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Abstract
Background The children and adolescent population with obesity has increased worldwide, both in developing areas and in
developed countries. Consequently, the prevalence of morbid obesity among this population has also increased, leading to an
exponential growth of bariatric approaches in this population. Many surgeons fear eventual nutritional sequelae after
malabsorptive approaches and prefer restrictive or mixed procedures.
Methods A retrospective review of all the morbidly obese patients between 13 and 19 years, undergoing a one-anastomosis
gastric bypass (OAGB) as bariatric procedure between 2004 and 2012, was performed.
Results A total of 39 patients were included, 8 males (20.5%) and 31 females (79.5%), with a mean age of 17.8 ± 2 years (range
13–19 years). Mean preoperative weight was 114.3 ± 20.4 kg and mean BMI 42.2 ± 5.9 kg/m2. Preoperative comorbidities
include only type 2 diabetes mellitus (T2DM) in 7.9% of the patients, hypertension in 10.3%, and dyslipidemia in 23.1%.
Five years after surgery, mean BMI was 25.9 ± 5.3 kg/m2 and total weight loss 32.1 ± 15.7%. Remission rate of T2DM,
hypertension and dyslipidemia was 100%. All the patients received multivitamin and vitamin D supplementation. Anemia
secondary to iron deficiency occurred in one female, requiring intravenous iron supplementation during 1 year and later on oral
supplementation.
Conclusions OAGB is a valid alternative for long-termweight loss and remission of comorbidities in childhood and adolescence.
No cases of malnutrition or growth disorders were observed.
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Background

The children and adolescent population with obesity has sig-
nificantly increased all over the world, both in developing
areas and in developed economies. According to the World
Health Organization data obtained from different studies, obe-
sity rate has multiplied tenfold in the last decade [1].
Specifically in Spain, the prevalence of obesity in children
and adolescents ranges between 18 and 20% [2]. Thus, the
prevalence of morbid obesity has also consequently increased

and bariatric surgery is actually considered a usual therapeutic
weapon among these patients [3, 4].

In the literature, the most common bariatric surgical proce-
dures performed for adolescent patients are adjustable lap-
band and Roux-en-Y gastric bypass (RYGB); however, sleeve
gastrectomy has become more popular in recent years, though
there is no evidence in long-term results [3–5]. One-
anastomosis gastric bypass (OAGB) has demonstrated to be
a safe, effective, and long-lasting procedure for weight loss
and the remission of obesity-related comorbidities in the adult
life [6, 7].

Many surgeons fear the nutritional sequelae after
malabsorptive procedures, which might affect the normal
growth of children and adolescents, and therefore prefer to
opt for restrictive or mixed procedures in these patients
[3–5]. However, a previous study has demonstrated that
malabsoroptive procedures, such as duodenal switch, are safe
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procedures in adolescents, observing age-appropriate neuro-
logical and physical development in all the cases [8].

The aim of this study was to analyze the results obtained in
our children and adolescent series undergoing OAGB.

Patients and Methods

A retrospective review of all the morbidly obese patients be-
tween 13 and 19 years undergoing an OAGB as bariatric
procedure between 2004 and 2012 at an IFSO Center of
Excellence was performed. Patients lost to follow-up were
excluded.

Preoperative Evaluation

A multidisciplinary team performed a combined medical, nu-
tritional, psychological, and endocrinological workup to eval-
uate potential surgical candidates. A dietician established a
diet consisting in a total daily energy intake of 1000 kcal. A
weight loss of at least 10% of the patient’s weight (20% of
patient’s weight in patients with superobesity) was considered
an indispensable condition to undergo the bariatric approach,
whose benefit has been demonstrated in a previous study of
our group [9].

Patients received information about possible perioperative
complications and necessary postoperative nutritional
supplementation.

Surgical Technique

All procedures were performed laparoscopically. Surgical
technique of OAGB was performed as previously described
by Carbajo et al. [10]. The total bowel length was determined;
the biliopancreatic limb length was 60% of the total bowel
length, and the common limb length was 40% of the total
bowel length.

Follow-up

All the patients were followed up by the surgeon and endocri-
nologist at 3, 6, 9, 12, 18, and 24 months and later on yearly.
During the follow-up, anthropometric parameters and comor-
bidity resolution were evaluated. All the patients completed a
5-year follow-up.

Medical treatment, such as antidiabetic, antihypertensive,
and hypolipemiant drugs, was adjusted according to the cur-
rent needs of the patient. The nutritional status of the patients
was evaluated by the endocrinologist with analytical blood
tests. Multivitamin tablets (Elevit, Bayer, Germany), 2

tablets/day, and vitamin D (Hidroferol 266 UI, Faes Pharma,
Spain), 1 blister/week, were uniformly prescribed. According
to the analytical determinations, specific vitamin or mineral
deficiencies were specifically supplemented.

Remission of Comorbidities

Remission of type 2 diabetes mellitus (T2DM) was defined as
plasma fasting glucose levels below 110 mg/dl and glycated
hemoglobin (HbA1c) below 6.5% in the absence of hypogly-
cemic treatment. Remission of hypertension (HT) was defined
as blood pressure below 135/85 mm hg in the absence of
antihypertensive treatment; remission of dyslipidemia (DL)
was defined as fasting plasma triglycerides below 200 mg/
dl, total cholesterol below 200 mg/dl, and high-density lipo-
protein cholesterol over 40 mg/dl in the absence of pharma-
cological therapy.

Postoperative endoscopy was not routinely performed, on-
ly in those patients with persistence or new onset of reflux
symptoms.

Variables

Analyzed variables included age, gender, preoperative
obesity-related comorbidities, weight, BMI, postoperative
complications, mortality, and hospital stay. During the fol-
low-up, at 1, 2, and 5 years, anthropometric measurements,
remission of comorbidities, and nutritional deficiencies were
assessed.

Statistics

Statistical analysis was performed with the informatic pro-
gram SPSS 20.0 for Windows. Quantitative variables follow-
ing Gaussian distribution were defined by mean and range.
Qualitative variables were defined by number of cases and
percentage.

Patients over 18 years old signed a written informed con-
sent form, before undergoing the surgery. In those patients
under 18 years old, informed consent form was signed by
the patients and their parents or legal guardians, according to
the Spanish law.

Results

A total of 39 patients were included, 8 males (20.5%) and 31
females (79.5%), with a mean age of 17.8 ± 2 years (range 13–
19 years). Eighteen patients were under 18 years old and 21
were 18 or 19 years old at the time of surgery. Mean weight
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was 114.3 ± 20.4 kg, mean height 154 ± 11.6 cm, and mean
BMI 48.2 ± 5.7 kg/m2. Preoperative comorbidities are de-
scribed in Table 1.

All the patients underwent an OAGB with a mean
biliopancreatic limb of 260.5 ± 29.6 cm (range 200–320 cm)
and a mean common limb of 227.1 ± 16.8 cm (range 200–
250 cm). There were no postoperative complications, and
hospital stay was 1 day in all the cases.

One year after surgery, mean weight was 65.9 ± 13.7 kg,
mean height 158.6 ± 13.4 cm, mean BMI 26.2 ± 3.9 kg/m2,
and total weight loss 42.3 ± 12.3%. Remission rates of
T2DM, hypertension, and dyslipidemia were 100%.

Two years after surgery, mean weight was 66 ± 10.7 kg,
mean height 162.4 ± 14.1 cm, mean BMI 25 ± 5.1 kg/m2,
and total weight loss 42.3 ± 9.6%. Remission rates of
T2DM, hypertension, and dyslipidemia were 100%.

Five years after surgery, mean weight was 70 ± 14.3 kg,
mean height 164.3 ± 13.9 cm, mean BMI 25.9 ± 5.3 kg/m2,
and total weight loss 38.8 ± 12.7%. Remission rates of
T2DM, hypertension, and dyslipidemia were 100%. The evo-
lution of weight loss is described in Table 2.

One female patient presented severe anemia secondary to
iron deficiency, requiring intravenous supplementation during
1 year and later on oral supplementation. The rest of the pa-
tients received daily multivitamin supplementation and vita-
min D 266 UI weekly and remained under periodical analyt-
ical controls. There were no cases of protein malnutrition
among this series of patients.

During the follow-up, there were no cases of persistence or
new onset on reflux symptoms.

Discussion

Obesity in childhood is associated with most of the physical
and psychosocial conditions observed in obese adults [11].
Obese children and adolescents are destined to become obese
adults [12]. Adolescents with morbid obesity are at elevated
risk of developing adult comorbidities, including type 2 dia-
betes, sleep apnea–hypopnea syndrome, hypertension, joint
problems, nonalcoholic fatty liver disease [13], reduced qual-
ity of life [10], and negative self-esteem, that may persist into

adulthood [14]. Despite massive healthcare initiatives, includ-
ing lifestyle changes, increase in physical activity, and dietary
modifications, which are the first steps for the treatment of
obesity, nonoperative therapy for morbid obesity has pro-
duced poor results [15, 16]. For these patients, bariatric sur-
gery may provide the only practical alternative for achieving a
healthy weight and to avoid the development of physical and
psychological consequences of obesity [17, 18].

The IFSO position statement of 2016 about bariatric sur-
gery in children and adolescents indicates that in the absence
of changes of lifestyle, children with obesity may suffer a
reduction of life expectancy between 10 and 20 years and
are at risk to develop serious health problems at 40–60 years
of age [19]. Thus, bariatric surgery is an effective procedure in
patients under 18 years of age with obesity. However, there is
still little evidence about the safety and long-term benefits of
these procedures among children and adolescents. Woolford
et al. [20] conducted a survey on pediatricians and concluded
that half of them would never refer obese adolescents for
bariatric surgery. They argue that patients should be at least
18 years old in order to be considered for bariatric surgery.
The reasons for this reluctance are the uncertainty about the
long-term consequences of bariatric surgery, such as growth
limitations or nutritional disorders [21]. In relation with this
fear, for a time it was considered that only restrictive proce-
dures were the most adequate to avoid generating an aggregate
disorder in the growth of these patients [22]. Mixed proce-
dures, like RYGB, with low malabsorptive component, are
increasingly performed [21–23]. However, most authors agree
that there is a lack of long-term results.

A Spanish multisociety expert panel assessment concluded
that morbid obesity in adolescents requires a stronger, inten-
sive, and more aggressive treatment than in adults. In this
regard, surgery should occupy a more prominent role given
its excellent results in terms of weight loss and ability to cor-
rect comorbidities, which are easier to reverse at early stages
[24]. Malabsorptive techniques can also be probably indicated
in children and adolescents, aiming to reduce the incidence of
long-term weight regain and recurrence of comorbidities re-
ported for restrictive techniques [25] and even for RYGB [26].
The bowel of children and adolescents has an enormous ca-
pacity of absorption and adaptation. Given the long-term ex-
pectation of life in these patients, a malabsorptive procedure
would be more suitable for this population. OAGB is a
malabsorptive procedure that has exponentially increased in
the last decade. It is associated with very low complications,
mortality, readmissions, and reoperation rates and shows ex-
cellent short- and long-term benefits of weight loss and reso-
lution of comorbidities in adult population. In the OAGB
technique, as described by Carbajo et al. [10], the total bowel
length is determined. After its assessment, the appropriate
length of the limbs is calculated to obtain a significant weight
loss, but warranting enough bowel length for absorption to

Table 1 Preoperative comorbidities

T2DM 7.9%

Hypertension 10.3%

Dyslipidemia 23.1%

Arthropaties 30.8%

Sleep apnea/hypopnea syndrome 38.5%

Gastroesophageal reflux disease 23.1%

Liver steatosis 38.5%
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avoid secondary malnutrition disorders. In our series, mean
BMI 5 years after surgery was 25.9 kg/m2 with a total weight
loss of 38.8% and remission of comorbidities in 100% of the
cases. Notwithstanding, the main concern after malabsortive
procedures are nutritional deficiencies. In our study, there
were no cases of malnutrition. One patient presented micro-
cytic anemia, but the rest remained asymptomatic and without
any other deficiencies, taking only multivitamin and vitamin
D supplements. A recently published study of our group, com-
paring OAGB with RYGB and SG in adult patients, showed
that weight loss and remission of comorbidities was signifi-
cantly higher after OAGB, when compared with the other
techniques. However, the nutritional deficiencies were com-
parable between OAGB and RYGB, and slightly greater than
SG, referring specifically to iron and folates [27]. In this study,
iron deficiency could be observed in up to 25% of the cases,
despite routine daily multivitamin and mineral supplement
intake. Most of these cases do not develop microcytic anemia,
and the iron deficiency is usually managed with specific iron
oral supplementation. Only those cases refractory to the oral
treatment must be treated with parenteral iron solutions. Iron
deficiencies are frequent after procedures bypassing the duo-
denum, which is the main site for iron absorption. Moreover,
the gastric resection reduces the gastric acid secretion, which
is responsible for the conversion of iron to ferrous salts that are
absorbed [28]. Our previous study has demonstrated that iron
deficiencies were significantly lower after sleeve gastrectomy
than after Roux-en-Y gastric bypass or OAGB [27].

Few studies have reported long-term follow-up after bar-
iatric surgery in adolescents. A Swedish nationwide study,
involving adolescents undergoing RYGB, showed a mean
BMI of 32 kg/m2 5 years after surgery and up to 72% of
patients with nutritional deficiencies [23]. A recently pub-
lished meta-analysis of morbidly obese adolescents, undergo-
ing mainly RYGB, adjustable gastric banding and sleeve gas-
trectomy, and with a minimum of 3 years follow-up, revealed
mean BMI 3 years after surgery ranging from 27.3 to 40.5 kg/
m2. Despite the improvement in anthropometric data was sig-
nificantly better after RYGB than after restrictive procedures,

they observed a weight regain in those patients with follow-up
longer than 5 years. Diabetes mellitus was the only comorbid-
ity with a significant long-term improvement [29].

Marceau et al. [8] reported a series of 16 adolescents un-
dergoing a duodenal switch with a mean follow-up period of
10.6 years (range 2–16 years). They showed a mean excess
weight loss over 80%, with complete remission of comorbid-
ities and normal age-appropriate neurodevelopment.
However, two patients in their series presented postoperative
complications, and one of them died in the postoperative
course. Papadia et al. [30] described their experience with 76
adolescents undergoing a biliopancreatic diversion, with a
mean follow-up of 11 years. They showed a mean excess
weight loss of 78% at their longest follow-up, a complete
remission of diabetes mellitus and dyslipidemia and a remis-
sion rate of hypertension over 92%. However, they reported a
protein malnutrition rate of 14.5% and long-term mortality of
4%. Obviously, malabsorptive procedures obtain greater
weight loss and improvement of comorbidities, but with a
higher risk of malnutrition and sequelae [31].

OAGB is also a malabsorptive procedure, but in our series,
there were no complications, weight loss was even better than
that reported for duodenal switch and biliopancreatic diver-
sion, and physical and neurological development was
completely normal in all the cases, with heights within the
normal range and many of them with university studies.
Referring to the remission of comorbidities, it is certain that
the remission rates of T2D, HT, and DL are 100%. However, it
must be considered that the prevalence of preoperative comor-
bidities was low among the studied population. Therefore, our
results of comorbidity remission must be interpreted with
caution.

The patients analyzed in this study presented a gastro-
esophageal reflux disease (GERD) rate of 23.1%. After sur-
gery, the GERD symptoms disappeared in these patients and
there were no cases of new onset of biliary reflux symptoms.
OAGB is considered by many authors a surgical treatment
option for GERD [32]. However, there is still some debate
about new onset of biliary reflux. The reported incidence of

Table 2 Evolution of weight, height, BMI, and total weight loss at 1, 2, and 5 years after surgery

Weight (kg) Height (cm) BMI (kg/m2) Excess weight loss (%) Total weight loss (%)

Preoperative 114.3 ± 20.4 154 ± 11.6 48.2 ± 5.7

3 months post 90.6 ± 17.1 154.7 ± 11.5 37.9 ± 4.9 43.6 ± 14.7 20.7 ± 9.8

6 months post 79.7 ± 15.6 155.9 ± 11.5 32.8 ± 4.4 64.9 ± 15.2 31.1 ± 10.6

9 months post 71.2 ± 14.9 157.4 ± 12.4 28.7 ± 4.2 82.4 ± 17.5 37.7 ± 11.1

1 year post 65.9 ± 13.7 158.6 ± 13.4 26.2 ± 3.9 94.3 ± 18 42.3 ± 12.3

18 months post 65.5 ± 12.6 160.6 ± 13.9 25.4 ± 4.8 98.9 ± 17.9 42.7 ± 10.7

2 years post 66 ± 11.7 162.4 ± 14.1 25 ± 5.1 100 ± 17.6 42.3 ± 9.6

3 years post 67.1 ± 12.3 163.1 ± 13.5 25.2 ± 5.4 98.9 ± 18.1 41.3 ± 11.2

5 years post 70 ± 14.3 164.3 ± 13.9 25.9 ± 5.3 94.7 ± 17.9 38.8 ± 12.7
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biliary reflux by most series ranges from 0.7 to 2.8% [33, 34],
but there are some studies reporting up to 10% rates [35]. We
performed a modified OAGB with an antireflux suture, as
previously described, obtaining a postoperative biliary reflux
rate of 0.2% after 12 years follow-up [10]. Thus, it seems
logical that there were no cases of biliary reflux among 39
patients.

Recent randomized studies have shown equivalent weight
loss between sleeve gastrectomy (SG) and RYGB, despite the
lack of an intestinal bypass in the first one [35]. The reason
why SG had similar results to RYGB is that SGmay provide a
better restrict ion than RYGB, countervail ing the
malabsorptive mechanism of RYGB. In OAGB, there is also
a mild restriction provided by the long sleeve tuve. However,
weight loss is not only based on restriction and malabsorption.
There are also metabolic mechanisms of weight loss.
Exclusion of the duodenum from food stream may eliminate
the physiologic response of duodenal gut hormone and related
enzyme secretion (glucagon, cholecystokinin, and
biliopancreatic enzymes). The rapid food transit to distal gut
induces a surge of distal gut hormone (GLP-1 and PYY) re-
lease. This has beenwidely studied in RYGB and SG, but little
is still known about OAGB [36, 37]. Another mechanism
involved is the gut microbiota. Recent studies have shown
that the gut microbiota of obese human beings is distinct from
that of healthy weight individuals. The abundance of certain
species changed significantly after SG and RYGB. It was also
revealed that the abundance of certain microbes was signifi-
cantly correlated with the body mass index, fasting blood glu-
cose, and glycosylated hemoglobin. Similarly, there is a lack
of evidence about changes in microbiota after OAGB [38].
Thus, future studies on OAGB should be focused on analyz-
ing the metabolic hormonal effect of this technique and the
changes in the microbioma and their correlation with weight
loss and remission of comorbidities.

In our opinion, OAGB with total bowel length measure
and, according to this, customizing the biliopancreatic and
common limb lengths, is an effective and safe procedure for
morbidly obese children and adolescents. However, further
studies with longer follow-up periods must be conducted to
confirm our results.

Conclusions

OAGB is a valid alternative for long-term weight loss and
remission of comorbidities in childhood and adolescence.
There are no cases of malnutrition and the scarce vitamin or
mineral deficiencies can be controlled with specific supple-
mentation, without affecting normal growth.

The measurement of the total bowel length is essential to
perform a safe technique and to achieve adequate long-term
results.
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