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Abstract

The 2022 American Society of Metabolic and Bariatric Surgery (ASMBS) and International Federation for the Surgery of Obe-
sity and Metabolic Disorders (IFSO) updated the indications for Metabolic and Bariatric Surgery (MBS), replacing the previous
guidelines established by the NIH over 30 years ago. The evidence supporting these updated guidelines has been strengthened
to assist metabolic and bariatric surgeons, nutritionists, and other members of multidisciplinary teams, as well as patients. This
study aims to assess the level of evidence and the strength of recommendations compared to the previously published criteria.
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PWS Prader Willi syndrome

RCT Randomized controlled trial

RWG Recurrent weight gain

RYGB Roux en Y gastric bypass

SADI-S Single anastomosis duodeno-ileal bypass
with sleeve gastrectomy

SBO Small bowel obstruction

SG Sleeve gastrectomy

SOT Solid organ transplantation
T2DM Type 2 diabetes mellitus
TKA Total knee arthroplasty
TWL Total weight loss

VHR Ventral hernia repair
WHO World Health Organization
Introduction

Since its inception in the mid-1950s, gastrointestinal sur-
gery to treat excess adiposity and associated medical condi-
tions has significantly changed [1]. Weight loss surgery, in
its early history, lacked regulation, was associated with a
high risk of adverse events, and had a high rate of recurrent
weight gain (RWG). There were no uniform guidelines for
patient selection, preoperative work-up, procedure selection,
and long-term follow-up. These deficiencies contributed to
the high rates of suboptimal outcomes.

To create uniform criteria for bariatric surgery, in 1991, the
National Institute of Health (NIH) in the USA held a consensus con-
ference on gastrointestinal (GI) surgery for the treatment of severe
obesity [2]. A multidisciplinary panel of “experts” reviewed the
available peer-reviewed literature and patient experience and cre-
ated the first criteria for the practice of metabolic bariatric surgery
(MBS). However, since 1991, there have been dramatic changes
in the field of MBS, including fellowship training, accreditation of
MBS centers of excellence, development of MBS registries, the
introduction of minimally invasive surgery, and new procedures
such as sleeve gastrectomy (SG), and dramatic improvements in
perioperative and long-term patient care and safety. Despite these
improvements in surgical techniques and perioperative care for
patients undergoing MBS, the reliance on the 1991 NIH criteria
for determining patient candidacy for surgery remained unchanged,
and surprisingly, it is still in wide use more than 33 years later.

In 2022, a group of metabolic bariatric surgeons and other
clinicians caring for people with obesity recognized that the
33-year-old guidelines based on expert opinion in the era of open
surgery did not reflect the current published literature or state of
the field. There was a growing interest in revisiting the 1991 NIH
criteria and revising it to reflect MBS’s current practice.

The two largest MBS organizations in the world, the American
Society for Metabolic and Bariatric Surgery (ASMBS) and the
International Federation for the Surgery of Obesity and Meta-
bolic Disorders (IFSO), agreed to partner to create new guidelines
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that would be evidence-based and rely on the most up to date
high quality published literature along with current expert global
practice. The group searched the literature for high-level evidence
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [3]. Without supportive literature,
a Delphi survey of experts in the field was performed [4]. Sys-
tematic reviews were performed on 13 topics highlighted in the
recently published MBS guidelines. This study aimed to deter-
mine the level of evidence and the grade of the recommendations
of these 13 previously published criteria [5, 6]. Tables 1, 2, 3, 4,
5,6,7,8,9,10,11,12 and 13

Methods

In order to methodologically support the previously pub-
lished ASMBS/IFSO guidelines, two international teams of
writers were created.

One team of seven researchers (MDL, GM, Al, GP, ST,
SC, AV) performed a systematic search of high-level evi-
dence for different items, according to the PRISMA (see
PRISMA Prospect). Two independent researchers analyzed
each article, first by title and abstract and subsequently by
the full text, and extracted the relevant data. In case of disa-
greement, a third researcher (MDL) was consulted.

Eventually, 12 different systematic reviews from the 13
PRISMA were carried out. PRISMA on item 2 (BMI 35-40 kg/m*
without obesity-associated medical problems) produced no studies.

The level of evidence and grade of recommendation are
categorized in Table 14.

The second team (MDL, MK, ST) was tasked to resolve
any issues not answered by the systematic reviews. For these
situations, a Delphi survey was constructed and consisted of
two consecutive rounds. Forty-nine recognized MBS experts
from 18 countries participated in this Delphi survey to
address nine statements that did not have strong backing from
the literature search (Table 2 and Table 15). Consensus was
reached when the agreement/disagreement rate was equal to
or greater than 70%. An online platform (Survey Monkey on
https://www.surveymonkey.com/r/MBS-Criteria) was used.
Seven statements reached consensus in the first round, and
two reached consensus in the second round of voting (Table 2
and Table 15). Statements 1 to 5 referred to item 2 (body
mass index [BMI] 35-40 kg/m2 without comorbidities), and
statements 6 to 9 referred to item 6 (joint arthroplasty).

Results
BMI criteria for MBS
1. MBS for BMI 30-34.9 kg/m2 [7-35]

PRISMA Appendix 1 [PubMed, Cochrane, Embase]
Systematic Review Table 1


https://www.surveymonkey.com/r/MBS-Criteria
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Forty-three articles were included in the present review,
29 (69%) were conducted on non-Asian patients [7-35] and
13 (31%) on Asian patients.

Nine retrospective (31%) and 20 (69%) prospective stud-
ies reported MBS results. All articles had a good/fair quality.
Two articles investigated the effects of surgery on patients
with BMI <30 kg/m?, four papers compared outcomes in low
BMI with results in patients with severe obesity, and three
other studies made a comparison with lifestyle intervention.

Seventeen articles reported results after Roux-en-Y gas-
tric bypass (RYGB), 11 after SG, 1 after one anastomosis
gastric bypass (OAGB), 2 after biliopancreatic diversion
(BPD), 7 after adjustable gastric banding (AGB), and 2
after revisional surgery from AGB to RYGB with an overall
medium follow-up of 29.3 [12—-120] months.

Operative time and length of stay (LOS) appeared compara-
ble to available data in the literature for MBS in BMI >35 kg/
m?. All articles reported satisfactory weight loss with no mor-
tality. Clavien—Dindo complications grades 3—4 ranged from O
to 40% (40% in a paper on BPD complications). A higher com-
plication rate was reported after revisional surgery. Remission
from type 2 diabetes mellitus (T2DM) and hypertension (HTN)
ranged from 33 to 100% and from 28 to 100%, respectively.

Recommendation

e MBS is recommended for patients with T2DM and a BMI
of 30-34.9 kg/m>.

e MBS is recommended for patients with a BMI of 30-34.9
kg/m?* and one obesity-associated medical problem.

e MBS should be considered in patients with a BMI of
30-34.9 kg/m? who do not achieve substantial or durable
weight loss or co-morbidity improvement using nonsurgi-
cal methods.

Level of Evidence 2a

Grade of recommendation B

2. MBS for BMI 35-40 kg/m? without obesity-associated
medical problems

PRISMA Appendix 2 [PubMed, Cochrane, Embase] not
enough studies

No Systematic Review Delphi Table 2

Although previous studies support the superiority of MBS
compared to non-surgical therapy in patients with BMI >35
kg/m? with no obesity-associated complications, there is a lack
of high-grade evidence to support this item. Considering the
lack of data from the literature, the leaderships of IFSO and
ASMBS have convened a Delphi survey. According to the
survey results of 49 experts, MBS is indicated in patients with
class II obesity, a BMI of 35-40 kg/mz, with no associated

@ Springer

medical problems in all groups of ages following a comprehen-
sive multidisciplinary team (MDT) assessment. The consensus
also supported the fact that MBS is cost-effective in patients
with class II obesity when compared to non-surgical therapy.

Recommendation

e MBS is recommended for patients with a BMI >35 kg/
m? regardless of the presence, absence, or severity of
obesity-related complications.

Level of Evidence 5

Grade of recommendation D

3. BMI thresholds in the Asian population [36—54]

PRISMA Appendix 3

Systematic Review Table 3

Seven retrospective (54%, 2 multicenter) and 6 (46%) pro-
spective studies reported the results of MBS on the Asian
population. All articles have a good/fair quality. The articles
investigated the effects of surgery on patients with BMI <30
kg/m®.

Eight articles reported results after RYGB, 5 after SG,
2 after OAGB, and one study after SADI-S with an overall
medium follow-up of 33.4 [12-84] months. Operative time
and LOS appeared comparable to data already published in
the literature for MBS in patients with a BMI >35 kg/m>.

All articles reported satisfactory weight loss with no mortal-
ity. Clavien—Dindo complications grades 3—4 ranged from O to
7.3%. Higher long-term nutritional complications were recorded
after hypoabsorptive procedures. Remission from T2DM and
HTN ranged from 38 to 100% and 30 to 83%, respectively.

Recommendations

e Clinical obesity in the Asian population is recognized in
patients with BMI >25 kg/m?. Access to MBS should not
be denied solely based on the traditional BMI criteria.

Level of Evidence 2a
Grade of recommendation B

Extreme of Age

4. MBS in the older population [55-72]

PRISMA Appendix 4 [PubMed, Cochrane, Embase]

Systematic Review Table 4

Eighteen papers have been retrieved [55-72] for quali-
tative analysis. One RCT [56] and one prospective multi-
center paper [62] have been found. Papers were categorized
as comparative [55, 56, 62-65, 68, 69, 72] and non-compar-
ative [57-61, 66, 67, 70, 71]. In the comparative group, two
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Table 2 IFSO/ASMBS Delphi Results of MBS indications individuals with class II obesity with no associated medical problems

Statement Round 1 Round 2 Final result

1. Metabolic and bariatric surgery (MBS) is indicated in 18-65-year-old 95.7% Agree - CONSENSUS (AGREE)
individuals with Class II obesity with no associated medical problems (body
mass index of > 35 kg/m?)

2. MBS is indicated in <18-year-old individuals with Class II obesity with 76.6% Agree - CONSENSUS (AGREE)
no associated medical problems (body mass index of >35 kg/m?)

3. MBS is indicated in >65-year-old individuals with Class II obesity with no 85.1% Agree - CONSENSUS (AGREE)
associated medical problems (body mass index of >35 kg/m?)

4. MBS is indicated for individuals with Class II obesity and have no associated 54.1% Agree 100% Agree CONSENSUS (AGREE)

medical problems following comprehensive multidisciplinary team (MDT)

assessment (body mass index of >35 kg/m?)

5. MBS is cost-effective in individuals with Class II obesity compared to non-

surgical therapy

97.8% Agree - CONSENSUS (AGREE)

Table 3 BMI thresholds in the Asian population for MBS

Author, year [ref] Study design Quality assess- Number of patients (intervention)
ment

Mazidi, 2017 [36] Prospective 5 152 type II diabetic obese; all RYGB

Osman, 2019 [37] Prospective 5 17 type 1I diabetic obese, all SAGB

Ma, 2022 [38] Retrospective 5 49 T2DM, all SG

Park, 2021 [39] Prospective non-randomized controlled 5 17 T2DM BMI 30-35 vs 115 medical

therapy; 7 RYGB, 10 SG

Luo, 2020 [40] Retrospective 5 87 T2DM patients, 25 SG, 62 RYGB

Nautiyal, 2019 [41] Retrospective 5 113 T2DM

Huang, 2020 [42] Retrospective multicenter db 5 1199 patients BMI >25

Malapan, 2014 [43] Prospective 5 29 T2DM RYGB

Zuo, 2020 [44] Retrospective 5 17 RYGB, 3 SG

Zhao, 2018 [45] Retrospective 5 78 T2DM, RYGB

Fan, 2014 [46] Retrospective 5 19 BMI <35 lap band

Kim, 2014 [47] Retrospective 5 107 BMI <30, SAGB

Zhang, 2017 [48] Retrospective 5 25 T2DM BMI <30 and 28 T2DM BMI <28

Kwon, 2017 [49] Prospective non-randomized 6 15 T2DM BMI 23-30 RYGB

Du, 2018 [50] Retrospective 5 58 T2DM BMI 27.5-32.5, RYGB

Liang, 2018 [51] Retrospective 5 54 BMI <30 T2DM, RYGB

Widjaja, 2020 [52] Retrospective 5 18 BMI 27.5-30, SG

Yu, 2021 [53] Retrospective 5 90 RYGB, 22 SG BMI <32.5 T2DM

Mazidi, 2017 [54] Retrospective 5 209 RYGB

subgroups have been identified: older [age > 65 years old]
versus younger age [55, 65, 68, 69, 72]. SG, RYGB, and
AGB were more representative surgical operations in these
studies [56, 62—64]. The other studies were not comparative.
Five studies compared the intra- and post-operative com-
plications of MBS between the elderly and non-elderly popu-
lations [55, 65, 68, 69, 72]. Despite the high-risk populations
evaluated, the studies found no differences in postoperative
complications, weight loss, and comorbidities resolutions.
Five studies evaluated the efficacy of AGB [57, 60, 61,
65, 71]. Despite its low peri-operative complication rates,
all studies concluded that other procedures, such as SG or

the RYGB, have better post-operative outcomes regarding
weight loss and comorbidity resolution or improvement.
According to Gondal et al. [73], rather than age alone,
frailty is independently associated with higher rates of
postoperative complications following MBS. Furthermore,
when considering MBS in older patients, the risk of surgery
should be evaluated against the morbidity risk of obesity-
related problems. Thus, there is no evidence to support an
age limit on patients seeking MBS, but a careful selection
that includes an assessment of frailty is recommended.
Two systematic reviews that included studies with elderly
groups aged more than 60 years were found in the literature

@ Springer
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[74, 75]. Both supported MBS in the elderly with a careful
selection of patients.

According to the literature, although there was only one
RCT, we could state that MBS is a safe and effective treat-
ment of the elderly in carefully selected cases. In this patient
population, attention must be paid to patient selection and
procedure selection, considering the chance of comorbidity
resolution and post-operative follow-up compliance.

Recommendation

e MBS has been performed successfully in increasingly
older patients, including patients 270 years of age. In
septuagenarians, compared with a younger population,
MBS is associated with slightly higher rates of postoper-
ative complications but still provides substantial benefits
of weight loss and co-morbid disease remission.

o Frailty, cognitive capacity, smoking status, and end-organ
Jfunction have an important role in the indications for MBS.

e There is no evidence to support an age limit for older
patients seeking MBS, but a careful patient selection that
includes a frailty assessment is recommended.

Level of Evidence 2a

Grade of recommendation B

5. MBS for the pediatrics and adolescents [76—117]

PRISMA Appendix 5 [PubMed, Cochrane, Embase]

Systematic Review Table 5

Forty-two papers have been retrieved for qualitative anal-
ysis [76—117]. One RCT [76] and 14 comparative papers
[83, 88, 90, 93, 94, 96-98, 101, 104-107, 115] were found.

Seven studies about MBS versus lifestyle modifications
[76, 88, 90, 94, 97, 105, 115] were evaluated. The surgical
approach was more effective and durable than lifestyle modi-
fication regarding excess weight loss (%EWL), total weight
loss (%TWL), and comorbidity resolutions.

Ten papers used the teen-LABS database [92-101], com-
paring different laparoscopic MBS procedures (AGB, RYGB,
SG) to assess many aspects of MBS in pediatric and adolescent
patients. All papers demonstrated an acceptable lasting ZEWL
with a good resolution of obesity-related complications.

Sixteen papers evaluated the efficacy of RYGB in ado-
lescent patients [78, 85, 92, 95, 97-99, 101, 103, 105, 107,
108, 113, 115-117]; only six of them were comparative [97,
98, 101, 105, 107, 115]. All studies concluded that RYGB
achieved good weight loss, improvement, and/or resolution
of comorbidities in the pediatric and adolescent population
with an acceptable complication rate.

A matched-control study evaluated the outcomes of MBS
in Prader Willi syndrome (PWS) compared with a non-PWS
group of patients and concluded that the SG is a well-tol-
erated, effective treatment option for PWS patients with

@ Springer

obesity. In both groups, the weight loss and the resolution
of the comorbidities were similar [96].

Algathani et al., in a retrospective study with 10 years of
follow-up, suggested that MBS would not negatively impact
pubertal development or linear growth, and therefore, a spe-
cific Tanner stage and bone age should not be considered a
requirement for surgery [96].

According to a literature review, the AGB seems to be a
safer procedure. However, it achieved a lower weight loss,
which was less durable than the RYGB or the SG.

Recommendation

e MBS does not negatively impact pubertal development
or linear growth.

e MBS is safe in the population younger than 18 years and
produces durable weight loss and improvement in comor-
bid conditions.

Level of Evidence 1b
Grade of recommendation A

Bridge to other Treatments

6. MBS prior to joint arthroplasty [120-141]

PRISMA Appendix 6 [PubMed, Cochrane, Embase]

Systematic Review Table 6 (some studies not in favor)
Delphi Table 15

Twenty-two articles were chosen to be included in the
present review.

Several studies have shown that patients with severe
obesity (BMI >40 kg/m?) were at increased risk of major
and minor complications after joint surgery. The Ameri-
can Association for Hip and Knee Surgeons (AAHKS)
provided a consensus opinion recommending delaying
elective surgery when the BMI exceeds 40 kg/m?, and in
2023, adherence to these recommendations was evaluated
[142]. Pre-operative health optimization programs, includ-
ing weight loss with MBS before joint surgery, have been
implemented to reduce postoperative complications.

However, the current literature is unclear whether persons
undergoing MBS have a lower risk of postoperative com-
plications and need for revisions after joint surgery when
compared to people with obesity who have not had MBS.
This systematic review (Table 6) demonstrated that only one
RCT was available. Additional results were obtained from
cohort studies. Some studies have demonstrated the benefits
of preoperative MBS, while others have highlighted the risks
of prior MBS. In addition, it seems that MBS should be per-
formed within 2 years before joint arthroplasty to decrease
the negative impact of metabolic bone disease. Furthermore,



4023

Obesity Surgery (2024) 34:3963-4096

loL1]
Ter st
uonnjosal INAZL %0€ ‘uon A[pooM *S H
-njosar uorsualdAy (81) %8'LE  %L'8T F 86T v'SF19¢ Y'SFOcy sKep g6l F 0CT BN (43 eanoedsord ‘ueweer] ‘W D
(6911
‘Te 30 uewdey)
‘'H "H Welim
DST ‘Iopuad
(€z=1) %591 pue ‘dgD (89=u) uyof ‘IZoN
'8F¢SSP %6'8Y ‘dOV (Ly =U) %8°¢¢ 8¢l oanoadsonay ‘g Auoypuy
(8911
‘Te 12 9[3req
¥ Jeydoysty)
‘s9[[2010D)
(1ME%) ao0v pIeony ‘rewref
(11/7) UOISSIWAI INATL %81 %¥'SE F %S 09 '8 F ¢S¢ SSFI'LYy IN9'LT 1/DST/ddD 81 1T oAnoadsonoy H peweyoiy
Sd-add
‘sarnpasoid ‘e
oATOInSaI  [e30) 88T Juerd oery ‘ereAyInj
(€'8%°L'8) 8'0€ 8LFTOY 9Y F99¢ W<l ‘DIA dgD  -suentoye /g oAanoadsonay ‘NOJUBPOIA
210
Sd-add 88I siprem uo
‘sarpasord gz “Sunsi-axd B
(T Ly QATIOLIISAI pawioyrod oery ‘ereAyinjy
(289 ‘0) T°'09 801 F 'S¢ T6FIOr TTDIN9TC ‘DdA ddD M g/ aanoadsonoy ‘NO[UBPOIN
Sd-add
‘sarnpaosoid [L91] Te 1
(Lss SATIOLSAT [e30) 881 oery ‘efeAyinjy
(F'TL S’ T¥) 9°09 T9FTISE YTIFI'SE ‘98D IN99E ‘DA ‘dgD Sunsi a10jeq g/ aanoadsonoy ‘NOJUBPOIN
uewpoon) odoy
(1918]) 4D ‘Topue
Teok [ 18 %26 TINGH %S 0L s1edk ¢ 499 + 13 s 01 -Xo[y Ko[som [
uewpoon) adoy
(19138) ‘Iopue
ek 138 %26 dgo 1M +dgo sid 6 XLV Ad[som [
L3 Inoyim [991] uewpoon
(13 mo dg9D—d¥D adoy ‘repue
Teak 1 1€ %76 INACL %1S  TINGA %89 -Wis Jg0 dnois 181y jo TNE) 8t dgo mim sd 7¢ oAnoadsonay -Xa[y Ad[som ‘[
(uonuaa
[eAIAIDS uonn[osal (syjuour) -1ayur) syuaned Juw
juejdsuen-isoq Kyprgiowo)) IMIL/IMT  dn-moro] TING reseq NG dn-mofjoj ueapy A1a81ns jo odAJ, Jo oquny  -ssasse Ajeng) u31sop Apmig[Jo1] 1eaf ToyINy

uonejuejdsuen uesio o) Joud SN 8 3|qelL

pringer

Ns



Obesity Surgery (2024) 34:3963-4096

4024

[oL1] TR 3O
IjauLIe)) uep|

%SY NLH (9¢-61 (s1eak 6—¢'Q ‘IoUSaN TereIAg
19 ¢C eruaptdifsAp %ty INATL %6/%99 d8uer) w3y g7 oFuer) w/SY [HoSuer) syuow Ly L dD/LT DST Iy-oxd g 2ANdAdsSONAY TUIUSL BUBUSY
%S/1
(r61-¥L DA ‘%61/y Te 10 IND Amnq
osuerenrenb OV ‘%84/01 “SIMRL VIN
0 N 189A- %65/% 1L (Le—€€) vE -1un) N 0T DS ‘%87/9 49D S L3-1s0d [¢ oanoadsonoy W ‘g usyo)
%T/1
paytoadsun [seil
(68-0¢ ‘%TLIS 4DV Te 10 IND £inq
%€'T Aney a3ues anrenb ‘%T1/S DS -SYMAL ‘VIN
-low/pa1p ¢t /1 NA 19A-T %TTY%69 (9¢-82) ¢ SN N € ‘%€9/LTdaD  Sd IM-oid ¢f oAnoadsonay W ‘gf ueyo)
%8 F 9T SA %0
wead (61/8
dnoi13 jonuoo)
% 1T SA
syuaned gO Ay
Jo (¥1/5)
%LSE drel
uonesdwoo
¢{(dnoi3 jonuoo
03 Te[IIs) [¥L1] ydosog
DAY Jo uon eyowe],
(P1/€) %¥'1T  -NIOSAI INATL ‘Touken
£q paouarradxa 94 ‘uorn[osal ‘[ Kaayor
sem 1Dd NIH %L8€  %0°€ + %8TL 80F 1'8C I-1sod W 2L 499 I¢ oAndadsonay  ‘sewoy], 'V uef
91e1 UONN[OSAL [eLT]
%y WACL ‘Te 19 Ieyqg
9)eI UOIIN[OSAX 3 A ‘Sung
%001 %SSNLH (I3 Joown e NG) 1'¢ F €€ L3 210J°q DS 0C aApdadsonay @V ‘wIry X
[zL1] B0
ampadoxd wiey ‘iqrelQ
9LFYEYE N9 payroadsun L3 1e)je 7 oAnoadsonay IV ‘WeyH
il e
OA[eZUOD) [Ned
uyor ‘Kryyed
(sreak 01-1) 0S| 3] snouue]y,
(IMIRD ¥T F 79 LF 1€ 8 F gy uelpowr s1edk §°7 ‘gOV ¢ ‘dgD 1 91 oAnoadsonay ‘yed-1y 1peys
(uonuaa
[eAIAIDS uonnjosal (sypuour) -1o)ur) sjuarjed juow
juejdsuen-isoq Kyprgrowo)) IMIL/IMT  dn-moro] TING reseq NG dn-mofjoj ueajy A1a81ms jo odAJ, Jo raquuny  -ssasse Ajend) u3isap Apmg[Jo1] 1eak ‘ToyIny

(ponunuoo) gsjqey

pringer

AQs



4025

Obesity Surgery (2024) 34:3963-4096

uon
-njosar INAZL
%+G "uonNJosaAI

NLH %6¢
(100" > d) (Aeandadsar ‘1 1+
pue ¢'0+) dnoig jonuoos ay
ur pasearour pue (Aeanoadsax
‘z— pue £ 0—) dnoi3 A1931ns
JLIELIRq 9Y) UI PASBAIAP SUOT)
-eoIpew paqrIdsaid Jo requunu
pue (230 ‘erwoptdisAp ‘N.LH
‘dT1) SPNIPIQIOWO0d PaYe[ar

-K)159q0 JO Ioquunu [e10} Y],

9T € UOTSSTWIAT INZL
yuawaroxdur %9 H(%61)
uorsstwal 99[dwod NAZL

127/4 “wuawaaoxdwir %79 (%17)
uoIssTwal 319/dwod NILH 0€/8

/B L19-8°0C

a3uer) L
%€ 0TFT8E B19°9FL°9¢
%L'8TFITL LY+S6C

AOI (6°0S—+01) €SP

A0I (S'67-6'6€) 6'¢h

(;u
/33 L'69-0°S¢E ao
oduer) w WM SH/AYSH
BAEOFOYy  SIL G [FET DS yIm Q6T ‘e
sa
-add %¢¢/1
‘d9D %EE/01
LEFETH CIF6T DS %€9/61 I3 1ye 0g

d€D %TE/YS DS %89/9FTT AN UNM 1691
(@>D) oseasip
dgo  Aoupry oruoryo

%6T/L6V'E6 DS %1 L/ILES 6TT INOUNM YEQ'ETE

(1811
JLESRSY |
Sunox ‘ezip
pewyy ‘wes
aAnoadsorg  -sey zeered-[y

[081] T80 AN
TUTWO X BURUIY
‘AN PPUIM
souef ‘oSq

[ONU00—0sed 9AN0AdsoNey  [OpuUIydS B[IIH

loL1]
‘[® 19 BpUBR]
SO1I0], [onuwes
‘KINgsymay, ‘N
ud9[[0) ‘Uayo)
‘g euepiof
[8L1] TR %0
JeUANAWIQ
UeIISeqas
‘AONUAIYD],
ued[ ‘preyonog
addrpmyq
[LL1] TR 90
IOP[UIA\ SOuef
IOUSIN Teeiag
‘TUTWIR X BURUDY

aAndadsonay

aanoadsonay

[eAIAIDS
juejdsuen-isoq

uonnjosal
Kytprgrowo)

(@isa

9seasIp Aoupny

a3e3s-pua
AOI1 (9°67—L'0V) L'ty dgD %91/0ST ‘DS %¥8/SLL ym ¢T6
Teak 1 3e %96 QWS (TS F) £Tr(1y F) sypuout 41 DST [43

(s1e9K

€) %¥8 ‘(1eak IHT LTy Ld+ 1M T Juerd
1) %TL TME% JW/8Y (8p—GE d8ueD) 4 + I [ ‘LM 9T :ddD ST DS 61  -SUBX Jolje ¢
(uonuaa
(syyuour) -1our) syuaned
IMIL/IMT  dn-moro] TING reseq NG dn-mofjoj ueapy A1a81ns jo odAJ, Jo IaquunN

Juow

-ssasse Ajeng) u3rsap Apmg[Jo1] Ieak ‘ToyIny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4026

8y F¢ee

gDV %L'€T *OS %8'LE ‘ddD %9'8€

LY 01 Joud ¢0g

[981] Te 30
10y "y 1R
“YOOIMNDON
g $3MRYD

‘ny surerg
[s81] T8 10 meT
Suix 1x ‘buey,

aAnoadsonay

[1qeN ‘uew
N ¥T (9L'L8 *LT9S) ¥TTE F 9S°1S 8'EFESE (0LS V€S SHP DS ¥1ddD +¢T 8¢ aanoadsonoy  -1[0g "D woseq
[¥81] TR 30
jeupooy T 9yof
s1eak 7 (9L-1¢€) ‘Teuswry ‘N 'V
£9‘Tek T I3 jo duwm e JNY (1'#€-9°T€) a0v ‘[ SDLIpUSH
uolssiwal INAZL %L'8 (r9-S¥) S 8'¢€ MOl (8'Ly—¢€'11) €T sk 7' €490 6 ‘DS T L3 210§oq €7 aAndadsonay‘TueunnQ euqno|
[esT] TR 1O
Bysey zseyny
“Yeruedo)g-oyz
-001J eIUOIN
DST ‘eyohziqoq
('s'u g) dnoxs (I3[ uou Jo %89 sa TINGH %06 L'8¢ 1ok 149D 6 ‘dOV0 6 (ISH Wis 0T aanoadsonoy ©IEZIOSFRIN
(z0=d
£9SBAIOIP TBA
10d %t) 910C
ur %¢1 01 900¢
ur 98¢ woly
PauI[odp Os[e
dgD "(Y00'=d
£9SBAIJP JBIK
12d %¥) 910T
Aq syuaned jo
%1 Kisnojdro
-a1d paurpoop
g0V (100'=d
£9sBaIoul JBaA (6%) 6TET=N
12d %01) 910C 910C-¥10T
ur %8 019007  (It) ¥601=N [281] uerury
Ut %1 woiy £10C-600C “BUS "g UBURA
Apueoyrudis  {(01) SLT=N ‘OPISPOOA\
pasealour 8002—-900C [ puuad]
NG Joasnay], spuan [ed13mg aAnoadsonay  “z1ooys ‘H LN
(uonuaa
[eAIAIDS uonnjosal (syjuour) -1ayur) syuaned Juw
juejdsuen-isoq Kyprgiowo)) IMIL/IMT  dn-moro] TING reseq NG dn-mofjoj ueapy A1a81ns jo odAJ, Jo raquuny  -ssasse Ajend) u3rsap Apmg[Jo1] Ieak ‘ToyIny

(ponunuoo) gsjqey

pringer

AQs



4027

Obesity Surgery (2024) 34:3963-4096

uonejue[dsuer Aoupry 10)je

pue 210J9q sewodno Juraoidwr 10§ A39ens €

se Apmys aanoadsord syuerrem §q ‘uonendod

SIY) UT A)I[e1IoW pue AJIPIQIOW SSAOXI 0)
£115290 JO SUONNQLIUOD UMOUY ) USAID)

pajuedsuen A[njsseoons sid g
uonejue[dsuen
aandwoard mofre oste Aewr Jg0 A[req 19D
ur A[1es Jgo 10§ sigeuaq [euonippe Junsag (A1931ns 0} paje[al J0U SASNED) %0
-3ns ‘syuoned owos ur oseasIp [eudr oaoldwir  sAep G987 pue 71| ueamiaq ANfelolN (%8°6)
10 9ZI[IQR)S O} SWAIS 0S[e JgO) J0Je SSO[ WYSIoA, YD JO UONN[0SAI/UONBZI[IqRIS PAOUILIddXD ¢

0

»S'€

%S

0 0

Te 30 oery

‘ereAyIny
‘noJuBpPON

‘Te 19 oery
‘ereAyInj

‘NO[UBPOI
[£91]
‘Te 19 oery
‘ereAyInjy

‘NO[UBPOI

uewpoon) adoy
‘Iopue

-XoV AQ[SoM ‘[

uewpoon) adoH
‘Iopue

-XaTV AQTSoM ‘[

(9911

UBWpPOOD)

adoy ‘1epue
=XV Ao[som [

K1931ns
0} a3pug

K1331ns Arepuo
SUOISN[OUO)) -09S JO SAWO0NN()

suoneordwos  suoneordwos  suoneordwos  suonedrdwos
wid)-3uoT oanerado-jsod oanerado-riog oanerodo-enuy

KyreyIoN

o1
e ‘T0yINy

(1e0k
7) %99 ‘(180K

uonnjosal WATL %S €1/L 1) 0§ TMHA% (;W/3Y +°09-8¢ d8uer) [w/3Y ¢'8p 3y

(e
oSuen) W +'S1

(SL-1¥

ajer uonnjosal NACL %€  95uel) 19 TMHA 0s 499

(€€D) 1T TML % /3 (1'S) 0'vE W/ (TS) €Ty Syuow (8S) €5 S

9cuo9

gruo,

[43

[681]
‘Te 30 urres
I LAV (O LA
IPYSN N ‘U]
DA MypeN
[881] Bo1A0ID
eIpuRXNY pue
‘sodwre)) A
QuUIdY[IND
aanoadsonay ‘elede], D IR
[£81] T2
seAdysered
UAAQ)S ‘Sne[)
seney ‘ewkod
AT0adsonay -urweyz youexoy

aAnoadsonay

[eAIAIDS
juejdsuen-isoq

uonnjosal
Kytprgrowo)

(syyuowr)

IMIL/IMT  dn-moro] TING reseq NG dn-mofjoj ueapy A1a81ns jo odAJ,

(uonuaa
-1our) syuaned
Jo IaquunN

Juw
-ssasse Ajeng)

u3rsap Apmg[Jo1] Ieak ‘ToyIny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4028

pajuerd
-suen
A[[nyssad
-ons o1oMm
(%S'1D 9
9uerdsuen
Jouop
SuIA1] IO
Areyowr  unsiprem
ISIPIEA [[2IA0  IOJ Q[QISI[d [oL1]
yoeoidde Areurdrosipnnu € Jo 1x1u0d 2yl Jo %/ ynm 3ur AIoM 'R IS T
ur sayeprpued jue[dsuer Asupry ut Kj1seqo Sur -redwod %8°¢ sjuaned uonnjosal INAZL %0€ ‘uon ‘QIpooM 'S “H
-SSQIppE JOJ SUBOUWI QAT)OQJJO PUR ofes & SI DS AJI[elIow Jeak-| JO %8°GS (1) %6°1 -njosa1 uorsuaradAy (87) %8°LE ‘uewadl] ‘N D
[691] Te 30
uewdey) ‘H
‘H Welm
Ayeysow pue A3Ipiq ‘pudd ¥
-10wW ABp-()¢ JO )T MO[ B YIIm JJes ST YAd uyo[ ‘19ZojN
ym syuaned pejoafes ur A1931ns oLneLIRyg %8°G (1) %L 0 g Auoyuy
st Areu
-owrpndorpred
LEIURICR
9sNBd2q PIUAP
a1om syuaned ¢
pue ‘ssof JyIrom
Jo aInyrej jo
9sNeO9q PaIuAp
sem gDVIe
pey oym juaned
1 ‘uonejuerd
-suen) Aoupny
JuaMIapUN
(%$°6) syuoned
OTBI JYouaq ysiI (pasearour ¢ pue sy jued [891] Te 10
119q[e) 9[qe1doode ue pue SSOf JYIrom UL} -suex 9y} uo JISreq Y
-WNIpaw JU[[20x0 umoys sey uonemndod  paoeyd arom pue Joydoysty)
juoned s1y) YPim souaradxe Q) ‘K1o3Ins one Jy31om Uy ‘S[[2210D)
-1Ieq 0] UONBIIPUTENUOD B PAIIPISUOD 9 JOU -Jns 10[ pey (Sg 01 parey preory ‘Tewef
pInoys sisATerp Surnnbair ainjrej euar owory) (%9.) syuened 91 %61 %t 1-o1un yeap ‘dnois 4g0) %8+/1 ‘H pewweyojy
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -0 JO sowoonNQ  0) A3puyg wi)-3uo] aAnerado-1sod oanerado-1od eanerodo-enuy KyelIoN Ieok ‘Ioyiny

(ponunuoo) gsjqey

pringer

AQs



4029

Obesity Surgery (2024) 34:3963-4096

dnoi3 jonuoo

0} paredwod J01x
-QJUI SaN[eA [V
183K 1 Je SSO]

sso JyStom [eo13ins Aq peyoedwur A[qeroae) axe  1Je1s %01 ‘%001 [eL1]
‘SUOTIIPUOD PAJBIOOSSE-AIISaqO PUe ‘IVAON )l [BATAINS Te 30 Teyq
‘4D se yons ‘sjuardioar 9s9qo Juowe padud ‘DS Ie Y47 Jeak 1ST UOISSIWUPRAI 90t 3 A ‘Sunp
-11odxe Apjuenboiy suoneoridwod aanerado-1504 SISA[RIPOWSH %G ‘SAep (¢ UOISSIWPEAI %G| 0 ‘q UV wry X
S[OAQ]
Quriodso[oAd
paja3ie) 10 asop
U} UT SQOURI
-J1p JueOYIU3IS
ON (20" =d)
[A9] pa3adie)
Iomo[ Apuedyru
-31s yum dnoid
oLIeIIEq-UOU
A} UT JOMO]
9SOp SNWII[OIdE)
UBdN "%8°1¢ sA
%9°c1 NACL
JOSUO-MIN
“BILSA BLY
Kdeloy uneig
%56 SA %001
9JBI [BATAING
*(s3d $¢) dnoi3
Sg-uou aseqo [zL1] TR0
sjuordroal juedsuer) [euaI 959q0 PaJOS[as J0F  UI %88 SA %66 wifey ‘1qrelQ
sompaoo1d ofes ‘0[qIses) ore SLIOSINS olpeLIeg  UONOUN) JjeID -1V ‘preyn
@IS Jo 2s1nod
oY) ur A[Ie9 PaIopISU0d 2q pnoys A1a3ms
oLnerreq 1oy £11s9qo yiim sejepIpued jue[dsuen [1L1]
Jo s[er19)oy "sjuaned jo Aofew o) ur san NA urisor z 4(%1¢) ‘Te 19 oA[ez
-IPIGIOWOD UT Justdaoidwur pue ssof JySrom o0} PAISI[ J0U G (%) PAISI[ § K1098108 -uon [neq
yoeoidde ofes e s1oo A1931ns ounerreg ‘uone)  uonddfor oN ‘Sg-1sod s1eak 03 pajejorun uyof ‘AIyeq
-uefdsuen [eual 01 $s900e saroxduir pue qYSH G—¢'¢ uonejuerdsuen reuar (%521 "3] snouue],
i sjuanied ur 9A1IO9YQ ST A105ImMS omerreg  JuomIopuUn %Gy sjuened Inog SYIeap 7 0 ‘yeg-1v Ipeys
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog danerado-119q eaneredo-enuy ArelIoN Teaf ‘ToyIny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4030

uone)
-uejdsuen Asupry axmnbar oym syuaned 9saqo
A[p1qIow 103 A193INS O1IRIIRq JO JOAR] UT JUSW
-n3xe 3urourauod e opraoid uonejuedsuen
Kaupry 210J2q UOONPAI JY3rom Sun s Y
Jo soSejueApE 10U 9} JBY) 9ASI[2q M ‘UOT)
-e[ndod A1931ns ornerieq ren3ar oy jo ey

uew 10431y A[qeqod ST YSII [eO13INS Sy A[TYA UOISSIWPR-31 %05 (%L9) ¥T/9T

syuaned jo dnoi3 sty 10§

PAIaPISU0d 9q p[noys pue Apnjs juesaid ay) jo
S)[nsal oy} uo paseq uonejue[dsuern o) ssa0de
Kefop ApueoyIuSIs 0} waas Jou sAop A1931ns
oLneLIeq jue[dsuenald ‘poPUSLILIOII ST S[OA]
I0)IQIYUI-ULINQUIJ[ED pue uonouny Jyeisoye

Jo Suriojruow 9507 ‘suonedrdwod pajear
-Koupry jJo Ayqiqrssod ay) Jo 9sneOq IOAIMOY
‘K1051ns o11yRLIRq O} UONEIIPUTETIUOD B 9q JOU
pinoys jue[dsuer Aoupry e SuIABH ‘UOT}BN[BAD
juerdsuer) J0J U29S aIe A3} UYM SAJBPIPUBD
juedsuer) 959qO [[& YIIM [IeIap UT PIsSNOSIp q
pInoys sonssi ayJ, ‘uonejuejdsuer) 19)je pue
210J9q 30q ‘sso] yS1om 0} yorordde a[qeuos

-ea1 pue 9jes e 2q 0} sreadde A103ms ormerreg

(%T9-91/1)
uonoafar anoe
Ju(Q "SIsA[erp
Surrmbar
SISOIOQU Je[nqny
amde (%S°TT)
91/¢ "N Teak
JST Ur 9)el

(z8—-6L

1D %56 ‘08"
MHe) Aneyrow
pue (98-68" 1D
%56 ‘S8" YH®)
amjrej JyerSo[re
osneo-[[e Jo Ysu
PISBAIdAP B YIM

POIBIOOSSE SBA\

(19—€S" 1D %S6 ‘LS |HE) Afesiow pue (¢¢'—62 1D
%S6 ‘1€ AHe) 21m[rej 1yeISo[[e asnes-[e (89—t 1D %S6 ‘€S’
FMO®) uonouny 3jer3 paAe[Op JO YSLI PISLAIIAP B pue (€€ 1—L0']

1D %S6 ‘61°T MOr) Ieak | 1 uonoafal 9Jnoe Jo YSLI PaseaIdu]

I3-1sod uerpaw JA 7/ sewodnQ

s1eak

g1 sd
uLIoy oW
a3eIroAy
‘pojuerd
-suen A[njy
-$5900NS

19)UQ0

Ay je
juedsuen
Kaupry &
POAIROAX
sjuaned
(%SP) 1€
Jo v1 pue
9uerdsuen
© 10§
palsIpem
ud9q pey
sjuaned
Jo (1€/S0)

%9'08 PAB[AI S SAWONNO—(%1'9—0IAS 7) %8'ST

%8/C

%€ KN[eIow/paip ¢t /1

[9L1]

‘Te 10 Tjowre))

uepy ‘I9YSON

IejeiAg
‘TUTWIR X BURUDY

Te1® IND
AIngsymaJ,
‘VIN Wr]

‘dr usyop
[SL1] TR YO
WD Kinq
-SMIL VIN

wry ‘g uwyo)n

[7L1] udesog
Byowe],
‘10UAeD)

‘[ Kaxgor
‘sewioy I, 'y uey

K1331ns Arepuo
SUOISN[OUO)) -09S JO SAWONN()

A1931ns
0} a3pug

suoneordwos  suoneordwos  suoneordwos  suonedrdwos
wid)-3uoT oanerado-jsod oanerado-riog oanerodo-enuy

KyreyIoN

o1
ek ‘T0yINy

(ponunuoo) gsjqey

pringer

AQs



4031

Obesity Surgery (2024) 34:3963-4096

K1331ms ornerreq 3uro3ropun

0} SUONJBDIPUIRIUOD 9q JOU P[Noys ([N SH pue
@3ID 1BY) 90I0JUIAI $J[NSAI INQ) "SALIATINS JUAF
-Iowe-uou oo ur pajrodar A[snoraaid sojer
Anerow @3SH 2aneradolsod uey) 1omof
A[renuessqns pue ‘vonendod (SH [8o18INS

-uou 9y} UI S9JeI AJITeIIOW Pasearour pajoadxo [6L1] Te 10
oy} 03 9[qeredwod s SIy) ‘@D INOYPIM epue] sl
syuaned 03 paredwos st Ayelrowr 1oySIy -I0J, [onuwes
oney (ISH P siuaned ySnomy @i ‘KIngsymag,
noyim syuaned o) paredwos suonesidwos ‘N U29[[0D
K1331ns ornerreq-jsod Jo YSII 9ATIR[AI JOYSIY 0 Amflur Aoupry 9noe (%7 ¢1) ‘uoyo)
oouoLxdxa (ISH PUE 3D YHM SIUANEJ € T UOISSIUPEAI ((%6') S UONUSAINUI 1(%6'F) G uoneradoay By 1D €1 ‘g eueplof
IX
I10J pAIST[
(%€9) 0T
smiqey Apoq pue JySiom 119y} 0) ‘DS 1oye [8L1] TR 30
onp suonMNsSul AWOS JB sAepIpued Juejdsuen sypuowr Rlelieilielg|
PAIOPISUOD 9q JOU ISTMIYI0 Kew oym sjuaryed (z1) 830 uenseqos
ur uonejuedsuen £oupry Joj mo[[e Aew DS ueIpoul B AONUQAID
‘arour1ay)an,j arnpadoid Jurdpriq e se a010Y0 sso[ )je1s e sjuenjed -yoJ, uedf
rewndo ue 31 saxjew uone[ndod Ys1I-ySy ST ON ‘suonodafax (%) ‘preyonog
ur 9§ jo Loeoyye pue Kjojes o[qerdeooe oy, amde (%) ¥I/c I Ul LY %€ addiryq
[LL1]
Te 19 UM
soue[ ‘JOYSIN
Iejeiag
%/l ‘TUIWIDA BUBUDY
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog danerado-119q eaneredo-enuy ArelIoN Teaf ‘ToyIny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

(%L°€) €9 Amlur Koupry ande (%,°0T) 8T UOISSIWIPEAI {(%9) TOT UONUSAINUI {(%8°¢) $9 uoneradoay %Y"0/L
(PL'T=T8'1

1D %S6 ‘€T'T 3o o

JOr axsd - syuened

‘80°7-1S'T 0) paredwod

1D %56 (89°S1-8LY

‘8L'T 4Or 1D %56 S9°8

aD) uorts J0oe) ysu

-SIupeal pue Kypeyrowr

O1°€-L91 Aep-0¢

1D %S6 ‘8T°T poseaour

J0oe asH Apueoyrudrs

‘L0°€-T0°T ' pey XS4

1D %S6 ‘6v'C s sjuaned

A0® aD) ‘IoAIMOY

uonuaAloul ((TLT650

(TLre-10t 1D %S6 ‘9T'1

1D %S6 ‘€LT [gorl ¥o0

¥or @sd pajsnipe)

TTTEET @310 oM

1D %S6 ‘TL'1 siuened o)

(%T0)Tss  YOr D) paredwiod

Kmfur K&supry uonerodoar Kyerzow

ANdE :(%6'F) Kep-¢ Jo Kep-Qg ur

LL9°G] UOIS  YSLI PaseaIout Q0UAIYIP

-sTwpear  Ajueoyrusis JuedYTUSIS

(%6'1) 9979 B PRy AISH ou pey o

UONUIAINUL pue 031D i syuarjed

(50" < d) A1081ms drnerreq jo 2dA) pue ‘uorsueradAy  (%L'T) 68€S oq yim %1°0/7CE
‘s1e0K )9< 9S€ pue smels (T U99M)aq UONBIOOSSE d) JO UOIIBOYIPOW JO9)J0 OU Sem 19y,  uoneradoay syuaned AjpelioN -
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301] mo
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog oanerado-119q oaneredo-enuy ArelIoN Teaf ‘ToyIny g,

4032

AQs

(ponunuoo) gsjqey



4033

Obesity Surgery (2024) 34:3963-4096

syuanyed (e

Awojoansesd 2429[s Yim sjuaned ur ojyoid  10J SUOISSIWPEII [z81]
uoneordwoo 9[qeIOAR] € 9JeI)SUOWIAP OS[e  QIOW DU ‘SAe)s (@Isg ueIuIyeyS
'Iep oyl ‘(ISH Yim syuaned ur amnpasoxd  [ejidsoy Jo3uof oy sid) g uyeyeA
[eo131nS OLIELIRq UOWWOD Jsow oY) se ssedAq  ‘suonesrdwod %°G SA ‘9pISPOOM,
o1nsed x-ue-xnoy pade[dar sey Awojoonses  arow Yim paje %9°8 el ‘[ qrouuay]
oA99[s ordoosoredey ey s3sa33ns Apnjs SIy [, -100SSe sem Jg0 (@ISH moym s3d)%9°¢ SA %€ UOISSTIIPRIY ACEL (N SIS
strem
9y uo 3ur
-urewal
(%1%1)
Aeuoneu ¢'g - 01 pue Ly
pueIsiprem oY) SUIAIQOAI
uo s1eak-juaned sjuaned
001 1od syjeap o591y} Jo
LY 03 [eL1ojor [enmur - ¢*/ 0) paredwod  (%7°€9) i
WOIJ SWI) 3} 9SBAIOIP OS[e AvW J] "SISA[RIP ‘sreak-juanyed s ‘I
uo o[ym Ayrerzowr pue Ayrprqiow juened QT Jod syjeop 10J paIsY| [181]
Sursearour Jnoyim ‘A[ANOYJO pue A[oJes Aoep §°] Sem DS I9Je  -JIem dIom “Te 30 wry
-1pued juedsuen soaoxdwrt pue uonendod ysi sjuoned paist  pue w3y Sunog ‘ez
-yS1y SIY} Ur SANIPIQIOWOD [EJIPSW PUE SSO] -jrem Suowre  (OpS JING © pewyy ‘wes
JYSIOM UO S109JJ9 S[qeureIsns ‘JuedyIusis sey DS el AJ[BLIOIN  POASIYOE [/, Q)BT UOISSTWIPEAI %7 0 -sey] ZeeIe -y
(100" >
d) (6'¢—) dnoi3
[01U0D Ay Ul
PIsBAIdIP pue
(#'¢1+) dnoid
A1931ms oLneLIRq
Q) Ul pasearour
AID2 YL (€80
= ¢) (syuened
9) dnoi3 [onuoo
o Jo %l ut
pue (sjuoned 6) log1] T8 30
uonounj [eual Iy} jo Suruasiom pey dnoid dnoi3 A1o81ms N U X
[onuoo ayy ut syuaned oy oym ‘dnoi3 K103 omereq oyl I pue Sq euRUY ‘N
-Ins d1nerIeq 9y ur syusned oy) Suowre uon JO 9%0¢ ur uoIMIdq dnoi3 jon dnoi3 jon IOPUIA
-ounj [eUAl UI JUSWIA0IdWI Ue PJenSuowap pasoxdwr uon s1e9k dnoi3 -uoour g 9y -uod Ul %/ 9] souef ‘0Sg
sjuardoar Koupry Jo SISAJeue SIY) JO S)NSAI Y],  -BIYISSE[D (13D I'EF9y [0NUOS UL % /9T SA %L°9/T SA %L'9/T SA %L9/T [9pUIydS Bl[IH
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog danerado-119q eaneredo-enuy ArelIoN Teaf ‘ToyIny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4034

syuow
€71 Jo potrad
dn-mof[oy 100
aanyrey jyeisoqe
J0 ‘uorouny

uonejue[dsuen 1JeI3 poke[op [c81] Te 1
0} Aemyjed ared oy} y3noxy) syuaned oaow ou ‘Ajfeliowr  paISIprEM MmeT SuIg 1x
A[[nJssaoons ued pue A[9A1I0JJ9 Koeprpued 10 Ayprqiow %LY/81 ‘brre, 1qeN
juedsuen soaoxdwi pue ssof JY31om Uo SJOL aanerado-riad ‘pajuerd 9%¢°G/g 3ul ‘uewIIOS
9[qeure)sns ‘yueoyIusis sey A1a31ns ornereg pajodar oN -suen 9 7/8-Pa9Iq %¢°S/¢ uone1adoal (9,¢°G/g UOISSTIPRay 0 0 ‘D woseq
osd
oy ut (67 01
1'01-) 3180
ToysTy pue QL oy ut
10 T SSe[o A)1seqo yim sjuaned Sunuerdsuen (6’801 6°G—)
ym paredwod X 13 JO QWOINO Ay} J0o)je 3y ¢ ‘sdnoi3
A1oAneSou J0U s90p S 10)Je uonejuedsuen dnoi3 yjoq Suowre [#81] 1B 30
Aoupry] 9s9qo0 3u1dq J[IYMm JqQISI@ 91om oyM QL JO %9°LE SA  (SE6-LES) drqeredwoo A opei3 Jeupooy T
111 pue [ sse[d A31s9qo yyim juaned jueidsuen;  ‘gg ain[rej jyein  sIeak /8°9 sem uorne) 0 ‘Al opeis o[ ‘TeUSWITY
Koupny payorewt se X3 JO S}NSAI Je[IuIs ‘dnoiS QL jo I3 puesSq -uerdsuen %€ ‘Il NV [ sy
oaey £31S9q0 03 9np uonoafaI [enIur 10)Je S %8 SA %08 el uoomlaq  -1sod reof | opeIs ¢y -LIpUSH ‘Iuew
1918 XY 10 9[qISI[0 oWedaq OyMm SJuoled  [BAIAINS JBIX-G owry,  ureS 1ySOM ‘B[] opeID %6¢ 0 -nQ euqno'|
paystqnd Asnoraaid se ojes [¢81] Te 1
se wods syuaned (@3[SH ur sarnpadsoid ayy pue eySey] zseyng
‘s)[nsal ssof Jy3rom uonejuedsuenaid Juaroyyo “Yeruedalg
smofe A1931ns ornerreq “sweidoxd ssof -0YZ201q
JySrom AI193Ins orneLeq ur papn[our A[1a3ed BYIUOIA
2q ued pue A103Ins SLIBLIE] WOIJ JJIUq SAIBP ‘eyokziqog
-1pued uonejue[dsuer) Aoupry 9s9qo A[PIGIOA (pareradoar *o-d Aep 1S| gOVO I91Je ye3]) %G 07/1 BIRZIOTFRIA
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog danerado-119q eaneredo-enuy ArelIoN Teaf ‘ToyIny

(ponunuoo) gsjqey

pringer

AQs



4035

Obesity Surgery (2024) 34:3963-4096

QouBdYIU
-31s [eOTISTIR)S
QAQIYOR 10U PIP
osTe Surpuy

STy} ySnoyye
noyim asoyy
s paredwod
K1331ns oLneLIRq
Jo A1031STY ® y)IM
9so1} UT yjesp
Jo Yysi1 1oys1y
pIemo) Kouopuoy
© SBM 9I9Y],
“aIn[rej 3jeIs jo
yst1 pue K1a31ns
JlnerIeq jo A10)
-SIY B U99M)2q
UOTJBIOOSSE
jueoyrugis A[[ed
-1ISE)S OU Sem
Q1o [, JuBOYIU
-31s A[[eonsne)s
jou §g Suowe
(8" 1-L8'0 1D
%56 711 4O)
10y31y 29 03
papud) I3 1o)ye
Teak 181 oY)
urgm uonsafar
9Jnoe Jo Sppo

{J1eap Jo S
pue §g udsamioq
UOTJBIOOSSE
ON "Sg-uou ut [981]
%P1 sA (€6 = ‘Te 19 1109
N) a2yrej 3jeid ¥ Be1ren
J0 %501 *1d sg “YIO[DIIN
-Uuou JO %()¢ SA " so[rey)
UOISSIWPR-3I %} ‘03[ aure[g
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -0 JO sowoonNQ  0) A3puyg wi)-3uo] aAnerado-1sod oanerado-1od eanerodo-enuy KyelIoN Ieok ‘Ioyiny

(ponunuoo) gsjqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4036

uonejue[dsuen 10y Aoeprpued saaorduwr pue

‘sSOT 1YSToM JUL[[90%3 sap1aoid ‘O[qIsea) A[[eo uon
-IUYd9) SI ‘pareIalo) [[om st juedsuen) Sunreme LT+I3 pauIquod Iayjoue -njosal INAZL
uonounysAp ue3io-pud yim syuaned ur g pajuerdsuen A[nyssasons sid | 0 0 %L/ %S €1/L

[681]
‘[€ 10 uLIeS
Uy 1oy
-eARL, IPYOIN
W ury

DA MYNRIN
[881] ©o1A01D)
BIpUBXY pue

‘sodwre) JA
uonen[eA? juerd QuUIdY[IND
-suenaid 1oy SuroSiopun a1om pue uonejue[dsueI) J0§ SHWI [ S.UONMIISUT ‘eree],
INO payoeal J[qe[TBAR 9IoM SYJUOW ¢ Jo eyep dn-mofoy woym 1oy syuoned ¢ 0 0 0 0 D YreN
pajuerd
-suen A[ny
-§5900NS
sjuaned [L8T]
(%TL) €T ‘e 10 SeAdyse
pue uon -Ted UQAQ)S
%€ /1 SISATRIp 01 UINJAI %€ [/¢ uonoafarjyess -ejuejdsuen ‘sne[) senen
oTuoIYd $9/°8/7 uondalar jyerd anoe 9,6/¢ uoneradoar ‘o ¢1/¢ 10J Pa1sI| ‘ewkodurureyz
UOTURAIRIUIAT 1%/ | /i KeP-()6 UOISSIWpEAI ‘ISS %0 “Aifestow %0  (%+8) LT Yauexoy
K1331ns Arepuo A193ms  suoneordwos suonesrdwod suonedrdwos  suonesrdwod [301]
SUOISN[OUO)) -09S JO sawodn( 0} afpug wo)-Suo] oanerado-1sog danerado-119q eaneredo-enuy ArelIoN Teaf ‘ToyIny

(ponunuoo) gsjqey

pringer

AQs



4037

Obesity Surgery (2024) 34:3963-4096

(%€'LD) ¥ @9aD
(%9°8) T VSO ‘(%97)
aoXd 971 ‘(%+'0¢) L
AN €1 ‘DS 9 ‘dOVT ¥ NI1H ‘(%1°6€) 6 WATL
(%€°81)
0T @¥AD (%1'82)
T€ VSO (%1°6) 0T
1a “(%€°79) 89 NIH

AN DAY 1T ‘DS 98 “(%9°LE) ¥ INATL

AN AN IN
((%6'79)
9020) (%T°99) LS91
VSO “((%£Th) €8¥1)
(%1°Ly) 0811 QIAD
‘(%9v¢) ST1TD
(%1 1¥) LEOT WATL

((%1°8€)
6¥ED) “(%Y'Sh) LETT
1q (erwoptdifsAp)
(DS1 ((%L09) 1€1D)
AN 0ISE) "gDAIT S0ST
(Awojoansed

AAN[S 9T ‘gORY ((%8¢) 8) (%61)

G :@d8eso8uIs 17) VSO “(0) (%¥1) ¢

(Aw0)0o1ses 9A9[S + 9SBISIP IR[NOSBAOIPILD

syjuow g Ioj uoof[eq ‘(%P1 ©) (%FD)

oujsegenur) amp € INATL “(%8°Th)
-9001d pageis-omi [z 6) (%9°Lp) O NLH

(%8'60) 29
INACL (se¥eqerp g 2d4))
(%€er) 06
(%11) gOVTSPUeq  qYAD (9sBLSIp XnpjaI
o1ses J[qeisnlpe ¢g ea3eydosaonses)
‘(%) DS sonwoloen (%1°69) €21
-se3 oA09[s o1doos N.LH (uorsuayrodAy)
-oxredey 88 *(%9t) (%9°€L)
gOXY sessedAq €61 VSO (eoude

S00=d (9°0
FTU6'1Fggaump
-9001d aATITULAP 1YY

£€0°S9

¥'L9

syuaned ¢ 10§ 09<

‘(%1°€9) 08ST N.LH (99 F L'99) T9 F 999

(6€EFLEDYF 199

€G¢ [[eI0AQ 9890
1adns 1adns ¢ ‘9seqo

6’0y Tedns g8 95290 891

SIL
[TeIdAQ 9s2q0 1adns

1adns g1 ‘@seqoradns
Loy GTT 98990 18¢

ordoad (OIN)
9s3qo A[pIqIow 99
9’11 F $'6¢ [e10aQ ddoad OSS 7§

0SS

(11 S109 [e19A0 (DST
FRUWCTIIFHEr  0ISE) dDAIT S0ST

TP [[BIA0

*(aapoooid a3e)s

-9[3uIs yim pajean

ordoad 0SS 17) 2mp

-9001d oFe)s-0m] yIIm

pajean opdoad (9saqo

(tp) S¢  3edns xadns) OSS 1T

(0SS 9s9qo 1adns
Todns) w3y 093

Apnis

110402 2A1309dsonoy [L61]1 020T 1onwes

Apms

110409 2Andadsonoy [961] 8107 221dnq

Apms

110400 2Andadsold  [S61] 1207 pnowye

Apms

110709 2A10adsonay [¥61] 120T 3osseN

Apmis

110400 2Andadso1g [€61] 1207 syueg

Apmys

6'0F €7 Omsed x-ua-xnoy L6 doays 2ATONNSQQ) 09F 659 ¢ TIING Wim odoad 8oz 11oyos aanoadsonay  [z61] 120T [1PmOH
(101e10dWOD)
(101e1edWOD) (10} SaNIPIQIOWOD paje[al (10 (1m0
Keys Teydsoy jo Sua -eredwod) UOTIUIAIIUY -)ySom Jo Qouasarg -eredwod) NG [enIU] (10jeredwod) a3y -eredwoo) uonerndoq ugisop Apmig ek ‘T0yINy

/3 09< TING 10 SAIN 6 d[qeL

pringer

As



Obesity Surgery (2024) 34:3963-4096

4038

LTFOre)8TFC0e

€00'=d (T1) L

AN

Lee

skep 9

1000=d (1€£T°C
FSITV99TF99C

(%€¥9)
LD (%T9Y) €7 VSO
“(0°08) 02) (%S¥9)
09 N.LH ‘((%8°€2) 01)
(%€°81) LT @4AD
‘((%8°€0) 01) (%T'TE)
8¢ 1A ‘((%¥'12) 6)
(%0°82) 9T INAZL (6'L F +'89) ¥'S F €99
((%1°1¢) 8¢) (%12)
0T @Ido ‘((%¥'19)
SL) (%89) §9 VSO
‘(%172 0S) (%8°ThH)
6€ NILH “(%6'1¢) £000'=d
(DAY DS 8¢) (%9°67) LTINATZL (€Y F1°S9) I'L FT'89

(DS) 9DAY

Apms

QU[) JOJ JUBAJ[AI JON AN AN
(%THY) ¥€ (%L99)
8 VSO ‘((%6°67)
€0) (%L91) 71
‘(%T1E) ¥0) (%09)
9 INAZL ‘(%¥61)

(DS) dDXY 8¢) (%SL) 6 NLH (6'¥9) T¥9
(%02)
LINAZL ‘(%S9 t

a49Xd VSO (%S9) €1 NIH €9
100'=d (%£91)
(ADXI %1'vE€ VSO “(%L'LT)

07876 DS 1LT°89) %¥' 6T INACTL ‘10" =d (86T°L

DAY 89€1 ‘DS ¥S6  (%9°0S) %S°8S NLH F SS'Sh) TLL'S F SS9L

(zL6) SY 4OV
Surpueq oinses 9[qe
-)snfpe ordoosorede]

‘(9S€1) 911 DAY

(€L0T) OST DAY
-DFA ssedAq oinsed

A-Ua-xnoy—Aiserdon

(009) (%8'LD)

18 VSO “(S+9) (%T'8)
¥ 1 (€29) (%8'LD)
TS NATL (T611)

(€11 (OS1
FT8E) ST F1'€€Th) DAY €6 0SS ST

7€00'=d (6'6 (4DAY
FL6OVIIF 6P 611) DS 16:0SS 01T
991=u :09<
N9 ‘6Th=Y :6'65—0S
IIN] ‘991 [=U
6’6707 ING
AN TE€T=U :6'65-S€ TN

OSS 68 I[B12A0

(1'86) v (DS 89) DAY T1
S'LE 0SS 0T

(oL >T1Nd

(ELTTF 98990 [60°191) OL<

89'vh) 687°01 F 81°0y TING Wa 9jdoad gzeg oseqeiep aanoadsonoy

(esoqo 1odns 10

Apms

110409 aanoadsonay [%02] 910 oueIIS

Apms

110100 0A192ds01Y [€02] 610 sidery

Apmis

110409 2A1309dsonay [202] €107 Iouyo0

Apms [102]
110402 2A102dS0N9Y 91 ()7 BIPAISH-Z[BZUOD)

Apms

310402 2Andadsord  [00z] £10T Z3remyds

stsA[eue [661]

020T ZO[PA-0IWIOY

Apnis

(© ¢  -seS popueq [ed0IOA (%T°0€) 88 NLH 9%) L9 I+ 95990 [0p€) "OSS 16C  Moyod aandadsonay  [861] 800¢ sueydars
(10ye1RdWOD)
(10jerRdWwod) (101 SaNIPIQIOWOD PIje[ax (103 (10

Ke3s Teydsoy jo ySua|

-eredwoo) UOTUAAIOIU]

-JyStom Jo 9ouesald -eredwod) NY [eBIU]

(10jeredwod) a3y  -eredwoo) uonerndoq

ugisop Apmig ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

AQs



4039

Obesity Surgery (2024) 34:3963-4096

‘OW) 8TTF6L°1:DST

(CR2RKS goAd uedo
s DS
@t (DS 9OV0
(4DV0) ssed4q orn
MZ |m~mm meOEOuwmg Uﬁo
AN goAY
((%8°7€)
100>d "(LV'T  L8FT1T:0S “(%0°LD)

FO0T:0S99TF 6€SEL 0N (%STE)
L6'T 0N LY'TF 9€19 "gDAI (%T'L9)
LTTIDXI (61T F  8LOYY “0S (%0°€L)
T9T:0S8TT F LST 959861 :0OIN)
(%S°L9) STLT1 OST

1v€0'=d (20T (OSS-uou uo
F YD LTEFOTE IDAW OSS Uo gDAY

((%8°9)
92) (%€£°8) S VSO
{((%ET1) 85 N %ST)
ST :NATL “((%S%)
00 (%9) € :NILH

AN

(TDE VSO (82)
8 :N.LH *(L1) 9 ‘INAZL

AN

(%S¥) %0€ *1d

(%L9S) %L 9L *VSO
(%0%) %0 NATL

(%€°€S) %L'9L ‘NLH
100>d
((%1'9%) 0¥ O€ :0S
((%S°SE) SL°96 :ON)
(%5°5S) 09t°01 :VSO
((%8°LD) 1¥T°81
‘0S8 (%9°ST) L6969
'O (%1°60) 18VS
NATL (%$°10)
SIT%T :0S “(%8¥0)
8¥1°L9 :0N) (%0°07)
SLLE T "(%TTS)
8TTYE 10S (% 1'LY)
¥81°8C1 :ON)
(%8'LS) 60601 :NITH
((%1°67) TSO'61 :0S
((%S°1€) 96968 “:ON)

(%6°LT) S9TS ‘qIAD
(%08°2€) %01°1€
INATL (%0€'SS)
%L9°09 NLH
(%LY'8T) %EL'SY
VSO “(%11°1€)

%99°8C AYAD

(09>) 09< (LE) oF (O #¥+) OSS 09
89 9% 0SS €9
0SS
GL [e1dA0 (DS 0SS
(S9) L9 (19 sy 95) 4DVO 0SS 61
¥'79 ot 0SS 91
(O SFE) I'PFIY9 (STIFS Y ¥TIFOTY (OIN 09) OSS 0€

(Lg€ (611
FYIwOWSLTF FTSYOW) 'STIF
6€SOS)VPLF LYY LTWOS) I'ILFETY

129°95¢€ [1BI9A0
(O S61°TLT ‘OS
$96°G9) OSS 198°81

"600T 1121940 (0SS
-uou 1891) OSS 8T€

(1z6 (86'6
F609)ES9FOLY F88TH) T6'6FOI'lY

Apmis
110409 2A130adsonoy

Apms
110700 2Andadsonay

Apmys
110402 2Andadsonoy

Apnis
110700 2Andadsonay

Apnis
110400 2Andadso1g

SIsA[eue
oseqelep aAnoadsonay

SIsA[eue
oseqejep aAnoadsonay

(1121 900T *o1heL,

[012] 800€ 1ou3on

[602] 910€ oupeIN

[802] 800C @1[Se1ed

[L0T] S10T Xneazayy,

[902] 610 19sseN

[S0T] S10T AopeyoN

(101e1edWOD) (10
Keys Teydsoy jo Sua -eredwod) UOUIAIIUY

(10ye1RdWOD)
SONIPIGIOWOd PIJe[I
-1yStom JO 90UdsAI

(10
-eredwod) [N [entu]

(10y

(10jeredwod) 93y  -eredwoo) uonerndoq

ugisop Apmig

ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4040

(9TF9v :OIN
‘$'LF 8C:0S) LYFE9 DAY
AN DS
S0>d (€F€°6) 9799 dDAY

@ (49X 99vVO0

6TFTOITFIE DAY

NLLH 105 1deoxa g0 >
d (%S°0€ ‘O ‘%L'8¢
'0S) %L'S¥ 1d
(%691 O ‘%60¢
:0S) %¥'0¢ ‘INACL
{(%L'8T :ON ‘%1°€€
:0S) %£19 'VSO
(%6T O ‘%8°¥€
0S) %6°7¢ ‘NTH
S0>d "((%1°0€)
ST O (%97TE) L1
:0S) (%T°6€) 11 71d
{((%S8¢€) T€ ‘O
(%T¥Y) €2:0S)
(%8°L9) 61 ‘NITH
((%L6E) €€ 'O
(%ET) TT:0S) (FTF 8PV ON LT
(%5°€9) ST NATL F €SS0S 0°EF I't9

sam3y
wolj pajejodenxyg
(7P O “¥S :0S) 99

AN (09>) 09<

(CARIIE7AXCAND)
8 :N.LH ((%8'91)

70 (%8°9¢) L TNATL &v9) L9

AN (LS F8SH) €S F 679
((%9°91)
029°11) (%9°SS)
¥81¢ VSO {((%S°LD)
9689) (%S°67) L8IT
TNATL (%€ 1)
60€S) (%€£°00) 6STT
1A ((%LTS) €68°CT)
(#'96) 0£7€ :NLH

{((%9°67) 08€L) (sLe

(9 TFOr ‘STIFI'TY
‘0S) 8'01FCTTh

Ov1
FTO6EONTITF
1°0% :0S) ¥'01 F ST

(6F€p) 01FCY

(LY) S¥
(T11
FO QI F8T

(8811

(O
£8% “0S ¥81) OSS 0L

(O
€8 ‘0S 7S) OSS 8¢

(0S 19) 0SS 1T

DAY OSS
Ly *dDVO OSS 61

(O TI€D) 0SS $6

Apms

[L12]

110700 9A10ads0Ig 9007 SOIUBS-ZUSYIRS

Apms
110409 2A130adsoney

Apms
110700 2Andadsonay

Apms
110402 2Andadsonoy

Apms
110700 2Andadsonay

SIsA[eue

[912] 810C 209

[S12] v00T Osmry

[¥12] L10T Tewreq

[€12] 600T S92V

AN OSTPUe GOXY  (%6'LT) L6ST :\@IAHAD  F I16°€S) L'TF LIEIF €9°Th) TTTT F S9° T+ (OS 0¥6'7T) OSS €TLS oseqeiep aanoadsonay [1¢] 610T UoSUMIA
(10ye1RdWOD)
(10jerRdWod) (101 SaNIPIqIOWOD PIje[ax (103 (10

Keys Teydsoy jo Sua -eredwod) UOTUIAIIUY

-JyS1om Jo 9ouesald -eredwod) JNY [enIU]

(10jeredwod) a3y

-eredwod) uonendog

ugisop Apmig

ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

AQs



4041

Obesity Surgery (2024) 34:3963-4096

(%¥'S1) ¥ @99
(%1°€7) 9 NLH
{(%ETh) 11 INACL
(%8°€S) ¥1 VSO

Apms

68 4DAd ((%T96) ST1d 8¢9 I'ce 0SS 97  1oyod aAndadsonay [9zz] #10¢ Suem
(Sg) a1 (%T16) 67) (%T°96) (uooqreq
+ uoofreq 91 (L1) ST NIH ‘((%T'1¥) (Tot moynm 0SS ¢9) Apms
@LTFLYLDFSTL DX+ uoofeg 01 12) (%L'LS) ST NATL  10>d (LO¥9) 9T69 F L8'LY) TOT F ¥C'8F  UOO[[E] M OSS 9T 100D danoedsonay [szz] Tzot Sutey
(%6°L) 9 VSO
(%TS) ¥ NATL Apms
€ 40V (%10 91 ‘NLH T9F 69 6¢ 0SS 9L  1oyod dAndadsondy  [2z] 00T SuIp[eL]
(%11 0©)
(%8) € 71d *(%T0)
LS) (%80 11 :¥SO
{((%91) €9) (%01)
¥ INATL *((%6€) pms
AN g0Ad 101 (%97 01 ‘NIH (8%) 99 ay 1v (ON 197) OSS 6 10402 dAnvadsonay [€2z] 200T YO
(%) ¥ :senIpIgrowod Apms
AN aDAY JO Tequnu uesjA (1°S¥) 9°89 (ry) L9y (O L¥T) OSS 1T 10402 2Anoedsonay [zzz] 010T Hruysny]
((%2€) €8) (%6€£)
I1:VSO ((%£¢€)
98) (%12 9 “1a
(%€ 09) (%60)
8 INATL {(%¥S) £pms
(toee g0Ad 6D (%9) ST'NIH (F'SF €8%) €T F 079 (Tsy) 8ep (OIN 0927) OSS 8T 110Y0d danoadsonay (122l 900 PIMoD
((%6)
SD (%00 6 *VSO
H((%1€) TS (%8Y)
27 'NIH {(%61) Apms
AN g0AY  1€) (%T0) 01 ‘WAL (8%) L9 (Lo ov (O L91) OSS 9¥ 110400 2Andadso1d [ozz] o0z setreq
(T1¥%¢61
‘O “TTFS'T :0S) LLF9vy O 11F€Ty
TIFY1 'senIpIq ‘O LTFI'YS ‘O ‘§'0IFI'TY (O SsST Apms
AN aDAY -~IOWO3 JO IaquinN ‘0S) 9°9FT'99 ‘0S) €01F1°0F ‘0S 199) 0SS 0£C 10402 2anoedsonay [612] 910C uoON
(%€°59) 86
dOVO (%T L) 69
‘DS ‘NIH (%0t€)
16 :dOVO (%L'SP)
v DS ‘AL
(%ESL €11 :DOVO F1'y9 :dOVO advo Apms
(Sv:DS) '€ :gDVO (DS) gDVO  “(%T'¥L) 69 DS VSO 16'99:D8) TS9 DS S'I¥ ‘ADOVO I'6€  0ST ‘DS €6 ‘0SS €v¢  Moyod aanoedsoney  [81¢] ¢Z0T Znuwyods
(10ye1RdWOD)
(103erRdWwod) (101 SaNIPIQIOWOD PIje[ax (103 (10
Keys Teydsoy jo Sua -eredwod) UOUIAIIUY -)yS1om Jo Qouasarg -eredwood) NG [enIU] (10jeredwod) 93y  -eredwoo) uonerndoq ugisop Apmig ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4042

q1d
4 uoo[[eq ornse3enuy

(DAL-S@
Kyserdonses 1eonoa
KI0yISURT) Y)IM PaIeId

1 -OSSe Yyoyms [euopon(

AN 4DAd
AN 4DVv1
gL DST

(suore gHXY)
gDOAY 03 Jord

(9°9F¢’ L) ¥ZTFH'S  Uuoo[[eq dLsedenu|

9 4DAY

Lc q4OV1

(%8S 6 512
-0 H(%L°L) T 9DAYI

CUIFeEey

uened 1od sonipiq

-Iowod UedIN "(%.7)

L NIH (%69) 81
INAZL (%18) 1T VSO

(%7'87) 6 VSO
{(%1°€S) LT 1d
(%S°LE) TI NLH
((%1°87) 6 INATL

(€19 1a

{(81) 91 :N.LH

(L) ¥1 :VSO

{(81) ST TNdCL
(%¥'60) 7T 1A
{(%¥°6£) SE VSO
(%9°CD 11 ‘NdTL

(%€ 6) ¥¥ :NLH

(%Ty) €1 1d

{(%Th) €1 INATL

{(%09) ST NLH

{(%8S) LT VSO

(%)
91) (%+¢€) 8 VSO
{((%68) T0) (%EL)
LT :NLH ((%L2)
01 (%¥€) 8 INATL
%9°SS AIYID %L9T
NAZL €0'=d (S'LT)
%Y ¥y VSO €0'=d

86+ €S9

€CFI0L

(Th) L9

TYFST9

99

(L'9F9'99) 8'€FS9

(L6¥) %L'99 NLH (TS F 8'Lp) €S F9°69

%61 INATL ‘%€T
71d ‘%87 AYdD
9%ty NLH ‘%¥9 VSO

%1'L0) Ty

1A (%67CE) 1S VSO
(%L 6Y) LL NIH
(%1€ 8¥ ‘NATL
‘09< NG Wm

{(%8%1) €2 49OVO  °[doad Suowe sanipiq

AN (%910 111 DST

-IOWO? [[e 10} 100" > d

99

'8 + 801

£6FLE

(8 vr

S EIFS8E

33

(9°01F6'Y) 8'01Fhi

oL +91¢

L'6g

(8711
F O ONSTIF

09< TI¥:0S) LTI F€6E

9¢

[43

(O £2) 0SS 8¢

g6

0¢

(4OAd

OSS L) DAY
+ uoo[req OSS €T

(O 0¥9) OSS S¥

€S

(O 209
‘0S $06) OSS SST

Apms
310109 2Andadsonoy

Apms
110409 9Andadsoney

Apms
110409 2andadsonoy

Apms
110409 9Aandadsorg

Apms
310409 2andadso1q

[onuod
—osed aandadsonoy

Apnys
110409 2AnOadsonay

Apms
110105 2Anddsonay

Apmnjs 110400 [eUOn
-BATOSQO JOJUQOTINIA

[ced
£00g sonodoiAdg

[¥€2] 800T Bned 1A

[ecz] 10T 2

[z€2] 600€ BYOIOL,

[1€2] T10T Qunayre)

[0€z] T10T oomirdZ

[622] S00T Asueyor],

(8221 900T 1A

[L22] T20T Teysurs

(101e1edWOD) (10
Keys Teydsoy jo Sua -eredwod) UOTUIAIIUY

(10ye1RdWOD)
SONIPIGIOWOd PIJe[I
-1yStom JO 90UdsAI

(10
-eredwod) [N [entu]

(10jeredwod) a3y

(10y
-eredwod) uonendog

ugisop Apmig

ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

AQs



4043

Obesity Surgery (2024) 34:3963-4096

SSO[ JYSrom
Ppake[op pue sowoono
aanerado-rrad 1o100d
)M PIJRIOOSSE 9q
Kew pue paxmbar
jou s1 syuened 2s9qo
Jadns-1adns ur uoog
-Teq ornses-enur

Ue JO 9sn ounnoy

suoneordwod 9An
-e10do Jo YsLI asearoul

AN (1) erusey s yod [+

L'LT INGV
(€°15) € TINGd%
Ly=d (S'T1¥) Sy
TMHAY LSO'=d (T F

(S6£0" = d) sosed
Arewrad ur

%6°¢€ A[UO pue sased
UOISIAQI/UOISIOAUOD

Kew sainpadoid uors
-1A9Y "(A1s9qo 1odns
JTadns) OSS Wim
sjuoned ur 9[qISea]

JO %81 UI PAIINdI0
suoneordwo)) "Ae)
-1ow oN “(%8%°0) 3]
onowo)seue | “(%7°S)

ampadord oAn

AN S€EP) 6’1 F v'8F NG -TUYop Io)je sypuow 7|

[€61] 120T sueg

st A1081ms orneLreq IN suoneordwos 1| AN AN skep O¢ [z611 120C T19MOH
(uoneradoar
Surnnbar Jojeredwoo)
suor}  uoneradoar Jurmnbar (103erRdWod) (r0ye1RdWOD)
sojou [eUONIPPY  s3uipuy jo Arewwng  -edorjdwod wire)-3uo]  suonedrdwod Apreq uonnjosal AJIPIGIOWO))  PIAJIYOE SSO[ WYSITOAN uonernp dn-mofjoq Ieok ‘royiny
(%€°5€)

%67 1A (%8 61)
%€08 VSO (%€ +0)

%S CC INACL Apnis
AN yoms [eusponp uady  H(%STHH) %SS NILH (19) st'89 (S£'6€) SL'8E (OS £€87) OSS TOI  1oyoo aanoadsonay [8€2] S00T AoIAzZeq
(L) 9 ‘WAzl
(€) € :agan (cn Apms
(¥0°€) 95 DAY 1adO 1T :NILH “(81) 91 :¥SO (s9) 8L (L°8€) 8¢ (0SS0 0SS ST Moyod vandadsonay  [L£¢] +00¢ 1o1qeynys
(%L°5€) 6€ VSO
d1d ((%9°8%) €5 INATL Apms
AN uoof[eq dSrnsesenuy {(%8°L9) ¥L NLH 6'8¥889 ¥'8F1°6¢ 60T 110402 aAndsonay [9€2] 600C SmoD
(10ye1RdWOD)
(103erRdWwod) (101 SaNIPIQIOWOD PIje[ax (103 (101
Keys Teydsoy jo Sua -eredwod) UOUIAIIUY -)yS1om Jo Qouasarg -eredwood) NG [enIU] (10jeredwod) 93y  -eredwoo) uonerndoq ugisop Apmig ek ‘T0yINy

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4044

K1331ns
otnerreq Surodispun
syuaned ur uoreqmiur
ymaYyIp d[qissod jo
s10joe] Juapuadapur
Q) a1k s9109s nedure|
-[e]N pue Sueq-dOLS
yS1y "uone[nuoA
JSew J[noyyIp 0 uon
“BqMUI J[MOLIP [IM
Pareroosse st £11s9qo
1adns 1odns Jou
K1152qo Jodns 1oUIoN

0ST 03 paredwod uon
-eZI[N 90INOSAI pUL
suoneor[duwod 9ATjeId
-dorrod ur esearour
ue Jo asuadxa oy} e
K1331ms Surmor[oy
Ieok | uoneNUIIUOISIP
uoneIIPIW PuUR SSO[
JySTom Ioy19q YIIM
pajeroosse sem gOAYT

AN AN
10>d
(%T'1) %8'C uonerd
-doar jo 9yB1 ‘10 >d
(%¥'T) %L’ S uonoaur
QYIS Ted13INS ‘10" >d
(%1°1) %' SuIpad[q
‘10>d (%1°0) %6'C
uonoONISqo [9M0q
10>d (%€°0) %01
uorjerojrad 10 Yeo[
10°>d (%8'9) %S¥1

AN suoneordwod Auy

AN

Y0'=d (%6°89)

%v"8L AT ‘10>d

(%S°€V) %ETS VSO

T10=d (%€£€S) %LT9

1d ‘01'=d (%£'8h)

%6°CS NLH ‘10>d
(%T'8S) %1'¥L INATL

AN

10>d (€91 F S'LY)
Y1 F $°6S TMA%

AN

syuowr 7|

[S61] 120T pnowyely

[¥61] 120T 19ssBN

sqjou [euonIppy  sSuipuy jo Arewuing

(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar

-eordwos wrre)-guo

(101e1edWOD)

(101e1RdWOD)

suoneordwos Afreq uonnjosal AJIPIqIOW0))  PIASIYIE SSO JYTIOM

uoneinp dn-mo[[og

Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4045

DSTpue

gov T Pim paredwod
se ampaooid sy
yim suoneordwos
ur 9SBAIOUT JUROYIU
-31s Aue Jnoyym

‘GO AT SuroSrepun
sjuaned oseqo-1adns
Ul POAQIYOL 152q dIe
SONIPIGIOWIOD PAje[al
-£11$2q0 Jo uornjosal
pue sso[ JyS1om 1oy

SJ[NSI WIA)-pIW A,

QWOooINo
K1331ns oLIRLIEq 0]
10108} SunIuiIf e se
PAIOPISUOD 9q Jou
prnoys A1seqo 1adns
1odng :uorsnjouo)
(50" > J) A1931ns 1
a3e syuaned ay) 0)
UONR[ALI0D 9SIOAUT UR
pamoys JINg '110Yyod
uoneardwos ut (g0
> d) 10y31y Apueoyru
-31s sem o3 syuoned
searaym ‘(0" > )
‘suotyeordwoo ym
syuaned ur romog

Apueoyru3is sem NG

Uieap [ e[ [ "982q0
1odns 1odns Suowe

AN suonesrdwods Jofew ¢

€TYI INAV “vS'S¢
AN TINEd% 8°0S NG

[L61] 0z0T 1onwes

[961] 810T @o1dng

sqjou [euonIppy  sSuipuy jo Arewuing

-eordwos wrre)-Suoy

(uoneradoar
Surrmboar Jojeredwod)
uoneradoar Surinbax

suoneordwos Ajreq uonnjosal AJIPIqIOWO))  PIASIYIE SSO] JYTIOA

uoneinp dn-mo[[og

Ieak ‘royiny

Obesity Surgery (2024) 34:3963-4096

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4046

N

paredwos syjuowt 7

pue Z] e TM% pue

TMAY 1eYSTy Apued

-yrugis e sopraoxd

gDAY ‘siuaned

0SS 10J SaIpad

-o1d 9[qeIA 2q 0}
Ieadde go ¥ pue DS

MO[ PIPISUOD

st suoneardwos jo

ey "SanIpIqIOWOd

Jo JuawaAodur

pue ssof JyStom jo

SWLISY UL 4304 ‘0SS

10J 9AT}OQJQ pue

Y10'=d

AN syeap ou (7) AN (8°SH) $'89 TMAY%

(%S) weap T “(%01) %Y VSO 1°0C TINEV ‘68'CS

[102]

SYIUOW 47 9T (7 BIPAIOH-Z[EZUOD)

o[qrsedy sreadde ggOT AN suoneordwos 1ourur 7 %6/ INAZL ‘%69 NLH ~ TINGA% 62k IND spuow T [00¢] €10T 21 Temyds
€00'=d
(%2) %6°C uoneradoar
L9 ‘1000'=d (%T'0)
MO[ A[oAne[ax %9°0 dooys ondas G|
[IDs “Ayfessowr pue A ‘100'=d (%t'0) %1°1
-pIqIot JAYSTY PIMm sisdos 67 ‘1000=d [661]
pajerdosse st 0L< [N AN(%1°0) %170 KIeLON 6 AN AN sAep 0€  0TOT ZO[RA-OIOWOY
sdnoi3
[joq J0J Je[IwIs sem
Ayeyrow eyrdsoy-ut
9y} “19Aamoy : W
/3 09 IINF & s
sjuaned orom uey) san
-1[19€] 218D JTUOIYD 0)
PaSIeyIsIp oq 0 A[ayI|
QIOW 9I9M pUE ‘Ae)s
SoNI[IOR] Jo y13u9f Teadsoy
OTUOIYD 0} PpaSIeyYosIp  IO3UO[ B ‘SIWI) WOOX
9q 03 A1oy1] 210w Fumerado [e10) 1o3u0]
9rdoad OSS "OSS 10} paxnbar syuened QoueoyIugIs
o unerado 13uo| 95990 1odns-1odng AN ou (sylesp ) yieap | AN AN skep 0¢  [861] 800T suaydarg
(uoneradoar

sqjou [euonIppy  sSuipuy jo Arewuing

-eordwos wrre)-guo

Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e1edWOD) (101e1RdWOD)

suoneordwos Afreq uonnjosal AJIPIqIOW0))  PIASIYIE SSO JYTIOM

uoneinp dn-mo[[og

Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4047

Obesity Surgery (2024) 34:3963-4096

syuwoned gOXY
Suoure 9yer uonyeord

-wod Y3IY syuened
(0SS-UoU [BOLI0)SIY
0) suonjedrdwod
aaneradojsod pue
SQWOINO TANH 9[qer
-edwod yim syuened
OSS 9y} ut 9[qrses]

(%¥"7) wsioquid
Kreuownd pue (%4°7)
uorsn[odQ syuened

3O %8v -DS "yresp

1 '(%2'7) wstoquid
Areuownd pue (%71°7)
Su1pad[q (%77
SIMOLIS (%7°7) 3l
(%€ v) uonojut
punom ‘(%°g) uots
-n[o0Q ‘syuaned

(€10
L'TTTNGV (€S 61)

96'%S TINGA% ‘(89

st K1o31ms otnerreg IN JO%I°GT -dDAY ANTF 6'9%) ¥'S F 9 TING sqpuowr 71 [+0Z] 910C oueiieg
(%9°L)
QWoIpPUuAS (YD
paxmboe Amou sem
UOWIWOD JSOW Y,
wid) Suol pue (4’ = ) eI UonNed
J10ys yjoq ‘@)er suon  -1dwod %1971 © pey
-eo11dwod 1oySy ym  dnois Hg YL, (%€°€)
POIRIOOSSE gOAY  SOINIOLIS OIOWOo)Seue
*SOWOIINO-WLIIPIW pue ‘(%t°G) seruay
19139 SOAQIOE gOAY [BUIOII ‘(%8°G) sIadn JueoyIugIs
y3noy) UdAd 9ATIJJ0 [eutsrewr (%.°9) S0'=d (%TS) 10U 4 (S6'C0) €1°TC
surewor syuoned UOTLULIOf SUO)S[[e3 0=d %T8 AIAD (%) NGV (€T°LS)
0SS 10y ampadsoxd "dno1s gOXY oy (D yreap 1 ()1 %8¢ NILH ‘(%89) %T€ CTIS TINGd%
Arewid e se g Jo sywaned Jo %9t (%L TDYD) (%9°9) 9 INATL :parejodenxyg (ST°TY) LO'9Y TIND sypuowr 09 [0zl 6107 sidery
/3N 09 mo[aq
10 9A0QE TIN{ JO SS9
-p1e3ar ‘ssof JyIrom
§§90%9 pue TenIr JO S000">d
sagejuaorad Jomor ‘%8¢ :09< IINg
Suimoys s[enprarpur ‘%9¥ :6'65-0S IN9
Toraeay Yia Juaredde ‘%59 :6'6-0F ING
sem TNE daneradoard '%88 16'6£-5€ ING
Jo 109)j0 o5esop v AN AN AN :(parejodenxe) TMA% syuowr 9¢ [z0z] €10T U0
(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e10dWOD) (101e12dWOD)
sqjou [euonNIppy  sSurpuy jo Arewrwing  -eorjdwod wire)-3uo|  suonedrdwod Apreqg uonnosar AJIPIqIOWo))  PIAIIYOE SSOT IWYSTOAN uonenp dn-mo[[oq Ieak ‘royiny

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4048

ordoad
0SS Suoure oA}

pue 9jes suevs gOVO AN suonedrjdwod oN AN S9 TMH% sypuout ¢ [802] 800€ d1Se1d
SIBAA G B SYSII
uorsuayrodAy pue s9)
-9qeIp ‘SSO[ JYS1oMm JO
93ejudorad 03 predar
s sjused OGS uou (%¥'0L) %L'99 1A
10} se OSS 10 $19”))° (%¥'28) %6°09 :-VSO wengseLl
we)-3uo[ [BIOYaUdq (%0°SL) %E'€8  TINAV HE+9) L't
pue IeIwis yim (%1°L) %0 INATL  TINGAY (6'SF9°CE
pajeIdosse St gOAY AN SjueAd as1oApe J0feN  (%9°69) %6°9S :NILH TN 9'8F9°9% ‘TINd sypuow 09 [L0T] S10T Xnearay],
Ky1s9qo 10§ uondo
JuaWBI) J[qRINp Y}
ST A1931ns o1neLIeq se
A[reroadss orqeidaooe
pUB MO[ SUTEWX
sainpadoid 9say) Jo (%807 s¢
3SLI [[BI9A0 3y} YSLI ‘08 (%¥0°) 28 :ON)
aaneradorrad pajeasyo (%81°) €T :KreroN
sty ordso(q “syuoned “((%099) 61%1 :0S
OIN ynm paredwod ((%T6°S) SSEY :ON)
Aierzow pue K (%L9'8) T€S "IDXY
-prqrow Aep-(¢ jo "((%9¢€°¢) T8%1 :0S
S pasealdul Je oIe ((%5S°7) 090S :0N)
syuened OSS pue OS AN (%LS¥) 78S 'DST AN AN skep (¢ [902] 610T 1osseN
dOAd
Suro3iopun syuaned
0OSS-uou uey) ssI[
Sureq aydsop TN G
$S9OXQ Ul UOIoNpal
JueoyIuSIs dAey
Tmos siwened OSS
*SI9IUQD paduaLIadxd
ur wy3Yy 09< [N
a suened osaqo (%¥°0) %19°0 Les
Jodns-1odns 1oy uon -I0IN "(%TL'L) %E€6'L 810'=d
-e1odo ojes & ST DAY AN (%L6°'L) %Y 1T AN (9€°69) 919 TINGd% syyuowr 8 [S0T] STOT AopeysIN
(uoneradoar

sqjou [euonIppy  sSuipuy jo Arewuing

Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar
-eordwos wrre)-guo

(101e1edWOD)
suorjeoridwod Apreq uonnjosal AJIprqiowo))

(101e1RdWOD)
paAatyoe SSof 1YSIopM

uoneinp dn-mo[[og

Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4049

Obesity Surgery (2024) 34:3963-4096

gAY 01 paredwod
9rgyoid uoneordwod

aanerado-isod Kep-o¢
IOMOJ & SuIpIoye son
-Ip1gqIow-09 9anerado
-o1d ordnnur yim
PIRIOOSSE YSLI QATIE
-1odo-110d pasearour
9} J2JUNOJ 03 A10YD
Jo ampadoid parrojord
o) oq Kewr HST ‘0SS
s syuaned 104 "OS
s syuaned oy pared
-wod suonesrdwod
Kep-O¢ 2anerado-isod
JO YSII paseaIour

ue oAy HST I0

gOA YT SutoSopun

S000™> (8°0) €€

(¢2) 11 uonerado-oy
S000> (T’ D

Ly (6'7) €S uonuaAIau[
000> (I'¥) 091

(¥°9) 911 uoIssIpe-oy
NS UM IIPUN OYM
asoypy 0} paredwod
suoneorduwod a1owr
poouaradxe goAY
JuUIMIOPUN OYM
syjuaned 0SS Suowry
‘vr'=d (%1°0) €€)
(%T°0) 01 :Anretow
€0'=d (%T¥) 8€01)
(%8%) 9L ‘uolssiupe
-91:900'=d ((%L0)
G81) (%1°1) €9 :uors

OSS Wim syuaned -stupe O] pauue(dun AN AN skep ¢ [21¢] 610 UoSU[IA
TN uodn paseq st
pasearoul paaraorad
® JO asneoaq JgOXY
WOIj Papn[oxd 9q (dnoi3 jon
jou pnoys syuaryed ((%€'8)  -uoddy) Ul SYIBAp 7)
asaqo-1adns-1adng  £€) (%L'T1) L vIwouy ((%59°L) 8€) (%EE€) T AN AN syyuow Og [112] 900T 1o1heL,
SSO[ JYIrom
PooS 2AdIYdE 0) 0SS
10§ 210pad01d Jug| 8T INGV
-[09%a ue sjuasardor Hg AN (%89 v AN 8 TV TINGA%0S TNG syiuow | [012] 800T 10US0D
qex
uoneordwos Apres ur
9SBAIOUT UB JNOYIIM
Tw/3Y 09< NG WM
syuoned 95290 Ul OS
[m uostred (%89) %99
~Loo uf ssof JySrom VSO (%TvD) %S°Tl
Jotradns spaik gOVO ©c (€) ONILH (%T$) %99 NAT.L (8€) 99 1TMA% squuowr 47 [602] 910T OUPeIN
(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e10dWOD) (101e12dWOD)
sqjou [euonNIppy  sSurpuy jo Arewrwing  -eorjdwod wire)-3uo|  suonedrdwod Apreqg uonnosar AJIPIqIOWo))  PIAIIYOE SSOT IWYSTOAN uonenp dn-mo[[oq Ieak ‘royiny

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4050

siened OSS pue ‘0s
‘ON UI SIDIPIGIOW0d
Jo uonnjosal ay) 10y
asn 0y ampadsoid [ed
-131ns JLIjELIRqQ QUOR

((%0°L8)

0T ‘O “(%€£°€8) ST

‘0S) (%8'18) 6 1A

{((%1°8L) ST :OW

((%0°08) 0T :0S)

(%9°€L) v1 'NIH

(%801 {(%8°18) LT ‘O

6 ‘O (%Y €D) {(%1°6L) 61 :0S)

c10>d

(LTFOEL 0N
‘TFCTYI0S) I°€E
F0'61 INAV '8°8F
TINgd% (1T F
L'TEON 61T F0°LE

-pues ojes € sL OS] AN L:0S) (%8'LD S (%€'€) 11 WAL :0S) 8'TF 0'Sy TN syjuowt [ [912] 8102 229
a4DAY
ordoosoreder 03 pajeo
-IpUTEIIUOD PIIOPISUOD
9q jou p[noys pue A1
-prqiowr o[qeidecoe
sey 09< IIN9 "09>
INE yia siuaned
uely) JGDAYT 10
suonesrdwoo Jofew (rolewr
Jo ysu oy3iy e [ ‘Iourw 9) yyeap
oAy /Sy 09< TNE AN [ “tofew  ‘rourw | AN S0>d (19) Ly TME% squowr 71 [S12] ¥00T Osmry
/3 09<
[N Wi sjuaned
ur gDAY prepuels 0€'=d (%8'S¥) ¥T/11
pIoS o yiim uostred (%0°67) 8/ uoisu)
-wod ut sdn-mof[oy -10dAY Jo uornjosay
juowi-y¢ pue -g1 1e SY'=d 10'=d
§50] 1yStom Jorradns (%169 TTED) ((#01-91) 1°LS)
PRI gOIN/OVO @9 1 (%6:Th) LIS INATL (L8-L'¥S) ¥'0L TMHA% sypuowt g [+12] L10T TRwIeq
sjuaned QA PIm
paredwos se Kjfejrow
10 Ayipiqiowr aanjerado
-3sod 10 suoneordwod 80'=d
aanerxdoenur jo (Z'0) £ 0 :yreaq
SHSLI pasealout ou '8 =d (%L
Q1M I3} [[BISAQ L91) (BL'ED) €1
‘OSS 10} 9ges ST DAY AN :suonedlduwos [[e1oAQ AN AN skep O¢ [€12] 600T S92V
(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e1edWOD) (101e1RdWOD)
sqjou [euonIppy  sSurpuy jo Arewrwing  -eorjdwod wire)-3uo |  suonedrdwod Apreqg uonnosar AJIPIqIOWo))  PIAIIYOE SSOT WYSTOA uonenp dn-mo[[oq Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4051

Obesity Surgery (2024) 34:3963-4096

j[nsa1 poo3
e s dn puoa [os
Koy ‘syuanyed 10)y3
uey) TMHY S$9l
aney syuoned osay)
ysnoyy (09 ING)
sjuaned oseqo-1adns
-1adns ur A[oAnodp
pue Ajayes pawtoyrad
9q ued dgDAYT
SING
JOMO[ Y)IM 350y} 0)
pareduwod uaym suomn
-eordwos [eor3ins
10§ YSLI 19)ea1s e Jou
are syuaned 9s9qo
1adns-1adns pue 9s9qo
-1adng *dnoi3 ,w
/33 09< PUE ‘09-0S
‘0S—0F IINIg Ut Tefruis
Q1om soje1 uonjeradoar
pUE UOISSTWPEOY
syuoned osoy) ur
DS 031 Jorradns paro
-pISU0d 9q UdAD A[qIS
-sod ueo pue syuenjed
0SS JOo 1uaujean ay)
ur uondo aAnoaye
pue 9Jes © paIapIs
-U0d 9q UBd gOVO
sjuaned
OIN Ul uey Ayjeliowt
1918213 AyST[s pue
Kypiqiows aanjerado
-3sod o[qeidoooe yim
syuaned OSS pue OS
ur SUoONIpPuod prqiowt
-00 pajean) A[OATIOQYQ
pue ssof JyIrom
9[qeInp juedoyrugIs

AN S :suoneodrdwos sofejy

AN
€e0'=d
(%1 1:09) (%€L)
1T :gDVO 991N
100°
>d ((%L99) 8T :DS)
(%€°€9) ¥1 :9DVO
ure3ar JySrom/ssof
JyI1om JuroLgnsuy

(%€'8 O
%TTL :0S) %881
go Ay orwojoredey

(01) ¥ :suon
-eordwos Joutw ¢(6)

95°0=d (%1°0

‘0N “%T°0 :0S)
%Y( Pel \Sﬁaﬁoz
Y0'0>d (%€ L:ON
%6 :08S) %19

el :ouﬁwuvmovm
"L0'=d (%L°01 :ON
1%T°6:08S) BLTIT

1916l UOISSTWPRY

(%8'11) %L'T

-IPIGIOWIO) JO JaqUINN

(81
AN F19) L F LS IMEY

(6°08 ‘O 659
‘0S) 1°6S TINGA%

I'T :som

%0S :dDOVO
1 9%77:DS ‘NIH
1%TT IOV ‘%0€

DS ‘WAL ‘%08 (TT DY)

€< OpUIQ-URIARLD OV ‘%+T:0S VSO LT *dDOVO “TINg%

S00'=d (0

'O ‘%¥'T :0S) %9°'1
:Kpeniow (%2°C :ON

%1% :08S) 0 :uone:
-doa £(%L°¢ :ON

PaASIYR JEDXYSUOWE BIUIAY [RUOISIU] 1%Ly (0S) %T'E edT

0€ IINAV 89t
TINGH% ‘som3y
woij payejodenxd (67
(%88 :0N) %96 O ‘0¢ :0S) 9¢ TN

syjuow g [0zz] S00T sered
sypuowt 9° 1 [612] 910T uooN
sypuowr 9¢ - [81¢7] TTOT Zmwyos

[L12]
squowr )9 900 SoIUBS-ZUAYoRS

(uoneradoar

Surrmboar Jojeredwod)

suory  uoneradoar Jurinbar

-eordwos wrre)-Suoy

sqjou [euonIppy  sSuipuy jo Arewuing

suonjeoridwod Apreq uonn[osal AJIprqIowo))

(101e10dWOD) (101e12dWOD)

PpaAaIyde SSOT IYSIOM

uonenp dn-mo[[oq Ieak ‘royiny

(ponunuoo) 6 3jqey

pringer

As



Obesity Surgery (2024) 34:3963-4096

4052

syuaned 9soqo
e3owr 10§ yoroidde
[eo131ns pIeA © SI
Surpueq onses 9[qe
-)snfpe ordoosorede

[1eap pue ‘uorodjul
aaneradolsod “yeor
ID 10§ st Y3y e

Je ore syuoned 9say)

Jjey) 15933ns elep
IO "09< ING ynm
sjuoned J0J 9[qIsed) ST
dgOAY dordoosorede
ssed4q o1nses
A-Uo-xnoy o1doos
-orede[ Suro3iopun
sjuoned 1910 YIIM
poredwod Aypiqiow
aaneradojsod 1oy3ry

© OABY] JOU O /3y

09< INE Y syusned
INg
aaneradoard s juened
®© JO Sso[p1egal poo3

ST 9J1] Jo AyiTenb pue
pasroxduwir st yireay
‘syuaned 9s2qo sso|

ym paredwod uaym
A[eaneradojsod
PAYSIUTWIP ST 959G0
1odns 1adns oy ur
SSO[ JYS1om $SA0X
ySnoyry ‘syuaned
959q0 A[owanxa ur
u2Ad A7oyes paystyd
-wI0dok 9q ULd
ssedAq ornse3 x-uo
-xnoy drdoosorede|

(%9'99)
¥ VSO (%001) ¥
AN (%€97) Jourw 7 :INATL “(%9S) 6 ‘N.LH
((%€1) ¥€) (%10
§ :suoneordwoo
IoutN *(%¢) syreap
(%9 LD (%0D ¥
AN :suoneordwiods 1ofejy AN
(%811 81) (%8'1)
I :suoneordwos
Tourw (%% 1)2) 0
AN :suoneordwos sofejy AN
SI9O[N [BUISIeW (%T6)

(%L°01) €°10>d %16 VSO *(%26) %08
((%T°6) ¥7) sisous uonodgur punom I (%68 %E€9 ‘N.LH
onowolseue (%87) 8 (%9°€) T e (%9E) T 1(%08) %001 NATL

¢ INAV
LTLL TINGA%
LESF60°SE INY

AN

AN

(F'STF60L)
101 809 IMH%

syjuow ()9

skep O¢

skep O¢

SyIuow 47

[+2z] €00T Suipfary

[€zz] cooT oo

[zzel 010T Mmuysnyy

[12Z] 900T PIMoD

sqjou [euonIppy  sSuipuy jo Arewuing

(uoneradoar

Surrmboar Jojeredwod)

suory  uoneradoar Jurinbar

-eordwos wrre)-guo

(101e1edWOD)
suorjeoridwod Apreq uonnjosal AJIprqiowo))

(101e1RdWOD)
paAatyoe SSof 1YSIopM

uoneinp dn-mo[[og

Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4053

Obesity Surgery (2024) 34:3963-4096

SSOT JySTom
J[qeidadoe yim

‘IO A 0SIepun oym
syuaned osoqo rodns
-1odns ur pasearour
jou aIe sajel AJerIow

(8°0) 9) (%TD

[ BIUISY [RUISIUT
(%1 90) (%TD)

[ B9 dNOWo)seUY
"L0°0 ((%6'1TT)
(%.9) ¢ uonerado Sur
-1mbar ogS (%80
81) (%L'9) ¢ sisouals
Tewols :((%6°¢) ST)

91+

pue uoneordwod oy, AN (%'P) T 100[0 [eUISIEI AN 0L) €1 F 85 1MH% squow 71 [672] S00T Asueyory,
SSO[ JYT1om WI)
-wnipaw Surstwoxd
01 Spea] pue AJIfelIow
pue Ayrprqiowr [ewr (%6'1)
-Turw yiim paurtoyred wstoquo Areuow|nd
9q ued arnpadoxd [eleJuou QUO pue
9y, *K11seqo-1adns “(%6°1) diys 10§ UOIS
QAISSBUW JO JUaUeaI) -IAQI pueq U0 ‘(%6°1)
103 uondo Teo1Sms 9e UOIONISqO JIUOIYD L'81 TINGYV ‘9'SH
-tidoxdde ue st OV UN 10j [eAOWDI pueq SUQ AN TINGA% €Ly ING syqjuowr g1 (8221 900T STAN
sdnoi3
TIN| JUSISIpP UT Sojex
suoneardwos ur 90ud
-IoJIp JUBOYIUSIS ou
‘TOAMOT] ‘SeM I,
W3 09< TINE Wim 100°0=d (%10
siuoned ur 1oySiy ‘O “%1°0 :0S)
Apueoyrugis sem el (%6°'1) syreap ¢ Jued
Ayreyrour Kep-¢ Ay, AN -yrusis jou g (%L°L) TT AN AN skep ¢ [Lzz] Teoe reysurs
$J[NSAI ULID)-1I0YS JuBd (%001) 0 AYAD
-YIuSis yum ‘syuared ((%99) ¥ NIH ((%TL) €0¢ INGV
0s2qo-1adns asauty) 8 INACTL “(%LS) 8 ‘TyL TINGd%
10} 9[qrsed) STEDAYT (%€7) Joumu g (%L°L) toutur g VSO0 (%08) 0z 1d ['p+6°6¢ ING syuour O [9zz] #10¢ Suem
dnoi3 A1031ns (zz NGV
+ Uoo[[eq 9y} ut ‘¥'9S TIdINA%) 81
NGV pue TINGd % INGV 60y TINGd%
19MOJ ‘suonedrdwod (299 ¥ STTh)
Suowre saOUIRIYIP ON AN (%6D D (%8O 1 AN 669 F ST'IS TNY sqjuoul 4g [szel Teog Sutey
(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e10dWOD) (101e12dWOD)
sqjou [euonNIppy  sSurpuy jo Arewrwing  -eorjdwod wire)-3uo|  suonedrdwod Apreqg uonnosar AJIPIqIOWo))  PIAIIYOE SSOT IWYSTOAN uonenp dn-mo[[oq Ieak ‘royiny

(ponunuoo) 6 3jqey

pringer

Ns



Obesity Surgery (2024) 34:3963-4096

4054

0SS 03 paredwod

O 10} [INGV Temo[
nq TINGH% 19US1H AN @t

SSO[ JYS1om pue

9)e1 AIpIqIow MO] Jof

yjoq ‘syuaned 9saqo

1odns-1adns ur uondo

(%6L) %98

[eo131ns dLneLIRq
grerrdoxdde ue paro
-pISU0d 9q UBd gOV']

%S vS 1d
‘%001 VSO %606
Jouru g

‘INATL *%98 ‘NLH
pasodoid oq
ued ssedAq ornses 1o
AW0}021)58T 9A9[SaI
ay1] uonerado a3e)s
-puod9s ® ‘sso[ JySrom
JUSTOLJNSUT JO 958D
) uy “K31seqo 1adns
1adns Sunean 10y aInp
-9o01d juoroyye pue JUQIOLNSUT JOJ UoT)
9Jes & SI Awo3oansesd -UAIAUIRI (%07) 9
A99[s drdoosoredeT ‘eruroy s 110d (%7) ¢

SSo[ 1ySrom wisioquid Areu

-ownd auo ‘yea[ duo

‘ewojeway oruaryd

-qns om) (% 1) ¥

SOWOJINO ISIIAPE
JueROYIUSTIS JO YSII [[B
-IOAO JOMO] B pUE WD)
aaneredo 19310Us ©
)M POJRIOOSSE Sem 1]
"TINE SS99X2 paonpar
Apueoyrtugrs syuaned
959qo 1odns-1adns

ur ggo7 01 Joud gof AN (1D ) (%8) T AN

(1 INGV

S¢T8 TINGd%

82) TCINAV £'TS
TINGd% St ING

9'¢¢ IINAV 9'68
TINGA% -6'8T ING

1T INGV

AN TI6 TINGd% SY ING

(L'TIF€08)
€ LI1F9'CS TINGd%

syjuow 7 |

syjuow g4

Syuow ¢

syuowr 7|

[ecT] e10z 21

[z€T] 600 BHY2I0L,

[1€2] T10T 2unayre)

[0€z] T10T YoamirzZ

(uoneradoar

Surrmboar Jojeredwod)

suory  uoneradoar Jurinbar

-eordwos wrre)-guo

(101e1edWOD)

sqjou [euonIppy  sSuipuy jo Arewuing suoneordwos Afreq uonnjosal AJIpIqiowo))

(101e1RdWOD)
paAatyoe SSof 1YSIopM

uoneinp dn-mo[[og

Ieak ‘royIny

(ponunuoo) 6 3jqey

pringer

AQs



4055

Obesity Surgery (2024) 34:3963-4096

pajedionue oq

PINOYS UOTIB[TIUSA [€OT
-ueyoowW pue Aeis NI
J10J padu ‘SO JoSuo]
vV A[oyes paurrojrad
9q ueo suosiad 9saqo

S0>d
(0) L :101B[JURA UO
skep ¢(0) L] :SAep

-eSowr ur ssedAq dtnsen AN D] Un aIed SAISuaju] AN AN skep ¢ [L£T] $00T 1o1qeynys
uonerdo
Ky1seqo-Tyue dAIUYOP
® 210J0q dals Is1y © se
Apreonred syuoned
95990 AJowenxa ur
uooj[[eq dLisesenul
Jo Aoeoyyo pue Ajofes I'SFL'S INAV
smoys Apmjs oy, 0 loumu ¢ CTOT+L61 TINGd% sypuout 9 [9¢z] 600C SmoD
UOTIUQAIONUT
[e2131ns Jo padu Ul
sjuanjed 9soqo-eSowr
YSLI-YSIY Jo jusueon
95.)5-151 2AT)OA skep ¢ 11 INGV
Ue PaIapIsuod 3q 10y Adero reorpaw %L S8 NLH ‘%S°18 6C'LT TINGd% [seTd
ued yuowade[d grg 0 WIM pajean) SUNIWOA | INATL ‘%68 VSO 6'6 F €'¥S ING syuowr 9 L00g somodoIkdg
(%1°¢) 1 eUOWNAUY
(%T'9)
7 UOT}OOJUT PUNOAy
(%1€
] uonooJul Areurin)
JJOUTIN
(%T9)
Z wstoquid Areuowrng
(%1°€)
1 snnearoued 9oy
sampadoid o1doosox %1€
-edey pagde)s-om) s [ Awojorede] 191je
uondo [eo131Ins pifea armdni feutwopqy
© SB PAI9pISu0d 9q (%1°¢) 1 8ur 9ce
P[moys HALSA 09< -Pa9[q [eUNISAAUIONSED INGV €L TINGd%
INF Wi suostad uf AN :Jofe ]y %001 JuaudAo1dwy SLFSLETNG squuow 8 [$€7] 800T B1ed 1A
(uoneradoar
Surrmboar Jojeredwod)
suory  uoneradoar Jurinbar (101e10dWOD) (101e12dWOD)
sqjou [euonNIppy  sSurpuy jo Arewrwing  -eorjdwod wire)-3uo|  suonedrdwod Apreqg uonnosar AJIPIqIOWo))  PIAIIYOE SSOT IWYSTOAN uonenp dn-mo[[oq Ieak ‘royiny

(ponunuoo) 6 3jqey

pringer

As



4056

Obesity Surgery (2024) 34:3963-4096

Table 9 (continued)

18

Additional notes

Summary of findings

Long-term complica-

tions

requiring reoperation
(comparator requiring

reoperation)

Weight loss achieved ~ Comorbidity resolution Early complications
(comparator)

(comparator)

Follow-up duration

Author, year

Springer

SSO patients (males

Mortality: 8 (7.8%) vs Olncisional hernia and

NR

NR

30 days

Fazylov 2005 [238]

especially) experience
significantly higher
mortality compared

with SO patients

in SO group, P <0.01; small bowel obstruc-

tion similar between

two groups

among male patients
(718) 16.7% vs 0.

Other complication

similar between SSO

and SO

given the setting of these studies, there is the possibility of
bias due to the selection of patients.

In an RCT on 82 patients with obesity and osteoarthritis, 39
were randomized to AGB 12 months prior to total knee arthro-
plasty (TKA), and 41 patients were randomized to receive the
usual nonoperative weight management prior to TKA. In a
median follow-up of 2 years after TKA, 14.6% of patients in the
MBS group incurred the primary outcome of composite compli-
cations, compared with 36.6% in the control group (difference
22.0%, P = .02). The incident TKA decreased by 29.3% in the
MBS group because of symptom improvement following weight
loss, compared with only 4.9% in the control group [133].

MBS can be performed safely before joint arthroplasty.
However, further data are needed with specifically designed
trials to clarify the causal role of MBS on the outcomes of
subsequent joint arthroplasties.

Considering the conflicting data obtained from the litera-
ture, the IFSO and ASMBS decided to conduct a Delphi analy-
sis on the topic of joint arthroplasty in patients with obesity
(Table 15). This included the role of MBS as a bridge to joint
arthroplasty and the proper time to arthroplasty after MBS.

During the two rounds of the Delphi analysis, the 49 experts
reached a consensus on 5 statements concluding that MBS
is indicated in patients with class II and III obesity (BMI of
>35 kg/m?) even with no other medical conditions and in all
age groups following a comprehensive multidisciplinary team
assessment. In this survey, consensus was reached in four state-
ments. First, MBS can be considered a bridge to joint arthro-
plasty in patients with a BMI >30 kg/m”. Second, MBS can
decrease the operating time, risk of readmission, and short-
term complications of subsequent joint arthroplasty in patients
with a BMI >30 kg/m?. Third, MBS can decrease the need for
joint arthroplasty in patients with BMI >30 kg/m?. Fourth,
the experts also reached a consensus that joint arthroplasty in
patients with a BMI >30 kg/m? should be done 6 months to 1
year after MBS, depending on the severity of the joint disease,
if there is weight loss stabilization and if the patient has good
muscle mass and nutritional status.

Recommendation

e Obesity is associated with poor outcomes after total joint
arthroplasty. Orthopedic surgical societies discourage
hip and knee replacement in patients with BMI >40 kg/
m2, mainly due to the increased risk of readmission and
surgical complications, such as wound infection and
deep vein thrombosis.

e Before total knee and hip arthroplasty, MBS has
decreased operative time, hospital LOS, and early post-
operative complications.

e According to experts, MBS can be considered a bridge to
joint arthroplasty in patients with BMI > 30 kg/m®.
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Transplantation list

TIPS
come

cirrhosis

complica-
tions

Earzly mor- Late mortal- Long-term  Child—Pugh Diagnosis of Liver out-
ity

Post-opera-

tive compli- tive compli- tive compli- tality

cations

Minambres I NR

cations

cations

Author, year Intra-opera- Peri-opera-
[ref]

Table 10 (continued)

PMID

@ Springer

1 of 41

Biopsy dur- MELD 7.2 + NR

A40,B1

6 patients

0

7/41 patients 2 liver

fistula,

30397876

1.9,7.8+

ing surgery,
17 prior to
surgery

decompen- HCC post-

sation, 3

et al. [252]

2.2 1 year,
8.4+3.13

surgically

hemop-

late liver

eritoneum,
upper GI
bleeding

years, 9.8 +
4.6 5 years

decompen-
sation

in ulcers,
portal

thrombosis,
wound

infection,
2 ascites

decompen-

sation

46% prior to

97%

Vuppa-

32925171

surgery

lanchi R

et al. [253]

Level of Evidence 2b

Grade of recommendation B

7. MBS and abdominal wall hernia repair [143-165]

PRISMA Appendix [PubMed, Cochrane, Embase]

Systematic Review Table 7

Twenty-three studies were included [143—-165]. Five
studies were extracted from national registers, including the
Metabolic and Bariatric Surgery Accreditation and Quality
Improvement Program (MBSAQIP) [144, 151], the Ameri-
can College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) [159], and the French hospital
discharge summaries database system [154]. The other 18
studies were single-cohort retrospective studies. The studies
were heterogeneous regarding timing and technique. Timing
is mainly divided into ventral hernia repair (VHR) before
MBS (symptomatic, low- or high-grade intestinal obstruc-
tion), concomitant VHR, and VHR after MBS. Some authors
presented treatment algorithms regarding timing in their stud-
ies [147, 158, 161]. Of the 23 studies, 18 studies included a
concomitant VHR and 5 studies a staged procedure [143,
147, 155, 162, 163]. Ventral hernias included epigastric,
incisional, umbilical, paraumbilical, and Spigelian hernias,
and one study reported the multistep approach in complex
hernias with loss of domain [162]. Studies included primary
and recurrent incisional hernia repair. VHR included open
and laparoscopic techniques, with and without mesh. MBS
included AGB, SG, and open and laparoscopic RYGB.

The studies analyzed postoperative morbidity and mortal-
ity, long-term complications, and recurrence rates. Abdomi-
nal wall hematoma, seroma, and surgical site infections were
the most reported complications associated with all types of
VHR. Small bowel obstructions (SBOs) and mesh dehiscence
were reported in some studies, with the highest incidence of
SBO at 37.5% in one study with deferred treatment [153].

Early mortality was reported in four register studies that
analyzed concomitant VHR and was reported to be 0.3%
[144], <1% [151], 0.2% [157], and 0.1% [159].

The literature presents a large amount of heterogeneous
data regarding VHR in patients with obesity, and only five
studies evaluated a staged approach. Due to the higher risk
of reoperation for recurrence, VHR would be avoided in
bariatric patients before MBS.

Recommendation

e Obesity is a risk factor for the development of ventral
hernias.

e [n persons with obesity and an abdominal wall hernia, MBS-
induced weight loss is suggested before ventral hernia repair
in order to reduce the rate of postoperative complications.

Level of Evidence 2b
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Table 14 Grade of recommendation and level of evidence

Grade of recommendation Level of evidence Type of study

A la Systematic review of [homogeneous] randomized controlled trials

A 1b Individual randomized controlled trials [with narrow confidence intervals]

B 2a Systematic review of [homogeneous] cohort studies of “exposed” and “unexposed” subjects
B 2b Individual cohort study/low-quality randomized control studies

B 3a Systematic review of [homogeneous] case—control studies

B 3b Individual case—control studies

C Case series, low-quality cohort, or case—control studies

D 5 Expert opinions based on non-systematic reviews of results or mechanistic studies

Evidence-Based Medicine, Stony Brook University Libraries, 14 March 2023

Table 15 IFSO/ASMBS delphi results on MBS in individuals need joint arthroplasty

1. MBS can be considered a bridge to joint arthroplasty in patients
with a Body Mass Index of > 30 kg/m?
2. MBS can decrease the operating time, risk of readmission, and

short-term complications of subsequent joint arthroplasty in indi-
viduals with a Body Mass Index of > 30 kg/m2

3. MBS can decrease the need for Joint arthroplasty in patients with a 84.7% Agree -

Body Mass Index of > 30 kg/m2.

4. Joint arthroplasty in patients with a Body Mass Index of > 30 kg/ 50.0% Agree

m?2 should be done 6 months to 1 year after MBS depending on the
severity of their arthritis or if their weight loss stabilizes and they
have sufficient muscle mass and good nutritional status.

84.7% Agree -

82.9% Agree -

CONSENSUS (AGREE)

CONSENSUS (AGREE)

CONSENSUS (AGREE)

88.3% Agree CONSENSUS (AGREE)

Grade of recommendation B

8. MBS prior to organ transplantation [166—189]

PRISMA Appendix 8 [PubMed, Cochrane, Embase]

Systematic Review Table 8

Generally, extremely high or low BMI is considered a
contraindication to solid organ transplantation (SOT) due
to poor outcomes. Class III obesity may prevent access to
transplantation since it is considered a relative contraindi-
cation and poses specific technical challenges during sur-
gery [190, 191]. MBS, despite worldwide recognition as the
most effective treatment for obesity, may be overlooked as an
option in patients with severe end-stage organ disease. None-
theless, MBS has been described in patients with end-stage
organ disease to improve their candidacy for transplantation.

A systematic review of 2241 papers identified 24 thor-
oughly analyzed studies. The studies included different SOT
summarized as heart/lung, kidney, and liver.

The literature search considered several variables,
such as surgical procedures, disease status, patient age,
and follow-up time. In many studies, specific data points
such as weight loss, operative time, and complication rates

@ Springer

were missing. In addition, there were differences between
patients and studies, including different transplant timing
and surgical techniques.

Recommendation

e Obesity is associated with end-stage organ disease and
may limit access to transplantation. Obesity is also a
relative contraindication for solid organ transplantation
and poses unique technical challenges during surgery.

e Published data supports considering patients with end-
stage renal disease and obesity grade 3 being able to be
listed for kidney transplant after MBS.

e MBS is shown to be safe and effective as a bridge to liver trans-

plantation in selected patients who would otherwise be ineligible.

MBS can also improve heart transplants outcomes.

e Limited data suggest that MBS could improve eligibility
for lung transplantation.

e MBS can be performed post-SOT or concomitantly to
reduce complication rates and mortality.
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Level of Evidence 2b
Grade of recommendation B

MBS in the High-Risk Patients

9.MBS for BMI >60 kg/m? [192-238]

PRISMA Appendix 9 [PubMed, Cochrane, Embase]

Systematic Review Table 9

Forty-seven papers have been retrieved for qualitative
analysis [192-238].

Twelve studies were focused on the safety and feasibility
of MBS among patients with severe obesity at 30 days of fol-
low-up after surgery with no reported data on weight loss or
obesity-related comorbidities. Thirty-five studies analyzed
MBS’s safety, feasibility, and medium to long-term results
in patients with obesity and BMI >60 kg/m>.

Concerning weight loss, the mean initial BMI was >66.64
kg/m? (SD + 3.05). After a mean follow-up of 28 months,
the mean %EBMIL was 51.5 (SD + 16) with a mean ABMI
of 21.64 kg/m* (SD + 7.16). Improvement or resolution of
the obesity-related complications were reported in 17 studies,
including patients with BMI >60 kg/m?. The mean percent-
age of improvement/resolution of T2DM was 67.35% (SD
+ 24.79). The mean percentage of improvement/resolution
of HTN was 54.01% (SD =+ .93). The mean percentage of
improvement/resolution of obstructive sleep apnea (OSA) was
63.61% (SD =+ 21.51), while the mean percentage of improve-
ment/resolution of dyslipidemia was 70.95% (SD + 10.31).

Early complications (within 30 days from surgery) were
reported in 45 studies.

The overall mean percentage of early complications was
7.57% (SD =+ 6.28), and the mean percentage of early com-
plications requiring reoperation was 4.9% (SD =+ 3.48). The
overall mean mortality was 1.61% (SD =+ 2.29).

Long-term complications were reported in 13 stud-

ies. The mean percentage of long-term complications was
13.56% (SD + 10.93).

Recommendation

e MBS is safe and effective in patients with BMI >60 kg/m®.

e [Evidence suggests a higher rate of perioperative compli-
cations after MBS in patients with BMI >60 kg/m®.

e According to the literature, MBS appears safe in patients
with initial BMI >70 kg/m’.

Level of Evidence 2a

Grade of recommendation B

10 MBS in patients with liver cirrhosis [239-253]

PRISMA Appendix 10 [PubMed, Cochrane, Embase]

Systematic Review Table 10

Fifteen studies were included in this systematic review.
Some studies differed between compensated and decompen-
sated liver cirrhosis.

The early mortality was reported as 0.6 and 0.8% in the
Metabolic Dysfunction-associated Liver Disease (MAFDL)
or compensated liver cirrhosis, and 19.4 and 22.1% in decom-
pensated liver cirrhosis. Mumatz et al. and Are et al. [245,
246] underlined the higher mortality of patients in low-vol-
ume centers (<50/year). Miller et al. analyzed 3032 patients
undergoing SG (n = 1168) and RYGB (n = 1864) with
compensated liver cirrhosis and reported early mortality in
21 (1.1%) of patients after RYGB and 10 patients after SG
(<1%). Late mortality occurred in 42 patients after RYGB
(2.2%) and under 10 patients after SG (<0.8%) [247].

Based on the current systematic review, patients with
MAFLD or compensated liver cirrhosis have acceptable
perioperative morbidity and mortality. However, patients
with obesity and decompensated liver cirrhosis are at much
higher risk for perioperative complications and perioperative
mortality following MBS. Those patients should only be con-
sidered for surgery on a selective basis after a comprehensive
risk assessment and only in high-volume centers. The risk
of postoperative liver decompensation is low but should not
be underestimated. Weight loss and remission of comorbidi-
ties are similar to the general bariatric surgical population.
Careful patient selection and consideration of the choice of
surgical procedure are important to ensure the best outcomes.

Recommendation

e Obesity is a significant risk factor for MAFLD and liver cirrhosis.

e MBS has been associated with histologic improvement
of MAFLD and regression of liver fibrosis.

e MBS is associated with a risk reduction of progression
of MAFLD to liver cirrhosis.

e MBS in patients with “decompensated” cirrhosis is asso-
ciated with high perioperative mortality.

e Careful patient selection and consideration of the choice of
surgical procedure are important to ensure the best outcomes.

@ Springer
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Level of Evidence 2b

Grade of recommendation B

11. MBS in patients with heart failure [254-271]

PRISMA Appendix 11 [PubMed, Cochrane, Embase]

Systematic Review Table 11

Thirty-one full-text articles were assessed for eligibil-
ity. Eighteen studies are included in the qualitative synthesis
[254-271].

MBS is associated with a lower risk of major adverse
cardiovascular events (MACE), including myocardial infarc-
tion, ischemic heart disease, or heart failure (HF) in patients
with severe obesity [255-257].

The overall risk for early (less than 30 days) and late (30
days or more) complications was similar for patients with car-
diovascular disease and the matched group that did not have
cardiovascular disease [258-262]. Some studies reported an
increased risk for early cardiovascular complications as well
as a higher 90-day mortality rate (still within an acceptable
range) for patients with heart disease, such as HF [263-266].

Current data suggest that MBS can be a useful adjunct
to treatment in patients with obesity and HF before heart
transplantation or placement of a left ventricular assistance
device (LVAD) [266-268]. Patients who underwent MBS
were observed to have improvement in cardiac function [269,
270]. This had several beneficial effects, such as a reduction
in re-hospitalization for HF, and improvement in their left
ventricular ejection fraction (LVEF). MBS could increase the
patient’s likelihood of receiving a heart transplant. On the other
hand, some patients had enough improvement in their cardiac
function to no longer require a heart transplant [269, 270].

Recommendation

e MBS in patients with obesity and HF is associated with
improvement of LVEF, improvement of functional capacity,
and higher chances for receiving heart transplantation.

e [n patients with obesity and HF, MBS has low morbidity
and mortality and can be a useful adjunct before heart
transplantation or placement of LVAD.

Level of Evidence 2b
Grade of recommendation B

Patient Evaluation

12. Multidisciplinary care [272-284]
PRISMA Appendix 12 [PubMed, Cochrane, Embase]

@ Springer

Systematic Review Table 12

The search screened 95 papers, but only 6 were thor-
oughly analyzed. There were guidelines or consensus state-
ments, including those from the European Association for the
Study of Obesity (EASO) and the European Association for
Endoscopic Surgery (EAES) [272, 279]. Standardized pre-
operative multidisciplinary evaluations have been reported to
reduce major complications and reoperation rates.

The studies of this systematic review support the protective
role of the multidisciplinary team (MDT) to ensure patient safety.

Registered experts in nutrition in MBS can assist in the
management of post-operative patients who may experience
issues such as food intolerances, malabsorption, micronutrient
deficiencies, dumping syndrome, hypoglycemia, and RWG.
Licensed mental health providers with specialty knowledge
and experience in MBS behavioral health are necessary to
assess patients for psychopathology and determine the candi-
date’s ability to cope with the adversity of surgery, the chang-
ing body image, and the lifestyle changes required after MBS.

Based on the EAES guidelines, scheduled multidiscipli-
nary post-operative follow-up should be provided to every
patient undergoing MBS [279].

Recommendation

e MDT has an important role in MBS patients’ pre- and
post-operative management.

Level of Evidence 2c
Grade of recommendation B

Revisional Surgery

13. Revisional MBS [285-310]

PRISMA Appendix 13 [PubMed, Cochrane, Embase]

Systematic Review Table 13

Twenty-six studies were selected for this systematic
review. All studies were retrospective with a good/fair
quality.

Recent articles report conversion from AGB and SG and
revision of RYGB and OAGB. Revisional MBS is currently
performed laparoscopically and robotically, with a growing
trend toward a robotic approach. Operative time and LOS of
revisional surgery were reduced with time and experience,
which could be comparable to those reported in the literature
for primary surgery.
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All revisional and conversional interventions lead to addi-
tional weight loss. Clavien—Dindo complications 3—4 ranged
from 0.9 to 26%. Mortality was lower than 1% for conversions
from restrictive procedures, and up to 11.9% was reported
after revisional stapling procedures. Revisional surgery
appeared to induce further remission from T2DM and HTN.

Recommendation

e [Indication for revisional surgery after MBS varies among
patients but may include insufficient weight loss, weight
regain, insufficient remission of comorbidities, and man-
agement of complications (e.g., gastroesophageal reflux).

e Due to its complexity, revisional MBS may be associated
with higher rates of perioperative complications. However,
revisional MBS induces satisfactory metabolic outcomes
with acceptable complications and mortality rates.

Level of Evidence 2b
Grade of recommendation B

Discussion (see Criteria Table 16)

The indications for MBS have not changed since the NIH
proposed them in 1991. In other words, the indications have
not kept up with the evolution of surgical technique from
open laparotomy to minimally invasive, the changing proce-
dure types, the improved safety of MBS, and the emerging
evidence on numerous health benefits of weight loss.
IFSO and ASMBS joined forces to tackle this major prob-
lem, and the new MBS guidelines were published in October
2022. Updated guidelines based on current literature and
data are vital as access to this life-saving surgery is still

very low despite the available evidence—in most countries,
access to MBS is less than 2% of eligible candidates.

This study systematically reviewed the best literature
available for the outcomes of MBS for various populations
with differing demographics and obesity-related complica-
tions. Eleven of the 13 criteria were supported by the litera-
ture. Where there was a lack of evidence, a Delphi process
was employed to achieve expert consensus. PRISMA Pros-
pect summarized the findings.

From these data, MBS impacted positively a range
of populations and settings. The majority of exam-
ined populations had Grade B recommendations for
the indications of surgery. Expert opinion (Grade D)
was only relied upon to strengthen the evidence for
the role of MBS in a few unique circumstances. This
includes patients with a BMI of 35-40 kg/m? who have
no comorbidities, patients with a concurrent need for
arthroplasty, and the role of the multidisciplinary team.
Particularly in the pediatric and adolescent populations,
the strength of the available data supported a Grade A
recommendation. Improved access to surgery in ado-
lescents was one of the two major new emphases of the
new IFSO/ASMBS guidelines.

This systematic review highlights the need for well-
designed RCTs or large prospective cohort studies to enable
better-informed decision-making for clinicians and patients.
Clinicians working in the field innately understand the ben-
efit of multidisciplinary teamwork. However, it has yet to be
proven in high-quality studies.

Just as the NIH indications from 1991 became out-
dated as surgical techniques, with a better understand-
ing of the pathophysiology of obesity and improved
perioperative safety, these current guidelines should be
regularly revisited when new evidence emerges to inform
treatment decisions.

@ Springer



4086

Obesity Surgery (2024) 34:3963-4096

List of Delphi consensus Experts
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First Name Last Name Country
Edo Aaarts Netherland
Ahmad Aly Australia
Ali Aminian USA
Luigi Angrisani Italy
Ahmad Abdallah Bashir Jordan
Estuardo Behrens Guatemala
Helmuth Thorlakur Billy USA
Sonja Chiappetta Italy
Jean-Marc Chevallier France
Ricardo Vitor Cohen Brazil
Maurizio De Luca Italy
Pierre Y Garneau Canada
Khaled Aly Gawdat Egypt
Ashraf Haddad Jordan
Jacques M Himpens Belgium
Farah Anwari Husain USA
Angelo lossa Italy
Mohammad ermansaravi Iran
Shanu Nikhil Kothari USA
Lilian Kow Australia
Marina Kurian USA
Teresa LeAnn [LaMasters USA
Silvia eite Faria Brazil
Ken Wing King Loi Australia
Kamal K Mahawar UK
Corrigan Lee McBride USA
Giovanni Merola Italy
Monali Misra USA
Abdelrahman Ali Nimeri USA
Joe Northup USA
Mary O’Kane UK
Pavlos Papasavas USA
Richard M Peterson USA
Giacomo Piatto Italy
Luis Poggi Peru
Jaime Ponce USA
Gerhard Prager Austria
Janey Sue Andrews Pratt USA
Almino Cardoso Ramos Brazil
Ann M Rogers USA
Paulina Salminen Finland
Nathaniel James Sann USA
John David Scott USA
Scott Alan Shikora USA
Michel Suter Switzerland
Salvatore Tolone Italy
Antonio Vitiello Italy
Cunchuan Wang China
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Table 16 Summary of recommendations with their grade and level of evidence
Criteria PRISMA and DELPHI Appen- Level of Grade of Recommendation References
dix/ evidence recommen-
Table dation
MBS for BMI 30-34.9 kg/m2 PRISMA 1 2a B MBS is recommended for patients [7-35]
with BMI 30-34.9 kg/m? with
T2DM and/or other obesity-
associated medical problems
MBS for BMI 35-40 kg/m? PRISMA 2 5 D MBS is recommended regardless -
without obesity-associated Insufficient data of the presence, absence, or
comorbidities DELPHI severity of obesity-associated
medical problems
BMI thresholds in the Asian PRISMA 3 2a B Access to MBS should not be [36-54]
population denied solely based on the BMI
MBS in the older population PRISMA 4 2a B There is no evidence to support an [55-72]
age limit
MBS for pediatric and adoles- PRISMA 5 1b A MBS is safe in the popula- [76-117]
cents tion younger than 18 years,
produces durable weight loss,
and improves obesity-associated
medical problems
MBS prior to joint arthroplasty PRISMA 6 2b B MBS can be considered a bridge [120-141]
Conflicting data to joint arthroplasty in patients
DELPHI with BMI >30 kg/m?
MBS and abdominal wall hernia ~ PRISMA 7 2b B In patients with severe obesity [143-165]
repair and an abdominal wall hernia,
MBS-induced weight loss is
suggested before hernia repair
MBS prior to organ transplanta- ~ PRISMA 8 2b B Published data supports consider-  [166—189]
tion ing patients in need of SOT first
to undergo MBS to improve
their eligibility for transplanta-
tion
MBS for BMI >60 kg/m2 PRISMA 9 2a B MBS is safe and effective in [192-238]
patients with BMI >60 kg/m?
MBS in patients with liver cir- PRISMA 10 2b B MBS is associated with a reduc- [239-253]
rhosis tion of progression of MAFDL
to cirrhosis
MBS in patients with heart failure PRISMA 11 2b B MBS can be a useful treatment [254-271]
adjunct in patients with obesity
and heart failure
Multidisciplinary care PRISMA 12 2c B Despite the low evidence level, [272-284]
MDT is at present the unmodifi-
able core of pre- and post-opera-
tive obesity management
Revisional surgery PRISMA 13 2b B Revisional MBS induces satisfac-  [285-310]

tory metabolic outcomes with
acceptable rates of complica-
tions and mortality

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11695-024-07370-7.
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