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Abstract

Background We conducted the following study to eval-

uate the safety and efficacy of single-stage conversion of

failed laparoscopic adjustable gastric band (LAGB) to

laparoscopic Roux-en-Y gastric bypass (LRYGB) as

compared to a cohort of primary LRYGB patients.

Methods A single-institution, prospectively maintained

bariatric database was used to retrospectively identify

consecutive patients who underwent single-stage removal

of LAGB with concomitant conversion to LRYGB between

the years of 2007 and 2013. The study cohort was matched

1:1 for age, gender, body mass index (BMI), and approx-

imate date of operation to patients who underwent primary

LRYGB. Primary endpoints were operative time, compli-

cation rate, length of hospital stay (LOS), and percent

excess BMI lost (%EBMIL) at 24-month follow-up.

Results Ninety-four conversion patients met inclusion

criteria. There were no statistically significant differences

in the mean LOS (3.1 vs. 3.0 days, p = 0.97) or the major

complication rate (3.2 vs. 1.1 %, p = 0.62) at 30 days

postoperatively. Likewise, 30-day minor complication

rates, including readmission, were similar between groups

(7.5 vs. 6.4 %, p = 0.77). The average operative time was

significantly longer for conversion compared to primary

LRYGB (193.5 vs. 132 min; p\ 0.01). At most recent

follow-up after conversion or primary LRYGB, median

%EBMIL was 61.3 and 77.3 % (p\ 0.01), percent total

weight loss was 23.6 and 30.5 % (p\ 0.01), and percent

change in BMI was 23.4 and 30.5 % (p\ 0.01), respec-

tively. Median follow-up time was 17 and 18.6 months

after conversion and primary LRYGB, respectively.

Conclusion Single-stage conversion of LAGB to LRYGB

is safe with an acceptable complication rate and similar

LOS compared to primary LRYGB.

Keywords Gastric banding � Revisional surgery � Gastric
bypass � Obesity � Outcomes

Obesity has become a global health concern, and bariatric

surgery has shown to be the most effective therapy for

morbid obesity, resulting in sustainable weight loss and

improvement in obesity-related comorbidities [1–4].

Laparoscopic adjustable gastric band (LAGB) placement is

a commonly performed bariatric operation with proven

short-term efficacy and safety [5–8]. Long-term data,

however, have revealed concerns regarding sustainable

weight loss and complications resulting from the LAGB

[9–11]. Consequently, a growing number of LAGB are

being removed due to inadequate weight loss and band-

related complications.

There are many different strategies for treating patients

with LAGB who are concerned with inadequate weight loss

or suffering from band-related complications. Removal of

the band has been associated with nearly universal weight

regain [12]. Conversion of a failed LAGB to a salvage

bariatric procedure such as a laparoscopic sleeve
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gastrectomy or laparoscopy Roux-en-Y gastric bypass

(LRYGB) has been reported as relatively safe with varying

efficacy [13–25]. However, there is no consensus in the

bariatric community as to whether conversion is best per-

formed as a single-stage operation or as two procedures.

Furthermore, few studies have compared revisional

LRYGB to primary LRYGB in terms of weight loss [14,

20, 26]. The purpose of this study was to review our

experience with single-stage conversion of LAGB to

LRYGB in regard to both safety and efficacy as compared

to a matched cohort undergoing primary LRYGB.

Methods

A single-institution, prospectively maintained bariatric

database was used to retrospectively identify consecutive

patients with planned single-stage removal of LAGB with

concomitant conversion to LRYGB between the years of

2007 and 2013. Ninety-six cases were identified. Single-

stage conversion of LAGB to LRYGB was aborted in 2

(2.1 %) patients due to technical difficulty and surgeon

discretion. Ninety-four patients who underwent conversion

from LAGB to LRYGB were identified and matched in a

1:1 ratio with a control cohort of patients who underwent

LRYGB as a primary bariatric surgery during the same

period. Patients were matched based on age, gender, pre-

operative BMI at time of conversion, and year of operation.

Collected data included demographic characteristics, pre-

operative BMI, indications for primary or conversion sur-

gery, time from previous bariatric surgery to revisional

surgery, operative time, intraoperative complications,

length of stay (LOS), 30-day reoperation rate, 30-day

readmission rate, 30-day morbidity, 30-day mortality, and

percent excess BMI lost (%EBMIL) at 6-, 12-, 18-, and

24-month intervals. Percent EBMIL was calculated using

the following equation: (preoperative BMI - current

BMI)/(preoperative BMI - 25) 9 100.

Revisional LRYGB as well as primary LRYGB was

performed by five bariatric surgeons at our institution.

Preoperative workup included a routine upper gastroin-

testinal contrast study prior to surgery with the addition of

an upper endoscopy at the discretion of the operating sur-

geon. All patients undergoing single-stage revision of

LAGB to LRYGB received a preoperative dose of

5000 units subcutaneous heparin for thromboembolism

prophylaxis. Preoperative antibiotics were administered

prior to incision in compliance with institutional protocol.

Revisional LRYGB was performed using a four- or five-

trocar technique excluding the liver retractor. The proce-

dure began with lysis of adhesions and removal of gas-

trogastric plication sutures with subsequent removal of the

gastric band. We did not routinely remove the fibrous

capsule underlying the gastric band and commonly stapled

across the capsule, employing larger stapler loads for

thickened tissue as needed. Subsequently, the stomach was

divided and stapled with a linear stapler to create a 30- to

50-cc gastric pouch. A 40-cm biliopancreatic limb and a

100- to 120-cm Roux limb were then created. A side-to-

side jejunojejunal anastomosis was performed using a lin-

ear stapler, and the mesenteric defect was routinely closed.

An end-to-side, antecolic, antegastric gastrojejunal anas-

tomosis was performed using a linear stapler. The gastro-

jejunal anastomosis was closed using a hand-sewn vicryl

suture, and a second layer was closed by approximating the

jejunal serosa anteriorly to the gastric serosa. A leak test

was routinely performed using methylene blue or air.

Peterson’s space was routinely closed. The use of a drain

was left to the discretion of the operating surgeon. The

subcutaneous gastric band port was routinely removed.

Patients undergoing primary LRYGB underwent the pro-

cedure as noted above.

The primary endpoint was %EBMIL. Secondary end-

points included major (anastomotic leak, pulmonary

embolism, death) and minor (infection, readmission,

transfusion) postoperative complications. We used the Chi-

square test or Fisher’s exact test to assess categorical

variables and the t test or Mann–Whitney U test to assess

continuous variables. Fischer’s exact test was used when

one or more cells in the contingency table had expected

counts \5 (Table 3). To assess the influence of primary

versus conversion LRYGB on the endpoint of %EBMIL,

we used Gray’s test to compare cumulative incidence

curves between the two matched cohorts. Patients with

missing data were excluded from each respective analysis.

A p value less than 0.05 was considered statistically sig-

nificant. Data were analyzed using SAS version 9.3 (Cary,

NC).

Results

Ninety-four patients undergoing conversion of LAGB to

LRYGB were matched 1:1 to a cohort of patients under-

going primary LRYGB, with respect to age, gender, pre-

operative BMI, and year of surgery (Table 1). Fourteen

patients lacked follow-up data and were excluded from the

analysis. The median overall age was 42 years, with 86 %

female patients and a median preoperative BMI of 42.4 kg/

m2. There were no significant differences in demographic

data between the matched conversion and primary LRYGB

cohorts. Patients in the primary LRYGB had a statistically

higher incidence of diabetes than those in the conversion

group (35.1 vs. 10 %, p\ 0.0001). There was no statistical

difference in the incidence of other obesity-related

comorbidities between the two groups.
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Patients undergoing conversion LRYGB had a median

BMI of 44.3 kg/m2 at the time of initial gastric banding and a

BMI of 42.4 kg/m2 at the time of conversion LRYGB

(Table 2). The median time from LAGB to LRYGB was

44 months (interquartile range [IQR], 31–59), and 16

patients underwent a band revision during the interim per-

iod. Indications for conversion to gastric bypass were

inadequate weight loss (74.5 %), band intolerance (66 %),

esophageal disorders (20.2), band prolapse (11.7 %), band

malposition (6.4 %), and port/tubing complications (4.3 %).

There was no mortality in either group (Table 3). There

was no statistical difference in 30-day major or minor

complication rates between the two groups. The revision

group had 10 patients with one complication within

30 days after surgery: two anastomotic leaks (2.1 %), one

pulmonary embolus (1.1 %), two superficial wound infec-

tions (2.1 %), three readmissions for abdominal pain or

dehydration (3.2 %), and two patients requiring transfusion

(2.1 %). The primary LRYGB group had seven patients

with at least one complication within 30 days after surgery:

one anastomotic leak (1.1 %), one case of colitis secondary

to clostridium difficile infection (1.1 %), and five read-

missions for abdominal pain or dehydration (5.3 %). There

was no incidence of anastomotic stenosis in either group.

There was no difference in readmission rates between the

two groups of patients. Median operative time was signif-

icantly higher in the revisional group (193.5 min, IQR

168.0–228.0) as compared to the primary LRYGB group

(132.0 min, IQR 115.0–160.0, p = 0.0001). All cases were

successfully performed laparoscopically.

Median follow-up was 17 months (IQR 10.9–23.0) and

18.6 months (IQR 10.3–24.6) in the conversion and pri-

mary groups, respectively (p = 0.20). One-year follow-up

was 68.9 % (n = 62/90) in the primary cohort and 72.6 %

(n = 61/84) in the conversion cohort. Two-year follow-up

was 30.0 % (n = 27/90) in the primary cohort and 15.5 %

(n = 13/84) in the conversion cohort. At most recent fol-

low-up after conversion or primary LRYGB, median

%EBMIL was 61.3 and 77.3 % (p\ 0.01), percent total

weight loss was 23.6 and 30.5 % (p\ 0.01), and percent

change in BMI was 23.4 and 30.5 % (p\ 0.01), respec-

tively. Percent EBMIL[ 50 % was achieved in 57

(67.9 %) patients in the conversion group, compared with

74 (82.2 %) in the primary LRYGB cohort (p = 0.03)

(Table 4). The cumulative incidence of patients who

achieved %EBMIL[ 50 % after primary or conversion

LRYGB is shown in Fig. 1.

Table 1 Preoperative

characteristics of the conversion

LRYGB and primary LRYGB

groups

Variable Conversion Primary LRYGB p

Number 94 94

Age at bypass, years 42.0 (32.0–50.0) 42.0 (33.0–49.0) 0.96

Female 81 (86.2 %) 81 (86.2 %) [0.99

Preoperative BMI 42.4 (38.7–47.9) 42.3 (39.0–47.3) 0.88

Comorbidities

Diabetes 10 (10.6 %) 33 (35.1 %) \0.0001

Obstructive sleep apnea 15 (16.0 %) 26 (27.7 %) 0.0520

Hypertension 26 (27.7 %) 37 (39.4 %) 0.0892

Hyperlipidemia 16 (17.0 %) 21 (22.3 %) 0.3590

GERD 25 (26.6 %) 24 (25.5 %) 0.8680

Number (%) or median (interquartile range)

BMI body mass index, GERD gastroesophageal reflux disorder, LRYGB laparoscopic Roux-en-Y gastric

bypass

Table 2 Characteristics of patients undergoing conversion LRYGB

Variable Number (%) or median (IQR)

Number 94

BMI at banding 44.3 (41.8 to 48.5)

BMI at LRYGB 42.4 (38.7 to 47.9)

%EBMIL at conversion 14.6 (-1.1 to 25.0)

Months to conversion 44.0 (31.0 to 59)

Previous band revision 16 (17.0)

Indication for conversion

Inadequate weight lossa 70 (74.5)

Band intoleranceb 62 (66.0)

Dilated esophagus 19 (20.2)

Band prolapse 11 (11.7)

Band malposition 6 (6.4)

Port/tubing complication 4 (4.3)

BMI body mass index, LRYGB laparoscopic Roux-en-Y gastric

bypass, %EBMIL percent excess body mass index lost = (preopera-

tive BMI - current BMI)/(preoperative BMI - 25) 9 100
a Defined as %EBMIL\ 25 %
b Band intolerance defined as symptomatic reflux, dysphagia, or fill

intolerance
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Discussion

LAGB was one of the most frequently performed bariatric

procedures of the last decade [27]. Long-term data showing

revision and explantation rates upward of 60 % have

sharply diminished the role of LAGB as a primary bariatric

procedure [28, 29]. Laparoscopic single-stage revision of

LAGB to LRYGB has been shown to be a safe and

effective salvage procedure for patients with inadequate

weight loss and/or band intolerance [16]. Revisional sur-

gery after failed LAGB has also been shown to confer a

higher risk of postoperative complications [30–32]. More-

over, questions still persist about the efficacy of weight loss

after revisional LRYGB since few comparative studies

have been done to evaluate outcomes after revisional ver-

sus primary LRYGB [18, 20, 33, 34]. Our study is one of

the largest of its kind comparing a matched cohort of

patients undergoing primary LRYGB to patients undergo-

ing revision of LAGB to LRYGB.

Table 3 Thirty-day outcomes

of the revision LRYGB and

primary LRYGB groups

Variable Conversion Primary LRYGB p

Number (%) 94 (50.0) 94 (50.0)

Operative time (min) 193.5 (168.0–228.0) 132.0 (115.0–160.0) \0.01

Major 3 (3.2) 1 (1.1) 0.6210a

Anastomotic leak 2 (2.1) 1 (1.1) [0.9999a

Pulmonary embolism 1 (1.1) 0 (0.0) [0.9999a

Minor 7 (7.5) 6 (6.4) 0.7738

Superficial surgical site infection 2 (2.1) 0 (0.0) 0.4973a

Clostridium difficile infection 0 (0.0) 1 (1.1) [0.9999a

Readmission 3 (3.2) 5 (5.3) 0.7206a

Required transfusion 2 (2.1) 0 (0.0) 0.4973a

Postoperative length of stay (days) 3.1 3.0 0.97

30-day mortality 0 (0.0) 0 (0.0) [0.9999

Number (%) or median (interquartile range)

BMI body mass index, LRYGB laparoscopic Roux-en-Y gastric bypass
a Fisher’s exact test

Table 4 Long-term outcomes

of conversion LRYGB versus

primary LRYGB groups

Variable Conversion Primary LRYGB p

Number 94 94

Median (IQR) %EBMIL

6 months, n = 79, 89 47.3 (39.6–65.1) 61.4 (48.9–74.1) \0.01

12 months, n = 51, 65 64.8 (45.6–90.6) 79.8 (61.8–95.6) 0.07

18 months, n = 37, 50 71.8 (49.3–97.5) 83.7 (68.9–98.7) 0.07

24 months, n = 26, 39 75.2 (42.4–97.6) 80.2 (51.4–99.5) 0.67

%EBMIL[ 50% 57 (67.9) 74 (82.2) 0.03

Number (%) or median (interquartile range)

%EBMIL percent excess body mass index lost = (preoperative BMI - current BMI)/(preoperative

BMI - 25) 9 100

Fig. 1 Cumulative incidence of %EBMIL[ 50 % in conversion

LRYGB versus primary LRYGB (p = 0.0006 by Gray’s test).

%EBMIL percent excess body mass index lost = (preoperative

BMI - current BMI)/(preoperative BMI - 25) 9 100
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Reoperative bariatric surgery is considered technically

more challenging than primary bariatric surgery due to the

need for adhesiolysis, distortion of natural tissue planes,

and in the particular case of failed LAGB, handling of the

fibrous capsule underlying the band. In our practice, we do

not routinely remove in entirety the fibrous capsule

underlying the band prior to creating our new staple line

unless there is a specific indication to do so. We have not

found compelling evidence that suggests removal of the

fibrous capsule to be a necessary step or superior method of

performing a revisional procedure. Nonetheless, as a result

of these challenges, the morbidity with revisional surgery is

typically higher than with primary procedures. In our

study, there was no significant difference in complication

rates between primary and revisional surgery for patients

undergoing single-stage conversion of an LAGB to

LRYGB. Revisional procedures did have a significantly

longer operative duration, consistent with the increased

degree of difficulty and added operative steps in removing

a gastric band in conjunction with performing an LRYGB.

Our study revealed significant differences in long-term

weight loss outcomes in primary and conversion LRYGB

groups. At the point of longest follow-up, 67.9 % of

patients in the conversion groups achieved [50 %

%EBMIL as compared to 82.2 % of primary LRYGB

patients (p = 0.03). Notably, however, our conversion

cohort had on average 14.6 % EBMIL at the time of con-

version from their original LAGB placement and inade-

quate weight loss was cited as the primary indication for

revision (74.5 %). Our data suggest that while revisional

surgery is not as effective as primary LRYGB in terms of

long-term weight loss, there is still a profound effect for

patients failing to achieve adequate weight loss after

LAGB.

Our reported complication rate, operative time, and LOS

are similar to other published results from studies investi-

gating conversion from LAGB to LRYGB [24, 35–37].

Major complication rates were 3.2 and 1.1 % for the con-

version and primary cohorts, respectively. There was no

difference in LOS. The conversion group had two anasto-

motic leaks at the gastrojejunal anastomosis, and there was

one leak in the primary LRYGB which was at the jejuno-

jejunostomy site and complicated by a hematoma. There

were no incidences of anastomotic stricture in either group.

Total complication rates between the two groups were not

statistically different.

While we believe that single-stage conversion of failed

LAGB to LRYGB is a safe and effective means of treating

morbidly obese patients, we acknowledge the role of a two-

stage procedure when necessary. Revisional surgery is

fraught with unexpected findings, such as band erosion,

which may necessitate the use of a two-staged approach.

Single-stage conversion offers the advantages of reduced

waiting time and potential weight regain for patients,

financial incentives associated with a single operation,

greater access to services and potentially greater coverage

for procedures, and a more efficient utilization of

resources.

The limitations of our study are multifold. Although we

maintain our bariatric database in a prospective manner,

our study is retrospective by nature with inherent biases.

While we believe our follow-up of 24 months is adequate

for this analysis, longer follow-up period may establish

differences in outcomes over greater time periods. More-

over, at 24 months, our study includes 65 of the original

188 patients, representing 35 % of the original study pop-

ulation. Loss to follow-up at this time point indicates that

our analysis may be underpowered and biased from dif-

ferential censoring. Moreover, while we present one of the

largest study populations found in the literature examining

this issue, there are limitations to the power of our study to

detect differences between groups. Assuming a 1 % control

group (i.e., primary cohort) leak rate, this study with 94

patients per group has approximately 9 % power to detect a

1 % difference between groups.

Conclusion

Single-stage conversion of LAGB to LRYGB is a safe and

effective method of treating patients with failed LAGB due

to inadequate weight loss or complications of the band.
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