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Abstract

Background: There is little data about the surgical outcomes of different procedures in children.
Objectives: We aimed to compare the difference in three-year surgical outcomes between laparoscopic sleeve gastrectomy laparo-
scopic sleeve gastrectomy (LSG) and one-anastomosis gastric bypass one-anastomosis gastric bypass (OAGB) in children undergoing
these procedures.
Methods: A total of 96 children aged ≤ 19 years were listed for bariatric surgery to be included in this prospective study. Demo-
graphic characteristics, such as age and gender, and anthropometric indices, including height, weight, body mass index, waist cir-
cumference, and hip circumference, as well as postoperative complications, were recorded. The participants underwent LSG and
OAGB by the same surgical team. The variables were compared between the groups at baseline and 1, 3, 6, 12, 24, and 36 months after
surgery.
Results: At follow-up, the OAGB group had a higher waist circumference after 1 and 3 month(s) (P = 0.011 and 0.005, respectively)
and higher hip circumference 3 months after surgery (P = 0.035). Time significantly affected the trend of changes in weight, body
mass index, waist circumference, and hip circumference (P < 0.001). There were no cases of postoperative complications.
Conclusions: Our experience showed that LSG had better outcomes after three months, while LSG and OAGB had favorable out-
comes on the weight and body mass index (BMI) of children with morbid obesity until three years after surgery.

1. Background

Obesity is a worldwide growing health problem (1).
with an increased risk of mortality and morbidity (2). Mor-
bid obesity, defined as a body mass index (BMI) ≥ 40
kg/m2, is reported in approximately 1.5 - 4% of children
and adolescents (3-5), with an increasing trend in recent
decades (6). Morbid obesity, as a life-threatening condi-
tion, requires emergent treatment and surgical treatment.
In this regard, bariatric surgery can be considered the best
option for treating patients who fail to lose enough weight
through non-surgical treatments (7, 8).

Bariatric or metabolic surgery is performed by var-
ious procedures worldwide, including Roux-en-Y gastric
bypass, sleeve gastrectomy sleeve gastrectomy (SG), ad-
justable gastric banding adjustable gastric banding (AGB),

and biliopancreatic diversion with duodenal switch bil-
iopancreatic diversion with duodenal switch (BPD/DS)
(9), favorably performed laparoscopically (10). Laparo-
scopic mini-gastric bypass laparoscopic mini gastric by-
pass (LMGB), also known as a one-anastomosis gastric by-
pass (OAGB), is a relatively new procedure, suggested as
an effective and safe method of bariatric surgery (11) with
favorable surgical outcomes (12). Studies have compared
the efficacy of different surgical procedures on various
postsurgical outcomes (13-15), while there are few investi-
gations on the efficacy of diverse bariatric procedures in
the pediatric population (16, 17). Most studies on mor-
bid obese children have reported favorable outcomes for
different bariatric techniques, including gastric banding,
AGB, RYGB, SG, and laparoscopic RYGB (18-20). However, (la-
paroscopic) OAGB has scarcely been addressed.
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Iran is a country with a high prevalence of obesity, es-
timated at 22% of adults and 6 - 12% of the pediatric pop-
ulation aged < 18 years (21, 22). However, different as-
pects of morbid obesity, such as the efficacy of distinct
treatment protocols, are not well defined among the Ira-
nian population, especially children. In our center, the
approved center of excellence for metabolic and bariatric
surgery by the international federation of surgery for obe-
sity and metabolic disorders international Federation of
surgery for obesity and metabolic disorders (IFSO), we ac-
tively manage obese and patients with morbid obesity,
referring from variable parts of the country by different
methods based on patients’ conditions. We accurately
record patients’ information in a web-based database at
different follow-ups. There are insufficient data about mor-
bid obesity treatment among the pediatric population in
our country, as well as a lack of studies comparing the ef-
fect of laparoscopic SG (LSG) with OAGB in the pediatric
population on patients’ weight loss and health status.

2. Objectives

This study compared the three-year surgical outcomes
between LSG and OAGB in children undergoing these pro-
cedures.

3. Methods

3.1. Participants

The study population of this retrospective study in-
cluded children aged ≤ 19 years scheduled for bariatric
surgeryduring 2011 - 2019 from National Obesity Surgery
Database, Iran. The study protocol was approved by
the Ethics Committee of the affiliated institution (code:
IR.IUMS.REC 1396.30618). Before the enrollment of patients
into the study, the researchers explained the research ob-
jectives to the children’s parents, informed them about the
study steps and protocols, and asked them to read and sign
the written informed consent for the participation of their
child in the study. The inclusion criteria were the age of ≤
19 years old, referring to the obesity clinic and private clin-
ics during 2011 - 2019, and having an indication for bariatric
surgery. Indications of bariatric surgery included BMI ≥
40 kg/m2, BMI of 35 - 40 kg/m2 in addition to an obesity-
related complication or failure of treatments other than
surgery after two years, with an acceptable risk of surgery.
All eligible patients were enrolled in the study by the cen-
sus method.

The demographic characteristics of participants, in-
cluding age and gender, were recorded, and their anthro-
pometric indices, namely height, weight, waist circum-
ference waist circumference (WC), and hip circumference

(HC), were measured by the clinic’s physician and were
recorded in the study checklist. The participants under-
went two types of surgery, LSG, and OAGB, based on med-
ical indications, such as nutritional habits and the pres-
ence of diseases, including gastroesophageal reflux. The
surgical procedures were performed by one surgical team.
OAGB was performed according to Rutledge’s method pre-
sented in 2001 (23). Accordingly, a long and narrow lesser
curvature pouch was cut distal to the crow’s foot and was
continued vertically as a tube to the left side of the Hiss
angle, and was finally anastomosed side to side with an
omega-shaped jejunal loop at about 180 - 220 cm from the
ligament of Treitz.

All participants were scheduled to be followed for
three years and were visited after 1, 3, 6, 12, 24, and 36
months. Postsurgical complications, including postoper-
ative bleeding, deep vein thrombosis deep vein throm-
bosis (DVT), intra-abdominal abscess, obstruction, pul-
monary emboli (PE), wound dehiscence, and wound in-
fection, were investigated during the follow-up visits and
were recorded. Exclusion criteria are any patient who de-
veloped substance abuse or alcoholism, became pregnant
during the follow-up period, had long durations of hospi-
talization (> 5 days) due to surgical complications or hy-
poalbuminemia, and required pre-surgery, as well as pa-
tients who had no weight loss after surgery due to reduced
physical activity (such as traumatic patients).

3.2. Statistical Analysis

Statistical analysis was performed using the SPSS ver-
sion 21 (IBM, USA). Analysis of data distribution was as-
sessed by the Kolmogorov-Smirnov test. In order to show
whether the variance of data in the two groups was equal
or not, Levene’stest was used. Mean and standard devi-
ation were calculated for normal variables, and median
with IQR described the non-normal variables. For nor-
mally distributed data, the independent samples t-test and
paired samples t-test were used; for non-normal variables,
the Mann-Whitey U test and Wilcoxon (nonparametric in-
dependent and two related sample comparisons) were ap-
plied to compare variables. Repeated measures analysis
of variance (ANOVA) with Greenhouse-Geisser correction
of within-subjects effects was utilized to assess the differ-
ences between and within groups for weight loss and BMI
at follow-up periods. P < 0.05 was accepted as statistical
significance.

4. Results

A total of 96 patients were included in the analysis, of
whom 58 (60.4%) were female and 38 (39.6%) were male. LSG
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was performed for 32 patients, and OAGB was performed
for 64 people. The gender distribution of the groups was
not different, with 22 females and ten males in the SG
group and 36 females and 28 males in the OAGB group (P
= 0.274). The mean age of the study, SG and OAGB groups
was 17.21 ± 2.75, 16.65 ± 2.78, and 17.5 ± 2.71 years, respec-
tively. The groups were not significantly different in terms
of age (P = 0.159).There were no cases of postoperative com-
plications in any of the groups.

Mean and standard deviation (SD) of the weight,
height, BMI, WC, and HC of patients in different time points
in the two surgical groups are shown in Table 1. As indi-
cated, the baseline weight in the OAGB group was higher
than in the SG group (P = 0.04), while the other baseline
characteristics, including BMI, were similar between the
groups. According to the results of the independent sam-
ples t-test, the WC of the groups was different after 1 and
3 month(s) (P = 0.011 and 0.005, respectively), and HC was
different 3 months after surgery (P = 0.035).The changes
in weight and BMI are shown in Figure 1, and that of WC
and HC are shown in Figure 2. Assessment of the effect of
time using repeated measures ANOVA showed the signifi-
cant effect of time on patients’ weight and BMI consider-
ing seven time intervals (Figure 1) (P < 0.001). Due to a lot
of loss to follow-up patients, studying the effect of time on
WC and HC was only possible after 1, 3, and 6 months and
the results of comparing the four intervals (these three in
addition to baseline values) showed the significant effect
of time on WC and HC (P < 0.001) as shown in Figure 2. In all
cases, neither early complications (e.g., leakage, bleeding,
abscess, dyspepsia, and wound infection) nor serious late
complications in subsequent follow-ups (e.g., ulcer, steno-
sis, hypoalbuminemia, vomiting, anemia, reflux, internal
hernia, gastroesophageal reflux disease (GERD), malnutri-
tion, and cholelithiasis) were observed. Only the cases of
anemia and vitamin D deficiency were found which were
treated.

5. Discussion

In this study, we investigated the effects of LSG and
OAGB on 96 children aged ≤ 19 years with a mean age of
17.21 years and compared the weight, BMI, WC, and HC of
the participants between the groups at baseline and 1, 3,
6, 12, 24, and 36 months after surgery. Our study showed
that both groups had a significant decrease in all these vari-
ables at all the follow-up visits, with the significant effect
of time on weight, BMI, WC, and HC. Comparison between
the groups revealed similar weight and BMI at all inter-
vals, while the OAGB group had a higher WC after 1 and 3
month(s) and higher HC after 3 months. These results con-

firmed the favorable impact of LSG and OAGB on the weight
loss of the pediatric population.

Several studies have addressed morbid obesity man-
agement in children due to the increasing prevalence of
morbid obesity in this population and its negative influ-
ence on their growth and future adulthood diseases (4).
In the first report of LSG in children, this technique was
suggested as a safe and effective stand-alone surgical op-
tion for managing morbid obese children (24).Other re-
searchers confirmed favorable short-term results for LSG
on the weight loss of children and adolescents (< 19 years)
(25). In addition, the comparison of results with a matched
group undergoing non-surgical weight management sug-
gested significant weight loss, improved growth, and the
resolution of comorbidities without a significant rise in
the mortality or morbidity rate by LSG in children aged < 14
years (26). These results support the findings of the present
study, suggesting that the LSG group lost weight for three
years after surgery. In our study, the mean weight and BMI
of patients at baseline were128.4 kg and 46.98 kg/m2, re-
spectively, while in the study by Boza et al., the presurgi-
cal values (98 kg and 38.5 kg/m2, respectively) (25) were
higher than that of our study. Despite the higher baseline
weight and BMI, we observed a significant decline in pa-
tients’ weight and BMI with a decreasing trend in the mean
weight until 12 months after surgery and BMI until 3 years
postop in the group undergoing LSG. These results confirm
the efficacy of LSG on the weight loss of children with mor-
bid obesity aged≤ 19 years without any postoperative com-
plications among 32 cases.

The other group in the current research underwent
OAGB. Patients in this group had a mean weight of 140
kg and a mean BMI of 45.98 kg/m2 before surgery, both
of which showed a decreasing trend until 24 months af-
ter surgery but increased a bit after that. One-anastomosis
gastric bypass is a relatively new technique, introduced in
2001 for adults with morbid obesity (23), and most studies
have investigated its efficacy and safety only in the adult
population (11, 27). In a 10-year follow-up study by Lee et
al., comparing the results of laparoscopic RYGB with OAGB
showed lower mean BMI in the OAGB group with a shorter
duration of surgery, which suggested OAGB as a safe and
efficient alternative (28). The results of the latter study are
in line with that of the present study, indicating significant
weight loss in the group undergoing OAGB, while we have
included patients aged≤ 19 years. Following the successful
weight lossin one case aged 12 years undergoing OAGB af-
ter 5 years (29), Carbajo et al. reported the results of a 5-year
follow-up of children aged 13 - 19 years (mean: 17.8 years) un-
dergoing OAGB at the European IFSO excellence center and
showed that the mean BMI of participants declined from
the pre-operative value of 42.2 kg/m2 to 25.9 kg/m2 after 5
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Figure 1. Changes in the patients’ weight and body mass index in the two study groups
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Table 1. Mean Height, Weight, Body Mass Index, Waist Circumference, and Hip Circumference of Participants at Different Time Points in the Two Study Groups

Variables and Time Points
Total Sleeve Gastrectomy One-Anastomosisgastric Bypass

P-Value a

N Mean ± SD N Mean ± SD N Mean ± SD

Height (m) 96 166.77 ± 8.46 32 165.08 ± 9.87 64 167.62 ± 7.6 0.167

Weight (kg)

Before surgery 96 136.14 ± 26.24 32 128.39 ± 24.8 64 140.02 ± 26.27 0.04

1 month after surgery 92 126.18 ± 25.19 29 119.42 ± 24.06 63 129.29 ± 25.27 0.081

3 months after surgery 81 106.52 ± 22.16 23 100.55 ± 15.59 58 108.89 ± 23.98 0.128

6 months after surgery 76 96.17 ± 20.78 21 92.32 ± 14.63 55 97.64 ± 22.63 0.322

12 months after surgery 62 85.00 ± 20.13 15 84.26 ± 12.59 47 85.24 ± 22.11 0.872

24 months after surgery 44 80.48 ± 14.92 9 86.40 ± 17.18 35 78.96 ± 141.16 0.186

36 months after surgery 27 87.64 ± 17.98 6 87.41 ± 25.2 21 87.71 ± 16.18 0.972

Body mass index

Before surgery 96 48.83 ± 8.01 32 46.98 ± 6.81 64 45.98 ± 7.14 0.111

1 month after surgery 92 45.18 ± 7.57 29 43.65 ± 6.81 63 45.88 ± 7.85 0.19

3 months after surgery 81 38.16 ± 7.23 23 37.03 ± 5.83 58 38.61 ± 7.72 0.377

6 months after surgery 76 34.39 ± 6.85 21 33.97 ± 5.94 55 34.55 ± 7.21 0.743

12 months after surgery 62 30.4 ± 6.71 15 31.01 ± 5.22 47 30.20 ± 7.16 0.687

24 months after surgery 44 28.39 ± 4.84 9 30.44 ± 6.54 35 27.86 ± 4.26 0.157

36 months after surgery 27 30.02 ± 8.94 6 30.14 ± 8.94 21 29.99 ± 4.53 0.953

Waist circumference (cm)

Before surgery 60 122.68 ± 28.36 19 113.84 ± 32.24 41 126.78 ± 25.78 0.101

1 month after surgery 52 118.37 ± 13.71 19 112.07 ± 13.82 33 122.00 ± 12.45 0.011

3 months after surgery 52 108.49 ± 14.39 16 100.28 ± 7.95 36 112.13 ± 15.17 0.005

6 months after surgery 36 96.17 ± 20.78 11 94.27 ± 11.78 25 98.64 ± 8.36 0.879

12 months after surgery 15 87.26 ± 9.39 4 87.00 ± 11.91 11 87.36 ± 8.99 0.95

24 months after surgery 10 88.7 ± 14.82 3 85.33 ± 19.21 7 90.14 ± 14.08 0.665

36 months after surgery 7 93 ± 10.59 0 0 7 93 ± 10.59 –

Hip circumference (cm)

Before surgery 60 135.55 ± 29.26 19 129.26 ± 32.81 41 138.46 ± 27.4 0.261

1 month after surgery 52 156.22 ± 15.4 19 190.15 ± 25.35 33 136.68 ± 24.48 0.232

3 months after surgery 52 125.42 ± 13.7 16 119.46 ± 8.53 36 128.06 ± 14.8 0.035

6 months after surgery 36 113.45 ± 10.63 11 116.94 ± 10.43 25 112.32 ± 10.73 0.34

12 months after surgery 15 104.86 ± 9.16 4 109.75 ± 9.21 11 103.09 ± 8.89 0.226

24 months after surgery 10 107.1 ± 10.94 3 10.7.00 ± 16.0 7 107.14 ± 9.71 0.986

36 months after surgery 7 112.57 ± 11.71 0 0 7 112.57 ± 11.71 –

a The results of independent samples t-test, significant at P-value < 0.05.

years (30). These findings are consistent with our results,
suggesting OAGB as a valid alternative in children and ado-
lescents with favorable long-term results. Among 64 pa-
tients undergoing OAGB, there were no cases of postopera-
tive complications. These results confirm the safety and ef-

ficacy of OAGB in children. In other studies on 1000 (31) and
1200 cases (32) undergoing OAGB, the researchers reported
short-term complications in about 1 - 2.7% of patients. How-
ever, these studies have addressed surgical outcomes in the
adult population. One-anastomosis gastric bypass compli-
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cations must be further investigated in children and ado-
lescents in large populations.

In our study, the comparison of the outcomes of LSG
and OAGB groups showed that both groups had similar
weight and BMI after surgery, while the OAGB group had
a higher WC after 1 and 3 month(s) and higher HC after
3 months, which could be due to the higher mean base-
line weight of children in the OAGB group. As WC and HC
of the groups were not different at other intervals, there
was no difference between the mean weight or BMI of the
groups, and both groups had a decreasing trend in weight,
BMI, WC, and HC, with a significant effect of time. We can
conclude that both LSG and OAGB resulted in substantial
weight loss in the studied population with similar impacts.
We could not find any other studies comparing these two
methods in children. Other investigations have reported
other bariatric techniques, including gastric banding and
AGB (18), RYGB and SG (19), and laparoscopic RYGB, SG, and
AGB (20) and have revealed favorable outcomes. Therefore,
further studies are required to compare the effect of OAGB
with other bariatric procedures to indicate the best treat-
ment choice for children with morbid obesity.

5.1. Limitations

We compared the efficacy of OAGB with LSG for the
first time in children and adolescents, extracting valid data
from the IFSO excellence center. The present study had
some limitations. First, the number of patients meeting
the inclusion criteria was low, which limited the sample
size of our study. Furthermore, for the same reason, we
had to include all eligible patients by the census method
(convenient sampling method) and could not randomize
patients for the study. Moreover, the type of surgery was
selected based on the surgeon’s opinion, and we could not
randomize patients into the groups or match patients in
the groups for the baseline characteristics. This type of pa-
tient enrollment can increase the chance of bias in the re-
sults.

5.2. Conclusions

In conclusion, the results of the present study demon-
strated that children aged≤ 19 years could successfully un-
dergo OAGB with a significant reduction in weight, BMI,
and other anthropometric variables, such as WC and HC,
until three years after surgery which were comparable to
LSG. Therefore, OAGB is suggested as an efficient weight
loss procedure for children and adolescents. Although
there were no short- or long-term complications in our
study, the small sample size in each group necessitates
larger studies on larger populations to determine the com-
plication rates of OAGB in children and adolescents com-
pared to LSG or other bariatric techniques.
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