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Abstract
Background Sleeve gastrectomy (SG) is the most common primary bariatric surgery. Long-term, up to 20% of patients 
may need revisional surgery. We aimed to evaluate the short-term outcomes of various revisional bariatric surgeries after a 
failed primary SG.
Methods This is a single-center retrospective study of a prospectively collected database of obese patients who underwent 
revisional bariatric surgery during 2010–2018 for a failed previous SG. Failure was defined as inadequate weight loss (< 50% 
excess weight loss), ≥ 20% weight regain of the weight lost, and presence of refractory non-reflux obesity-related comorbidi-
ties ≥ 1 year after SG. Revisions included were re-sleeve, Roux en-Y gastric bypass (RYGB), biliopancreatic diversion with 
duodenal switch (BPD/DS), and single-anastomosis duodenal switch (SADS). The primary outcome was weight loss after 
revision. Secondary outcomes included postoperative complications. Due to varying follow-up rates, short-term outcomes 
(≥ 6 and ≤ 18 months) were assessed. Descriptive statistics are expressed as count(percentage) or median(interquartile range).
Results Ninety-four patients met inclusion criteria. Forty-one underwent conversion to RYGB, 33 had BPD/DS, 7 had SADS, 
and 13 underwent re-sleeve surgery. Median interval between SG and revision was 31(27) months. At a median of 14(18) 
months, follow-up rate was 76% for the study cohort. Prior to revision, median BMI was 41.9(11.7) kg/m2 and 1 year after 
decreased by 6.3(5.1) kg/m2. BPD/DS resulted in the largest total weight loss of 21.8(10.9) kg followed by RYGB 13.2(11.3), 
SADS 12.2(6.1), and re-sleeve 12.0(11.9) kg; p = 0.023. Major 90-day and long-term complications occurred only after RYGB 
and BPD/DS and were similar (7.3% vs. 3.0%; p = 0.769 and 9.8% vs. 24.2%; p = 0.173, respectively).
Conclusions At 1 year, revisional procedures offer further weight loss after a failed primary SG. Bypass-type revisions are 
preferred over re-sleeve surgery. In the absence of refractory reflux symptoms, duodenal switch-type procedures are safe 
and effective options especially in patients with severe obesity before SG.

Keywords Revisional surgery · Bariatric surgery · Sleeve gastrectomy · Weight regain · Weight recidivism · Weight loss 
failure

Over the past decade, sleeve gastrectomy (SG) has become 
the most frequently performed primary bariatric surgery 
in North America and worldwide [1, 2]. SG is technically 
easier to perform compared to bypass-type procedures and 
is the procedure of choice in patients with complex medical 
histories, e.g., renal transplant candidates or patients with 
chronic kidney disease or immunosuppressant therapy [3–5]. 
In addition to its safety profile, the popularity of SG is also 
driven by the satisfactory long-term outcomes [6, 7].

Although SG is easier to perform and is the most fre-
quent bariatric procedure, reported reoperation rates after a 
primary SG due to chronic complications such as refractory 
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reflux or weight recidivism range between 3 and 34%, with 
a long-term average up to 20% [8, 9]. Moreover, as we get 
into more than a decade past the introduction of SG as a 
stand-alone procedure especially long-term outcomes of 
pre-standardized SG [10, 11], there is a need to identify the 
best revisional surgical options to tailor therapy for a given 
patient. Historically, Roux en-Y gastric bypass (RYGB) and 
biliopancreatic diversion with duodenal switch (BPD/DS) 
have been presumed second-stage or rescue procedures after 
a failed sleeve. Over the past decade, emerging procedures 
including single-anastomosis duodenal switch (SADS) pro-
cedures have shown great promise and gained popularity as 
potential candidates [12, 13].

There are various revisional surgical options available 
after a failed primary SG. However, we need to identify 
the most optimal revisional procedure for a given patient 
driven by their individualized needs, e.g., inadequate weight 
loss, persistent obesity-related comorbidity, and presence 
of chronic complications like refractory gastroesophageal 
reflux disease (GERD). Moreover, the comparative data on 
various revisional surgical options including some newly 
emerging procedures such as SADS are either scarce or from 
small case series and in need of further studies [14–16]. 
Hence, we aimed to evaluate the short-term outcomes of 
various revisional bariatric surgeries (re-sleeve, RYGB, 
BPD/DS, SADS) after a failed primary SG.

Materials and methods

After approval from the institutional Ethics Review Board, 
we carried out a retrospective study of a prospectively col-
lected database at a single academic tertiary institution. The 
study cohort included all patients who underwent a revi-
sional bariatric surgery between 2010 and 2018 and after a 
failed prior SG. Not all prior primary SGs were performed 
at our institution. The revisional surgeries included re-sleeve 
gastrectomy and conversions to RYGB, BPD/DS, and SADS. 
We excluded patients who underwent a planned second-
stage procedure when this was decided prior to the initial 
SG. We also excluded patients that required a conversion 
to RYGB primarily due to refractory GERD after SG. As 
part of the inclusion criteria we defined a failed prior SG 
when any of the following was present at least 1 year after 
SG: (1) < 50% excess weight loss (EWL); (2) ≥ 20% weight 
regain of the weight lost; and (3) presence of any non-GERD 
obesity-related comorbidity.

At our institution, the RYGB is constructed with a 
50–70 cm biliopancreatic limb and a 100 cm-long anti-colic 
Roux limb. For BPD/DS, Roux limb and the common chan-
nel limb lengths are constructed at 150 and 100 cm, respec-
tively. Since late 2016 and as part of a prospective study, 
we have also been performing SADS, which is carried out 

as single-anastomosis duodeno-ileal bypass (SADI) with a 
250 cm common channel length as described by Sanchez-
Pernaute et al. [12] In terms of mesenteric defects, we rou-
tinely close the defect at the mesentery of the small bowel 
anastomosis in both RYGB and BPD/DS but, the closure of 
the Peterson defect is not universally performed. All SGs and 
re-sleeve gastrectomies are performed with a 40-60Fr bougie 
catheter. All procedures were performed laparoscopically and 
without routine drainage. In addition, at our institution, the 
choice of surgical procedure is a joint decision derived from 
the patient’s preference and surgeon’s recommendation based 
on medical indications. Moreover, in Quebec, Canada, there is 
a single-payer universal healthcare system in place, which does 
not restrict access to any established type of bariatric surgery.

The information on patients’ demographic characteristics, 
Body Mass Index (BMI), and obesity-related comorbidities 
were obtained. Comorbidities accounted for were GERD, 
obstructive sleep apnea (OSA), and metabolic syndrome 
including diabetes mellitus type 2 (DM2), hypertension 
(HTN), and dyslipidemia (DLP). Operative characteristics 
including the American Society of Anaesthesiologists (ASA) 
classification, operative time, and length of stay (LOS) were 
also documented.

The primary outcome was weight loss after revision and 
described as both absolute and percent total weight loss 
(TWL), change in BMI, and percent EWL. Due to vary-
ing follow-up rates after each revisional procedure and the 
recent addition of SADS as an option at our institution 
(since late 2016), only short-term outcomes (≥ 6 months 
and ≤ 18 months) were assessed. The latest weight recorded 
prior to revisional bariatric surgery was used as the refer-
ence to calculate various weight loss metrics after revision. 
Ideal body weight was set for BMI 25 kg/m2. Composite 
postoperative complications were used as secondary out-
comes. 90-day and long-term postoperative complications 
were reported as minor/major according to the established 
standardized reporting recommendations for bariatric sur-
gery [17].

Descriptive statistics are presented as count (frequency) 
or median (interquartile range). Fisher’s exact or Chi-
square tests were used to compare categorical variables and 
Mann–Whitney U or Kruskal–Wallis tests were used for 
continuous variables where applicable. Data analysis was 
performed using R version 3.5.1 (R Foundation for Statis-
tical Computing). Inference was based on a two-sided 5% 
level.

Results

During the study period, there were 1,937 primary SGs 
performed at our center. Among the patients included in 
the study cohort, 4 had their SG surgeries done at outside 
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institutions. Over the same time period, we performed a total 
of 112 BPD/DS procedures from which 26% (N = 29) were 
done as planned second-stage procedures and not included in 
our study cohort. There were also 5 patients that underwent 
conversions to RYGB primarily due to refractory GERD 
symptoms after SG and were also excluded from the study 
cohort. The study cohort included 94 patients, who under-
went revisional bariatric surgery after a failed prior SG at 
our institution during 2010–2018. Most patients were female 
(N = 77; 81.9%) and median age and BMI were 49 (17) years 
and 41.8 (11.7) kg/m2, respectively. OSA and HTN were 
the most prevalent non-GERD obesity-related comorbidi-
ties (N = 19; 20.2%), respectively. Forty-one patients (44%) 
underwent conversion to RYGB, 33 (35%) had BPD/DS, 7 
(7%) had SADS, and the rest underwent a re-sleeve. Table 1 
shows the detailed list of baseline characteristics of the study 
cohort stratified based on the revisional procedure.

Table 2 provides the detailed list of indications for 
revisional surgery. While each patient may have had more 
than one indication to undergo revisional surgery, primary 

inadequate weight loss (< 50% EWL) at 1 year was the 
most common reason to qualify followed by weight recidi-
vism (≥ 20% regaining of the weight lost). Patients who 
underwent BPD/DS mainly suffered from inadequate 
weight loss followed by persistent comorbidities. How-
ever, those patients that had re-sleeve surgery rarely had 
residual obesity-related comorbidities.

Only 71 patients had complete ≥ 6 and ≤ 18-month 
follow-up (76%) and were subsequently used to assess 
the primary outcome. The median follow-up time for this 
cohort was 14 (18) months. The median interval delay 
between primary SG and revision was 31 (24.5) months. 
Median BMI for the study cohort was 41.9 (11.7) kg/m2 
prior to revision with the highest estimates belonging to 
the BPD/DS subgroup at 46.8 (12.3) kg/m2 (p = 0.013). 
One year after revision, median percent TWL was 12.0% 
(13.1); largest change in BMI was achieved after BPD/
DS (8.0 [3.2], p = 0.043) and highest percent EWL was 
observed after SADS (55.1% [22.1], p = 0.707). Table 3 
provides further details on short-term weight-related 

Table 1  Baseline characteristics of the study cohort prior to revisional surgery

RYGB Roux en-Y Gastric Bypass; BPD/DS biliopancreatic diversion with duodenal switch, SADS single-anastomosis duodenal switch, IQR 
interquartile range, BMI Body Mass Index, OSA obstructive sleep apnea, DM2 diabetes mellitus type 2, N/A not applicable, HTN hypertension, 
DLP dyslipidemia, GERD gastroesophageal reflux disease

Patient characteristics Study cohort
N = 94

Re-sleeve
N = 13

RYGB
N = 41

BPD/DS
N = 33

SADS
N = 7

p value

Age (year)—median (IQR) 49 (17) 53 (15) 51 (12) 44 (16) 35 (21) 0.041
Sex (female)—N (%) 77 (81.9) 12 (92.3) 35 (85.4) 25 (75.8) 5 (71.4) 0.450
Weight (kg)—median (IQR) 117.0 (27.2) 102.1 (16.3) 107.9 (24) 127.0 (26.3) 121.1 (57.2) 0.001
BMI (kg/m2)—median (IQR) 41.8 (11.7) 39.5 (7.6) 40.6 (9.2) 46.8 (11.1) 46.6 (9.5) 0.006
Smoking—N (%) 6 (6.4) 3 (23.1) 1 (2.4) 2 (6.1) 0 0.055
OSA—N (%) 19 (20.2) 1 (7.7) 5 (12.2) 9 (27.3) 4 (57.1) 0.020
DM2—N (%) 12 (12.8) 1 (7.7) 6 (14.6) 5 (15.2) 0 0.654
 On insulin 5 (41.7) 0 3 (50.0) 2 (40.0) 0 N/A

HTN—N (%) 19 (20.2) 1 (7.7) 10 (24.4) 7 (21.2) 1 (14.3) 0.598
DLP—N (%) 14 (14.9) 0 8 (19.5) 5 (15.2) 1 (14.3) 0.397
GERD—N (%) 26 (27.7) 3 (23.1) 17 (41.5) 6 (18.2) 0 0.042

Table 2  Indications for 
revisional bariatric surgery after 
sleeve gastrectomy

RYGB Roux en-Y Gastric Bypass, BPD/DS biliopancreatic diversion with duodenal switch, SADS single-
anastomosis duodenal switch, EWL excess weight loss
a Some patients had multiple indications for revisional bariatric surgery
b While the study cohort included patients with GERD symptoms, presence of refractory GERD after SG 
was not a formal inclusion criterion since most if not all such patients should probably undergo conversion 
to RYGB as an anti-reflux procedure. Moreover, the aim of our study was to compare the outcomes of vari-
ous revisional surgeries that can be offered to any patient with a failed SG

Indication for  revisiona Re-sleeve
N = 13

RYGB
N = 41

BPD/DS
N = 33

SADS
N = 7

Inadequate weight loss (< 50% EWL) 7 14 20 4
Weight regain (≥ 20% regain of weight lost) 6 17 6 0
Persistent obesity-related  comorbidityb 1 13 5 4
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outcomes after revisional bariatric surgery along with 
procedure-dependent weight loss trajectories.

Changes in obesity-related comorbidities were also 
reviewed in detail. However, there was significant amount 
of missing information on the status of such comorbidi-
ties both prior to and after revisions (up to 33% and 49%, 
respectively). Hence, the respective data were not formally 
tabulated and analyzed.

Table 4 reports details on the operative characteristics 
and postoperative complications both early (90-days) and 
long-term after revisional surgery. The shortest procedure 
was re-sleeve and the longest was BPD/DS with median 
operative times of 128 (48) and 215 (49) minutes, respec-
tively (p < 0.001). The median LOS was 2 days irrespective 
of the revisional procedure. In total, 7 patients experienced 
90-day complications (7.4%) and all major 90-day morbidi-
ties occurred after either RYGB (N = 3) or BPD/DS (N = 1).

The details regarding patients who suffered any major 
90-day morbidity were as follows: One patient required 
readmission on postoperative day (POD) 17 for pulmonary 
embolism (PE), and was started on therapeutic anticoagula-
tion; one patient had persistent dysphagia soon after RYGB 
with LOS > 7 days, requiring an endoscopic dilatation on 
POD 14 without any adverse events prior to discharge; one 

patient underwent diagnostic laparoscopy on POD 4 after 
RYGB for symptoms suggestive of leak that confirmed a 
leak from the gastrojejunostomy (GJ) anastomosis that was 
washed out and drained with a subsequent unremarkable 
hospital stay; and one patient presented on POD 6 after BPD/
DS and was found to have an acute small bowel obstruction 
due to an incarcerated incisional hernia (near umbilicus at 
previous extraction site of SG) and underwent a laparotomy 
and primary closure of the hernia without a need for bowel 
resection. In addition, during the 90-day period after revi-
sions, 2 patients presented to the Emergency Department 
(ED) with dehydration after RYGB and received intravenous 
fluids and did not require any hospital readmission. Another 
patient presented to ED on POD 21 after RYGB and was 
diagnosed with a urinary tract infection and discharged on 
oral antibiotics (no foley was inserted at the time of revi-
sional surgery).

There were 15 long-term complications beyond 90 days 
after revisional surgeries. Once again, virtually all of them 
occurred after either RYGB (N = 6) or BPD/DS (N = 8) and 
at similar rates (p = 0.453; Table 4). Long term after BPD/
DS, 2 patients suffered from refractory steatorrhea and 
severe protein-calorie malnutrition: one patient required a 
laparoscopic lengthening of the common channel by at least 

Table 3  Weight loss outcomes after revisional bariatric surgery

RYGB Roux en-Y Gastric Bypass, BPD/DS biliopancreatic diversion with duodenal switch, SADS single-anastomosis duodenal switch, SG 
sleeve gastrectomy, IQR interquartile range, BMI Body mass index, EWL excess weight loss, TWL total weight loss
a This table only provides weight outcomes in subjects with complete follow-up of at least 6 months and up to 18 months after revision and in 
order to show short-term outcomes around 1 year after surgery (N = 71)
b Weigh outcomes are calculated using pre-revisional weights as reference values. Therefore, postrevisional EWL estimates are all added values 
after revisional surgeries and not overall estimates including the values from the previous SG

Study  cohorta

N = 71
Re-sleeve
N = 10

RYGB
N = 33

BPD/DS
N = 25

SADS
N = 3

p value

Prior to SG—median (IQR)
 Weight (kg) 141.5 (45.4) 126.6 (40) 127 (37.7) 168 (48.5) 152.2 (14.3)  < 0.001
 BMI (kg/m2) 53.3 (16.9) 47.5 (20) 49.5 (11.2) 64.7 (13.9) 53.3 (7.5)  < 0.001

Interval delay (month)—median (IQR) 31.0 (24.5) 44.5 (37) 34.0 (20.0) 20.0 (19.0) 14.0 (10.0) 0.020
Prior to revision—median (IQR)
Weight (kg) 117.5 (26.1) 106.1 (23.1) 108.4 (21.8) 131.0 (28.1) 108.4 (15.4)  < 0.001
 BMI (kg/m2) 41.9 (11.7) 39.9 (13.1) 40.1 (9.0) 46.8 (12.3) 38.0 (7.4) 0.013
 EWL (%) 35.0 (20.5) 27.6 (21.9) 34.8 (19.1) 35.9 (18.8) 54.2 (12.5) 0.192
 TWL (kg) 25.6 (24.4) 14.8 (13.4) 21.8 (23.6) 34.9 (27.1) 39.0 (3.5) 0.004
 TWL (%) 20.3 (12.1) 13.0 (10.3) 16.1 (11.3) 22.7 (11.3) 23.8 (6.23) 0.001
 ΔBMI (kg/m2) 9.6 (7.9) 6.2 (4.8) 8.5 (7.4) 14.0 (7.8) 14.5 (0.5) 0.002

Post-revision (1 year)b—median (IQR)
 Weight (kg) 99.8 (25.9) 94.1 (27.2) 97.5 (19.1) 108.9 (25) 84.8 (15.9) 0.012
 BMI (kg/m2) 36.4 (10.3) 35.5 (12.1) 35.0 (7.7) 38.1 (13.9) 29.7 (7.4) 0.101
 EWL (%) 30.3 (24) 29.2 (10.4) 27.6 (26.8) 31.6 (21.9) 55.1 (22.1) 0.707
 TWL (kg) 15.9 (13.2) 12.0 (11.9) 13.2 (11.3) 21.8 (10.9) 12.2 (6.1) 0.023
 TWL (%) 12.0 (13.1) 7.6 (11.0) 10.1 (12.8) 14.0 (12.2) 9.4 (5.8) 0.194
 ΔBMI (kg/m2) 6.3 (5.1) 4.6 (5.2) 4.7 (5.3) 8.0 (3.2) 4.5 (1.9) 0.043
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Table 4  Operative 
characteristics and postoperative 
complications after revisional 
bariatric surgery

RYGB Roux en-Y Gastric Bypass, BPD/DS biliopancreatic diversion with duodenal switch, SADS single-
anastomosis duodenal switch, ASA American Society of Anaesthesiologists, IQR interquartile range, LOS 
length of stay, GJ gastrojejunostomy, PE pulmonary embolism, N/A not applicable, UTI urinary tract infec-
tion
a The p values are derived from chi-square tests comparing postoperative complications between only 
RYGB and BPD/DS
b Major and minor morbidities were reported according to the established standardized reporting recom-
mendations for bariatric surgery set by the American Society for Metabolic and Bariatric Surgery
c This patient had persistent dysphagia soon after RYGB with LOS > 7d, requiring endoscopic dilatation on 
POD14 with no adverse events prior to discharge
d Two patients presented to Emergency Department on POD5 with symptoms of dehydration and received 
IV hydration without any need for hospital admission
e Two patients developed long-term GJ stricture; one required multiple endoscopic dilatations and another 
required laparoscopic revision/redo of GJ anastomosis
f Two patients suffered from refractory steatorrhea and severe protein-calorie malnutrition: one patient 
required lengthening of the common channel; another patient suffered from refractory hypoglycemic epi-
sodes in addition to severe protein-calorie malnutrition and underwent a complete reversal of BPD/DS
g After RYGB, there were 2 internal hernias through the Peterson defect and 1 through the JJ mesenteric 
defect; after BPD/DS, 2 internal hernias were observed through the mesenteric defect of the small bowel 
anastomosis and 1 through Peterson defect
h Long term after BPD/DS, 3 patients had diagnostic laparoscopy for chronic abdominal pain, which did not 
reveal any internal hernia or abdominal pathologies

Re-sleeve RYGB BPD/DS SADS p value
N = 13 N = 41 N = 33 N = 7

ASA Class—N (%) 0.019
 1 4 (11.7) 9 (21.4) 7 (21.9) 0
 ≥ 2 4 (11.7) 12 (28.6) 18 (56.3) 7 (100)

Operative time (min)—median (IQR) 128 (48) 192 (24) 215 (49) 166 (16)  < 0.001
LOS (day)—median (IQR) 2 (2–3) 2 (2–2) 2 (2–2) 1 (1–2) 0.006
90-day  complicationsa—N (%)
 Major  morbidityb 0 3 (7.3) 1 (3.0) 0 0.769
 Minor  morbidityb 0 3 (7.3) 0 0 0.321
 Any 0 6 (14.6) 1 (3.0) 0 0.195
  Reintervention 0 1 (2.4) 0 0
      Endoscopic dilatation of GJ  stricturec

  Reoperation 0 1 (2.4) 1 (3.0) 0
      GJ anastomotic leak
      Incarcerated incisional hernia
  PE 0 1 (2.4) 0 0 N/A
  UTI 0 1 (2.4) 0 0 N/A
  Dehydrationd 0 2 (4.9) 0 0 N/A

Long-term  complicationsa—N (%)
 Major  morbidityb 0 4 (9.8) 8 (24.2) 0 0.173
 Minor  morbidityb 1 (7.7) 2 (4.9) 0 0 0.572
 Any 1 (7.7) 6 (14.6) 8 (24.2) 0 0.453
  Anastomotic stricture (GJ)e 0 2 (4.9) 0 0 0.572
  Protein-calorie  malnutritionf 0 0 2 (6.1) 0 0.381
  Internal  herniag ––- 3 (7.3) 3 (9.1) 0 1.000
  Negative laparoscopy for abdominal  painh 0 0 3 (9.1) 0 0.168
  Marginal ulcer – 1 (2.5) – – N/A
  Barrett’s esophagus 1 (7.7) 0 0 0 N/A
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100 cm nearly 1.5 years after BPD/DS; another patient suf-
fered from refractory hypoglycemic episodes in addition to 
severe protein-calorie malnutrition and nearly 6 years after 
revision underwent a complete reversal of BPD/DS lapa-
roscopically. Previously (nearly 4 months after BPD/DS), 
this same patient had undergone a negative diagnostic lapa-
roscopy for chronic abdominal pain. Moreover, 3 patients 
presented with internal hernia after BPD/DS requiring sur-
gical intervention: 2 patients were found to have internal 
hernias through the mesenteric defect of the small bowel 
anastomosis and 1 patient through the Peterson defect; all 
three patients presented between 4 and 10 months after revi-
sion and had their internal hernias repaired laparoscopically 
without any bowel resection. Another 2 patients complained 
from chronic abdominal pain post-BPD/DS and underwent 
negative diagnostic laparoscopies between 4 and 6 months 
after revision.

Six patients experienced long-term complications after 
RYGB. Two patients developed GJ stricture: one required 
multiple endoscopic dilatations, which eventually resolved 
the problem; another patient underwent laparoscopic revi-
sion/redo of the GJ anastomosis. Three patients developed 
symptomatic internal hernias after RYGB requiring surgical 
interventions: 2 of them were through the Peterson defect 
approximately 4 months post-revision and were repaired 
laparoscopically without any bowel resection; also around 
4 months after revision, another patient presented with acute 
small bowel obstruction due to an internal hernia through 
the jejuno-jejunostomy (JJ) mesenteric defect, which was 
repaired laparoscopically but needed bowel resection and 
redoing of the JJ anastomosis. Finally, nearly 9 months 
after RYGB, an active smoker was diagnosed with a mar-
ginal ulcer by gastroscopy and was successfully treated 
with smoking cessation, twice daily proton pump inhibitors 
(PPIs) and sucralfate.

In addition, while considered a minor long-term mor-
bidity, there was one patient that underwent re-sleeve sur-
gery despite a known diagnosis of non-dysplastic Barrett 
esophagus (BE) subsequent to the primary SG. This patient 
continues to undergo close endoscopic surveillance of 
the BE which so far has not progressed and has remained 
non-dysplastic.

Discussion

To our knowledge and albeit at short-term follow-up, this is 
the largest study that compares outcomes of multiple revi-
sional bariatric surgeries after a prior failed SG, which, in 
addition to RYGB and classic BPD/DS, provides compara-
tive outcomes on re-sleeve that has previously been dis-
cussed as an option [14, 18] and SADS which has recently 

gained significant popularity and is now endorsed by promi-
nent international bariatric societies [15, 16, 19].

In a recent study, Amiki et al. described their institutional 
medium-term outcomes of revisional bariatric surgery for 
inadequate weight loss (< 50% EWL at 1 year; N = 15) and 
intractable GERD (N = 9) over a 12 year period (2006–2107) 
[20]. While more than half of patients in their study had 
a failed original SG, other primary procedures like adjust-
able gastric banding and vertical banded gastroplasty were 
also included. Looking only at those with inadequate weight 
loss who had revisions after a primary SG (N = 10), and 
despite the 12-year study period, outcomes were compared 
irrespective of the different mean follow-up times among 
procedures (33 to 48 months, re-sleeve to RYGB, respec-
tively). Also, no follow-up rates were reported and the 
sample size for each revision-arm was very small (BPD/DS 
or duodenojejunal bypass, N = 6; RYGB, N = 2; re-sleeve, 
N = 2) [20]. Moreover, while they did not report the time 
interval between the original surgery and the revision, they 
demonstrated a mean TWL of nearly 30 kg and an 11-unit 
decrease in BMI. Revisions to BPD/DS or duodenojejunal 
bypass were most effective and re-sleeve surgery yielded the 
least weight loss [20]. In our study, at a median interval time 
greater than two and a half years (31 months) between SG 
and the revision and among individuals that had complete 
follow-up (≥ 6 and ≤ 18 months; N = 71) we found that revi-
sional surgery allowed for another 12% TWL and more than 
a 6-unit drop in BMI. Furthermore, BPD/DS was the most 
effective among the revisional procedures and allowed for 
an additional median 14% TWL and an 8-unit drop in BMI. 
Although weight loss outcomes of RYGB, SADS and even 
re-sleeve were similar, only patients that underwent SADS 
achieved a median BMI < 30 kg/m2. However, this finding 
is in part explained by the fact that the median BMI prior to 
revisions was the lowest in the SADS subgroup (38 kg/m2). 
In addition, when comparing the change in BMI between 
SADS and BPD/DS subgroups as the two switch-type pro-
cedures, the latter revisional surgery yielded nearly double 
the change in BMI during the short-term follow-up. This 
difference in BMI change was also despite patients in BPD/
DS subgroup having the highest pre-revision BMI (47 kg/
m2). Moreover, one must not forget that these weight out-
comes may be similar at 1 year but could very well diverge 
out at long-term follow-up after revision. Regardless, these 
results are important as revisional surgeries are often viewed 
as such that they will not allow for the same expected weight 
loss as a primary procedure or when there is a planned two-
stage approach [21, 22].

In our study, inadequate weight loss (< 50% EWL) at 1 
year was the most common reason to qualify for revisional 
bariatric surgery. Achieving this target in the context of 
severe obesity with BMI ≥ 50 kg/m2 is a major challenge and 
a main reason for advocating a two-step surgical approach 
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especially in patients with super-super obesity (BMI ≥ 60 kg/
m2) [23, 24]. Hence, one could argue that in the context of 
super-super obesity a purely restrictive procedure is destined 
to fail. Combined restrictive/malabsorptive or bypass-type 
procedures such as RYGB or classic BPD/DS are shown to 
result in greater weight loss and improvement in comor-
bidities when compared to purely restrictive procedures 
like SG or re-sleeve especially in patients suffering from 
severe obesity (BMI ≥ 50 kg/m2) [8, 25]. Moreover, among 
patients with severe obesity, classic BPD/DS is shown to be 
significantly more effective than RYGB for weight loss and 
resolution of comorbidities such as DM2 [26, 27]. At our 
institution choosing the surgical procedure is a joint decision 
derived from the patient’s preference and surgeon’s recom-
mendation based on medical indications. Yet, in our study 
the patients who underwent SADS and BPD/DS suffered 
from severe obesity (BMI ≥ 50 kg/m2) prior to their SG. In 
fact, after grouping switch-type procedures (BPD/DS and 
SADS) together, the head-to-head comparison with RYGB 
subgroup revealed a significantly higher weight loss (median 
absolute TWL: 22 versus 13 kg; p = 0.007 and median BMI 
change: 8 versus 5 kg/m2; p = 0.015, respectively). This 
observation was despite our efforts to include only patients 
that were not originally planned for a two-step approach 
with median interval delays of 14 (SADS) and 20 (BPD/DS) 
months. In addition, the individuals with a heavier burden of 
their obesity syndrome in the absence of intractable GERD 
were more likely to undergo the more aggressive duodenal 
switch-type procedures.

In terms of improvements in persistent obesity-related 
comorbidities, as previously mentioned, due to significant 
missing information on the status of the comorbid conditions 
especially after revisions (up to 49%), we did not formally 
analyze the data or consider it as a secondary endpoint. 
However, among those with complete data on comorbid 
conditions pre- and post-revision, we observed improve-
ment or resolution of obesity-related comorbidities to be 
as follows: for DM2 60–83%, for HTN 40–60%, for DLP 
60–63%, and for OSA 40–50% (results not shown). Despite 
the significant missing information, these findings are con-
sistent with the existing literature [25, 27]. In our study, the 
patients that received SADS as their revisional surgery and 
had adequate follow-up (≥ 6 and ≤ 18 months) were only a 
few (N = 3), who were not heavily burdened by metabolic 
syndrome before revision. Thus, the respective small sample 
size did not allow us to gage the impact of SADS on related 
comorbidities. However, SADS is shown to have a similar 
impact on obesity-related comorbidities especially cardio-
metabolic conditions at medium-term follow-up compared 
to both RYGB and BPD/DS [28, 29].

In our study cohort, we observed a 7.4% 90-day com-
plication rate and a 4.3% rate of major morbidity after 
revisional surgery. All major 90-day morbidities occurred 

after either RYGB (N = 3/41) or BPD/DS (N = 1/33) which 
included one leak that was from the GJ anastomosis after 
RYGB; there were no mortalities. Our overall 90-day com-
plication rate after revisional bariatric surgery is compa-
rable to what is reported for revisional surgeries after SG 
(6.7–31.5%) and superior to rates referenced for revisional 
surgeries irrespective of original bariatric surgery including 
adjustable gastric banding or vertical banded gastroplasty 
[20, 22–24]. Moreover, our observed rate for 90-day major 
morbidity appeared to be comparable or superior to reported 
estimates from other large case series of revisional bariatric 
surgeries including two-stage BPD/DS where major morbid-
ity ranged from 6.4–10% with a leak rate between 4.5 and 
8.3% [20, 23, 24, 30]. Surprisingly, with a median follow-up 
of 11 months, we did not encounter any major complica-
tions among patients that had SADS. However, the sam-
ple size was small in the SADS group and only 3 out of 7 
patients had follow-up ≥ 6 and ≤ 18 months, which could in 
part explain the observed statistics. Nevertheless, Sanchez-
Pernaute et al., in their reporting of outcomes in patients 
that underwent SADS as a second-stage surgery and at a 
mean follow-up time of 21 months (N = 16), also did not 
observe any complications [16]. Despite the total number 
of subjects in our study cohort, the procedures were done at 
a single center and our sample size is still relatively small to 
make the observed complication rates generalizable. Nev-
ertheless, better 90-day major morbidity profiles especially 
for more complex bypass-type procedures maybe an indirect 
consequence of surgeries being performed at higher-volume 
centers by higher-volume surgeons as was recently shown in 
large population-level study [31].

As for long-term complications beyond 90 days, the 
observed rate in our study cohort was 15.9%. Most of the 
long-term morbidities were categorized as major (12.8%; 
N = 12) and again all of those belonged to either the RYGB 
(N = 4/41) or BPD/DS (N = 8/33) group. Our observed inter-
nal hernia rates after either RYGB or BPD/DS were 7.3% 
and 9.1%, respectively. At our center, we routinely close the 
mesenteric defect of the small bowel anastomoses, but the 
closure of the Peterson defect is not universally performed. 
Half of observed internal hernias were through the mesen-
teric defect of the small bowel anastomosis despite the rou-
tine closure, which could be an advantage of SADS proce-
dures where such mesenteric defect is not created. However, 
given that the other half were internal hernias through to 
the Peterson defect, these findings may further advocate for 
its routine closure. Furthermore, while the need for closure 
of such defect in SADS surgery is up for debate, sympto-
matic internal hernia through the Peterson defect has been 
observed even after SADS [32]. Regardless, our observed 
major morbidity including internal hernia rates is compatible 
with what was shown in a large multicenter study evaluating 
complications among 1,328 patients who underwent SADS 
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procedures and compared with BPD/DS and RYGB [33]. 
Moreover, while the quality literature on long-term compli-
cations after revisional bariatric surgery with high follow-up 
rates is scarce, our results are also compatible with other 
reported literature [21, 34, 35].

Although the presence of non-GERD obesity-related 
comorbidities was used as an inclusion criterion in our study, 
nearly 28% (N = 26) of our cohort were taking PPIs to treat 
GERD symptoms prior to revision and nearly two-third of 
them underwent RYGB as their revisional surgery. How-
ever, 3 of these patients underwent a re-sleeve surgery one 
of whom was known to have developed non-dysplastic BE 
after the primary SG. While the patient continues to undergo 
close endoscopic surveillance of the BE, this observation 
is very important to note. This is especially true in the cur-
rent era where SG is the most common bariatric procedure 
and de novo GERD post-SG and potential progression to 
dysplastic BE and adenocarcinoma is a very serious con-
cern [36]. Perhaps re-sleeve surgery as a repeat reflux-prone 
procedure in someone suffering from GERD after a previous 
SG is not a wise choice. Although a case could be made 
when the primary SG is not performed properly with a large 
retained fundus documented on endoscopy and upper gas-
trointestinal series as was the case for the re-sleeve gastrec-
tomies included in our study cohort. Nevertheless, patients 
requiring any form of therapy for their refractory GERD 
symptoms after an SG should undergo proper surveillance 
to rule out dysplastic BE and a subsequent conversion to 
RYGB as the revisional procedure of choice.

Certain limitations also need to be considered when 
interpreting our results. Clearly, the retrospective nature 
of the study from a single institution may limit the gener-
alizability and conclusions that can be drawn. The small 
sample size also limits the possibility of detailed statistical 
analyses to interpret various independent predictors of out-
come after revisional surgery and carry out stratified anal-
yses (for instance between BPD/DS and SADS patients). 
As mentioned previously, while our study period spanned 
9 years, the medium- to long-term follow-up rates were poor 
(< 50%) which led to us analyzing short-term outcomes 
up to 18 months after revisional surgery. When compar-
ing the indications for the switch-type procedures (BPD/
DS and SADS) with the RYGB, we found that inadequate 
weight loss (< 50% EWL) at 1 year was nearly twice more 
frequent in the former group (60% [N = 24/40] versus 34% 
[N = 14/41], respectively). Moreover, patients who under-
went switch-type procedures suffered from severe obesity 
prior to their SG (median BMI for BPD/DS = 64.7 kg/m2 
and for SADS = 53.3 kg/m2) compared to RYGB (median 
BMI = 49.5 kg/m2). This observation may indicate that the 
individuals who suffered from severe obesity were more 
likely to receive the duodenal switch-type procedures, which 
could be a source of selection bias. In addition, the different 

interval delays between primary SGs and the four surgical 
subgroups could also introduce selection bias. There may 
also be the possibility of confounding from missing data 
or some un-measured variables, but this should likely be 
distributed evenly for all 4 procedures and hence the poten-
tial bias is likely toward the null value. Furthermore, even 
among those with short-term follow-up, the completeness 
of the data on all obesity-related comorbidities was poor 
and did not allow for any meaningful comparative analyses 
among various procedures. Therefore, prospective multi-
center studies that can allow for a larger sample size and 
longer follow-up time are needed. In addition, it would be 
important to know the long-term differences in absorption 
of vitamins, micronutrients, and other nutritional param-
eters including protein levels among various bypass-type 
procedures.

Conclusions

Revisional procedures offer further weight loss short-term 
after a failed primary SG. Bypass-type revisional procedures 
are more effective compared to re-sleeve surgery. In the 
absence of refractory GERD symptoms, duodenal switch-
type procedures are both safe and effective revisional options 
especially in patients with severe obesity prior to their SG. 
Further long-term studies are needed to evaluate outcomes 
after various revisional surgeries in order to identify the opti-
mal revisional bariatric procedures for patients with weight 
recidivism or refractory comorbidities after a primary SG.
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