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Abstract: Introduction: As childhood obesity in the US reaches alarming levels, bariatric surgery is becoming a more 
commonly implemented treatment option due to its high success rate compared with behavioral modification and medical 
therapy alone. The mechanisms by which it affects body weight and metabolic homeostasis are not well understood. The 
goal of the present study was to perform a systematic review of pediatric bariatric surgery to evaluate its effectiveness in 
the context of the physiologic changes that are produced.  

Materials and Methods: The PubMed database, MEDLINE, Springer Link, Cochrane, and article bibliographies were 
used to identify original English-language articles published between 2009 and 2014 evaluating pediatric patients. 
Included studies evaluated patients undergoing Roux en Y gastric bypass, laparoscopic sleeve gastrectomy or 
laparoscopic adjustable gastric banding and analyzed weight loss, BMI reduction, postoperative complications and co-
morbidity resolution post-procedure; all articles had at least a one year follow up.  

Results: Five studies were included in our evaluation of the three most common bariatric procedures currently performed 
on the pediatric population for a total of 1,395 patients. The average patient age was 18.2 and 72% of patients were 
females. Most patients underwent roux en Y gastric bypass (RYGB) (n=659), followed by laparoscopic adjustable gastric 
banding (LAGB) (n=554) and finally laparoscopic sleeve gastrectomy (LSG) (n=149). The greatest decrease in BMI was 
seen in the RYGB group who lost an average BMI of 16.7kg/m2, followed by the LSG group with a loss of 14.0kg/m2. The 
LAGB patients lost 8.2kg/m2. Postoperative complications varied in severity, however the only death occurred in a 
patient following RYGB. 

Conclusion: Bariatric surgery has proven to reduce BMI and weight in the adolescent population resulting in an 
enhanced quality of life and resolution of significant co-morbidities. The mechanism of weight loss is different among the 
three most common procedures, as is their affect on gut hormone profiles. Ghrelin may have an effect on weight loss, 
however it is not solely responsible for the procedures’ weight loss effect as levels vary postoperatively. RYGB has been 
shown to produce the greatest weight loss but postoperative ghrelin levels are not consistently decreased compared to 
LSG, which demonstrates low ghrelin levels routinely. Additional studies are needed to measure weight loss as it relates 
to postoperative gut hormone levels, as determining the physiologic changes after these procedures will guide future 
therapies.  
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INTRODUCTION 

The ongoing obesity epidemic in the United States 
will significantly impact the healthcare needs of the 
population and place a significant demand on the finite 
resources available to deal with its significant morbidity. 
The number of obese children and adolescents 
continues to rise in the United States, reaching nearly 
17% in 2010 [1,2]. Approximately 4% of these children 
can be classified as extremely obese, with body mass 
index (BMI) measurements 99th percentile for age 
[3,4]. 

This translates into greater than 2 million children in 
the US who currently carry an increased risk of 
developing cardiovascular disease risk factors such as 
hypertension, hyperlipidemia, and metabolic disorders 
[5,6]. Studies have also linked childhood obesity to  
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higher rates of premature death, and adverse health 
effects in adulthood that are independent of adult BMI 
[7-10]. Detrimental effects on psychological health and 
quality of life have also been demonstrated, particularly 
in children with extreme obesity [11-13]. These factors 
have played a large part in the growing cost of 
healthcare in the US over the last 20 years, during 
which time the prevalence of obesity has doubled 
[14,15]. A study by Thorpe et al. estimated that 
between 1987 and 2001 the increase in obesity in the 
US accounted for 27% of the rise in health insurance 
spending [16,17]. These substantial physical, emotional 
and economic costs emphasize the need to identify 
effective strategies to prevent obesity beginning in 
childhood [18,19]. 

As a large volume of evidence now suggests that 
the path to obesity begins very early in life, research 
has focused on effective treatment during childhood 
[20-23]. Non-surgical interventions have included home 
and community based behavioral modification 
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strategies and pharmacologic interventions which have 
primarily shown little to moderate success [24-28]. 
There is some evidence, however, that intervention at a 
younger age has a more significant effect on weight 
loss. One study showed that children who began 
therapy before 10 years of age had a reduction in BMI 
that was greater than older children [20,29]. Behavioral 
therapy when begun in adolescence was not found to 
be successful in reducing BMI.  

In contrast, bariatric surgery has been shown to be 
uniformly effective in reducing BMI, resolving certain 
co-morbidities and positively impacting quality of life in 
children and adolescents [4,30-34]. A recent meta-
analysis showed clinically significant reduction in BMI 
after undergoing RYGB and LAGB procedures [31,35]. 
Cardiovascular risk factors have also been shown to 
improve, as evidenced by several studies showing 
improvements in glucose homeostasis, liver 
metabolism and reversible left ventricular hypertrophy 
[30,36-38]. In addition, the ongoing Teen-Longitudinal 
Assessment of Bariatric Surgery (Teen-LABS) has 
provided evidence to support the safety of weight loss 
surgery in even the most severely obese adolescents 
with multiple comorbidities [39,40]. The superior results 
observed after surgical intervention for obesity has 
expectedly led to a drastic increase in the number of 
bariatric procedures performed worldwide in the last 20 
years [41,42]. In children, the procedure rate tripled 
from 2000 to 2003, but has since plateaued despite a 
continued upward trend in the number of adolescents 
who meet criteria for weight loss surgery [7,43,44]. 

The evolution of pediatric bariatric surgery has 
reflected that of the adult population. While 
laparoscopic adjustable gastric banding (LAGB), roux-
en-Y gastric bypass (RYGB), and laparoscopic sleeve 
gastrectomy (LSG) remain the most common 
procedures performed in both groups of patients, 
national trends reveal a decrease in RYGB and LAGB 
and an increase in LSG since 2008 [40,45]. These 
changes may be influenced by factors such as the high 
reoperation rate of LAGB, relative technical difficulty of 
RYGB and biliopancreatic diversion, and recent 
increase in insurance coverage of sleeve gastrectomy 
with a favorable risk-benefit profile [44,46-48]. The 
efficacy of newer procedures has been increasingly 
documented as long-term data becomes available, 
however, the majority of data currently pertain to RYGB 
as it is still the most common procedure performed 
worldwide [45]. 

Despite an increasing volume of literature 
documenting the benefits of bariatric surgery, there is 

still very little that is understood regarding the 
mechanisms by which they exert their effects. LAGB is 
the most commonly performed solely restrictive 
procedure for weight loss. It became increasingly used 
in older adolescents after its approval for the adult 
population in 2001, and in 2009 accounted for over 
one-third of all bariatric procedures in the US [44]. The 
procedure involves placement of an adjustable, 
removable cuff around the fundus of the stomach, 
thereby affecting weight loss presumably by caloric 
restriction alone. Roux-en-Y gastric bypass is the most 
commonly performed weight loss procedure in the 
world, comprising nearly half of all procedures 
performed in 2011 [45]. Weight loss is thought to be 
achieved primarily due to malabsorption of nutrients as 
they bypass the stomach and proximal small bowel; the 
degree of malabsorption depends on the length of the 
Roux limb. In addition, an approximately 15 mL gastric 
pouch is created, accounting for the restrictive portion 
of the procedure. Finally, laparoscopic sleeve 
gastrectomy is the newest of the three procedures. It 
has both restrictive and endocrine components due to 
the vertical excision of a large portion of the stomach 
along the greater curvature, including the majority of 
the fundus where ghrelin is produced. 

It has been shown by several studies that 
procedures classified as malabsorptive or endocrine 
mediated (RYGB, biliopancreatic diversion, and sleeve 
gastrectomy) produce greater weight loss and 
resolution of comorbidities compared to purely 
restrictive procedures like LAGB [49,50]. A review by 
Batchelder et al. revealed that the greatest weight loss 
among patients undergoing bariatric surgery was 
observed following biliopancreatic diversion, followed 
by RYGB at up to 77% reduction in excess weight at 3 
year follow-up. Laparoscopic sleeve gastrectomy 
achieved up to 85% excess weight loss at 5 years, and 
LAGB resulted in the least amount of weight loss at 
68%. Resolution of diabetes was observed in 82%, 
66%, and 64% of patients following RYGB, LSG, and 
LAGB procedures, respectively [51]. These findings 
highlight the possibility of a more complex 
neurohormonal regulation of metabolic homeostasis 
than would be expected following pure caloric 
restriction. This has led to increased interest in better 
understanding the gut hormones which have key roles 
in regulating appetite and metabolism. Several of these 
have been shown to be altered in various ways by 
bariatric surgery and include ghrelin, PYY, GLP-1, and 
glucose-dependent insulinotropic polypeptide (GIP). 
While the data pertaining to the effects of weight loss 
surgery on these hormones remains somewhat 
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inconsistent, the majority of recent studies have shown 
differences in alteration of gut hormones based on 
procedure type.  

Examining outcomes of the three most common 
bariatric procedures currently performed for pediatric 
patients and relating them to the physiologic alteration 
they produce is the goal of the present study. In doing 
this, we hope to help identify the best strategies for the 
future success of pediatric bariatric surgery and the 
treatment of obesity. 

MATERIALS & METHODS 

The indexed reference library PubMed, MEDLINE, 
Springer Link, and Cochrane were used to identify all 
articles from 2009 through 2014 focusing on pediatric 
bariatric surgery. Articles were limited to the English 
language from peer- reviewed sites. Searches 
consisted of keywords “pediatric,” “adolescent,” 
“bariatric surgery,” “roux-en-y gastric bypass,” “gastric 
banding,” “laparoscopic gastric banding,” “sleeve 
gastrectomy,” “bilio-pancreatic diversion,” “obese,” and 
“morbid obesity." To meet inclusion criteria, the article 
must have measured an outcome related to bariatric 
surgery in a pediatric patient with a follow-up period of 
at least one year. Exclusion criteria consisted of any 
study that included patients over the age of twenty-one, 
studies without a significant follow up for the majority of 
their patients, and articles that were published prior to 
2009. Additionally, only original retrospective and 
prospective studies were included in order to avoid 
duplication of results that were included in any previous 
meta-analysis.  

Results have been divided into two main groups. 
Group 1 consists of studies focused on the safety and 
efficacy of commonly performed bariatric procedures, 
with end points being weight loss, BMI reduction, and 
complication rates. Studies in Group 2 have an 
endpoint of comorbidity resolution, quality of life 
improvement, or social dynamics that have shown 
benefits of pediatric bariatric surgery. The majority of 
the studies in Group 2 are not well powered, but they 
have documented additional benefits of these 
procedures and have added useful data to the current 
literature. 

Description of Procedures 

RYGB involves the restriction of the stomach to a 
small pouch of approximatley 15-30 ml along the lesser 
curvature. The remainder of the stomach and proximal 
small bowel are excluded, and form the biliopancreatic 

limb which drains into the jejunum through an 
enteroenterostomy. A gastrojejunostomy is then 
created with the small gastric pouch to re-establish 
continuity, effectively bypassing a large portion of the 
foregut and leading to malabsorption.  

During LSG, the majority of the fundus and body of 
the stomach are resected by firing a stapler vertically 
along the lesser curvature creating a small, tubular 
stomach. This procedure is restrictive, but to a lesser 
degree than RYGB. An endocrine response is also 
likely involved due to gastric greater curvature and 
fundus resection. 

LAGB procedures are performed by placing a 
silicone band around the upper portion of the stomach. 
The band is connected to a subcutaneously placed port 
that is used to adjust the size of the band by either 
inflating or deflating the attached balloon. The 
procedure is restrictive in that it reversibly reduces 
stomach volume by creating a small superior gastric 
pouch.  

RESULTS 

Group 1: BMI Reduction, Weight Loss, and 
Complications  

Five original articles met all criteria and were 
included in this review. Only one study (Lennerz et al) 
included all three of the common bariatric procedures 
(RYGB, LSG, LAGB) while the four remaining studies 
analyzed only one or two of the procedures and their 
respective outcomes [52-56]. Total accruement ranged 
from n=18 to n=890, with a mean patient population of 
279 for all studies included (n= 18, 61, 81, 345, 890) 
(Table 1) [52-56]. Across all studies, individual 
procedure totals were n=659 for RYGB, n=149 for LSG 
and n=554 for LAGB [52-56]. Follow up data was 
measured at multiple time intervals and for a varied 
length of time, however all studies included had a 
minimum of 1 year follow up (Table 2). Follow up data 
ranged from 37% to 100% at one year with decreasing 
follow up compliance over longer times intervals. 
Lennerz et al. had a 12 month follow up of 48% [53]. 
Nocca et al. had a 6 month follow up of 93% with a 12 
month follow up of 78% [56]. Gothberg et al. had a 
100% follow up at 12 months [52]. Messiah et al. had a 
3 month follow up of 88% which fell to only 37% at 12 
months [54]. Cozavoc et al. had an 83% follow up at 12 
months [55]. Lennerz, Nocca, Gothberg and Cozacov 
et all had follow up times exceeding one year as the 
longer follow up period correlated with an increasing 
number of patients lost to follow up (Table 2) [52-56]. 
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The ages of the patients ranged from 11 to 21 years 
old. Mean ages for each study were 16.5, 17.5, 18.5, 
19.2 and 19.5 years old [52-56]. The male to female 
ratio showed a predominantly female patient 
population. Female subjects ranged from 65% to 74% 
of the total accruement (65%, 65%, 69%, 72% and 
74% for each study individually) (Table 1).  

Laparoscopic Adjustable Gastric Banding 

Two studies evaluated laparoscopic adjustable 
gastric banding (Graphs 1, 2, Table 3). Lennerz et al. 

accrued 34% of their total cohort from LAGB and 

showed a reduction of BMI of -9.48 +/-7.4 kg/m2 
(starting BMI 45.5kg/m2, reduced to 36.0kg/m2) and a 
weight loss of 28.2 +/-22.5 kg (starting weight 135kg, 
reduced to 106kg) [53]. Intra-operative complications, 
postoperative fevers and peritonitis occurred in 0.9% of 
patients. “Other” post-operative complications were 
identified in 2.5% of patients.  

Messiah et al. performed LAGB on 49% of patients 
included in their study [54]. Preoperative BMI was 46 
kg/m2 and the preoperative weight was 130.4kg. 
Postoperatively, the BMI dropped to 39.1 mg/m2 and 
the weight decreased to 110.7kg. The results showed a 

Table 1: Demographics: The Number of Patients as well as the Average Age and the Breakdown Ratio of Males: 
Females is Shown 

Name Number of patients Average Age % Male % Female 

Lennerz et al. 345 19.2 33% 67% 

Nocca et al. 61 19.5 31% 69% 

Gothberg et al. 81 16.5 35% 65% 

Messiah et al. 890 18.5 25% 75% 

Cozacov et al. 18 17.5 28% 72% 

TOTAL 1,395 18.2 28% 72% 

 

Table 2: Follow Up Period: The Follow Up Periods for the Five Included Studies are Shown. The Longer the Time 
Interval from the Operation, the More the Patients were Lost to Follow Up 

Name 3m 6m 9m 12 m 24 m >24 m 

Lennerz et al. x x x 48% x 22% 

Nocca et al. x 93% x 78% 52% x 

Gothberg et al. x x x 100% 73% x 

Messiah et al. 88% 66% x 37% x x 

Cozacov et al.* x x x 83% 72% 56% 

AVERAGE 88% 80%   69% 66% 39% 

*39% 4 years, 17% >7 years. 

 

Graph 1: Depicts the average BMI (kg/m2) of each study that examined the different procedures. 
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41.0% rate of nausea/ vomiting/ intestinal bleeding/ 
diarrhea or gallstones but their severity was not 
recorded. General complications were recorded as 
obstruction/abscess/internal hernia and occurred in 
9.1% of patients. One quarter of all reoperations were 
due to laparoscopic cholecystectomy, while the 
remainder of operations consisted of revising or 
removing the band or port. Device-related 

complications were observed in 22.7% of patients. 
Slightly greater than seven percent of patients had a 
slipped gastric band. There was a 2.3% readmission 
rate as well as a 1.8% reoperation rate [54]. 

Laparoscopic Sleeve Gastrectomy 

Laparoscopic sleeve gastrectomy patients saw a 
significant weight and BMI reduction after surgery 

 

Graph 2: Average weight loss (in kg) by procedure type. 

 

Table 3: Summary of Laparoscopic Gastric Banding Results Including Pre-Operative and Post-Operative BMI & 
Weight (kg) as well as Post-Operative Events and Resolution of Co-Morbidities 

Laparoscopic Gastric B an ding 

% of excess weight loss Name % of 
Procedure 

Pre 
op 

BMI 

Pre op 
Weight 

Post 
op 

BMI 

Post op 
Weight 

Time 
of 

results 

6mo 12mo 24mo 

Pos Operative 
Events 

Co-
morbidities 

Lennerz et al. 34% 45.5 135.0 36.02 106.8 x x x x 0.9% other 
intra op 

complications/ 
post op fever/ 

post op 
peritonitis, 

2.5% other post 
op 

complications  

x 

Nocca et al. 0% x x x x x x x x x x 

Gothberg et al. 0% x x x x x x x x x x 

Messiah et al. 49% 46.0 130.4 39.1 110.7 12mo x x x 41.0% nausea/ 
vomiting/ 
intestinal 
bleeding/ 
diarrhea/ 

gallstones; 
9.1% 

obstruction/ 
abscess/ 

internal hemia; 
25.0% lap 

chole; 22.7% 
devise/ related 

issue; 2.3% 
readmission 
rate; 1.8% 
reoperation 

rate 

x 

Cozacov et al. 0%      x x x x x 

Average  45.8 132.7 37.6 108.8       
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(Graphs 1, 2, Table 4). Nocca et al. showed that at 24 
months, 78% of excess weight was lost in their study 
on sleeve gastrectomies [56]. Twenty-three percent of 
patients underwent LSG in Lennerz et al’s. cohort; 
postoperative BMI and weight were 35.4kg/m2 & 
107.7kg, respectively, compared to 50.8kg/m2 and 
154kg preoperatively [56]. Cozacov et al. similarly saw 
a BMI reduction of 13.7kg/m2 and an average weight 
loss of 37.7kg at almost 50 months post-procedure in 
the 56% of patients who underwent LSG in their study 
[55]. 

Lennerz et al. saw a range of postoperative events 
that included 4% UTI rate, 1.3% postoperative bleeding 
occurrence, and a 4% gastric leak rate [53]. 
Additionally there was a 2.6% rate of wound infections 

and intra-abdominal abscesses. Nocca et al’s. gastric 
leak and post-operative pneumonia rate occurred at 
1.6%, while hematomas occurred in 3.3% of patients 
[56] Five patients (8.2%) underwent a laparoscopic 
cholecystectomy for symptomatic cholelithasis [56]. 
Eleven patients were reported to have had a vitamin 
deficiency.  

Cozacov et al. reported 2 patients that needed a 
conversion from LSG to RYGB after a significant 
amount of weight was re-gained [55]. Twenty-seven 
percent of patients suffered iron deficiency, and 
another 9% of patients reported nausea with 
overeating. One percent of patients reported GERD, 
diarrhea, or required laparoscopic cholecystectomy due 
to cholelithiasis [55]. 

Table 4: Summary of Laparoscopic Sleeve Gastrectomy Results Including Pre-Operative and Post-Operative BMI & 
Weight (kg) as well as Post-Operative Events and Resolution of Co-Morbidities 

Laparoscopic Sleeve Gastrectomy 

% of excess weight loss Name % of 
Procedure 

Pre 
op 
BMI 

Pre op 
Weight 

Post 
op 

BMI 

Post 
op 

Weight 

Time 
of 

results 6mo 12mo 24mo 

Post Operative 
Events 

Co-morbidities 

Lennerz et al. 23% 50.8 154.0 35.4 107.7 x x x x 4% UTI, 7% post 
op fever, 1.3% 
general post op 
complications 
(*not defined), 
1.3% post up 
bleeding, 4% 
gastric leak, 
2.5% sepsis, 

1.3% peritonitis, 
2.6% 

intraabdominal 
abscess, 1.3% 

wound 
dehiscence, 
2.6% wound 

infection 

x 

Nocca et al. 100% 46.7 133.5 x x  48% 67% 78% 1 gastric leak, 2 
hematomas, 1 
pneumonia, 5 

needed lap 
chole, 11 vitamin 

deficiency 

70% resolved OSA, 
85.7% resolved 

HTN, 100% 
resolved type DM2 

Gothberg et al. 0% x x x x x x x x x x 

Messiah et al. 0% x x x x x x x x x x 

Cozacov et al. 56% 46.2 127.0 32.5 89.3 47.9 
mo 

x x x 18% LSG 
converted to 

RYGB 1 female 
& 1 male after 
regained 80 & 

50 pounds 
respectively, 
27% had iron 

deficiency 
anemia, 1% had 

GERD, 1% 
diarrhea +/- 
pain, 1% lap 

chole, 1% 
cholelithiasis 

with pregnancy, 
9% nausea with 

over eating 

100% resolution 
hypertension, DM2, 
hypercholesteromia; 

75% resolved 
GERD, depression 

Average  47.9 138.2 34.0 98.5       
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Table 5: Summary of Roux en Y Gastric Bypass Results Including Pre-Operative and Post-Operative BMI & Weight (kg) 
as well as Post-Operative Events and Resolution of Co-Morbidities 

Roux en Y Gastric Bypass 

% of excess weight 
loss 

Name % of 
Procedure 

Pre op 
BMI 

(kg/m
2
) 

Pre op 
Weight 

(kg) 

Post 
op BMI 
(kg/m

2
) 

Post op 
Weight 

(kg) 

Time of 
results 

6mo 12mo 24mo 

Post 
Operative 

Events 

Co-morbidities 

Lennerz et 
al. 

34% 49.7 152.0 33.34 101.7 x x x x 0.9% splenic 
injury, vascular 

injury, other 
intraoperative 
complication, 
UTI, post op 

fever, 
anastamotic 

stenosis, 
wound 

infection; 1.7% 
pulmonary 

complication 

x 

Nocca et 
al. 

0% x x x x x x x x x x 

Gothberg 
et al. 

100% 45.5 133.0  92.0/89.0 12mo/24mo x x x In a 5 year 
follow up: 2.5% 

needed post 
op pRBC 

transfusion, 
1.2% post up 
fever, 3.7% 

need post op 
ileus operation, 
8.6% need lap 

chole, 9.9% 
need lap 

internal hernia 

x 

Messiah et 
al. 

51% 50.7 145.2 33.6 96.5 12mo x x x 1.0% cardiac 
failure resulting 

in death; 
29.6% nausea/ 

vomiting/ 
intestinal 
bleeding/ 
diarrhea/ 

gallstones; 
16.3% 

obstruction/ 
abscess/ 

internal harnia; 
7.1 

pneumonia/ 
PE; 20.8% lap 
chole; 17.2% 
repair internal 
hernia; 6.9% 
SBO; 3.4% g-
tube; 20.8% 

EGD wit 

x 

Cozacov et 
al. 

44% 48.5 139.9 28.9 85.9 54.4mo x x x 18% LSG 
converted to 

RYGB 1 
female & 1 
male after 

regained 80 & 
50 pounds 

respectively, 
27% had iron 

deficiency 
anemia, 1% 

had GERD, 1% 
diarrhea +/- 
pain, 1% lap 
chole, 1% 

cholelithiasis 
with pregnancy 

100% resolution 
hypertension, DM2, 
hypercholesteromia; 

75% resolved 
GERD, depression 

Average  48.6 142.5 31.9 94.7       
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Laparoscopic Roux-en-Y Gastric Bypass
 

The most dramatic weight loss was seen following 
RYGB, which was evaluated in four of the included 
articles (Graphs 1, 2, Table 5). Gothberg et al. solely 
studied RYGB and saw an average weight loss of 41kg 
and 89kg at 12 and 24 months postoperatively [52]. 
After 5-year follow up of 81 patients, 13.5% required 
laparoscopic cholecystectomy while 9.9% underwent 
laparoscopic internal hernia repairs; there were no 
mortalities reported. Post-operative ileus was recorded 
in 3.7% of patients, and three out of four of those 
patients required a laparoscopic operation for 
correction of their pathology (operation details not 
defined). Packed cell transfusions were given in 2.5% 
of patients [52]. Fifty-one percent of patients in the 
study by Messiah et al. underwent RYGB [54]. 
Preoperative BMI and weight was recorded as 
50.7kg/m2 and 154.2kg, respectively. At twelve months 
follow up the BMI was 33.6kg/m2 and the weight 96.5kg 
showing an overall net loss in BMI of 17.1kg/m2 and a 
net weight loss of 57.7kg. In this study there was 1 
cardiac failure-related death. Twenty-nine percent of 
patients were reported as experiencing nausea, 
vomiting or having intestinal bleeding, diarrhea, or 
gallstones. Of the patients with cholelithiasis, 20.8% of 
them needed a laparoscopic cholecystectomy. 
Obstruction, abscess, or internal hernia were noted in 
16.3% of patients. Pneumonia and pulmonary embolus 
occurred at the same rate of 7.1% post-operatively. 
The highest percentage of reoperation (24.1%) was 
defined as “other” and included reasons of abdominal 
pain, internal hernia, repair of lap-band tubing, 
diagnostic laparoscopy, lysis of adhesions, parenteral 
hernia repair, gastroparesis or internal hernia (no 
operation details reported). Nearly 7% of patients 
suffered a small bowel obstruction within 12 months of 
surgery and needed an operation. Esophogastro-
duodenoscopy with dilation was required in 20.8% of 
patients secondary to anastomotic stricture. The overall 
rate of re-operation in RYGB was 6.4% [52]. 

In Cozacov et al’s. study, 44% of patients 
underwent RYGB, and their results show considerable 
weight loss as well [55]. Preoperative average BMI and 
weight was 48.5kg/m2 and 139.9kg, respectively. Post-
operative averages were 28.9kg/m2 and 85.9kg at a 
follow up of 54.4 months. One male and one female 
(18% of patients) underwent conversion of a LSG to a 
RYGB due to weight gain; follow up weight loss from 
their second procedure was not recorded. Twenty-
seven percent of patients had postoperative iron 
deficiency anemia, 1% had gastroesophageal reflux 
disease (GERD), 1% diarrhea and 1% underwent 

laparoscopic cholecystectomy. Supplementary results 
show 100% resolution of hypertension, DM2 and 
hypercholesterolemia. Seventy-five percent of patients 
saw resolution of GERD and depression [55]. 

Lennerz et al. performed RYGB on 34% of patients 
in their study [53]. Reported postoperative BMI and 
weight were 33.3kg/m2 and 101.7kg compared to 
preoperative measurements of 49.7kg/m2 and 152kg, 
respectively. Postoperative complications were varied; 
0.9% had a splenic injury, a vascular injury, or other 
intraoperative complications that were not specified. 
Urinary tract infections, postoperative fevers, 
anastomotic stenosis, wound infections, and pulmonary 
complications were reported in 1.7% of patients [53]. 

Novel Operation: Gastric Plication 

Laparoscopic greater curvature plication has been 
established in the adult population but until recently has 
not been evaluated in the pediatric population. Vanguri 
et al’s. “Laparoscopic gastric plication in the morbidly 
obese adolescent patient” published in 2014 discusses 
the potential indications for plication and results of 
previous studies [57]. This restrictive, potentially 
reversible operation does not involve removal of tissue 
from the greater curvature of the stomach. Gastric 
plication is also considered a relatively safe procedure 
with complications ranging within the spectrum of all 
upper gastrointestinal surgery complications. The 
sparse complications that were seen post-operatively 
range from persistent vomiting from adhesions, liver 
hematomas, leaks at the suture line, and gastric 
perforation, which were all corrected by re-operation 
[57]. Zeinoddini et al. performed eight hundred gastric 
plication operations on a combination of adult and 
pediatric patients with only a 1% staple line leak rate 
[58]. There was an overall excess-weight loss of 42% 
over 10 years showing early success however all 
authors involved cited the need for additional studies 
[57,58]. 

Calcaterra et al. from Italy published their results of 
robotic-assisted gastroplication of a 15 year old female 
with hyperinsulinism, hyperandrogenism, amenorrhea, 
polycystic ovarian syndrome, hypertension and left 
ventricular hypertrophy [59]. After an 18 month non-
operative trial of a multidisciplinary approach to control 
her weight and co-morbidities, her BMI increased from 
28.8 to 42.2, and surgery was then decided upon. At 
one month following surgery, her BMI decreased to 
36.7, and her androgen profile, hyperinsulinism, and 
leptin levels all improved showing early success of the 
procedure [59]. 
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Group 2- Comorbidity Resolution 

Group 2 encompasses additional benefits of 
bariatric surgery examining studies that have observed 
outcomes other than total weight loss or BMI reduction. 
Improvement of comorbidities are additional 
advantages of bariatric surgery and favor adolescent 
baritric surgery to correct these problems in childhood. 
Comorbidities include, nonalcoholic fatty liver disease, 
type-1 diabetes mellitus, abnormal lipid profiles, 
elevated uric acid levels, hypertension and endothelial 
dysfunction, genetics and cardiovascular risks. 

Holterman et al’s. “Nonalcoholic fatty liver disease 
and bariatric surgery in adolescents” published in 2014 
discussed the global impact of liver disease in the 
pediatric population [60]. Excluding viral, drug, 
autoimmune, or metabolic causes, the largely 
asymptomatic incidence of nonalcoholic fatty liver 
disease (NAFLD) approaches 80% in obese children 
while the general pediatric population has an incidence 
of 7-12%. NAFLD will progress into cirrhosis in the 
minority of patients however there has been success 
with bariatric surgery thus far. Bariatric surgery showed 
improvement or resolution of steatosis in 90% of adults, 
although data in the adolescent population is lacking 
[60]. 

Performing bariatric surgery for adolescents with 
type 1 diabetes was documented in a study published 
in the Journal of the American Academy of Pediatrics 
by Chuang et al. in 2013 [61]. Two patients (13 and 19 
years old) were operated on for diabetes refractory to 
medical management. Though treatment of type 2 
diabetes with bariatric surgery has been established, 
this was the first study to look at adolescents with type-
one diabetes. The 13 year old underwent RYGB while 
the 19 year old had a LSG. Both patients required less 
daily insulin and saw a decrease in their BMI by 42% 
and 28%, respectively. Their hemoglobin A1C was 
unchanged although their cardiovascular risk factors 
and overall quality of life improved [61]. 

Impaired high density lipoprotein (HDL) function 
was assessed by Matsuo et al. in 2013 in the Journal of 
Obesity Biology and Intergrated Physiology [62]. HDL 
is a key regulator of endothelial function and its nitric 
oxide-vasodilatory effects. As HDL levels rise, 
abnormalities of this axis promote endothelial 
dysfunction, an early sign of atherosclerosis. The study 
revealed that neither RYGB nor lifestyle modification 
were able to correct the HDL dysfunction seen in the 
obese adolescent population. Further research is 
therefore needed for prevention of accelerated 
atherosclerosis in this patient population [62]. 

Oberbach et al’s. pilot study hypothesized that 
serum uric acid levels would be elevated in obese 
adolescents which would relate to early development of 
insulin resistance, hypertension and endothelial 
dysfunction [36]. A small cohort of 10 patients 
underwent bariatric surgery (5 LSG v. 5 RYGB) and 
their serum uric acid, glucose, transaminases and lipids 
were measured preoperatively and 12 months post 
operatively compared to a control group. The BMI in 
the LSG group decreased from 46.4 to 34.4; the RYGB 
group decreased to 36.4 from 60. The serum uric acid 
decreased by 31.1% and 28.5% after 12 months for the 
LSG and RYGB groups, respectively. The LSG group 
also saw normalization of triglycerides, insulin 
resistance and alanine aminotransferase levels while 
their blood pressure, fasting plasma glucose levels, 
and y-glutamyl transferase remained elevated. The 
RYGB patients showed fasting plasma insulin level, 
systolic blood pressure, and high-density lipoprotein 
level normalization [36]. 

“Weight loss after bariatric surgery in the morbidly 
obese adolescents with MC4R mutations” was 
published in 2013 to determine how the presence of 
the mutation would lend itself to weight loss after 
bariatric surgery [63]. Genetic factors play a strong role 
in obesity, specifically the G-protein MC4R receptor 
(melanocortin-4 receptor) in the hypothalamus and its 
influence on leptin production. Five patients were found 
to be heterozygous for the MC4R mutation out of 135 
obese patients, ages 14-18, that were selected for the 
study. The majority of MC4R mutated individuals 
underwent LGB (v. LSG) although they were assigned 
at random. Mutated individuals were able to lose 46 to 
95.3% of excess weight, which was not statistically 
significant compared to non-MC4R mutated patients. 
This illustrates that patients with and without MC4R 
mutations are able to lose weight with bariatric surgery 
[63]. 

Michalsky et al. studied the effects of a novel 
approach to accurately determining preoperative 
cardiac assessments in the obese adolescent 
population [37]. Transthoracic echocardiogram (TTE) 
has historically been used preoperatively for 
assessment of left ventricular hypertrophy or dilatation 
but often yields suboptimal results given the excessive 
amount of adipose tissue overlying the upper chest of 
obese patients. Using cardiac magnetic resonance 
(CMR) as a new diagnostic tool, Michalsky et al. have 
shown that certain risk factors for cardiovascular 
disease are reversed in adolescents following bariatric 
surgery. The 9 females in the study all had 
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preoperatively measured adenosine-induced sub-
endocardial ischemia at baseline, and all of them 
showed improvement after their weight loss surgery 
(60% had normalization of ischemia, 40% showed 
partial improvement). CMR is unaffected by adipose 
deposits and may prove to become the standard in 
preoperative cardiac testing in obese individuals both 
preoperatively and for follow up [37]. 

CONCLUSION 

In analyzing the three most commonly performed 
bariatric procedures for the pediatric population in the 
last 5 years, our results show that females undergo 
weight loss surgery almost three times more often than 
their male counterparts (1,004 vs. 391) and they most 
commonly undergo procedures between the ages of 
16.5 and 19.5 (Table 1) [52-56]. While LSG has 
become an attractive option due to its relative 
simplicity, low complication rate, and demonstrated 
effectiveness, it did not display the greatest BMI and 
weight loss results [55]. Roux en Y gastric bypass 
yielded greater BMI and weight reduction across all 
studies, followed by laparoscopic sleeve gastrectomy 
and finally laparoscopic adjustable gastric banding 
(Graph 2). The average pre-surgery BMI for RYGB was 
48.6 with a post-operative BMI of 31.9 yielding a loss of 
16.7 BMI units. The pre and post-BMI results for LSG 
and LAGB were 47.9 and 34, and 45.8 and 37.6, 
respectively. Weight loss echoed the BMI results as 
RYGB produced the greatest weight loss (47.8 kg) 
compared to LSG (39.7 kg) and LAGB (24 kg) [52-56].  

Although RYGB demonstrated the most significant 
weight loss, it was accompanied by more significant 
postoperative events including a 10% rate of re-
admission and up to a 17% rate of reoperation for 
internal hernias [52,54]. The overall rate for intra-
operative complications was 2.6% for RYGB, which is 
more than triple the rate of LSG (0%) and LAGB (0.8%) 
combined, but this did not reach statistical significance 
(P=0.375).53 Complications that did reach statistical 
significance were specific post-operative complications 
in the LSG cohort (P=0.075) which were higher than 
the post-operative complications secondary to RYGB; 
however there was no stratification on the severity of 
these complications [53]. Eleven patients underwent 
laparoscopic cholecystectomy secondary to gallstones 
following RYGB [52]. Cozacov et al. displayed two 
patients that underwent LSG and had significant weight 
gain requiring a RYGB for salvage. Post-operative 
events were recorded in all articles included in this 
review, ranging in complexity however without detail on 
surgical rescues for complications (Tables 3, 4, & 5).  

Novel ideas, represented in group 2, summarize 
newer literature that has expanded the discussion on 
pediatric bariatric surgery to include a focus on quality 
of life and resolution of co-morbidities. Emerging data 
supports offering obese patients access to counselors 
and mental-health providers as early as possible to 
avoid the detrimental effects obesity has in early 
childhood. Obese adolescents have reported their 
quality of life is comparable to adolescents diagnosed 
with cancer [64]. This is why a specialized team of 
dedicated individuals should care for obese 
adolescents as they can anticipate the evolving 
stresses their patients face [37,64]. Research has 
shown that obese individuals have a lower self-esteem 
and quality of life. However these issues resolve with 
weight loss and in only one year after bariatric surgery 
the perceived attractiveness and quality of life trended 
towards the norm [64]. Correction of the low self-
esteem in the adolescent age group is a main 
proponent of early bariatric surgery along with the 
resolution of significant comorbidities.  

Non-alcoholic fatty liver disease is the fastest 
growing indication for liver transplant in the adult 
population. Pediatric bariatric surgery resulted in a 90% 
reduction in steatosis, improving morbidity and future 
health care costs [60]. Comorbidities such as DM, 
OSA, and cardiovascular risk profiles including uric 
acid levels have improved following adolescent 
bariatric surgery [36,61,65]. Genetic research itself 
seems to be a marker of medical significance as 
genetics follows trends in the scientific community. 
Obesity is now a target of genetic research as the 
MC4R mutation, which is strongly associated with 
obesity, was hypothesized to be an obstacle for weight 
loss even after bariatric surgery. Although the study 
was underpowered, it showed that even with the MC4R 
mutation, there was no hindrance to children in losing 
weight after a bariatric procedure [63]. 

Our results and the observed differences between 
types of bariatric procedures with regard to efficacy and 
resolution of comorbidities may be more completely 
understood by examining the specific anatomic and 
physiologic changes that they produce. Laparoscopic 
adjustable gastric banding does not alter 
gastrointestinal anatomy, nor does it divert nutrients. 
Most of the reviewed literature has shown little to no 
effect on the postoperative gut hormone profile after 
LAGB, with the exception of ghrelin. Ghrelin is the only 
known orexigenic hormone produced in humans and 
has been shown to affect both short and long term 
regulation of energy homeostasis: increased appetite 
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and food intake are observed immediately following 
release, while it has also been shown to increase 
adiposity and energy expenditure over time. Secreted 
primarily by X/A-like cells in the fundus of the stomach, 
it has generally been shown to increase after LAGB. 
Most investigators have recognized this paradoxical 
postoperative rise in the “hunger hormone” as a 
response to the weight loss experienced by patients 
after undergoing this purely restrictive procedure [66]. 
This may also help explain the relative lack of efficacy 
of this procedure as compared to RYGB and LSG. 
Glucose-dependent inulinotropic peptide (GIP), a 
polypeptide produced by K-cells in the proximal small 
bowel, potentiates insulin resistance and 
hyperglycemia. It affects lipid metabolism by 
stimulating lipogenesis and fatty acid synthesis and 
therefore contributes to adiposity [67]. It has been 
shown to remain unaffected after LAGB, as this 
procedure restricts only the upper portion of the 
stomach and maintains normal small bowel anatomy 
[68]. Glucagon-like peptide-1 (GLP-1) is also 
unchanged; this hormone, produced in the distal L-cells 
of the small bowel, is responsible for delayed gastric 
emptying, increased satiety, and maintenance of 
glucose homeostasis [69]. One study examined 
changes in the gut hormone peptide YY (PYY) which 
has beneficial functions similar to GLP-1. This study by 
le Roux showed increased PYY levels following RYGB 
but no change in levels of the hormone following LAGB 
[70]. 

Studies evaluating the effects of RYGB on gut 
hormones generally conclude that it has positive 
effects. A review by Michalakis and le Roux determined 
GLP-1 and PYY levels were increased after RYGB and 
were higher than in patients who either underwent 
other types of bariatric surgery or who were non-
operated controls [71]. According to a review by Rao 
and Kini, the majority of studies evaluating GIP levels 
after RYGB have shown a postprandial decrease, with 
some studies also showing decreased levels during 
fasting [72]. This may be explained by the re-routing of 
oral intake that occurs after RYGB and the resulting 
exclusion of GIP-producing K-cells in the proximal 
small bowel. The effect of RYGB on ghrelin levels is 
less clear; several studies have shown decreased 
postoperative ghrelin levels but this is not consistently 
the case [73]. An attempt to clarify this disparity was 
made in a study by Sundbom et al., describing short-
term decreased ghrelin levels following RYGB that 
subsequently rise to normal levels by one year 
postoperatively [74]. They attribute this initial decrease 
in ghrelin levels to temporary vagal nerve trauma as 

they were careful to not transect the vagus nerves. 
Vagus nerve function has been shown to be directly 
related to ghrelin release as vagotomized patients were 
shown to experience no increased food intake after 
receiving exogenous ghrelin [75]. The authors 
concluded that since patients continued to experience 
weight loss despite increasing ghrelin levels, the weight 
loss observed after RYGB is independent of ghrelin 
functioning and may in fact be more directly related to 
vagal input [74].  

LSG has been accepted relatively recently as an 
alternative bariatric procedure, and as such the data 
regarding its effects on gut hormones is not as 
extensive as that available for other procedures. The 
majority of the available data has pertained to its 
effects on ghrelin. Ghrelin levels have been shown to 
be reduced in procedures that either resected or 
sequestered the gastric fundus [69]. Although some 
studies show conflicting evidence, LSG appears to 
most consistently reduce ghrelin levels for an extended 
period of time. This was noted in a long term study by 
Bohdjalian et al., who reported outcomes 5 years 
postoperatively [76]. A prospective, double blinded 
study examined the effects of LSG and RYGB on 
appetite and PYY levels in addition to ghrelin; they 
found that both procedures had a similar positive effect 
on PYY levels, but LSG produced increased excess 
weight loss at 6 and 12 months compared to RYGB 
and also reduced appetite to a greater extent. Fasting 
and postprandial ghrelin levels were also significantly 
reduced after LSG while RYGB resulted in no change 
from baseline [77]. Another prospective study found 
significantly decreased ghrelin levels and increased 
PYY and GLP-1 levels after LSG [78]. A small, 
prospective study comparing the effects of LSG and 
RYGB on gut hormones found that both procedures 
had a similar positive effect on glucose tolerance, GLP-
1, GLP-2 and GIP levels after a standardized liquid 
meal [79]. 

What can be discerned from the seemingly 
inconsistent body of literature is that procedures that 
alter gastrointestinal anatomy (RYGB, LSG) tend to 
produce superior results to those that do not (LAGB). 
While both RYGB and LSG have both proven to be 
effective in reducing BMI and improving comorbidities 
in the pediatric population, they do not appear to work 
in similar ways. The majority of available data 
regarding LSG seems to indicate that its primary 
mechanism of action is to decrease ghrelin levels 
thereby reducing appetite and caloric intake, while 
RYGB is perhaps more effective yet seems to have no 
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consistent long term effect on ghrelin. The factor 
responsible for the discrepancy between both 
procedure’s effects on ghrelin may, in fact, be related 
to the preservation or inadvertent traumatic disruption 
of the vagus nerve. Despite these inferences, the 
intricacies of the gut hormone profile in relation to the 
alteration of anatomy produced by bariatric surgery is 
not yet well understood, particularly with respect to the 
pediatric population, and it remains unknown which 
physiologic manipulation or combination of these will 
be the most effective. Due to differences in surgical 
technique, perhaps the next step might be to measure 
differences in weight loss as it relates to postoperative 
gut hormone levels. The value of determining the basis 
for the efficacy of weight loss surgery lies in the 
potential for developing more successful and less 
invasive forms of intervention. 
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