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Abstract

Background: Adolescent obesity is an important health issue. Non-surgical weight management programs, even
the most aggressive, have shown modest weight reduction results. Laparoscopic sleeve gastrectomy (LSG) is
gaining reliability as a low surgical risk bariatric procedure with proper efficiency for this age group. The aim of this
study was to present our initial experience with LSG in morbidly obese adolescents and to report short-term clinical
and metabolic outcome.

Results: Mean age was 16.43 years, and mean preoperative weight and body mass index (BMI) were 132.68 kg and
48.90 respectively. Mean excess weight loss (EWL) was 54.11 kg 1 year after LSG, corresponding to 74 EWL% as well
as mean BMI loss (BML) of 19.89. LSG improved fatty infiltration of the liver in 75% of cases and other comorbidities
in 100% of patients.

Conclusions: LSG proved to be a safe procedure with significant short-term clinical and metabolic success for
adolescent obesity.
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Background
Adolescent obesity is a progressive disease causing
significant morbidity [1–3]. It is associated with serious
co-morbidities, such as hypertension, diabetes mellitus,
non-alcoholic fatty liver disease (NAFLD), and dyslipid-
emia [4, 5]. Moreover, poor body image, reduced quality
of life, and psychological impacts are still grave issues
[6–9]. Non-surgical management rarely results in sustained
weight reduction or resolution of these comorbidities [3].
There is still a controversial consensus regarding ideal

bariatric surgery for each age group especially for adoles-
cents. Laparoscopic sleeve gastrectomy (LSG) is gaining
reliability as a low surgical risk bariatric procedure with
proper efficiency for this age group. The aim of this
study was to present our initial experience with LSG in
morbidly obese adolescents and to report feasibility and
short-term clinical results as a primary outcome and

metabolic changes and comorbidity resolution as a
secondary outcome.

Methods
This was a prospective study which included 35 mor-
bidly obese adolescents aged between 12 and 19 years.
Their body mass indices were above 99th percentile for
age and sex with or without comorbidities. Patients and
their parents were counseled about potentially available
surgical procedures (LSG, gastric band, and Roux-en-Y
gastric bypass) including pros and cons, possible out-
comes, complications, and optimum postoperative life-
style changes. All patients underwent comprehensive
evaluations by multidisciplinary team including pediatric
endocrinologist, nutritionist, and psychologist preopera-
tively. All obese adolescents who failed to achieve signifi-
cant weight loss (10% of initial weight at 6 months)
through non-surgical treatment were indicated to LSG
and included in our study. We excluded patients with
hiatal hernia, GERD or had previous open upper GI
surgery; being pregnant, lactating, or having secondary
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obesity; or having any medical or psychological issues
preventing commitment to postoperative regimens. An
informed consent was obtained from parents with assent
from patients less than 18 years or directly from patients
more than 18 years to be enrolled in the study and
possible publication. Our institutional ethical committee
approval was obtained before starting the study (No:
30279/05/15). All candidates underwent LSG at our
University Hospital between August 2015 and August
2017. Their medical records including anthropometric
measurements were contemporaneously reviewed, and
all data were collected in Excel sheet. Baseline, operative,
and follow-up data were thoroughly reviewed, analyzed,
and summarized.
Routine preoperative esophagogastroduodenoscopy

(OGD), helicobacter test (antigen in stool), and echocar-
diogram to evaluate left ventricle hypertrophy were
obtained in all cases. Clinical and laboratory assessments
including total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglycerides (TG)
(mg/dL), oral glucose tolerance test (OGTT), glycated
hemoglobin (HbA1c), transaminases, and abdominal
ultrasound for evaluation of hepatic fatty infiltration were
obtained preoperatively and 6 and 12 months postopera-
tively in all cases.
The following variables were used to orderly define co-

morbidities: pre-diabetes (fasting glucose FG ≥ 100 and
< 126 mg/dL or OGTT ≥ 140 and < 200 mg/dL), type 2
diabetes mellitus (T2D) (FG ≥ 126 mg/dL or OGTT ≥
200 mg/dL or glycated hemoglobin Hb ≥ 6.5%), dyslipid-
emia (TC > 200 or LDL > 130 or HDL< 40 or TG >130
mg/dL), and hypertension was diagnosed when systolic
and/or diastolic BP greater than the 95th percentile for
age, sex, and height.

Surgical procedure
Standard 5-port LSG was done using French position with
the surgeon standing between the patient’s legs. After
devascularization of the greater curve and complete fun-
dus mobilization using bipolar sealing device (LigaSure™,
Medtronic, USA), gastrectomy over size 36 fr bougie start-
ing 4 cm proximal to pylorus was done using Echelon
EndoGIA stapler (Johnson and Johnson). No second layer
(inverting lambert sutures) was performed; titanium clips
were used to stop bleeding at the staple line when indi-
cated. Fixation of the gastric sleeve to the pre-pancreatic
fascia using two 2/0 monofilament sutures was done to
prevent twist. A drain was inserted in all cases. Detailed
surgical descriptions, including all steps, intraoperative
mishaps, and/or complications, were recorded.

Postoperative management
Patients started oral intake 12 h postoperatively and
were discharged 2 days postoperatively once tolerating

adequate oral fluids, their pain was controlled, and they
were ambulating easily. Postoperatively, patients were
advised to start liquid diet for 2 weeks, then soft diet for
2 weeks, and solid diet after 4 weeks by gradual excess
in food texture. All patients discharged on multivitamins
with calcium and vitamin D daily; vitamins B1, 6, and 12
intramuscular weekly; and proton pump daily for 6
months. Patients were scheduled to attend our out-
patient clinic 2, 6 weeks after surgery, and then 3, 6, and
12 months, then annually to monitor weight loss,
appetite, dysphagia or food intolerance, eating behavior,
comorbidity status, and any complications. Postopera-
tively, physical activity was allowed, and our cases were
followed for 1 year.
Measurements such as weight (kg), height (m), and

BMI (kg/m2) as well as waist circumference WC (cm)
were recorded in every visit. Excess weight (EW) = (pre-
operative weight−ideal weight) was measured using
weight values above 85th percentile for age and sex, and
excess weight loss ratio (EWL) %= (preoperative weight
−current weight/EW) ×100. EBMI loss (excess body
mass index loss) and body mass index loss ratio (BML%)
were measured, compared with preoperative data, and
reported in all cases. Follow-up of comorbidity reso-
lution was recorded.

Statistical analysis
Statistical analysis of the present study was conducted,
using the mean, standard deviation, ANCOVA test, and
chi-square test using the SPSS® software package version
24 (IBM. USA, Chicago). We used chi-square to evaluate
all qualitative data including percentages and student T
test to evaluate mean and SD.

Results
Current study included 35 patients: 11 males and 24
females. Age ranged from 12 to 19 years with mean age
of 16.43±2.32 years. Ten patients were from 12 to 14
years and 25 patients from 16 to 19 years. Mean pre-
operative weight and height were 132.68±32.82 kg and
163.68±11.05 cm respectively whereas mean preopera-
tive BMI was 48.90±8.89 kg/m2.
Mean operative time was 101.75±13.89 min. There

were no conversions or operative complications includ-
ing inadvertent injury to any organ, bleeding, stapler
misfiring, narrow sleeve, anteroposterior disproportion
leading to sleeve twist, or any other complication. Hospital
stay was 2 days, without readmissions or deaths.
Complications included 3 patients with mild wound

infection, 5 (14.3%) patients with hypocalcemia 2
months postoperatively but was corrected with supple-
mentation within 2 months, one patient complaining of
hair loss and had decreased serum zinc 3 months post-
operatively, and 8 (22.9%) patients that had symptoms
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suggestive of GERD (vomiting, heart burn, and dyspep-
sia) 2 months postoperatively and were relieved with
medical treatment (proton pump inhibitor, prokinetic
drugs) for 2 months. We had no leakage and no mortal-
ity in our series.
Mean postoperative weight values with statistically

significant changes along 1 year are shown in Table 1,
and mean EWL was 22.87, 39.19, and 54.11 kg in 3, 6,
and 12 months post-LSG respectively. Moreover, mean
excess weight loss ratio (EWL%) along 1 year is illus-
trated in Fig. 1.
Mean preoperative BMI was 48.90±8.89 kg/m2, and

mean BMI excess was 22.23 kg/m2. Mean postoperative
BMI and mean EBMIL with statistically significant re-
sults 1-year post-LSG are illustrated in Fig. 2.
Mean preoperative waist circumference (WC) and

postoperative WC loss of our patients along 1 year are
shown in Fig. 3.
We succeeded to have 2 (5.7%) and 11 (31.4%) non-

obese patients (BMI less than 25 kg/m2 or less than 85th
percentile) on 6 and 12 months respectively out of 35
obese patients as shown in Fig. 4, and this was statisti-
cally significant by comparing percentage of non-obese
in relation to preoperative ones. Preoperative comorbidi-
ties and postoperative resolution are demonstrated in
Table 2.

Discussion
Considering low response to non-surgical treatment and
impaired quality and expectancy of life in morbidly
obese adolescents, bariatric surgery seems to be the ideal
management hope. However, long-term impacts of sur-
gery, such as growth and psychological outcome, are not
fully understood till now.
Only few literatures had addressed LSG in adolescent

obesity. Assessment of different comorbidities and meta-
bolic derangements before and after LSG illustrates its
effect and changes the procedure from being just weight
reduction surgery to metabolic one. In the present study,
we evaluated clinical and metabolic parameters for 35
morbidly obese adolescents before and after LSG during
a period of 12 months: 24 females and 11 males. Different
parameters as age, weight, BMI, WC, and comorbidities

including hypertension, DM, SAS, and dyslipidemia of our
cases as well as reported obese adolescents who under-
went LSG in literature are shown in Table 3. We also re-
ported that 9 of 35 (25.7%) patients in our case series had
PCO including irregular menses and hirsutism as an im-
portant comorbidity associated with morbid obesity in
adolescent girls that was not reported before in literature.
Mean operative time in our study was 101.75 min

which is close to that reported by Park et al. (108 min)
[11], and slightly more than Alqahtani et al. [10]; they
reported 84 min, while it was significantly lower than re-
ported by Franco et al. (256 min) [14]. We did not have
any intraoperative complications as bowel, organ, or vas-
cular injury; inadvertent bleeding from the gastric
remnant; or mishaps as stapler mechanical failure. The
technically demanding key operative steps included
complete fundal dissection, antral measurements, and
first and last stapler firings. Mean hospital stay in our
study was 2 days which was closely similar or lower than
most studies. However, it was more than Park et al.’s
[11] study which was 1 day. Short operative time reflects
feasibility and reproducibility of the procedure, while
short hospital stay confirms its safety.
Postoperatively, we encountered minor complications

as mild wound infection in 3 (8.6%) cases and mild tem-
porary de novo reflux manifestations in 8 (22.9%) pa-
tients which was detected between the second and third
month postoperatively and resolved within 2 months of
medical treatment. We think we had temporary reflux
due to leaving adequate antrum preventing formation of
high-pressure zone at the GE junction, in addition to
stapling 0.5 cm from the angle of His preserving the
sling fibers responsible for antireflux mechanism. Also,
pouch-related complications such as stenosis, spiral
sleeve, or twist are very important causes of postopera-
tive vomiting and reflux; these were avoided in our pa-
tients by sticking to critical operative tricks. The first
stapler was done from left working port parallel to the
lesser curvature avoiding being perpendicular on inci-
sura causing its narrowing, traction from devascularized
greater curvature during stapling avoiding excess re-
moval from one surface of the stomach more than other
one, and fixing the pouch with 2 hypnotic stitches to the
peripancreatic fascia preventing sleeve twist.
Hypocalcemia occurred in 5 (14.3%) patients that was

detected 3 months after LSG and corrected within 2
months with calcium with vitamin D supplementation,
and zinc deficiency in one case 3 months postoperatively
corrected in 3 months; both of them were mostly due to
lack of compliance of patients to take multivitamins and
stick to nutritional instructions. Aridi et al. [12] reported
one case of wound infection. Alqahtani et al. [10] had
wound infection in 2 cases and gastroesophageal disease
in 3 cases. Franco et al. [14] reported one case of iron

Table 1 Postoperative weight changes

Weight Range Mean ± SD P value

Preoperative 85.6–189 132.68 ± 32.82

2 weeks 79–178 121.80 ± 31.35 0.203

3 months 75–160 109.78 ± 26.64 0.008*

6 months 64.58–142 93.79 ± 22.69 0.001*

12 months 52.1–119 78.56 ± 17.82 0.001*

P value indicates statistical significance
SD standard deviation
*symbol indicate statistical significance
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deficiency. To our minds, antral length of 4 cm and vita-
min B complex supplementation are two important fac-
tors; both facilitate adequate iron absorption and
prevented its deficiency in our series.
In our study, mean weight 1-year post-LSG was 78.56

kg which is lower than mean weight of Aridi et al. [12]
80.3kg and Dargan et al. [13] 94.1kg. We succeeded to

have mean EWL of 54.11 kg after 1-year post-LSG which
is higher than all literature, Alqahtani et al. [10] 42.7kg,
Franco et al. [14] 34.5 kg, and Dargan et al. [13] 39.1 kg.
Mean EWL% was 74.08% 1-year post-LSG which is

only lower than Aridi et al. [12] (90.1%), while higher
than other literature including Alqahtani et al. [10]
(61.3%), Franco et al. [14] (60%), Dargan et al. [13]

Fig. 1 EWL and EWL% changes

Fig. 2 Simultaneous changes of BMI, BML, and BML% of our patients
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(64%), and Park et al. [11] (67.6% after 1 year). After 1-
year post-LSG, EWL% was maintained above the ex-
pected value (50 to 70%) according to Reinhold criteria
by sticking to close follow-up with continuous nutri-
tional and exercise support for all our teens [15, 16].

In our study, mean 1-year postoperative BMI was
29.01 kg/m2 which is slightly higher than Aridi et al.
[12] (28.4 kg/m2). However, Alqahtani et al. [10] and
Dargan et al. [13] showed higher mean BMI after 1 year,
32.4 and 31.2 kg/m2 respectively. Mean BMI excess was

Fig. 3 Waist circumference changes

Fig. 4 Number of obese and non-obese patients
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22.23 kg/m2 among our cases. EBMIL and EBMIL% were
not routinely reported in literature. In our study, mean
EBMIL was 19.89 kg/m2 1-year post-LSG which is mark-
edly higher than Franco et al. [14] (12.3 kg/m2). Also, we
report EBMIL% of 94.64% 1 year postoperatively which is
markedly higher than Alqahtani et al. [10] (68.9%).
One year postoperatively, mean WC in our study was

89.95 cm which is lower than Franco et al. [14] (108.4 cm)
and Dargan et al. [13] (98.3cm). Regarding resolution of
obesity-related comorbidities after 1-year follow-up, we
could demonstrate 100% hypertension resolution, while
Aridi et al. [12], Alqahtani et al. [10], Park et al. [11], and
Franco et al. [14] studies showed its resolution in 5/8
(62.5%), 27/36 (75%), 1/2 (50%), and 10/13 (76.9%), respect-
ively. In our study and in Alqahtani et al.’s [10], prediabetic
patients showed 100% resolution 1 year postoperatively.
Also, SAS disappeared in 100% of our cases and in Park

et al. [11] within 1 year postoperatively. On contrary, SAS
resolution in Aridi et al. [12] and Alqahtani et al. [10] was
80% and 90.9% respectively. Uniquely in our study, we
had PCO in 9 cases, 5 of them improved within 6 months
and 2 after 1 year showing regular menses, improvement

of hirsutism, and disappearance of ovarian cysts. This was
not reported or discussed in other literature.
We were also able to demonstrate complete resolution

of dyslipidemia in all our cases after 1-year post-LSG.
While dyslipidemia resolution in Aridi et al. [12] was
58.3%, Alqahtani et al. [10] was 70%, Park et al. [11] was
53.8%, and Franco et al. [14] was 90.5%.
To summarize our results, we could demonstrate sig-

nificant resolution of obesity-associated comorbidities in
almost all adolescent cases in our study with adequate
weight loss 12 months post-LSG.

Conclusion
Upon our initial experience, we could report that LSG is
an efficient and safe bariatric procedure offering signifi-
cant weight reduction and almost resolution of obesity-
related comorbidities in adolescent obesity. Ideal and
meticulous selection of patients, sticking to a standard-
ized surgical approach, and follow-up are necessary for
optimal results. Studies that evaluate quality of life and
long-term impacts are needed, especially the psycho-
logical impact of bariatric surgery in adolescents.

Table 2 Comorbidity resolution among patients

Comorbidities Preoperative 6 months 12 months

N % N % N %

HTN (MeS) 22 63 9 26 0 0

TG (MeS) 21 60 7 20 0 0

(HDL) (MeS) 9 26 4 11 0 0

Cholesterol 2 6 0 0 0 0

Pre-diabetic (MeS) 23 66 5 14 0 0

(NAFLD) 28 80 16 46 7 20

(SAS) 16 46 4 11 0 0

(PCO) 9 26 4 11 2 6

N refers to number
MeS metabolic syndrome parameter, HTN hypertension, TG triglyceride, HDL high-density lipoprotein, NAFLD nonalcoholic liver disease, SAS sleep apnea
syndrome, PCO polycystic ovary

Table 3 The ages, numbers, and preoperative parameters of the reported adolescent obese patients

Study

Alqahtani et al. [10] Park et al. [11] Aridi et al. [12] Dargan et al. [13] Franco et al. [14] Our study

Age Range 5–21 14–20 11–21 16.8–19.8 14–19 12–19

Mean 13.9 19 18.6 19.1 16.89 16.43

Number of patients 108 14 119 13 22 35

Preoperative WT (kg) Mean 120.8 117.6 117.9 133.6 128.5 132.68

Preoperative BMI (kg/m2) Mean 50.7 40.2 41.9 46.2 46.5 48.9

Mean preoperative WC (cm) 130.8 133.6 130.5

HTN 39/108 2/14 8/119 13/22 22/35

Prediabetes 14/108 23/35

Preoperative SAS 36/108 4/14 5/119 16/35

Dyslipidemia 52/108 13/14 12/119 21/22 2/35
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