National Trends in Pediatric Metabolic
and Bariatric Surgery: 2010-2017

Allie E. Steinberger, MD, MPH,? Katelin B. Nickel, MPH,b Matthew Keller, MS,b Michael Wallendorf, PhD,°
Jennifer Sprague, MD, PhD,? Ginger E. Nicol, MD,® Francesca M. Dimou, MD, MS,fJ. Christopher Eagon, MD,f

Shaina R. Eckhouse, MD, Baddr A. Shakhsheer, MD®

BACKGROUND: The childhood obesity epidemic has grown exponentially and is known to
disproportionately affect minority groups. Successful treatment of this complex health issue
requires a multidisciplinary approach including metabolic and bariatric surgery (MBS) for
qualifying pediatric patients. This study examines current national trends in pediatric

bariatric surgery from 2010 to 2017 using the National Inpatient Sample.

meTHODS: This study analyzed MBS among pediatric patients <19 years old using weighted
discharge data from 2010 to 2017. The primary outcome was national procedure rates.
Secondary analyses included procedure type, demographics, BMI, comorbidities, length of

stay, and complication rates.

RESULTS: From 2010 to 2017, annual bariatric procedure rates increased from 2.29 to 4.62 per

100 000 (P < .001). Laparoscopic sleeve gastrectomy outpaced Roux-en-Y gastric bypass and
laparoscopic adjustable gastric band over time (0.31-3.99 per 100 000, P < .0001). The mean age
was stable over time 18.10-17.96 (P = .78). The cohort was primarily female (76.5% to 75.4%),
white (54.0% to 45.0%), and privately-insured (59.9% to 53.4%). Preoperative BMI increased from
2010 to 2017 (P < .001), whereas number of obesity-related comorbidities was stable (P > .05).
Length of stay was <2 days (2.02-1.75, P = .04) and in-hospital complication rates were low (7.2%

to 6.45%, P = .88).

CONCLUSIONS: Pediatric MBS is underutilized nationally with disproportionately lower rates among
minority groups. Despite incremental progress, further investigation into the racial and social

determinants that limit access to pediatric weight loss surgery is critical.
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WHAT’S KNOWN ON THIS SUBJECT: The childhood

obesity epidemic has grown exponentially and is known to
disproportionately affect minority and low socioeconomic
groups. This complex health issue requires an equitable,
multidisciplinary approach to successful treatment including
weight loss surgery for qualifying pediatric patients.

WHAT THIS STUDY ADDS: Population-based pediatric
bariatric procedure rates grew from 2010 to 2017. These
patients are predominantly older, female, white, and
privately-insured. Despite increasing preoperative BMI
across the study period, obesity-related comorbidities
remained stable. Length of stay and in-hospital
complication rates remain acceptably low.
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The pediatric obesity epidemic has
grown exponentially in recent
decades. From 2017 to 2018, the
prevalence of obesity among US
adolescents was reported to be
19.3%, with rates as high as 20.3%
and 21.2% in ages 6 to 11 and 12 to
19, respectively.’™ Importantly,
Hispanic and non-Hispanic Black
children are disproportionately
affected when compared with non-
Hispanic white and Asian peers.’
Several studies have shown that
obesity in childhood portends
increased morbidity and mortality
as an adult, with early onset of
chronic and progressive obesity-
related conditions (ORCs), such as
cardiovascular disease, insulin
resistance, nonalcoholic fatty liver
disease, and osteoarthritis
diagnosed at earlier ages. This
translates to a threefold increase in
healthcare expenditures and
estimated costs of over 14 billion
dollars annually.3 Moreover, weight
gain trajectory in adolescents is a
particularly important intervention
target, as even sustained weight loss
later in life is unlikely to fully
reverse cardiometabolic risk.®

Pediatric obesity is a complex
health issue that requires a
multidisciplinary approach to
successful treatment. Only recently
has surgical intervention become an
integral part of this algorithm for
children, owed to well-replicated
safety and efficacy data from
landmark studies.®~® In 2019, both
the American Society for Metabolic
and Bariatric Surgery (ASMBS)
Pediatric Committee and the
American Academy of Pediatrics
(AAP) updated evidence-based
guidelines to expand
recommendations for weight loss
surgery to qualifying pediatric
patients with obesity.”'° Subsequent
acceptance among consensus groups
led to a broader adoption with
commensurate growth in annual
procedure rates.!!

Although adoption of pediatric
metabolic and bariatric surgery
(MBS) has improved over time,
race and low socioeconomic status
have repeatedly been identified

as primary contributors to
discrepancies in access and
coverage.'* Racial and ethnic
minorities experience
disproportionately higher rates of
severe obesity and ORCs, leading to
increased health care expenditures
and early mortality.g'13 Yet, dramatic
underutilization of surgical weight
loss treatment has persisted among
Black and Hispanic children in
particular, despite irrefutable
indications and multiple studies
reporting favorable postsurgical
outcomes and complication
rates.'*™1¢ In response, the

AAP issued a statement in 2019
calling for “increased access to
multidisciplinary, pediatric-focused
bariatric surgery centers regardless

of income, race, or ethnicity”’.

This study provides a current
examination of national trends in
pediatric MBS from 2010 to 2017
using the National Inpatient Sample
(NIS). NIS is 1 of the largest publicly
available all-payer inpatient
healthcare databases in the United
States.!” Whereas the primary
outcome was population-based
procedure rates, secondary
analyses included procedure

type, demographics, preoperative
BMI, comorbidities, hospital
characteristics, length of stay (LOS),
and in-hospital complication rates.

METHODS

The present cohort study evaluated
MBS utilization rates among
pediatric patients using weighted
discharge data from 2010 to 2017
NIS. NIS is released annually and
approximates a 20% stratified
sample of inpatient hospital
discharges. Samples are weighted to
produce national estimates by the

Agency for Healthcare Research and
Quality Healthcare Cost and
Utilization project (HCUP).

This study analyzed MBS among
adolescents between the ages of

12 and 19 years. Supplemental

Table 4 displays ICD-9 and ICD-10
diagnosis and procedure codes used
to define key conditions, procedures,
and exclusions. A bariatric procedure
code and confirmatory diagnosis code
for obesity were required as inclusion
criteria. Nonelective procedures, as
defined by emergency admissions or
transfers, were excluded, as were
admissions with diagnoses not
intended for weight loss.

The primary outcome was national
population-based bariatric procedure
rate. Secondary analyses included
procedure type, surgical approach,
demographics, payer status, BMI,
ORCs, hospital type, LOS, and in-
hospital complication rates. Groups for
primary payer were condensed into
Medicaid and Medicare, private
insurance, and “other,” which included
self-pay, no charge, missing, and other.
Both Medicare and “no charge” had
frequencies of <11 and could not be
reported separately. BMI was included
as a categorical variable based on
commonly used criteria for class
(35-39, 40-45, 45-49, and 50+) as
well as codes specific for “morbid
obesity” and “Ped 95", defined as
pediatric BMI-for-age at or above the
95th percentile for age and sex. Ped
95th includes BMI >120% of the 95th
percentile as there is no stand-alone
International Classification of Disease
(ICD-9 or ICD-10) code for that
specific classification of obesity. This
accounts for the discrepancy between
the clinical guideline set forth by the
ASMBS and the Centers for Medicare
and Medicaid Services requirements
for procedural reimbursement.
Complication rates were collapsed
into binary “yes” or “no” groups
because of low annual frequencies by
system and severity (Table 3).
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The ASMBS eligibility criteria for
pediatric MBS are BMI > 40 kg/m?
or BMI > 35 kg/m? with at least 1
comorbid disease.'® As such, these
specific ORCs were included in the
trend analyses, as defined by
International Classification of Disease,
Clinical Modlification (ICD-9-CM and
ICD-10-CM) diagnosis codes.

4

Hospitals were classified as “pediatric’
if the weighted volume of admissions
for patients aged 0 to 21 was =90%
of the hospital’s total weighted
admissions. Of note, this did not
include adult centers with pediatric
designation per the Metabolic and
Bariatric Surgery Accreditation and
Quality Improvement Project.
Estimates of national pediatric
population were obtained from the US
Census Bureau'® and used to calculate
rates of MBS utilization overall.

Descriptive statistics were reported
overall and by year for the target
population. To account for design
change of NIS in 2012,%7 updated
trend weights were used for
observations and national estimates
with 95% confidence intervals.

All analyses were performed using
statistical procedures that account
for the complex sampling design, as
recommended by HCUP. Categorical
variables were compared using
Rao-Scott x-Square test. Continuous
variables were compared using analysis
of variance. Trends for overall MBS and
surgery type were analyzed using analysis
of variance and regression. All analyses
were performed in SAS version 94
software (SAS Institute Inc, Cary, NC). In
compliance with the HCUP data use
agreement, data were not reported when
tabulated frequency of observations for a
given variable was <11.

RESULTS

Overall Procedure Rate and
Procedure Type

There were 9014 index records from
NIS included in the analysis. Overall,
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annual procedure rates increased
from 2.29 (1.62-2.96) to 4.62
(3.70-5.54) per 100000 (P < .001)
between 2010 and 2017 (Fig 1).

The type of procedure performed
evolved considerably from 2010

to 2017. Rates of Roux-en-Y gastric
bypass (RYGB) (1.68 [1.21-2.15]
to 0.61 [0.42-0.80] procedures
per 100 000; P = .25) and
adjustable gastric band (AGB) (0.53
[0.33-0.73] to 0.07 [0.01-0.13]

per 100000, P = .17) decreased,
whereas sleeve gastrectomy (SG)
gained significant popularity (0.31
[0.12-0.50] to 3.99 [3.33-4.65]
procedures per 100 000; P < .001).
The rate of open procedures was
exceedingly low and decreased
over time (0.08 [0.00-0.16] to
0.045 [0.00-0.08] procedures

per 100 000); with a frequency too
small to report after 2015 (Fig 2).
This represents a major shift in
operative technique to favor
minimally invasive approaches.

Patient Demographics

The mean age did not differ
significantly between 2010 and
2017 (18.10 [17.88-18.32] and
17.96 [17.70-18.22]; P = .78) At
each time point, the cohort was
predominantly female (76.5% to
75.4%, P = .56). Although all racial
groups showed increased total
number of procedures over time,

a slight but statistically significant
shift in racial trends was noted

(Fig 3). Whereby white children
comprised 54.0% to 45.0% of the
cohort from 2010 to 2017 (P = .05),
the percentage of Black children
undergoing MBS decreased over
time from 18.2% to 14.6% (P = .05),
whereas numbers among Hispanic
children saw a slight growth
(17.2% to 25.9%, P = .05)

(Table 1). Insurance status was
predominated by private payers
(59.9% to 53.4%, P = .06), though
there was a trend toward increased
proportions of Medicaid and

Medicare increased from 24.5% to
36.3% (P = .06) during the study
period.

BMI and Obesity-related Comorbidities

Overall, children had increasing
preoperative BMI across the study
period (P < .001). Between 2010
and 2017, the percentage of children
with BMI greater than

50 grew from 4.2% to 16.2%

(P < .001). The only group to show
the opposite trend was “morbidly
obese,” which decreased from
48.4% to 17.2% over time.
Hypertension (HTN) was the most
common obesity-related comorbidity
(21.2% to 16.2%), followed by
obstructive sleep apnea (20.3% to
25.0%), gastroesophageal reflux
disease (16.2% to 24.6%), diabetes
mellitus (15.2% to 11.3%) and
nonalcoholic steatohepatitis (12.6%
to 18.5%). The only significant trend
in ORCs was for HTN, which
decreased over time (P < .001,
Table 2).

Hospital Characteristics, LOS, and
In-hospital Complications

Of the procedures that were occurring
at adult hospitals during the study
period, 93.5% to 90.0% (P = .99)
were pediatric bariatric procedures.
There was a significant decrease in
LOS from 2.02 (1.63-2.40) to 1.75
(1.58-1.91) between 2010 and 2017
(P = .04). In-hospital complications
were uncommon with weighted
frequencies <11 in several system-
based categories necessitating cohort
analysis for any complication. Overall,
the rate of having any complication
was stable at 7.2% to 6.5% between
2010 and 2017 (P = .88, Table 3).
The only measurable subcategory in
NIS was rates of minor surgical
complications (ie, no additional
procedural or surgical intervention)
which ranged from 3.6% to 5.5%
(Supplemental Table 4).



Procedure rate per 100k adolescents

FIGURE 1

Total bariatric procedure rates by year. This figure
represents national trends in annual bariatric
procedure rates per 100 000 adolescents. Error
bars represent SE.

DISCUSSION

MBS, though a safe and effective
intervention for severe pediatric
obesity, and the only treatment
known to reverse ORCs including
insulin resistance, hypertension, and
early renal disease, is underutilized
nationally.” The present analysis
uses 1 of the largest national
inpatient databases, NIS, to examine
current trends in pediatric MBS
among US hospitals between 2010
and 2017, a period in which rates of
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FIGURE 2

Types of bariatric surgical procedure performed
by year. This figure represents national trends in
type of bariatric surgical procedure performed

displayed as rate per 100 000 adolescents. Legend:

blue = laparoscopic Roux-en-Y gastric bypass;

red = laparoscopic adjustable gastric band;

green = laparoscopic sleeve gastrectomy;

purple = open Roux-en-Y gastric bypass. *2015 is
the year that the United States transitioned from
ICD-9 to ICD-10 code sets. LAGB, laparoscopic adjust-
able gastric band; LRYGB, laparoscopic Roux-en-Y
gastric bypass; LSG, laparoscopic sleeve gastrec-
tomy; ORYGB, open Roux-en-Y gastric bypass.
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Race and ethnicity by year. This figure represents national trends in race and ethnicity. Numbers are
reported as percentages of total patient undergoing MBS per year. Legend: blue = non-Hispanic
white; green = Hispanic; red = non-Hispanic Black; purple = other, orange = missing.

severe obesity increased in US
adolescents.* Overall, a significant
growth in annual pediatric bariatric
procedure rates was observed.
There was a notable shift toward
minimally invasive approaches with
a strong predilection of SG over
RYGB and AGB. Patients undergoing
pediatric MBS were largely older,
female, white, and privately insured,
although trends suggestive of
increased utilization among
disproportionately affected groups
was detected, particularly in Black
and publicly insured youth. Despite
higher preoperative BMIs across the
study period, hospital LOS and
complication rates remained
acceptably low. These data highlight
the limited function of prevention
efforts and further underscore the
need for this effective and durable
obesity treatment of children. To
this end, the AAP issued a consensus
statement in October 2019 urging
universal access to pediatric
bariatric surgery “regardless of
income, race, or ethnicity,” thus
setting the stage to rectify such
inequities in the future.’

Few studies have reported previous
trends in utilization of MBS in the
pediatric population. Schilling et al
found that from 1997 to 2003 the
estimated number of pediatric
weight loss procedures increased
fivefold from 51 to 282."" This
growth was primarily attributed to
increased rates of RYGB in the early

2000s which, at the time, was
considered the most appropriate
procedural approach in
adolescents.?’ More recently,
Kelleher et al examined trends from
2000 to 2009 and demonstrated a
plateau in pediatric bariatric
procedure rates after 2003, hovering
between 2.2 and 2.4 procedures per
100000 adolescents. By 2010, AGB
comprised nearly one-third of all
pediatric procedures and rates of
open surgery fell dramatically in
favor of minimally invasive
techniques.?! This current study
showed significant increases in
annual bariatric procedure rates
from 2.29 to 4.62 per 100000
patients from 2010 to 2017, with a
notable surge in SG rates and a
concurrent decline in RYGB. No AGB
procedures were reported after
2013. These results mirror adult
ASMBS data, which shows SG
outpacing RYGB by 2013 at 59.4%,
compared with 17.8% RYGB and
0.6% AGB in 2019.% Of note,
longitudinal analyses have
demonstrated no difference in
weight loss between children
undergoing SG or RYGB, but inferior
BMI reduction after AGB.*** These
findings represent exponential
growth after a period of stagnancy
with regard to annual procedural
rates and an evolving surgical
approach that parallels trends

seen in the adult population.
Although this may suggest broader
acceptance, it still falls well short of

STEINBERGER et al



TABLE 1 Patient Demographics by Year

2010 2011 2012 2013 2014 2015 2016 2017 P
Age
Mean (95% CI) 18.1 18.1 17.8 17.9 18.1 18.0 18.0 18.0 .78
(17.9-18.3) (17.8-18.3) (17.6-18.0) (17.7-18.1) (17.8-18.3) (17.7-18.2) (17.8-18.2) (17.7-18.2)
Gender
Male 184.8 (23.5) 164.1 (21.8)  255.0 (29.1) 2450 (21.0)  270.0 (21.9)  305.0 (22.9) 285.0 (21.5) 380.0 (24.6) .56
Female 601.8 (76.5)  588.5 (78.2) 629.0 (70.9)  920.0 (79.0) 9650 (78.1)  1025.0 1040.0 (78.5)  1165.0 (75.4)
(77.1)
Race and ethnicity
Non-Hispanic white 4243 (54.0) 378.7(50.3)  445.0 (50.9) 5650 (48.5)  620.0 (50.2)  655.0 (49.3) 645.0 (48.7) 695.0 (45.0) .05
Non-Hispanic Black 1429 (182)  101.7 (13.5)  105.0 (12.0) 220.0 (18.9) 175.0 (14.2)  205.0 (15.1) 215.0 (16.2) 225.0 (14.6)
Hispanic 1349 (17.2) 1202 (16.0)  190.0 (21.7) ~ 230.0 (19.7)  285.0 (23.1)  330.0 (24.8) 280.0 (21.1) 400.0 (25.9)
Other 40.1 (5.1) 32.9 (4.4) 120.0 (13.7) 85.0(7.3) 80.0 (6.5) 95.0 (7.1) 65.0 (4.9) 150.0 (9.7)
Missing 445 (5.7) 119.2 (15.8) 15.0 (1.7) 65.0(5.6) 75.0 (6.1) 45.0 (3.4) 120.0 (9.1) 75.0 (4.9)
Type of insurance
Medicare or Medicaid ~ 192.5 (24.5) 2423 (32.2) 1750 (20.0) 260.0 (22.3)  300.0 (24.3)  455.0 (34.2) 420.0 (31.7) 560.0 (36.3) .06
Private 470.9 (59.9) 4496 (59.8) 570.0 (65.1)  790.0 (67.8) 805.0 (65.2)  735.0 (55.3) 790.0 (59.6) 825.0 (53.4)
Other 123.3 (15.7) 60.5 (8.0) 130.0 (149)  115.0 (9.9) 130.0 (10.5)  140.0 (10.5) 115.0 (8.7) 160.0 (10.4)

Data presented as n (%) unless otherwise noted. Cl, confidence interval.

the childhood obesity epidemic

trajectory. Lastly, there was a

children ages 2 to 19 years was
25.6% and 24.2% compared with

Hispanic.13

Moreover, there have

been no differences in weight

marked gender gap in the pediatric
MBS population with a strong
female predominance. This skewed
distribution is also reported in

the adult bariatric literature and
suggests a potential underuse of
MBS among males with obesity at
all ages.** Further analysis of the
effects of gender-based differences
on childhood obesity intervention is
warranted.

Rates of pediatric obesity are
highest among minority groups.
From 2017 to 2018, the obesity
prevalence for Hispanic and Black

TABLE 2 Obesity-related Comorbidities by Year

16.1% in white children.? Despite
this, the majority of pediatric
patients undergoing MBS were
white with near stagnant
underrepresentation of Black
children and negligible increases in
the proportion of Hispanic youth.
This racial and ethnic breakdown is
consistently observed in the extant
literature.**>1%2% Nunez et al
investigated health disparities in
pediatric MBS from 2007 to 2014
and found that despite higher
preoperative BMI and ORCs among
minority youth, only 11% of the
cohort was Black and 13% was

loss trajectory or complication

rates observed between racial
groups.t#131516 geveral barriers
have been identified that potentially
explain this incongruity, including
geographic limitations, socioeconomic
status, insurance coverage, provider
concerns, societal misconceptions,
systemic racism, and perceived
impact on quality of life.”*3>2 It is
imperative that healthcare providers
work with families, especially the
most vulnerable and high-risk, to
expand equitable access to
comprehensive, multidisciplinary,
pediatric-specific bariatric programs.’

2010 2011 2012 2013 2014 2015 2016 2017 P
Diabetes
Yes 119.3 (15.2) 89.11 (11.8) 130.0 (14.9) 120.0 (10.3) 170.0 (13.8) 120.0 (9.0) 135.0 (10.2) 175.0 (11.3) 40
No 667.4 (84.8) 663.5 (88.2) 745.0 (85.1) 1045.0 (89.7) 1065.0 (86.2) 1210.0 (91.0) 1190.0 (89.8) 1370.0 (88.7)
Hypertension
Yes 167.1 (21.2) 220.8 (29.3) 155.0 (17.7) 240.0 (20.6) 175.0 (14.2) 200.0 (15.0) 180.0 (13.6) 250.0 (16.2) 01
No 619.6 (78.8) 531.9 (70.7) 720.0 (82.3) 925.0 (79.4) 1060.0 (85.8) 1130.0 (85.0) 1145.0 (86.4) 1295.0 (83.8)
Sleep apnea
Yes 159.7 (20.3) 174.0 (23.1) 190.0 (21.7) 245.0 (21.0) 240.0 (19.4) 300.0 (22.6) 280.0 (21.1) 385.0 (24.9) .53
No 627.0 (79.7) 578.6 (76.9) 685.0 (78.3) 920.0 (79.0) 995.0 (80.6) 1030.0 (77.4) 1045.0 (78.9) 1160.0 (75.1)
NASH
Yes 98.9 (12.6) 72.1 (9.6%) 100.0 (11.4) 115.0 (9.9) 120.0 (9.7) 185.0 (13.9) 175.0 (13.2) 285.0 (18.5) 13
No 687.8 (87.4) 680.5 (90.4) 775.0 (88.6) 1050.0 (90.1) 1115.0 (90.3) 1145.0 (86.1) 1150.0 (86.8) 1260.0 (81.6)
GERD
Yes 127.0 (16.2) 145.4 (19.3) 195.0 (22.3) 240.0 (20.6) 260.0 (21.1) 310.0 (23.3) 275.0 (20.8) 380.0 (24.6) .65
No 659.6 (83.9) 607.2 (80.7) 680.0 (77.7) 925.0 (79.4) 975.0 (79.0) 1020.0 (76.7) 1050.0 (79.3) 1165.0 (75.4)

Data presented as n (%) unless otherwise noted. GERD, gastroesophageal reflux disease; NASH, nonalcoholic steatohepatitis.
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TABLE 3 In-hospital Postoperative Complication Rates by Year

2010 2011 2012 2013 2014 2016 2017 P value
Any complication
Yes 56.8 (7.2) 45.2 (6.0) 45.0 (5.1) 75.0 (6.4) 50.0 (4.1) 70.0 (5.3) 60.0 (4.5) 100.0 (6.5) .88
No 7299 (92.8) 7074 (94.0) 830.0 (94.9) 1090.0 (93.6) 1185.0 (96.0)  1260.0 (94.7)  1265.0 (95.5)  1445.0 (93.5)

Data presented as n (%) unless otherwise noted.

The current data only underscores
the point that obesity-related health
disparities disproportionately impact
minority groups, and that said
minority groups are still less likely
to receive surgical weight loss
treatment than their white
counterparts.

In the present analysis, children
undergoing MBS were
predominantly privately-insured.
However, enrollment in
government-funded insurance
programs such as Medicaid and
Medicare increased over the study
period, representing incremental
progress in improving access to
publicly insured youth. This data are
consistent with several reports
showing that the majority of
pediatric bariatric patients are
private payers from higher-income
areas.?"?” A previous study from
Teen Longitudinal Assessment of
Bariatric Surgery reported that 53%
of adolescents meeting criteria for
MBS were denied authorization for
insurance coverage, compared with
15% in adults. An age less than 18
was the most cited reason for denial
of coverage in youth. It is important
to note that 80% of adolescents
ultimately received insurance
approval, but this required multiple
time-consuming appeals.”® Such
disparities in utilization and access
have been primarily attributed to
socioeconomic status as race and
ethnicity were not shown to be
independently associated with the
decision to undergo MBS.?*?3° This
problem is further exacerbated by
known inconsistencies in eligibility
criteria for pediatric MBS among
government insurance programs.’

The data herein are consistent with
previous estimates and again
highlights a major and persistent
barrier to access for families with
low socioeconomic status and public
insurance.

Preoperative BMI increased across
the study period. Although
variations in categorical coding of
BMI groups made standardization
and interpretation somewhat
challenging, the overall national
trend was irrefutable. Furthermore,
the decrease in the “morbidly obese”
group over time likely reflects a
clearer use of BMI classification and
avoidance of stigmatizing
terminology. Meanwhile, rates of
ORCs were relatively stable from
2010 to 2017. HTN and obstructive
sleep apnea were the most common
comorbidities, though rates of HTN
decreased across the study period.
Although Kelleher et al reported
increased prevalence of all
comorbidities between 2003 to
2009, this trend was not observed
in the current study.?! LOS was less
than 2 days, with a significant
decrease in LOS over time. Peri-
operative complication rates were
low at 6% to 7% and driven
primarily by minor surgical
complications that did not require
reintervention or reoperation at the
index encounter. This is comparable
to figures reported in prior
studies.'?! Lastly, these surgeries
are largely being performed at adult
hospitals, based on age of weighted
admissions and not Metabolic and
Bariatric Surgery Accreditation and
Quality Improvement Project
designation. This recapitulates the
need both for more pediatric-only

bariatric centers of excellence

and adult centers with pediatric
designation where in children and
adolescents can receive high-quality,
multidisciplinary care that is
focused on their unique needs.

There were several limitations in
this study. First, though the NIS data
are released annually, and therefore
boasts 1 of the most complete
large-scale national datasets, it only
samples 20% of weighted
admissions and therefore may be
less representative of pediatric
healthcare delivery. Approximately
5% to 10% of race data were
missing from NIS, which could lead
to unintentionally biased estimates
of racial distribution in cohorts.
Furthermore, the nomenclature and
coding of BMI groups is different
across institutions making
standardization and interpretation
of trends somewhat challenging.
Lastly, the structure of NIS restricts
the data to the index inpatient
admission because of lack of
patient-level identifiers. As

such, weight loss trajectories,
complication rates, and subsequent
readmissions were not analyzed and
thus, could under-represent peri-
operative outcomes.

CONCLUSIONS

National pediatric bariatric
procedure rates have experienced
an increase from 2010 to 2017.
The cohort is primarily older,
female, white, and privately-
insured. Preoperative BMI has
increased, whereas individual ORCs
have remained stable. Though a
proven safe and effective weight
loss intervention, pediatric MBS is

STEINBERGER et al



underutilized with disproportionately
lower rates among minority groups.
Further investigation into the racial
and social determinants that limit
access to MBS is essential to combat
this growing public health crisis.

ABBREVIATIONS

AAP: American Academic of
Pediatrics

AGB: adjustable gastric band

ASMBS: American Society for

Metabolic and Bariatric
Surgery
CI: confidence interval
GERD: gastroesophageal reflux
disease
HCUP: Healthcare Cost and
Utilization project

HTN: hypertension

ICD: International Classification
of Disease

LOS: length of stay

MBS: metabolic and bariatric
surgery

NIS: National Inpatient Sample

ORC: obesity-related
comorbidities

RYGB: Roux-en-Y gastric bypass

SG: sleeve gastrectomy
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