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Surgical Prevention of Weight Regain and
Type 2 Diabetes Recurrence in 3 Different
Bariatric Operations and Their Differential
Long-Term Outcome

An 8-Year Prospective Observational Study
Rudolf Steffen, MD* and Fritz F. Horber, MDt1%

Introduction: Comparative data on long-term outcomes of mechanistically different bariatric operations are scarce. \
Methods: In this prospective, observational study, consecutive patients with severe obesity were studied using a predefined reop-
eration algorithm to determine long-term health outcomes after bariatric surgery (BS): adjustable gastric banding (AGB), Roux-en-Y
gastric bypass (RYGB), or biliopancreatic diversion (BPD). All patients were assessed for mortality, postoperative weight loss, rate of
reoperation, comorbidities, and quality of life (QoL) 8 years after surgery.

Results: Between 1996 and 2008, 2364 Swiss patients, with a mean body mass index of 43 + 7kg/m? (mean + SD) underwent
AGB (n = 1404), RYGB (n = 790), or BPD (n = 170). Two thousand two hundred twenty-eight (94%) were followed for 8 years after
BS. Eight-year mortality of the whole study group was 34.3 per 10* person-years. Percent excessive weight loss at 8 years was 56.7
+ 1.4% (95% confidence interval) in AGB, 62.5 + 2.4% in RYGB and 64.8+-3.0% in BPD. The rate of major reoperation was highest
in AGB and significantly lower in RYGB and BPD (63.4 vs 54.3 vs 47.2 per 10° person-years, P < 0.001). Remission of comorbidities
was observed across all 3 groups, with key improvement (P < 0.01) in esophagitis in the RYGB group, and type 2 diabetes (T2D)
(>60%) in procedures involving duodenal exclusion. Total improvement in QoL was similar between the 3 types of operations but was
strongly correlated with weight loss preservation (P < 0.001).

Conclusions: BS, at the expense of a high reoperation rate but low procedural mortality, considerably improves the QoL and results
in sustained remission of comorbidities, especially T2D using a predefined reoperation algorithm developed to prevent weight regain
and operation-specific complications.
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INTRODUCTION

The Look AHEAD study,' a nonsurgical weight loss program,
reported a total body weight loss of 6% maintained over a
median follow-up of 9.6 years. Clinical evidence comparing
the long-term (>3 years) outcome of different surgical options
is still rare.? Data’”’ show that bariatric surgery (BS) results
in greater total body weight loss than nonsurgical treatments
(median 20%-30%, 8-12 years after initial operation) and is
more effective at reducing comorbidities such as type 2 diabetes
mellitus (T2D), hypertension, and dyslipidemia. For nonsurgi-
cal and surgical options, there is still uncertainty regarding the
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durability of long-term weight loss and associated patient man-
agement. Most reports of bariatric surgical outcomes have been
limited by inadequate and incomplete long-term follow-up, with
fewer than 3% of studies reporting results on 80% or more
of the original cohort, thus leading to potential overestimation
of the effectiveness of the procedure.® The most comprehen-
sive study with the longest patient follow-up during a period
of up to 15 years is the Swedish obesity study;’ however, the
procedures investigated are no longer frequently used. Other
long-term studies on 6- and 12-year outcomes after Roux-en-Y
gastric bypass (RYGB)** and 7-year outcomes of the longitudi-
nal assessment of bariatric surgery (LABS) study,” comparing
gastric banding and RYGB, have shown considerable mean
weight regain in patients between years 2 and 7 of more than
9kg. Furthermore, the LABS study reported a loss to follow-up
of 17% of patients resulting in an incomplete picture of how
patients fared in these long-term measures. Because weight loss
is closely related to improvement in related comorbidities,>’
prevention of weight regain after bariatric operations is import-
ant for the amelioration of long-term health outcomes. We have
previously developed a reoperation algorithm to deal with com-
plications after adjustable gastric banding (AGB), RYGB, and
biliopancreatic diversion (BPD) (Fig. 1A-C). It was specifically
designed to standardize reoperation procedures and prevent the
relatively common issue of weight regain.'*-'4

Therefore, this study aims to investigate whether long-term
improvement of comorbidities and quality of life (QoL) is sus-
tained by durable weight loss, achieved through the use of an
algorithm for reoperation described previously.!®!!
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BS between 1996 and 2008 at 4 academically affiliated, urban
hospital centers in Switzerland (Table 1) and were followed up
for at least 8 years. Inclusion criteria were patients aged between
18 and 70 years and severe obesity (body mass index [BMI] of
35kg/m? in the presence of one or more serious comorbidities

METHODS

Patients

In this multicenter, observational cohort study, unrelated Swiss
Caucasian patients with severe obesity underwent laparoscopic
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FIGURE 1. In-house reoperation algorithm for severely obese patients who did not achieve adequate weight loss after initial bariatric surgery. A, Adjustable
gastric band (AGB); *% excessive weight loss, *gastroscopic removal,® *only port replacement, ®due to patients preference, “Roux-en-Y gastric bypass. B,
Roux-en-Y gastric bypass (RYGB); *% excessive weight loss, ‘replaced in favor of lenghtening of biliopancreatic limb,? Sadjustable gastric band (AGB). C,
Biliopancreatic diversion (BPD); *% excessive weight loss, *gastroscopic removal,® *due to patient’s preference, *only port replacement, *Roux-en-Y gastric
bypass. Decisions were taking into account patient’s preferences.
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TABLE 1.

Patient Characteristics at Baseline (Before Gastric Banding
[AGB], RYGB and BPD)

AGB RYGB BPD Statistics
N* 1404 790 170 P<0.001
Between groupst
Female (%) 81 68 69 P<0.01
AGB vs RYGB or BPDt
BMI (kg/m?) 429+54 458+6.0 53.2+87 P < 0.001
Between groupst
Weight (kg) 119.5+18.0 128.1 £20.0 151.3 £ 27.2 P<0.001
Between groupst
Height (cm) 166.7 +8.3 167.1+£9.3 168.1+9.8 NS
Age (years) 425+121 439+11.6 435+101 NS
Hypertension (%) 76 90 90 P <0.001
AGB vs RYGB or BDP%
Type-2 diabetes (%) 23 40 25 P <0.001
RYGB vs AGB or BPD+
Dyslipidemia (%) 65 66 80 P <0.001
AGB or RYGB vs BPD¥
Osteoarthritis (%) 78 83 80 NS
Esophagitis (%) 29 25 26 NS

Values are given as mean + SD.

*N, number of patients including lost to follow up (n = 136) and death (n = 71).

TANOQVA, analysis of variance.

FKruskall-Wallis Test

AGB indicates adjustable gastric banding; BPD, biliopancreatic diversion; BMI, body mass index;
RYGB, Roux-en-Y gastric bypass.

(eg, T2D, hypertension, dyslipidemia, osteoarthritis, or gastro-
esophageal reflux disease [GERD]). General exclusion criteria
were: open and obsolete operations (eg, vertical banded gas-
troplasty); large hiatus hernia; geographic factors encumbering
regular follow-up (n = 4); inability to comprehend necessary
perioperative and follow-up procedures; psychosis; alcohol or
drug abuse; serum creatinine level >200 pmol/L; and evidence
of liver cirrhosis. Patients were fully informed and gave written
consent. The study was approved by the ethics board of Canton
Berne, Switzerland, Project ID 2017-02191, and complied with
the Declaration of Helsinki.

Procedures

A multidisciplinary team, consisting of an internist specializ-
ing in obesity and his associate physician, a bariatric surgeon,
a dietitian, and a psychologist assessed each eligible patient
before surgery. An array of diverse phenotypic data and blood
for subsequent analysis were routinely obtained as previously
described."

Patients received 1 of 3 bariatric procedures listed below to
manage their obesity. AGB consists of a small proximal gastric
reservoir (~25mL) and stoma that limit the volume and speed
with which solid food empties, and has been described in detail
elsewhere.!'®!! RYGB creates a stapled small proximal gastric
reservoir attached to the jejunum, bypassing stomach, pylo-
rus, duodenum, and the first part of the jejunum as previously
described.'”! The BPD group comprised of banded and non-
banded patients. The banded operation combines AGB, as above,
with a pylorus-sparing duodenal-jejunal bypass, “duodenal
switch,” dividing and closing the proximal duodenum attaching
the post-pyloric stomach to the ileum.!* The nonbanded BPD
patients were those with BPD by Scopinaro’s procedure.!”

Postoperative complications and insufficient weight loss
(<50% excessive weight loss [EWL] more than 3 years after
primary operation) were defined and determined the choice
of reoperation (Fig. 1A-C). Options and risk/benefit balance
were discussed in the multidisciplinary team with every eligible
patient and the type of reoperation was selected considering the
patients’ preference and physicians’ judgment.

www.annalsofsurgery.com

Definitions of Complications and Indications for
Reoperation

After initial BS, patients were followed up every 6 months for
at least 8 years at the private practice of the obesity special-
ist (EEH.). Complications, reoperations, vital signs and phys-
ical examinations, band adjustments, and medications were
recorded at each visit.

Major complications were defined as pulmonary (pneumo-
nia, edema, respiratory insufficiency or adult respiratory dis-
tress syndrome), cardiovascular (myocardial infarct, congestive
heart failure, stroke), renal, psychiatric (depression, psychosis),
abdominal (anastomotic/marginal ulcers, peritonitis, intestinal
obstruction, gastric dilatation, deep wound infections, and inter-
nal hernia).!%!"18 Postoperative complications and “insufficient”
weight loss were defined according to published criteria and
governed the choice of reoperation?! (Fig. 1A-C). Insufficient
weight was loss was defined as having lost less than 50% EWL
or regained above 50% EWL from lowest weight ever achieved
(NADIR) more than 3 years after primary operation.

Major reoperations were defined as those requiring laparos-
copy or laparotomy under general anesthesia, whereas minor
reoperations included interventional gastroscopy and port-
tube-related abdominal wall procedures not requiring laparot-
omy or general anesthesia.’”?! Reoperations were performed
using the algorithm previously described and illustrated in
Figure 1A-C.10-1*

The rate of reoperation was calculated by dividing the abso-
lute amount of reoperations by total person-years at end of
study (8 years) or death.

Variables

Comorbidities and Their Long-Term Reporting

Comorbidities were reported using the following criteria: hyper-
tension was defined as blood pressure >130/85 mm Hg or taking
antihypertensive drugs. T2D was reported when HbAlc 26.5%
or taking antidiabetic drugs; dyslipidemia was reported with tri-
glyceride levels >200 mg/dL, HDL-cholesterol <35 mg/dL, LDL-
cholesterol levels >100mg/dL or taking lipid-lowering drugs. At
8 years follow-up, improvement was defined as a 10% change
in measured values compared with baseline (as appropriate)
or reducing the dosage of respective drug treatment. A change
in measured values of 10% at 8 years compared with values
at baseline or increasing dosage of respective drug treatment
was considered a treatment failure. Patients were considered
in remission if measured values were within normal limits and
medication was ceased.

Osteoarthritis was evaluated based on symptoms, mobility
and use of painkillers by oral interview before and 8 years after
BS. Esophageal pathology was assessed preoperatively and again
before end of study by esophagogastroscopy described in detail
previously.?? Other comorbidities, for example, sleep apnea and
urinary incontinence were not routinely studied before surgery;
therefore, no data are available.

BMI was calculated as body weight divided by height in
m?2. Percent Excessive BMI lost (% EBMIL) was calculated as
follows:

(BMI before initial operation — BMIat8years after initial operation) %100

(BMI before initial operation — 25 k—gz)
m
Percent excessive body weight loss (% EWL) was calculated
as follows:

(body weightbefore initial operation — body weight at 8years) <100

(body weight before initial operation minus ideal weight
according to the MLIC tables)
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MLIC, Metropolitan Life Insurance Company.
Interquartile range depicts all values between the 25th and
75th percentile of the respective study group.

Quality of Life Assessment and Bariatric Analysis and
Reporting Outcome System Score

The Moorehead-Ardelt Quality of Life Questionnaire 11>} was
used to assess the subjective QoL. It uses simple drawings for
each of the 6 QoL questions: self-esteem, physical activity,
social life, work conditions, eating behavior, and sexual activ-
ity, each to be filled out on a 10-point Likert scale from -0.5
to +0.5. The Bariatric Analysis and Reporting Outcome System
Score,*** is a scoring system that allows comparisons between
patients and outcomes of different types of BS as previously

described.!

Statistics

Means = SD are presented throughout the manuscript unless
specified otherwise. Intergroup differences are calculated using
analysis of variance (ANOVA), ANOVA for repeated measures,
or Kruskal-Wallis test when appropriate. Patients who under-
went a revision or reversal of their bariatric procedure were
included in the analysis of their original bariatric procedure,
consistent with intention to treat. Logistic regression models
were used for the analysis of remission of metabolic syndrome,
esophagitis, or osteoarthritis and the following predictors: sex,
baseline BMI (BMI0), age, and operation type (AGB, RYGB, or
BPD). Patients who died were removed from all analyses except
mortality analyses, and patients lost to follow-up were excluded
from weight loss, comorbidity, and QoL analyses. All analyses
were performed using IBM SPSS (version 22).

RESULTS

Baseline Characteristics

Of 2364 patients (75% women, 25% men), 1404 underwent
AGB (59%), 790 underwent RYGB (33%), and 170 underwent
BPD (7%) as their first bariatric procedure. Two thousand two
hundred twenty-eight patients (94 %) had 8-year follow-up data
(Table 1).

Annals of Surgery

Age, height, prevalence of osteoarthritis, and esophagitis
were similar in all groups. BMI and weight before the opera-
tion were highest in BPD patients. Patients with a higher BMI
at baseline were more likely to have RYGB or BPD operations,
whereas those with a lower BMI more frequently had AGB.
RYGB and BPD patients presented with a higher prevalence
of hypertension compared with AGB patients. Furthermore,
patients with BPD were more dyslipidemic than those with
RYGB or AGB. Prevalence of T2D was higher in RYGB than
in BPD or AGB.

Mortality

There were 71 deaths during the 8 years of observation: corre-
sponding to a mortality of 26.1, 36.7, and 104.2 per 10* patient-
years, in AGB, RYGB, and BPD, respectively (Table 2). Age at
time of death was similar between patient cohorts (Table 2).

Weight Trajectories

Percent EBMIL at 8 years was lower in patients treated with
AGB (65.0%, 95% confidence interval [CI] 62.9-67.1) com-
pared with RYGB (69.9% [95% CI 67.4-72.4]) or BPD (70.6%
[95% CI 66.2-74.8]; both P < 0.0001, ANOVA for repeated
measures). When adjusting for age, sex, and BMI at baseline,
these differences were still significant (P < 0.001 for RYGB vs
AGB and P < 0.01 for BPD vs AGB) (Fig. 2).

In the present study, weight NADIR for group AGB and BPD
was at year 8, whereas patients in the RYGB group reached their
lowest weight after 2 years. Mean weight regain in the RYGB
group between years 2 and 6 was 5.1% EBMIL (95% CI 2.9-
7.3), corresponding to 3.3kg (95% CI 1.4-5.2).

AGB patients of 40.1% lost less than 50% of excess weight,
while in patients with RYGB or BPD the percentage of subjects
losing less than 50% EWL was 23% and 18% respectively (P <
0.001 vs AGB). Mean weight remained stable between 6 and 8
years after primary operation in all 3 groups.

Rate of Reoperation During 8 Years of Study

Patients of 57.8% (n = 736) in the AGB group did not need a
reoperation. Of the 42% of patients (n = 538) who did need
one, 72.3% had a single reoperation and 27% had more than

TABLE 2.

Mortality During >8 Years of Follow-Up

AGB RYGB BPD Statistics
Person-years (N) 12648 (1404) 6320 (790) 1440 (170) P<0.01
Between groups
Age at time of death (years) 59.9 +11.0 57.0+10.9 57.5+10.8 NS
BMI at primary operation 437 7.7 456 +7.8 51.0+11.8 P<0.04
BPD vs others
BMI at time of death 326+75 379+80 411 +£130 P<0.02
Between groups
Total death/10* person-years (N) 26.1 (33) 36.7 (23) 104.2 (15) P<0.01*
BPD vs others
Procedural mortality/10* person-years (N) 3.2 (4) 14.3(9) 48.6 (7) NA
Pimary operation 0(0) 4.7 (3) 27.7 (4) NA
Revisonal operation 3.2 (4) 9.6 (6) 20.8 (3) NA
Nonprocedural mortality/10* person-years (N) 22.9 (29) 22.4 (14) 55.6 (8) NA
Cardiovascular 11 (14) 11.2(7) 27.8 (4) NA
Malignant neoplasia 7.9(10) 8 (5) 13.9(2 NA
Suicide 16(2) 1.6 (1) 13.9(2) NA
Others 243 1.6(1) 0(0) NA

N, number of patients including lost to follow up (n = 136) and death (n = 71).
Values are given as mean + SD.
*ANOVA, analysis of variance or Kruskall-Wallis was used, where appropriate.

AGB indicates adjustable gastric banding; BPD, biliopancreatic diversion; BMI, body mass index; RYGB, Roux-en-Y gastric bypass.
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FIGURE 2. Effect of different bariatric operations on % excessive BMI lost (% EBMIL). AGB indicates adjustable gastric band; BPD, biliopancreatic diversion;

RYGB, Roux-en-Y gastric bypass.

one reoperation (Table 3). Therefore, the reoperation rate per
10° person-years was 63.4 for AGB (Table 3). The most fre-
quent reoperations were conversion to RYGB (43%), band
replacement (34.4%), and conversion to banded BPD (12.8%)
(Table 3). Six bands eroded and were removed endoscopically.®
Consecutive treatment was done according to our algorithm
(Fig. 1A).

In the RYGB group, of the 36.3% of patients that were reop-
erated (n = 341), 80.8% had a single reoperation and 19.2%
had more than one reoperation (Table 3). Therefore, the reop-
eration rate per 103 person-years was 54.3, being significantly
lower than that observed in AGB (P < 0.01) (Table 3). The most
frequent reoperations were a Fobi-ring with pouch resizing
(62.3%) due to weight regain after NADIR and reoperations

Reoperation Characteristics During 8 Years Observational Period

AGB RYGB BPD
Type of Reoperation N (%) N (%) N (%) Statistics*
Total patientst 1274 (100%) 785 (100%) 169 (100%)
Patients without reoperation 736 (57.8%) 500 (63.7%) 111 (65.7%) %: P < 0.001
AGB vs other groups
Patients with reoperation 538 (42.2%) 285 (36.3%) 58 (34.3%) %: P < 0.001
AGB vs other groups
Reoperations
Total number 646 341 68 P<0.001
Per 10° person-years 63.4 54.3 47.2 Between groups
1 reoperation 467 276 57
Per 10° person-years 45.8 439 39.6
>1 reoperation 179 65 9
Per 10° person-years 17.6 10.3 7.5
Type of reoperations
Band replacement due to slippage and leakage 221 (34.3%) — 22 (32.4%)
Conversion to RYGB due to band intolerance 278 (43.0%) — 25 (36.8%) NA
Conversion to banded BPD due to insufficent weight loss 83 (12.8%) — —
Conversion to nonbanded BPD due to insufficient weight loss 36 (10.5%) 10 (14.7%) NA
Fobi-ring = pouch-resizing due to loss of restriction 4(0.6%) 212 (62.3%) 1(1.5%) %: P< 0.001
RYGB vs other groups
Band/Fobi removal only due toband intolerance 11 (1.7%) 20 (5.9%) —
Internal hernia 45 (7.0%) 60 (17.5%) 4(5.9%) %: P < 0.001
RYGB vs other groups
Various 4(0.6%) 13 (3.8%) 6 (8.7%) %: P < 0.001
AGB vs other groups

*Kruskall-Wallis Test.

tincluding all patients, who died during >8 years of study (n = 71), but not those, lost to follow-up (n = 136).
AGB indicates adjustable gastric banding; BPD, biliopancreatic diversion; RYGB, Roux-en-Y gastric bypass.
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due to internal hernia (17.5%) (Table 3). Thirty patients (3.8 %)
experienced 43 marginal ulcers during 8 years of follow-up,
which were all treated nonsurgically with high dose proton
pump inhibitors and sucralfate.

In the BPD group, of the 34.3% of patients that had reoper-
ations, 86% had a single reoperation and 14% had more than
one reoperation (Table 3) Therefore, the reoperation rate per
10° person-years was 47.2, significantly lower compared with
AGB and RYGB (P < 0.001) (Table 3). The most frequent reop-
erations were conversion to RYGB due to band intolerance or
band slippage (36.8%), band replacement due to band leakage
or slippage (32.4%), and conversion to nonbanded BPD due to
band intolerance (12.8%) (Table 3).

Age and sex were not related to the need for reoperation,
whereas patients with a higher BMI at baseline and patients
treated with AGB had higher reoperation rates. This effect was
still significant after adjusting for age, sex, BMI at baseline, and
operation type (P < 0.02).

Effect of Reoperation on Weight Loss 8 Years After Initial
Operation

Patients in the AGB group with no reoperation (n = 736, 58%)
tended to have greater (P < 0.09) % EWL than those who had
a reoperation (Table 4). Patients with band removal lost about
25% less weight than patients still carrying a band after 8
years (Table 4). Patients with and without a reoperation after
RYGB lost similar amounts of weight. Interestingly, conversion
from AGB to RYGB resulted in less %EWL when compared to
patients with primary RYGB (Table 4).

Patients with no reoperation after BPD (n = 111, 65.7%)
tended to have greater (P < 0.09) % EWL than those with reop-
eration, mostly due to replacement of leaking band (32.4% of
operated patients) (Table 4).

Remission Rates of Comorbidities

Remission was observed in all 5 comorbid conditions at 8 years
after initial procedure (T2D 53.5%, hypertension 30.1%, dys-
lipidemia 62.8%, esophagitis 42.7%, and osteoarthritis 35%)
(Table 5). Only some patients experienced a worsening in their
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comorbid conditions (T2D 5.4%, hypertension 9.9%, dyslipid-
emia 7.9%, and osteoarthritis 33.5%) (Table 5).

The remission rate of patients with RYGB and BPD was
much higher in T2D than that observed in patients treated
with AGB (45.6%, P < 0.01 vs BPD [62.1%] and P < 0.001 vs
RYGB [60.9%]) (Table 5). No patient had a worsening glyce-
mic control as a result of their bariatric operation after 8 years.
Interestingly, remission rates of hypertension were lower in BPD
(25.6%) when compared with RYGB (30.2%) or AGB (30.7%,
P < 0.01) (Table 3). Prevalence of dyslipidemia improved sim-
ilarly in the 3 patient groups (AGB 63.1%, RYGB 65.0%, and
BPD 67.0%) (Table 5). The remission rate of esophagitis was
significantly higher after RYGB than after AGB (56.1% vs
35.1%, P = 0.003) (Table 5). The remission rate of osteoarthri-
tis was similar in all 3 groups investigated (AGB 38.1%, RYGB
30.8%, and BPD 32.4%) (Table 5). Reported worsening of
osteoarthritis was 2-fold higher in BPD compared with RYGB
patients (13.3 vs 6%, P < 0.01) (Table 35).

The remission rate of T2D, hypertension, and esophagitis
remained significant after adjusting for sex, age, and BMI before
operation (P < 0.005).

Quality of Life, Measuring Patient’s Subjective Satisfaction
and Bariatric Analysis and Reporting Outcome System
Score

Overall, perceived QoL improvement by patients was inde-
pendent of the type of bariatric operation used. Patients with
the highest amount of absolute weight loss—that is, patients
treated with BPD (delta BMI 20.0 = 8.3 kg/m?)—reported the
greatest improvement in physical activity 8 years after their
operation (P < 0.001), compared with AGB (delta BMI 11.5 =
5.3kg/m?) and RYGB (delta BMI 14.4 = 5.8 kg/m?) (Table 6).
Perceived eating behavior was better in RYGB than AGB or
BPD (P < 0.001) (Table 6). Pleasure related to sexuality was
highest in ABG and was substantially higher than that observed
in RYGB (P < 0.01) (Table 6). Interestingly, weight regain of
more than 10% after NADIR in RYGB patients resulted in
lower improvement of social contacts (0.06 = 0.20 vs 0.24 =
0.20, P < 0.001) and self esteem (0.18 = 0.20 vs 0.30 = 0.20,
P <0.001) (Table 6).

TABLE 4.

Percent of Excessive Weight Loss (EWL) During >8 Years in 2157* Patients After Bariatric Surgery

Primary Surgery Type of Intervention/Reoperation Number % EWL at 8 years (95% Cl) 10Rt 25%-75% ANOVA Reop vs No Reop
AGB Total patients 56.7 £1.4 29.7-83.7 NS
No reoperation 736 57.8+15 30.0-85.6 —
Reoperation 538 55.1+1.3 29.6-80.6 P=0.09
Band replacement 166 56.7 +1.3 32.3-81.1 NS
Conversion to RYGB 278 535+14 26.5-80.5 P=0.04
Conversion to BPD 83 56.7 1.2 34.5-78.9 NS
Band removal I 427+15 14.0-70.4 P=0.03
RYGP Total patients 62.5+25 40.1-84.9 NS
No reoperation 500 62.7+2.4 40.6-84.8 NS
Reoperation 2851 622+ 26 39.0-85.4 —
Fobi-ring + Pouch- resizing 212 61.4+26 38.2-84.6 NS
Enterotranspostion/distalization 36 56.5+29 30.4-82.6 NS
Fistula revision 12 721 +£23 50.9-93.3 P<0.01
BPD Total patients 64.8 +3.0 45.9-83.7 NS
No reoperation 1 632+29 45.0-81.4 —
Reoperation 58% 68.6 + 3.2 48.7-88.5 P=0.09
Band replacement 22 735+34 51.8-95.2 P=10.03
Conversion to RYGB 25 701 +£28 52.5-87.7 NS
Conversion to BPD nonbanded 10 56.1+26 39.8-72.4 NS

Values are given as mean =+ SD.

*Excluding lost to follow-up (n = 136) and dead patients (n = 71).
tinterquartile range (IQR) 25™ to 75" percentile of observed values.
fincluding internal hernia, band or Fobi-ring removal.

%EWL indicates percent excessive weight loss; AGB, adjustable gastric banding; ANOVA, analysis of variance for repeated measures; BPD, biliopancreatic diversion; , RYGB: Roux-en-Y gastric bypass.
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TABLE 5.

Effect of Operation Type on Obesity-Related Comorbidities in 2157* Bariatric Surgery Patients Followed >8 Years?

Comorbidities Type of Operation Preoperatively, N (%) Remission (%) Improved (%) No Change or Worse (%) OR (95% Cl)} Statisticst
T2D All patients 629 (29) 53.8 40.8 54
AGB 285 (23) 45.6 46.5 8.9
RGB (vs AGB) 305 (40 60.9 36.4 2.7 0.5(0.3-0.8) P<0.001
BPD (vs AGB) 39 (25) 62.1 35.1 2.8 0.6 (0.4-0.90 P<0.01
Hypertension All patients 1768 (82) 30.1 60 9.9
AGB 943 (76) 30.2 57.1 12.7
RYGB (vs AGB) 686 (90) 30.7 62.6 6.6 NS NS
BPD (vs AGB) 139 (90) 25.6 66.9 7.2 0.6(0.4-0.9. P<0.01
Dyslipidemia All patients 1590 (74) 62.8 29.2 7.9
AGB 918 (72) 63.1 28.4 8.5
RGB 555 (73) 65 29.4 5.7 NS NS
BPD (vs AGB, RYGB) 117 (84) 51.2 35.1 13.7 0.6 (0.4-09 P<0.01
Esophagitis All patients 590 (27) 42.7 NA NA
AGB 359 (29) 35.1 NA NA
RGB (vs AGB) 191 (25) 56.1 NA NA 2.4 (1.3-42) P=0.003
BPD (vs AGB) 40 (26) 48.1 NA NA NS NS
Osteoarthritis All patients 1729 (80) 35 315 33.5
AGB 973 (78) 38.1 29 329
RGB (vs AGB) 632 (83) 30.8 35.2 33.9 NS NS
BPD (vs AGB) 124 (80) 32.4 31.5 36.3 NS NS
*Excluding lost to follow-up (n = 136) and dead patients (n = 71).
tAccording to unadjusted logistic regression model.
FOR (95% Cl): odd’s ratio with 95% confidence interval for % remission.
AGB indicates adjustable gastric banding; BPD, biliopancreatic diversion; RYGB, Roux-en-Y gastric bypass; T2D, type-2 diabetes.
Quality of Life Assessment >8 Years After Initial Bariatric Surgery
AGB (N = 1241*) RYGB (N = 762%) BPD (N = 154*%) Statistics ANOVA
Quality of life (Qol) totalt (3 to +3) 1.10 + 0.69 1.08 +0.73 112 +0.74 NS
Improvement in physical activity 0.24 £0.20 0.22 £ 0.20 0.29+0.20 P < 0.001
BPD vs others
Improving social contacts 0.20 = 0.20 0.18 +0.20 0.19+0.20 NS
Satisfaction concerning work 0.19 +0.21 0.19+0.24 0.20+0.24 NS
Pleasure related to sexuality 0.06 +£0.19 0.02 £0.20 0.04 +0.21 P<0.01
AGB vs RYGB
General self esteem improvement 0.25+0.20 0.26 + 0.20 0.21+0.18 P<0.001
PBD vs others
Perceived eating behavior 0.19+0.15 0.25+0.13 0.21 +£0.17 P < 0.001
RYGB vs others
Total BAROS Score 35+15 3.8+17 3.7+19 P < 0.001
AGB vs others
% good or better 67.9 72.3 713 P < 0.001
AGB vs others

Values are given as mean + SD.
*Excluding lost to follow-up (n = 136) and dead patients (n = 71).

tRange after addition of all subscores —3 to +3. Subscores range between —0.5 and +0.5 on a visual analogue scale.
AGB indicates adjustable gastric banding; ANOVA, analysis of variance; BAROS, Bariatric Analysis and Reporting Outcome System; BPD, biliopancreatic diversion; RYGB, Roux-en-Y gastric bypass.

Bariatric Analysis and Reporting Outcome System score
was lower in AGB compared with RYGB and BPD (P < 0.001)
(Table 6).

DISCUSSION

Reliable long-term data comparing the effectiveness of differ-
ent bariatric operations (and reoperations) on weight manage-
ment and their significance in the management of patients with
severe obesity are rare.>?” Landmark bariatric studies have had
important limitations that interfere with the generalization of
their findings.®” Our study adds to the current literature, provid-
ing valuable long-term results with an exceptional follow-up of
more than 94% for multiple bariatric operations.

Our reoperation algorithm (Fig. 1A-C) allowed us to identify
patients who were not on the appropriate weight-loss trajectory.

We could suggest and perform beneficial secondary procedures,
which enhance weight loss efficacy and durability. The consis-
tently better long-term weight management results in the pres-
ent study can be attributed to the implementation of operation
algorithms applied in all 3 BS groups (Table 4).37?% A recent
meta-analysis of O’Brien et al?® analyzing BS outcomes after 10
years found a mean % EWL of 45.9% in AGB compared with
56.7% in the present study. In the LABS study with a follow-up
of 7 years,” percent total body weight lost (% TBL) in gastric
banding patients was 14.9% corresponding to a mean weight
loss of 18.8kg. In the present study, AGB patients continuously
lost weight during the observational period, resulting in a mean
weight loss of 32.0kg (26.8% TBL) compared with 18.8kg
(14.9% TBL) in the LABS study;” however, this 70% increase
in long-term weight loss was achieved at the expense of a 50%
higher reoperation rate (63.4 vs 43.3 per 10° person-years,
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present study vs LABS?), but lower overall mortality (2.6 vs 3.9
per 10° person-years).

Maximum weight loss (% TBL) after RYGB at about 2 years
was similar in the present study with 35.2% TBL compared with
LABS” (35.0% TBL) and Adams et al’ (34.9% TBL). In con-
trast, weight regain in RYGB patients starting 2 years after ini-
tial operation was considerably less in the present study (3.3kg
or 2.6% TBL), compared with weight regain at 6 and 12 years
in Adams et al* (6 years 8.7kg or 7.0% TBL, 12 years 10kg
or 8.1% TBL) and LABS’ (7 years 8.8kg or 6.6.% TBL). The
consistently better long-term weight management results (Fig. 2)
in the present study are due to the implemented reoperation
algorithm (Fig. 1).!1%!413:14 Patients with weight regain of 210%
after NADIR or %EWL <50% were offered revisional surgery
(Table 4 and Fig. 1b) resulting in stable weight 6-8 years after
surgery with beneficial long-term outcomes (Tables 5 and 6).

Despite the high reoperation rates (Table 3), overall mortal-
ity was similar in RYGB in the present study when compared
with the results reported by Adams et al*’ (36.7 vs 37.6 per 10*
person-years). However, mortality was lower than reported in
LABS’ (36.7 vs 53.3 10* per person-years) despite a consider-
ably higher reoperation rate in the present study (54.3 vs 1.2 per
103 person-years, present study vs LABS.”

For BPD, O’Brien et al*® found 74% EWL at 10 years, which
was higher than the 64.8% observed in the present study.
Because two-thirds of the patients of the BPD group were ini-
tially operated with gastric banding with a duodenal switch,
restriction might not have been optimal during the 8 years of
study. However, weight was maintained after 6 years of study
with 64.8% EWL, which is similar to findings by Sethi et al.>
This result was achieved with the lowest reoperation rate of the
3 BS procedure types (Table 3) but the highest mortality rate
(Table 2). The higher mortality rate was possibly due to the rel-
atively small number of BPD patients in that study group and
their much higher BMI before the first operation (Table 2).

Comorbidities, especially hypertension and dyslipidemia,
were present in around 90% of patients before BS (Table 5).
Independent of the BS procedure chosen, a considerable num-
ber of patients were in remission for various comorbidities 8
years after surgery. Change in BMI is an important predictor of
comorbidity resolution. Patients with persistently elevated BMI
have higher rates of persistent diabetes, hypertension, and dys-
lipidemia. T2D remission was >60% after 8 years in patients
that had operations including surgical duodenal exclusion.
These rates are similar to those observed in a recent meta-anal-
ysis for RYGB,'®* Adams et al,’ the LABS study,” and a 10-year
study?! in BPD patients. In contrast to recent data reported by
Aminian et al3? where 32% of patients experienced a relapse of
T2D after more than 5 years of observation, less than 3% of
patients showed worsening of T2D in the present study. This
could be possibly explained by effectively preventing weight
regain in BPD and RYGB patients (Fig. 1 and Table 4) as recently
demonstrated by Yoshino et al.?* Their finding is supported by
the fact, that in the present study remission rates of T2D were
highly correlated with mean % EWL of the 3 types of opera-
tions investigated (r = 0.98; Tables 4 and 5).

By contrast, only 45% of AGB patients were in remission
for T2D 8 years after surgery, a rate which is higher than that
observed in the comparable LABS study,” but lower than that
observed in RYGB and BPD in the present study (>60%). One
explanation could be the lower mean percentage of total weight
lost in AGB patients (14.9% TBL in LABS” and 26.8% in the
present study) when compared to RYGB and BPD patients (Fig. 1
and Table 4). Therefore, our data would suggest, that patients
with T2D should undergo duodenal exclusion®”!":31:3234 rather
than AGB, as they achieve greater weight loss long term. Previous
studies on sleeve gastrectomy have had a maximum duration of
5 years.*37 The reported remission rates of T2D were up to over
80% and %EWL of over 80%.% Since the remission of T2D
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depends largely on EWL, preventing weight regain for sustained
remission in subsequent years is extremely important. These
long-term data are lacking so far for sleeve gastrectomy.
Banding procedures showed a higher persistence of esoph-
agitis. This is a consequence of operation-induced anatom-
ical changes that bear an increased predisposition for GERD.
Therefore, subjects with preexisting GERD (esophagitis) should
receive RYGB as the bariatric procedure of choice (Table 5).
Especially noteworthy, overall improvement in health-related
QoL was similar in all 3 BS procedures, a finding not yet reported
to our knowledge. Kolotkin et al*® showed that after 12 years,
RYGB patients had improved weight-related and physical QoL
with a peak at 2 years and declining thereafter as weight regain
occurred. O’Brian et al* assessed 10-year QoL in a randomized
controlled trial of laparoscopic AGB versus intensive medical
therapy with no difference between the groups; however, baseline
values of QoL were only slightly lower than normal values before
the beginning of the study. Furthermore, in the Swedish obesity
study intervention study*’ investigating various bariatric opera-
tions, QoL improvement corresponded closely to phases of weight
loss and remained stable during years 6-10; a timeframe in which
stable weight was observed. As such, the high QoL in the present
study points to the fact that preservation of QoL might depend on
the prevention of long-term weight regain. Reoperations might,
therefore, be essential for maintaining weight loss and thus sus-
taining improved long-term health outcomes. The often-described
decrease in health-related QoL over time after BS might be driven
by weight regain. This is supported by the fact that patients
with reoperations aimed to prevent weight regain of >10% after
NADIR had perceived lower self-esteem and less social contacts
than those who had preserved their weight at 8 years (P < 0.001).
There are several limitations to this complex study, foremost
being selection and ascertainment bias. This Swiss population
lacks ethnic diversity, limiting the generalization of the findings.
Moreover, sleeve gastrectomy, currently the most commonly
performed bariatric procedure,*! was not included in the study
since it was only introduced in 2009 as primary bariatric proce-
dure in our center. Furthermore, the universal health care system
in Switzerland offers unique support that might not apply to
other systems imposing socioeconomic limitations not encoun-
tered here. Patient selection, although standardized, reflected a
degree of surgeon bias, yet represents medical practice. It was
mitigated by the relatively small group of surgeons and the con-
solidating role of one obesity expert and associate screening and
following up with all patients, neither of whom had conflicts of
interest such as industry ties or surgical fees related to the study.
To conclude, weight regain can be prevented by using a reop-
eration algorithm in a population with severe obesity treated
with BS. This goes along with low procedural mortality inde-
pendent of the primary bariatric procedure used, resulting in a
sustained improvement in the QoL and comorbidities. RYGB
should be the procedure of choice for patients with preoper-
ative esophagitis. Procedures with duodenal exclusion should
be preferred over gastric banding for patients with T2D as they
result in greater long-term weight loss. Whether comparative
long-term data using sleeve gastrectomy will result in similar
long-term T2D remission awaits further study.
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