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Abstract

Background: Obesity is a modifiable, independent risk factor for mortality and morbidity
after cardiovascular surgery in adults. Our objective was to evaluate the impact of obesity
on short-term outcomes in adolescents undergoing surgery for congenital heart disease
(CHD). Methods: This retrospective chart review included patients 10-18 years of age who
underwent CHD surgery. Our exclusion criteria were patients with a known genetic syndrome,
heart transplantation, and patients with incomplete medical records. The clinical data collected
included baseline demographics and multiple perioperative variables. Charting the body mass
index in the Centers for Disease Control and Prevention growth curves, the entire cohort was
divided into three categories: obese (>95th percentile), overweight (85th-95th percentile), and
normal weight (<85th percentile). The composite outcome included survival, arrhythmias,
surgical wound infection, acute neurologic injury, and acute kidney injury. Results: The
study cohort (n=149) had a mean standard deviation (SD), body mass index (BMI) of
22.6 + 6.5 g/m? and 65% were male. There were 27 obese (18.1%), 24 overweight (16.1%),
and 98 normal weight (65.8%) patients. Twenty-seven (18%) patients had composite adverse
outcomes. Overweight and obese patients had significantly higher adverse outcomes compared
with normal weight patients (odds ratio (OR): 2.9; confidence interval (CI): 1-8.5, p = 0.04 and
OR: 3; CI: 1-8.5, p = 0.03, respectively). In multivariate analysis, obesity was an independent
predictor of adverse outcome in our cohort (p=0.04). Conclusions: Obesity is associated
with short-term adverse outcome and increased health resource utilisation in adolescents fol-
lowing surgery for CHD. Further studies should evaluate if intervention in the preoperative
period can improve outcomes in this population.

In the United States, the prevalence of obesity has been increasing at an alarming rate, and recent
data show the prevalence of obesity in children is as high as18.5%. Rates of obesity were higher in
adolescents and school-aged children versus preschool-aged children. In addition, Hispanic and
non-Hispanic black children have a significantly higher prevalence of obesity when compared to
non-Hispanic white and non-Hispanic Asian youth.! Concerning trends are emerging in the
paediatric population where the rate of rise in worldwide childhood obesity is exceeding that
among adults.> Childhood obesity is associated with multiple adverse health consequences
including atherosclerosis, hypertension, obstructive sleep apnea, asthma, type 2 diabetes, fatty
liver disease, and the metabolic syndrome.® Ray et al. reported low rates of physical activity in
children born with congenital heart disease (CHD) compared to healthy children (10-14 years
old), and an alarming 26% were obese, higher than the general adolescent population.* However,
Tamayo et al, in a longitudinal cohort of 725 patients with CHD, showed a similar prevalence of
obesity to the general population.® A few studies have reported the impact of obesity on length of
stay, morbidity, and mortality in hospitalised critically ill children and adolescents, and the
results have been conflicting.®® In adults with CHD, obesity is associated with increased
morbidity after pulmonary valve replacement, including longer hospitalisation, and higher risk
for post-operative arrhythmias.” Furthermore, the society of thoracic surgeons database was
queried between 2010 and 2015, and for all ages (10-35 years), being obese and underweight
by body mass index were associated with increased risk of composite adverse outcome inde-
pendently.'® However, data on the effect of obesity on outcomes in adolescents undergoing
surgery for CHD are lacking. This study was performed with an objective to evaluate the
short-term impact of obesity in the population of adolescents undergoing surgery for various CHD.

This was a single center, retrospective study involving patients with CHD between 10 and
18 years of age who underwent cardiac surgery using cardiopulmonary bypass at Children’s
Hospital of Michigan from January 2012 to December 2017. Patients with a known genetic

https://doi.org/10.1017/51047951119003329 Published online by Cambridge University Press


https://www.cambridge.org/cty
https://doi.org/10.1017/S1047951119003329
mailto:rgarcias@dmc.org
https://orcid.org/0000-0001-5164-8841
https://doi.org/10.1017/S1047951119003329

Cardiology in the Young 373

Table 1. Comparison of the baseline characteristics among the three groups

Weight for age
Baseline characteristics median g g

(IQR) or n (%)

Total (n = 149) Normal (n=98) Overweight (n = 24) Obese (n=27)

Age, years 14.9 (12.7-16.9) 15 (12.7-16.9) 14.8 (13.5-17.8) 14.5 (12.7-16.3)
Weight (kg) 58 (44-69.5) 49.5 (39.7-60.3)* 66.5 (58.3-75)* 78 (71-96)*
Gender (male), n (%) 97 (65.1) 65 (66.3) 17 (70.8) 15 (55.6)
Caucasian race, n (%) 95 (63.8) 66 (67.3) 14 (58.3) 15 (55.6)
STAT score n (%)

Low score (1-3) 135 (90.6) 89 (90.8) 20 (83.3) 26 (96.3)

High score (4-5) 14 (9.4) 9(9.2) 4 (16.7) 1(3.7)

Data are presented as n (%) for categorical variables and median (25th-75th percentiles) for continuous variables. IQR: inter quartile range, STAT: Society of
Thoracic Surgery and European Association for Cardiothoracic risk stratification system. Numbers in bold represent statistically significant results; p value <0.05

*For comparisons in between all three groups

or metabolic syndrome, patients undergoing orthotropic heart
transplantation, and those with incomplete medical records were
excluded. Approval for the study and waiver of parental consent
and patient assent were obtained from the Institutional Review
Board at Wayne State University. For patients requiring multiple
surgeries during the study period, only the first surgery was
considered for analysis. Demographic data including age, weight,
height, gender, race, primary cardiac diagnosis, and details of
surgery performed were collected. Body mass index (BMI) was
used to classify overweight, underweight, obesity, and severe obesity
in our cohort. Overweight was defined as a BMI between the 85th
and 94th percentile for age and sex, and obesity was defined as a
BMI > 95th percentile for age and sex as plotted on Centers for
Disease Control and Prevention growth curves.!! Underweight
was defined as a BMI less than 5th percentile for age and sex. In addi-
tion, severe obesity was defined as having a BMI > 120% of the 95th
percentile or an absolute BMI > 35 kg/m?, whichever was lower
based on age and sex.'?

Perioperative variables such as aortic cross-clamp time, cardio-
pulmonary bypass time, duration of hospitalisation, time to first
negative fluid balance (defined as time from ICU admission to
the end of the first 8-hour shift in which total output exceeded
input), length of initial intubation (from the time of ICU admission
to first time extubation), and presence of acute kidney injury
(defined by the pRIFLE criteria) were collected.'® The primary out-
come was composite adverse outcome, defined as any of the
following before discharge: death, need for cardiopulmonary resus-
citation, mechanical circulatory support, arrhythmias (defined as
the presence of haemodynamically significant supraventricular
tachycardia, junctional ectopic tachycardia, or ventricular tachy-
cardia/fibrillation that required medical intervention), culture
positive surgical wound infection requiring chest exploration or
antibiotics, acute neurologic injury (defined as the presence of
stroke demonstrated on imaging or clinical seizures that required
medical intervention), and acute kidney injury. The complexity
of their cardiac diagnoses and operations was categorised using
the Society of Thoracic Surgery and European Association for
Cardiothoracic risk stratification system with category 1 being
the lowest mortality risk and 5 being the highest mortality risk.!*

Data were analysed using SPSS software for PC (IBM SPSS Statistics,
Version 22.0. Armonk, NY: IBM Corp). Results were expressed as
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mean + standard deviation (SD) or median (interquartile range)
for continuous variables and numbers (percentage) for nominal/
categorical variables. Comparison of variables among groups
was performed by chi square test, student t-test, and one-way
analysis of variance (ANOVA) as appropriate. Logistic regression
was used for multivariate analysis since our dependent variable,
composite adverse outcome, was dichotomous. Significance was
taken as a p value of <0.05.

The study cohort (n = 149) had a mean SD age of 14.9 (SD) and
65% were males. The primary cardiac diagnosis was Tetralogy
of Fallot (n = 34; 23%), followed by atrial septal defects (n=16;
11%). The cohort had a mean (SD) BMI of 22.6 + 6.5 and included
24 overweight (16.1%, mean (SD) BMI =24.6 +2.4), 27 obese
(18.1%, mean (SD) BMI=32.8+7.7), and 98 normal weight
(65.8%, mean (SD) BMI=19.3 +2.7) patients. We had three
underweight patients during the study period and were excluded
from the statistical analysis. The three groups were similar in
demographics in regard to age, gender, race, complexity of CHD,
and operation complexity. Utilising the ANOVA statistic, there
was no difference among the groups in time to first negative fluid
balance, time of mechanical ventilation, post-operative arrhythmia,
and acute renal injury. However, there were significant differences
among the groups in regard to cardiopulmonary bypass time, aortic
cross-clamp time, length of stay in cardiac intensive care unit, and
rate of post-operative wound infection (Tables 1 and 2).

The intraoperative variables, obese patients had significantly
longer cardiopulmonary bypass time (mean (SD) = 166 + 116 min)
compared to the normal weight group (mean (SD)=111+
60 min); p = 0.004. Similarly, the obese group had longer aortic
cross-clamp time (mean (SD) =87 +97 min) compared to the
normal weight group (mean (SD)=46+57 min; p= 0.022).
Post-operative variables, the obese group had statistically signifi-
cant longer duration of mechanical ventilation (mean (SD) =20 +
16 hours versus mean (SD) =11 + 12 hours; p=0.017) and pro-
longed length of stay in cardiac intensive care unit (mean
(SD) =112 +* 85 hours versus mean (SD) = 70 * 67 hours; p = 0.034)
compared to the normal weight group. There were no deaths recorded
in our cohort, although two patients who died during the study period
were excluded from the study due to incomplete medical records,
specifically several physician and nurse perioperative notes were
not scanned into the electronic medical records in those two patients.
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Table 2. Comparison of perioperative variables among the three groups
Weight for age
Clinical characteristics median (IQR) '8 5
or n (%) Total (n = 149) Normal (n=98) Overweight (n =24) Obese (n=27)
Cardiopulmonary bypass time, min 102 (71-152.5) 99.5 (69.3-135) 111.5 (73.7-183.7) 120 (81-244)*
Aortic cross clamp time, min 40 (0-87) 32 (0-67.5) 52.5 (23-120) 62 (0-143)*
Length of stay in ICU, hours 48 (48-96) 48 (24-72) 48 (24-72) 96 (48-144)*
Length of stay in hospital, days 5 (4-6) 4 (4-5) 6 (4-8) 7 (5-8)
Time to extubation, hours 8 (5-16) 7 (5-11) 7.5 (4-15.7) 14 (8-35)
Time to first negative balance, hours 19 (14-25) 19.5 (14-24) 18 (11.5-26.7) 18 (13-27)
Arrhythmia, n (%) 25 (16.8) 12 (12.2) 7(29.2) 6 (22.2)
Post operative infection, n (%) 5 (3.4) 2(2) 0 (0) 3 (11.1)*
Acute kidney injury n (%) 4 (2.7) 2(2) 0 (0) 2 (7.4)
Data are presented as n (%) for categorical variables and median (25th-75th percentiles) for continuous variables. IQR: inter quartile range. Numbers in bold
represent statistically significant results; p value < 0.05
*Obese compared to normal weight group
Table 3. Relationship between BMI and composite adverse outcome
Composite adverse outcomes
Body mass index, n (%) Yes No Total P value*
Obese 8 (29.6) 19 (15.6) 27 (18.1) 0.03
Overweight 7 (26) 17 (13.9) 24 (16.1)
Normal weight 12 (44.4) 86 (70.5) 98 (65.8)
Total 27 122 149
*The P value is for the chi-square test for categorical variables. Data are presented as n (%) for categorical
variables
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There were 27 (18.1%) patients who had composite adverse
outcome. Table 3 presents the overall relationship between the
composite adverse outcome and BMI in our cohort. Overweight
and obese patients were at higher risk to have composite adverse
outcomes compared with normal weight patients (odds ratio
(OR): 2.9; confidence interval (CI): 1-8.5, p=0.046 and OR:
3; CI: 1-8.5, p = 0.03; respectively). However, there was no sig-
nificant difference between the overweight and obese groups in
regard to the composite adverse outcome (p =0.79). Figure 1

https://doi.org/10.1017/51047951119003329 Published online by Cambridge University Press

Figure 1. Composite adverse outcome distribution
by BMI.

illustrates the relationship between the adverse outcome, over-
weight, and obese variables.

Multivariate analysis by logistic regression including the varia-
bles cardiopulmonary bypass time, aortic cross clamp time, time
to extubation, arrhythmias, and obesity revealed that obesity
remained an independent predictor of adverse outcome in our
population (p =0.04).

A secondary analysis was performed with only two groups:
27 obese (18.1%, mean (SD) BMI = 32.8 + 7.7) and 122 non-obese
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Table 4. Obese patients compared to the rest of the cohort
Obese (>95% of BMI percentile for age and sex)
Clinical characteristics median (IQR) or n (%) Total (n=149) Yes (n=27) No (n=122) P value*
Cardiopulmonary bypass time, min 102 (71-152) 120 (81-244) 100 (70-138) 0.041
Aortic cross clamp time, min 40 (0-87) 62 (0-143) 40 (0-70) 0.075
Length of stay in hospital, days 5 (4-6) 7 (5-8) 5 (4-5) <0.001
Time to extubation, hours 8 (5-16) 14 (8-35) 7 (5-14) 0.001
Arrhythmia 25 (16.8) 6(22.2) 19 (15.6) 0.465
Post-operative infection 5(3.4) 3(11.1) 2 (1.6) 0.016
Acute kidney injury n (%) 4 (2.7) 2 (7.4) 2 (1.6) 0.150

*The P value is for the chi-square test for categorical variables and T test for continuous variables for between-group comparisons. Data are presented as n (%) for categorical variables and
median (25th-75th percentiles) for continuous variables. IQR: inter quartile range, BMI: body mass index

(81.9%, mean (SD) BMI = 20.3 + 3.3) patients, which included our
previous overweight and normal weight groups. Obese patients
had longer bypass time, longer duration of mechanical ventilation,
and longer hospital length of stay, compared to their non-obese
counterparts, as shown in Table 4. In addition, obesity significantly
increased the risk of post-operative wound infection (OR 7.14; 95%
ClI: 1.13-44.98, p=0.037). Further subgroup analysis was per-
formed for the patients who were severely obese (n = 11) within
the obese group. Similarly, severely obese patients had higher risk
for surgical wound infection (p = 0.005), longer cardiac intensive care
stay (p < 0.001), longer hospital stay (p = 0.006), and longer need for
mechanical ventilation (p = 0.007) compared to the rest of the cohort.
There was no significant difference between the obese and severe
obese groups in regard to composite adverse outcome.

Previous studies have shown a prevalence of obesity in adolescent
patients with CHD ranging at 17-26%.%>!> In our cohort, 18.1%
patients were obese, although there is selection bias as not all
adolescents with CHD and obesity require surgical intervention.
A few studies have investigated the short-term deleterious effect
of obesity following cardiovascular surgery in the population with
CHD. In the adult population, a cohort that included 71 post-
operative patients after pulmonary valve replacement reported that
obesity was independently associated with hospital length of stay
>5 days (odds ratio (OR) = 5.2; 95% CI: 1.5-18.2, P = 0.01) and with
increased post-operative arrhythmias (OR=4.2; 95% CI: 1.7-40,
P<0.01)° An analysis from the Society of Thoracic Surgeons
Congenital Heart Surgery Database (STS), which included patients
aged 10-35 years, revealed that obese (OR: 1.28 p =0.008) and
underweight subjects (OR: 1.39 p=0.002) were independently
associated with increased risk of adverse composite outcome.!®

The relationship between obesity and short-term outcome in the
critically ill pediatric population has been investigated in recent
years with conflicting results. Goh et al reviewed a cohort of
1030 patients aged 2- to 18-year-old admitted to a general paedi-
atric intensive care unit. The risk-adjusted mortality rates in obese
(OR, 0.68; 95% CI, 0.31-1.48) and severely obese patients (OR,
1.02; 95% CI, 0.45-2.34) were not significantly different compared
to the normal weight group, and surprisingly obesity had a small
protective effect. Interestingly, they defined obesity and severe
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obesity using only weight Z scores (1.66-2.33 and >2.33; respec-
tively) for age and without taking into consideration the height of
the patients. Brown et al. reported the effect of obesity in 316 paedi-
atric trauma patients (6-19 years old). They reported no difference
in mortality among obese and non-obese patients, but obese children
had more complications (41% versus 22%, p = 0.04) and required
longer intensive care unit stay (8 9 versus 6 + 6 days, p=0.05).
In a review of the virtual PICU systems database that included
127,607 patients, Ross et al. reported that risk-adjusted PICU mortal-
ity significantly increased as BMI increased into the overweight and
obese ranges. Being overweight was independently associated with
increased PICU mortality after controlling for severity of illness
with the Pediatric Index of Mortality 2 score and pre-existing
comorbidities.® We included height into the determination of
obesity in our cohort by calculating BMI, and although, we did
not have mortality in our study cohort, the short-term outcomes
of obese and overweight patients were adversely affected.

Shamszad et al. reported the association of obesity and post-
operative outcomes after cardiothoracic surgery in the adolescent
population. Utilising the Pediatric Health Information System
database, they performed a case—control study including 629 obese
or diabetic patients and 629 controls. The median age was 17 years
(interquartile range (IQR) 12-32). Cases had longer paediatric
intensive care unit length of stay than controls (3 versus 2 days,
P =0.001) The mortality was low and similar between cases and
controls (2% versus 1.9%, P =0.692), and surgical complications
occurred similarly between cases and controls (13.5% versus
12.4%, P =0.535).'% In the analysis by O’Byrne et al of the STS
Database (2010-2015), they included 18,337 patients, 10-35 years
of age and found that obese (OR: 1.28 p = 0.008), severely under-
weight (OR: 1.29 p < 0.0001), and underweight subjects (OR: 1.39
p =0.002) subjects were associated with increased risk of adverse
composite outcome.!” Although we had similar outcomes, our
cohort differs from these two previous studies in that we did not
include adult patients or patients with diabetes since it could lead
to confounders in the determination and measurement of the
short-term effect of obesity in the adolescent population under-
going cardiothoracic surgery. In addition, given the small number
of underweight patients during the study period (n = 3), no stat-
istical analysis was performed in this small group, and they were
excluded from the study cohort.
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Obesity-related complications may have a significant impact in the
perioperative period in adolescents. Obese adolescents have a
higher prevalence of obstructive sleep apnea, which can increase
pulmonary vascular resistance due to persistent hypoxia.> This
would lead to difficulty in weaning the ventilator support after
surgery, leading to prolong intensive care time and increased
morbidity after cardiothoracic surgery. In addition, the chronic
inflammatory state associated with obesity in children is another
factor affecting the post-operative outcomes in this population.!”
Our data show that the obese patients had increased risk of surgical
wound infection after cardiothoracic surgery; similarly, Train et al.
query the National Surgical Quality Improvement Program data-
base from 2012 to 2014, including patients aged 2-17 years who
underwent a surgical procedure. They reported that obesity was
associated with a greater risk of wound complications (OR 1.24,
95% CI 1.13-1.36).'® Obese patients have relative hypoxia in the
subcutaneous tissue that impairs wound healing.'*** Additionally,
antibiotics have different pharmacokinetics and clearance in obese
patients that may require dosing adjustment for the desired prophy-
lactic or therapeutic effect.2*2

Obesity is a known modifiable risk factor for various morbidities in
adults. A recent study from a group in Philadelphia had reported
the positive effect of exercise on BMI in the adolescent population
with CHD and found that increasing exercise duration was asso-
ciated with lower BMI (P = 0.01).% The possibility of intervention
into a modifiable risk factor before non-emergent cardiothoracic
surgery represents a great opportunity to improve outcomes in this
population. Further studies should evaluate if intervention in the
preoperative period with a structured program aimed to decrease
BMI can improve short-term post-operative outcomes in this
population.

Our study has limitations including its retrospective nature and
the limitation in data collection by the extent of documentation in
the electronic medical record. However, this study is one of few to
evaluate the relationship of obesity to short-term post-operative
outcomes exclusively in the adolescent population growing with
CHD. In addition, even though we controlled for complexity of
repair and other variables, there is the possibility that other factors
may be affecting the outcomes in this population; therefore, a
direct cause and effect relationship is difficult to establish.

Obesity is associated with short-term adverse outcome and
increases health resource utilisation in adolescents following
CHD surgery. Our findings strengthen the importance of routinely
encouraging a multidisciplinary approach to a healthy lifestyle in
adolescent patients with CHD in order to prevent obesity. Further
studies should evaluate if intervention in the preoperative period
with a structured program aimed to decrease BMI can improve
short-term post-operative outcomes in this population.
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