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Abstract

BACKGROUND—Visceral adipose tissue (VAT) predicts incipient diabetes mellitus and
cardiovascular disease. Human data is mixed regarding the benefits of selective VAT reduction.

OBJECTIVES—We investigated omentectomy added to laparoscopic Roux-en-Y gastric bypass
(LRYGB) on glucose homeostasis and lipids, inflammatory markers and adipokines after 90-days
in non-diabetic patients.

SETTING—Legacy Good Samaritan Hospital and Oregon Health & Science University in
Portland, Oregon.

METHODS—A single-blinded, randomized study of LRYGB plus omentectomy vs. LYRGB
alone in 28 subjects (7 male, 21 female). Groups were matched at baseline for gender, age, and
body mass index (BMI). Eligibility included age > 18 years old, a body mass index (BMI) > 40
and < 50 kg/m? without co-morbid conditions or BMI = 35 and < 50 kg/m? with co-morbid
conditions. The primary outcome measures were changes in fasting plasma glucose, insulin and
HOMA-IR. Secondary measures were BMI and levels of hs-CRP, TNF-q, interleukins, total and
HMW adiponectin, fibrinogen, and PAI-1.

RESULTS—After surgery, BMI decreased significantly in both groups and was not different at
follow-up. While many outcome parameters improved with weight loss in both groups post-
operatively, only the omentectomy group experienced statistically significant decreases in fasting
glucose (p<0.05), total (p=0.004) and VVLDL (p=0.001) cholesterol, and an increase in the
HMW:total adiponectin ratio (p=0.013).

CONCLUSIONS—Omentectomy added to a LRYGB results in favorable changes in glucose
homeostasis, lipid levels, and adipokine profile at 90-days. These data support the hypothesis that
selective ablation of VAT conveys metabolic benefit in non-diabetic humans.

Keywords

omentectomy; omentum; obesity; bariatric surgery; Roux-en-Y’; gastric bypass surgery; visceral
adipose; intra-abdominal adipose; adiponectin; high-molecular weight adiponectin

Corresponding author’s ground mail address, telephone number and fax number: Emma Patterson, MD, Oregon Weight Loss Surgery,
LLC, Legacy Good Samaritan Hospital, 1040 NW 22nd Ave, Suite 500, Portland, Oregon 97210, Voice: 503 227-5050, Fax: (503)
227-2462, EPatterson@OregonWeightLossSurgery.com.

ClinicalTrials.gov listing: NCT00552942



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 2

INTRODUCTION

Obesity is a global health threat (1). Research has elucidated a complex relationship between
adiposity and expression of co-morbid diseases. For example, excess visceral adipose tissue
(VAT) predicts type 2 diabetes mellitus (DM) and cardiovascular disease (CVD)
independent of total body fat or subcutaneous adipose tissue (SAT)@3) and contributes to
the development insulin resistance, dyslipidemia, and inflammation(*). The mechanisms
are poorly understood but candidates include: direct signaling between VAT and liver via
induction of local and systemic inflammation or changes in flux of lipids and intermediates
of lipid metabolism, and alterations in adipokine secretion(®.7). Adiponectin, in animal
models, demonstrates a causal role in maintaining insulin sensitivity(®). In humans,
decreased adiponectin levels are associated with development of type 2 DM©10) and levels
are negatively correlated with visceral adiposity(!1), Adiponectin is lower in obese and
insulin resistant subjects and increases with weight loss(!2). Decreases in high-molecular
weight (HMW) adiponectin are believed more important for expression of insulin resistance,
diabetes mellitus and cardiovascular disease than alterations in total adiponectin3.14),

Several studies have focused on the metabolic impact of reduction in total fat mass versus
regional adipose. Selective reduction in SAT through “large volume” liposuction had no
impact on glucose and lipid parameters in humans(1%). On the other hand, omentectomy
resulted in marked improvements in metabolic parameters in multiple animal
studies(16:17.18.19) 'Human studies of omentectomy have yielded mixed results. One study
showed significant improvements in oral glucose tolerance, insulin sensitivity and fasting
glucose and insulin in subjects who underwent omentectomy with laparoscopic gastric
banding (LAGB) compared to LAGB alone(29). Other studies, adding omentectomy to
LRYGB, failed to demonstrate a metabolic advantage to omentectomy(21.22.23.24) Many of
these studies included small numbers of subjects, mixtures of patients with and without
diabetes, or included long-term follow up endpoints when much larger weight loss had
occurred proportional to the amount of VAT removed. Given early positive results by
Thorne and colleagues and limitations in existing LRYGB studies, we sought to determine if
omentectomy added to LRYGB confers additive metabolic benefit on inflammatory
markers, glucose homeostasis, and adipokine levels compared to LRYGB alone at an early
time point (90-days) in a larger group of subjects.

MATERIALS AND METHODS

Based on results by Thorne and colleagues(?), a sample size of 17 patients per group was
calculated using a 2-tailed Student’s T-test with an alpha of 5% and sigma of one to achieve
a power of 80%. After completion of enrollment between July 2006 and October 2009,
samples for a total of 28 patients, age 27 to 68 years old were available for analysis. Samples
from 15 patients (3 male, 12 female) randomized to LRYGB with omentectomy and 13
patients (4 male, 9 female) randomized to LRYGB alone were analyzed. Two subjects from
the control arm did not have data for the 90-day follow-up due sample handling and
insufficient quantities. Results are reported for 26 subjects for whom follow-up data is
available. The target population included all morbidly obese patients undergoing LRYGB at
Legacy Health System and patients were enrolled by study coordinators within these
institutions. All patients were enrolled at a single center, Legacy Good Samaritan Hospital,
Portland, OR. Inclusion criteria included age = 18 years old; a body mass index (BMI) = 40
and < 50 kg/m? without co-morbid conditions or BMI = 35 and < 50 kg/m? with co-morbid
conditions; patients accepted into the obesity surgery program at Legacy Health System; and
self-selection for laparoscopic gastric bypass. Exclusion criteria included patients < 18 years
old, patients who elected to have bariatric procedures other than laparoscopic gastric bypass,
inability to give informed consent, co-morbid conditions which preclude surgery, previous
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major pelvic surgery including hysterectomy, bloodless surgeries, self-pay status and known
type 1 diabetes mellitus. No patients with known type 2 diabetes mellitus were enrolled due
to institutional screening which favored their recruitment into a different and simultaneous
clinical trial. For three days prior to surgery and testing, subjects were advised to drink only
liquids. After surgery subjects were advised to maintain a diet low in concentrated calories
(high fat, processed carbohydrates). Randomization occurred on the morning of surgery after
induction of anesthesia using sequentially numbered, opaque, sealed envelopes. Patients
were blinded to their treatment allocation. One subject from the control group was unblinded
post-operatively when an operating room nurse inadvertently informed the patient’s family
that omentectomy had not been performed. It was decided to keep the patient in the study.
Results were not meaningfully altered when performed with and without this subject’s data.
The institutional review boards at Legacy Good Samaritan Hospital and Oregon Health &
Science University approved the protocol and all patients signed an informed consent prior
to study entry. The trial was listed on clinicaltrials.gov (NCT00552942).

LRYGB was performed according to standardized technique. A lesser curvature-based 15-
mL gastric pouch was created and calibrated around a trans-oral gastric balloon. An ante-
gastric, ante-colic circular stapled gastrojejunostomy was constructed. Roux-limb and
biliopancreatic limbs were measured at 100cm and jejunojejunostomy constructed. The
common channel length was not recorded. During formation of the gastrojejunostomy, a
pathway in the greater omentum was created from the free edge to approximately 1cm from
the transverse colon. If the patient was randomized to omentectomy, the omentum was fully
dissected free from the transverse colon and greater curvature of the stomach, from medial
to lateral, beginning at the omental pathway. Then each side of the omentum was placed in
an endocatch bag and removed from the abdomen via a laparoscopic trocar site and
weighed.

After a fast of at least 8 hours, subjects had blood taken at pre-operatively and 90 days post-
operatively. Specimens were immediately spun, separated, aliquoted and frozen at —=70° C
until analysis. Glucose was assayed by glucose oxidase method (Stanbio Laboratory,
Boerne, TX). Insulin and hsCRP were analyzed via the Immulite system (Siemens
Diagnostics, Deerfield, IL). ELISA testing was used to quantify TNF-a, IL1-f, IL-6, IL-8,
and IL-10 (R&D Systems, Minneapolis, MN), PAI-1 (Invitrogen, Camarillo, CA),
fibrinogen (ALPCO Diagnostics, Salem, NH) and HMW adiponectin (Millipore, Billerica,
MA). Total adiponectin was measured by RIA (Millipore, Billerica, MA). Lipids were
assessed by photometric assay (Olympus AU640e, Beckman Coulter, Brea, CA).

Weight loss is expressed as %Excess Weight Loss (%EWL), using the middle of the 1983
Metropolitan Life Insurance tables for median frame; %Weight Lost (%WL); and %Excess
BMI Lost (%EBMIL) with excess >25 kg/m2. Statistics were performed using SigmaStat (v.
3.5, Aspire Software International, Ashburn, VA). Assessment of changes within groups and
between groups was performed using Student’s t-test or Mann-Whitney U test, as
appropriate. Insulin resistance was estimated using the homeostasis insulin resistance index
(HOMA-IR)Z). Al reported P values are two sided, and P < 0.05 was considered
statistically significant.

Treatment and control groups were closely matched at baseline for gender, age, BMI, and
laboratory tests (Tables 1 and 2) except for slightly higher HMW:total adiponectin ratio
(p<0.05) and slightly lower IL-1p (p=0.007) in the treatment vs. control group (Table 2).
The mean operative time was 153 min for the treatment group and 135 min for the control
group (p=0.37). The mean weight of the resected omentum was 505 (range: 200-865) gm.
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There were no intraoperative complications related to omentectomy. Post-operative
complications included two patients in the omentectomy group (gastroenterostomy stenosis)
and one patient in the control group (urinary retention).

Both groups experienced significant weight loss compared to baseline with no statistically
significant difference between the groups at 90 days (Table 1). Average percent excess
weight loss (Y%EWL) was 38% in both groups (p=0.93). Average percent weight loss was
23% and 17% in the treatment and control groups, respectively (p=0.38). Percent excess
BMI lost (%EBMIL) was 45% and 43% in the treatment and control groups, respectively
(p=0.77). Although both groups experienced decreases in fasting glucose, this was
statistically significant only in the omentectomy group (p<0.05). There was no significant
change in insulin levels in either group (p=0.21 for the omentectomy group; p=0.06 for the
control group). The pre-operative insulin level in the control group was influenced by a
single outlier value (208 plU/mL). Excluding this outlier decreased the mean = SD pre-
operative insulin level to 23.1 + 20.4 nlU/mL and a post-operative level to mean of 11.7 +
7.3 plU/mL, a difference that remained not statistically significant (p=0.16).

Both groups experienced significant decreases in triglyceride levels, but only the
omentectomy group had significant reductions in total (p=0.004) and VLDL (p=0.001)
cholesterol. Although adiponectin and HMW adiponectin increased significantly in both
groups, only the omentectomy group showed a statistically significant increase in the
HMW:total adiponectin ratio (p=0.013) (Table 2). Finally, there were no statistically
significant differences in inflammatory markers between group, except for IL-10 levels (a
difference which persisted from baseline) and a significant decrease in PAI-1 levels in the
control group (p=0.035) (Table 2).

DISCUSSION

Visceral adiposity is strongly linked to dysregulation of glucose and lipid metabolism and
risk for CVD(23), Several studies link increased VAT with decrements in serum levels of
adiponectin and unfavorable alterations in the ratios of adiponectin multimers. Evidence
supports a role for adiponectin in maintenance of normal glucose and lipid homeostasis and
suggests that changes in the HMW:total adiponectin ratio is an important contributor to
expression of DM and CVD(12.13.14) |n the present study, we show that omentectomy, when
added to LRYGB, results in statistically significant improvements in short-term glucose
levels, lipid levels, and the ratio of HMW:total adiponectin, effects not seen in LRYGB
surgery alone. Although the long-term clinical significance of these changes found at 90-
days after omentectomy is likely negligible, this finding contributes to our understanding of
the physiologic changes associated with VAT reduction on glucose metabolism and
adipocyte function.

Our data are in agreement with animal studies in which omentectomy favorably impacts
glucose and lipid metabolism(16:17.18.19) and a single human study(29). In that study, 50
subjects were randomized to either LAGB alone or LAGB plus omentectomy(20), After two
years of follow-up, the omentectomy group showed significant metabolic benefits in insulin
sensitivity compared to the control group. These metabolic improvements were independent
of changes in BMI.

Four recent human studies have been published examining the effect of adding
omentectomy to LRYGB surgery. All failed to show additive benefit on parameters of
glucose metabolism. In a study by Herrera et al, no consistent statistically significant
differences were noted between groups at 1, 3, 6 and 12 months follow-up in terms fasting
glucose, HOMA-IR, lipid levels, total adiponectin, TNF-a, leptin, C-reactive protein and
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IL-6(22). That study enrolled fewer subjects than our study and did not include a measure of
HMW adiponectin. The addition of omentectomy added an average of 85 minutes to the
operative time (P < 0.001) and was associated with a severe complication (duodenal
perforation). In a study by Csendes et al, 70 patients were randomized to a modified
LRYGB surgery with and without omentectomy(?1). These investigators failed to show any
additive benefit of omentectomy in terms of fasting glucose, fasting insulin levels, lipid
levels or blood pressure after substantial total weight loss of 35% at 2-year follow-up.
Adipokines were not assessed and no metabolic evaluations were undertaken at intermediate
time points. In a study by Lima et al, 19 women, including 6 with type 2 DM, were
randomized to either LRYGB with or without omentectomy and studied one month later(23),
Both groups improved with regard to insulin, glucose, and HOMA-IR and were not different
by treatment group. Interestingly, non-esterified free fatty acids levels increased in both
groups, suggesting ongoing metabolic adaptation to acute caloric restriction. This may have
independently contributed to improvements in glucose metabolism, superseding the effect of
omentectomy. Lastly, in a study by Fabrini and colleagues, 22 obese subjects were
randomized to either LRYGB with or without omentectomy and underwent metabolic
testing utilizing the hyperinsulinemic-euglycemic clamp with follow-up at 6 and 12
months(24. BMI, body composition, glucose homeostasis, lipids, CRP, leptin, and total
adiponectin were assessed. No significant differences were noted between groups at follow-
up. Follow-up values were not obtained at 90 days in this study, however, and HMW
adiponectin was not measured.

Possible explanations for the differences between our findings and those of the other
LRYGB surgery studies may relate to differences in sample size and timing of follow-up.
The post-operative period is characterized by a resolving hormonal milieu of stress
hormones, inflammation, and dramatic caloric reduction. Each of these may have
confounding effects on measures of glucose metabolism. On the other hand, proportionally
large reductions in total fat mass are seen at long-term follow-up time points, especially after
LRYGB surgery. Metabolic improvements resulting from these greater reductions in total
fat mass (30 to 40 kg, on average) may dwarf any contribution from removal of 0.5 to 1.0 kg
of omental tissue at the time of surgery. By studying our subjects at 3-months and including
a larger number of patients than some previous studies, we were able to show benefits of
selective visceral fat reduction by omentectomy demonstrable when enough time had
elapsed for recovery from the surgery but before effects of larger total fat reductions could
play a role on improved lipids and glucose metabolism.

An interesting substudy of Fabrini et al (24) examined omentectomy alone (without bariatric
surgery) in a small cohort (n=7) of obese subjects with type 2 DM. This cohort underwent
metabolic testing at 3-months after omentectomy, the same timepoint as our study. No
assessment of adipokines was undertaken in this group but body weight, metabolic
variables, and indices of insulin sensitivity, glucose effectiveness and -cell function did not
change significantly. Patients with type 2 diabetes have greater insulin resistance and
impaired islet cell secretory capacity than those without diabetes(25:26:27.28) and may,
therefore, have been less likely to manifest improvement in glucose metabolism in response
to omentectomy than our subjects.

CONCLUSION

In conclusion, omentectomy when added to LRYGB in non-diabetics results in statistically
significant reductions in fasting glucose, total and VLDL cholesterol and favorable changes
in the HMW:total adiponectin ratio at 90-days, while no statistically significant reductions
were noted in these parameters in a closely matched control group. These findings are not
explained by differences in total weight loss or by differences in inflammatory markers. Our
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data support the hypothesis that selective ablation of VAT conveys metabolic benefit in non-
diabetic humans. In the context of previous reports, however, significant questions remain
regarding the role of therapeutic omentectomy in humans undergoing LRYGB. Any positive
effects that we demonstrate at 90-days are likely dwarfed by the metabolic improvements
conferred by weight loss and favorable changes in levels of hormones such as glucagon-like
peptide-1 after LRYGB during longer follow-up(29). The greater insulin resistance and
impaired insulin secretory capacity of patients with type 2 DM, as demonstrated in the
Fabrini substudy(®¥, likely attenuate the response to omentectomy at this time point. On the
other hand, subjects undergoing laparoscopic gastric banding, which accounts for over 40%
of bariatric surgeries®%, may benefit from this approach and further trials are warranted in
this subset of patients.
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Comparisons of parameters of body weight, glucose and lipid metabolism

Table 1

Omentectomy Group n=15

Control Group n=11

Pre-op Post Pre-op Post

BMI (kg/m?) 416 (4.5) 35.8 (4.7)2 42.3 (4.8) 36.6 (3.6)2
Glucose (mg/dL) 1010 (273) | g7 (106)2 | 108.8(52.7) | 9L5(12.86)
Insulin (ulU/mL) 16.4(7.19) | 13.7(12.3) | 38.9(55.9) 11.8 (6.9)
HOMA-IR 2.1(0.97) 1.69 (1.4) 2.3(15) 1.5 (1.0)
Cholesterol (mg/dL) | 191.4 (4233) | 1632 (33.6)2 | 189.6(388) | 155.7 (56.9)
VLDL-C (mg/dL) 359(144) [ 211092 | 365(114) 26.8 (9.5)
LDL-C (mg/dL) 109.7(36.1) | 97.5(27.0) | 109.6(33.2) | 95.6(35.8)
Triglycerides (mg/dL) | 1794 (71.7) | 105.8 (25.1)2 | 1822(57.4) | 1250 (60.6)@
HDL-C (mg/dL) 458(104) | 445(12.6) | 443(15.2) | 41.6(10.7)

Results are Mean (SD).

Page 9

a . . . I .
p < 0.05 for within-group changes at post-operative follow-up. All between-group comparisons were not significant at post-operative follow-up.
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Table 2

Comparisons of parameters of inflammatory markers and adipokines.

Omentectomy Group n=15

Control Group n=11

Pre-op Post Pre-op Post
Adiponectin (ng/mL) 7.2(3.1) 8.6 (3.1)3 5.8 (3.0) 7.2 (3.2
HMW Adiponectin (jug/mL) 35(2.1) 4.7 (2.7 2.4 (1.5) 3.3 (2.1)2

HMW/total (%)

0.46 (0.1)P | 052 (0.15)2

0.39(0.06) | 0.44(0.12)

CRP (mg/L) 79(4.7) 63(6.9) | 12.2(135) 9.0 8.7)
TNF-a (pg/mL) 1.6 (1.04) 1.9 (1.6) 1.3(0.54) 1.6 (0.68)
IL-10 (pg/mL) 140420 | 15004 21(066) | 23(0.97)C
IL-6 (pg/mL) 5.6 (3.0) 39(2.7) 3.7(19) 3.4 (1.4)

IL-1b (pg/mL)

0.03(0.07) | 0.03(0.10)

0.07(0.14) | 0.02 (0.05)

Fibrinogen (mg/mL)

3.2 (0.49) 3.0(0.7)

2.8(0.87) 2.9 (0.68)

I1L-8 (pg/mL)

12.6(103) | 12.7(4.2)

13.9 (4.8) 132 (6.9)

PAI-1 (pg/mL)

4933 (2901) | 4258 (3167)

5552 (3785) 1998 (2104)3

Results are Mean (SD).

ap < 0.05 for within-group changes at post-operative follow-up.

bp < 0.05 for between-group comparisons at baseline.

Cp =0.001 for between group comparisons at post-operative follow-up.
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