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Abstract An estimated 1.5 billion individuals are over-
weight worldwide, with the prevalence of morbidly obese
individuals increasing rapidly. Despite modest weight loss
secondary to lifestyle modification, bariatric surgery
remains the only evidence-based approach to producing
marked weight loss in morbidly obese individuals. Currently,
bariatric surgical procedures are classified as primarily restric-
tive or malabsorptive. Laparoscopic adjustable gastric band-
ing (LAGB) and laparoscopic sleeve gastrectomy (LSG) are
the most common restrictive procedure performed. Of the
primarily malabsorptive surgical procedures, Roux-en-Y gas-
tric bypass (RYGB) is the most common. Both LAGB and
LSG have been shown to lead to adequate weight loss
with minimal morbidity. RYGB remains the most effective
treatment for morbid obesity; however, it is also the most
technically demanding and complex of these procedures.
Determining the optimal bariatric surgical procedure for a
particular morbidly obese patient remains a complex decision
based on evolving evidence.

and although definitions vary, obesity is generally defined as a
bodymass index (BMI) greater than 30 kg/m2. TheWorldHealth
Organization estimates that 1.5 billion adults are overweight and
that 500 million are defined as clinically obese [1]. These esti-
mates are expected to continue to increase during the upcoming
decades [2•]. In Canada, approximately 60% of the population is
overweight with 24% defined as clinically obese [3]. Morbidly
obese individuals (BMI>40 kg/m2) are at an increased risk of
developing obesity-related comorbidities such as type 2 diabetes
mellitus and hypertension leading to cardiovascular events.
Despite ongoing lifestylemodifications, bariatric surgery remains
the only strategy to produce marked sustainable weight loss.
Determining the appropriate bariatric surgical procedure for a
select patient involves thorough consultation and strategy plan-
ning with a multidisciplinary team. In this review, we explore the
effectiveness of primarily malabsorptive and restrictive bariatric
surgical procedures in morbidly obese individuals.

Bariatric Surgery

Bariatric surgical procedures can be classified as primarily
malabsorptive or primarily restrictive. The latter are defined
based on mechanical restriction or limitation of the size of the
stomach, and include surgical procedures such as laparoscopic
adjustable gastric banding (LAGB) and laparoscopic sleeve
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Introduction

The prevalence of obesity continues to grow at an escalating rate



gastrectomy (LSG). LAGB involves placement of an adjustable
band across the fundus of the stomach, leading to reversible
restriction of the functional stomach. Similarly, LSG involves
formation of a gastric “tube” to restrict the size of stomach;
however, this procedure is irreversible. In contrast, primarily
malabsorptive bariatric surgical procedures such as Roux-en-Y
gastric bypass (RYGB) involve resection of the stomach to
form a small gastric pouch along with rearrangement of the
small bowel to bypass the duodenum and deliver gastrointesti-
nal contents directly to the distal jejunum. The bypass is
achieved by attaching a Roux limb to the gastric pouch.

Bariatric surgery is typically considered when medical
and behavioral strategies fail. Despite a limited number of
studies directly comparing weight loss following bariatric
surgery to nonoperative management, marked weight loss
has been observed following bariatric surgery. In a recent
systematic review, Picot et al. [4] concluded that bariatric
surgery is a clinically effective and cost-effective interven-
tion in moderate to severe obese people compared to con-
ventional nonsurgical interventions.

Laparoscopic Adjustable Gastric Banding

Comparatively, LAGB is the least complex bariatric surgical
procedure currently available, with a low overall morbidity
rate [5]. In addition, the relatively short duration of surgery
and hospital stay has made LAGB one of the most com-
monly performed bariatric surgical procedures in Europe
[6]. The band can be fitted on the stomach to achieve the
desired effect. A systematic review done by Chapman et al.
[5] comparing LAGB to RYGB in the treatment of obese
individuals reported that LAGB has a lower mortality rate
and morbidity rate (0.05% and 11.3% vs 0.50% and 23.6%,
respectively), with a mean follow-up of 4 years (Table 1).

Furthermore, these authors suggested that LAGB was as
effective as RYGB in producing weight loss in the short term.
These findings are supported by a more recent systematic
review done by O’Brien et al. [7]. The authors reported that,
although RYGB had a higher mean percent excess weight loss
(EWL) compared to LAGB in the first (67% vs 42%) and
second (67% vs 53%) years post procedure, there was not a
significant difference at 7 years (55% vs 51%, respectively).
Based on 7-year follow-up results, these authors concluded
that LAGB was as effective as RYGB in the medium term. In
contrast, a systematic review by Buchwald et al. [8] reported
increased weight loss following RYGB compared to LAGB
(mean percent EWL 62% vs 48%, respectively).

Dixon et al. [9] randomized 60 obese patients with type 2
diabetes mellitus to receive conventional therapy (lifestyle
modifications) or LAGB. They reported a significantly greater
mean weight loss of 21% in the LAGB-treated group com-
pared to 1.7% in the conventional therapy group. Suppor-
tively, Ray and Ray [10] reported 60% EWL at 5 years in
31 patients following LAGB. Interestingly, Van Nieuwenhove
et al. [11] observed 50% EWL in 44% of 656 morbidly obese
patients following LAGB with a mean follow-up of
95 months. However, these authors suggest LAGB may not
be an ideal first option to treat morbid obesity, with a failure
rate near 25% inmorbidly obese patients. Despite controversy
regarding the efficacy of LAGB and its long-term success it
remains an appropriate, evidence-based surgical treatment
option for obesity. With low morbidity rates, and immediate
reversibility, it is a reasonable option in select patients.

Laparoscopic Sleeve Gastrectomy

LSG was initially the first step to a two-staged approach for
high-risk obese patients. However, current evidence supports

Table 1 Comparison of RYGB versus LAGB and LSG

Study RYGB LABG LSG

Change
in BMI

Mortality
rate, %

Morbidity
rate, %

Change
in BMI

Mortality
rate, %

Morbidity
rate, %

Change in BMI Mortality
rate, %

Morbidity
rate, %

Chapman et al. [5] −16.8 0.98 27.4 −10.9 0.22 10.7

O’Brien et al. [7]a EWL 68.5% EWL 52.9%

Buchwald et al. [8]a −16.7 0.5 −10.43 0.1

Dixon et al. [9] −7.4 0 0.13

Kehagias et al. [12••] −13.6 0 10 −16.2 0 10

Karamanakos et al. [14] −15.1 0 0 −16.2 0 0

Himpens et al. [15] −18 0 0.18 −27.5 0 0.05

Angrisani et al. [17] −14 12.5 −8.5 0 7.7

Tice et al. [18]a EWL 62.75% 0.017 EWL 37.75% 0.32 0.1

a Systematic reviews

BMI body mass index; EWL excess weight loss; LAGB laparoscopic adjustable gastric banding; LSG laparoscopic sleeve gastrectomy; RYGB Roux-
en-Y gastric bypass
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its application as a stand-alone bariatric surgical procedure.
Kehagias et al. [12••] randomized 60 morbidly obese patients
(BMI<50 kg/m2) to undergo LSG or RYGB and observed
similar EWL between both groups (68% vs 62%, respective-
ly) at 3 years follow-up. In addition, both groups had compa-
rable early morbidity (13% for LSG vs 10% for RYBG) and
late morbidity (10% for both groups). Supportively, a recent
systematic review including 673 morbidly obese patients
(mean BMI 47.4 kg/m2) undergoing LSG reported a mean
EWL of 47.3% at 13.1-month follow-up [13].

Marked weight loss following LSG was initially attributed
to the restriction of caloric intake; however, new theories have
been suggested. It has been proposed that resection of ghrelin-
secreting cells with the gastric fundus leads to suppression of
the patient’s appetite. Karamanakos et al. [14] randomized 32
obese patients to LSG or RYGB and observed an EWL of
69.7% and 60.5%, respectively, at 1 year. In addition, ghrelin
levels decreased further (as measured 2 h post meal) in the
LSG-treated group (21.5% decrease) than in the RYGB-
treated group (14%), which was associated with greater appe-
tite suppression in the LSG group.

Early data suggest that LSG may be more effective at
producing weight loss than LAGB. Himpens et al. [15] ran-
domized 80 patients to undergo LSG or LAGB and reported a
median EWL of 57.5% for LSG at 1 year compared to 41.4%.
At 3-year follow-up, median EWL was 66% for LSG versus
48% for LGB. Minor and major (defined as the need to
reoperate) complications were higher in the LGB group; how-
ever, the authors suggested that the major complications seen
in the LSG group were of greater severity.

Roux-En-Y Gastric Bypass

Currently, RYGB is the most commonly performed bariatric
procedure in North America. It functions as both a restrictive
and malabsorptive bariatric surgical procedure that produces
clinically significant weight loss. Suter et al. [16] followed
922 morbidly obese patients who underwent RYGB surgery
between 1999 and 2008, with 379 of these patients having
follow-up of 5 years or greater. These authors reported greater
than 50% EWL in 74.9% of there patients, along with 76.8%
of these patients reducing their BMI to less than 35 kg/m2 at
5-year follow-up. Angrisani et al. [17] randomized 51 mor-
bidly obese patients (> 35 kg/m2 to <50 kg/m2 BMI) to LAGB
or RYGB surgery and observed a significantly greater weight
loss in the RYGB group (mean EWL 66.6%) versus the
LAGB group (mean EWL 47.5%) at 5-year follow-up.

The most important early complication associated with
RYGB is anastomotic leak. Despite being a life-threatening
complication, early diagnosis and management leads to
good clinical outcomes. With RYGB being a more technically
demanding procedure than primarily restrictive bariatric

procedures, complications are more likely to occur. However,
studies have demonstrated that, overall, rate of complication
tends to be comparable or even lower in RYGB than other less
effective surgical interventions. In a recent systematic review,
Tice et al. [18] suggested that despite RYGB having greater
short-term complications, RYGB had fewer complications and
reoperation rates in the long-term compared to LAGB.

Conclusions

The prevalence of obesity has reached epidemic proportions
worldwide. Morbidly obese individuals are at increased risk
of cardiovascular events and associated morbidity. Despite
modest gains through lifestyle modification and pharmaco-
logic intervention, bariatric surgery remains the only
evidence-based strategy to produce marked weight loss.
Determining the appropriate bariatric surgical option for a
particular patient remains a complex decision requiring a
multidisciplinary approach. Currently LAGB, LSG, and
RYGB all are reasonable surgical options with acceptable
morbidity in morbidly obese patients. Nevertheless, bariatric
surgical strategies will continue to evolve as further evi-
dence is accumulated.
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