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Abstract

Introduction: Long-term growth outcomes and the prevalence of obesity among older single
ventricle (SV) patients have not been well characterized. We investigated these parameters, as well
as the impact of obesity on survival, in an older cohort of SV patients presenting for Fontan
conversion.

Methods: We analyzed preoperative height, weight, and body mass index (BMI) of patients who
underwent Fontan conversion. Overweight and obese were defined as BMI =285 percentile and =95
percentile for patients <20 years and BMI 25 to 30 kg/m? and =30 kg/m? for patients =20 years,
respectively. Postoperative transplant-free survival was assessed among obese, overweight, and
normal weight patients.

Results: We evaluated 139 patients presenting for Fontan conversion at a median age of 23.2
years. Patients had shorter stature compared to the normal population (mean Zscore —0.6, P
<.001). Younger patients had lower BMI compared to the normal population (<20 years: mean 2
score —0.5, P=.02), while older patients had elevated BMI (=20 years: mean Zscore +0.4, P
<.001). The mean BMI among older patients approached overweight at 24.6 kg/m2. The
prevalence of obesity increased with advancing age, with 36% overweight and 14% obese at >30
years. At a median of 8.2 years following Fontan conversion, obesity and overweight status were
not associated with transplant-free survival.

Conclusion: Older SV patients presenting for Fontan conversion had shorter stature compared to
the normal population as well as a high prevalence of overweight and obesity. Although there was
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no relationship between weight status and early postoperative survival, further investigation of
long-term outcomes is warranted.
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Introduction

Methods

Growth of single ventricle (SV) patients has mostly been studied in the interstage period and
at short- to intermediate-term intervals following Fontan completion.1~8 These studies have
demonstrated that SV patients experience growth restriction early in lifel* and remain of
shorter stature into the late childhood and early adolescent years.>-8 Data are conflicting as
to whether patients remain underweight® or achieve normal weight®° by adolescence or
adulthood.

Recent literature regarding obesity in the congenital heart disease population has suggested
that the prevalence is lower among SV patients. 911 However, these studies focused on
children through 19 years of age. The prevalence of obesity among adult SV patients, as well
as its potential impact on outcomes, is unknown. In addition to the well-known negative
cardiovascular effects of obesity on adults with structurally normal hearts,12-16 less well-
recognized effects such as decreased lung compliance, increased ventricular mass, and
diastolic dysfunction’-1° may pose unique challenges for patients with SV physiology.

Since patients presenting for Fontan conversion surgery represent a discrete, well-defined
cohort of older SV patients, we aimed to investigate long-term growth and the prevalence of
obesity in this population. Moreover, we sought to assess the impact of obesity on early
transplant-free survival following Fontan conversion.

Patient Population

In this retrospective, single-center study, we included consecutive patients who underwent
Fontan conversion surgery to total extracardiac cavopulmonary connections at our
institution, the Ann & Robert H. Lurie Children’s Hospital of Chicago (formerly Children’s
Memorial Hospital), from 1994 to 2012. One patient underwent a repeat Fontan conversion
surgery during this time period, and data were included from the first operation only.
Approval from our institutional review board was obtained, and the need for written
informed consent was waived.

Our indications for Fontan conversion and surgical techniques have been previously
described.20-23 Refractory arrhythmias were the most common primary indication for
surgery. Pathway obstruction, residual shunting, atrioventricular valve dysfunction, and/or
decreased functional status contributed to the decision to proceed with surgery. In general,
the surgery consisted of takedown of the original anastomoses with the creation of a total
extracardiac cavopulmonary connection, arrhythmia surgery, and epicardial pacemaker
placement.
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Data Collection and Definitions

Height and weight data were collected from comprehensive preoperative evaluations
performed at our institution. Body mass index (BMI) was calculated using the weight in
kilograms (kg) divided by the height in meters square (m2). Height, weight, and BMI for
patients <20 years of age were converted to gender-specific percentiles and Zscores using
the Centers for Disease Control and Prevention (CDC) growth charts and the lambda-mu-
sigma (LMS) method.2* This method creates smoothing of growth percentile curves for a
given age and gender and allows for efficient calculation of Zscores.2®> The CDC growth
charts are published through 20 years of age for pediatric patients. Since adult growth charts
are not available, the percentiles and Zscores for older patients were calculated using
reference values for 20-year-old subjects.

Overweight and obese patients were categorized according to standard pediatric and adult
definitions. For patients <20 years of age, overweight was defined as BMI =85th percentile
and <95th percentile and obesity as BMI =95th percentile. For patients >20 years,
overweight was defined as BMI =25 kg/m? and <30 kg/m? and obesity as BMI =30 kg/m2.
Normal weight refers to BMI <85th percentile for patients <20 years and <25 kg/m? for
patients >20 years.

Data were collected regarding demographic characteristics; ventricular morphology,
categorized as left ventricle (LV) dominant or non-LV dominant (ie, right ventricle [RV]
dominant or indeterminate); presence of heterotaxy; New York Heart Association (NYHA)
classification; presence of protein-losing enteropathy (PLE), defined as a serum albumin
level <3.5 mg/dL; ascites based on physical examination; and thyroid disease, defined as
either a history of thyroid medications or an abnormal thyroid function test. \entricular
dysfunction and atrioventricular valve regurgitation on preoperative echocardiogram were
qualitatively categorized as at least moderate or mild or less. A limited number of patients
had preoperative exercise stress testing available for review, and the maximal oxygen
consumption (VO, max) was noted and is expressed in milliliters/kilogram/minute (mL/kg/
min).

Postoperative outcomes following Fontan conversion, including length of postoperative
hospital stay and time to all-cause mortality or heart transplant, were also collected. For
patients lost to follow-up after discharge, information regarding vital status was obtained
from the Social Security Administration’s Death Master File through September 2013.

Statistical Analysis

Data are represented as frequency (percentage), median (range), or mean (standard deviation
[SD]) where appropriate. Since anthropometric parameters are normally distributed, we
utilized parametric testing for the growth analyses. We performed subgroup analyses for
patients <20 years and for patients =20 years compared to the normal population (Zscore 0,
SD # 1) using one-sample ¢tests. Continuous parametric variables were otherwise analyzed
with two-sample #tests and analyses of variance, assuming unequal variances. Associations
among nonparametric variables were analyzed with the Mann-Whitney U or Kruskal-Wallis
tests, and associations between categorical variables were tested with chi-square analyses or
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Fisher’s exact tests where appropriate. The association of obesity and overweight status with
transplant-free survival following Fontan conversion was explored with Kaplan-Meier
analyses, with the log-rank test used to compare survival between groups (obese vs normal
weight and overweight vs normal weight). A Pvalue <.05 was considered statistically
significant for all analyses.

Results
Fontan conversion surgery was performed in 139 patients at a median age of 23.2 years (2.6—
47.3). All cases had complete preoperative anthropometric data available for review. Table 1
displays the demographic and preoperative characteristics of the patient population.

Stature

With regard to stature, 18% of the cohort was shorter than the 5th percentile (9% had Zscore
<-2), while 5% was taller than the 95th percentile (4% had Zscore =+2). The mean height 2
score was —0.6 (SD * 1.4), which was significantly lower than the mean height Zscore of
the normal population (P < .001). There was a trend toward association between shorter
stature and non-LV morphology (£ =.07). Patients with non-LV morphology had a mean
height Zscore of —1.3 (SD + 2.2), while patients with LV morphology had a mean height 2
score of —0.5 (SD + 1.2). Among patients with non-LV morphology, 15% had Zscores <-2,
as compared to 8% of patients with LV morphology. This difference, however, was not
statistically significant. NYHA classification, ventricular dysfunction, and atrioventricular
valve regurgitation were not associated with stature at the time of Fontan conversion.

Weight, BMI, and Prevalence of Obesity

Fifteen percent of the cohort weighed less than the 5th percentile (10% had Zscore <-2),
while 7% weighed greater than the 95th percentile (4% had Zscore =+2). The mean Zscore
for weight was -0.2 (x 1.7), which was not significantly different from the normal
population (P=.12). For BMI, 10% of the cohort was lower than the 5th percentile (8% had
Zscore <-2), and 7% exceeded the 95th percentile (5% had Zscore =+2). The mean BMI Z
score was +0.09 (z 1.2), which was also not significantly different from the normal
population (P=.36).

Similar to stature, NYHA classification, ventricular dysfunction, and atrioventricular valve
regurgitation were not associated with weight or BMI at the time of Fontan conversion. In
addition, there was no statistically significant association between PLE, ascites, or thyroid
disease and weight or BMI. Preoperative exercise stress testing was available for a limited
number of patients (n = 66). The median VO, max was 20.7 mL/kg/min (7.4-37.4). There
was no statistically significant difference in VO, max among patients classified as obese
(18.8 mL/kg/min), overweight (20.4 mL/kg/min), or normal weight (21.0 mL/kg/min).

The combined prevalence of overweight and obese patients was 33%: 33 patients (24%)
were overweight and 13 patients (9%) were obese. The prevalence increased with advancing
age at the time of presentation for Fontan conversion surgery (Figure 1). Specifically, the
prevalence of both overweight and obesity was more than twofold higher in patients
presenting at >30 years of age when compared to patients presenting at <20 years.
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Subgroup Analyses by Age

The growth parameters of patients <20 years of age differed from those of patients =20 years
when compared to the normal population (Table 2). In the younger subgroup, patients had
significantly shorter stature, lower weight, and lower BMI at the time of Fontan conversion
when compared to the normal CDC values for age. In the older subgroup, patients were
shorter than normal CDC adult stature, however, weight and BMI were significantly elevated
compared to the normal CDC adult values (P = .04 and <.001, respectively; see Figure 2 for
absolute values). The mean BMI among patients =20 years was 24.6 (+3.0) kg/m?2, with
males having a higher BMI, 25.4 (+ 3.3) kg/m?2, compared to females, 23.6 (+ 2.5) kg/m?; P
=.04.

Postoperative Length of Stay and Transplant-Free Survival

Comment

The median postoperative length of hospital stay was 11 days (6-58, with one outlier at 111
days). There was no statistically significant difference in median length of stay by obesity or
overweight status (12 days for both obese and overweight patients vs 11 days for normal
weight patients).

The median age at most recent follow-up was 32.3 years (14.3-61.3), which was a median of
8.2 years (1.2 months-18.5 years) following Fontan conversion surgery. Thirty-two (23%) of
139 patients died and/or underwent heart transplant. Ten (7%) patients were transplanted at a
median postoperative interval of 10.2 months (<1 month-9.4 years), four of whom
subsequently died. All-cause mortality was 19% (26 of 139), and death occurred at a median
of 4.1 years (<1 month-14.1 years) following surgery. Transplant-free survival was not
associated with obesity at the time of Fontan conversion (Figure 3), nor with overweight
status (log-rank P=.20).

In this series of older SV patients presenting for Fontan conversion surgery, we report
growth outcomes and the prevalence of obesity. While prior studies have described short- to
intermediate-term growth outcomes following Fontan completion,*=2 our study investigated
long-term outcomes at a median of 17 years following primary Fontan surgery. We found
that this cohort of SV patients remained of shorter stature compared to the normal
population. Furthermore, there was a greater prevalence of overweight and obese patients
with advancing age at the time of presentation. Obesity was not, however, associated with
lower transplant-free survival in the early postoperative period.

Conflicting associations between ventricular morphology and somatic growth among SV
patients have been reported in the literature.4>89 Francois et al reported that older children
and adolescents with a dominant LV were shorter than patients with a dominant RV.4 A
recent study by Hessel and colleagues investigating somatic growth in 94 SV patients up to
11 years of age demonstrated that patients with a dominant RV had lower weight for age.26
Our data were not conclusive but tended to support the notion that SV patients with non-LV
dominance, that is, RV dominance or indeterminate ventricular morphology, had shorter
stature at the time of Fontan conversion.
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Previous studies in younger populations demonstrated that SV patients either remained
underweight or eventually experienced normalization of weight after the Fontan operation.
56,9 We found that although patients <20 years of age had lower BMI compared to the
normal population, the mean BMI of patients =20 years was elevated and approached the
threshold for overweight. Males, in particular, were more likely to be overweight or obese,
which mirrors national trends.2” Of note, elevated weight and BMI were not associated with
markers of fluid retention, such as PLE or ascites. There was also no association between
weight or BMI and thyroid disease, despite the fact that a substantial proportion of patients
may have taken antiarrhythmic agents known to affect thyroid function, such as amiodarone.

Most importantly, our study showed that the prevalence of overweight and obesity among
older SV patients increased with advancing age. In two large, contemporary series of
younger SV patients through 19 years of age, the combined prevalence of overweight and
obesity ranged from 6% to 16%.1%:11 In our subgroup <20 years of age, we found the
prevalence to be similar (20%). However, in the third decade of life, the prevalence of
overweight and obesity increased to 31% and by the fourth decade reached 50% of patients.
These findings should be substantiated in larger series of SV and adult congenital heart
disease populations, in general, but raise significant concern about the susceptibility of this
vulnerable patient population to national obesity trends.2’

While the well-known health impacts of obesity, including myocardial infarction,12 stroke, 13
hypertension, 14 diabetes mellitus,1° and chronic kidney disease,6 are important with
increasing age, several of the less well-known adverse consequences of obesity may be
particularly deleterious in patients with SV physiology. Obesity is associated with reduced
lung compliance and increased pulmonary vascular resistance,® which may augment
progressive hypoxemia in SV patients who rely on passive pulmonary blood flow. Obesity-
related increases in ventricular mass and systemic vascular resistance may contribute to
diastolic dysfunction and exercise intolerance.1’:19 The adverse effects of obesity on
ventricular mass, size, and function have already been demonstrated in patients with other
forms of congenital heart disease, including transposition of the great arteries?8 and
tetralogy of Fallot.2? Finally, autonomic imbalance from obesity may potentiate arrhythmias
by increasing sympathetic tone,30 which can rapidly destabilize an already tenuous SV
circulation.

Although obesity was not associated with longer length of hospital stay or lower transplant-
free survival in the current study, it may be an important modifiable risk factor for functional
outcome and quality of life, which were not investigated in this study. In addition, obesity
may impact late mortality in this population. While it is possible that the “‘obesity paradox’’
may play a role, wherein adult patients with higher BMI have reduced mortality following
acute coronary syndromes and cardiac surgery,31:32 this finding has not been consistently
demonstrated in the literature, particularly at the extremes of weight and with longer
duration of follow-up.33:34 This phenomenon also may not apply to high-risk SV patients in
whom the pathophysiologic consequences of obesity are unique.

Interventions targeting obesity may be important for this patient population; however, further
investigation is warranted. SV patients tend to lead relatively sedentary lives, whether by
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choice, functional limitation, or physician restriction.3>-38 The adverse cardiorespiratory
consequences of obesity should at least be considered when discussing exercise restrictions
with patients and families. Exercise programs for adults with congenital heart disease are
emerging and may prove beneficial for Fontan patients.3%40 In general, education regarding
cardiovascular risk factors, along with serial risk assessment and therapeutic life style
management, should be considered as part of routine, long-term Fontan care.

The study was limited by its retrospective, single-center design. Since our subjects were
exclusively drawn from patients undergoing Fontan conversion, the findings may not be
generalizable to all older SV patients. Importantly, we may have been underpowered to
detect a survival difference between the weight groups due to our limited sample size and
duration of follow-up, which may have been too short for patients to accrue mortality.
Patients were referred from multiple different institutions for Fontan conversion and most
returned to those institutions, thus, serial anthropometric and other data prior to and
following the surgery were not readily available. Associated morbidities, indices of
functional outcome, including postoperative exercise capacity, and quality of life, were not
examined. Finally, obesity-related risk factors, such as fasting glucose and lipid levels were
not available either preoperatively or postoperatively. Further surveillance with ongoing
investigation and risk stratification of this population, as well as other SV patients, is
warranted in the future.

Conclusions

Consistent with trends in childhood, older SV patients presenting for Fontan conversion
remained of shorter stature compared to the normal population. However, adult patients
demonstrated elevated weight and BMI, with the prevalence of obesity increasing with
advancing age. Although there was no relationship between obesity and early postoperative
transplant-free survival in the current study, obesity may be an important modifiable risk
factor for functional outcome, quality of life, and/or late mortality among the SV population.
The effects of obesity on SV physiology should be explored further, along with targeted
measures to reduce the overall cardiovascular morbidity in this patient population.
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Figure 1.

Increasing prevalence of overweight and obese single ventricle patients with advancing age.
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Figure 2.

Absolute values of (A) height, (B) weight, and (C) BMI of the cohort =20 years. The black
line represents the mean value of the normal population at 20 years of age per the CDC.24
BMI indicates body mass index; CDC, Centers for Disease Control and Prevention.
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Figure 3.

Kaplan-Meier curve depicting transplant-free survival following Fontan conversion by

obesity status.
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Table 1.

Demographic and Preoperative Characteristics of Patient Population.a

Age at primary Fontan surgery, years 5.6 (1.1-34.9)
Type of primary Fontan

Atriopulmonary 109 (78)

Conduit (valved or nonvalved/Bjork modification) 18 (13)

Lateral tunnel 12 (9)
Time since primary Fontan surgery, years 16.9 (6.3-30.7)
Age at Fontan conversion surgery, years 23.2 (2.6-47.3)
Male 79 (57)
Left ventricular morphology 119 (86)
Heterotaxy syndrome 5(4)
NYHA classification

| 1(<1)

1l 42 (30)

1 73 (53)

v 23 (17)
Protein-losing enteropathy 4(3)
Ascites 26 (22)
Thyroid disease 21 (15)
At least moderate ventricular dysfunction 20 (14)

At least moderate atrioventricular valve regurgitation 17 (12)

Abbreviation: NYHA, New York Heart Association.

aData are reported as median (range) or frequency (percentage).
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