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bstract Background: The aim of this retrospective consecutive study was to evaluate the feasibility, safety,
and efficacy of the conversion of laparoscopic adjustable gastric banding (LAGB) and open vertical
banded gastroplasty (VBG) into duodenal switch (DS) by laparoscopy.
Methods: From November 2003 to February 2007, laparoscopic conversion into DS was per-
formed in 1-step in 43 patients, 31 after LAGB and 12 after VBG. The reason for conversion was
weight loss issues, such as insufficient excess weight loss (EWL) or weight regain. The mean
interval from LAGB and VBG to conversion to the DS was 42.7 � 28.7 months and 172.2 � 86.9
months, respectively. The mean %EWL at conversion was 8.3% � 19.3% after LAGB and 20.8% �
30% after VBG.
Results: The mean operative time was 205.8 � 44.8 minutes for LAGB and 210.9 � 53.7 minutes
for VBG. No conversions to open surgery occurred. One patient in the LAGB group died on the third
postoperative day of sudden death syndrome, as shown by the postmortem examination. Major
complications occurred in 6.4% of patients with LAGB (1 hemoperitoneum and 1 ileoileostomy
leak) and in 50% with VBG (1 sleeve gastrectomy leak with subsequent duodenoileostomy leak, 3
duodenoileostomy leaks, 1 pancreatitis, and 1 respiratory insufficiency). The mean hospital stay was
5.5 � 5 days for the LAGB group and 34.5 � 50.3 days for the VBG group. After a mean follow-up
of 28 � 15.7 months for LAGB to DS and 43.5 � 6 months for VBG to DS, reoperations for late
complications were required in 6 patients (20.6%) in the LAGB to DS group and in 5 patients
(62.5%) in the VBG to DS group. Three patients (25%) died within 8 months after conversion of
VBG. The 29 surviving patients (LAGB to DS) showed a mean %EWL and percentage of excess
body mass index loss of (%EBMIL) 78.4% � 24.9% and 77.8% � 23.7%, respectively. The 8
surviving patients (VBG to DS) had a mean %EWL and %EBMIL of 85.1% � 20% and 85.8% �
18.7%, respectively.
Conclusion: According to these results, laparoscopic conversion of LAGB to DS seems feasible
and effective, despite the 1 death. However, in our hands, laparoscopic conversion of VBG to DS
had an unacceptable rate of complications and deaths. (Surg Obes Relat Dis 2009;5:678–683.) ©
2009 American Society for Metabolic and Bariatric Surgery. All rights reserved.
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In the past century, the most common bariatric proce-
ures have been restrictive procedures such as vertical
anded gastroplasty (VBG) and laparoscopic adjustable
astric banding (LAGB). Malabsorptive procedures such as
iliopancreatic diversion or duodenal switch (DS) have
een less popular than the restrictive procedures, because
hey are technically more difficult to perform and require

lose patient follow-up [1–3].

ariatric Surgery. All rights reserved.
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Together with the rapid increase of patients undergoing
urgery for morbid obesity, revisional surgery is becoming
ore common. Insufficient weight loss or weight regain

fter previous restrictive procedures is one of the challenges
ften confronting bariatric surgeons [4]. In addition to
eight issues, other possible indications for revisional sur-
ery include complications. Quite often, bariatric operations
ave their own typical complications. After LAGB, the
ppearance of gastroesophageal reflux disease (GERD),
astric erosion, band dilation, and tube-port problems have
een reported [5–9]. After VBG, the development of GERD,
and erosion, stomal stenosis, ulceration, and staple line rup-
ure have been reported [5,10–13].

After LAGB, in addition to simple band removal [14],
ifferent options of conversion have been described, such
s conversion to laparoscopic Roux-en-Y gastric bypass
LRYGB) [14–25], laparoscopic sleeve gastrectomy (LSG)
14,26,27], or laparoscopic rebanding [14,28]. After VBG,
he most frequently reported revisional surgery for whatever
eason has been conversion to LRYGB [29,30].

Very few reports have described the technique and re-
ults of conversion from VBG [31–33] or LAGB [34–37] to
uodenal switch (DS). The aim of the present retrospective
onsecutive study was to evaluate the feasibility, safety, and
fficacy of laparoscopic conversion of LAGB and VBG to DS.

ethods

From November 2003 to February 2007, 1-step laparo-
copic conversion to DS was performed in 43 patients who
ad previously benefited from a restrictive procedure: 31
atients after LAGB (28 women and 3 men) and 12 patients
fter VBG (10 women and 2 men). In all patients but 2, 1 in
ach group, the reason for conversion to DS was weight loss
ssues, such as insufficient excess weight loss (EWL) or
eight regain, after LAGB or VBG. Two patients with good
eight loss underwent revision because of intractable GERD,
ersisting despite band deflation in 1 and incision of the
arlex mesh in the other. Unlike the LAGB group, all VBG

atients had undergone laparotomy, and Marlex mesh had
een used to reinforce the pouch outlet.

The average interval between LAGB and VBG to con-
ersion to DS was 42.7 � 28.7 months (range 9–137) and
72.2 � 86.9 months (range 46–261), respectively.

At LAGB, the mean body mass index (BMI) was 45.4 �
.3 kg/m2 (range 35–58). At conversion, the mean BMI,
EWL, and percentage of excess BMI loss (%EBMIL) was

3.2 � 8.1 kg/m2 (range 31–57), 8.3% � 19.3% (range 27.5–
7.1%), and 8.3% � 19.9% (range �26.3–66.6), respectively.
t VBG, the mean BMI was 47.8 � 7.1 kg/m2 (range 41–
7.7). At conversion, the mean BMI, %EWL, and %EBMIL
as 41.5 � 6 kg/m2 (range 35–51), 20.8% � 30% (range
33.8–71.1%), and 20% � 29.9% (range �31.5–69.3), re-
pectively. t
The average age at conversion from LAGB to DS and
BG to DS was 39.8 � 8.5 years (range 24–57) and 47.7 �
.6 years (range 30–55), respectively.

At conversion, 14 patients with LAGB had obesity-re-
ated co-morbidities, including arterial hypertension in 10,
ype 2 diabetes in 4, degenerative joint disease in 7, and
leep apnea in 1. Eight patients with VBG had co-morbid-
ties including arterial hypertension in 4, type 2 diabetes in
, degenerative joint disease in 3, and sleep apnea in 2.

The statistical analysis consisted of studying the distri-
utions of the parameters we collected using summary pa-
ameters: mean and standard deviation. No attempt was
ade to use performance hypothesis tests between the

roups because the follow-up time in the present retrospec-
ive study was too different between the 2 groups (28 �
5.7 months versus 43.5 � 6 months).

urgical technique

The patient was positioned supine with the legs apart and
oth arms in abduction. The surgeon stood between the
atient’s legs, with the camera person to the patient’s right
nd the assistant to the patient’s left. Six abdominal trocars
ere placed as follows: a 10-mm trocar (for the 30° optical

ystem) 20 cm distal to the xiphoid process, a 5-mm trocar
n the left anterior axillary line about 5 cm distal to the
ostal margin, a 12-mm trocar on the left mid-clavicular line
etween the first and second trocars, a 12-mm trocar on the
ight mid-clavicular line on the same horizontal line, a
-mm trocar distal and to the left of the xiphoid process, and
5-mm trocar in the lower abdomen, to the left of the linea

lba. Adhesiolysis between the abdominal wall and greater
mentum and small bowel was performed to reach the left
pper quadrant, followed by adhesiolysis between the left
iver lobe and the stomach. The right hiatal pillar was
ystematically searched for by lysis of the adhesions along-
ide the lateral border of the caudate lobe. The left hiatal
illar was also dissected by freeing the greater curve from
istally to proximally. After LAGB, the gastrogastric tunnel
as sectioned. After VBG, the vertical staple line was well

solated and exposed over its entire length. The proximal
imit of the antrum, about 6 cm cranial to the pylorus, was
uperficially scored, and the greater curvature was freed
rom the greater omentum using the Ligasure device (Co-
idien, New Haven, CT) or hook cautery, until the previ-
usly liberated left crus was reached. The stomach was
ransected by multiple firings of a linear stapler loaded with
reen cartridges (Covidien), with guidance of a 34F orogas-
ric tube, which was positioned against the lesser curve. In
atients with LAGB, the band was kept in place as a land-
ark for the more proximal staple firings. At the end of the

astric tubulization, the band was opened and retrieved. The
brotic perigastric capsule at the site of the band was
pened. Similar to the procedure in the patients with VBG,

he firing of staplers was oriented toward the vertical staple
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ine and the Marlex mesh. Once the Marlex mesh was
eached, stapling was performed cephalad to the right of the
taple line in the direction of the angle of His. Two con-
erging seroserosal running sutures were used to buttress
he staple line. Cholecystectomy was performed. The spec-
men, including the vertical staple line (if VBG) or the band
if LAGB), and the gallbladder were retrieved at the end of
he procedure by enlarging the left upper quadrant 12-mm
rocar opening. The first part of the duodenum was encir-
led, just laterally to the gastroduodenal artery, and sec-
ioned with a linear stapler using a blue load.

The surgeon, camera person, and assistant moved to the
atient’s left. The right colon was widely freed to provide
ore slack to the distal ileum in view of the duodenoileos-

omy. The common and alimentary limbs were fashioned
nd measured to 100 cm and 150 cm, respectively. Precise
easurements were made by stretching the bowel along a

5-cm tape. A semimechanical side-to-side ileoileostomy
as performed between the alimentary and biliopancreatic

imbs, with final sectioning of the alimentary loop close to
his anastomosis. The mesenteric defect was closed using
onabsorbable pursestring suture. The alimentary limb was
dvanced in direction of the sectioned duodenum. The sur-
eon returned to between the patient’s legs, the camera
erson to the patient’s right, and the assistant to the patient’s
eft. The duodenoileostomy was performed by manually
uturing 1 layer of running suture of absorbable material.
etersen’s defect was closed by nonabsorbable purse-
tring suture. The orogastric tube was advanced distally
y the anesthesiologist until it reached the pylorus. A
eak test was performed by air insufflation, keeping the
uodenoileostomy under water. The specimens were re-
rieved and the enlarged left 12-mm port site was closed
n layers. The subcutaneous port was removed in the
AGB patients. A drain was left in the vicinity of the
leeve gastrectomy and the duodenoileostomy. A meth-
lene blue test was performed on the first postoperative
ay. If negative, the patient was allowed to start a liquid
iet on the second postoperative day. Typically, the pa-
ient was discharged from the hospital on the fifth post-
perative day.

able 1
AGB to DS and VBG to DS: early major complications

roup Early complications Patients (n) Tre

AGB to DS Hemoperitoneum 1 La
Ileoileostomy leak 1 Co

BG to DS Gastric leak and duodenoileostomy
leak

1 En

Duodenoileostomy leak 3 La
Pancreatitis 1 La
Respiratory insufficiency 1 Co
LAGB � laparoscopic adjustable gastric banding; DS � duodenal switch; VB
esults

The mean operative time was 205.8 � 44.8 minutes
range 120–300) for the LAGB group and 210.9 � 53.7
inutes (range 180–330) for the VBG group. No conver-

ions to open surgery occurred. One patient after LAGB
ied on the third postoperative day of the sudden death
yndrome as confirmed by the postmortem examination.

Major complications occurred in 2 patients in the LAGB
roup (6.4%). One patient presented with a hemoperito-
eum that required second-look laparoscopy, and 1 patient
eveloped a leak at the ileoileostomy, which was treated
edically. After VBG, 6 patients (50%) presented with major

omplications: 1 gastrocutaneous leak from the sleeve gastrec-
omy with a subsequent leak at the duodenoileostomy, 3 soli-
ary leaks at the duodenoileostomy, 1 hemorrhagic pancreatitis,
nd 1 respiratory insufficiency (Table 1). The patient present-
ng with a leak at the sleeve gastrectomy and duodenoileos-
omy was transferred to another hospital for placement of 2
ndoscopic stents. Immediately after stent placement, the
atient developed hemorrhagic shock. Total gastrectomy
as performed by open access at the same hospital. The
atient eventually died in our hospital 1 month later of
ultiple organ failure. Two patients with a duodenoileos-

omy leak were treated by laparoscopic revision and dis-
harged after 8 and 11 days, respectively. One developed
uodenoileostomy stenosis after 8 months. This stenosis
as refractory to multiple endoscopic dilations and was
nally treated by subtotal gastrectomy with gastroileostomy
fter 12 months. The third patient with a duodenoileostomy
eak underwent re-exploration after 5 days and underwent
onversion to subtotal gastrectomy with gastroileostomy. This
atient developed a gastroileostomy leak that was treated by
lacement of an endoscopic stent. At 7 months, the fistula was
till present and increasingly symptomatic. The patient under-
ent laparoscopic re-exploration, and an unsuccessful attempt
as made to close the fistula. The patient died 1 month later of,
hat on autopsy, appeared to be an abdominal compartment

yndrome. The patient with hemorrhagic pancreatitis was
hecked laparoscopically on the fourth postoperative day
nd discharged 14 days later. The patient with respiratory

Hospital stay (d)

pic revision 9
ive therapy 14
c stent, final total gastrectomy 149

pic revision, 2; laparoscopic subtotal gastrectomy, 1 8, 11, and 76
pic revision 14
ive therapy 15
atment

parosco
nservat
doscopi

parosco
parosco
nservat
G � vertical banded gastroplasty.
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nsufficiency was treated medically and discharged on
ostoperative day 15.

Minor postoperative complications occurred in 2 patients
n the LAGB group, who presented with a subcutaneous
bscess at the trocar site, and in 1 patient in the VBG group,
ho presented with an intra-abdominal abscess that was

uccessfully treated by percutaneous computed tomogra-
hy-guided drainage.

The mean hospital stay after conversion of LAGB to DS
nd VBG to DS was 5.5 � 5 days (range 3–28) and 34.5 �
0.3 days (range 4–149), respectively.

One patient from each group, both foreigners, refused
ur follow-up. The remaining 29 surviving patients after
AGB and 8 surviving patients after VBG were followed up
ith office visits and telephone calls. In the LAGB to DS
roup, during a mean follow-up of 28 � 15.7 months (range
–54), reoperations for late complications were required in
(20.6%) of the 29 surviving patients (Table 2). With the

nitial excess weight before LAGB as a reference, the mean
EWL and %EBMIL was 78.4% � 24.9% (range 23.4–

23.6%) and 77.8% � 23.7% (range 24–126.6%), respec-
ively (Fig. 1). In the VBG to DS group, during a mean
ollow-up of 43.5 � 6 months (range 36–50), reoperations
or late complications were necessary in 5 (62.5%) of 8

ig. 1. LAGB to DS: comparison of BMI, %EWL, and %EBMIL at

able 2
AGB to DS and VBG to DS: late complications

roup Late complications Patients (n)

AGB to DS Hypoproteinemia, diarrhea 2
Hiatal hernia 1
Internal hernia 3

BG to DS Duodenoileostomy stenosis 1
Internal hernia 1
Hypoproteinemia, diarrhea 1
Abdominal pain 1
Hiatal hernia 1

Abbreviations as in Table 1.
estrictive procedure, at conversion, and during follow-up. t
urviving patients (Table 2). A third patient from this group
ied of a pulmonary embolism, confirmed at autopsy, 2
onths after the procedure, for a mortality rate in this group

f 25%. With the initial excess weight before VBG as a
eference, the mean %EWL and %EBMIL was 85.1% �
0% (range 59–121.1) and 85.8% � 18.7% (range 60.8–
02), respectively (Fig. 2).

iscussion

Failure of restrictive procedures can be managed by
nother, nonrestrictive, operation. The decision to reoperate
hould be made after multidisciplinary consultation among
psychologist, nutritionist, gastroenterologist, and surgeon.
he patients in the present study had all had a compulsive
ating disorder that persisted after undergoing a restrictive
rocedure, despite adequate counseling. In accordance with
ur algorithm, the restrictive procedure was converted to a
alabsorptive one. The DS is a true malabsorptive proce-

ure, in contrast to gastric bypass, which is a hybrid restric-
ive-malabsorptive operation [38]. This might explain why
he DS has had better long-term results in terms of weight
oss [1,2].

Revisional surgery is technically more demanding and
ime-consuming because of adhesions. Logically, open VBG

ollow-up month Laparoscopic treatment

4 and 31 Bowel lengthening
6 Crura repair
6, 31, and 45 Repair
8 Endoscopic dilation, final subtotal gastrectomy
3 Repair
5 Bowel lengthening
4 Exploration
6 Mesh crura repair

ig. 2. VBG to DS: comparison of BMI, %EWL, and %EBMIL at restric-
F

1
1
1

2
2
3
3

ive procedure, at conversion, and during follow-up.
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nduces more adhesions than LAGB. Dense adhesions quite
ften require conversion to open surgery, with rates up to
6.2–48% [17,39]. In addition to the adhesions, the com-
lexity of the DS construction itself results in a longer
perative time. Our operative time was similar to that re-
orted for open surgery [36], in which the conversion of
AGB to DS appeared longer than the conversion of LAGB

o LRYGB, 239.7 � 55.8 minutes versus 135 � 26.7
inutes, respectively.
Revisional surgery is associated with an increased risk of

eaks and complications [40], with an incidence of 29.6–
1.7% [41]. Moreover, increasing numbers of revisional
urgeries in the same patient, after the first revision, in-
reases the number of complications [41]. In our study, the
orbidity and mortality were different after LAGB com-

ared with after VBG.
One patient in the LAGB group (3.2%) died on the third

ostoperative day of sudden death syndrome, as confirmed
y autopsy. Sudden death has occasionally been reported in
ublished studies [42,43]. Prevention is difficult, because
he only warning sign seems to be a subtle prolongation of
he Q-T interval on electrocardiography. No leaks occurred
t the site of the LSG in the LAGB to DS group, which
eems to confirm that LSG can be performed safely after
AGB [26].

In the VBG group, 1 of the patients (8.3%) presented
ith a leak at the site of LSG and shortly thereafter devel-
ped a leak at the duodenoileostomy. This patient was
reated with endoscopic stents but eventually required total
astrectomy. The patient died 5 months after the conver-
ion. Leaks at the place of the LSG after VBG have been
ell reported in published studies. Elazary et al. [44] re-
orted on 2 patients (33.3%) with postoperative gastric leak
fter this conversion. In our study, not only had all the
atients undergone an open procedure, but they also had had
einforcement of the gastric pouch stoma by Marlex mesh.

arlex is known to induce severe adhesions [45], and dis-
ecting this mesh from structures carries a high risk of
omplications [46]. Not surprisingly, in our series, 1 patient
ith a sleeve leak had the defect right at the intersection of

he mesh and the staple line. The morbidity of the revision
f VBG to LSG was high compared with the conversion of
BG to LRYGB [44], for which the incidence of leaks has
aried from 0% to 12.2% [29,30].

We recorded a total incidence of 33.3% of leaks at the
uodenoileostomy in the VBG group, much greater than
fter primary DS, for which leak rates of 1.5% [47] and
.7% [48] have been reported (1.8% in our hands). Acute
ancreatitis (8.3%), presumably due to duodenal isolation
nd sectioning, and postoperative respiratory insufficiency
8.3%) occurred more often than after primary DS, for
hich the incidence has been reported to be 1.7% [48].
During a mean follow-up of �2 years, 20.6% of the

urviving patients of DS after LAGB required reoperation

or late complications compared with 62.5% of the surviv-
ng patients of DS after VBG, with a mean follow-up of
lmost 4 years. The late complications that occurred in our
eries were similar to those reported after primary DS and
ncluded hiatal hernia [49], excess diarrhea and protein
alnutrition [2], internal hernia [50], and abdominal pain

51]. These results confirm the risk of developing these
omplications after DS as a primary procedure.

In the DS after LAGB group, the %EWL was almost
0% after a mean follow-up of �2 years, comparable to the
ata reported after primary DS in the same period [2]. This
esult was superior to the 28% reported at 1 year [37] and
he result obtained by conversion of LAGB to LRYGB, for
hich a %EWL of 52–59% was reported after 12 months

16,20,22] and 62–70% after 18 months [22,36]. In the DS
fter VBG group, the %EWL was 85% at almost 4 years,
imilar to that after primary DS [2]. Again, this result was
etter than that achieved with conversion of VBG to
RYGB, for which a %EWL of 62% was reported at a

ollow-up shorter than 1 year [30].

onclusion

According to these results, laparoscopic conversion of
AGB to DS seems feasible and effective, despite 1 death.

n our experience, laparoscopic conversion of VBG to DS
ad an unacceptable rate of complications and deaths.
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