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Abstract

Introduction We aim to review the available literature on morbidly obese patients treated with one anastomosis gastric bypass
(OAGB) or Roux-en-Y gastric bypass (RYGB) in order to compare the clinical outcomes of the two methods.

Methods A literature search was performed in PubMed, Cochrane Library, and Scopus, in accordance with the PRISMA
guidelines.

Results Sixteen studies were included in the qualitative analysis, and 11 studies were included in the quantitative analysis (meta-
analysis), incorporating 12,445 patients. OAGB was associated with shorter mean operative time. The length of hospital stay was
comparable between the two procedures. The incidence of leaks, marginal ulcer, dumping, bowel obstruction, revisions, and
mortality was similar between the two approaches. The incidence of malnutrition was increased in patients treated with OAGB,
while the incidence of internal hernia and bowel obstruction was greater in the RYGB group. In addition, the OAGB was
associated with greater % excess weight loss (%EWL) at 1, 2, and 5 years postoperatively. The rate of diabetes remission was
greater in the OAGB group. Nonetheless, the rate of hypertension and dyslipidemia remission was similar between OAGB and
RYGB.

Conclusion The present meta-analysis is the best currently available evidence on the topic and demonstrates the superiority of
OAGB compared with RYGB, in terms of weight loss and diabetes remission. However, the OAGB was associated with a
significantly higher incidence of malnutrition, thus indicating the significant malabsorptive traits of this operation.
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Introduction

Morbid obesity is a rising epidemic in the western world, and
Electronic supplementary material The online version of this article bariatric surgery continues to be the main therapeutic strategy
(httpsz//doi.o.rg/l.o.100.7/511695-019-94005-0) contains supplementary for a significant and sustainable weight loss [1] as well as
material, which is available to authorized users. . . . .
diabetes remission and improvement of the metabolic profile
[2]. Currently, Roux-en-Y gastric bypass (RYGB) is the main
operation of choice in many bariatric centers [3] regarding
patients with morbid obesity and metabolic disorders or as a
salvage procedure after failed bariatric surgery [4]. However,
RYGB remains a highly demanding procedure with a relative-
Vasiliki S. Tasiopoulou ly steep learning curve [5].
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outcomes in patients who suffer from morbid obesity treated
with OAGB. Even though, a previous meta-analysis [10] has
already compared the feasibility and safety of these two tech-
niques, it included only limited data regarding significant end-
points, such as % excess weight loss (%EWL). As the number
of studies assessing the feasibility of OAGB increases and
new randomized controlled trials (RCTs) have been pub-
lished, it is necessary to reassess whether the results of
RYGB and OAGB are at least equivalent. The purpose of this
study is to summarize the currently available evidence com-
paring the surgical outcomes of OAGB and RYGB in the
treatment of morbid obesity, thus providing the best currently
available level of evidence.

Materials and Methods
Search Strategy and Articles Selection

The present study was conducted in accordance with the pro-
tocol agreed by all authors and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [11]. A thorough literature search was performed in
Pubmed (Medline), Cochrane Central Register of Controlled
Studies (CENTRAL), and Scopus (Elsevier) databases (last
search: March 20, 2019) using the following terms in every
possible combination: “one-anastomosis,” “oagb,” “mini gas-
tric bypass,” “omega loop,” “single-anastomosis,” “roux-en-y
gastric bypass,” “rygb,” and “obesity.” Inclusion criteria re-
garding the qualitative analysis (systematic review) were (1)
original comparative reports with > 10 patients, (2) written in
the English language, (3) published from 1990 to 2019, (4)
conducted on human subjects, and (5) reporting outcomes of
RYGB and/or OAGB on patients with morbid obesity. The
comparative studies were further included in the quantitative
analysis (meta-analysis). Two independent reviewers (DEM,
VST) extracted the data from the included studies. Any dis-
crepancies between the investigators about the inclusion or
exclusion of studies were discussed with the senior author
(GT) in order to include articles that best matched the criteria,
until consensus was reached. Furthermore, the reference lists
of all included articles were assessed for any additional
eligible studies. In addition, the kappa coefficient test was
applied in order to assess the level of agreement between
the reviewers.

2 ¢

Data Extraction

For each eligible study, data was extracted relative to demo-
graphics [number of patients, female ratio, mean age, preop-
erative body mass index (BMI)], along with the intraoperative
parameters and postoperative outcomes [mean operative time
(MOT), length of hospital stay (LOS), intraoperative and
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postoperative complications, and %EWL after 1, 2, 5 years].
Two authors (DEM, VST) performed the data extraction in-
dependently and compared the validity of their data. Any dis-
crepancies were discussed with the senior author (GT) until
consensus was reached.

Statistical Analysis

Regarding the categorical outcomes, the odds ratio (ORs) and
95% confidence interval (CI) were calculated, based on the
extracted data, by means of random effects model (Mantel-
Haenszel statistical method). OR < 1 denoted outcome was
more frequent in the OAGB group. Continuous outcomes
were evaluated by means of weighted mean difference
(WMD) with its 95% CI, using random effects (inverse vari-
ance statistical method) models, appropriately to calculate
pooled effect estimates. In cases where WMD < 0, the values
in the OAGB group were higher. We selected the random
effects model, since we did not expect that all the included
studies would share a common effect size. The between-study
heterogeneity was assessed through the Cochran Q statistic
and by estimating /* [11].

In cases that multiple studies analyzed the same population,
only the largest study or the one with the longest follow-up
was included in the meta-analysis.

Quality and Publication Bias Assessment

The Newcastle-Ottawa Quality Assessment Scale (NOS) [12]
was used as an assessment tool to evaluate the non-RCTs. The
scale’s range varies from 0 to 9 stars, and studies with a score
equal to or higher than 5 were considered to have an adequate
methodological quality to be included. The RCTs were
assessed for their methodological quality with the tools that
are used to evaluate the risk of bias according to the Cochrane
Handbook for Systematic Reviews of Interventions [13]. Two
reviewers (DEM, VST) rated the studies independently and
the final decision was reached by consensus.

Our initial purpose was to assess the existence of publica-
tion bias using the Egger’s formal statistical test [14].
However, the statistical evaluation could not be performed
because the number of the studies included in the analysis
was not adequate (less than 10), thus compromising substan-
tially the power of the test.

Results
Article Selection and Patient Demographics
The flow diagram of the search of the literature is shown in

Fig. 1. Among the 548 articles in Pubmed, CENTRAL and
Scopus that were retrieved, 16 studies were included in the
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Fig. 1 One anastomosis gastric bypass vs. Roux-en-Y gastric bypass flow diagram

qualitative analysis [7, 15-29] and 11 studies were included in
the quantitative synthesis [15-25]. The level of agreement
between the two reviewers regarding the inclusion of the stud-
ies was “good” (kappa=0.752; 95% CI 0.575, 0.929). The
study design was retrospective in six studies [15, 16, 19, 23,
28, 29], prospective in seven studies [7, 17, 18, 21,22, 26, 27],
and randomized-controlled in three studies [20, 24, 25]. The
included studies were conducted in France [17, 24, 25, 27],
India [16, 18], Austria [19], Taiwan [15, 20, 21], Venezuela
[22], UK [23], Spain [26], Israel [28], USA [7], and Egypt
[29] and were published between 2001 and 2019. The OAGB
sample size ranged from 20 to 1520 patients. The total sample
size was 12,445 patients in the quantitative analysis; 4501
patients were treated with RY GB and 7944 patients were treat-
ed with OAGB. In the qualitative analysis, the total sample
size was 8094 patients (4501 patients were treated with RYGB
and 3593 patients were treated with OAGB). Characteristics
of studies comparing the outcomes between patients treated
with RYGB and patients treated with OAGB are provided in
Table 1, while the non-comparative studies are presented in

Table S1. The Newcastle-Ottawa rating scale assessment for
all studies is shown in Table 1 and Table S1. Moreover, the
quality assessment of RCTs is shown in Table S2.
Perioperative and postoperative outcomes are presented in
Table 2 and Table S3. Pooled ORs, F and p values of hetero-
geneity for all outcomes are summarized in Table 3.

Mean Operative Time and Length of Hospital Stay

The mean operative time (MOT) ranged from 88.9 to 205 min
for the RYGB and from 35 to 147.7 min for the OAGB
(Table 2, Table S3). MOT was significantly increased in
RYGB group [WMD 46.54 (95% CI 13.62, 79.45); p=
0.006] as shown in Table 3. The length of hospital stay
(LOS) ranged from 2 to 6.9 days for the RYGB group, while
itranged from 1.02 to 5.5 days for the OAGB group (Table 2).
According to our analysis, the LOS was similar between the
two groups [WMD —0 .01 (95% CI —0.28, 0.25); p=0.92]
(Table 3).
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Table 3 Summary of the analysis of the categorical and continuous weight Loss Outcome
outcomes
Categorical outcomes ~ n OR [95% CI]* Heterogeneity In our study, we examined the postoperative %EWL after 1, 2,
T and 5 years. According to our analysis, %EWL at 1 year post-
I P operatively was greater in the OAGB group [WMD —6.02
TOD remission 7041025, 0.69] 51% 006 (95% CI —8.84, —3.20); p <0.0001] (Fig. 2a). Moreover, the
HTN remission 5 0.93[0.55, 1.56] 8% 0.17 patients treated with OAGB were associated with increased
Dyslipidemia remission 4 0' 55 [0'1 6’ | '91] 25% 0' 35 %EWL at 2 years postoperatively compared with those treated
Leyaks ; 1'33 [0.62’ 2.84] 0% 0.56 with RYGB [WMD —7.33 (95% CI —10.08, —4.58);
. .04, 2. (4 . . ..
Malnutrition 5 0.12[0.04, 041] 0% 0.75 p<0.0001] (Fig. 2b). In addition, the %EWL at 5 years post-
. . 5 UL (¢ . . . .
Marginal ulcer 7 0.74[0.35.157] 0% 0.45 operatively was also increased in the OAGB group [WMD —
. . . (¢ .
’ 12.82 1-20.27,—5.37); p=0. Fig. 2¢).
Intra-abdominal bleed 7 1.61[0.62, 4.13] 0% 0.52 82 (95% C 0.27, = 3.37); p = 0.0007] (Fig. 2¢)
Internal hernia 6 5.26[1.76, 15.69] 0% 0.75
Dumping 3 0.77[0.33, 1.80] 38% 020 Resolution of Comorbidities
Bowel Obstruction 6 3.75[1.42,9.92] 0% 0.78
Mortality 9 1.02[0.24,435] 0% 056 We performed a four-arm analysis in order to assess the post-
Continuous outcomes 7 WMD [95% CI] P » operative T2D remission which was increased in the OAGB
MOT 8 46.54 [13.62, 79.45] 100% <0.01 group [OR 0.41 (95% CI 0.25, 0.69); p =0.0006] (Fig. 3a).
LOS 6 001 [-0.28, 0.25] 8% <001 Nonetheless, HTN remission was comparable between both
%EWL 1 year 6 —6.02[-884-320] 70% <00l groups [OR 0.93 (95% CI1 0.55, 1.56); p=0.77] (Fig. 3b). No
%EWL 2 years 3 —733[-1008,-458] 32% 023 significant differences between the two groups were reported
GEWL 5 years 4 —1282[-20 2’7 ~537] 96% <0.01 regarding the resolution of dyslipidemia [OR 0.55 (95% CI

T2D, type 2 diabetes; HTN, hypertension; MOT, mean operative time;
LOS, length of stay; OR, odds ratio; WMD, weighted mean difference;
CI, confidence intervals

Complications and Revisional Operations

According to our analysis, the incidence of leaks [OR 1.33
(95% C10.62, 2.84); p = 0.46], marginal ulcer [OR 0.74 (95%
CI 0.35, 1.57); p=0.43], dumping [OR 0.77 (95% CI 0.33,
1.80); p = 0.54], along with mortality [OR 1.02 (95% CI1 0.24,
4.35); p=0.98] were comparable between the two groups.
However, the incidence of malnutrition [OR 0.12 (95% CI
0.04, 0.41); p=0.0006] was increased in the OAGB group.
It should be noted that malnutrition was considered as protein
malnutrition and that there was a specific definition of malnu-
trition only in the RCT by Robert et al. [24], defined as albu-
min concentration of less than 30 g/L or prealbumin concen-
tration of less than 0.2 g/L, or both. In contrast, the incidence
of internal hernia [OR 5.26 (95% CI 1.76, 15.69); p =0.003]
and bowel obstruction [OR 3.75 (95% CI 1.42, 9.92); p=
0.008] was greater in patients treated with RYGB.
Hypoglycemia was reported only in one study [23] with a rate
of 6.4% for RYGB and 0% for OAGB group. The forest plots
regarding complications are shown in Fig. S1.

Revisions were similar between the two groups [OR
1.40 (95% CI 0.57, 3.43); p=0.46]. The main reasons
for revision were gastroesophageal reflux regarding the
OAGB procedure along with inadequate weight loss re-
garding the RYGB.

@ Springer

0.16, 1.91]; p=0.35] (Fig. 3¢).

Publication Bias

Heterogeneity was high regarding MOT, LOS, %EWL at 1,
5 years postoperatively, and dyslipidemia remission (Table 3).
On the other hand, heterogeneity was low regarding %EWL at
2 years postoperatively, complications, and HTN remission
(Table 3). The Egger’s test could not be performed due to
the inadequate number of the included studies. The funnel
plots that were produced in order to assess publication bias
are shown in Fig. S2. The asymmetries that were found are
mainly attributed to the small number of the included studies
and the possible bias regarding the selection of the patients,
thus proposing that more studies are necessary in order to
eliminate publication bias. Finally, there was no significant
difference between the two groups regarding the number of
patients included in the quantitative analysis.

Discussion

At present, RYGB is the second (38.2%) most popular bariat-
ric operation worldwide according to the IFSO Global
Surgery Report 2018 [30]. On the other hand, the OAGB,
which is a relatively newer malabsorptive procedure, is the
third most common bariatric surgical technique [6, 31]. This
study identified 16 unique articles describing RYGB and
OAGB as two alternative bariatric procedures, published be-
tween 2001 and 2019.
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Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% ClI IV, Random, 95% ClI
Almaliki 2017 32.6% -6.60 [-8.30, -4.90] u
Baig 2019 34.6% -3.50[-4.73, -2.27] u
Kruschitz 2016 7.4% -18.00[-27.25, -8.75] —_—
Lee 2005 14.2% -6.20[-12.07, -0.33] ]
Navarrete 2018 0.9% -3.50[-32.90, 25.90] —
Parmar 2016 10.3% -4.00 [-11.44, 3.44] -
Total (95% CI) 100.0% -6.02 [-8.84, -3.20] ¢
. 2 _ . 2 _ _ _ S 12 — 709 ! } t d
?eterfogeneltyl.lT?;l = 3594 (igl P- lgggocl:lf =5 (P =0.005); I° = 70% 100 - ) & 100
a est for overall effect: Z = 4.19 (P < 0. ) %EWL 1-y [RYGB] %EWL 1-y [OAGB]
RYGB OAGB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Baig 2019 69.2 12.2 1530 76.2 12.7 848 69.9% -7.00 [-8.05, -5.95] O
Lee 2005 59.2 15.1 40 64.4 8.8 40 19.3% -5.20 [-10.62, 0.22] -
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Fig. 2 Forest plot describing the differences in a % excess weight loss
(%EWL) after 1 year, b % excess weight loss (2EWL) after 2 years, and
¢ % excess weight loss (%EWL) after 5 years a %EWL after 1 year was

The present study demonstrates that both RYGB and
OAGB are well-tolerated, effective, and safe bariatric opera-
tions for morbid obesity. The MOT was significantly in-
creased in RYGB approach, as expected, since the procedure
includes additional manipulation and measurements regarding
the jejuno-jejunal anastomosis compared to the single gastro-
jejunal anastomosis of the OAGB. Nonetheless, the LOS was
similar between the two groups. An increased LOS was re-
ported mainly in cases of postoperative complications and
morbidity. However, the increased heterogeneity that was re-
ported among studies regarding LOS suggests the potential
differences in clinical practice, along with differences in the
perioperative protocols implemented in each bariatric center
regarding the patient recovery.

Both techniques are associated with low and comparable
rates of complications and conversions, thus being relatively
safe. Leaks and hemorrhage remain the main risks of bariatric
procedures, due to the long-stapled lines and gastrointestinal

%EWL 5-y [RYGB] %EWL 5-y [OAGB]

increased in the OAGB group. b %EWL after 2 years was increased in the
OAGB group. ¢ %EWL after 5 years was increased in the OAGB group

anastomoses. In the present study, the incidence of leaks and
hemorrhage was comparable between RYGB and OAGB.
Generally, the OAGB is thought to be associated with a lower
incidence of leaks due to the longer and wider gastric tube
leading to low intraluminal pressure and GERD [32, 33],
along with the presence of a single anastomosis. Even though
there is an opposite argument on the potential risk of postop-
erative leaks regarding the OAGB due to the long staple line,
previous studies showed, in accordance with our findings, that
the leak rate after OAGB does not appear to be related to any
particular technical factor, and the main prevention measures
are similar to those indicated for sleeve gastrectomy (SG) and
RYGB [34]. The First Consensus Meeting on OAGB sug-
gested that “surgeons should avoid going too close to the
angle of His to avoid leaks in the area” and highlighted the
importance of the intraoperative leak test [33]. Additionally,
the incidence of marginal ulcer and dumping was similar be-
tween the two groups.
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Fig. 3 Forest plot describing the differences in a type 2 diabetes (T2D) remission, b hypertension remission, and ¢ dyslipidemia remission. a T2D
remission was greater in OAGB group. b—c No difference was reported regrading resolution of hypertension and dyslipidemia

Our outcomes show that OAGB is associated with a higher
incidence of postoperative malnutrition, which is in accor-
dance with the previous meta-analysis [10]. In fact, the mal-
nutrition after OAGB has been mainly observed in those cases
where the length of the bypass was >230 cm [18].
Nonetheless, in the majority of the included studies, the affer-
ent loop was 200 cm. That was also the case in two of the
included RCTs [24, 25]. According to this evidence, it is sug-
gested that the standardization of an afferent limb length
shorter than 200 cm would minimize the devastating out-
comes related to malnutrition. However, future studies are
necessary to further assess the efficacy of a biliopancreatic
limb of 150 cm which tends to become the norm [33].
Additionally, these findings highlight the significant
malabsorptive nature of OAGB. Nevertheless, it is also critical
to reach a consensus on the definition of malnutrition, along
with the establishment of an appropriate reporting pathway
during the postoperative period, in order to avoid a potential
reporting bias. In the present meta-analysis, the heterogeneity
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regarding malnutrition was low, thus indicating a low risk for
publication bias. Severe malnutrition can be treated by revers-
ing the OAGB as presented by Jammu et al. [18].

In addition, the incidence of an internal hernia and bow-
el obstruction was increased in the RYGB group and was
in accordance with the previous meta-analysis [4]. In most
cases of RYGB that were reported in the studies included,
the mesenteric defects, along with the Petersen site were
closed [18, 20-23]. According to the Delphi consensus
paper on OAGB [35], 82% of the experts agreed that the
routine closure of Petersen’s space was unnecessary.
However, new evidence suggests that the closing of
Petersen’s defects is necessary, as described by Mahawar
[36]. An internal hernia remains the main reason for post-
operative bowel obstruction. In fact, according to our find-
ings, the incidence of postoperative bowel obstruction was
increased in the RYGB group. Mortality was, also, similar
between the two groups. Only a few cases of conversions
to other bariatric procedure were reported.
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There is a general concern regarding the potential associa-
tion of OAGB with a greater risk of gastric or oesophageal
cancer [37]. However, according to the first consensus paper
on OAGB [33] the vast majority of experts (over 90%) felt
that OAGB does not increase the risk of gastric or oesopha-
geal cancer. In the present meta-analysis, no case with a gastric
or oesophageal carcinoma was reported.

As far as the weight loss is concerned, the %EWL at 1, 2,
and 5 years postoperatively was increased in the OAGB
group. In fact, RYGB is associated with increased risk of late
weight regain because the gastric pouch and outlet may dilate
and lead to more food intake [37]. The greater %EWL after
OAGB could be possibly attributed to its great malabsorptive
characteristics.

Weight loss is directly associated with remission of T2D
and dyslipidemia, although other mechanisms involving
gut hormone regulation associated with both procedures
have also been suggested for the management of the met-
abolic syndrome [2]. In fact, T2D remission was increased
in patients treated with OAGB, in accordance with the
previous meta-analysis.

This meta-analysis demonstrates that OAGB is an efficient
alternative to RYGB, associated with increased weight loss at
1, 2, and 5 years postoperatively and greater T2D remission
rates and proposes the significant malabsorptive traits of
OAGB. It also highlights the need for additional studies com-
paring the RYGB with the OAGB. Ideally, these would be
randomized controlled studies, with prospective design and
longer follow-up in order to assess the %EWL during greater
time-periods. As far as we know, there is already a RCT under
schedule (ClinicalTrials.gov Identifier: NCT03673969).

The limitations of this meta-analysis reflect the avail-
able literature comparing OAGB and RYGB. Seven studies
[7,17,18, 21, 22, 26, 27] were prospective and six [15, 16,
19, 23, 28, 29] retrospective, thus posing a certain limita-
tion in this study. Three studies [20, 24, 25] were RCTs. In
addition, the heterogeneity was high regarding MOT, LOS,
T2D, and %EWL at 1 and 5 years postoperatively and
dyslipidemia remission.

On the other hand, the strengths of this study are (1) the
clear data-extraction protocol, (2) the well-specified inclusion-
exclusion criteria, (3) the search in three different databases,
(4) the quality assessment of the included studies, and (5) the
up-to-date presentation of the results of data-extraction and
analysis.

Conclusion

This systematic review and meta-analysis identified and in-
cluded 16 studies assessing RYGB and OAGB. These studies
suggest that OAGB is associated with shorter MOT, greater
T2D remission rate, increased %EWL at 1, 2, and 5 years

postoperatively and similar perioperative and postoperative
effectiveness, feasibility and safety. However, the present
meta-analysis found a significantly higher incidence of post-
operative malnutrition in the OAGB group, thus indicating the
malabsorptive nature of OAGB. The present meta-analysis is
the best currently available evidence and suggests the superi-
ority of OAGB compared with RYGB, in terms of %EWL and
T2D remission. Future studies with longer follow-up are nec-
essary to further assess the differences in efficacy between
RYGB and OAGB.
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