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Abstract

Purpose

We have experienced numerous cases of super morbid obesity (SMO), defined by a
BMI of 250 kg/m?, in which laparoscopic sleeve gastrectomy (LSG) was not able to
achieve a sufficient weight loss effect. However, the most appropriate procedure for the
treatment of SMO has not yet been established.

Materials and Methods

The subjects included 248 successive patients who underwent surgery at our hospital
from June 2006 to December 2012. We divided the subjects into an SMO group (BMI,
50 to <70 kg/m?) and a morbid obesity (MO) group (BMI, 35 to <50 kg/m?). The
subjects underwent LSG, LSG with duodenojejunal bypass (LSG/DJB), or laparoscopic
Roux-en-Y gastric bypass (LRYGB). The weight loss effects, safety of surgery, and
metabolic profile changes were compared.

Results

Sixty-two subjects were classified into the SMO group (25%). The percent excess
weight loss (%EWL) after LSG among the patients in the SMO group was not
significantly different from that of patients who underwent other procedures. LSG was

associated with a significantly lower success rate in terms of weight loss (YEWL250%),



in comparison to the weight loss at one year after LRYGB, and at two years after
LSG/DJB and LRYGB. Among the patients in the MO group, the %EWL and the rate of
successful weight loss did not differ to a statistically significant extent.

Conclusion

This study demonstrated that in patients with SMO, LSG/DJB, LRYGB can achieve

superior weight loss effects in comparison to LSG.



Introduction

Obesity, which has the potential to lead to a decreased QOL and obesity-associated
diseases such as hypertension (HT), diabetes mellitus (DM) and dyslipidemia (DL), has
become a worldwide issue. The performance of bariatric surgery, which is the sole
method of treatment that achieves a good long-term weight loss effect in obese
individuals, is rapidly increasing throughout the world [1]. The procedures that are
applied in bariatric surgery fall under the general classifications of restrictive and
malabsorptive procedures. Common procedures include laparoscopic sleeve
gastrectomy (LSG), laparoscopic adjustable gastric banding, laparoscopic Roux-en-Y
gastric bypass (LRYGB), and laparoscopic biliopancreatic diversion with duodenal
switch (BPD/DS). Although LRYGB remains the most common procedure in the world,
the implementation of LSG has rapidly increased in recent years and it is now
performed at a similar rate to LRYGB in the U.S. [1]. In Japan, LSG—which is the only
procedure covered by health insurance—accounts for 60% of all procedures [2].
However, no criteria have yet been established for the selection of procedures. Currently,
each institution chooses its own procedure.

In the case of patients with super-morbid obesity (SMO; defined by a body mass index
[BMI] of >50 kg/m?) it is particularly difficult to select an appropriate procedure. We

have experienced numerous cases in which surgery was difficult to perform in patients



with SMO due to the patient’s physical characteristics and many cases in which the
weight loss after surgery was considered to be insufficient.

In order to find a procedure that achieves better weight loss effects in patients with
SMO, we retrospectively compared the weight loss effects and metabolic profile
changes after the above-mentioned procedures (LSG, LSG/DJB, LRYGB) in patients
with SMO and morbid obesity (MO; defined by a BMI 35 to < 50 kg/m?) who

underwent surgery in our hospital.

Methods
Patients

The subjects included 248 successive patients who underwent bariatric surgery at our
hospital from June 2006 to December 2012. The procedures included LSG, LRYGB,
and laparoscopic sleeve gastrectomy with duodenojejunal bypass (LSG/DJB). The
LSG/DJB procedure is a modification of BPD/DS, which came to be carried out
relatively often in Japan following a report by Kasama [3]. The indications for surgery
are determined in accordance with the SAGES guidelines. In brief, the subjects included
patients ranging from 18 to 65 years of age, with a BMI of >40 kg/m? (or >35 kg/m? in

patients without serious mental illness who were suffering from obesity-associated



diseases that made medical therapy difficult). Furthermore, we discussed all of the cases

in team conferences at our hospital in order to decide whether to perform surgery.

Procedure selection

With respect to cases in which Type 2 diabetes was poorly controlled by medical
therapy, LSG/DJB is the first choice as it is a bypass procedure and is associated with a
better improvement of diabetes. However, LSG could be selected based on the operative
risks posed by comorbidities or the will of the patient. LRYGB is selected for subjects
with serious GERD prior to surgery and who are negative for Helicobacter pylori

(which indicates a low risk of stomach cancer).

The operative procedures

All surgeries were conducted by two surgeons who were familiar with the operative
procedures of bariatric surgery at a single facility.

LSG: The greater curvature was resected five times using a 60-mm linear stapler, along
a bougie (36- or 45-Fr) that was placed approximately 4 cm proximal from the pyloric
ring. The volume of the remaining stomach was approximately 100 cc.

LSG/DJB: After LSG, we performed jejunojejunostomy and duodenojejunostomy. The



alimentary limb was set to 150 cm, while the biliopancreatic limb was set to 100 cm.

For jejunojejunostomy, we carried out side-to-side anastomosis using a 60-mm auto

suture stapler. The entry hole was closed by hand-sewn sutures. For

duodenojejunostomy, hand-sewn end-to-side anastomosis (approximately 2 cm in length

with ante-colic positioning) was performed. Figl shows a schematic illustration of the

procedure.

LRYGB: Using a 60-mm auto suture stapler, we created a stomach pouch of

approximately 30 cc. The alimentary limb was set to 150 ¢cm, while the biliopancreatic

limb was set to 50 cm. For jejunojejunostomy, we carried out side-to-side anastomosis

using a 60 mm linear stapler. The entry hole was closed by hand-sewn sutures. For

duodenojejunostomy, hand-sewn end-to-side anastomosis (with ante-colic and

ante-gastric positioning) was performed. A 12-mm nelaton tube was used to ensure the

anastomotic dimensions.

Evaluation methods

The primary endpoints included the percent excess weight loss (%EWL) at two years

following surgery and the success rate of weight loss (“success” was defined as

a %EWL of >50%). The subjects were classified into an SMO group (BMI, 50 to <70)

and an MO group (BMI, 35 to <50), after which we compared the weight loss effects of



the procedures (LSG vs. LSG/DJB, LSG vs. LRYGB, and LSG/DJB vs. LRYGB) were

compared. The ideal weight was calculated based on a BMI of 25.

To investigate the safety of surgery, we divided the subjects into the SMO group and

MO group and compared the incidence of intraoperative and postoperative (within 30

days of surgery) complications with each procedure.

In addition, we investigated the metabolic profile changes after each procedure in the

SMO group.

Statistical analysis

The results were compared using Student’s #-test or Fisher exact test, as appropriate. P

values of <0.05 were considered to indicate statistical significance. All of the statistical

analyses were performed using the EZR software program.

Results

Patient characteristics

Sixty-two (25%) and 186 (75%) of the 248 patients were classified into the SMO and

MO groups, respectively. The procedures performed in the SMO group were as follows:

LSG, n=28, LSG/DJB, n=14, and LRYGB, n=20. The procedures performed in the MO



group were as follows: LSG, n=89; LSG/DJB, n=50; and LRYGB, n=47. The

characteristics of the patients in each group are shown in Table 1.

Weight loss

e The SMO group

In the SMO group, at one year following surgery, LRYGB was associated with

significantly higher success rates in terms of weight loss than LSG. At two year

following surgery, LSG/DJB and LRYGB were significantly higher success rates. On

the other hand, there was no significant differences between LSG and LSG/DJB or LSG

and LRYGB regarding %EWL. There was no significant difference between LSG/DJB

and LRYGB with respect to the %EWL and the rate of successful weight loss at one and

two years after surgery.

o The MO group

In the MO group, there was no significant differences were observed between LSG

and LSG/DJB or LSG and LRYGB with respect to the % EWL or the rate of successful

weight loss at one and two years after surgery.



The perioperative outcomes (Table 3)

The operative times for each of the procedures in the SMO group were as follows:
LSG, 142 + 31.8 minutes; LSG/DJB, 229 + 25.7 minutes; and LRYGB, 160 + 38.3
minutes. The operative time of LSG/DJB was significantly longer than that of LSG,
while the operative time of LRYGB was not. In the MO group, the operative times were
as follows: LSG, 140 + 37.8 minutes; LSG/DJB, 220 + 36.6 minutes; and LRYGB, 160
+ 42.6 minutes. There were no significant differences between the SMO and MO groups
(LSG p=0.78, LSG/DJB p=0.38, LRYGB p=0.99). With regard to surgical
complications, 3 of 28 subjects with SMO who underwent LSG developed surgical
complications (10.7%); the frequency of complications in patients with SMO was
higher than that in patients with MO (2/89 subjects, 2.3%, p=0.088). However, in the
SMO group, there were no significant differences in the incidence of complications
between LSG and LSG/DJB, or LSG and LRYGB. No subjects died and no procedures

were converted to laparotomy.

The changes in the metabolic profiles

Table 4 shows the changes in the metabolic profiles among the patients with SMO

following each of the procedure. DM, HT, and DL were improved after each procedure.
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In particular, LSG/DJB achieved better glycemic control, even though this sub-group

included patients with severe DM.

Discussion

This study demonstrated that LSG/DJB and LRYGB can achieve better weight loss
effects in patients with SMO in comparison to treatment by LSG alone. In addition, in
the SMO group there were no significant differences between the procedures in terms of
the incidence of surgical complications.

This study demonstrated that LSG/DJB and LRYGB can achieve better weight loss
effects in patients with SMO in comparison to treatment by LSG alone. No significant
difference in the %EWL was indicated after surgery in comparison to LSG/DJB and
LRYGB. The comparison of the rates of successful weight loss allows us to more
clearly see the insufficiency of the weight loss effects in patients with SMO who
underwent LSG. In the SMO group, the success rate after LSG/DJB or LRYGB was up
to 80%, while the success rate after LSG was less than 60%. In contrast, each procedure
achieved up to a 90% success rate in the MO group. According to a report by Tagaya et
al. [4], although good weight loss effects can be achieved in patients with MO—even

after LSG—the weight loss effects are insufficient in patients with SMO, indicating the

11



need for second-step procedures such as BPD/DS and LRYGB.

LSG and LRYGB are the most common procedures in the world. Some studies have
compared the outcomes of these procedures in SMO cases. Thereaux [5] compared LSG
and LRYGB in patients with a BMI of >50 kg/m? and reported that LRYGB was
associated with greater weight loss in patients with SMO; the %EWL values at one year
after LSG and LRYGB were 40.2 + 15.2% and 55.0 + 14.6%, respectively (P<0.0001).
Furthermore, in the same article, Thereaux reported that the results of a multivariate
analysis suggested that—regardless of age, gender, or the incidence of diabetes—LSG
was an independent factor of weight loss failure in patients with SMO. Zerrweck [6]
compared LSG and LRYGB in patients with a BMI of >50 kg/m? and reported the
LRYGB was associated with better weight loss effects at one year after surgery
(%EWL: LRYGB vs. LSG: 63.9 + 13.3% vs. 43.9 + 10.4%). The results of RCTs
comparing the weight loss effects between LSG and LRYGB, which were reported in
the past, indicated that the two procedures were associated with similar weight loss
effects. These RCTs included subjects with a BMI of <50 kg/m? [7][8][9]. Kehagias
[10] performed an RCT to compare LSG to LRYGB in patients with a BMI of <50
kg/m? and reported that the weight loss effects of LSG at one year after surgery were

higher but the effects at three years after surgery were similar. These reports also

12



suggest that while there were no significant differences in the weight loss effects
achieved by the procedures in the MO group, bypass procedures were associated with
better weight loss effects in the SMO group. No reports have compared the weight loss
effects of LSG and BPD/DS in patients with SMO.

Which bypass procedure is more appropriate? In Japan, LSG/DJB and LRYGB are the
most common bypass procedures. Gastric cancer remains a relatively common disease
in Japan. Kasama [3] reported that LRYGB is not appropriate for Japanese as it creates a
residual stomach following surgery, which cannot be detected by gastroscopy. They
reported the performance of LSG/DJB which is a modification of the BPD/DS
procedure. With regard to the performance of bypass procedures in Japan since 2007,
the LSG/DJB procedure has been more widely performed than the LRYGB procedure.
In the present study, there were no significant differences between LSG/DJB and
LRYGB in terms of the weight loss effects in patients with SMO. Some studies
compared the weight loss effects of LRYGB and BPD/DS in patients with SMO. Topart
[11] compared BPD/DS and LRYGB in patients with a BMI of >50 kg/m? and reported
that the %EWL of LRYGB at three years after surgery was 63.7 = 17.0%, while
BPD/DS was 84.0 + 14.5%, indicating that BPD/DS was associated with better weight

loss effects. Reports by Prachand [12] and Sovic [13] showed similar results and

13



indicated that BPD/DS achieved better weight loss effects than LRYGB. However, in
these studies, the common limb length was set to 100 ¢cm, which is different from the
common limb length set in the LSG/DJB that we conducted. It is hypothesized that this
resulted in the significant difference in weight loss effects that were observed between
LRYGB and BPD/DS in these reports. Taken together, it is assumed that the weight loss
effects of LSG/DJB and LRYGB (which were conducted at our hospital) do not differ in
patients with SMO. The findings suggest that we should choose procedures based on the
patient characteristics and familiarity with the procedure.

With regard to the treatment of patients with SMO, we showed that bypass procedures
had better weight loss effects than LSG. Bypass procedures are more complicated when
they are associated with anastomosis of the GI tract. It is expected that the thick
subcutaneous fat and large amounts of intraabdominal fat will make surgery more
difficult. Regarding the duration of surgery for patients with SMO in the present study,
while there was no significant difference between the LSG and LRYGB sub-groups
(145 £ 33.9 min vs 159.7 = 38.3 min, p=0.15), LSG/DJB was associated with a
significantly longer operative time than LSG (229 + 25.7 min, p<0.001). However,
based on our investigation, the operative times in patients with SMO and MO did not

differ to a statistically significant extent. In addition, no significant differences in the

14



incidence of perioperative complications within 30 days after surgery were observed
among the procedures in the SMO and MO groups. In brief, there was no extension of
the operative time, and the incidence of perioperative complications did not increase in
patients with SMO. Even more difficult bypass procedures are believed to be associated
with a similar level of risk to MO. Rezvani [14] and Dresel [15] also reported that
patients with SMO did not show an increased rate of complications. However, all of the
procedures at our hospital were carried out by surgeons who were familiar with the
operative procedures. In other words, the operative risks of SMO were similar to those
involving patients with a BMI of <50, if the operation was conducted by experts
familiar with the operative procedures. According to the IFSO guidelines [16], it is more
desirable for surgeons to refrain from conducting surgery on patients with a BMI of >50
kg/m? until they have conducted 50 surgeries on patients with a BMI of <50 kg/m?.
According to a report by Benotti [17], the rate of perioperative mortality after LRYGB
is significantly higher in patients with SMO. The results of the report did not directly
reflect the mortality rate due to the operative procedures that were performed. However,
the results suggest that the surgery is more difficult in SMO and that it is associated
with severe comorbidities.

Moreover, in the present study, a good weight loss effect of LSG alone was achieved in

15



some of the patients with SMO. An investigation into the factors involved when

selecting between bypass procedures and LSG for patients with SMO may play an

important role in avoiding unnecessary surgery and surgical revision. Furthermore, the

intraoperative findings indicated that a thick intraabdominal fat is a contraindication for

bypass among some patients with a high BMI. In such cases, it is not possible to ensure

a sufficient surgical field or working space, nor is it possible to ensure that the

anastomotic site has been subjected to excessive traction by heavy mesenteric fat. For

such patients, LSG is also believed to be effective as the first step of a two-step

procedure.

With regard to the metabolic profile changes after surgery in patients with SMO,

each procedure improved DM, HT, and DL. In particular, LSG/DJB could achieve

significantly better glycemic control, despite the selection of this procedure for patients

with more severe DM. Furthermore, although the rate of weight loss was insufficient,

LSG improved the metabolic profile of patients with SMO. We hypothesize that this

result was reflected by the subjects who achieved better weight loss. We did not

compare the metabolic profile changes between each procedure consciously because the

decision to select a procedure was usually made based on the level of glycemic control

at base line.
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The present study is associated with some limitations, including the sample size, the
retrospective nature of the study; and the possibility of selection bias. To overcome
these limitations, we need to accumulate more subjects, conduct long-term follow-up

examinations, and validate our study via a prospective study.

Conclusion

In the present study, we demonstrated that malabsorptive procedures (LSG/DIJB,
LRYGB) were associated with significantly higher rates of successful weight loss than
restrictive (LSG) procedures in patients with SMO. When performed by skilled
surgeons, these procedures are safe for patients with SMO. With respect to the surgical
procedure, the degree of obesity, the type, severity and technical difficulty of the
obesity-associated diseases of each patient, and the proficiency of surgeons should be

taken into consideration in order to select the most appropriate procedure for each case.
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Figure legends

Fig. 1

A schematic illustration of laparoscopic sleevegastrectomy with duodenojejunal bypass.
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Fig. 2

The %EWL and the rates of successful weight loss. The %EWL and the success rates of

LSG and LSG/DIJB in the SMO and MO groups are shown. The results were compared

using Student’s t-test. P values of <0.05 were considered to indicate statistical

significance.
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Fig. 3

The %EWL and the rates of successful weight loss. The %EWL and the success rates of
LSG and LRYGB in the SMO and MO groups are shown. The results were compared
using Student’s t-test. P values of <0.05 were considered to indicate statistical

significance.

SMO %EWL i MO %EWL

preope 1Y 2y pre ope 1y 2¥

0 =\ : 0 \
= - = |
" p=0.01 p=NS 6 \ -
\\ 40 L

40 | |
\ 1: —+=156 | | ——5G
60

60 \t ~#-[RYGB | T —e-LRveB
— | [T ——— \ e I R
80 |- . L { i

106 —————— ~

100 |- = —

120 ———

120

MO success rate
p=NS p=NS

100
90 F . Tl
80
70
80
50
30 4
20 +

WLSG
W LRYGB

24



“Table1 Preoperative.characterstics

50 SBMI<70 kg/m’ LSG LSG/DJB LRYGB P value

SMO group n=28 n=14 n=20 LSG vs. LSG/DJB LSG vs. LRYGB __ LSG/DJB vs. LRYGB
Age (Years) 37.9x£9.2 39.9+88 326:+6.6 0.49 0.033* 0.008*

Sex Male(Female) 22 (6) 7 8(12) 0.082 0.014* 0.72

Weight (kg) 163.6£22.0 1475194 155.6+£21.2 0.027% 0.22 0.25

BMI (kg/mz) 57.1+5.1 55.5+4.4 557+4.2 0.32 0.34 0.86

35S BMIC50 kg/m? LSG LSG/DJB LRYGB P value

MO group n=89 n=50 n=47 LSG vs. LSG/DJB LSG vs. LRYGB  LSG/DJB vs. LRYGB
Age (Years) 41.2+108 459+83 350999 0.01* 0.001* <0.001*

Sex Male(Female) 39 (50) 23 (27) 13 (34) 0.86 0.094 0.092

Weight (kg) 1124155 110.0X£14.5 111.5+16.9 0.423 0.798 0.642

BMI (kg/m®) 410439  400+42 414237 0.135 0.59 0.075

The baseline characteristics of the patients. The characteristics were compared between procedures and using Student’s t-test.

P values 0f<0.05 were considered to indicate statistical significance(*).
BMI: body mass index, SMO: super morbid obesity, MO: morbid obesi

25
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Table2 Postoperative cutcome.

LRYGB P value

50 SBMIC70 kg/m? LSG LSG/DJB
SMO group LSG vs LSG/DJB LSG vs LRYGB _LSG/DJB vs LRYGB
Jvear after surgery n=27 n=14 n=19
follow-up rate (%) 96.4 100 95
BMI (kg/m?) 39.1£85 33.9+6.27 33.1+£4.9 0.048% 0.01* 0.72
Weight (kg) 1130+26.1 91.0+215 939190 0.01% 0.01% 0.68
%EWL 1Y §7.7+214 7064218 734161 0.078 0.01% 0.67
2vear after surgery n=23 n=13 n=15
follow—-up rate (%) 82.1 929 75
BMI (kg/m?) 36.0+78 32.0%8.1 32.8+68 0.172 0.217 0.78
Weight (kg) 113.0+26.1 910+215 939+190 0.01* 0.01* 05
%EWL 2Y 65.1+£234 7594290 73.7+220 0.25 0.284 0.82
success rate
1year success number 15 12 18 0.08 <0.01% 0.56
tyear rate (%) §5.6 85.7 94,7
2year success number 12 12 13 0.025% 0.04% 1
2year rate (%) 52.2 923 86.7
35S BMIC50 kg/m’ LSG LSG/DJB LRYGB P value
MO group LSGvs. LSG/DJB __ LSG vs. LRYGB LSG/DJB vs. LRYGB
lyear sfter surgery n=89 n=50 n=41
follow-up rate (%) 100 100 87.2
BMI (kg/mi) 27.0+4.1 27.0+4.1 25.7+3.0 0.98 0.08 0.103
Weight (kg) 7404142 7444129 707117 0.85 0.2 0.158
%EWL 1Y 90.1+250 895+247 96.3+19.0 0.89 0.16 0.153
2vear after surgery n=77 n=45 n=28
follow—up rate (%) 86.5 80 59.6
BMI (kg/mz) 275+44 27.6+3.7 258+3.0 0.93 0.06 0.037%*
Weight (kg) 747140 763%x121 708114 0.53 0.19 0.058
%EWL 2Y 8844347 845+228 954187 0.5 0.31 0.037*
success rate
1year success number 85 47 40 0.75 1 0.62
1year rate (%) 95.5 94 97.6
2year success number " 43 27 on 0.67 1
2year rate (%) 922 95.6 96.4

The weight-loss after surgery. We compared the weight-loss achieved by each procedure Student’s t-test was used to compare the
parametric values. Fisher’s exact test was used to compare the categorical values. P values 0f<0.05 were considered to indicate statistical
significance(*).

BMI; body mass index, %EWL: percent excess weight loss,
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Table3 ‘Perioperative. outconias. -

LsG pvalue ___ LSG/DJB » value LRYGB p value LSG ve. LSG/DJB______LSG vs. LRYGB

SMO MO SMO MO SMO MO SMO MO SMO MO

Perioperative complications 3 (10.7%) 2(2.3%) 0.088 1(71%) 4 (8.0%) 1 4 (20%) 10(21.3%) 1 1 0.188 0.429 <0.01*

bleeding 3 2 4

leakage 2 1 4

sleeve obstruction 1

anastomotic stenosis 5

intestinal injury 1

wound infection 1
Conversion to open surgery 0 0 0 0 0 0
Mean operative time 1423318 140.14+378 _0.78 228,8+25.7 2196366 038 159.7+38.3 159.5+42.6 0.99 <0.01* <0.01% 0,094 <0.01%

The occurrence of intraoperative and postoperative (within 30 days after surgery) complications. We examined the differences—with respect to each procedure—between the MO and SMO groups.
We akso examined the differences between procedures for the whole study population. The results were compared using Student’s t-test. P values of <0.05 were considered to indicate statistical significance(*).
SMO; super morbid obesity, MO: morbi obesity



Table4 Metabolic_profile changes in SMO. pri

LSG/DJB

“LRYGB

LSG
number of patients (percent)
Diabetes mellitus 9 (32.1) 13 (92.9) 6 (30)
At baseline
mean HbAlc 7.52+0.8 908+20 8.18*+19
Treatment
LSM alone 1 0 1
OA 10
insulin 1 3 1
At 1yr
mean HbAlc 544+06 553+038 5214029
HbA1c =6.0% without medication 7(77.8) 12 (92.3) 6 (100)
HbA1c =6.5% without medication 7(71.8) 12 (92.3) 6 (100)
HbA1c =7.0% 7(77.8) 13 (100) 6 (100)
Treatment
LSM alone 7 12 6
OA 1 1 0
insulin 1 0 0
Hypertension
At baseline :
HT with medication 11 (39.3) 11 (78.6) 3 (15)
At Tyr
HT with medication 9 (32.1) 9 (64.3) 00
Dyslipidemia
At baseline
DL with medication 5(17.9) 8 (57.1) 2 (10)
At 1yr
DL with medication 2(7.1) 3(21.4) 0 (0)

The metabolic profile changes after each procedure in the patients with SMO.

HbA1c: hemoglobin Alc, LSM: life style modification, OA: oral agents,
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