in Figure 2A–C. There were no statistically significant differences in
the stratified survival curves for any of the three features. There was a suggestion that
patients with a morphologic right systemic ventricle tend to have worse outcomes starting
after 20 years, though long-term data in this group are lacking and the difference was not
significant.
Among the four components of the previously described VAST score (varices, ascites,
splenomegaly, and thrombocytopenia),9 three factors were significantly different between
the event and no-event groups in univariate analysis: splenomegaly (P < .0001), ascites (P
< .0001), and varices (P < .0001). Platelet count was not statistically different between the
groups (P = .09).
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Using a modified version of the score excluding platelets (VAS for varices, ascites,
splenomegaly), we plotted Kaplan–Meier survival curves by each score: 0, 1, 2, 3 (Figure
S1). Comparison revealed no difference between the Kaplan–Meier curves for a score of 0
vs. 1 (P = .31) and no difference between curves for a score of 2 vs. 3 (P = .9). When the
score was dichotomized as 0–1 vs. 2–3, there was a significant separation of the survival
curves of those with and without an adverse event (P < .0001, Figure 2D).
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In multivariate analysis, the following variables were included in the initial model: VAS
score, Fontan type, presence of any pacemaker, use of diuretic, lower resting oxygen
saturation, creatinine, albumin level, alkaline phosphatase level, and history of
thromboembolic event (Table 4). These variables were included for either their statistical
significance in univariate analysis or for known causes of poor outcomes in this population.
In stepwise logistic regression, the most parsimonious model included VAS score (OR
19.06, 95% CI [4.7–77.28]), presence of a pacemaker (OR 13.44, 95% CI [2.59–69.84]), and
lower resting oxygen saturation (OR 0.86, 95% CI [0.75–0.98]). No additional variables met
the 0.05 significance level for entry into the model.
Per ROC curve analysis, the final multivariate model of VAS score, presence of pacemaker,
and resting oxygen saturation had an excellent ability to discriminate between persons with
and without a major adverse event (area under the curve 0.905).

Discussion
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Having survived a staged approach to palliation of a functionally univentricular heart, adult
patients over 15 years from Fontan surgery face additional hemodynamic challenges. Late
complications including heart failure, arrhythmias, thromboembolic disease, progressive
cyanosis, and hepatic dysfunction may contribute to the development of major adverse
events including death or cardiac transplantation.1 While short- to medium-term results
following Fontan palliation in a pediatric population are well described, to date there are
limited data regarding late-term outcomes in adult survivors. This study used a cohort of
adult single ventricle patients followed at a tertiary adult congenital heart disease center to
examine outcomes of adult Fontan survivors and examine determinants of major adverse
events.
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In the report from Khairy et al. regarding long-term outcomes in 261 patients, Fontan type
was associated with perioperative survival, but after excluding those patients who died in the
early postoperative period, there was no difference in survival between Fontan types.5
Although 25 patients in this study underwent Fontan conversion, they were analyzed based
on their original Fontan operation, and thus no conclusions can be drawn regarding any
potential advantage or disadvantage of conversion. Other groups have suggested a number
of potential advantages to Fontan conversion.14 In this cohort of survivors >15 years postFontan, of whom nearly half have undergone Fontan conversion, we find no difference in
long-term survival between patients with an original atriopulmonary Fontan vs. those with a
lateral-tunnel Fontan. Almost none of the patients in this cohort had an extracardiac Fontan,
which does not fit with our current clinical practice but rather reflects the historical nature of
this group.

Congenit Heart Dis. Author manuscript; available in PMC 2015 July 23.

Elder et al.

Page 7

Author Manuscript

Significant systolic ventricular dysfunction of the systemic ventricle occurred in 17% of our
cohort. There was no difference in the proportion of patients with decreased ventricular
function between those with an adverse event and those who did not have an event. Events
may occur in adult post-Fontan patients related to “Fontan failure” in the absence of systolic
ventricular dysfunction.15 Interestingly, one report showed that among Fontan patients
referred for heart transplantation, those with preserved systolic function had worse survival,
with more episodes of infection and graft failure requiring mechanical support.16 Although
more sophisticated measures of ventricular function may provide additional insight, the
heterogeneous nature of this group, with right, left, and mixed ventricular morphology,
limits the applicability of such techniques. Clearly, systolic ventricular function alone does
not capture the entire story of adverse events in this adult group, suggesting traditional
cardiac measures used in a pediatric Fontan cohort do not adequately differentiate event risk
in an adult survivor cohort.

Author Manuscript
Author Manuscript

In the multicenter Pediatric Heart Network study of Fontan patients, right ventricular
morphology was associated with worse ventricular function.17 Khairy and colleagues found
an association between heart failure deaths and right ventricular morphology.5 In the large
Melbourne cohort of 499 Fontan patients followed from birth, having a dominant right
ventricle had a hazard ratio of 2.2 for mortality, but only prior to the bidirectional
cavopulmonary shunt stage.18 After that, ventricular morphology was not associated with
mortality. In our adult survivor cohort, we could not find an overall survival benefit for
patients with left vs. right ventricular morphology. In part, this may be attributable to the
fact that our data regarding patients with a systemic RV are limited to 25 years post-Fontan
due to the relatively new survival of that group, including hypoplastic left heart syndrome.
Indeed, at 25 years, there was only 1 remaining patient with a systemic RV as compared to
27 LV patients. It is also possible that the impact of right systemic ventricular morphology is
more pronounced in early childhood and less important for conditional survival in adult
Fontan patients. Future follow up of this important group is needed.
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If traditional factors such as Fontan type, ventricular function, or morphology of the
systemic ventricle do not discriminate among long-term survivors, what other factors may
play a role? We previously reported that features of portal hypertension, as classified as a
VAST score ≥2, was associated with worse outcomes in a group of adult and pediatric
patients referred for liver evaluation.9 In this significantly larger cohort including all adult
Fontan patients >15 years from the time of surgery, varices, ascites, and splenomegaly were
significant predictors of major events in univariate analysis. Platelet count was no longer
different, which may relate to the variability of this marker depending on the volume status
of the patient and time point at which it is measured. Volume overload can decrease platelet
count by increasing portal pressures.
Using a modified score (VAS), we were able to demonstrate a clear separation between the
survival curves for VAS ≥2 in this patient population (Figure 2D). This was also significant
in the multivariate model. It is remarkable that at 30 years after the initial Fontan surgery,
patients without those features were relatively well: 72.6% were free from death or cardiac
transplant, compared with 30.1% who did have a VAS score ≥2.
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In the multivariate analysis, presence of a pacemaker, regardless of type, was significantly
related to outcomes. A recent report from the Pediatric Heart Network Fontan crosssectional study showed that among >500 Fontan survivors, those with a pacemaker have
poorer functional status and mildly decreased systolic ventricular function compared with
Fontan survivors without a pacemaker.19
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Resting oxygen saturation was another feature that was significant in the multivariate model,
with lower oxygen saturation associated with worse outcomes. That is, for every unit
increase in oxygen saturation, the odds of having an event are reduced by 14%. Among this
heterogeneous group of Fontan survivors, the fate of a fenestration, if originally present, is
variable. However, many adult Fontan patients have evidence of autofenestration or
venovenous collaterals that cause systemic desaturation. Desaturation in the adult Fontan
patient may be a marker of increased central venous and/or portal venous pressures that
cause right-to-left shunting and was associated with worse outcomes in our patient group.
Including those 3 features in the multivariate analysis, our final model was able to account
for >90% of the adverse events in this adult survivor cohort.
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Liver disease among Fontan patients is common, yet traditional markers of liver disease
(transaminases and even markers of synthetic function) have been difficult to correlate with
severity and outcomes.20 Rather, consideration of the contribution of hemodynamic and
physiologic consequences of Fontan liver disease and portal hypertension may aid in
understanding outcomes in Fontan patients.15 Since all Fontan patients have elevated
postsinusoidal pressure by definition, we defined clinical features of portal hypertension as
two or more signs of varices, ascites, or splenomegaly. One recent report was the first to
suggest that Fontan patients with an elevated score on the Model for End-stage Liver
Disease (MELD-XI) (excluding International Normalized Ratio), traditionally used for
organ allocation in liver transplantation, had a hazard ratio of 7.76 for death or cardiac
transplantation.21

Limitations
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There are a number of potential limitations relevant to this dataset. Importantly, by the
nature of the study design, we included only adult patients who were >15 years from Fontan
palliation, and thus the survival data are only relevant to an adult survivor cohort. We
captured all Fontan patients evaluated at a tertiary adult congenital heart disease center, but
this group may be skewed towards sicker patients and may not represent the entire spectrum
of adult Fontan patients, thus affecting the results. Data regarding medication usage, vital
signs, physical findings, and so on were only recorded at the last outpatient visit and may
vary over time and with treatment. While some of the patients had prior cardiac
catheterization, data were not consistently available and thus not analyzed for this report.
With regard to the VAS score and features of portal hypertension, all abdominal imaging
was reviewed, but at the onset of this study period there was no standardized protocol for all
Fontan patients. Although abdominal imaging was available for nearly all patients, there is a
potential for bias as to the modality of imaging and detection of components of the score.
We attempted to overcome this by augmenting the score with clinical findings as well as
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endoscopic findings. Additionally, heterotaxy patients with their variable splenic anatomy
were included, although this may alter the results of the VAS score in regard to the potential
for splenomegaly. Notably, less than 5% of the study patients had known or suspected
heterotaxy syndrome.

Conclusions
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In an adult survivor Fontan cohort >15 years post-Fontan completion, clinical features of
portal hypertension (defined by a VAS score ≥2), need for a pacemaker, and decreased
oxygen saturation were independent predictors of worse outcomes and together accounted
for over 90% of the total events in this cohort. Previously described parameters such as
ventricular function and morphology did not predict late adverse events in this group. Future
prospective studies are needed to evaluate the importance of the VAS score to outcomes and
define the time period between development of these features and significant adverse events.
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Figure 1.

Kaplan-Meier survival curve showing overall transplant-free survival of a cohort of 123
adult Fontan patients >15 years post-Fontan.
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Figure 2.

Kaplan-Meier survival curves showing transplant-free survival, stratified by (A) systemic
ventricular morphology (RV = right ventricle, LV = left ventricle), (B) Fontan type (AP =
atriopulmonary Fontan, Lateral = lateral-tunnel Fontan), (C) systolic ventricular function
(dichotomized as normal/mildly reduced vs. moderate/severely reduced), or (D) VAS score
(VAS = varices, ascites, splenomegaly), dichotomized as 0–1 vs. 2–3.
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Baseline Patient Characteristics
Overall
n = 123

No Event
n = 104

Event
n = 19

P Value

Age (years)*

28.5 (7.7)

27.7 (6.9)

   33 (10.2)

  .04

Female

   54 (43.9)

   50 (48.1)

     4 (21.1)

  .04

Caucasian

   87 (70.7)

   70 (67.3)

   17 (89.5)

  .06

Time since Fontan (years)*

22.4 (4.4)

22.3 (4.4)

22.8 (4.5)

  .6

Variable
Demographics

Ventricular morphology

  .69

Right

   26 (21.1)

   22 (21.2)

     4 (21.1)

Left

   92 (74.8)

   77 (74)

   15 (78.9)

Biventricular

     5 (4.1)

     5 (4.8)

     0 (0)

Author Manuscript

Fontan type

  .004

Atriopulmonary

   53 (43.1)

   39 (37.5)

   14 (73.7)

Lateral-tunnel

   69 (56.1)

   64 (52)

     5 (26.3)

Extracardiac

     1 (0.7)

     1 (1)

     0 (0)

Fontan revision

   25 (20.3)

   22 (21.2)

     3 (15.8)

  .76

Mechanical valve

   10 (8.1)

     6 (5.8)

     4 (21.1)

  .047

Any diuretic use

   54 (43.9)

   38 (36.5)

   16 (84.2)

  .0002

Any anticoagulation use

 112 (91.1)

   94 (90.4)

   18 (94.7)

1

Heterotaxy

     6 (4.9)

     5 (4.8)

     1 (5.3)

1

Other

Values are n (%) unless otherwise indicated.
*

Author Manuscript

Mean (SD).
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Clinical, Laboratory, and other Variables
Overall n = 123

No Event n = 104

Event n = 19

P Value

Resting HR

  77.5 (12.4)

  77.9 (12.8)

  75.3 (10.2)

  .41

Systolic BP

118.4 (13.4)

119.9 (12.8)

110.5 (13.9)

  .004

Diastolic BP

  67.7 (10)

  67.9 (9.7)

  66.5 (11.7)

  .57

O2 saturation

  91.4 (4.7)

  91.6 (4.3)

  88.6 (5.8)

  .03

(kg/m2)

  25.9 (5.6)

  25.8 (5.5)

  26.6 (6.3)

  .54

Sodium

137.2 (3.2)

138.3 (1.9)

134.4 (5.6)

  .007

Creatinine

    0.9 (0.26)

  0.87 (0.18)

    1.1 (0.50)

  .09

Total bilirubin

    1.3 (0.66)

    1.3 (0.67)

    1.3 (0.57)

  .87

Total protein

    7.5 (0.74)

    7.6 (0.66)

    7.1 (0.98)

  .005

ALP

  79.6 (32.4)

  74.6 (24.4)

107.7 (51.7)

  .01

AST

     30 (14.6)

  29.5 (12.6)

  33.1 (22.8)

  .52

ALT

  27.3 (13.7)

  27.8 (13.9)

  25.9 (13.2)

  .6

Hematocrit

  44.5 (6.6)

  44.8 (6.8)

  42.8 (5.1)

  .22

Albumin

    4.3 (0.54)

    4.4 (0.46)

    3.8 (0.68)

<.001

QRS duration

105.7 (19.4)

105.8 (20.9)

123.3 (27.6)

  .002

Pacemaker

     53 (43.1)

     37 (35.6)

     16 (84.2)

<.0001

History of atrial arrhythmia

     69 (56.1)

     54 (51.9)

     15 (78.9)

  .04

Moderate/severe ventricular function

     21 (17.1)

     17 (16.4)

       4 (21.1)

  .74

Thromboembolic event

     24 (19.5)

     18 (17.3)

       6 (31.6)

  .15

PLE

       3 (2.4)

       1 (1)

       2 (10.5)

  .06

Variable
Clinical

BMI

Laboratory

Author Manuscript

Other

Author Manuscript

Values are n (%).
HR, heart rate; BP, blood pressure; O2, oxygen; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine
transaminase; PLE, protein-losing enteropathy.
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  4

  5

  4

  4

  1

30

  5

18

  4

1987

1987

1988

1988

1988

1989

1990

1993

1993

Left

Left

Right

Left

Left

Right

Right

Left

Left

Left

Left

Left

Left

Dominant Ventricle

AP

AP

Lateral

AP

AP

Lateral

Lateral

AP

Lateral

AP

AP

AP

AP

Fontan Type

Y (atrial)

Y (atrial)

Y (atrial)

Y (atrial)

Y (atrial)

N

Y (dual)

N

Y (atrial)

Y (vent)

Y (atrial)

Y (vent)

Y (atrial)

Pacemaker (Y/N)

88

97

97

91

91

83

86

80

91

74

91

89

91

O2 Saturation
at Last
Outpatient
Visit

Preserved

Preserved

Preserved

Preserved

Preserved

Decreased

Preserved

Decreased

Preserved

Preserved

Decreased

Preserved

Preserved

Ventricular Function

2

0

2

2

1

2

3

2

0

3

0

2

3

VAS Score

VAS, score from 0–3 (1 point each for varices, ascites, splenomegaly); AP, atriopulmonary; PE, pulmonary embolus; TCPC, total cavopulmonary connection.

19

1982

  4

1980

  3

24

1979

1982

Age at
Fontan
(Yrs)

Year of
Original
Fontan

Author Manuscript

Details of Fontan Patients who Died >15 Years Post Surgery

20

34

21

49

24

27

27

30

26

42

28

36

50

Age at
Death
(Years)

Sudden death (arrest)

Post-op following TCPC
conversion

Fontan failure

Heart failure, listed for
transplant

Post-op following TCPC
conversion

Sudden death (while
sleeping)

Fontan failure

Posttransplant

Embolic/PE

Fontan failure

Heart failure

Posttransplant

Fontan failure

Mode of Death
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Input and Final Multivariate Analysis
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Hazard Ratio

95% CI

P Value

VAS score ≥2

18.1

5.70–57.49

<.001

Classic Fontan

  4.67

1.56–13.96

  .006

Pacemaker

  9.66

2.64–35.32

  .001

Diuretic use

  9.26

2.53–33.86

  .001

O2 saturation

  0.88

0.80–0.97

  .009

Creatinine

16.08

1.71–151.59

  .015

Albumin

  0.17

0.06–0.49

  .001

ALP

  1.03

1.01–1.05

  .001

Thromboembolic event

  2.21

0.74–6.58

  .16

VAS score ≥2

19.06

4.70–77.28

<.0001

Pacemaker

13.44

2.59–69.84

  .002

O2 saturation

  0.86

0.75–0.98

  .02

Variable
Univariate analysis

Multivariate analysis

VAS, score from 0–3 (1 point each for varices, ascites, splenomegaly).
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