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Abstract
Purpose of Review The purpose of this review is to discuss the current state of surgical intervention for obesity in children and
adolescents. Specifically, this review will discuss the different types of metabolic and bariatric surgery (MBS) procedures,
guidelines for patient selection, and recent findings regarding surgical outcomes and complications.
Recent Findings MBS is safe in adolescents and has also demonstrated sustainable long term weight loss and improvement in
obesity-associated comorbidities. A recent prospective multi-institutional trial demonstrated BMI reductions of 3.8 kg/m2 (8%) to
15.1 kg/m2 (28%) after 3 years among adolescents undergoing the three most common MBS procedures. Moreover, MBS is
associated with remission of type 2 diabetes, prediabetes, hypertension, dyslipidemia, and abnormal kidney function in 65–95%
of patients in the study.
Summary Childhood and adolescent obesity is a continuing problem that has not been adequately addressed by the medical
community. MBS is currently the most successful strategy for significant and sustained weight loss and improvement of
associated comorbidities. This review focuses on the different types ofMBS, the selection and preparation of patients for surgery,
and the expected outcomes and common complications.

Keywords Adolescent obesity . Severe obesity . Metabolic and bariatric surgery . Vertical sleeve gastrectomy . Bariatric surgery
center . Adolescent bariatric surgery outcomes

Introduction

Obesity is a widespread and significant health problem facing
children and adolescents both today and for the foreseeable
future [1]. Approximately 18.5% of youth in the USA meet
the criteria for obesity, which is defined as a body mass index
(BMI) ≥ 95th percentile for age and sex. Moreover, 8.5% of
those aged 12 to 19 are categorized as severely obese (BMI ≥
120% of the 95th percentile) [2, 3]. Severe obesity, in fact, is
the fastest growing subcategory of obesity in adolescents [4].

Obesity is associated with a wide range of adverse effects,
both immediate and long-term, including type 2 diabetes
(T2D), obstructive sleep apnea, hypertension, nonalcoholic
fatty liver disease, and dyslipidemia [5–7]. Furthermore, the

risk of obesity-related morbidity and mortality increases over
time, suggesting that children who develop obesity are at
higher risk of experiencing complications from their obesity
than individuals who develop obesity later in life [8].
Moreover, adolescent obesity predicts adult obesity and its
many associated metabolic complications [9].

Obesity, officially recognized as a disease state by the
American Medical Association in 2013, is a multifactorial
condition resulting from a combination of genetics, environ-
ment, and metabolic programming [10]. Therefore, the treat-
ment of obesity also requires a multidisciplinary approach
[11••]. First line therapy has primarily consisted of structured
diet and exercise programs [1]. Long-term outcomes for this
approach in adolescents, however, have generally been poor.
Behavioral therapy has also been recommended, but is seldom
effective, especially for older adolescents and those with se-
vere obesity. In fact, a study of behavioral treatment demon-
strated that only 2% of adolescents achieved any meaningful
weight reduction after 3 years of therapy [12]. Pharmacologic
options and meal replacements are also being investigated.
There are limited data; however, demonstrating the safety
and effectiveness of many of these pharmacologic agents in
adolescents as the commonly used weight loss medications do
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not have FDA approval in patients under the age of 18. In fact,
many bariatric centers are forced to use these agents off-label
and, thus, are unable to publish their results, further limiting
their acceptance and widespread use. Meanwhile, protein-
sparing modified fasts have been demonstrated as safe and
effective methods of weight loss, but only when performed
in a supervised inpatient setting and thus, long-term recidi-
vism remains an issue [4, 13].

Metabolic and bariatric surgery (MBS), on the other hand,
has been shown to be effective in both achieving sustained
weight loss and resolution of comorbid conditions, such as
cardiovascular risk factors and diabetes [1]. Recently reported
3-year outcomes data from the Teen-Longitudinal Assessment
of Bariatric Surgery (Teen-LABS) study, a prospective, multi-
institutional observation study of 242 adolescents undergoing
MBS demonstrated that MBS is a safe and effective treatment
for children [14••]. The American Society for Metabolic and
Bariatric Surgery (ASMBS) Pediatric Committee, therefore,
considers MBS standard of care and a primary part of the
multidisciplinary paradigm of obesity management [11]. In
the following sections, we address the different types of
MBS, outline selection criteria that may be used, and describe
expected outcomes for the main procedures used in
adolescents.

Types of Metabolic and Bariatric Surgery
Procedures

The first MBS procedure, the precursor to the current Roux-
en-Y gastric bypass (RYGB), was performed by Mason and
Ito in 1967 [15]. Since then, MBS has demonstrated signifi-
cant and sustained reductions in BMI and associated comor-
bidities in adults, while also lessening mortality [16, 17].
Meanwhile, MBS has been performed in small cohorts of
adolescents since the 1970s, and the volume of MBS cases
being performed in adolescents has gained significant mo-
mentum since the early 2000s [18]. Data from the US
National Inpatient Sample indicate that 2744 adolescent bar-
iatric surgeries were performed between 1996 and 2003 [19].
Recent estimates are approximately 1600 adolescent bariatric
cases per year as of 2009 [20]. There appears to be a plateau,
however, in the number of adolescents undergoing surgery
despite the increasing number of patients who actually meet
criteria for surgery [21]. In fact, less than 1% of all MBS is
performed in adolescents [22].

The three most commonly performed adolescent bariatric
procedures are RYGB, vertical sleeve gastrectomy (VSG),
and adjustable gastric band (AGB). All of the procedures
can be performed via laparoscopy and produce weight loss
by one of three mechanisms, malabsorption, restriction
(AGB or VSG), and combined (RYGB). The AGB, however,

employs a device that is restricted by the FDA for use only in
patients after they have reached the age of 18.

The AGB involves placement of an adjustable silicone
band around the stomach, 1 to 2 cm below the gastroesopha-
geal junction, which is attached to a small reservoir that is
implanted subcutaneously [23]. The band can be adjusted by
altering the amount of fluid in the reservoir. The tighter the
band, the slower the gastric pouch empties [24]. The AGB had
been a popular choice in adults due to its relatively reduced
level of surgical complexity, reversibility, and lower risks of
morbidity and mortality [25]. Recent adult literature, however,
demonstrates decreased use of the AGB because of a high rate
of conversions to RYGB or VSG, poorer weight loss, and a
higher rate of weight regain [24]. In fact, only about 5% of
adults undergoing MBS currently undergo ABG, and its lack
of FDA approval in adolescents makes it even less used in this
group [26].

While AGB is the least complex surgical procedure, RYGB
is the opposite end of the spectrum, representing the most
complex of the three major operations. In RYGB, a small (ap-
proximately 30 mL) gastric pouch is created from the upper
stomach. The small intestine is then divided 30 to 50 cm distal
to the duodenojejunal junction creating a biliopancreatic limb
(transports secretions from gastric body, liver, and pancreas)
and a Roux limb (alimentary limb). The Roux limb is then
anastomosed to the gastric pouch while the biliopancreatic
limb is connected back to the alimentary limb 75 to 150 cm
from the gastrojejunal anastomosis. This procedure is therefore
restrictive and malabsorptive. RYGB has been demonstrated to
be the most effective procedure in terms of weight loss and
improvement in associated comorbidities and is currently the
gold standard MBS in adults in the USA [23, 27]. However, it
is now the secondmost common surgical procedure performed
for weight loss in adults, mostly due to its surgical risk [26].

VSG has now become the most popular procedure for
weight loss in both adults and adolescents [26]. VSG involves
the removal of most (80–90%) of the greater curvature of the
stomach. This leaves a tubular remnant stomach about 10 to
15% of its original size. The procedure was originally per-
formed as the initial stage of a two-stage weight-loss proce-
dure (the duodenal switch) for adults who were extremely
obese and believed to be poor surgical candidates for
RYGB. Observation of these patients, however, demonstrated
significant short-term weight loss and improvement in comor-
bidities achievable with VSG alone, leading to its current role
as a stand-alone operation [24]. VSG has become increasingly
popular due to its technical simplicity and decreased rate and
severity of complications when compared with RYGB.
Moreover, when compared with another purely restrictive pro-
cedure like AGB, VSG significantly reduces plasma ghrelin
levels and subsequently suppresses appetite [28].

While there are no other surgical interventions available for
adolescents currently, there are several new modalities on the
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horizon. Recently, the FDA approved an intragastric balloon
device for treatment of adult patients with a BMI of 30 to
40 kg/m2 who have failed to lose weight through diet and
exercise. This is a restrictive procedure in which the balloon
is inserted into the stomach via upper endoscopy under mild
sedation. Once in place, the balloon is filled with saline from
400 to 700 mL and left in place for 6 months. No external
tubing is left in place to access the balloon. The procedure was
originally used as an adjuvant before bariatric surgery in mor-
bidly obese adults to reduce life-threatening comorbidities and
perioperative risk. Initial studies demonstrate that the tech-
nique is safe and effective for short-term weight loss in adults.
No data exist for adolescents, and the procedure is not current-
ly approved for patients less than 18 years of age [29].
Similarly, endoscopic assisted placement of a percutaneous
gastrostomy device termed AspireAssist that facilitates drain-
age of about 30% of the calories consumed in a meal has been
evaluated in adults. Preliminary data demonstrates a mean
excess weight loss of 31.5% at 1 year in those using the device
in conjunction with diet and exercise modification [30].
Meanwhile, another modality involves laparoscopic place-
ment of electric leads on the anterior and posterior vagal
trunks near the gastroesophageal junction, connected to a sub-
cutaneous regulator device that delivers intermittent vagal
stimulation resulting in reduced food intake and weight loss
through vagal blockade. Preliminary data demonstrate a mean
excess weight loss of 21% at 2 years, with improvement in
several metabolic profile categories [31]. Both of these de-
vices are currently only FDA approved in adults. Until these
alternative procedures become options for adolescents, RYGB
and VSG will continue to be the most commonly performed
MBS in adolescents, although VSG is rapidly becoming the
procedure of choice in both adults and adolescents due to its
relative technical simplicity, low complication profile, and
good weight loss and comorbidity improvement outcomes
[11••].

Eligibility Criteria

Expert opinion has served as the basis for surgical practice
guidelines outlining criteria for selection of adolescent pa-
tients for MBS. Based on the initial NIH guidelines for adults
[32], adolescents with a BMI greater than or equal to 35 kg/m2

with severe comorbidity, such as T2D, moderate to severe
obstructive sleep apnea, benign intracranial hypertension
(pseudotumor cerebri), or nonalcoholic steatohepatitis, were
considered candidates. Those with a BMI greater than or equal
to 40 kg/m2 and less severe comorbidities have also been
considered candidates for MBS. In general, previous guide-
lines have also suggested that patients should attain Tanner
stage IV or 95% of linear growth (based on bone age) prior
to undergoing MBS. These physiologic maturity criteria may

be modified, however, in special cases of rapid weight gain
due to defined medically recalcitrant causes (i.e., hypothalam-
ic obesity) or if the mortality risk of comorbidities outweighs
the theoretic risk of growth impairment after surgery [11, 33,
34]. The most recent ASMBS Pediatric Committee guidelines
[11••], however, have suggested adjusting criteria for MBS.
First, they define adolescence by the World Health
Organization definition as any person who falls between 10
and 19 years of age. Second, review of the literature demon-
strates no data to suggest that a youth’s puberty status, as
measured by Tanner staging or linear growth, as measured
by height, is adversely affected by MBS. In fact, one study
by Alqahtani et al. demonstrated improved linear growth in
children after VSG compared with matched controls [35].
Therefore, the ASMBS Pediatric Committee recommends that
Tanner staging and linear growth not be used to determine
readiness for adolescent MBS. Furthermore, the ASMBS sug-
gests adjusting criteria from predominantly weight based, as is
common in adult patients, towards a more comorbidity-based
approach. This adjustment is due to several recent reports that
have demonstrated significant improvements in nearly all
measures of cardiovascular risk factors by 2 years after MBS
[36, 37••]. Moreover, younger age at the time of surgery pre-
dicted an increased likelihood of normalization of certain
measured risk factors [11••]. Therefore, the most recent
ASMBS guidelines suggest that CVD risk factors should be
considered a strong indicator for MBS. Similarly, certain co-
morbidities, specifically the psychosocial burden of obesity,
the orthopedic diseases specific to children, idiopathic intra-
cranial hypertension (pseudotumor cerebri), gastroesophageal
reflux disease (GERD), and T2D, for which there are poorer
outcomes in children on medical therapy, should be consid-
ered an indication for MBS in younger adolescents or those
with lower BMI percentiles. In addition, the committee felt
that requiring adolescents with a BMI greater than 40 to have
comorbidity (as in previous guidelines for adolescents), puts
children at a significant disadvantage to attaining a healthy
weight. Earlier surgical intervention (at a BMI of less than
45 kg/m2) can allow adolescents to reach a normal weight
and avoid lifelong medication therapy and end-organ damage
from comorbidities [38]. Therefore, the current recommenda-
tions are that MBS should be considered for all adolescents
with a BMI ≥ 35 or ≥ 120% of the 95th percentile with comor-
bidities or BMI ≥ 40 or ≥ 140% of the 95th percentile with or
without comorbidities similar to the criteria in adults.
Interestingly, adult criteria have never been updated since
the original NIH consensus conference in 1991, at which time
the most common surgical option was open gastric bypass.
Thus, it is possible that these cutoffs should be lowered in
both adults and adolescents alike. All adolescents with obesity
syndromes or medically recalcitrant obesity should continue
to be referred for MBS. In addition, adolescents who are rec-
ognized to suffer from severe obesity should be referred to
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MBS earlier, regardless of physiologic maturity by Tanner
stage or linear growth [11••].

Traditionally, contraindications to MBS included medi-
cally correctable causes of obesity, active substance abuse
problems, and psychosocial, medical, unstable psychiatric,
or cognitive conditions that impair decision making or pre-
vent adherence to recommendations. In addition, current or
planned pregnancy (within 18 months of surgery) and in-
ability to understand the risks and benefits of surgery were
also contraindications [33, 34, 39]. The most recent
ASMBS guidelines acknowledge many of these contraindi-
cations but are careful to point out that these issues are not
absolute contraindications. Developmental delay and au-
tism spectrum disorders should be evaluated by a multidis-
ciplinary team along with the caregiver in order to agree on
the specific needs and abilities of a given patient, and care
environment and MBS should be considered on a case-by-
case basis. Similarly, unstable family environments, eating
disorders, mental illness, or prior trauma should not be ab-
solute contraindications but should be optimized and treated
where possible before and surrounding any potential surgi-
cal intervention [11••]. In fact, recently published data dem-
onstrated that psychiatric diagnoses had no impact on out-
comes in a cohort of adolescents after VSG [40].

Pre-operative Evaluation

A multidisciplinary, team-based approach for the evaluation
and preparation of all adolescents with obesity for bariatric
surgery is recommended. This multidisciplinary team should
include an experienced pediatric bariatric surgeon (which may
be a pediatric surgeon with bariatric experience or a bariatric
surgeon with pediatric experience), pediatric obesity special-
ists, nurses, dieticians, exercise specialists, a psychologist or
psychiatrist with pediatric expertise, and a patient coordinator.
In addition, access to pediatric subspecialists for management
of complex comorbid conditions is absolutely necessary [1,
34, 39, 41].

Although there are no trials of multidisciplinary care ver-
sus care provided by a single practitioner, nearly every pub-
lished position paper has advocated the importance of this
team approach [42–44]. The purpose of this multidisciplin-
ary team is not only to determine candidates for MBS but
also to ensure appropriate preoperative medical evaluation.
This evaluation aims to identify, characterize, and ultimate-
ly optimize the severity of comorbidities and the presence of
any nutritional deficiencies preoperatively [39]. Every pa-
tient should have a complete history and physical examina-
tion, with an emphasis on identifying obesity-related co-
morbidities, possible contributors to obesity, and conditions
that may increase surgical risk. There should also be docu-
mentation of the history of weight-loss attempts and an

assessment of readiness to change. Standard laboratory
and nutrition evaluation, including fasting blood glucose,
lipid panel, liver function tests, coagulation studies, and
vitamin profile, are also recommended [39].

Obesity is a known risk factor for vitamin and micronutri-
ent deficiencies, such as low ferritin, vitamin A, and vitamin
D. Deficiencies in other micronutrients such as vitamin B12,
B1, and folic acid have also been reported. Therefore, preop-
erative treatment with a multivitamin (one standard multivita-
min with iron and 1000 IU vitamin D) may be recommended
[39]. Adolescent candidates for MBS are also recommended
to undergo a cardiac evaluation and sleep apnea screening if
indicated after history and physical, prior to surgery [45].
Helicobacter pylori screening should also be pursued in high
prevalence areas, although screening is less important for
those undergoing VSG [46].

All patients should also undergo psychosocial/behavioral
evaluation with a goal of identifying strengths that would lead
to positive surgical outcomes in addition to potential barriers
to success [47]. The practical goal of this assessment is that it
is required by all insurers prior to authorization for payment
for surgery. The importance of this evaluation is highlighted
by the high prevalence of mental health needs in this popula-
tion, with studies demonstrating that up to 30% of adolescents
seeking weight-loss surgery self-reported symptoms consis-
tent with clinical depression and had significantly lower
health-related quality of life scores as compared to norms
[48]. Additionally, up to 45% of adolescents seeking weight
loss treatment reported binge eating behaviors at some point in
their life [49]. Ongoing psychosocial evaluation and support
with an emphasis on optimizing mental health, social support
structure, and adequately assessing whether an adolescent and
their guardian fully understand the risk and benefits of MBS,
and the potential postoperative course are very important to
ensure successful outcomes.

Initiating weight loss prior to bariatric surgery in patients
with severe obesity has also been recommended and is asso-
ciated with improved operative safety, particularly reduced
operative times, intraoperative blood loss, and other compli-
cations [50–54]. Preoperative weight loss with medical nutri-
tion therapy has also been demonstrated to improve glycemic
control and should be utilized in all obese patients with dia-
betes. Furthermore, preoperative weight loss has been linked
to decreased liver size and reduced length of hospital stay and
may lead to more rapid weight loss after surgery [55]. Most
multidisciplinary bariatric surgery programs now recommend
a preoperative protein-rich liquid diet immediately prior to
surgery to aid weight loss and some have even advocated
inpatient weight-loss programs in the adolescent with extreme
obesity (BMI > 60 kg/m2) [45, 56]. Weight loss, however,
should not be absolutely required prior to surgery as many
patients cannot achieve that goal even while working with a
multidisciplinary team.
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Outcomes

MBS has been demonstrated to be safe in both adults and
adolescents. A 2014 cohort study of 345 adolescents after
bariatric surgery demonstrated a low rate of short term com-
plications and weight loss similar to adults [57]. Similarly,
data from Teen-LABS demonstrated a favorable short-term
complication profile with no perioperative deaths, a major
complication rate of 8% and a minor complication rate of
15% [37••]. MBS has also been demonstrated to result in
clinically significant weight loss. A systematic review and
meta-analysis of adolescent MBS demonstrated an average
weighted BMI difference from baseline to 1 year of −
13.5 kg/m2 when including all procedures. When analyzed
by procedure type, weight loss was greatest for RYGB and
least for AGB [58]. Inge and colleagues found a 37% reduc-
tion in BMI at 1 year for patients undergoing RYGB, regard-
less of starting BMI [38]. More recently, data from Teen-
LABS including 242 adolescents who underwent MBS at
one of five adolescent bariatric centers demonstrated BMI
reductions of 15.1 kg/m2 (28%), 13.1 kg/m2 (28%), and
3.8 kg/m2 (8%) among adolescents undergoing RYGB,
VSG, and AGB procedures, respectively after 3 years
(Table 1) [14••]. Similarly, a study of adolescents in Saudi
Arabia who underwent VSG demonstrated a BMI decrease
of 20 kg/m2 over 3 years [59].

Furthermore, excess body weight loss at 1 year was similar
between adolescents and adults, 32.9% versus 32.5%, respec-
tively [60]. When looking specifically at VSG, now the most
commonly performed procedure in adolescents, similar
weight loss has also been observed at 12 and 24 months for
adolescents (65.8% and 64.9%, respectively) compared with
adults (68.9% and 69.7%, respectively) [61]. Adult studies,
however, have commonly demonstrated a modest degree of
weight gain from 3 to 10 years following essentially all MBS.
Therefore, longer-term follow-up is necessary to assess the
long-term durability of weight loss outcomes in adolescents
[62].

MBS also results in significant improvement in comorbid-
ities. Adult studies have demonstrated that MBS results in
complete resolution of T2D in 78% of patients and improve-
ment in 86% of patients [63]. Interestingly, the degree of
weight loss has not been found to be a predictor of diabetes
remission, suggesting that surgery may improve glycemic
control by some other mechanism or a threshold phenomenon
[64]. Similarly, Teen-LABS demonstrated that by 3 years after
MBS, remission of type 2 diabetes occurred in 95% of pa-
tients. Moreover, remission of abnormal kidney function, pre-
diabetes, hypertension, and dyslipidemia occurred in 86%, in
76%, 74%, and 66% of patients respectively [14]. These find-
ings are consistent with other retrospective studies and sys-
tematic reviews including adolescent cohorts [65].

Teen-LABS also demonstrated a significant improvement
in weight-related quality of life as well as overall improved
functional status, resting heart rate, and reduction of walking-
related musculoskeletal pain up to 2 years after surgery [14••,
66]. Other studies have also demonstrated improvement in
depression, anxiety, and self-image following adolescent
MBS, with the most substantial improvements observed with-
in the first year after surgery. The greatest gains appear to be in
physical comfort and body esteem domains of quality of life
[67–69], and these improvements are markedly better than
what is observed in adult MBS patients [69, 70]. Perhaps most
importantly, a recent pilot study has shown improvements in
cognitive and executive function after weight loss in adoles-
cents after VSG, suggesting that the developing adolescent
brain itself suffers adverse effects of obesity [71, 72]. Larger
and more extensive studies are required, however, to deter-
mine the direct mechanism by which obesity affects brain
function, and how it is reversed with weight loss.

Complications

Unfortunately, data regarding complications after adolescent
MBS are inconsistently reported in the literature (Table 1).

Table 1 Perioperative complications of the three main bariatric surgical procedures along with BMI reduction by procedure as reported by the Teen-
LABS study group [14]

Adjustable gastric band (ABG) Vertical sleeve gastrectomy (VSG) Roux-en-Y gastric bypass (RYGB)

Perioperative complications •Band migration •GERD •Anastomotic leak

•Band erosion •Staple line leak •Stricture

•Postoperative hemorrhage •Bowel obstruction

•DVT •Wound infection

•Dehydration •Postoperative hemorrhage

•Nutritional deficiencies •DVT

•Dumping syndrome

•Nutritional deficiencies

BMI (kg/m2) reduction at 3 years 3.8 13.1 15.1
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Postoperative complications after RYGB include, but are not
limited to, anastomotic leak, strictures, postoperative bleed-
ing, bowel obstructions, wound infections, deep venous
thrombosis, and hospital readmissions [37••]. Nutritional
complications are also common and include deficiency of fo-
late, vitamin B12, iron, and calcium. Dumping syndrome also
occurs in the majority of patients but can be ameliorated by
dietary behavior modification [27]. Therefore, RYGB for ad-
olescents is not the preferred primary procedure in many cen-
ters. Common postoperative risks after VSG include, but are
not limited to, worsened gastroesophageal reflux, staple line
leak, deep venous thrombosis, hemorrhage, dehydration, and
malnutrition. However, the overall complication rate is signif-
icantly less than that of RYGB [73].

Retrospective analyses of administrative databases suggest
that the frequency of complications is comparable and perhaps
lower in adolescents as compared with adults undergoing
MBS [74]. These results, however, have been validated in
only a few prospective clinical studies. Our center published
a review of 30-day outcomes in children and adolescents after
VSG and demonstrated a major and minor complication rate
of 3.8% [75]. Meanwhile, multicenter prospective complica-
tion data were reported in the Teen-LABS studies, which in-
cluded a majority of patients undergoing RYGB. An addition-
al intraabdominal procedure was required in 13% of all study
participants. Twenty-four percent of these procedures oc-
curred in the first year after surgery, while 55% and 21%
occurred in the second and third year, respectively. The most
common operation performed was a cholecystectomy, which
was performed in 8% of all participants after MBS. Upper
endoscopic procedures were also common. The most serious
complications were observed in patients undergoing RYGB,
while only four VSG patients required reoperation, including
two with serious complications; a staple line leak requiring a
stent and one conversion to bypass due to severe reflux [14••].

The most significant long-term complications of adoles-
cent MBS are nutritional deficiencies, which may be asso-
ciated with all three procedures, but occur most frequently
after RYGB. Preoperative deficiencies obviously place pa-
tients at increased risk for postoperative deficiencies. The
most common vitamin deficiencies include vitamin B12,
thiamine, vitamin D, vitamin A, folic acid, iron, copper,
and zinc [1]. Teen-LABS demonstrated that 37% of pa-
tients were vitamin D deficient at baseline, and 43% of
RYGB and VSG patients were deficient at 3 years post-
surgery. Vitamin B12 deficiency had a statistically signif-
icant increase from 1 to 8% from baseline to 3 years.
Similarly, low ferritin levels increased from 5 to 57% of
patients from baseline to 3 years, and vitamin A deficiency
increased from 6 to 13% [14••]. Lifelong nutritional mon-
itoring and vitamin supplementation are therefore recom-
mended for all MBS patients and continued supplementa-
tion recommended based on periodic monitoring [39].

Access to MBS

Despite current literature supporting the potential benefits of
MBS in achieving sustainable weight loss and improving co-
morbid conditions, access to MBS continues to be a problem
for many patients. Attitudes among primary care providers,
the first line in the identification of potential surgical candi-
dates, remain mixed, and delayed referral may be due to inad-
equate knowledge or unsupported fears about MBS. There is
also a paucity of MBSAQIP- accredited adolescent bariatric
surgery centers, often making travel time and geographic ac-
cess more difficult. Furthermore, there is a discrepancy be-
tween insurance approvals for adults and adolescents desiring
MBS. A multi-institutional retrospective review demonstrated
that less than half of adolescents meeting criteria for weight
loss surgery were approved on initial request, as compared to
more than 80% of adults [76]. Fortunately, 80% of those ad-
olescents were eventually able to obtain insurance approval
following multiple appeals [76]. These barriers and delay to
care, however, can have significant consequences. Delay in
referral and operation can result in more weight gain and ad-
vanced comorbid conditions prior to surgery. MBS is highly
successful but, in general, results in a fixed percent of excess
weight loss so that those starting at a higher weight and BMI
will likely remain over the threshold for obesity (BMI > 30)
even after their MBS. Patients at a lower preoperative BMI,
conversely, have an improved chance of attaining normal or
near-normal BMI after MBS as compared with patients who
have to wait for surgery at a higher BMI. Remission of co-
morbid conditions is also more likely less advanced than the
conditions. For example, analysis of adults with long duration
(> 10 years) T2D demonstrated smaller improvements in
HbA1c and pancreatic β cell function as compared with those
with shorter duration (< 5 years), independent of weight loss
after surgery [77]. As more and more data become available
concerning the long-term outcomes of MBS, it is likely that
earlier surgical intervention will be preferred. Moreover, ear-
lier intervention at both younger ages and lower BMI will
likely make the most significant difference for the adolescent
patient [78].

Conclusions

The rise of childhood obesity and its associated comorbidities
has been rapid, and proposed treatment options have not kept
pace. Early referral to a multidisciplinary adolescent bariatric
surgery program is essential to help treat patients suffering
from this debilitating disease. Once in a multidisciplinary clin-
ic, all modalities including diet and exercise, behavioral ther-
apy, pharmacological, and surgical intervention play a role in
providing optimal care for these patients. And as newer inter-
ventions become approved for use in adults, they too should
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be trialed in adolescents. In the current state of field, however,
MBS is indeed the most successful strategy for significant and
sustained weight loss and remission of comorbidities for ado-
lescents suffering from severe obesity. Thus, any adolescent
eligible for MBS should be suitably informed regarding po-
tential surgical interventions if best practice is to be achieved.
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