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Abstract

Background A considerable number of patients require

revisional surgery after laparoscopic adjustable gastric

banding (LAGB). Studies that compared the outcomes of

revisional sleeve gastrectomy (r-SG) and revisional Roux-

en-Y gastric bypass (r-RYGB) after failed LAGB are

scarce in the literature. Our objective was to determine

whether significant differences exist in outcomes between

r-SG and r-RYGB after failed LAGB.

Methods From 2005 to 2012, patients who underwent

laparoscopic r-SG and r-RYGB after failed LAGB were

retrospectively compared and analyzed. Data included

demographics, indication for revision, operative time,

hospital stay, conversion rate, percentage excess weight

loss (%EWL), and morbidity and mortality.

Results Out of 693 bariatric procedures, 42 r-SG and 53

r-RYGB were performed. The median preoperative weight

(107.7 and 117.7 kg, respectively, p = 0.02) and body mass

index (BMI) (38.5 vs. 43.2 kg/m2, respectively, p = 0.01)

were statistically significantly lower in r-SG than in

r-RYGB. The mean operative time and median hospital stay

were significantly shorter in r-SG than in r-RYGB (108.4 vs.

161.2 min, p \ 0.01) (2 vs. 3 days, p = 0.02), respectively.

One patient underwent conversion to open surgery after

r-RYGB (p = 0.5). The reoperation rate was lower in r-SG

than in r-RYGB (0.0 vs. 3.8 %, p = 0.5). There was one

postoperative leak in the r-RYGB, and the overall compli-

cation rate was significantly lower in r-SG patients than in

r-RYGB patients (7.1 vs. 20.8 %, p = 0.05). The mean

follow-up was significantly shorter in the r-SG group (9.8 vs.

29.3 months, p \ 0.01). However, the mean postoperative

BMI was not different at 1 year (32.3 vs. 34.7, p = 0.29) as

well as mean %EWL was (47.4 vs. 45.6 %, p = 0.77).

Conclusions Both r-SG and r-RYGB are safe procedures

with similar outcomes in terms of %EWL. As a result of the

long-term potential nutritional complication of r-RYGB,

r-SG may be a better option in this group of patients. Longer

follow-up is needed.
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Obesity surgery is expanding all over the world. There are

many surgical options for weight loss. Laparoscopic

adjustable gastric banding (LAGB), introduced in the early

1990s [1], has been demonstrated to be safe and associated

with low morbidity and mortality [2–4]. The long-term

follow-up, however, has been unsatisfactory, both in terms

of weight loss and the need for revision due to complica-

tions; the long-term failure rate after LAGB ranges from 30

to 50 % [5, 6]. Furthermore, LAGB complications includ-

ing slippage, erosion, and pouch or esophageal dilatation

may require revision in up to 25 % of patients [7, 8].

Parallel to the increasing acceptance of surgical treat-

ment for morbid obesity, there is also a growing demand

for revisional bariatric surgery.

Repeated banding has been demonstrated to be an inef-

fective option in many studies [9, 10]. Other procedures that
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have been demonstrated to be safe and feasible include

gastric bypass [10–12], sleeve gastrectomy [13], and

biliopancreatic diversion (BPD) and duodenal switch (DS)

[14]. These procedures can be done by laparoscopy with

low conversion and mortality rates [15]. However, revi-

sional surgery is more demanding and is associated with

higher complication (especially leakage) rates and longer

hospital stay than primary procedures [16].

Sleeve gastrectomy or RYGB have been proposed as

single-stage procedures and have been demonstrated to be

safe and associated with adequate weight loss. Conversely,

laparoscopic conversion to BPD or DS is technically

demanding procedure with long operative times and a

complication rate of up to 62 % [14].

It is not clear which procedure, restrictive or malab-

sorptive, is optimal after failed gastric banding. Few

studies have compared the safety and weight loss after

band removal followed by SG or RYGB. In our study, we

retrospectively compared weight loss and complication

rates between the two procedures.

Materials and methods

All records of patients undergoing revisional bariatric

surgery from May 2005 to May 2012 were reviewed. Of

693 patients (340 SG, 353 RYGB), 95 patients underwent

revisional procedures after LAGB. Band removal and r-SG

(n = 42) or r-RYGB (n = 53) were performed because of

failure of weight loss or because of complications from

previous bariatric operations and form the population of

this study.

Demographics, comorbid conditions, indications for

revision, preoperative weight and body mass index (BMI),

conversion, operative time, hospital stay, complications,

overall mean follow-up, and mean BMI and percentage

excess weight loss (%EWL) at 1 year were reviewed and

compared.

Preoperative assessment

All patients underwent preoperative routine blood tests,

ultrasound examination of the liver and gallbladder, barium

upper gastrointestinal (GI) contrast studies, and gastros-

copy to exclude gallstone disease and band complications

(slippage, erosions). If pouch dilatation or slippage were

detected, the band was deflated 1 month before revision. If

gallstones were found, cholecystectomy was performed at

the time of revision for both symptomatic and asymptom-

atic patients. Furthermore, patients with fatty liver found

on US examination were put on a high-protein, low-car-

bohydrate diet 2–4 weeks before surgery to help reduce

liver size. If band erosion was discovered at the time of

gastroscopy, the band was removed with revision planned

at a later stage. All patients who were positive for Heli-

cobacter pylori were treated preoperatively with appro-

priate antibiotics. Sleep apnea was searched for routinely.

Surgical technique

All patients received preoperative low-molecular-weight

heparin in addition to continuous pneumatic compression

stocking application during surgery. Prophylactic antibi-

otics were provided preoperatively and continued until

patient discharge. Patients were positioned in the French

position (patient supine, legs apart), inclined in anti-Tren-

delenburg position, with the surgeon standing between the

legs in r-SG or on the right side of the patient in r-RYGB.

Pneumoperitoneum was established with a Veres needle

inserted in the left subcostal area. The left liver lobe was

retracted by a 5 mm trocar inserted in the subxiphoid

position.

r-RYGB

Laparoscopic r-RYGB was performed using a five-port

technique (5–12 mm, Excell, Ethicon Endosurgery, Cin-

cinnati, OH, USA). Adhesions around the band were dis-

sected completely, and the band was identified, divided,

and removed. The lesser sac was entered from the lesser

curvature, and all adhesions on the posterior wall of the

stomach were dissected free in the direction of the left crus

to avoid leaving a large pouch on the posterior wall. The

stomach was transected below the band scar to avoid staple

line disruption, and green loads (45 mm, Ethicon Endo-

surgery, Cincinnati, OH, USA) were used to create a

25–30 ml vertical proximal gastric pouch. The staple line

was then oversewn with a continuous absorbable suture.

We chose to perform a 150 cm alimentary limb if the

patient’s BMI was [50 kg/m2 and a 100 cm limb if the

BMI was \50 kg/m2. A gastrojejunostomy was performed

side to side with a linear stapler (45 mm, blue load, Ethicon

Endosurgery, Cincinnati, OH, USA), and the anterior wall

defect was closed in two layers by hand-sewn continuous

absorbable sutures. Enteroenterostomy was performed with

a linear stapler (45 mm, white load, Ethicon Endosurgery,

Cincinnati, OH, USA), and the anterior wall defect was

closed in one layer by hand-sewn continuous absorbable

sutures.

r-SG

Laparoscopic r-SG was performed using 3–4 port tech-

nique (5–12 mm, Excell, Ethicon Endosurgery, Cincinnati,

OH, USA). After the scar covering the band was dissected,

the band was left in place, and the omentum adjacent to the
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greater curvature and the short gastric vessels were divided

with a Harmonic scalpel (Ethicon Endosurgery, Cincinnati,

OH, USA) until reaching the left crus of the diaphragm.

The band was dissected further until the whole fundus was

mobilized from the posterior abdominal wall. The gast-

rogastric sutures were taken down to restore previous

anatomy. The band was then cut and removed before

division of the stomach. A 36F gastric bougie was inserted

beyond the pylorus. r-SG was done using green loads

(60 mm, Ethicon Endosurgery, Cincinnati, OH, USA)

starting 3–4 cm from the pylorus up to the gastroesopha-

geal junction. The staple line was then oversewn with

continuous absorbable sutures.

The methylene blue test was performed to check for

intraoperative leakage in all r-RYGB and r-SG patients. A

closed suction drain was used routinely.

Postoperative management

All patients underwent an upper GI contrast study on

postoperative day 2 to rule out any leak or stomal

obstruction before oral intake and were discharged on the

same day if there was no evidence of leak. Starting in 2011,

we stopped performing routine postoperative GI contrast

study, and patients were discharged on the second post-

operative day if there was no evidence of sepsis and if they

tolerated oral intake. Nasogastric tubes were not used in

our patients.

Postoperatively, patients were placed on clear fluids for

2 weeks followed by pureed food for another 2 weeks and

were allowed solid food after 4 weeks.

All patients were requested to receive proton pump

inhibitor treatment postoperatively for 3 months. One week

after surgery, all patients were also provided multivitamins,

calcium, iron, and vitamin B12.

Study design

All patients who underwent laparoscopic band removal and

r-SG or r-RYGB were compared. Data were collected and

statistically analyzed by SPSS 17.0 for windows (SPSS,

Chicago, IL, USA). Data were expressed as mean (ran-

ge) ± SD. The chi-square test or Fisher’s exact test was

used for categorical variables, as appropriate. The unpaired

t test was used to assess the significance between means of

two continuous variables. A p value of 0.05 or less was

considered statistically significant.

Results

There was no statistical difference found in mean age

(35.6 ± 10.4 vs. 39.0 ± 8.3 years, p = 0.08) or gender (F/

M, 36/6 vs. 46/7, p = 0.5) between the r-SG and r-RYGB

groups. Furthermore, there was no significant difference

found in preoperative comorbidities or indications for

surgery between the two groups (Table 1).

The median preoperative weight (107.7 vs. 117.7 kg)

and BMI (38.5 vs. 43.2 kg/m2) was found to be signifi-

cantly lower in the r-SG patients (p = 0.02, p = 0.01,

respectively). The mean operative time (108.4 ± 20.1 vs.

161.2 ± 41.2 min) and the median hospital stay (2 vs.

3 days) were significantly longer for r-RYGB patients

(p \ 0.01 and p = 0.02, respectively) (Tables 1, 2).

Only one patient (1.9 %) required conversion after

r-RYGB due to uncontrolled bleeding (p = 0.5), and two

Table 1 Demographic data
Clinical characteristic Sleeve Bypass p

Age (years), mean ± SD 35.6 ± 10.4 39.0 ± 8.3 0.08

Gender 0.5

Male 6 (14.3 %) 7 (13.2 %)

Female 36 (85.7 %) 46 (86.8 %)

Preoperative weight (kg), median 107.7 117.7 0.02

Preoperative BMI (kg/m2), median 38.5 43.2 0.01

Comorbidity

Diabetes mellitus 5 (11.9 %) 6 (11.3 %) 0.5

Hypertension 6 (14.3 %) 14 (26.4 %) 0.1

Hypothyroidism 5 (11.9 %) 5 (9.4 %) 0.4

Indication

Inadequate weight loss/poor quality of life 39 (92.9 %) 51 (96.2 %)

Slippage 1 (2.4 %) 0 (0 %)

Erosion 1 (2.4 %) 1 (1.9 %)

Pouch dilatation 0 (0.0 %) 1 (1.9 %)

Port infection 1 (2.4 %) 0 (0.0 %)
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patients (3.8 %) required reoperation due to postoperative

intra-abdominal bleeding and leaking (p = 0.5). Both

patients were reoperated laparoscopically. The leak was

found to be from the site of stapler line above the gastro-

jejunal anastomosis. The patient was reexplored, and the

leak was sutured and the drains were left. However, the site

continued to leak, and the patient’s condition was unstable.

A stent was inserted at the site of the leak, and she improved.

The stent was removed 6 weeks later without complications.

The overall postoperative complication rate was signif-

icantly higher among r-RYGB patients (7.1 vs. 20.8 %,

p = 0.05) (Table 2). Postoperative superficial surgical site

hematoma and ecchymosis was observed in two patients

(4.8 %) after r-SG, and postoperative intra-abdominal

bleeding requiring blood transfusion was present in one

patient (2.4 %).

One r-RYGB patient developed a wound ecchymosis

(1.9 %), and three patients developed postoperative

bleeding (5.7 %). One patient required reoperation by

laparotomy and splenectomy due to iatrogenic injury of the

spleen, while two patients with melena and intra-abdominal

bleeding were managed with blood transfusion only. An

internal hernia was observed in two patients after r-RYGB,

and both patients required surgical intervention (3.8 %).

Postoperative adhesive intestinal obstruction was observed

in one patient (1.9 %) who did not improve on conservative

therapy and required laparotomy. Marginal ulcer was

observed in one patient (1.9 %) who required resection of

gastroenterostomy anastomosis with the ulcer, pouch

reduction, and reanastomosis after failure to heal with

medical treatment for more than 6 months. There was no

mortality in either group (Table 2).

The overall mean follow-up among the r-RYGB was

significantly longer because r-SG was introduced after

r-RYGB (9.8 ± 8.7 vs. 29.3 ± 21.9, p \ 0.01). The overall

mean follow-up weight (90.0 ± 23 vs. 87.4 ± 13.8 kg,

p = 0.5) and mean BMI (33.3 ± 8.1 vs. 32.6 kg/m2,

p = 0.6) did not differ significantly. Furthermore, the

overall mean %EWL was statistically significantly higher

among r-RYGB patients (37.4 ± 22.8 vs. 49.1 ± 17.7,

p = 0.01). However, the mean follow-up BMI (32.3 ± 6.4

vs. 34.7 ± 5.5, p = 0.2) and %EWL at 1 year (47.4 ± 21.6

vs. 45.6 ± 14.0, p = 0.7) was not significantly different

between the two groups of patients (Table 3)

Compliance with postoperative vitamin intake was

observed in 58.1 % after r-SG and in 69.8 % after r-RYGB

patients (p = 0.2) (Table 2)

Discussion

Failure, which can follow any kind of procedure, can be

related to many reasons, including complications or lack of

compliance. In our center, the second-line option after

failed gastric banding is either r-SG or r-RYGB.

At the beginning of our experience, RYGB was the

procedure of choice after failure of the band. As SG

became more popular, our patients preferred to have SG

rather than RYGB because of the long-term complications

after RYGB. Furthermore, because of lower morbidity and

mortality, many of our patients were keen to have the band

converted to another procedure to avoid frequent follow-up

visits and reservoir filling constraints. This may explain the

lower BMI observed in the r-SG group.

Table 2 Conversion,

complications, and reoperation
Clinical characteristic Sleeve Bypass p

Operative time (min), mean ± SD 108.4 ± 20.1 161.2 ± 41.2 \0.01

Hospital stay (days), median 2 3 0.02

Conversion 0 (0 %) 1 (1.9 %) 0.5

Complication rate 3 (7.1 %) 11 (20.8 %) 0.05

Reoperation rate 0 (0 %) 2 (3.8 %) 0.5

Complication

Postoperative intra-abdominal bleeding 1 (2.4 %) 2 (3.8 %)

Melena 0 (0 %) 1 (1.9 %)

Wound hematoma 2 (4.8 %) 1 (1.9 %)

Leak 0 (0 %) 1 (1.9 %)

Incisional hernia 0 (0 %) 2 (3.8 %)

Intestinal obstruction 0 (0 %) 1 (1.9 %)

Internal hernia 0 (0 %) 2 (3.8 %)

Marginal ulcer 0 (0 %) 1 (1.9 %)

Compliance with vitamin intake 18/31 (58.1 %) 30/43 (69.8 %) 0.2
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Laparoscopic sleeve gastrectomy (LSG) was first

described as a staged procedure for super obesity, but it

resulted in good weight loss with low morbidity [17, 18].

Patients experienced adequate weight loss, and because of

its efficiency, technical simplicity, and low morbidity,

surgeons adopted this procedure widely as a stand-alone

procedure [18–20].

LSG has been demonstrated to be effective as a revi-

sional bariatric procedure after failed gastric banding [21–

23]. The leak rate, however, has been reported to be higher

after revision of LAGB into LSG because of stapling the

stomach in scared tissue, and dissection at the left crus can

jeopardize the blood supply at the gastroesophageal junc-

tion [11–13].

Although it is debated whether performing another

restrictive procedure after a failed restrictive procedure

would help in reducing weight, it may be due to hormonal

effects and reduction of ghrelin obtained by excision of the

gastric fundus [24, 25].

Karamanakos et al. have demonstrated that the %EWL

after LSG and RYGB was not statistically different at

1 year. However, ghrelin levels were statistically lower

after LSG, and appetite suppression was greater at 1 year

[25].

LSG does not alter bowel continuity, and therefore there

are no mineral and vitamin deficiencies, except vitamin

B12 because of the gastric resection [23]. Uglioni et al.

[26] compared primary and secondary sleeve gastrectomy

and found no difference in terms of morbidity, reoperation,

or insufficient weight loss. However, Goitein et al. found

significantly higher %EWL at 17 months in the group of

patients who had primary sleeve than in patients who had

synchronous band removal and sleeve gastrectomy. There

were two leaks among the patients who underwent repeated

procedures [27].

Laparoscopic revision to gastric bypass has been dem-

onstrated to be feasible and effective for failed LAGB [10–

12, 28–30]. Comparing primary treatment with r-RYGB

was found to have similar safety profiles and weight loss

[31, 32], although in other reports, it was demonstrated that

in primary RYGB, the weight loss was more significant

[33]. A major advantage of conversion to RYGB is the

disappearance of esophageal motility disorders and the cure

of gastroesophageal reflux symptoms [34]. In a case-mat-

ched case-control study, Martin et al. compared primary

bypass and repeat resection bypass. In their series, revi-

sional procedures were performed after different proce-

dures, including bypass, vertical banded gastroplasty, and

gastric banding. The operative time and hospital stay were

longer among the repeat procedures. However, there was no

mortality in either group, and morbidity was similar [32].

Cadiere et al. have also found similar results, with longer

hospital stay and operative time in patients who underwent

primary RYGB than secondary RYGB. Furthermore, the

complications and reoperation rates were higher with the

secondary RYGB patients. However, the follow-up %EWL

was similar in both groups [35].

Band removal and revision to a different procedure in

the same setting is still a controversial issue [36]. Because

of the dense, fibrous tissue at the site of the band, the

potential risks of leaks and bleeding are thought to be

higher. However, there are no strong data to support this,

which is in accordance with our results as well. We have

adopted a policy of a single-step procedure in all our

patients, unless there is evidence of slippage or erosion of

the band. We think this option is better as long as it is

feasible and safe to perform. It avoids another operation

and avoids weight regain. After removal of the band, the

pouch was calibrated using a 36F bougie to prevent

occlusion of the gastroesophageal junction. Smaller bou-

gies were used if the 36F did not pass easily through the

band capsule. We performed our anastomosis in virgin

tissue to avoid stricture or leak. We did not observe any

strictures among our patients with the use of the linear

stapler for the gastrojejunostomy, in accordance with the

literature, which reported that linear stapling was associ-

ated with a lower stricture rate compared to circular stapled

anastomosis [37].

The risk of postoperative complications are higher in

patients who had revisional surgery and even higher after

multiple revisions [16, 38]. The risk of leak after band

removal and LSG might be due to the longer stapler line in

LSG. Hallowell et al. [16] have demonstrated a ninefold

Table 3 Follow-up

Clinical

characteristic

Sleeve Bypass

n Mean ± SD n Mean ± SD p

Overall follow-up

(months)

42 9.8 ± 8.7 53 29.3 ± 21.9 \0.01

Overall follow-up

weight (kg)

42 90.0 ± 23.0 53 87.4 ± 13.8 0.5

Overall follow-up

BMI (kg/m2)

42 33.3 ± 8.0 53 32.6 ± 5.3 0.6

Overall follow-up

%EWL

42 37.4 ± 22.8 53 49.1 ± 17.7 0.01

BMI at 3 months

(kg/m2)

19 33.9 ± 7.5 38 38.8 ± 7.1 0.02

BMI at 6 months

(kg/m2)

12 31.6 ± 8.4 21 33.8 ± 5.7 0.3

BMI at 1 year

(kg/m2)

9 32.3 ± 6.4 25 34.7 ± 5.5 0.2

%EWL at 3 months 19 32.3 ± 14.5 38 26.2 ± 9.6 0.06

%EWL at 6 months 12 45.6 ± 14.5 21 42.0 ± 13.1 0.4

%EWL at 1 year 9 47.4 ± 21.6 25 45.6 ± 14.0 0.7

BMI body mass index, %EWL percentage excess weight loss
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increase in the leak rate, a 1.5-fold increase in the length of

hospital stay, and a 2- to 5-fold increase in intensive care

unit stay. However, all repeated procedures were done via

an open technique. We had only one patient who had

postoperative leak after band removal and RYGB at the

staple line above the gastrojejunostomy. The patient

underwent reexploration, but an attempt at drainage and

laparoscopic closure of the leakage site failed, and the

patient continued to experience leakage. A stent was

inserted, and the leak was controlled. Six weeks later, the

stent was removed and the patient recovered. Since then,

we have adopted oversewing the stapler line on the prox-

imal pouch in all patient after r-RYGB and after r-LSG.

Our complication rate after r-SG was statistically lower

than after r-RYGB (p = 0.05). Internal hernia and mar-

ginal ulcer can be serious complications after RYGB; such

complications are not observed after SG. One could argue

that the sleeve patients had fewer complications because

their mean BMI was lower. However, most of the com-

plications observed after RYGB were specifically related to

the procedure itself (marginal ulcer, internal hernia, and

intestinal obstruction). Furthermore, the leak after occurred

early in our experience.

It has been demonstrated that %EBMI loss after revi-

sional LSG is 42–46 % at 12 months’ follow-up [13, 26].

We began performing SG after RYGB, which explains the

difference in the mean follow-up and the significant dif-

ference in %EWL between the two groups. However, when

we compared the mean %EWL at 6 months and 1 year in

either group, we found no significant difference (p = 0.4

and p = 0.7, respectively). We still need to find out what

would be the long-term follow-up %EWL in patients who

underwent r-SG so we can perform a better comparison.

Our results must be interpreted with caution until long-

term results are available. Our series is relatively small and

retrospective, with incomplete follow-up. Many of our

patients were lost to follow-up, and at 1 year, only nine

patients from the r-SG group and 25 patients from the

r-RYGB patients were evaluated.

Although our study was retrospective, nonrandomized,

and monocentric, we believe that both r-SG and r-RYGB

are safe procedures with similar outcomes in terms of

%EWL. Because of the complexity of r-RYGB and long-

term potential nutritional complications, r-SG may be a

better option in this group of patients. Further confirmation

and longer follow-up are needed.
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