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This technology assessment report is based on research conducted by ECRI Institute, as
contracted by the Washington State Health Care Authority. This report is an independent
assessment of the technology question(s) described based on accepted methodological principles.
The findings and conclusions contained herein are those of the investigators and authors who are
responsible for the content. These findings and conclusions may not necessarily represent the
views of the HCA/Agency and thus, no statement in this report shall be construed as an official
position or policy of the HCA/Agency.

The information in this assessment is intended to assist health care decision makers, clinicians,
patients and policy makers in making sound evidence-based decisions that may improve the
quality and cost-effectiveness of health care services. Information in this report is not a
substitute for sound clinical judgment. Those making decisions regarding the provision of health
care services should consider this report in a manner similar to any other medical reference,
integrating the information with all other pertinent information to make decisions within the
context of individual patient circumstances and resource availability.

Pediatric Bariatric Surgery_Executive Summary_08 20 07.doc 8/20/2007




Executive Summary

This technology assessment was commissioned by the Washington State Health
Technology Assessment program for use by the Health Technology Clinical Committee
(HTCC). The HTCC uses evidence, primarily as assessed in this report to determine
whether health technologies are safe, effective, and cost effective, and therefore should
be covered by state programs that pay for health care.

This report evaluates relevant published research describing bariatric surgery in the
pediatric population. ECRI Institute’s technology assessment provides an independent,
in-depth, formal evaluation of the strength of evidence for the safety and efficacy of
bariatric surgery for treatment of co-morbid conditions associated with obesity in
patients under age 21. It is based on systematic review of the published, peer reviewed
scientific literature and methodological precepts described in Appendix C.

Recent years have seen substantial increases in the prevalence of morbid obesity
(defined as BMI >40 kg/m? or >35 kg/m? in the presence of one or more medical
comorbidities) in both the adult and pediatric populations. (1-3) Between 1988 and
1994, 2.9% of adults in the United States were morbidly obese; this percentage rose to
4.9% (10.8 million people) between 1999 and 2002. The condition was more common
among women (6.4%) than among men (3.3%). Epidemiological data are not available
on the percentage of the pediatric population who meet the definition of morbid obesity;
however the prevalence of morbid obesity in the pediatric population is estimated at
2%-3%.

Obese individuals are at increased risk of type 2 diabetes, hypertension, coronary artery disease,
stroke, gallbladder disease (cholelithiasis), osteoarthritis, sleep apnea, respiratory problems, and
many types of cancer (including endometrial, breast, prostate, and colon). Obesity is also
associated with pregnancy complications, menstrual irregularities, hirsutism, stress incontinence,
and psychosocial impairments (e.g., binge eating, altered perception of body image, depression,
social stigmatization).(1,10) These health risks contribute to obesity-related increases in all-
cause mortality. Studies in pediatric populations have demonstrated the health risks of obesity in
pediatric populations.(14-25), and that obesity during adolescence is highly likely to persist into
adulthood and creates greater risks of adult health problems (18, 30, 31). Pediatric obesity may
also be associated with reduced quality-of-life and social marginalization. (26-28)

Medical intervention for obesity is intended to promote weight loss and thereby reduce comorbid
conditions associated with excess weight. Categories of treatment include diet, exercise,
behavioral modifications, pharmacotherapy, and bariatric surgery. The goal of bariatric surgery
in pediatric patients with morbid obesity is to halt the progression of obesity into adulthood to
improve or eliminate medical conditions associated with obesity, and to improve quality of life.
An individual considering whether to undergo bariatric surgery must take into consideration not
only these potential improvements as compared to the risks of persistent severe obesity, but also
the risks associated with the surgical procedure both in the short and long term and the need to
comply with lifelong dietary and lifestyle changes. Use of bariatric surgery to treat morbid
obesity has increased dramatically in recent years, from approximately 13,000 operations in 1998
to approximately 121,000 operations in 2004.(34) Patients under age 18 comprise about 0.1 - 1%
of patients reported to have received bariatric surgery for morbid obesity at various centers. It is
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estimated that over 2,000 pediatric patients ages 21 and younger in the United States received
bariatric surgery in 2004, and based on a 2005 survey of bariatric surgeons in the United States
indicating 75% were planning to perform adolescent bariatric surgery in the coming year, this
number is likely to rise. Many different types of bariatric surgical procedures are performed, so
“bariatric surgery” cannot be considered a single procedure. Some bariatric surgeries are purely
restrictive—they cause weight loss by limiting the amount of food that can be consumed in one
meal. Others are malabsorptive—they cause weight loss by reducing the amount of food that is
absorbed into the body. The two most common bariatric surgical procedures are laparoscopic
adjustable gastric banding (LAGB), which is a purely restrictive procedure, and Roux-en-Y
gastric bypass (RYGB), which is both restrictive and malabsorptive. While the mechanism of
action differs from procedure to procedure, all bariatric procedures are intended to induce weight
loss, improve medical comorbidities, enhance quality of life, and (ultimately) extend survival.

Overall, data from 17 studies that enrolled a total of 553 pediatric patients are included. (Table 2)
Eight studies reported outcomes after laparoscopic adjustable gastric banding (LAGB), six after
Roux-en-Y gastric bypass (RYGB), two after vertical banded gastroplasty (VBG), and one after
banded bypass. One study reported data separately for RYGB and VBG. Additional study
characteristics and patient characteristics are listed in Table 19 and Table 20 of Appendix E,
respectively.

Our detailed assessments of the quality (defined as internal validity) of the literature appear in
Table 21 and Table 22 of Appendix E. Quality was addressed in the context of the specific
outcome(s) being examined and the specific time points at which each outcome was measured.
Briefly, only one study was clearly prospective. Although the remaining studies appeared to have
collected data retrospectively, 13 studies did include data on consecutive patients, Consecutive
enrollment helps ensure that authors did not specially select patients who experienced desired
outcomes. Of note in regard to generalizability of the information is that the majority of studies
were conducted in academic medical centers, and at least four of the centers had
multidisciplinary pediatric bariatric surgery programs. Consequently, we believe that this
evidence is most generalizable to similar care settings. Also, although the mean number of
pediatric bariatric surgeries performed by surgeons in the studies was generally low, whether
these surgeons had more extensive experience in the adult population was not reported.

The average age of patients in the included studies ranged from 15.6 years to 18.1 years, with
little difference in mean age among bariatric procedures. None of the studies focused exclusively
on patients aged 18-21, or on patients aged 12 or less. Four studies enrolled only patients aged
13-17: the Nadler study of LAGB, the Barnett study of RYGB and VBG, the Strauss study of
RYGB, and the Capella study of banded bypass.

For pre-surgical BMI the weighted average was lower for LAGB (BMI = 45.8 kg/m?) than for
RYGB (BMI = 51.8 kg/m?). This observation conforms to the conventional use of purely
restrictive procedures (such as LAGB) for less obese patients, or the use of more malabsorptive
procedures (such as RYGB) for those who are more obese. For reference, a 17-year-old boy of
average height with a BMI of 48 kg/mweighs approximately 334 pounds (152 kilograms), and
the corresponding 17-year-old girl weighs approximately 289 pounds (131 kilograms). This
report defines “clinically significant” weight loss as 7% of body weight (see Methods section). In
the included LAGB studies, 7% of body weight in the enrolled patients corresponds to 3.5 BMI
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units. For RYGB, it corresponds to 4 BMI units; for VBG or banded bypass, it corresponds to
3.9 BMI units.

Prior to surgery, all patients had undergone multiple unsuccessful attempts at weight loss using
non-surgical methods (see studies’ descriptions of prior attempts in Table 19 of Appendix E).
We believe that it is reasonable to assume that these patients would not have lost any weight

if they had received additional non-surgical treatments. One of the 17 studies reported a control
group of patients who were not treated with bariatric surgery; however the control group patients
weighed statistically significantly less at baseline than surgical patients, and the study did not
report any medical comorbidities among control group patients, as compared to surgical patients
who had several comorbidities at baseline. These factors mean that the groups were not well-
matched at baseline; thus we excluded the data from this control group, and included only the
data from the surgical group.

We examined this evidence in the context of five clinical questions, which are listed below,
along with our evidence-based conclusions. Our strength of evidence ratings take into
consideration not only the individual study quality for each outcome and time point, but
also the quantity, consistency, and robustness of the evidence, in addition to the magnitude
of observed effects.

1. Does pediatric bariatric surgery lead to sustained and clinically significant weight loss
compared to non-operative approaches?

a. In patients aged 21 or less

b. Specifically in patients aged 18-21

c. Specifically in patients aged 13-17

d. Specifically in patients aged 12 or less

ECRI Institute evidence assessments:

Laparoscopic Adjustable Gastric Banding (LAGB) for morbidly obese patients aged 21 or
less does lead to sustained and clinically significant weight loss compared to non-operative
approaches.

e Strength of evidence at longest followup after surgery (1.7 to 3.3 years): Weak
e Strength of evidence at one year after surgery: Moderate

Roux-en-Y Gastric Bypass (RYGB) for morbidly obese patients aged 21 or less does lead to
sustained and clinically significant weight loss compared to non-operative approaches.

e Strength of evidence at longest followup after surgery (1 to 6.3 years): Weak;
e Strength of evidence at one year after surgery: Moderate

The evidence is insufficient to permit quantitative estimates of the precise amount of weight
loss after any bariatric surgical procedure for pediatric patients.

The evidence is insufficient to permit any conclusions about weight loss after other bariatric
surgical procedures for pediatric patients.

The evidence is insufficient to permit any conclusions about weight loss in specific age
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subgroups (18-21, 13-17, 12 or less) within the pediatric population.

Five of eight LAGB studies reported BMI data that met inclusion criteria. The length of followup
ranged from 1.7 to 3.3 years, and the percentage of patients in our analysis of longest-follow-up
BMI was 100% in four studies and 64% in the fifth study. Our study quality assessments for this
analysis indicated that the overall quality was low. All five studies observed statistically and
clinically significant weight loss after surgery. We performed seven tests to confirm the
robustness of the finding, including an alternate assumption that patients might lose as many as
1.7 BMI units without surgery (change in weight as measured by kilograms per meter of height
squared). All analyses still indicated clinically significant weight loss. Based on the overall
quality of the studies as well as the quantity, consistency, and robustness of the evidence, we
rated the strength of the evidence at longest followup after LAGB as Weak. Also, three of the
studies had reported BMI specifically at one year after LAGB. The overall quality of the one-
year BMI data was moderate, and each reported statistically and clinically significant weight
loss. All seven qualitative robustness tests analyses were passed; therefore the strength of this
evidence for one-year BMI reduction after LAGB was Moderate.

Five of six RYGB studies reported BMI data that met inclusion criteria. One study’s BMI data
were very low quality, and consequently we excluded it from further consideration. For the
remaining four studies, the percentage followup ranged from 60% to 90%, and the mean length
of followup ranged from 1 year to 6.3 years. The overall quality was low. All four studies
observed statistically and clinically significant weight loss after surgery, and the analysis passed
all seven robustness tests. Thus, as with LAGB, we rated the strength of the evidence as Weak
for longest-follow-up BMI after RYGB. Also, three of the studies had reported BMI specifically
at one year after LAGB. The overall quality of the one-year BMI data was moderate, and each
reported statistically and clinically significant weight loss. All seven qualitative robustness tests
analyses were passed; therefore the strength of this evidence for one-year BMI reduction after
RYGB was Moderate.

The evidence did not permit precise quantitative estimates of the number of BMI units lost after
either LAGB or RYGB, because studies did not generally report sufficient information for us to
calculate the pre-post correlation for BMI. Also, the evidence on weight loss after other bariatric
procedures (e.g., VBG) did not support conclusions due to low gquantity and quality of evidence.
For specific age groups of pediatric patients (e.g., 13-17), there were not enough studies of any
single age group to permit conclusions.

2. Does bariatric surgery for patients a-d (as above) improve comorbid conditions linked to
obesity (e.g., diabetes, hypertension, obstructive sleep apnea, and musculoskeletal
disorders), quality of life, or survival, as compared to non-operative approaches?

ECRI Institute evidence assessments:

Laparoscopic Adjustable Gastric Banding (LAGB) for morbidly obese patients aged 21 or less
does resolve comorbid conditions linked to obesity (diabetes, hypertension) compared to non-
operative approaches. (Strength of evidence for comorbidity data: Weak).

Roux-en-Y Gastric Bypass for morbidly obese patients aged 21 or less does resolve
comorbid conditions linked to obesity (hypertension) compared to non-operative
approaches. (Strength of evidence for comorbidity data: Weak).
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The evidence is insufficient to permit quantitative estimates of the likelihood of
comorbidity resolution, quality of life improvement, or survival after any bariatric
surgical procedure for pediatric patients.

The evidence is insufficient to permit any conclusions about comorbidity resolution after
other bariatric surgical procedures for pediatric patients.

The evidence is insufficient to permit any conclusions about comorbidity resolution in
specific age subgroups (18-21, 13-17, 12 or less) within the pediatric population.

Four of eight LAGB studies met inclusion criteria for comorbidity and quality of life outcomes.
The mean length of follow-up ranged from 1.3 years to 2.9 years. No studies evaluated changes
in medical conditions or quality of life using validated instruments or long term survival. The
evidence was sufficient to permit conclusions only for diabetes (two studies, with resolution rates
of 80% and 100%) and hypertension (three studies, with resolution rates of 50%, 100%, and
100%). These are large rates, but due to the moderate quality and limited quantity, we rated the
strength of evidence as Weak for these outcomes. The evidence on other comorbidities and
quality of life was too sparse to permit conclusions.

Four of six RYGB studies met inclusion criteria for comorbidity and quality of life outcomes.
The mean length of followup ranged from 5 months to 2.7 years. The evidence was sufficient to
permit a conclusion only for hypertension (three studies, with resolution rates of 50%, 82% and
100%). Due to the moderate quality and limited quantity, we rated the strength of evidence as
Weak for hypertension resolution. One other comorbidity had at least two studies (sleep apnea),
but the data were of overall low quality, therefore we drew no conclusions. The evidence on
other outcomes was too sparse to permit conclusions.

We drew no conclusions about other bariatric procedures or specific age groups, due to a
limited quantity of evidence.

3. What are the relative safety profiles of bariatric surgery and non-operative approaches for
patients a-d (as above)?
ECRI Institute evidence assessments:

Our review of the eight LAGB studies (the procedures were performed between 1996 and
2006; the individual patient follow-up times ranged from one month to 85 months) found:

No reported in-hospital or postoperative death.
The most frequently reported complication after LAGB was band slippage.

Reoperations were performed on 26 (7.92%) of the 328 LAGB patients to correct various
complications.

Our review of the six RYGB studies (the procedures were performed between 1978 and 2005;
the individual patient follow-up times ranged from two weeks to six years) found:

One postoperative death was reported for RYGB; no in-hospital death was reported.

The most frequently reported complication after RYGB was related to protein-calorie
malnutrition and micronutrient deficiency.
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Potentially life-threatening complications such as shock, pulmonary embolism, severe
malnutrition, immediate postoperative bleeding, and gastrointestinal obstructions were
reported in the RYGB studies.

The evidence is insufficient to permit any conclusions on potential impacts of bariatric surgery
on growth and development of pediatric patients.

The evidence is insufficient to permit any conclusions on potential harms in specific age groups
(18-21, 13-17, 12 or less).

Systematic reviews on pediatric obesity management did not provide sufficient data for the
development of a safety profile of non-operative approaches.

All 17 studies were included for data on complications. The overall evidence quality was rated
as Moderate for these outcomes. Given the low patient enrollment, we did not attempt to
estimate the rate of any complication. For LAGB, the primary concern is the need for
reoperation, which was necessary for 26 pediatric patients (7.92%) overall. Reasons for
reoperation include band slippage, intragastric migration, and port/tubing problems. For
RYGB, there is a different profile of complications, varying from mild events (e.g., slight
malnutrition, correctable by supplements) to severe events (e.g., pulmonary embolism, severe
malnutrition, immediate postoperative bleeding, and gastrointestinal obstruction).

4. What are the relative cost profiles of bariatric surgery and non-operative approaches for
patients a-d (as above)?

ECRI Institute evidence assessments:

Nationally, the median inpatient hospital cost for bariatric surgeries performed in

pediatric patients in 2004 was $8,651; the median hospital charge was $25,021.

Nationally, the median inpatient hospital cost for restrictive bariatric procedures performed in
pediatric patients in 2004 was $6,688; the median inpatient hospital cost for bypass procedures
was $8,893.

Nationally, for those aged 13-17, the median inpatient hospital cost for bariatric procedures
performed in 2004 was $7,973; the median inpatient hospital cost for those aged 18-21 was
$8,945. No conclusions can be drawn regarding the cost of patients aged 12 and less due to
lack of data.

Data were not sufficient to permit a comparison of inpatient hospital cost between the State of
Washington and the rest of the nation.

Data were not sufficient to permit an analysis of the costs for professional services and post-
surgery care.

The evidence was not sufficient to permit the development of a comprehensive cost
profile of non-operative approaches to pediatric obesity management.

Due to the inadequacy of published evidence on the costs of bariatric surgery in pediatric
patients with morbid obesity, we conducted our own analyses of publicly available data to
estimate inpatient hospital costs. However, due to lack of data, we were unable to conduct
similar primary analyses to estimate the costs for professional services and postoperative
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care.

5. Do the effectiveness, safety and cost of bariatric surgery for patients a-d (as above) vary
based on patients’ characteristics, including:

a. Chronological age

b. Physiologic/skeletal age

c. Pre-surgical BMI

d. Pre-surgical BMI categories (35-40, 40-50, 50+)

e. Sex

f. Race

g. Comorbid conditions (e.g., hypertension)

h. Other factors (e.g., psychosocial or socioeconomic factors)

ECRI Institute evidence assessments:
The evidence is insufficient to permit any conclusions for this question

Studies’ data were included for four of the eight patient characteristics: chronological age (a),
pre-surgical BMI (c), pre-surgical BMI category (d), and sex (e). However, none of these
associations were addressed by more than two studies of any given bariatric procedure, and the
low quantity of evidence precluded conclusions. The association between chronological age
and surgical outcome was addressed by only one study of LAGB, one study of RYGB, and
one study of banded bypass. Similarly, the association between sex and outcome was
addressed by only one study each for LAGB, RYGB, and VBG. There were two studies of
LAGB addressing the association between pre-surgical BMI and surgical outcome (and also
the association between pre-surgical BMI category and surgical outcome), but the overall low
quality precluded conclusions.

Overall assessment

Both LAGB and RYGB led to clinically significant weight loss in morbidly obese pediatric
patients over the followup times reported. While reporting of comorbid conditions was limited,
there was evidence that diabetes and hypertension resolved following LAGB and that
hypertension resolved after RYGB. A number of complications were reported following both
procedures, including one postoperative death following RYGB. Variations in outcomes based
on patient characteristics such as age, baseline BMI, sex, race or socioeconomic variables could
not be determined from the available literature.

Individuals who work with morbidly obese children and adolescents have expressed
concern about the appropriateness of bariatric surgery in this population. In particular,
many question the ability of pediatric patients to give informed consent not only to an
invasive procedure, but also to the long-term lifestyle and dietary changes necessary
following the surgery. Future research should examine methods of presenting the complex
information necessary for truly informed consent in pediatric individuals considering
bariatric surgery. More evidence is needed on outcomes such as physical growth and
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quality of life. Longer term prospective collection of data on weight loss, persistence or
resolution of comorbid conditions, and long-term survival would be valuable for
understanding more fully the role of these surgical procedures in treating morbidly obese
pediatric patients. Data collection on a large population (e.g., a national registry) could
provide enough data to improve our ability to identify individuals most likely to benefit
long term from a surgical approach, and to determine which surgical approach is best
suited to individuals with specific characteristics.
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