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Abstract

Laparoscopic sleeve gastrectomy (SG) is the most frequently performed bariatric procedure worldwide.
Long-term complications such as insufficient weight loss (IWL) and gastroesophageal reflux disease
(GERD) may necessitate SG conversion to Roux-en-Y gastric bypass (RYGB). The aim of this review
was to determine the indication-specific weight loss and diabetes remission after SG conversion to
RYGB (STOBY). Our objective was to extract all available published data on indication for conversion,
weight loss, remission of diabetes, and short-term complications after STOBY. A systematic literature
search was conducted to identify studies reporting outcomes following STOBY. A random effects model
was used for meta-analysis. The search identified 44 relevant studies. Overall short-term (12-mo) excess
weight loss (EWL) was 54.6% (95% confidence interval [CI], 46%–63%) in 23 studies (n 5 712) and total
weight loss (TWL) was 19.9% (95% CI, 14%–25%) in 21 studies (n 5 740). For IWL, short-term (12-mo)
pooled weight loss outcomes were 53.9% EWL (95% CI, 48%–59%) in 14 studies (n 5 295) and 22.7%
TWL (95% CI, 17%–28%) in 12 studies (n 5 219), and medium-term (2–5 yr) outcomes were 45.8%
EWL (95% CI, 38%–53%) in 7 studies (n 5 154) and 20.6% TWL (95% CI, 15%–26%) in 9 studies
(n 5 206). Overall diabetes remission was 53% (95% CI, 33%–72%), and the perioperative complication
rate was 8.2% (95% CI, 7.6%–8.7%). Revisional SG conversion to RYGB for IWL can achieve
good weight loss outcomes and diabetes remission. (Surg Obes Relat Dis 2022;-:1–12.) Ó 2022
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Bariatric surgery is an effective treatment of morbid
obesity that leads to long-term weight loss and reduction
of obesity-related all-cause morbidity and mortality [1–3].
The number of surgical interventions for obesity has
steadily increased over the years, with sleeve gastrectomy
(SG) being the most frequently performed bariatric
operation worldwide [4,5]. However, accumulating evidence has demonstrated that SG is associated with significant weight recurrence in up to 75% of patients [6] and
remission of type 2 diabetes (T2D) is superior following
Roux-en-Y gastric bypass (RYGB) [7]. Another commonly
encountered issue following SG is new onset gastroesophageal reflux (GERD) [5,8–10]. This may be complicated with
erosive esophagitis or Barrett’s esophagus [9,11]. Consequently, routine postoperative endoscopic surveillance has
been recommended for all SG patients [12].
A potential solution to treat these complications is revisional bariatric surgery. In particular, RYGB is considered
to be the procedure of choice after failed SG particularly
in patients with de novo GERD [13–15]. Some evidence
suggests that GERD following SG can be treated with
conversion to RYGB [16]. However, the majority of revisional procedures are not performed to treat GERD. Approximately 52% of SG revisions are carried out with the
indication of weight recurrence/insufficient weight loss
(IWL) while only 30% of revisions are performed for
GERD [16]. Currently, there is no meta-analysis performed
on the effectiveness of revisional SG-to-RYGB (STOBY) in
individuals with weight-related complications and only
limited retrospective data comparing weight loss after primary RYGB and STOBY. All available meta-analyses presenting outcomes following STOBY do not discriminate
between patients with IWL, de novo GERD or failed resolution of co-morbidities. Thus, the aim of this systematic review and meta-analysis was to evaluate the indicationspecific outcomes of revisional RYGB after failed SG.
The likely degree of weight loss and the odds of T2D remission are important for all obesity specialists advising patients on STOBY.
Methods
This systematic review was conducted according to a
registered protocol and is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRIMSA) statement [17]. The review was
registered on PROSPERO Centre for Reviews and Dissemination (registration number: CRD42021214581).
Search strategy
A comprehensive search was performed in electronic
databases including PubMed/MEDLINE, Embase/OVID,
and the Cochrane library, and they were reviewed within

the period from 2010 to August 2022. The literature search
included the following MeSH terms used in all possible
combinations: “sleeve gastrectomy,” “gastric sleeve,”
“LSG,” “laparoscopic sleeve gastrectomy,” “bariatric sleeve
surgery,” “Roux-en-Y gastric bypass,” “gastric bypass,”
“RYGB,” “revisional surgery,” “conversion surgery,”
“repeat surgery,” “sleeve to bypass,” “sleeve gastrectomy
to gastric bypass.” Studies identified from the search strategy were entered into Covidence (Victoria, Australia) for
bibliographic management, and duplicates were removed.
Two authors (S.B. and P.V.) independently identified relevant studies and any discrepancies were resolved by
consensus with the help of a third author (M.F.). The exact
search strategy has been provided as supplementary material
(Sup. 1).
Inclusion and exclusion criteria
The inclusion and exclusion criteria were defined before
commencement of the literature search. The following
criteria were required for inclusion in the study: (1) randomized controlled trials (RCT), prospective or retrospective
cohort studies, case (control) studies, cross-sectional
studies; (2) patients who had undergone STOBY; (3) reported outcome of interest: resolution of diabetes, weight
loss, and perioperative complications; and (4) original, full
publications published in English.
The primary outcome of interest was weight loss
following STOBY where conversion was performed for
the indication of insufficient weight loss (IWL) and diabetes
remission in all STOBY patients. There are several definitions of IWL published previously [18]. The definition of
diabetes remission and IWL were based on the original
studies. The terminology suggested by the POWER Task
Force [18] was used throughout the article. To maximize
the available data, several attempts were made to contact authors of articles in which indication of STOBY was not published and ask them to provide their data with respect to
indication of the conversion. We report weight loss
following conversion to RYGB unless otherwise specified.
Nonhuman studies, reviews, abstracts, conference presentations, single case reports, editorials, and unpublished studies
were excluded from the analysis.
Data extraction and quality assessment
A standardized data extraction form was developed on
Covidence and 2 authors (S.B. and P.V.) independently
extracted all relevant data: study design, sample size, patient
sex and age, indication for revisional surgery, preexisting
diabetes, mean body mass index (BMI) (pre-SG, before
revision, after RYGB), mean percent of excess weight loss
(%EWL), mean total weight loss (%TWL) at 12 months
(short term) and 2 to 5 years (medium term), resolution of
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T2D, and postoperative complications. Any discrepancy
was resolved by group discussion. All the included studies
were nonrandomized; hence, the Newcastle-Ottawa Quality
Assessment tool was used to grade them.

Statistical analysis
Statistical analysis was performed using Stata Software,
version 15.1 (StataCorp). Random effects analysis was
used to calculate weighted mean differences and mass effect. All studies were included in the meta-analysis if relevant data were available. Data were pooled using a
random effects model and statistical heterogeneity was
calculated using I2. We considered an I2 of 30 or less as
low, between 30 and 60 to be moderate, and 60 or over as
high heterogeneity.
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Results
Study selection
The search identified 7784 relevant citations. After
removing duplicate results, 6041 articles were screened
for titles and abstracts and 249 studies were included for
full-text review. A total of 205 articles were excluded after
full-length review due to reasons outlined in Fig. 1. Thus, 44
studies were eligible for inclusion in the study [13,19–62]
(Fig. 1)
Study characteristics
Postoperative weight loss of 1515 STOBY were published during the searched period. For the analysis of
complication rates this was complemented with data from
the Metabolic and Bariatric Surgery Accreditation and

Fig. 1. Flow diagram displaying process for the selection of studies. Adapted from the 2009 PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram [17].
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Quality Improvement Program (MBSAQIP) database
consisting of further 6106 STOBY [51]. All 44 studies
were retrospective cohort studies, including 6 studies that
were conducted in a multicenter setting while the rest
were single-center studies. The average quality of studies
according to the Newcastle-Ottawa scale was good (6.9).
Eighty-six percent of these procedures were performed on
female individuals, with median age ranging from 35 to
52 years. Mean follow-up time following conversion to
RYGB ranged from 8 months to 47 months, with 97% of
the procedures completed laparoscopically. The exact characteristics of studies are presented on Table 1. Thirty-one
studies reported on the length of time between SG and
RYGB which was 40 months (95% confidence interval
[CI], 35%–44%; I2 5 100%) (Table 1).
Weight loss after STOBY with the indication of IWL
Fourteen studies published %EWL and 10 studies published %TWL 12 months after STOBY with the indication
of IWL. Overall, we included %EWL of 295 and %TWL
of 219 one year after STOBY in individuals with IWL.
Random effect analysis demonstrated 53.9% EWL (95%
CI, 48%–59%) and 22.7% TWL (95% CI, 17%–28%) 12
months after conversion (Figs. 2 and 3).
There are fewer reports on medium-term weight loss data.
We were able to obtain %EWL from 7 studies evaluating
154 patients and %TWL from 9 studies investigating 206
patients after STOBY. Pooled random effect analysis
demonstrated 45.8% (95% CI, 38%–53%) EWL and
20.6% (95% CI, 15%–26%) TWL and heterogeneity was
low (I2 5 0%) (Fig. 4).
BMI before and after SG and following conversion to
RYGB in patients with IWL
There were 16 studies publishing BMI drop before conversion, in total, data from 478 patients were included in this
meta-analysis. Pooled random effect analyses demonstrated
a 7.4-kg/m2 (95% CI, 8.5–6.3 kg/m2) drop in BMI prior to
STOBY. BMI 12 months after conversion dropped by a
further 7 kg/m2 (95% CI, 8.8–5.2 kg/m2). An overall
13.5-kg/m2 (95% CI, 15–12 kg/m2) decrease in BMI was
observed throughout the whole patient journey from before
bariatric surgery (SG) to 12-month follow-up after conversion
to RYGB. Heterogeneity was high (I2 5 80.9%) (Fig. 5).
Diabetes remission after STOBY
There were 17 studies reporting on diabetes remission.
Six studies defined diabetes based on National Guidelines
such as the French or US guidelines or previous consensus
statements [22,43]. There were 3 studies where exact values
were used to define diabetes and the search identified 8
studies that did not provide definition of diabetes. Most

commonly, in 9 studies, definitions considered complete
resolution if patients were able to stop their medication
and maintain blood sugar/HbA1C under the level defined
by their methods. There were 3 studies where guidelines
were referenced to described diabetes remission and 5
studies did not define this at all. All the 11 studies reporting
on the type of diabetes reported type 2 in all cases. There
were 6 studies where the type of diabetes was not defined.
There was only 1 study reporting on insulin use in diabetic
patients [21]. On average 34% of patients remained diabetic
following LSG before conversion to RYGB. We were able to
extract data from 17 studies on the rate of postconversion
T2D remission, including 139 patients who were diabetic
before conversion in this meta-analysis. Pooled random effect analysis demonstrated 53% (95% CI, 33%–72%) diabetes remission after conversion. The heterogeneity in this
data set was high (I2 5 90.5%) (Fig. 6).
Overall weight loss
Extraction of data from all patients irrespective of indication was carried out from 23 studies publishing %EWL and
21 studies publishing %TWL 1 year following STOBY.
Pooled random effect analysis of 712 patients demonstrated
54.6% EWL (95% CI, 46%–63%). Random effect analysis
of 740 patients demonstrated 19.9% TWL (95% CI, 14%–
25%) 12 months after STOBY. The heterogeneity in both
analyses were high (respectively, I2 5 83.4% and I2 5
70.9%). In terms of change in BMI, pooled random effect
analysis from 25 studies and 732 patients demonstrated a
6.2-kg/m2 (95% CI, 7.2–5.2 kg/m2) drop 1 year after conversion. The heterogeneity was moderate (I2 5 60.4%) in this
analysis.
Medium-term %EWL results were published in 12
articles including 331 patients. Pooled random effect analysis demonstrated 58% EWL (95% CI, 46%–69%) 3 to 5
years after conversion to RYGB. The heterogeneity was
high (I2 5 79.9%) (Fig. 7).
Complications
There were a high number of studies reporting various
short- and long-term complications. Analysis of overall
perioperative complications was pooled from 34 studies
including 7493 patients. Clavien-Dindo III or higher complications were reported in 8.2% (95% CI, 7.6%–8.7%; I2
5 89%) of all conversions. Gastro-jejunal anastomotic
leak rate was report in 19 studies reporting outcomes for
7015 patients. Anastomotic leak occurred in .4% (95% CI,
.18%–.623%; I2 5 100%) of these cases. Seventeen studies
conducted on 901 patients reported early anastomotic strictures, which were described in .4% (95% CI, 0%–.8%; I2 5
51.1%) of the operations. Hospital stay was reported in
24 studies including 928 patients. Pooled random effect
analysis demonstrated 4 days (95% CI, 3.4%–4.6%;

Table 1
Summary of published series of sleeve gastrectomy conversion to Roux-en-Y gastric bypass
Study

STOBY
patients,
n

Indication for conversion, n

Female,
% (n)

GERD,
% (n)

Diabetes,
% (n)

BMI before
SG, mean
(SD)

BMI before
STOBY,
mean (SD)

Time between
SG and RYGB

Abdemur et al. [19]
30
Aguilar-Espinosa et al. [20] 18
Aleassa et al. [21]
13

9
3
–

7
13
–

50.3 (13.8)
47.38 (7.32)
49 (6.6)

73.6% (23)
94% (17)
76.9% (10)

33% (10)
–
–

–
–
61.5% (8)

–
50.21 (7.3)
–

33.3 (4.0)
–
45.3 (3.6)

43.6 6 27.5 mo 18.3 6 15.8
51.76 6 16.8 mo 36
–
34 6 12.6

Al-Sabah et al. [24]
Al-Sabah et al. [23]
Amiki et al. [25]
Andalib et al. [56]
Antonopulos et al. [50]
Barajas-Gamboa et al. [26]
Boru et al. [27]
Carandina et al. [28]
Carmeli et al. [29]
Casillas et al. [30]
Cheema et al. [55]
Chiappetta et al. [31]
Curell et al. [61]
Dijkhorst et al. [32]
Dijkhorst et al. [62]

12
46
24
41
83
47
30
80
10
48
47
21
35
74
78

–
–
–
–
–
21
15
80
–
14
–
–
35
29
–

12
35
–
31
83
–
12
–
10
11
–
–
–
39
39

34
37 (10.7)
44.6 (10.0)
51 (9.2)
47 (8.2)
39 (9.8)
41 (10.1)
47.4 (11.3)
45.8 (16.3)
44 (12.1)
41.7 (9.9)
46.14 (10.8)
48.6 (10.9)
45.1 (10.9)
46 (11.1)

83.3% (10)
82.5% (38)
54.2% (13)
85.4% (35)
83.1% (69)
76.5% (36)
76.7% (23)
93.8% (75)
70% (7)
96% (46)
91.5% (43)
90.5% (19)
–
79.7% (59)
61 (78.2%)

–
–
–
41.5% (17)
30.1% (25)
61.7% (29)
60% (18)
100% (80)
–
66.7% (32)
55.3% (26)
–
35 (100%)
–
–

–
19.1% (9)
–
14.6% (6)
15.7% (13)
13% (6)
–
–
40% (4)
4.2% (2)
19.1% (9)
23.8% (5)
2 (6.5%)
32.4% (24)
22 (27.7%)

52
50.6 (10.4)
53.1
49.5 (8.7)
47.8 (8.4)
37 (8.6
–
43.5 (8.7)
44.5 (5.1
45.9
47.8 (9.6)
49.8 (9.3)
44.2 (4.3)
–
53.1 (9.7)

48.3
42.67 (6.85)
49
40.1 (6.97)
41.7 (6.3)
–
36 (9)
34.9 (6.7)
39.8 (5.7)
36.8 (7.4)
39.8 (6.7)
36.6 (6.9)
31.4 (5.6)
39.3 (7.9)
39.1 (8)

–
4.1 6 1.9 yr
–
34 6 15.5 mo
43.2 6 23.8 mo
66.8 6 42.6 mo
33 6 27.8 mo
50.2 6 24.1 mo
36.2 6 17.4 mo
26 6 17 mo
50.4 (25.2) mo
33.3 6 22.8 mo
33 (15) mo
2.8 6 1.4 yr
2 (1.35) yr

D’Urso et al. [60]
Elshaer et al. [33]
Felsenreich et al. [34]
Frieder et al. [53]
Gautier et al. [13]
Homan et al. [35]
Huynh et al. [52]
Iannelli et al. [36]
Kraljevic et al. [54]
Landreneau et al. [22]
Langer et al. [37]
Lee et al. [58]
Lim et al. [38]

60
7
10
77
18
18
41
40
12
89
8
36
14

30
–
–
16
6
1
41
11
5
17
3
33
–

–
–
–
25
9
11
–
29
1
11
5
–
–

45 (9.7)
47
45.8 (14.8)
49.1 (13.3)
40.9 (8.5)
51 (8.8)
45.2 (9.24)
40.2 (9.5)
45.2 (10.1)
47.2 (11.4)
35.75 (13.3)
42.9 (9.2)
43.69 (9.54)

50 (83.3%)
85.7% (6)
100% (10)
68.8% (53)
–
44% (8)
88% (36)
77.5% (31)
61.50%
78.7% (70)
50% (4)
–
64.3% (9)

30 (50%)
–
100% (10)
–
33.3% (6)
5.5% (1)
12 (29%)
–
0 (0%)
56.2% (50)
37.5% (3)
–
–

6 (10%)
–
–
–
22.2% (4)
–
–
22.5% (9)
–
18 % (16)
–
–
–

45.9 (7.4)
–
45.1 (9.2)
–
55 (9.3)
50.25 (6.31)
41.6 (6.54)
47.5 (6.6)
40.2 (1.44)
–
–
35.3 (5.8)
–

38.1 (7.1)
–
37.3 (9.2)
34.5 (7.4)
39.45 (5.5)
36.75 (7.41)
33.8 (5.61)
39.3 (6.1)
29.6 (1.68)
41.9 (4.1)
–
30.0 (4.2)
41.71 (3.78)

5.6 (2.1) yr
–
42.7 6 14.9 mo
34.4 (31.2) mo
–
32 6 13.2 mo
38.5 (23.9) mo
32.6 6 24.3 mo
–
20.5 6 3.66 mo
36.9 6 17.4 mo
55.3 (39.6) mo
36.5 6 18.2 mo

Malinka et al. [39]
Marti-Fernandez et al.
[40]
Parmar et al. [42]
Poghosyan et al. [43]
Qiu et al. [44]
Quezada et al. [45]
Roach et al. [59]
Shimon et al. [46]

32
18

–
–

–
18

30
–
10 (Barrett’s)
36
3
6
–
–
6
61
–
3
14 (erosive
oesophagitis)
–
–

42.3 (11.5)
–

68.8% (22)
–

65.6% (21)
–

37.5% (12)
–

49.4 (5.3)
40.9 (5.6)
595 6 369.9 d
61.73 (8.54) 45.67 (8.72) –

22
34
13
50
33
18

10
3
–
16
–
–

11
31
–
28
33
18

1
–
–
6
–
–

51 (11)
44.4 (12)
–
39 (8.4)
42 (8)
43.94 (16.57)

72.7% (16)
76.5% (26)
–
84% (42)
88% (29)
55.6% (10)

54.5% (12)
26.5% (9)
–
32% (16)
16 (48%)
–

27.2% (6)
33% (11)
–
–
7 (21%)
38.9% (7)

–
53.3 (11.5)
42.3
36.7 (1.3)
62 (12)
46.13 (5.2)

14
2
13 (persistent
diabetes)
12
11
–
10
–
26
3 (GERD 1 IWL)
–
–
23 (16 IWL1GERD)
–
–
–
6 (GERD1IWL)
39

36.9 (8.9)
44.7 (9.8)
–
35.65 (0.89)
–
40.49 (6.2)

Mean follow
-up time*

8.1 6 6.1
–
–
14 6 13.6
12
16 6 4.96
24 6 8.9
14.9 6 12.3
15.6 6 9
24 6 10.8
24
33.3 6 22.8
36 (23.3)
24
7.8 years
(2.2 years)
30.4 (16.8)
–
33.4 6 21.1
–
15.5 6 1.9
–
15.1
18.6 6 11.8
18.3
19.67 6 18.08
14
–
16
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GERD IWL Other (leak,
strictest, etc.)

Age,
mean
(SD)

–
–

–
16
32 mo
36 6 23
–
12
47.25 6 9.58 mo 36
–
–
47 6 20 mo
47.33 6 15.22
(continued on next page )
5

–
–
60
36.1 6 8.1
–
–
75.9 6 31.3 mo
–
15.1 6 3.3 mo
–
–
49.3 (10.7)
–
–
–
677 (11.1%)
20.6% (14)
18% (6)
22.2% (2)
–
4359 (71.4%)
–
10 (30%)
–
–
90.1% (5499)
25% (17)
81.8% (27)
66.7% (6)
77.8% (14)
45.7 (10.4)
44.7 (11.1)
41.24 (8.9)
37.3 (9.1)
41.7 (10.6)
5320
42
–
–
2
780
15
25
3
12
6
11
8
6
4
6106
68
33
9
18
Vanetta et al. [51]
Van Wezenbeek et al. [47]
Wilczynski et al. [57]
Yilmaz et al. [48]
Yorke et al. [49]

GERD IWL Other (leak,
strictest, etc.)

39.5 (7.8)
36.1 (7.7)
38.7 (6.84)
–
–

Mean follow
-up time*
Time between
SG and RYGB
BMI before
STOBY,
mean (SD)
BMI before
SG, mean
(SD)
Diabetes,
% (n)
GERD,
% (n)
Female,
% (n)
Age,
mean
(SD)
Indication for conversion, n

STOBY
patients,
n
Study

Table 1 (continued )

STOBY 5 sleeve gastrectomy to Roux-en-Y gastric bypass; SD 5 standard deviation; GERD 5 gastroesophageal reflux disease; BMI 5 body mass index; SG 5 sleeve gastrectomy; RYGB 5 Roux-en-Y
gastric bypass; IWL 5 insufficient weight loss or weight regain.
* Data are reported in months unless otherwise indicated.
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6

I2 5 99.8%) days were spent in hospital following STOBY
conversion.
Discussion
This systematic review and meta-analysis of studies reports indication-specific weight loss outcomes, diabetes
remission, and complications following STOBY. There are
no RCTs investigating outcomes of STOBY. Retrospective
observational studies report contrary outcomes with some
suggesting good results in weight loss and remission of
co-morbidities [24,63] while others describing limited
improvement [21,41]. Our pooled analysis demonstrated
appropriate short-term %TWL and %EWL in patients
with IWL with TWL being better in this patient group
than STOBY performed for all indications. Patients’ BMI
remained stable over the medium term, half of diabetic patients went into remission, and overall morbidity and mortality was low.
As described previously [16] the most common indication
of revision of failed SG is IWL followed by novel GERD
and failed resolution of T2D or other co-morbidities. The
1-year %TWL is almost 3% higher in patients being converted with the indication of IWL while %EWL is similar
to patients undergoing conversion with all indications.
There are a limited number of studies describing mediumterm weight loss outcomes following STOBY; however,
those studies demonstrate minor changes in both EWL
and TWL after 1 year suggesting that weight following
STOBY remains stable in the medium term.
Pooled analysis suggested a nearly equal BMI drop
following primary SG (7.4 kg/m2) and after revision to
RYGB (7 kg/m2) in cases when the indication was IWL.
Furthermore, the overall BMI drop in these patients was
higher than in patients having conversion for other indications which again highlights the importance of analyzing
these patient groups separately.
Other revisional options for IWL following SG include
single-anastomosis duodenal-ileal bypass (SADI-S),
duodenal switch (DS), and single-anastomosis gastric
bypass (OAGB). There are limited and heterogenous data
available on the effect on weight loss and safety of these
procedure following conversion of SG [64]. The authors
of this meta-analysis concluded, however, that there are
not enough data on conversion of SG to SADI-S or DS to
reliably judge weight loss following these procedures.
Some observational studies have reported weight loss outcomes similar to what we found in our pooled analysis
following conversion to RYGB (22.7% TWL at 1 year)
[56]. Previous studies demonstrated similar %TWL 1 year
following conversion of SG to OAGB with the indication
of IWL that we found after STOBY. However, weight recurrence and GERD appears to be a major problem following
OAGB with a reported 3-year TWL of 15% and de novo
GERD of 7.4% [65,66].
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Fig. 2. Forest plot of %EWL 12 months after STOBY with the indication of insufficient weight loss/weight recurrence. %EWL 5 percent excess weight loss;
STOBY 5 sleeve gastrectomy to Roux-en-Y gastric bypass.

Diabetes resolution is not commonly described as an indication for conversion of SG to RYGB. However, RYGB is
associated with a higher rate of remission of T2D compared
with SG [67]. Furthermore, reoccurrence of diabetes

following SG is commonly seen. We analyzed data from
17 studies investigating 139 patients who had diabetes
before conversion. Our pooled analysis demonstrated a
53% resolution of diabetes following conversion matching

Fig. 3. Forest plot of %TWL 12 months after STOBY with the indication of insufficient weight loss/weight recurrence. %TWL 5 total weight loss; STOBY 5
sleeve gastrectomy to Roux-en-Y gastric bypass.
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Fig. 4. Forest plot of medium-term %TWL after STOBY with the indication of insufficient weight loss/weight recurrence. %TWL 5 total weight loss; STOBY
5 sleeve gastrectomy to Roux-en-Y gastric bypass.

the frequency of remission that has been described
following revisional bariatric surgery [68] and comparable
to results seen after primary RYGB [69].
The potential mechanism that may make STOBY work
well, particularly for diabetes remission, includes the
combination of a mainly restrictive procedure (SG) with a
metabolic procedure (RYGB). Bariatric surgery, besides

weight loss, improves diabetes by weight-independent factors such as changes to gut hormones (GLP-1, PYY, etc.)
and gut microbiota [70]. Performing SG first may precondition the metabolism for the BRAVE effects of RYGB (bile
flow changes, restriction of stomach size, anatomic gastrointestinal rearrangement, vagal manipulation, enteric hormonal modulation) by inducing weight loss. Reducing the

Fig. 5. Change of BMI from before SG to 12-month follow-up after STOBY. BMI 5 body mass index; STOBY 5 sleeve gastrectomy to Roux-en-Y gastric
bypass.
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Fig. 6. Diabetes remission after STOBY for all indications. STOBY 5 sleeve gastrectomy to Roux-en-Y gastric bypass.

Fig. 7. Forest plot of %EWL 1 year after STOBY for all indications. %EWL 5 percent excess weight loss; STOBY 5 sleeve gastrectomy to Roux-en-Y gastric
bypass.
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stomach size in 2 steps and changing vagal signaling twice
could also be associated with an improved cascade effect on
gut microbiome and local metabolism (intestinal gluconeogenesis and adipokine fluxes) [71].
There are several studies reporting complications
following STOBY with the report on the MBSAQIP database being the largest reporting on 6106 STOBY [51].
This is the only data set reporting 7 deaths (.1%). As previously recommended, the Clavien-Dindo classification was
used to categorize postoperative complications. We used
one of the largest meta-analyses recording outcomes of
161,000 primary bariatric operations as a benchmark to
compare STOBY with primary RYGB [2]. A significant
diversion of normal postoperative course (Clavien-Dindo
III complications) was reported 3% more frequently in
STOBY than after primary operations (8.2% vs 5%). However previous meta-analysis investigating revisional surgery
to RYGB described a complication rate higher (11.7%) [72]
than what we found after STOBY by incorporating the data
from MBSAQIP database. Revisional bariatric surgery in
general is associated with a higher leak rate compared
with primary operations [73]. However, this new pooled
data of GJ anastomotic leak after STOBY demonstrated a
low leak rate comparable to primary procedures (.4%).
In summary, mortality and overall complications are rare
following STOBY and comparable to what has been previously described after primary RYGB. Comparing STOBY
with other revisional procedures of SG suggests similar perioperative safety and short-term weight loss. However,
medium-term weight loss is better following STOBY. Half
of patients with diabetes who already had SG enter remission following conversion to RYGB.
The strength of this study includes the large pool of articles included in the original search, contacting authors to
maximize available data, and reporting results in homogenous patient groups by taking indications of STOBY into account. The limitations include the lack of RCTs and
prospective data collection, small series of cases, large heterogeneity in some analysis, limited number of studies
reporting medium-term results and no studies reporting
long-term outcomes.
Conclusion
Based on this pooled analysis, failed diabetes resolution
after SG can be successfully treated with RYGB in 53%
of the cases. Patients with insufficient weight loss after
SG can expect a further 7-kg/m2 drop in their BMI over
the short and medium terms. STOBY might be a new
method to treat IWL and failed diabetes resolution after
SG with low mortality and morbidity.
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