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Abstract

Background: The optimal surgical weight loss procedure for patients with a BMI of 50kg/m? or more is uncertain. This study com-
pared distal Roux-en-Y gastric bypass (RYGB) with standard RYGB.

Methods: In this double-blind RCT, patients aged 18-60 years with a BMI of 50-60 kg/m? were allocated randomly to receive standard
(150 cm alimentary, 50 cm biliopancreatic limb) or distal (150 cm common channel, 50 cm biliopancreatic limb) RYGB. The primary
outcome (change in BMI at 2years) has been reported previously. Secondary outcomes 5years after surgery, such as weight loss,
health-related quality of life, and nutritional outcomes are reported.

Results: Between May 2011 and April 2013, 123 patients were randomized, 113 received an intervention, and 92 attended 5-year
follow-up. Mean age was 40 (95 per cent c.i. 38 to 41) years and 73 patients (65 per cent) were women; 57 underwent standard RYGB
and 56 distal RYGB. BMI was reduced by 15.1 (95 per cent c.i. 13.9 to 16.2) kg/m? after standard and 15.7 (14.5 to 16.9) kg/m? after distal
RYGB; the between-group difference was —0.64 (—2.3 to 1.0) kg/m? (P =0.447). Total cholesterol, low-density lipoprotein cholesterol,
and haemoglobin Alc levels declined more after distal than after standard RYGB. High-density lipoprotein cholesterol levels in-
creased more after standard RYGB. Vitamin A and vitamin D levels were lower after distal RYGB. Changes in bone mineral density,
resting metabolic rate, and total energy intake were comparable.

Conclusion: Distal RYGB did not enable greater weight loss than standard RYGB. Differences in other outcomes favouring
distal RYGB may not justify routine use of this procedure in patients with a BMI of 50-60kg/m?. Registration number: NCT00821197
(http://www.clinicaltrials.gov).

Presented in part as abstract to the IFSO (International Federation for the Surgery of Obesity and Metabolic disorders) conference,
Madrid, Spain, August 2019.

Introduction Increasing malabsorption by lengthening the alimentary limb

Bariatric surgery may ensure significant weight loss and im-
proved health in patients with severe obesity®. Roux-en-Y gastric
bypass (RYGB) has shown good long-term outcomes with regard
to weight loss, co-morbidities, and health-related quality of life
(HRQoL)?.

BMI exceeds 50kg/m? in a large subset of individuals with se-
vere obesity®. More than half of these patients may have a BMI of
over 40kg/m? 5 years after standard RYGB®. Greater weight loss is
achieved after biliopancreatic diversion or duodenal switch, but
increased malabsorption may cause nutritional deficiencies and
diarrhoea®”.

A RYGB is typically constructed with an alimentary limb
(Roux limb) for gastrojejunal bypass of about 100-150cm.

has been suggested as a means of increasing weight loss, but no
firm conclusions have yet been made®.

An RCT™ with two profoundly different lengths of alimentary
limb, and with a fixed biliopancreatic limb length, was con-
ducted; a standard RYGB (alimentary limb 150 cm) was compared
with a distal RYGB (very long alimentary limb with a common
channel of 150cm). If the principle of elongation of the alimen-
tary limb in RYGB promotes greater weight loss, this study would
reveal the differences. However, no differences in weight loss
were observed after 2 years.

This follow-up study investigated whether the distal
RYGB would increase weight loss at 5years. Adverse events, nu-
tritional outcomes, HRQoL, cardiometabolic risk factors and
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gastrointestinal side-effects were also evaluated. Finally, mecha-
nisms of weight loss were explored by evaluation of energy intake
and energy expenditure.

Methods
Trial design and participants

A double-blind, parallel-group, RCT was performed. Between May
2011 and April 2013, all patients referred for bariatric surgery
aged 20-60 years with BMI of 50-60kg/m? were assessed for study
inclusion at two public tertiary-care institutions in Norway (Oslo
University Hospital and Vestfold Hospital Trust). Exclusion crite-
ria comprised previous bariatric or major abdominal surgery, kid-
ney stones, chronic liver disease, and conditions associated with
poor compliance. Five-year follow-up was completed by
September 2018. Details of the study design have been reported
previously'’. Permuted-block randomization was undertaken.
Eligible patients were assigned randomly to standard or distal
RYGB in a 1: 1 allocation ratio. Patients, follow-up study person-
nel at the outpatient clinics, and the statistician were unaware of
the treatment allocation.

The study was approved by the Regional Ethics Committees
for Medical and Health Research and registered in
ClinicalTrials.gov (NCT00821197). All patients provided written
and informed consent.

Interventions and follow-up

Both procedures were performed using an antegastric, antecolic
Roux-en-Y configuration with a gastric pouch of about 25ml and
a biliopancreatic limb of 50 cm. In standard RYGB, the alimentary
limb length was 150 cm from the gastrojejunostomy to the jeju-
nojejunostomy**. A common channel length of 100 cm or more is
assumed necessary to reduce the risk of nutritional deficiencies
related to malabsorption'®. In distal RYGB, the jejunoileostomy
was therefore established 150cm from the ileocaecal junction.
Vitamin and mineral prescriptions were identical for both groups,
and adjusted during follow-up according to defined algorithms*®.
Follow-up consultations were scheduled at 6weeks, 6 months,
and 1, 2, and 5 years after surgery. Bodyweight and body composi-
tion (fat mass, fat-free mass) were measured to the nearest 0.1kg
(Tanita®-BC 418 MA; Tanita Corporation, West Drayton, UK) with
light clothing and no shoes.

Definitions of co-morbidities and adverse events

Medical conditions, medical visits, hospital admissions, opera-
tions, medications, and supplements were registered at the con-
sultations according to the patient’s own reports using
predefined standard case record forms, and relevant data were
retrieved from available medical files. Definitions of medical
conditions can be found in Table S1. All adverse events requiring
intervention up to 5 years were recorded.

Dual-energy X-ray absorptiometry

Dual-energy X-ray absorptiometry (DXA) scans were performed
of the lumbar spine (L1-L4), left hip, and left proximal femur at
both centres. At Vestfold Hospital Trust, all patients were exam-
ined with a Hologic® Delphi W instrument (Hologic®, Bedford,
MA, USA); at Oslo University Hospital, a GE Lunar Prodigy
(General Electric Company®, Chicago, IL, USA)was used until 26
August 2016, when it was replaced by a GE Lunar iDXA. Cross-cal-
ibration of the two DXA scanners has been published previ-
ously”®. Areal bone mineral density (aBMD), t-scores, and

z-scores were calculated with enCore version 17 software (GE
Medical Systems©, Madison, WI, USA) based on a large database
of reference populations from the NHANES I-IIl and Lunar stud-
ies provided by the manufacturer. The database contains data
from healthy adults and allows correction of measured values
based on age, sex, and ethnicity™*.

Blood samples

Blood samples were drawn after an overnight fast. Vitamins,
lipids, bone markers (carboxyl terminal telopeptide of type 1 col-
lagen (CTX), procollagen type 1 N-terminal propeptide, and bone-
specific alkaline phosphatase) were analysed by the hormone
laboratory at Oslo University Hospital.

Patient reported outcome measures

Generic HRQoL was evaluated using the Short Form 36 Health
Survey (SF-36%) version 1 and 2 (4-week recall) survey at baseline,
and 1, 2 and Syears after surgery™. SF-36° was scored using
Health Outcomes scoring software version 5.1 (Optum® Eden
Prairie, MN, USA). Obesity-related quality of life was assessed us-
ing Obesity and Weight-Loss Quality of Life (OWLQOL) and
Weight Related Symptom Measure (WRSM) questionnaires at 1-,
2-, and 5-year follow-up'®".

At the 5-year follow-up, the Hospital Anxiety and Depression
Scale (HADS)*®*° the generic Three-Factor Eating Questionnaire-
R 21%°?!, the Gastrointestinal Symptoms Rating Scale (GSRS)??,
and a separate bowel function questionnaire reporting faecal
incontinence and constipation were completed by the
patients®*?, Dietary intake was evaluated by the Food Frequency
Questionnaire self-report, estimating the percentage energy in-
take from protein, fat, carbohydrate, and alcohol®*. The HADS
questionnaire was translated to depression (HADS-D) and anxiety
(HADS-A) domains. A cut-off point of 8 or more yields an ade-
quate sensitivity and specificity for clinically relevant symptoms
of depression or anxiety ™.

Resting metabolic rate

After Syears, study participants at Vestfold Hospital Trust were
offered examination of resting metabolic rate (Metalyzer®, Cortex
2; Biophysik, Leipzig, Germany). Patients met after overnight fast-
ing at 08.00 hours and had been instructed to avoid physical exer-
cise for 48h. In a mixing chamber, oxygen, carbon dioxide, and
ventilation were analysed every 10s. The patients were lying re-
laxed at 45° in a dark quiet environment for 30 min. The exhaled
air was analysed continuously through a facemask (V2; Hans
Rudolph, Shawnee, KS, USA) and data were calculated from
15 min in the middle of the test.

Statistical analysis

It was estimated that 88 patients would ensure a power of more
than 80 per cent to detect a difference in BMI between the study
groups of 3.0kg/m? 2years after surgery (primary endpoint). To
allow for potential lost to follow-up, 113 patients were included
in total*™.

Linear mixed models were fitted to all continuous variables
with three or more repeated measurements. The models in-
cluded fixed effects for treatment group, time, and treatment x
time interaction, and a random intercept. Following model fit,
mean values, changes from baseline, and between-group differ-
ences in changes from baseline were estimated with 95 per cent
confidence intervals. Comparisons of non-repeated continuous
variables were made using independent-samples t test and
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Mann-Whitney U test as appropriate. Adverse events and other
categorical variables were analysed with chi® tests and Fisher’s
mid-P tests (sparse data)”®. Statistical analyses were performed
with Stata/SE® version 16 (StataCorp, College Station, TX, USA),
Matlab® R2014a (Matrix Laboratory, The Mathworks Inc,
Natick, MA, USA) and SPSS® version 25 (IBM, Armonk, NY, USA).
Missing data for patient-reported outcome measures were han-
dled according to scale instructions. If no instructions were
available, missing data were not imputed.

Results

After Syears, 92 of 113 patients (81 per cent) attended follow-up
consultations; 48 (84 per cent) had undergone standard RYGB
and 44 (79 per cent) distal RYGB (Fig. 1). Patient characteristics
and demographics at baseline and follow-up are shown in Table 1.
Four patients, two from each group, were deblinded during
follow-up because of medical emergencies.

Bodyweight and BMI

The mean reduction in BMI was 15.1 (95 per cent c.i. 13.9 to 16.2)
kg/m? after standard RYGB and 15.7 (14.5 to 16.9) kg/m? after dis-
tal RYGB (Table 2). The mean between-group difference was —0.64
(=2.3 to 1.0)kg/m? (P=0.447) (Table 2). Mean percentage total
weight loss was 28.9 (25.8 to 32.0) and 29.9 (26.8 to 32.9) per cent
respectively. The mean between-group difference was —1.0 (—3.3
to 5.2) per cent (P=0.66). Weight development and BMI trajecto-
ries for individual patients over 5years are displayed in Fig. 2.

Body composition

Mean fat mass at 5years was 60.0 (95 per cent c.i. 54.9 to 65.1) kg
for standard RYGB and 56.1 (51.0 to 61.2) kg for distal RYGB, with
a mean difference between groups of 3.9 (-3.2 to 11.1)kg
(P=0.28). Mean fat free mass was 55.0 (49.1 to 60.8) and 52.8 (47.2
to 58.3) kg respectively, with a mean difference between groups
of 2.2 (5.8 t0 10.2) kg (P=0.59).

Accepted for bariatric surgery

and screened for eligibility
c n=1603
(0]
=
2
i Excluded n=1480
Not eligible n=405
Declined to participate n=39
Other reason n=36
Randomized
n=123
A\ 4 A 4
Allocated to standard gastric bypass n=61 Allocated to distal gastric bypass n=62
c Did not receive intervention n=4 Did not receive intervention n=6
-t% Withdrew consent n=2 Withdrew consent n=3
8 Perioperative exclusion owing to Pregnancy n=1
= exclusion criteria not revealed Intercurrent illness n=1
at inclusion Accident n=1
Received intervention as randomized n=57 Received intervention as randomized n=56
A 4 A 4
Completed follow-up at 6 weeks n=56 Completed follow-up at 6 weeks n=56
Lost to follow-up n=1
o Completed follow-up at 6 months n=56 Completed follow-up at 6 months n=56
= Lost to follow-up n=1
2 Completed follow-up at 1 year n=56 Completed follow-up at 1 year n=55
e Lost to follow-up n=1 Died n=1
Completed follow-up at 2 years n=55 Completed follow-up at 2 years n=55
Lost to follow-up n=2
Completed follow-up at 5 years n=48 Completed follow-up at 5 years n=44
Lost to follow-up n=9 Lost to follow-up n=11
L
¢ : |
g
< Included in analyses n=57 Included in analyses n=56

Fig. 1 CONSORT diagram for trial of standard versus distal Roux-en-Y gastric bypass for patients with a BMI of 50-60 kg/m?
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Table 1 Patient characteristics at baseline and at 5 years in the RCT of standard versus distal Roux-en-Y gastric bypass

Baseline 5 years P§
Standard RYGB Distal RYGB Standard RYGB Distal RYGB
(n=57) (n=56) (n=48) (n=44)

Demographics
Age (years)* 39.4 (9.3) 42.0(8.2) 441 (9.6) 46.8(7.7) 0.27
Women 36 (63) 37 (66) 31 (65) 29 (66) 0.89
Ethnicity, caucasian 57 (100) 55 (98) 48 (100) 43 (98) 0.29

General measures”
Weight (kg) 160 (20) 157 (17) 114 (22) 110 (18) 0.54#
BMI (kg/m”) 53.3(2.5) 53.6 (3.3) 38.2 (6) 37.9 (6) 0.454
Systolic BP (mmHg) 131 (16) 138 (17) 127 (16) 126 (13) 0.01#
Diastolic BP (mmHg) 80 (11) 80 (12) 8(9) 81(8) 0.52#

Medical conditions and medications
Diabetes mellitus type 2 14 (25) 19 (34) 1(2) 2 (5) 0.42
Use of glucose-lowering medication 10 (18) 14 (25) 1(2) 1(2) 0.75
Insulin use 3(5) 2(4) 0 (0) 0 (0) 0.50
Diabetes resolution complete 6 (13) 10 (23) 0.20
Hypertension 33 (58) 34 (61) 11 (23) 12 (27) 0.63
Use of antihypertensive medication 22 (39) 26 (46) 7 (15) 6 (14) 0.90
Dyslipidaemia 46 (81) 50 (89) 19 (40) 14 (32) 0.44
Use of lipid-lowering medication 4(7) 9 (16) 1(2) 1(2) 0.75
Metabolic syndrome 41 (72) 41 (73) 9(19) 10 (23) 0.64
OSAS 21 (36) 19 (34) 1(2) 3(7) 0.23
CPAP-dependent OSAS 17 (30) 14 (25) 1(2) 2(4) 0.42
Joint pain 33 (58) 40 (71) 11(23) 15 (34) 0.23
Depression 13 (23) 9 (16) 6 (13) 8 (18) 0.45
Urinary incontinence 10 (18) 13 (23) 3(6) 2(5) 0.83
Gastro-oesophageal reflux diseaset 14 (25) 16 (29) 2(4) 6 (14) 0.10
Hypothyroidism 3(5) 11 (20) 1(2) 6 (14) 0.03
Current smoker 8 (14) 14 (25) 4(8) 1(2) 0.28
Secondary hyperparathyroidism 12 (21) 12 (21) 18 (38) 26 (59) 0.04
Anaemia 5 (9) 5 (9) 8 (17) 7 (16) 0.92
Iron deficiency 11 (19) 11 (20) 12 (25) 18 (41) 0.10
Vitamin deficiencies (all)t 35 (61) 36 (64) 17 (35) 21 (48) 0.23
Vitamin D deficiency 33 (58) 32 (57) 13 (27) 17 (39) 0.24

Values in parentheses are percentages unless indicated otherwise; *values are mean (s.d.). tDefined by use of proton pump inhibitors and/or described in medical
record. $Deficiencies in vitamin A, vitamin B1 (thiamine), vitamin B2 (folate), B12, and/or 25-hydroxyvitamin D. RYGB, Roux-en-Y gastric bypass; OSAS, obstructive
sleep apnoea; CPAP, continuous positive airway pressure. §x° test (or Fisher mid-P test when number smaller than 5) for comparisons between groups at 5 years,
except. findependent-samples t test and #mixed-model analysis of repeated measurements.

Co-morbidity

The mean reduction in HbAlc and fasting glucose were greater
after distal RYGB, as were mean levels of total and low-density li-
poprotein (LDL) cholesterol. Mean high-density lipoprotein (HDL)
cholesterol levels increased more after standard RYGB (Table 2).
Co-morbidities at baseline and after 5Syears are summarized in
Table 1. There were no differences between groups in prevalence
of type 2 diabetes, hypertension, dyslipidaemia or metabolic syn-
drome at 5years (Table 1).

Adverse events

Sixteen patients (28 per cent) had repeat abdominal surgery after
standard RYGB and 10 (18 per cent) after distal RYGB (P=0.20)
(Table 3). Two patients with a distal RYGB underwent lengthening
of the common channel owing to malabsorption, and in one pa-
tient the standard RYGB was reversed because of intractable
hypoglycaemic episodes. One patient died from liver failure
12 months after distal RYGB.

Nutritional status

At the 5-year follow-up, vitamin A levels were reduced after dis-
tal RYGB only. 25-Hydroxyvitamin D levels increased after stan-
dard RYGB. Thiamine and folate levels increased after both
procedures, with a greater increase after distal RYGB. Changes

and developments in nutritional variables during the observa-
tion period are shown in Table 4. In total, 13 patients (27 per
cent) who had standard RYGB and 17 (39 per cent) who under-
went distal RYGB had 25-hydroxyvitamin D levels below the rec-
ommended value (less than 20ng/mL) (P=0.24). Twenty-six (54
per cent) and 23 (52 per cent) patients used oral nutritional sup-
plementation Syears after standard and distal RYGB respec-
tively (P=0.29).

Bone mineral density and serum bone markers

At 5-year follow-up, there were no between-group differences in
aBMD (Table S2). Two patients were prescribed bisphosphonates
after distal RYGB before follow-up. A third patient had a t-score
below —2.5 in a lumbar vertebra and a compression fracture in
Th12 after distal RYGB. Treatment with vitamin D was intensi-
fied and bisphosphonate treatment initiated. CTX-1 and para-
thyroid hormone levels, and the prevalence of secondary
hyperparathyroidism increased more after distal RYGB (Table 1
and Table S3).

Patient-reported outcome measures

Quality of life, anxiety, and depression

The SF-36° physical component summary scale scores improved
from baseline to 5 years, with no differences between groups. The
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Table 2 Baseline, and 2- and 5-year outcomes after standard or distal Roux-en-Y gastric bypass

Mean value Mean change Mean P for
from baseline between-group between-group
Baseline 2years 5 years to 5 years difference in difference
(Standard n=57) (Standard n = 55%) (Standard n = 48") changes from
(Distal n=56) (Distal n = 55%) (Distal n = 44%) baseline to 5 years

Weight (kg)
Standard  160.2 (155.6,164.8)  103.7 (99.1,108.3)  114.4(109.7,119.2) —45.7 (—49.3, —42.2) —1.58 (—6.6, 3.5) 0.540
Distal 157.4 (152.7,162.0)  103.6(99.0,108.3)  110.0 (105.2,114.8) —47.3 (-50.9, —43.7)

BMI (kg/m?)
Standard 53.3(52.1, 54.6) 34.7 (33.5, 36.0) 38.2(37.0, 39.5) —-15.1(-16.2, —-13.9) —0.64 (-2.3,1.0) 0.447
Distal 53.6 (52.4, 54.9) 35.5 (34.3, 36.8) 37.9(36.6,39.2)  —157(—16.9, —14.5)

Systolic BP (mmHg)
Standard 131 (127, 135) 124 (120, 128) 127 (123, 131) —42(-8.1,-02) —-75(-13.2,-1.8) 0.010
Distal 137 (133, 141) 128 (124, 132) 126 (121, 130) —11.7 (-15.7, =7.6)

Diastolic BP (mmHg)
Standard 80 (77, 82) 77 (75, 80) 80 (78, 83) 0.6 (—2.1,3.3) -1.3(-5.1,2.6) 0.515
Distal 81 (79, 84) 80 (78, 83) 80 (78, 83) —0.7(=3.4,2.1)

Glucose (mg/dl)
Standard  106.2 (99.0, 111.6) 88.2 (82.8, 95.4) 91.8 (86.4, 99.0) —12.7(-198,-72)  —10.1(-18.7, -1.3) 0.025
Distal 113.4 (108.0, 118.8) 86.4 (81.0, 93.6) 90.0(82.8,97.2) —23.4 (—30.6, —18.0)

HbA1c (%)
Standard 6.1(5.8,6.3) 5.3(5.1,5.5) 5.4(5.2,5.6) —0.6 (0.9, -0.4) —0.3 (-0.6, —0.04) 0.03
Distal 6.2 (6.0, 6.4) 5.1(4.9,5.3) 5.2 (5.0, 5.4) ~1.0(-1.2, -0.8)

HbA1c (mmol/mol)
Standard 41 (39, 43) 34 (32, 37) 36 (33, 38) —5.2(-7.2,-3.2) —3.5(=6.4, —0.6) 0.018"*
Distal 42 (40, 44) 32 (30, 34) 33 (31, 36) —8.7 (—10.8, —6.6)

Total cholesterol (mg/dl)
Standard  198.7 (191.0,206.3)  166.3(158.5,174.0) 172.7 (164.6,180.8) —26.0(—33.2,-18.8) —38.2(—48.6,-27.7) <0.001
Distal 2037 (196.0,211.5) 134.6(126.8,142.5) 139.6 (131.3,147.9) —64.1 (—71.6, —56.6)

HDL (mg/dl)
Standard ~ 43.8 (40.8, 46.8) 59.9 (56.9, 63.0) 59.3 (56.1, 62.5) 15.5(12.7, 18.3) —-5.9(-10.0, -1.9) 0.004
Distal 447 (41.6,47.7) 52.8(49.7,55.9) 54.2 (50.9, 57.5) 9.5(6.6,12.5)

LDL (mg/dl)
Standard  124.0 (117.4, 130.7) 83.5(81.8,95.3) 101.5(94.5,108.5)  —22.5(-28.9,-16.2) —32.2(—-41.3,-23.1) <0.001
Distal 1284 (121.7,135.1)  64.9(58.1,71.8) 73.6 (66.4,80.9)  —54.7 (—61.3, —48.2)

Triglycerides (mg/dl)
Standard  156.5 (144.0,169.1)  92.7 (79.9, 105.6) 99.2 (85.9,112.6)  —57.3(—70.1,—44.6)  —10.7 (-29.0,7.6) 0.252
Distal 156.4 (143.7, 169.1) 86.6 (73.6,99.6) 88.4 (74.6,102.1) —68.0 (—81.2, —54.9)

CRP (mg/dl)
Standard 1.3(1.0,1.5) 0.2(0.0,0.4) 0.2(0.0,0.4) -1.1(-1.4,-08) -0.3(-0.7,0.2) 0.292
Distal 1.5(1.3,1.7) 0.2 (0.0,0.5) 0.1(0.0,0.4) —14(-1.7,-1.0)

Values in parentheses are 95 per cent confidence intervals. ‘Attended follow-up. HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; CRP, C-reactive protein. Linear mixed-model analysis for 113 patients included at baseline. Values for HbAlc were converted from percentages to

mmoles per mole, then analysed with mixed models.

mental component summary scale scores remained unchanged
(Table S4 and Fig. S1). OWLQOL scores improved from baseline,
with no difference between groups (Table S4). WRSM scores de-
creased comparably (Table 4), illustrating the decreased burden of
obesity-related symptoms experienced by both groups. There
were no between-group differences in anxiety or depression
scores at follow-up (Table S5).

Eating behaviour

Eating behaviour scores did not differ between groups 5years af-
ter surgery. Three patients had eating disorders during follow-up
according to psychiatric evaluations (1 after standard RYGB, 2 af-
ter distal RYGB; P=0.80) (Table S5).

Gastrointestinal symptoms

The GSRS questionnaire revealed more symptoms of diarrhoea
Syears after distal RYGB, with a mean score difference of —0.72
(95 per cent ci. -1.32 to —0.13) between groups (P=0.02)
(Table S6). There were no differences in symptoms of indigestion,
constipation, abdominal pain or reflux between the groups
(Table S6).

Energy intake, distribution of energy-yielding nutrients, and
resting metabolic rate

The mean total energy intake was 1952 (95 per cent c.i. 1648 to
2221) and 2341 (2002 to 2681) kcal/day after standard and distal
RYGB respectively (P=0.07) (Table S7). Percentage energy intakes
from protein, fat, carbohydrate, and alcohol were comparable, al-
though the absolute intake of protein was slightly higher after
distal RYGB, with a mean between-group difference of 17 (3 to 32)
g/day. Resting metabolic rate was assessed in 37 patients, with
no between-group differences (Table S8).

Discussion

It was hypothesized that elongation of the alimentary limb in
RYGB would increase weight loss in patients with a BMI of 50-
60kg/m?. However, at the 5-year follow-up, no differences were
found in BMI and percentage total weight loss between standard
and distal RYGB. Differences in cardiovascular risk factors in fa-
vour of distal RYGB were observed. After distal RYGB, patients
reported more frequent loose stools (diarrhoea), and two patients
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a Mean(s.d.) weight development in each group, and BMI trajectories for individual patients who underwent b standard or ¢ distal Roux-en-Y gastric bypass (RYGB),
over 5years. At baseline, 57 patients were allocated to standard and 56 to distal RYGB. At study consultations 6 weeks, 6 months, and 1, 2, 3, 4 and 5 years after
standard RYGB, 56, 56, 56, 55, 52, 49, and 48 patients attended follow-up. The corresponding figures for distal RYGB were 56, 56, 55, 55, 49, 43, and 44.

were reoperated with elongation of the common channel because
of protein malabsorption.

With an average total small bowel length of about 6.5 m, the
alimentary limb length of the distal RYGB would be about 3 m
longer than that for the standard RYGB®. Most bariatric proce-
dures have been designed based on an assumption that weight
loss can be promoted through restriction of food intake, malab-
sorption or a combination of these mechanisms. However, physi-
ological mechanisms that have an impact on hunger, meal
satiety, food preferences, and energy expenditure may be more
prominent contributors to weight loss?®.

Biliopancreatic diversion with duodenal switch promotes weight
loss by shortening the common channel and thereby challenges the
physiological limits for macronutrient absorption. As the large dif-
ference in alimentary limb length in the study groups did not affect
weight loss in the present study, the gastrojejunal bypass per se, and
not the length of the alimentary limb, emerges as a plausible major
contributing mechanism to weight loss after RYGB.

The authors?” have previously reported higher food and calo-
ric intake after duodenal switch compared with standard RYGB.
A previous report*® documented similar basal metabolic rates
4-7years after either duodenal switch or standard RYGB in
patients with a BMI of 50-60kg/m?® Theoretically, patients
could compensate for malabsorption after distal RYGB with in-
creased food intake or a modified metabolic rate. To explore
these mechanisms, approximate energy intake and resting

metabolic rate were estimated after 5Syears. It was observed
that patients had slightly higher protein intake after distal
RYGB; however, the total energy intake, although numerically
higher after distal RYGB, was not statistically significant from
that after standard RYGB. The resting metabolic rate was simi-
lar across the two groups, as were the mean estimated fat mass
and fat-free mass.

Findings from long-term non-randomized studies range from
comparable to improved weight loss following distal RYGB, but
with concerns regarding adverse nutritional effects® . Major con-
founders in previous comparative studies were patient selection
and lack of standardization of the RYGB intestinal limb lengths.

Distal RYGB has been performed for weight regain after standard
RYGB, with improved weight loss®’. In a systematic review®, a long
biliopancreatic limb appeared superior to a shorter limb in terms of
weight loss after redo surgery. For the present study, a 150-cm com-
mon channel in the distal RYGB was used, to reduce the risk of nu-
tritional deficiencies. A shorter common channel may have
resulted in greater weight loss, but probably with a risk of severe
malabsorption, as previously shown for distal RYGB?’. The Dutch
DUCATI randomized trial***! of standard versus distal RYGB with a
common channel of 100 cm may shed further light on this.

As for RYGB in general, co-morbidities such as type 2 diabetes,
hypertension, and dyslipidaemia improved after both procedures.
The reductions in fasting serum glucose and HbAlc remained
greater after distal RYGB, as also found after 2years'®. The
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Table 3 Adverse events requiring intervention up to 5 years after laparoscopic standard or distal Roux-en-Y gastric bypass

Standard RYGB Distal RYGB Pt
(n=57) (n=56)
Patients with adverse events 40 (70) 47 (84) 0.08
Total no. of adverse events 130 153 0.08
Patients who had abdominal operations 16 (28) 10 (18) 0.20
No. of abdominal operations 28 12 0.09
Patients admitted to hospital for all reasons 31 (54) 31(55) 0.92
No. of hospital admissions for all reasons 52 56 0.78
Patients with plastic surgical procedures 5(9) 4(7) 0.75
No. of plastic surgical procedures 7 5 0.73
Deaths 0 1(2) 0.50
Adverse events (0-30 days)*
No adverse events 52 (91) 46 (82)
Mild complications 4 2
Pneumomediastinum 1 0
Haematoma 1 1
Haematochezia 0 1
Superficial skin burn from warm liver retractor 1 0
Hypertension 1 0
Moderate complications 1 2
Urinary tract infection 1 0
Intra-abdominal abscess 0 1
Melaena 0 1
Severe complications 0 6
Small bowel obstruction 0 2
Intra-abdominal bleeding 0 1
Leakage (enteroenteroanastomosis) 0 1
Small bowel perforation 0 1t
Ventral hernia recurrence 0 1
Death 0 0
Adverse events (30 days to 5 years)
Gastrointestinal
Internal herniation 8 (14) 1(2) 0.02
Gastrojejunal ulcer 2 (4) 3(5) 0.52
Small bowel obstruction 1(2) 1(2) 0.75
Incisional hernia 1(2) 3(5) 0.24
Acute liver failure 0 1(2) 0.25
Cholecystitis, cholelithiasis, cholecystectomy 2 (4) 3(5) 0.52
Appendicitis, appendicectomy 1(2) 1(2) 0.75
Acute abdominal pain 9 (16) 11 (20) 0.59
Chronic abdominal pain 9 (16) 7 (13) 0.62
Diarrhoea 4(7) 12 (21) 0.03
Constipation 5(9) 1(2) 0.16
Nausea/vomiting 3(5) 2(4) 0.84
Gastro-oesophageal reflux disease 2 (4) 2(4) 0.80
Oesophagitis 0 1(2) 0.25
Other
Hypoglycaemia 7 (12) 11 (20) 0.29
Urolithiasis 4(7) 5(9) 0.62
Infectious disease 17 (30) 13 (23) 0.43
Depression 4(7) 3(5) 0.86
Anxiety 3(5) 4(7) 0.58
Fatigue 1(2) 2(4) 0.43
Eating disorder 1(2) 2 (4) 0.43
Alcoholism 1(2) 1(2) 0.75
Cancer 1(2) 2(4) 0.43
Arthrosis 3(5) 3(5) 0.84
Other (not categorized) 21 (37) 20 (36) 0.90

Values in parentheses are percentages. *Severity of complications graded according to the contracted Accordion classification of 30-day complications after
surgery. tThe patient underwent a second laparotomy owing to bleeding after removal of an abdominal drain. RYGB, Roux-en-Y gastric bypass. $y” test or Fisher's

mid-P test (sparse data).

change in lipids after distal RYGB are comparable to those
reported after other bariatric procedures, with greater reduction
of total and LDL-cholesterol, and less of an increase in HDL-cho-
lesterol, compared with standard RYGB*. The greater reduction
in LDL-cholesterol after distal RYGB is likely to be relevant for
cardiovascular risk reduction®.

Beside differences relating to nutritional outcomes, adverse
events were largely comparable in this study. Internal herniation

was more common after standard RYGB, although this result is po-
tentially biased by small numbers. The larger mesenteric defect af-
ter distal RYGB may reduce the risk of symptomatic herniation.
Levels of the bone turnover marker CTX-1 and parathyroid
hormone increased more after distal than standard RYGB. The
prevalence of secondary hyperparathyroidism was also higher af-
ter distal compared with standard RYGB, corresponding to find-
ings after 2years®!. Higher levels of bone turnover markers are
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Table 4 Nutritional measurements for patients before, and 2 and 5 years after standard or distal Roux-en-Y gastric bypass

Mean value Deficiency Mean value Mean value Deficiency Mean change Mean P for
at baseline at baseline* at2 years at 5 years at 5 years* from baseline between-group between-
(Standard (Standard Standard to 5 years difference in group
n=>57) n=55") (n=48") changes from difference
(Distal n=56) (Distal n=55t1)  Distal (n = 44t) baseline to 5 years
Vitamin A (ng/dl)
Standard 54.9 (51.6,58.2) 0 (0) 50.7 (47.3,54.0) 56.1(52.6,59.7) 0(0) 1.2(-2.4,4.7) —7.4(-12.6,-2.2) 0.005
Distal 54.4 (49.8,57.8) 0 (0) 50.7 (47.2,54.1) 48.2 (44.4,51.9) 0(0) —6.2 (-10.0, —2.4)
Vitamin D (ng/ml)
Standard 18.8 (16.8, 20.9) 35 (61) 23.0(20.9,25.2) 25.4(23.2,27.7) 13 (27) 6.6 (4.2,9.1) —4.4(-8.0,-0.9) 0.016
Distal 18.5 (16.4, 20.5) 32(57) 19.3(17.2,21.5) 20.7 (18.3,23.0) 17 (39) 2.2(-0.4,4.3)
Vitamin B12 (pg/ml)
Standard 414 (305, 523) 0(0) 802 (691, 913) 632 (513,752) 1(2) 219 (67, 370) —25(—243,192) 0.819
Distal 449 (339, 558) 0(0) 700 (588,812) 642 (517,767) 1(2) 193 (37, 349)
Vitamin B1 (thiamine) (nmol/l)
Standard 143 (135, 150) 0 (0) 153 (145, 160) 159 (151, 167) 0 (0) 16 (9, 23) 12 (2, 22) 0.021
Distal 147 (140, 155) 0(0) 167 (159, 175) 175 (167, 183) 0(0) 28 (21, 35)
Vitamin B9 (folate) (ng/ml)
Standard 4.9 (4.0,5.9) 7 (12) 8.0(7.0,9.0) 7.4 (6.3,8.4) 4(8) 2.4 (1.4,3.4) 1.6 (0.2,3.1) 0.026
Distal 5.5(4.5,6.5) 9 (16) 10.0 (9.0, 11.0) 9.5(8.5,10.6) 4(9) 4.0(3.0,5.)
Haemoglobin (g/1)
Standard 140 (136, 144) 4(7) 134 (131, 138) 137 (133, 141) 9(19) -3.1(-7.0,0.9) —0.2(-5.9,5.5) 0.948
Distal 141 (137, 144) 3(5) 137 (133, 141) 137 (133, 141) 6 (14) -3.3(-7.3,0.8)
Ferritin (ng/ml)
Standard 151 (124, 180) 4(7) 122 (94, 150) 78 (49, 108) 12 (25) —73(—103, —44) 17 (—26, 60) 0.439
Distal 142 (114, 170) 4(7) 98 (69, 126) 85 (55, 116) 12 (27) —56 (—87, —26)
Albumin (g/dl)
Standard = 4.4 (4.3,4.4) 0 (0) 43 (4.2,4.4) 4.2(4.1,4.3) 2(4) -0.2(-0.2,-0.1) -0.1(-0.2,0.01) 0.069
Distal 43(4.2,4.4) 0(0) 41(4.1,4.2) 4.0(4.0,4.7) 2(4) -0.3(-0.3,-0.2)

Values in parentheses are 95 per cent confidence intervals unless indicated otherwise: *values in parentheses are percentages. tAttended follow-up. Vitamin and
mineral prescriptions were identical for both groups: oral daily one tablet of multivitamins, 1000 mg calcium carbonate, 800 units vitamin D3, and 65-200 mg iron.
Intramuscular vitamin B12 was recommended every third month. Definitions of vitamin deficiencies: vitamin A, less than 10 pg/dl (less than 0.35 pmol/l)
(refererence 20-80 pg/dl); vitamin B1 (thiamine), less than 70 nmol/1 (reference 95-200 nmol/l); vitamin B9 (folate), less than 3 ng/ml (less than 7 nmol/l) (reference
340-1020 ng/ml); vitamin B12, less than 200 pg/ml (less than 150 pmol/l) (reference 200-1000 pg/ml); 25-hydroxyvitamin D, less than 20ng/ml (50 nmol/l) (reference
over 30ng/ml), and/or increased substitution therapy. Linear mixed-model analysis for 113 patients included at baseline.

associated with faster bone loss and predict fractures, even after
adjustment for aBMD*™’. No-between group differences in
aBMD were observed at 5years. However, after distal RYGB three
patients had an indication for antiosteoporotic treatment. Distal
RYGB may thus have a more substantial negative effect on bone
health.

Strengths of this study include the comprehensive evaluations
at multiple time points, long-term follow-up, high rate of atten-
dance, and the double-blinded randomized controlled design.
Limitations include that the study was not powered to assess dif-
ferences in the secondary endpoints. The number of patients
available for analyses of resting metabolic rate was limited, and
these results in particular should be interpreted with caution.
Restricting the BMI at study inclusion to 50-60kg/m? could limit
the generalizability of the findings. The entire length of the small
intestine was not measured so the total intestinal limb lengths of
individual patients is not known.

Elongation of the alimentary limb does not enable increased
long-term weight loss after RYGB. The differences observed in
other outcomes may not justify routine use of this procedure in
patients with a BMI of 50-60 kg/m?.
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