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Abstract

Background: Bariatric surgery is one the most effective treatments for obesity related
diabetes, while Roux-en-Y gastric bypass (RYGB) is among most frequently performed
bariatric procedures. Previous reports suggest that type 2 diabetes (T2D) metabolic
control and remission rate could be improved by increasing the RYGB biliopancreatic
limb length, although the available data is scarce. The aim of this study was thus to access
the influence of the biliopancreatic limb length in T2D metabolic improvement and
remission rate as compared to the classical RYGB procedure.

Methods: A cohort of obese T2D patients (n=104) submitted either to classical (n=41;
mean BL length 84 + 2 cm) or long biliopancreatic limb (n=74; BL = 200 cm) RYGB
procedure were prospectively evaluated for weight loss and diabetes status up to 5 years
after surgery.

Results: T2D remission rates were significantly higher in the long biliopancreatic limb
RYGB group when compared to the classical variant (77.61% and 74.55% vs 56.76% and
50% at 36 and 48 months). In addition, diabetes relapse rate and the anti-diabetic drugs
requirements in patients with persistent diabetes were also significantly lower in the long
biliopancreatic limb RYGB group. Patients who underwent T2D remission had a
significantly shorter preoperative duration of the disease when compared to the ones in
whom the disease persisted in the classical RYGB group, a difference that was not found
in the long limb RYGB group. Patients undergoing T2D remission after long
biliopancreatic limb group were characterized by having a lower HOMA-IR, while those
that remitted after the classical procedure presented higher HOMA-B levels, when
compared to patients in whom T2D persisted. These differences persisted when
comparing nondiabetic patients from both groups.

Conclusion: The long biliopancreatic limb RYGB increases T2D metabolic control and
remission rate, while decreasing disease relapse rate when compared to the classic
procedure control. The anti-diabetic effects of the long biliopancreatic limb RYBG are
associated with a higher decrease in HOMA-IR and seem to be less influenced by the pre-

operative duration of the disease.

Keywords: Obesity  Type 2 Diabetes ¢ Gastric Bypass ¢ Biliopancreatic Limb
Length « Diabetes Remission  Weight Loss



Resumo
Introducdo: A cirurgia bariatrica é considerada o tratamento mais eficaz para a diabetes

associada a obesidade, sendo o bypass gastrico em Y de Roux (RYGB) um dos
procedimentos mais utilizados. Resultados preliminares sugerem que o aumento do
comprimento da ansa biliar podera aumentar taxa de remissdo da diabetes tipo 2 (T2D),
apesar da evidéncia ser ainda escassa. O objetivo principal deste estudo € avaliar o
impacto do comprimento da ansa biliopancreética na remissdo ou melhoria metaboélica da
T2D.

Meétodos: Um coorte de doentes obesos diabéticos (n=104) submetidos a RYGB cléssico
(n=30; BL média = 84 + 2 cm) ou RYGB com ansa biliopancreatica longa (n=74; BL
média = 200 cm) foram prospectivamente avaliados ao longo de 5 anos apos a cirurgia
quanto a perda de peso e perfil de glicemico.

Resultados: Os doentes submetidos ao RYGB com ansa biliopancreatica longa
apresentam taxas de remissdo da T2D superiores aos doentes submetidos ao
procedimento classico (77,61% e 74,55% vs 56,76% e 50% aos 36 e 48 meses). A taxa
de recidiva da doenca e necessidade de terapéutica anti-diabética foi ainda
significativamente menor nos doentes submetidos a variante com ansa biliopancreatica
longa. Os doentes submetidos ao procedimento classico que obtiveram remissao da T2D
apresentavam uma duracgéo de doenca pré-operatdria significativamente inferior a dos que
permaneceram diabéticos, uma diferenca que néo se verificou apds o procedimento com
ansa biliopancreatica longa. Os doentes que entraram em remissdo apos 0 RYGB com
ansa biliopancreatica longa caracterizaram-se por apresentar um HOMA-IR
significativamente inferior enquanto os do grupo classico se caracterizaram por
apresentar um HOMA-$ significativamente superior quando comparados com 0s doentes
que permaneceram diabéticos. Estas diferencas prevalecem quando comparados o0s
doentes em remissao dos dois grupos.

Conclusdo: O RYGB com ansa biliopancreatica longa aumenta a taxa de controle
metabolico e remissdo da T2D, e diminui a taxa de recidiva da doenca quando comparado
com o procedimento classico. Estes efeitos parecem estar relacionados com a melhoria

do HOMA-IR e parecem nao ser influenciados pela duracédo pré-operatéria da diabetes.

Palavras Chave: Obesidade ¢ Diabetes tipo 2 « Bypass Gastrico « Tamanho da

Ansa Biliopancreatica « Remissdo da diabetes ¢ Perda de Peso
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Introduction

The worldwide increase in obesity prevalence has been accompanied by the parallel rise in
type 2 diabetes (T2D) (1, 2). It is estimated that in 2015, over 300 million people will be obese
(3). Around 23% of patients with morbid obesity have T2D, and, as so, T2D associated to obesity
also became a serious public health problem (4).

Bariatric surgery, originally devised as a weight management procedure, with the
demonstration of the ability to improve glycemic control (4, 5), reduce cardiovascular events rate
and mortality (6, 7), has soon emerged as an effective diabetes treatment. The significant and
sustained weight loss obtained after bariatric surgery is an essential mechanism underlying the
T2D metabolic improvement in overweight and obese diabetic patients (1, 8, 9). However,
glycemic improvement has often been found to precede or extend beyond weight loss, particularly
after Roux-en-Y gastric bypass (RYGB) and biliopancreatic diversion (BD) procedures, which has
led to raise the hypothesis that additional mechanisms besides weight loss might be involved in
the phenomena (2, 5).

RYGB is one of the most frequently performed bariatric procedures, advocated by some
authors to be the gold standard surgical treatment for obese patients with metabolic and
cardiovascular comorbidities (9, 10). T2D remission rate observed after RYGB could be as high
as 80%, which, although lower than the 95% reported for BD (11, 12), has a lower rate of metabolic
complications than the experienced after BD (13, 14).

RYGB results from the combination of a restrictive procedure with a moderate degree of
malabsorption that derives from reducing the gastric volume and excluding the duodenum and
proximal jejunum from the gastro-intestinal transit, thus creating three intestinal limbs: an
alimentary limb (AL), a biliopancreatic limb (BL) and a common limb (CL) (13). After the RYGB,
most patients experience a significant and sustained weight loss (8, 15), although 5 to 15% will
not achieve successful weight loss or significant resolution of obesity related comorbidities (14).
Therefore, modifications into the classical RYGB technique have been used empirically based on
the patients’ body mass index (BMI) with the aim of enhancing efficacy, most of which involved
altering the length of the various intestinal limbs (3). These have led to a series of reports using a
wide range of procedures with variable AL and BL lengths, which render comparisons difficult to
perform, as these are hampered by high variability of procedures for the same BMI range, small
patient samples, short term follow-up times and different diabetes remission criteria used (10, 16,
17). In the absence of head-head comparison studies, uncertainty regarding the ideal RYGB limb

lengths to achieve optimal metabolic outcomes persists (10, 18). Some previous reports, including
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our series, have shown that diabetes remission rate and metabolic improvement over a short follow
up time (< 5 years) was found to be higher than expected after the long BL RYGB (3, 19, 20),
however long term studies comparing the long BL RYGB with the classical procedure for weight
loss and metabolic outcomes focusing on diabetes remission were lacking.

The aim of this study was thus to access the influence of the long BL RYGB as compared
to the classical procedure in long term weight loss and metabolic improvement or remission of
T2D.



Methods

Obese patients with a BMI >35 kg/m2 that met the diagnostic criteria for T2D (HbAlc >
6.5% or fasting glucose >126 mg/dL on two different occasions with) at referral for surgical
treatment were retrieved from our prospective database of patients submitted to bariatric surgery
in a single public hospital between January of 2009 and December 2011 and enrolled in this study.
Patients who became pregnant or died during the study period were excluded from the analysis.

Patients (n=114) were either submitted to the long BL RYGB (n=73) or the classical RYGB
(n=41). The two RYGB surgical procedures were performed laparoscopically and diverged only
in the BL length, with a median of 84 £ 2 cm long (minimum 50 cm and maximum 90 cm) for the
classical RYGB and of 200 cm for the long limb variant, from herein designated as short limb (SL)
and long limb (LL) RYGB. The classical RYGB consisted in creating a 15-30 mL gastric pouch
at the expenses of the lesser curvatures of the stomach, dividing it at His angle’s right and
excluding the gastric fundus. Afterwards the proximal jejunum (alimentary limb) was divided and
anastomoses in an anterocolic position, regarding the gastric pouch, creating and 8 to 12 mm
diameter calibrated anastomosis. The proximal jejunum was anastomosed to the AL 120 cm
distally to the gastrojejunostomy. The long BL RYGB variant of the procedure was empirically
developed to be used is patients with T2D and metabolic syndrome. This variant consists in
creating a 120 cm length AL and a 200 cm length BL. The choice between of the surgical
technique was performed in a non-random way according to the surgeon’s preference empirically
based on the patients’ individual features in a “real world” scenario.

Patients were monitored by the same Obesity Treatment Multidisciplinary Team (MDT)
for a minimum of three years after the surgical procedures and by the patients” General Practitioner
(GP) thereafter. The percentage of patients lost to follow-up at 6, 12, 24, 36, 48 and 60 months
were, respectively, 4.9%, 9.8%, 9.8%, 12.2% and 2.4% for the SL group and 2.7%, 4.1%, 2.7%,
8.2%, 24.7%, 8.2% for the LL group, only with statistical difference at 48 months (p<0.01).

Patients’ data was either retrieved from our center prospective database of bariatric
patients, collected from the GP registries or by inviting patients for in hospital reassessment of the
diabetic status when the previous records were unavailable.

Collected data included height, body weight, HbAlc, fasting plasma glucose and insulin
and ongoing diabetes drug therapies. The anthropometric and biochemical parameters were used
to calculate the patient’s BMI, percentage of excess BMI loss (% EBMIL, calculated as
[[(preoperative BMI — postoperative BMI) + (preoperative BMI -25)] x100]), HOMA-IR



(calculated as [(insulin x fasting glucose) + 22.5]) and HOMA- B (obtained by [(20 x Insulin) +
(Fasting glucose -3.5)]).

T2D was considered to be in remission when HbA1c level was below 6.5% while off any
anti-diabetic drugs for at least six months.

Statistical Analysis:

Qualitative variables are expressed as number of cases and percentage (%), and the
quantitative variables are expressed as mean and standard error of the mean. The difference
between two independent experimental groups was evaluated using the unpaired Student t test for
normally distributed variables, and the Mann-Whitney U test for variables that did not meet the
normal parameters. To compare 3 or more independent groups with normal distribution we used a
simple analysis of variance (one-way ANOVA) with post-hoc Newman Keuls test. Kruskal-Wallis
ANOVA with Dunns post hoc was used to compare 3 or more groups when a sample did not meet
the criteria of normality. To compare 2 or more nominal variables, we used a chi-square test. To
correlate the different groups, a Pearson or Spearman correlation was used as the normality of the
samples. A p value <0.05 was considered statistically significant.

All statistical analyses were performed with the aid of the Graphpad Prism software version
7.00 and IBM SPSS Statistics version 24, both for Windows.



Results

Patients enrolled in this study were predominantly female, with a female to male ratio of

F:M 90.4:9.6%, as observed in the entire cohort of patient that underwent bariatric surgery, and
were either submitted to SL RYGB (n=41) or LL RYGB (n=73).
No significant differences between the two patient’s groups regarding age, BMI, blood

pressure, fasting lipid profile, HbAlc, diabetes duration, ongoing anti-diabetic therapy, HOMA-

IR or HOMA-B were found before surgery (Table I).

Table I — Baseline patient’s demographic, anthropometric and clinical features.

Short Limb (n=41)

Long Limb (n=73)

Gender

Age (years)

BMI (kg/m?)

Fasting Glucose (mg/dL)

HbAlc (%)

Anti-diabetic drugs (%)
OAD
Insulin+OAD
Insulin

Diabetes duration (years)

Fasting Insulin (uU/mL)

HOMA IR

HOMA B

Systolic BP (mmHg)

Diastolic BP (mmHg)

Total Cholesterol (mg/dL)

Triglycerides (mg/dL)

HDL (mg/dL)

LDL (mg/dL)

28
2
48.7+1.6

41.82 £0.72
161 +11
7.86 +0.48
27 (92.2)
22 (75.9)
5 (17.2)

0
8.42 +1.90
16.7 £ 2.97

7.61+1.65
64.64 +17.59
144 2
852
194 +10
148 + 18
45+ 2
1198

66
8
48.3+1.0

41.09 + 0.55
147 + 6
7.15+0.18
66 (89.2)
53 (71.6)
12 (16.2)

1 (1.4)
6.42 +0,75
16.34 + 2.15
5.52 +0.80
104.72 +14.44
148 + 2
85+1
198 + 4
153+ 9
48 +1
120 + 4

Presented results as number, percentage or mean = SEM. (OAD Oral Anti-diabetic drugs)



A significant difference in T2D remission rate was found between the LL and SL groups
at 36 and 48 months of follow-up, favouring the LL group (77.61% and 74.55% vs 56.76% and
50% at 36 and 48 months, respectively, both with p<0.05). This trend still persisted after 60
months, although not statically significant (73.3% vs 55%, p=0.055) (Figure 1A). T2D relapse
rate was also significantly lower in the LL group than in the SL group at the same three follow-up

moments (Figure 1B).

N Short Limb B Never Remissed
Lang Limb B) _— In Remission
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Figure 1: A —T2D remission rate (%) in patients submitted to SL or LL RYGB at each follow-up moment; *LL vs SL; B —
Percentage of patients who remitted, relapsed or never remitted in SL or LL variant group at each follow-up time moment; *LL vs
SL

There was also a higher percentage of patients reaching normal HbAlc levels (<5.4%) and
a lower percentage of patients with HbAlc >5.4% and >6.5% in patients of the LL RYGB group
at 36 and 60 months (Figure 2A), as well as, a higher percentage of patients discontinuing ongoing
therapy or only using oral antidiabetic drugs (OAD) at 36 and 48 months of follow-up (Figure
2B), and decreasing the number/dose of anti-diabetic drugs at 48 and 60 months (Figure 2C),
when compared to the SL RYGB group. The percentage of patients who needed to increase the
number and/or dosage of the ongoing anti-diabetic drugs was also lower in the LL RYGB patient

group (Figure 2C).
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Figure 2: A — Differences in mean HbA1c% between SL and LL RYGB variants (SL vs LL) at each follow-up moment; *LL vs
SL ; # vs pre-op, SL ; ¥ vs 6 months, LL B — Percentage of patients without or with ongoing antidiabetic therapy (OAD alone,
OAD with Insulin or Insulin alone) presented by RYGB variant (SL vs LL) at each follow up time; *LL vs SL C — Percentage of
patients that had no change, reduced or increased the number or dosage of ongoing antidiabetic medications presented by RYGB

variant (LL vs SL) comparing to pre-operative period at each follow up; *LL vs SL



The mean %EIBML was higher in LL than the SL group at 12, 24, 36 and 48 months of
follow-up, with a mean value of 85.61 + 2.61 vs 76.63 + 3.02, 84.50 + 2.80 vs. 74.23 + 3.94, 82.84
+3.01 vs 70.56 + 3.47, 78.96 £ 2.81 vs 68.20 = 3.24 in LL and (p<0.05) (Figure 3).
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Figure 3 — Percentage of EBMIL after SL and LL RYGB (SL vs LL) at each follow-up time; *LL vs SL, T vs 6 months, SL

No significant differences in the preoperative demographic, anthropometric and clinical
features were found when comparing patients that remitted (non-diabetic, ND) or remained
diabetic (D) after each procedure. After 24 months, the percentage of ND patients that reached an
HOMA-IR<2.15 (100% vs. 86.36%, respectively) was significantly higher in patients submitted
to LL RYGB and the mean HOMA-IR value was also significantly lower when compared to ND
submitted to SL RYGB (4.95+0.23 vs 6.37+.0.49). This trend persisted along the following post-
operative time, with mean HOMA-IR values of NDLL inferior to the NDSL (Figure 4A and 4B).
While at 48 and 60 months, the NDSL group presented significantly higher mean values HOMA-
B (72.4246.07 and 86.41+6.61 vs 59.67+4.69 and 72.62+6.69 in NDSL and NDLL respectively)
and 45.99% and 44.62% more patients reach the category of normal HOMA-f at 36 and 60 months
(Figure 4C and 4D).
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Figure 4: A — Percentage of NDLL and NDSL patients and DLL and DSL patients that reached normal HOMA-IR values (insulin
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SL; T vs Diabetic, SL C — Percentual distribution of NDLL and NDSL patients and DLL and DSL patients within low (<60),
normal and high(>200) HOMA- categories by follow-up time. * vs non diabetic, SL # vs non diabetic LL t vs diabetic, SL; D -
Significant differences in mean HOMA-f between NDLL and NDSL and DLL and DSL patients by follow-up time; * vs non
diabetic, LL, # - vs non diabetic, SL

The percentage of T2D patients with longer pre-operative duration of the disease (> 5
years; LPD) that became ND was significantly different between NDSL and NDLL group at 6 and
60 months, with the majority of NDSL patients displaying a short pre-operative disease duration
(< 5 years; SPD) while there were no significant differences in pre-operative disease duration in
NDLL patients (Figure 5D).

There were more 12.92% patients in the NDLL with an EBMIL>50% and more 34.16%
presented with a normal or excessive weight range BMI comparing to NDSL at 36 months as

observed in Figure 5B. There is also a tendency for a higher percentage of DLL patients present
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with a successful %EBMIL and normal or excessive weight BMI category, reaching a p<0.05 at
24 months (data not shown). No significant differences were found in mean BMI and %EBMIL
values between the groups (Figure 5A and 5C).
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Figure 5: A - Significant differences in mean BMI between NDLL and NDLL patients and DLL and DLL patients by time. * vs
non-diabetic, SL B — Percentage of NDLL and NDLL patients and DSL and DSL patients in normal, overweight and obese
categories by follow up time; * vs non diabetic SL, # - vs diabetic SL C - Significant differences in mean %EBMIL between NDLL
and NDLL patients and DSL and DSL patients by time. * vs non-diabetic, SL D —Percentage of patients with pre-operative duration
of T2DM over 5 years and under 5years that had remission (ND) or remained diabetic (D) in LL and SL RYGB by follow-up time.
*vs non diabetic SL

ND and D patients in each surgical procedure group (NDSL vs DSL and NDLL vs DLL)
when compared before surgery did not differ regarding any anthropometric, glycemic, metabolic
or ongoing therapy parameters (data not shown).

In all of the follow-up moments, the mean HOMA-IR (always <2.15) was significantly
inferior in the NDLL patients (1.84+0.28 vs 1.48+0.13, 2.37£0.39 vs 1.05%+0.06, 2.61+0.45 vs
1.1140.06, 4.02+1.49 vs 1.30+0.08 and 1.77+0.23 vs 1.25+0.11, at 6, 12, 24, 36 and 60 months)
and the percentage of patients that reach normal HOMA-IR was higher in the NDLL patients

regarding DLL and no significant differences in HOMA- between those two groups, with the
11



exception of the 60" month of follow-up when mean HOMA-B (41.28+5.45 vs 72.62+6.69) also
became significantly different and of the 61 and 60" month when 50.1% and 59.3% more NDLL
patients reached normal HOMA- values compared to DLL (Figure 4C and 4D). The opposite
occurred between the NDSL and DSL patients, differing always in the mean HOMA-B and
percentage of patients that has normal HOMA-B values, except at 67 and 60" months when
HOMA-IR mean and the percentage of patients reach the normal values that differs (Figure 4A
and 4B). At 6 and 60 months the NDSL differs from DSL regarding the pre-operative duration of
T2D, with a higher percentage of NDSL presenting with short pre-operative duration (Figure 5D).

At time zero, fasting glucose levels, HbA1c%, HOMA-IR and HOMA-f did not differ
between the patients with longer or shorter pre-operative T2D duration in each surgery group (SL
with SPD vs SL with LPD and LL with SPD vs LL with LPD) as well as between groups. Our
data show a statistical significant difference in HOMA-3 mean values at 6 and 60 months between
DLL with LPD and NDLL with LPD patients, while HOMA-IR had significant different mean
values at 12 and 24 months between those groups (Table I1). In the SL group there were significant
differences in mean HOMA-B at 24, 36 and 60 months. The mean HOMA-B values were also
significantly different between NDLL with LPD and NDSL with LPD patients at 36 and 60 months
(Table II), while there was a significant difference in HOMA-IR at 24 months between these
groups (1.11+0.10 vs. 1.61+0.29, respectively).

12



Table 11 — Mean HOMA-IR and HOMA- for D and ND patients by type of surgery and pre-operative
duration of T2D at each follow-up moment.

Follow-up Pre-operative Type of Diabetic ) i
Time T2DM duration  surgery  Status HOMA-IR HOMA-B
<5 vears SL D 5.35+1.39 69.03 £ 20.72
_ Y LL D 4.23+0.86 95.50 + 18.29
Pre-operative
SL D 8.49 +4.97 122.03£113.92
> 5 years
LL D 7,61+181 90,38 £ 28,22
SL ND 1.48+0.15 83.07£12.22
D 1.22+0.51 54.96 + 14.82
< 5years
LL ND 1.30+0.17 93,81 +9.90
D + +
6 Months 2.00+0.37 103.29 * 33.30
SL ND 0.80 £ n.a. 180.00 + n.a.
D 2.48 + 0.56 46.47 + 16.82
> 5 years
L ND 1.53+0.22 95.29+ 2251 *
D 1.95+0.49 31.33+6.86 ¢
s ND 1.38+0.15 89.97 +9.80
D 1.32 +0.47 75.73 £18.79
< 5years
LL ND 1.07 £ 0.08 ## 7750+ 7.37
D 2,50 £1.03 107.56 * 23.50
24 Months
sL ND 1.61+£0.29 ¥ 98.80 £ 25.89
D 1.77+£0.16 31.07+5.38
> 5 years
LL ND 1.11£0.10 *** 68.76 + 6.64
D 3.06 £ 0.66 63.60 + 16.28
sL ND 1.42 £0.09 ¥ 81.46 £6.76
D 1.71+£0.80 66.50 * 26.32
< 5years
L ND 1.12+0.08 # 76.04 £14.11
D + +
60 Months 1.79+£0.29 48.24 +9.02
sL ND 1.83+0.42 113.62 +3.98 ¥,
D 1.82+0.38 48.48 +12.11
> 5 years
L ND 1.46 £0.32 70.16 + 7.90 *
D 1.75+0.38 35.71 + 6.36

Presented as mean = SEM. SL — Short Limb; LL — Long Limb; ND — Non diabetic; D — Diabetic; * vs D, LL, > 5
years; e vs D, LL, <5 years; # vs D, LL, <5 years; T vs D, SL, > byears; ¥ vs ND, LL, > 5 years; { vs <5 years, D,
SL.
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Discussion
As previously demonstrated by several clinical trials, like the ones from Schaeur et al.(21)

and Mingrone et al.(4), weight loss undoubtedly plays an important role in inducing T2D
metabolic improvement and even remission (4, 9, 21). However, diabetes metabolic improvement
within days after some bariatric surgery procedures, despite no significant weigh loss has yet
occurred, has led Pories et al.(22) to raise the provocative question whether bariatric surgery could
cure T2D (10, 12, 16).

Furthermore, by comparing different bariatric procedures, T2D metabolic improvement
and even resolution rates were found to be significantly higher after malabsorptive (BPD and DS)
and mixed (RYGB) than purely restrictive procedures (23-26), rendering to consider that
additional endocrine mechanisms could also be involved. Therefore, based on the anatomical
rearrangement of the GI tract, two hypothesis postulations have been proposed as possible
explanations for the observed phenomena. These were the foregut hypothesis, postulating that by
diverting the gastro-intestinal transit from the foregut would prevent the release of putative “anti-
incretin” factors leading to metabolic deterioration; and the hindgut hypothesis, postulating that
the early arrival of undigested nutrients to the distal small intestine would promote the increase of
incretin hormones (GLP-1 and GIP) enhancing glucose stimulated insulin production and release,
both of which could possibly occur after malabsorptive or mixed procedures’ such as RYGB (8,
13). Recently, bile acid (BA) fluids and gut microbiome were also recognized as relevant
components of the enteroendocrine axis and thought to contribute to T2D resolution in both weight
dependent and weight independent mechanisms after RYGB (27-29). RYGB is amongst one of
the most frequently performed bariatric procedures worldwide, as result of its high success rate
regarding weight loss and T2D resolution with lower complication rates when compared to
malabsorptive procedures (12, 18, 24). Nevertheless, 20 to 30% of the patients who undergo
RYGB do not experience T2D remission or relapse in long term follow up often but not always in
result of weight regain (10, 14, 30).

Thus, the ability to tailor an operation to the specific needs of any given patient has been a
tempting quest over the past few decades of the bariatric surgery era. Although this has been
hampered by the lack of reliable data concerning the precise relationship between limb lengths,
weight loss, resolution of associated comorbidities and complications (25, 31).

The classical RYGB consists of a Roux-en—Y gastrojejunal anastomosis bypassing the
excluded stomach, duodenal and proximal jejunum, by creating a BL ranging from 50 cm up to
120 cm long, an AL ranging from 100 to 250 cm long and a CC with an estimated average length

of 150 cm based on the mean intestinal length (20, 32, 33). The majority of RYGB variants
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previously proposed relied on increasing the AL length as a means to promote addition weight
loss, thus the main outcome of the studies that compared the results of the classical RYGB to the
long AL RYGB was either %EWL or %EIBML with no reports regarding the procedure
effectiveness in the resolution of the associated metabolic comorbidities (31, 34-36). Nevertheless,
the benefits from AL enlargement were only found to be significant in the superobese patients
(BMI > 50) (15, 31).

Inspired in the favorable metabolic results of purely malabsorptive procedures, RYGB
variations relying on BPD metabolic assumptions although without increasing the incidence of
wasting and malnutrition resulting from the reduced CC, the surgeons have hypothesized that by
preserving the CC limb length while enlarging the BL at the expense of the AL would produce a
better outcome regarding weight loss and comorbidities resolution without increasing the
malabsorption and the incidence of adverse nutritional and metabolic side-effects (20, 31). These
new goals if attained would be transforming the previous “bariatric” classical bypass into a patient
tailored “metabolic” procedure (5).

Pinheiro et al. (19) reported, in a total of 105 patients, significantly higher weight loss,
T2D resolution rate and improved lipid profile over 2 years of follow-up in patients submitted to
long BL RYGB as compared to the classical one (100 cm vs 50 cm). However, in the same
procedure the AL was also lengthened (250 cm vs 150 cm), rendering difficult to discern whether
the observed differences were due to the increased AL or BL lengths. Kaska et al. (3) and one
ongoing study from Berends et al. (37), using an elongated BL RYBG procedure (comparing BL
with 50-75 cm to BL=100-150 cm), also reported a significantly higher weight loss and T2D
remission rate over 2 years of follow up, in 93% of the 42 patients and 83% of the 70 patients,
respectively to each study, submitted to the extended BL group as compared to the 73% of the
51 patients and 74% of the 74 patients, respectively, in the SL group. In the attempt of achieving
better results in T2D by tailoring the RYBG procedure into a metabolic perspective, our center’
surgical team has devised the LL RYGB, with a 200cm long BL. In our previous observational
report, we have shown that patients submitted to the long BL RYGB had a higher percentage of
diabetes remission as compared to those reported in the literature (20). However, no comparison
between the classical SL RYGB was done to demonstrate the superiority of the LL RYGB
regarding T2D metabolic outcomes. Using a similar technique to the one reported by us in the
herein study, Nergaard et al (38) in a randomized controlled trial (RCT) comparing the effect on
weight loss of an elongated BL (150 cm) with a 2 m long BL (LL group) in 187 patients, reported

a significantly higher weight loss in the LL group in the first 18 months which was maintained
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thru the 2 years of follow up. However, no significant differences were found in the rate of T2D
resolution and BP control. Martinez-Hernandez J. and Calvo-Ros M.A. (14) in another RCT
comparing the long BL RYGB, ranging from 2 m to over 3 m long, to shorter and longer alimentary
limb, the authors found no differences in EWL or in metabolic outcomes in the first 150 patients.

Our results show significant differences at the mean EIMCP% from 12 months to 48
months of follow up, showing a bigger weight loss in the LL limb group as did the study of
Nergaard et al.(38), although, unlike this one, a significant difference were found in the T2DM
remission at longer follow-up periods. This difference is probably due to the fact that the study
only had a 2 year follow up, as we only found significant differences between the groups at 3, 4
and 5 years. Our results support that increasing the BL length enhances T2D remission rates as
previously reported by Kaska and Berend’s studies(3, 37) and reinforce the role of the long BL as
the responsible for the higher success rate of RYGB in T2D remission.

Most of the previously available studies are characterized by the short follow up time with
an average of 2 years, compromising the evaluation of surgical effectiveness regarding diabetes
remission over the long term follow-up, as the few studies with a follow-up over 5 years are limited
to the classical RYGB (39). In these studies, the rate of diabetic remission can range from 76 to
92% over 14 years (8, 33), although these rates are not comparable as T2D remission definitions
used were often different throughout literature leading to a variable percentage of remission (12,
16). Moreover, some of the nondiabetic patients in earlier studies, would be considered either pre-
diabetic or diabetic range and continue on anti-diabetic medication according to current standards
(16). Understandably, the more recent reports taking into to account the new diabetes definition
report a lower remission rate ranging from 23% to 58% over 5 to 10 years (12, 40-43). The
remission rate at five years of follow-up found in our study falls in the range of the more recent
reports, since we also used the newer and current diabetes definition.

Other possible confounding factors that have been implied as predictors of T2D short term
response to RYGB, are pre-operative duration of the disease, insulin treatment duration and dose
requirements, C-peptide levels, HbAlc and HOMA-IR (30, 44). All together these factors, plus
the fact that studies englobe a wide range of obese patients (35<BMI>60 kg/m?), can contribute to
the large heterogeneity of the populations involved in the different studies thus decreasing
comparability of their results.

Our results showed a curious finding regarding the pre-operative duration of T2D. In the
SL group there was a significant difference between the percentages of patients with long or

shorter disease that experienced remission, favoring the ones that had a short disease duration.
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However, this difference was not found in the LL group. Gavin et al.(30) suggested that insulin
sensitivity is very important in glycemic control in patients with T2D and has a predictive value
for T2D remission in the different treatment options available (30). Indeed, in its natural history
T2D disease results from a progressive insulin resistance that is not overcome by increased insulin
secretion due to progressive decline of pancreatic function and  cell-mass (HOMA-f) as times
passes by (30). When comparing the remitting to diabetic patients in each surgical group, HOMA-
IR and HOMA-B were found to be significantly different. When comparing the ND with D,
HOMA-IR values were significantly lower in the NDLL with long disease duration compared to
DLL with long disease duration. In the NDSL group patients with long disease duration a
significant difference between D and ND was seen only the mean HOMA-B. Regarding the
theories explaining the mechanisms of weight loss and glucose homeostasis improvement, one
could hypothesize that the increased luminal content of undiluted bile in the BL and terminal ileum
would be responsible for the increased HOMA-B observed at 6 months in the LL group. Longer
BL have been linked to an increased density of L cells and GLP-1 plasma levels in obese patients
submitted to RYGB (45) and augmented luminal free BA can increase L-cells activation thru
TGRS luminal receptor has been reported by some authors (27), but not in a consistent manner(28).
On the other hand, studies comparing different bariatric surgeries that differ in the BL lengths
show that there is a fast improvement in insulin resistance in the first days to months after the
surgery (46). In addition, Salinari et al.(47) demonstrated that an increased bypass of the jejunum
by nutrients, as it occurs in our technique, leads to a marked and fast improvement of insulin
sensitivity in both controls and T2D patients. Although we cannot comment about earlier moments
before 6 months it is plausible this decrease in IR is prolonged beyond the 6 months post-surgery
and, our results reflect this improvement in insulin sensitivity throughout the 60 months follow up
in the LL group which, in line with Gavin et al. findings, show that decreasing the insulin
resistance is one of the most important factors in T2D pancreas function recovery, especially for
patients with longer preoperative duration of the disease (30). The significant decrease in the
HOMA-IR would, together with the GLP-1 increased stimulus, also reflect in an improvement of
the B-cell function, reserves and response to GLP-1 levels throughout time (higher HOMA- at
60™ month) as the pancreas faces a high insulin sensible environment. Studies focusing in BA
improvement after RYGB show a biphasic increase in BA plasma levels that reach significant
higher values at first months and then at 2-4 years post-surgery (27, 28). It is plausible to think
that the increases in plasma BA are responsible for glycemic improvement and decreased HOMA-

IR (48), and that they could explain the significant lower mean HOMA-IR values at 24™ month in

17



the NDLL patients comparing to NDSL patients as well as in >5years pre-operative duration
NDLL and >5years pre-operative duration NDSL at 24 months. Although evidence suggest the
role of BA in BMI, HOMA and HbA1c% improvement the mechanisms by which they do so are
still unclear (29, 49).

The major strength of the present study has been to be able to assess the impact of BL
length on weight loss and T2D metabolic improvement over a long follow up time, which has
allowed to conclude the existence of a significant higher diabetes remission rate and glycemic
control at longer follow up moment that would not be noticed if the study had been stopped 2 years
after surgery as it happens in the majority of the published studies. The fact that all patients were
treated on a single surgical center and medically managed by the same team, has allowed to
decrease the variability not only of the surgical techniques as performed by different surgeons, but
also of the drug prescription practices for diabetes management by different physicians, thus
increasing the robustness of the results. One of major limitations of the study was to have been
conducted in a non-randomized way not allowing us to exclude the potential interference of
medication in the results obtained in the patients that remained diabetic.

In conclusion, our results show that LL RYGB is able to induce a higher rate of T2D
metabolic control and remission as compared to the SL variant. Besides, this variant seems to be

more beneficial to patients with longer disease duration.
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Supplementary data 1: Summary in Portuguese Language

Introducéo:

A prevaléncia global da obesidade tem sido acompanhada de perto pelo aumento da
prevaléncia da diabetes mellitus tipo 2 (DMT2). A DMT2 associada a obesidade apresenta-se
como um grave problema de satde publica, ja que 23 % dos doentes obesos apresentam DMT2.

A cirurgia bariatrica, cujo objetivo era promover uma perda de peso bem-sucedida e
sustentada no tempo, rapidamente demonstrou também a sua capacidade na melhoria do controlo
do perfil glicémico dos doentes submetidos a este procedimento. Apesar da perda de peso ser um
dos mecanismos subjacentes & melhoria das comorbilidades dos doentes submetidos a cirurgia
bariatrica, o rapido controlo da glicémico observado apds cirurgias como o bypass gastrico em Y
de Roux (BGYR) e a diversdo biliopancreatica (DB) sugerem que existem mecanismos
independentes da perda de peso e restricdo calorica que estdo adicionalmente envolvidos na
melhoria do controlo ou remissé@o da DMT2 apds a cirurgia bariatrica.

As taxas de remissdo DMT2 relatadas apos BGYR podem alcangar os 80%, pelo que este
procedimento bariatrico € um dos mais frequentemente realizados, sendo considerado por alguns
autores como o gold standard para tratamento de doentes obesos com comorbilidades metabdlicas
ou cardiovasculares. O procedimento consiste na reducdo do volume gastrico (componente
restritiva) e na exclusdo do duodeno e jejuno proximal do transito gastrointestinal (componente
malabsortiva) criando trés ansas intestinais: a ansa alimentar (AA), a ansa biliopancreatica (AB) e
a ansa comum (AC). Apesar dos 6timos resultados na maioria dos doentes, 5 a 15% dos mesmos
ndo conseguem alcancar uma perda de peso satisfatoria ou resolucdo das comorbilidades, pelo que,
na tentativa de aumentar a sua eficacia, tém sido executadas alteracfes a técnica cirdrgica que
envolvem variacGes dos comprimentos das varias ansas intestinais. Ndo existindo uma defini¢do
clara dos comprimentos ideais de cada ansa, existem diversos estudos a avaliar uma ampla
variedade de comprimentos das AL e AB que, juntamente com 0s pequenos tamanhos amostrais,
curtos tempos de seguimento e diferentes critérios usados para a definicdo de remissdo de diabetes,
contribuem para a incerteza de qual serd o tamanho ideal das ansas intestinais associado a uma
maior eficAcia do BGYR. Alguns estudos, com seguimento até aos 2 anos, parecem revelar
maiores taxas de remissdo quando se aumenta 0 comprimento do comprimento da AB. No entanto,
estudos com maior tempo de seguimento sd0 necessarios para comprovar 0 maior sucesso do

aumento do tamanho da AB, na resolugéo da diabetes e perda ponderal.
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Neste ambito o presente estudo surge com a o0 objetivo de verificar a influencia do
comprimento da AB do BGYR na perda ponderal e remissdo ou melhoria metabolica da DMT2

ao longo de 5 anos de seguimento.

Métodos
Neste estudo foram incluidos doentes obesos com IMC>35 kg/m2 e critérios de

diagndstico da DMT2 (glucose em jejum =126 mg/dL em duas ocasides diferentes ou HbAlc

acima de 6,5%) encaminhados para 0 BGYR no Hospital de Sdo Sebastido, CHEVD entre Janeiro
de 2009 e Dezembro de 2011. Foram excluidos os doentes que engravidaram ou faleceram durante
o0 tempo de seguimento do estudo.

A técnica cléassica do BGYR consiste na criacdo de uma AL com 120 cm e uma AB de 50
a 90 cm, enquanto a variante metabdlica, desenvolvida empiricamente pela equipa cirdrgica do
CHEVD para aplicagdo num grupo especifico de doentes com comorbilidades como a DMT2 e a
sindrome metabolica, consiste na criacdo de uma AA 120 cm e uma AB com 200 cm.

O estudo englobou uma amostra total de 114 doentes, 73 dos quais foram submetidos a
variante metabolica do BGYR e 41 a variante classica. Os dois procedimentos cirargicos diferiram
apenas no comprimento da AB, com uma média 84 £+ 2 cm para a variante classica e de 200 cm
para a variante metabodlica, doravante designadas por ansa curta (AC) e ansa longa (AL),
respetivamente. Os doentes foram monitorizados pela mesma equipa Multidisciplinar de
Tratamento da Obesidade (MTO) por um minimo de 3 anos ap6s o procedimento cirdrgico e, nos
anos subsequentes, vigiados pelos respetivos médicos de familia. A percentagem de doentes
perdidos para follow-up nos seis momentos de seguimento (aos 6, 12, 24, 36, 48 e 60 meses)
foram, respetivamente, 4,9%, 9,8%, 9,8%, 12,2% e 2,4% para o grupo AC e 2,7%, 4,1%, 2,7%,
8,2%, 24,7% e 8,2% para o grupo AL, com uma diferenca significativa apenas aos 48 meses.

Os dados incluidos nos estudos foram obtidos da base de dados prospetiva do Hospital de
Sdo Sebastido, dos registos do médico de familia ou através da marcacdo de consulta médica
hospitalar para reavaliacdo da remissdo da DMT2 sempre gue ndo existissem registos disponiveis.

Os dados coletados incluiram: altura, peso, HbAlc, glucose em jejum sérica, insulina e a
utilizacdo ou nédo de terapéutica antidiabética. Os antropomeétricos e bioquimicos foram utilizados
para calcular o IMC, percentagem de excesso de IMC perdido, HOMA-IR e HOMA-B. Definiu-
se remissdo da DMT2 como conjugacdo de HbAlc <6,5% na auséncia de utilizagdo de farmacos

antidiabéticos nos ultimos 6 meses.
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Resultados:

Os doentes englobados no nosso estudo eram predominantemente do sexo feminino com
uma proporg¢édo de M:H de 90,4:9,6%, N&o existiam diferencas significativas entre os grupos AC
e AL no pré-operatdrio relativamente ao perfil glicémico, metabdlico, lipidico e tensional. Os
grupos também ndo diferiam relativamente a medicacdo antidiabética, anti hipertensora e
hipolipemeantes.

Relativamente a remissdo da diabetes, encontrou-se uma diferenca estatisticamente
significativa aos 36 e 48 meses, favorecendo o grupo AL. Esta tendéncia manteve-se apesar de aos
60 meses valor p ndo alcancar significancia estatistica. A percentagem de recorréncias foi também
mais baixa aos 36, 48 e 60 meses.

Aos 36 e 60 meses uma maior percentagem de doentes do grupo AL atingiram niveis
HbAlc<5,4%.

Aos 36 e 48 meses observou-se que havia também mais doentes a descontinuarem ou a
necessitarem apenas de antidiabéticos orais (ADO) para controlo da glicemia no grupo AL.
Quando comparados ao pré-operatdrio, uma maior percentagem de doentes do grupo AL apresenta
melhorias do seu perfil medicamentoso (incluindo a descontinuagédo, diminuicdo da dose, numero
de ADO ou modificacdo do tipo de medicacdo usada — de Insulina para ADO, por exemplo)
superiores as observadas no grupo AC aos 36 e 48 meses. Nos mesmos momentos de seguimento,
0 grupo AL apresenta também menores percentagens de doentes com agravamento e incremento
na medicacao necessaria para controlo do seu perfil glicémico.

A %EIMCP média foi superior nos doentes de AL aos 12, 24 e 48 meses de seguimento
(p<0,05).

Comparando os doentes que remitem (ND) de AC com os NDAL (NDAC vs. NDAL) e
procedendo da mesma forma para os que permanecem diabéticos (DAC vs. DAL), verificou-se
que os grupos ndo diferiam entre si no pré-operatorio. Aos 24 meses, havia uma maior
percentagem de NDAL que alcancavam um HOMA-IR<2,15 e os valores médios HOMA-IR eram
também significativamente inferiores aos dos doentes NDAC. Esta tendéncia verifica-se ao longo
dos restantes momentos de seguimento apesar de nao se alcancar um p<0,05. Aos 48 e 60 meses,
0 grupo NDAC apresenta valores médios HOMA-f significativamente mais altos que os NDAL e
uma maior percentagem de doentes ND alcangam valores normais HOMA-f aos 36 e 60 meses.

Relativamente & duragdo DMT2, verificou-se que os doentes com maior duracdo pré-
operatoria da doenca (> 5 anos; DPL) que remitem apresentam diferencas significativas entre o

NDAC e os NDAL. A maioria dos doentes NDAC apresentam 5 ou menos anos de duracgdo da
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diabetes (DPC). Ja no grupo AL os doentes ND ndo apresentam diferencas significativas entre os
anos de duracao pré-operatoria da DMT2.

Relativamente ao IMC e %EIMCP, uma maior percentagem de doentes NDAL apresentam
EIMCP>50% e ocupam as categorias de IMC normoponderal ou de excesso peso relativamente
aos NDAC aos 36 meses. Verificou-se também que uma percentagem significativamente maior de
DAL apresentam uma %EIMCP>50 e uma categoria IMC normoponderal ou de excesso de peso
quando comparados aos NDAL, alcancando p<0,05 aos 24 meses. N&o se encontraram diferencas
significativas entre os valores médios de IMC e %EIMCP entre 0s grupos.

Afim de verificar quais os parametros que diferiam entre os doentes que remitem e 0s que
permanecem diabéticos em cada grupo, compararam-se 0s ND com os D em cada cirurgia (NDAC
vs. DAC e DAC vs. DAL). No pré-operatorio ndo se encontraram diferencas significativas entre
0s grupos relativamente aos dados antropometricos, perfil glicémico e metabolico ou terapéutica
antidiabética.

Nos varios momentos de seguimentos, o valor médio de HOMA-IR (sempre <2,15) foi
significativamente inferior nos doentes NDLL e a percentagem de doentes NDAL que alcangou a
categoria de HOMA-IR<2,15 foi também significativamente maior do que nos DAL, a excecdo
do sexagésimo més onde o valor médio de HOMA-B se tornou significativamente diferente entre
o0s dois grupos assim como, ao sexto e sexagésimo més, uma maior percentagem de doentes NDLL
alcancou valores normais de HOMA-f relativamente aos doentes DLL. O oposto verifica-se entre
os doentes NDAC e DAC os quais diferem na maioria dos tempos nos valores médios de HOMA-
B e percentagem de doentes com valores HOMA-B normais, a excecao do sexto e sexagésimo més
altura em que os valores médios de HOMA-IR e a percentagem de doentes que atinge valores
HOMA-IR<2,15 é que diferem entre os doentes NDAC e DAC.

Compararam-se também os doentes com CDP e LDP da DMT2, verificando-se que estes
ndo diferiam no pré-operatorio quanto aos seus valores de glicemia em jejum, HbAlc%, HOMA-
IR e HOMA-B. Aos 6 e 60 meses observou-se uma diferenca significativa dos valores médios de
HOMA-f entre os doentes DAL com LDP e NDAL com LDP, enquanto aos 12 e 24 eram 0s
valores medios de HOMA-IR que diferiam. Entre os doentes DAC com LDP e os NDAC com
LDP apenas o HOMA-B difere significativamente aos 24, 36 e 60 meses. Os valores médios
HOMA-§ foram significativamente diferentes entre os NDAL com LDP e os NDAC com LDP aos
36 e 60 meses, enquanto se verificou uma diferenca significativa do HOMA-IR entre esses dois

grupos.
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Discusséo:

Diversos estudos demonstraram que a melhoria do controlo metabdlico e a remissdo da
DMT2 estdo relacionados a perda de peso. No entanto, as melhorias verificadas logo apds alguns
dias a semanas ap0s procedimentos cirdrgicos, como 0 BGYR e a DB, antes que qualquer perda
ponderal se verificasse apontavam que a cirurgia bariatrica pudesse ser considerada um
procedimento curativo para a DMT2.

Os procedimentos bariatricos malabsortivos e mistos (como BGYR) demonstraram ser
mais eficazes na melhoria do controlo e remissdo da DMT2 dos que 0s puramente restritivos, pelo
que, com base nas alteracdes anatomicas induzidas pelos primeiros, surgiram duas hipoteses
explicativas dos mecanismos subjacentes a resolucdo da DMT2. Na teoria da exclusdo do intestino
proximal, a remocao do transito alimentar desta por¢do do duodeno leva a diminuigéo de fatores
anti-incretinicos que levam a deterioracdo metabdlica observada na obesidade. A segunda teoria
(hindgut hypothesis) sugere que a chegada acelerada do transito alimentar ao intestino distal
promove a libertacdo de hormonas incretinicas (como a GLP-1) aumentando a producao e secrecdo
de insulina dependente da glucose. Recentemente, o papel dos acidos biliares (AB) e as suas
interacdes com 0s microrganismos intestinas (microbioma intestinal) tém sido alvo de crescente
relevancia enquanto componentes importantes do eixo enteroenddcrino que contribuem atraves de
mecanismos independentes (e também dependentes) da perda ponderal para a resolucdo da DMT2.

Apesar do BGYR apresentar uma elevada taxa de sucesso na perda ponderal e resolucédo
da DMT2 cerca de 20 a 30% dos doentes ndo conseguem alcancar uma perda ponderal de sucesso
e/ou a resolucdo das comorbilidades. Apesar das tentativas para estabelecer os comprimentos
ideais das ansas para obtencdo de melhores resultados, a falta de estudos de qualidade relativos as
variacOes de comprimento das ansas intestinais, perda de peso e resolucao de comorbilidades tem
interferido na capacidade de se alcancar uma concluséo definitiva.

A variante classica do BGYR consiste na reducdo estomacal associada a exclusao de 50 a
120 cm do duodeno e jejuno proximal (BL) do transito alimentar e criacdo de uma AL de 100 a
250 cm, com uma AC de cerca de 150 cm. A maioria dos estudos anteriores focou a sua atencao
na variacdo do tamanho da AL e do seu impacto na perda ponderal, sem efetuarem uma avaliacédo
do impacto destas variacdes nas comorbilidades dos doentes. No entanto, os resultados ndo
revelaram grandes ganhos na perda ponderal através desta variacdo apesar de melhores resultados
serem relatados em subgrupos de doentes superobesos (IMC>50).

Os melhores resultados na resolucdo de DMT2 e perda ponderal observados com o0s

procedimentos malabsortivos, como a DB, levaram a aplicacdo desses mesmos principios no
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BGYR, através do aumento da AB em funcdo da AL preservando a AC de forma e evitar
consequéncias nutricionais e metabdlicas adversas associadas aos procedimentos puramente
malabsortivos.

Os resultados relatados s&o contraditdrios, havendo autores a reportar melhores taxas na
resolucdo DMT?2 perante aumentos da ansa BL enquanto outros afirmam o oposto. No entanto, os
diferentes tamanhos da AB utilizados, os pequenos e diferentes tamanhos amostrais, 0s curtos
tempos de follow-up (geralmente 2 anos) e diferentes definicdes da DMT2 utilizadas parecem
contribuir para essas discrepancias e incapacidade de comparar os resultados obtidos.

No nosso estudo verificou-se que um comprimento de 200 cm da BL esta associado a
maiores taxas de remissdo da DMT2 e maior percentagem de doentes a alcancar uma perda
ponderal bem sucedida (%EIMCP>50). Apesar de ligeiramente mais baixas do que as reportadas
nos ensaios clinicos randomizados mais recentes, que levam ja em conta a mais recentes definigdes
de DMT?2, tal pode dever-se ao desenho retrospetivo do nosso trabalho que leva a perdas no
seguimento dos doentes, o que ndo ocorre nos ECR, que poderdo afetar as taxas de remissédo
encontradas.

Existem varios fatores confundidores considerados como fatores preditivos a curto prazo
da resolucdo das comorbilidades ap6s 0 BGYR. Esses fatores sdo: duracdo pré-operatéria da
DMT?2, necessidade de tratamento insulinico e a dose de insulina necessaria, niveis de péptido C,
HbAlc e HOMA-IR. Todos juntos estes fatores contribuem, juntamente com a grande
variabilidade de doentes obesos englobados (35<IMC>60 kg/m?), promove a existéncia de uma
grande heterogeneidade de populacdes envolvidas em cada estudo contribuindo ainda mais para a
diminuida comparabilidade de resultados obtidos em cada um deles.

Relativamente a duracdo pré-operatoria da diabetes, os resultados do presente estudo
revelaram que enquanto, tal como descrito na literatura, nos doentes submetidos ao procedimento
AC se verificava a existéncia de uma diferenca significativa entre a percentagem de doente com
LDP e CDP que remitiam e que permaneciam diabéticos, os doentes submetidos ao procedimento
AL ndo apresentavam essas diferencas. Um outro estudo sugeria que um dos fatores preditivos na
resolucdo da diabetes nos doentes com LD era a diminuicdo da insulinorresisténcia (IR) e o
presente estudo aponta que o parametro significativamente diferente entre os doentes que remitem
e se mantém diabéticos no grupo de ansa longo é ao longo de varios tempos de seguimento o
HOMA-IR (valores médios do HOMA-IR sdo significativamente inferiores nos NDAL
relativamente aos DAL) e que entre os NDAL e NDAC ha tendencialmente valores de HOMA-IR

mais baixos que alcangam significancia estatistica aos 24 meses. O mesmo se verifica quando
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comparamos NDAL com LD com DAL com LD enquanto nos classicos 0 HOMA- é o pardmetro
que difere entre os NDAC e NDAL assim como nos NDAC com LD e DAC com LD. Os resultados
sugerem que a AL favorece a remissdo da diabetes através da diminuicdo dos niveis de IR,
enquanto a AC o faz através do aumento da atividade pancreatica (HOMA-). Tal como sugerido
no outro estudo parece ser benéfico para os doentes com LDP da DMT?2 j& que, geralmente, uma
maior duracdo da diabetes reflete menores reservas e atividade de secrecdo insulina pancreética.
O aumento da AB foi ja relacionado a uma diminuicéo rapida e significativa da insulina resisténcia
que, a luz das teorias explicativas dos mecanismos subjacentes as melhoria metabdlicas
promovidas pelo BGYR, parece relacionar-se com os aumentos bifasicos de acidos biliares
plasmaticos descritos nos primeiros meses e 2 a 4 anos p6s BGYR, que, inicialmente por uma
maior sintese hepatica e posteriormente por uma melhor reabsorcéo intestinal, parecem diminuir
a insulinorresisténcia (hepatica e periférica), apesar dos mecanismos pelos quais o fazem ainda
ndo estarem totalmente esclarecidos.

Uma das principais vantagens deste estudo consiste no fato de avaliar o impacto do
comprimento da AB ao longo de um tempo superior aos da maioria dos estudos ja publicados, que
nos permitiu concluir a existéncia de maiores taxas de remissdo da DMT2 aos 3, 4 e 5 anos que
ndo seria possivel se o estudo tivesse terminado aos 2 anos. O facto de todos os doentes serem
tratados num unico centro cirurgico e avaliados pela mesma equipa multidisciplinar permitiu-nos
reduzir a variabilidade das técnicas cirdrgicas realizadas e das praticas medicamentosas para o
tratamento da diabetes, aumentando a robustez dos resultados alcancados.

A principal limitacdo deste estudo reside no seu design retrospetivo e nao randomizado
gue ndo nos permitiu caracterizar toda a coorte no momento pré-operatdrio, que ndo permite
controlar as perdas de doentes para follow-up e também ndo permite excluir a potencial
interferéncia da medicacdo nos resultados obtidos nos doentes que permaneceram diabéticos.

A titulo de conclusdo, os resultados obtidos sugerem uma maior eficacia do BGYR
metabolico nas taxas de remissdo da DMT2 assim como na perda de peso relativamente a variante
classica. Além disso, parecem também sugerir que o0 mecanismo subjacente a melhoria da DMT2
na variante metabdlica beneficia a remissdo nos doentes com maior duracdo pré-operatoria da

DMT2 uma vez que os doentes ND e D ndo diferem nas taxas de remissao.
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1. IDENTIFICACAO DO ESTUDO/PROJECTO

Investigador principal:
Joana Mafalda Teixeira Monteiro: Aluna do Curso de Mestrado Integrado em Medicina

do Instituto de Ciéncias Biomédicas Abel Salazar da Universidade do Porto (ICBAS-
UP). ta_xe_bem@hotmail.com

Orientador do projeto:
Mariana P. Monteiro: MD, PhD. Médica especialista em Endocrinologia; Professora

Associada do ICBAS-UP; Grupo de Investigacdo em Endocrinologia Clinica e
Experimental da Unidade Multidisciplinar de Investigacdo Biomédica do ICBAS-UP.
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Colaboradores do estudo do Hospital de Sdo Sebastido (HSS) do Centro Hospitalar de
Entre-o-Douro e Vouga (CHEDV):
Mario Nora: MD. Especialista em Cirurgia; Diretor do Servico de Cirurgia Geral do HSS
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Multidisciplinar de Tratamento Cirurgico da Obesidade do CHEDV E.P.E..
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Titulo do estudo/projeto de investigacao:
Impacto do comprimento da ansa biliopancreatica do bypass gastrico na melhoria do controlo

metabolico e remissdo clinica da diabetes tipo 2

Departamentos/Servicos hospitalares onde sera realizado o estudo/projeto de investigacéo:
Servico de Cirurgia Geral do HSS, CHEDV E.P.E., com a colaboracdo do Grupo de
Endocrinologia Clinica e Experimental da Unidade Multidisciplinar de Investigacdo Biomédica
(UMIB) do ICBAS-UP, no ambito da Disciplina de Dissertacdo/Projeto/Relatdrio de Estégio.

Existem outros centros, nacionais ou ndo, onde a mesma investigagado sera efetuada?

Nao.
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Descreva, sucintamente, os objetivos da investigacao:

O objetivo principal deste estudo € determinar a influéncia do comprimento da ansa
biliopancreatica do bypass gastrico na melhoria do controle metabdlico e de remisséao clinica dos
critérios de diagnostico de diabetes (glicemia em jejum, hemoglobina glicada, indices de
resisténcia a insulina (HOMA-IR) e de funcdo da célula beta (HOMA-B), e necessidade de
medicacdo antidiabética em doentes diabéticos obesos elegiveis para tratamento com cirurgia
bariatrica (IMC> 35kg/m2) antes e até 5 anos ap0s a realizacao de bypass gastrico classico ou com
ansa biliopancreética longa. Serd ainda avaliado efeito do comprimento da ansa biliopancreatica

nos niveis de séricos de vitamina D e a sua influéncia no controle glicémico.

Periodo de tempo no qual vai decorrer a investigacgao:
Durante o ano letivo 2015/2016.

Instrumento de recolha de dados:

Os dados serao recolhidos através da consulta dos registos clinicos, em suporte fisico e
eletronico, e de dados analiticos informatizados pré-existentes da Consulta Multidisciplinar de
Tratamento Cirargico da Obesidade do CHEDV E.P.E..

Serdo analisados os dados demograficos e antropomeétricos dos doentes (sexo, idade, peso,
estatura) e presenca de comorbilidades associadas (diabetes mellitus tipo 2, hipertenséo arterial,
dislipidémia, patologia osteoarticular e sindrome da apneia obstrutiva do sono), data da cirurgia,
datas das consultas pré e pds operatorias, perimetro abdominal, niveis séricos de calcio total,
fésforo inorgénico, glicemia em jejum, hemoglobina glicada, medicacgéo antidiabética em curso,
anos de duracdo da diabetes, historia familiar de diabetes, ureia, creatinina, aloumina, 25-
hidroxivitamina D e hormona paratiroideia. Para as comorbilidades associadas, serdo também
colhidos os valores da tensdo arterial sistolica e diastdlica, perfil lipidico (colesterol total,

triglicerideos, HDL e LDL) e terapéutica anti-hipertensora e hipo-lipemiante em curso.

2. RISCOS/BENEFICIOS

Quie riscos ou incdmodos podem ser causados aos utentes envolvidos no estudo?

Dado o carater observacional e retrospetivo do estudo, ndo ha riscos associados a participagdo no
estudo. As colheitas para analises sdo habitualmente realizadas de acordo com os protocolos da
Consulta Multidisciplinar de Tratamento Cirurgico da Obesidade do CHEDV E.P.E..
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Que beneficios imediatos poderdo advir para os utentes pela sua anuéncia em participar no
estudo?

N&o existem beneficios diretos e imediatos para os participantes. Os beneficios sdo indiretos e a
longo prazo, advindo de uma sensibilizacdo dos profissionais de salude para o problema e
eventuais melhorias das préticas clinicas que poderdo resultar do estudo.

3. CONFIDENCIALIDADE

Serdo realizados questionarios aos utentes?

Né&o

4. CONSENTIMENTO INFORMADO

Solicito a0 Exmo. Presidente da Comisséo de Etica do CHEDV E.P.E. dispensa de
consentimento informado para a execucao deste projeto de investigacao observacional, no
ambito da Disciplina Tese/Projeto/Relatdrio de Estagio.

Trata-se de um estudo de investigacéo clinica, nacional e institucional, analitico, observacional,
retrospetivo, de tipo coorte e de ambito clinico e epidemiologico, com vista a estudar dados
epidemiologicos e anonimizados.

Esta analise é observacional e retrospetiva, tendo sido realizada concomitantemente com a
recolha de dados fisiologicos e laboratoriais normalmente utilizados na avaliacdo deste tipo de
doentes, ndo acarretando qualquer intervencéo adicional.

Assegura-se também o respeito pelas normas do Hospital para a consulta do processo clinico dos
doentes incluidos, uma vez que esta decorrera nas instalacdes do Hospital de Sdo Sebastido do
CHEDV E.P.E.

5. PROPRIEDADE DA INFORMACAO
Os dados obtidos constituirdo propriedade exclusiva dos investigadores e respetivo hospital de

estudo. A equipa de investigacdo garante a confidencialidade dos dados e a informacao registada

para fins de investigacdo (dados demograficos, clinicos e analiticos) sera anonimizada.

6. RELATIVAMENTE AO ESTUDO (RETRIBUICAO FINANCEIRA)
A investigacdo proposta envolve exames complementares?
Né&o.

Se sim, indique o tipo e frequéncia:
Nao aplicavel.

Na&o estd contemplado o pagamento aos utentes que participem no estudo.
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7. TERMO DE RESPONSABILIDADE

Eu, abaixo-assinado, Joana Mafalda Teixeira Monteiro, na qualidade de investigador principal,
declaro por minha honra que as informacdes prestadas séo verdadeiras. Mais declaro que,
durante o estudo, serdo respeitadas as recomendacdes constantes da Declaragdo de Helsinquia
(com as emendas de Tdéquio 1975; Veneza 1983; Hong Kong 1989; Somerset 1996 e Edimburgo
2000) e da Organizacao Mundial de Saude, no que se refere a experimentacao que envolve seres

humanos.

Porto, 8 de Outubro de 2015

INVESTIGADOR CLINICO RESPONSAVEL

(Joana Mafalda Teixeira Monteiro)
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RESUMO DO PROJECTO DE INVESTIGACAO

Impacto do comprimento da ansa biliopancreéatica do bypass gastrico na diabetes tipo 2

SUMARIO

A prevaléncia da obesidade, particularmente a obesidade grau 11l (indice de Massa Corporal
>40kg/m2), tem aumentado exponencialmente nas Ultimas décadas. Por sua vez, a prevaléncia da
Diabetes Mellitus tipo 2 (DM2) tem aumentado a proporcionalmente ao aumento da prevaléncia
da obesidade. A prevencéo e tratamento da diabesidade tornou-se assim um dos grandes desafios
para a saude publica deste século. A perda de peso é fundamental para promover a melhoria
metabolica em doentes diabéticos com excesso de peso, e a cirurgia bariatrica € a terapéutica
mais eficaz para obter uma reducédo ponderal substancial e sustentada em individuos com
IMC>35kg/m2, assim como prevenir, tratar ou induzir a remissao clinica da DM2.

O objectivo do presente estudo € determinar se ha influéncia do comprimento da ansa
biliopancreatica do bypass gastrico na remissdao ou melhoria da DM2 em doentes obesos
elegiveis para tratamento com cirurgia bariatrica (IMC >40kg/m2 ou>35kg/m2 com
comorbilidades associadas).

Para este efeito, sera realizada uma analise retrospetiva de dados pré e pos operatdrios, de
doentes obesos seguidos na Consulta Multidisciplinar de Tratamento Cirargico da Obesidade do
Hospital de S&o Sebastido do Centro Hospitalar de Entre o Douro e Vouga submetidos as
técnicas de cirurgia bariatrica de bypass gastrico classico e com ansa biliopancreatica longa
(200cm vs. 70cm), entre Janeiro de 2009 e Dezembro 2011. Serdo analisados os dados
antropomeétricos dos doentes e comorbilidades associadas (diabetes mellitus tipo 2, hipertenséo,
dislipidémia, patologia osteoarticular e sindrome da apneia obstrutiva do sono), assim como 0s
niveis séricos de célcio, fosforo inorganico, glicemia em jejum, hemoglobina glicada, ureia,
creatinina, albumina, 25-hidroxivitamina D3 e hormona paratiroideia (PTH), antes e 6, 12 meses,
24 meses, 36 meses, 4 anos e 5 anos a cirurgia. Serdo também recolhidos os valores da tensédo
arterial sistolica e diastolica, perfil lipidico (colesterol total, triglicerideos, HDL e LDL) e

terapéutica anti-hipertensora e hipo-lipemiante em curso.
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Os dados serdo recolhidos através da consulta de uma base de dados informatizada pré-
existente, pertencente a equipa da Consulta Multidisciplinar de Tratamento Cirlrgico da
Obesidade do CHEDV E.P.E., bem como dos processos clinicos (suporte eletronico e em papel)
dos doentes incluidos no estudo.

Serdo consultados os resultados das analises que foram solicitadas e realizadas pelo laborat6rio,
no momento das consultas multidisciplinares para o tratamento cirdrgico da obesidade deste
hospital, previamente a cirurgia, e ao longo de um periodo de seguimento apds a cirurgia de 5

anos, em 6 momentos distintos, aos 6, 12, 24, 36 meses, 4 anos e 5 anos.

A informacdao a recolher sobre os doentes englobara os seguintes parametros: idade, sexo, data
da cirurgia, datas das consultas pré e pés operatérias, peso, estatura, IMC, % de perda de peso
apos a cirurgia, comorbilidades associadas (diabetes mellitus tipo 2, hipertensao, dislipidémia,
patologia osteoarticular e sindrome da apneia obstrutiva do sono), niveis séricos de calcio,
fésforo inorganico, glicemia, hemoglobina glicada, ureia, creatinina, albumina, 25-hidroxivitamina
D e hormona paratiroideia. Serdo também registadas informacgdes sobre a medicacédo executada

para o controlo de cada uma das comorbilidades (DM2, HTA e dislipidemia)

Apos codificacdo, os dados serdo inseridos, de forma anonimizada, em folha de calculo Excel e
posteriormente transferidos para a aplicacéo informatica SPSS — PASW (Statistical Package for

the Social Sciences), onde sera feita a sua analise.

Esta analise ira compreender uma estatistica descritiva, usando medidas de tendéncia central e
de dispersao para sumariar os resultados obtidos e gréaficos e tabelas para os ilustrar, e, quando

oportuno, uma estatistica correlacional e inferéncial.
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