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Abstract

Background.—The rising prevalence of insulin resistance (IR), metabolic syndrome and type 2
diabetes are associated with increases in abdominal mesenteric fat. Adipocytes are sensitive to low
temperatures, making cryolipolysis of mesenteric fat an attractive treatment modality to potentially
reduce IR.

Objectives.—We aimed to determine whether: 1. Cryolipolysis is safe in reducing the volume of
the mesenteric fat; and 2. Reduction in mesenteric fat volume reduces indices of IR and glycemic
dysfunction.

Setting.—Indiana University School of Medicine, USA.
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Methods.—A novel cooling device and method delivered cryolipolysis in a controlled manner

to avoid tissue ablative temperatures. Ossabaw pigs (n=8) were fed a high fat (HFD) diet for 9
months to develop visceral obesity, IR and metabolic syndrome. Following laparotomy, mesenteric
fat cryolipolysis (MFC) was performed in 5 pigs, while 3 served as sham surgery control. The
volume of the mesenteric fat was measured by computed tomography (CT) and compared to
indices of glucose intolerance before, and at 3 and 6 months post-procedure.

Results.—MFC safely reduced mesenteric fat volume by ~30% at 3 months, which was
maintained at 6 months. Body weight did not change in either the MFC or sham surgery control
groups. Measure of glycemic control, insulin sensitivity and blood pressure significantly improved
after MFC compared with sham controls.

Conclusions.—MFC reduces the volume of mesenteric fat and improves glycemic control in

obese, IR Ossabaw pigs, without adverse effects.

Keywords
Mesenteric fat; Ossabaw swine; Insulin resistance; Cryolipolysis

Introduction.

The prevalence of type Il diabetes mellitus (T2DM), insulin resistance, and obesity is
continuously rising and poses a major risk for morbidity and mortality from cardiovascular
and other complications (12, Studies in animal models and humans have shown a link
between visceral (but not subcutaneous) fat and insulin resistance and related metabolic
abnormalities 3-7). Among the fat depots, the mesentery stores most of the intra-abdominal
fat, and has emerged as a key contributor to insulin resistance and diabetes via recruitment
of inflammatory cells and the secretion of adipokines, cytokines, free fatty acids, and other
diabetogenic factors (6-8). Moreover, increase in mesenteric fat thickness is closely linked
to increased risk for developing the metabolic syndrome (MetS), defined as the presence of
at least three of the following features: central obesity, high blood pressure, hyperglycemia,
low high-density lipoprotein cholesterol (HDL-c), and elevated serum triglycerides (9:10),
The direct drainage of the mesentery to the liver contributes to the development of

fatty liver and liver-specific insulin resistance which in many cases antecede systemic
insulin resistance and diabetes (:7:8.11)_Finally, the direct contribution of mesenteric fat to
insulin resistance was recently demonstrated, where its reduction using a tissue liquidation
technique on insulin resistant non-human primates served to improve insulin sensitivity and
reduce body weight ).

Mesenteric fat, per se, is unresectable surgically due to its vital neurovascular supply to the
intestines, and targeting other abdominal visceral fat depots, such as the greater omentum,
have proved to be suboptimal (12-16). The average amount of omentum resected in these
studies was ~0.5-0.8 kg, which is lower than the average abdominal fat mass in obese
individuals of >3 kg, with levels as high as ~7-8 kg in some individuals (17:18), and

thus explains why these studies did not report a beneficial effect. The increased metabolic
contribution of the mesenteric fat to diabetes, as opposed to omental or subcutaneous
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adipose tissue (7, further emphasizes the need to develop viable and effective methods for
mesenteric fat reduction.

Adipocytes, due to their lipid content, are sensitive to low temperatures compared to other
cell types, and induction of cell death can be detected at temperatures as high as +10°C
(19). This relatively high temperature avoids tissue ablation or damage to other cells or
adjacent vital structures. Thus, targeting fat cells for destruction using cold temperatures
(cryolipolysis) is an attractive approach to induce mesenteric fat loss. Successful, practical
delivery of a safe treatment that induces cryolipolysis of mesenteric fat (MFC) should
demonstrate clinical efficacy by reducing insulin resistance and diabetes in patients with
visceral adiposity.

Subcutaneous cryolipolysis using cooling plates placed externally on the skin is a method
for fat reduction commonly used for cosmesis. It is durable and was shown in clinical
studies to promote significant reduction in fat mass without significant side effects to
surrounding tissue or changes in circulating lipid levels 19-22)_ Currently, there are no
clinically available treatments to reduce the deleterious mesenteric fat mass, and alternate
strategies which include dietary and lifestyle approaches are clearly not sustainable in most
cases (23),

In this study, we sought to determine the practical feasibility, safety, and efficacy of reducing
mesenteric fat volume using a novel cryolipolysis device as a new potential treatment to
reduce insulin resistance and improve glucose regulation. We focused these studies in the
Ossabaw pig model of the metabolic syndrome (MetS) induced by a diet high in calories,
fat, fructose, and cholesterol (MetS diet). This model is widely used for studies of the MetS
and represents a highly translatable model that develops each of the core parameters of the
syndrome with many of the associated secondary comorbidities (24-28),

Animal model.

All protocols involving animals were approved by the Indiana University Institutional
Animal Care and Use Committee and complied fully with recommendations in the Guide
for the Care and Use of Laboratory Animals (29 and the American Veterinary Medical
Association Panel on Euthanasia (39).

MetS and insulin resistance were induced in 8 Ossabaw miniature swine (5 Males / 3
Females) with a daily atherogenic diet (1000g), high in fat, cholesterol and fructose for 9
months starting at 9 months of age. The diet provided 16.3% kcal from protein, 40.8% kcal
from total carbohydrates (for which 19% kcal was fructose), and 42.9% kcal from fat. Fat
calories were derived from a mixture of lard, hydrogenated soybean oil, and hydrogenated
coconut oil. It was supplemented with 2.0% cholesterol and 0.7% sodium cholate by weight
(KT324, Purina Test Diet, Richmond, IN) (1. All animals had free access to water.
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Study design.

After 9 months of HFD, abdominal computed tomography (CT, described below) was
performed to quantify the mesenteric fat. Blood was drawn and intravenous glucose
tolerance test (IVGTT) was performed to establish baseline insulin resistance. The
cryolipolysis of mesenteric fat procedure (MFC, described below) was performed on 5 pigs
while 3 pigs underwent laparotomy and manipulation of their mesentery without cooling
and served as sham controls. All surgical procedures and imaging as described below were
identical between the groups, however, the cryolipolysis device was not activated in the
sham group. Pigs were allowed to recover and monitored up to 6 months. CT and glucose
monitoring were conducted at 3 and 6 months follow up. At 6 months, pigs were euthanized,
and a necropsy was performed.

Cryolipolysis.

The pigs were randomly divided into sham (2M, 1F) and treated (3M/2F) groups. After

an overnight fast, swine received a 2.2 mg/kg dose of xylazine (Webster Veterinary,

Devens, MA) and 5.5 mg/kg dose of telazol (Fort Dodge Animal Health, Fort Dodge,

IA) intramuscular injection to induce anesthesia. Swine were intubated and anesthesia was
maintained with 2—-4% isoflurane in 100% O, as a carrier gas. The isoflurane level was
adjusted to maintain anesthesia with stable hemodynamics. Heart rate, blood pressure,
respiratory rate, and electrocardiographic data were continuously monitored throughout the
procedure. A laparotomy was performed to expose the mesenteric fat of the small intestine.
The average thickness of the mesenteric fat in these pigs was ~5mm, which is comparable to
that of humans.

Cryolipolysis device.

A prototype cryolipolysis device was built by B2M Medical (Irvine, CA) for these early
safety and efficacy studies. The device uses compressed nitrogen gas cooled to —190°C

by liquid nitrogen and then heated to the treatment temperature by heating elements
located in the device probe before being released through the probe nozzle. Based on
preliminary bench testing and measurements of temperature penetration to fat tissue, we
set the treatment parameters to cool the mesenteric fat to <10°C at a depth of 5mm. The
target temperature was chosen based on studies that showed that adipocyte apoptosis can
already be detected at 10°C (19:32) \We identified the terminal ileum as the starting point
for cryo-applications and treated the mesenteric fat in a retrograde direction throughout the
small intestine until we reached the duodenum. Since the anatomy of the pig’s spiral colon
does not allow access to its mesentery, we avoided treating the large intestine.

Computed tomography.

CT scans were conducted before cryolipolysis and at 3 and 6 months follow up to quantify
changes in mesenteric fat, defined as fat engulfing the intestine excluding air (33:34). The pigs
were scanned using a Philips Brilliance 64 detector scanner (Philips Healthcare, Andover,
MA, USA and Best, NL) while sedated using 4% Isoflurane (Webster Veterinary, Devens,
MA) supplied by mask. Helical scans were obtained craniocaudal from the sternal notch

to the pubic symphysis, 20mm thick and taken every 0.5cm. Images were analyzed using
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Mimics Medical 24.0 (Materialize NV, Belgium), with Hounsfield units (HU) range of -150
to —20 (34). The mesenteric fat was segmented, and its volume (L) was calculated from the
3D representations.

glucose tolerance test (IVGTT).

After an overnight fast, pigs were anesthetized with isoflurane and the right jugular vein was
catheterized percutaneously (39). They were allowed to recover from anesthesia for at least

2 h before the IVGTT started, to avoid isoflurane induced decrease in insulin action 3),
The animals were placed in a low-stress restraint sling and blood samples were obtained at
baseline (=5 and 0 min), followed by an intravenous bolus of 1g glucose/kg body weight,
and further samples were obtained at 5, 10, 20, 30, 40, 50, and 60 min after injection. Blood
glucose was measured on a Y'SI 2300 Stat Plus analyzer (YSI, Yellow springs, OH). Plasma
insulin levels were obtained by Elisa assays (Abcam, MA, USA) at 0, 10, 20, 40 and 60

min after injection of glucose. To assess insulin sensitivity, the products of plasma glucose
and insulin levels were used to calculate a modified homeostatic model assessment of

insulin resistance (HOMA-IR), and Quantitative Insulin Sensitivity Check Index (QUICKI)
(33,36,37)

Blood pressure

Blood pressure during IVGTT was monitored using the cuff method as previously described
(26), and values were computed from at least 6 different measurements over time.

Statistical Analysis:

Results.

Data presented as mean = SEM unless otherwise indicated. The area under the curve (AUC)
for glucose and insulin was calculated using the trapezoid method. 2-way anova for repeated
measurements followed by post-hoc Bonferroni test for comparisons between groups was
used to measure significance within groups. Student T test was used to compare values
between groups at different time points. p<0.05 is considered as statistically significant.

Cryolipolysis.

All cryolipolysis and sham procedures were completed without any adverse events. Overall,
we delivered ~40-60 applications per pig and the procedure time was ~90 minutes. No
stigmata of intrabdominal bleeding were recorded, and all the pigs had regular bowel
movements within 24h after the procedure. Three different designs of our prototype
cryolipolysis probe allowed access to most of the visible mesenteric fat along the entire
length of the small intestine (Figure 1A—C). Following cryo-application, the treated area
underwent a transient pale discoloration with a firmer consistency compared to untreated
tissue, until baseline body temperature was restored in that location (Figure 1D). We used
this change in appearance to identify treated vs. untreated areas of the mesentery as we
progressed to treat majority of the mesenteric surface.
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Mesenteric fat.

Before cryolipolysis (T=0), the mean volume of the mesenteric fat in the treated and

sham groups was (2.98+0.23L vs 3.28+ 0.87L, respectively; p=ns). At 3 months post-
cryolipolysis, mesenteric fat volume was reduced by ~30% in the treated group, while it
did not change significantly in the sham controls (2.22+0.19L vs. 3.26+0.9L, respectively;
p=0.009). The reduction of mesenteric fat volume was sustained at 6 months (p=0.003)
while the sham controls showed a 20% increase (2.03+£0.22L vs 3.7+£0.65L, respectively,
Figure 2A+B). A representative segment of treated vs. untreated mesenteric fat taken at
necropsy at 6 months shows a marked reduction in the thickness of the mesenteric fat
following cryolipolysis (Figure 2C) without thrombotic or atrophic mesenteric vasculature.

Body weight.

Before the initiation of 9 months HFD, body weight was not different between the groups
(32+4kg vs. 30£3kg, sham vs. treated, p=n.s). MFC had no significant effect on total body
weight, which increased by ~4kg in both groups at 6 months follow-up (sham: 91.2+5.6 kg
at t=0 to 95.1+3Kkg at t=6 months; treated: 84+6.5kg at t=0 to 87.1+3.5kg at t= 6 months;
Figure 3A).

Blood pressure.

Before the initiation of 9 months HFD, blood pressure was not different between the groups
(109+5mmHg vs. 108+11 mmHg, sham vs. treated, p=n.s). Before cryolipolysis (T=0),
both sham and treatment groups were hypertensive with systolic blood pressure (SBP) of
167+4mmHg and 183+22mmHg respectively. Mesenteric fat cryolipolysis reduced SBP in
the treated group by 17% to 150+14mmHg at 3 months follow up (p=0.02), and these levels
decreased further by 28% at 6 months follow up to 132+6mmHg (p=0.007). There was no
significant change in SBP values in the sham control which remained elevated at 6 months
follow up (183+23mmHg at 3 months and 187+7mmHg at 6 months; p=ns; Figure 3B).

Fasting Glucose and Insulin levels.

Before the initiation of 9 months HFD, fasting blood glucose was not different between the
groups (64+7 mg/dL vs. 68+7 mg/dL, sham vs. treated, p=n.s). Before cryolipolysis (T=0),
the mean values of fasting glucose and fasting insulin in the treated and sham groups were
89+11 and 99+4 mg/dL for glucose; 11.5+4.3 and 9+1.5 uU/ml for insulin, respectively;
p=ns. At 3 months post cryolipolysis, these levels were reduced in the treated group to 75+8
mg/dL for glucose and 8.2+2.4 uU/ml for insulin (p<0.05). In the sham group, mean fasting
glucose and insulin concentrations tended to increase at 3 and 6 months compared with
values at baseline (T=0), but the differences were not statistically significant. In contrast,
fasting plasma glucose and insulin concentrations were lower at 6 months compared with
baseline in the MFC group (Figure 4A+B).

HOMA-IR and QUICKI scores.

Before cryolipolysis (T=0), the mean values of HOMA-IR and QUICKI were not
significantly different between the sham and treated groups (HOMA-IR values: 1.98+0.32
and 1.72+0.2, p=ns; QUICKI(x1000): 346+9.36 and 339+14.53, p=ns, respectively). At 3
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months post cryolipolysis, HOMA-IR values reduced to 1.61+0.57 in the treated group
while increased to 3.83+1.51 in the sham control (p<0.05). At 6 months, HOMA-IR further
reduced in the treated group to 1.0+0.34 (p<0.05), while it remained elevated at 3.5+ 1.51
in the sham control. QUICKI score increased at 3 months in the cryolipolysis treated group
while it remained reduced in the sham control [368+15.65 vs. 325+23.23 respectively]. At
6 months follow up, QUICKI further increased in the treated group to 406+27.42 (p=0.01)
while it was unchanged in the sham control (330+£22.88; Figure 4 C+D).

Glucose and Insulin levels during IVGTT.

Glucose: Before cryolipolysis (T=0), the peak value as well as the area under the curve
(AUC) for glucose were not significantly different between the sham and treated groups
(AUC values: 32402+908.23 vs. 29169+1162 respectively; p=ns). At 3 months post
mesenteric fat cryolipolysis, both the peak values and the AUC for glucose were reduced
compared to the sham control (AUC values: 26527+2054 vs. 35764+1382, p=0.009). These
reduced values were also sustained at 6 months follow up (AUC values: 25452+1890

vs 33275+1869; treated vs. sham, respectively; p=0.01) (Figure 5A+B). Insulin: Before
cryolipolysis (T=0), the peak value as well as the area under the curve (AUC) for

insulin were not significantly different between the sham and treated groups (AUC

values: 4218+787 vs. 37721521 respectively; p=ns). Three months following mesenteric fat
cryolipolysis, both the peak values and the AUC for insulin were reduced compared to the
sham control (AUC values: 20961101 vs. 3598+989). These reduced values were sustained
at 6 months follow up (AUC values:1989+200 vs. 3456+741; p=0.02, Figure 5C+D).

Safety and Pathology.

There were no adverse events at all stages of the study in response to MFC. All pigs
recovered from the procedure with no difference in food/water consumption or bowel
movements compared to the sham controls. At necropsy, a subjective, relative score
assessing the degree of fibrous adhesions in the mesentery was performed by a pathologist.
The score ranged from 0 (no adhesions) to 10 (widespread) and all the pigs were scored
between 0-3. Gross pathology and histology showed minor local adhesions (in both groups)
along the intestine with no apparent physiological relevance (Figure 6). Examination of
internal organs such as adjacent bowel, heart, liver, kidney, and spleen showed no signs of
damage, and they were comparable to sham controls.

Discussion.

In the present study, we demonstrated the safety and therapeutic metabolic efficacy of
mesenteric fat cryolipolysis on glycemic control and indices of insulin resistance in the
Ossabaw swine model of HFD induced MetS. We found MFC can decrease the volume

of the mesenteric fat by ~30% at 3 months follow up, which was sustained at 6 months
post procedure and was associated with a decrease in BP, fasting blood glucose, glucose
AUC after glucose infusion and insulin resistance. Moreover, the cryolipolysis procedures
produced no early or late complications with all animals surviving to the termination of the
study. To our knowledge, this is the first report of the safe reduction of mesenteric fat using
cold temperatures as an efficient treatment for insulin resistance and MetS.
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Excess visceral adipose tissue is associated with an increased risk for metabolic disorders,
including diabetes and MetS and increased morbidity and mortality from cardiovascular
complications (38:39), Studies of visceral fat in both human and animal models have shown
improvement in MetS and diabetes with dietary reduction of this depot (40-42). Notably
however, the surgical resection of visceral fat in human omentum has shown mixed results
with regards to reversing insulin resistance (14-16) This could be explained by the fact that
the mesentery, which stores most of the abdominal fat, could not be surgically removed
without compromising the vitality of the intestines.

In obese patients with diabetes, the obesity-related gene expressions in the mesenteric
adipose tissue are up regulated, suggesting that mesenteric adipose depot may play a critical
role in insulin resistance of type 2 diabetes. Moreover, it was suggested that increased
lipid accumulation in the mesentery contributes to fatty liver and insulin resistance (7:8).
Recently, a role in promoting insulin resistance was demonstrated in baboons, where
partial removal of mesenteric fat using a tissue liquidation technique reversed insulin
resistance and promoted weight loss (®). Overall, these studies highlight mesenteric fat
as a metabolically active organ which, when dysfunctional, may promote the metabolic
syndrome and progression to type 2 diabetes. Hence, harnessing therapies targeting this
organ may add more tools for confronting metabolic disease resulting from mesenteric
adiposity and dysglycemia.

Subcutaneous cryolipolysis is a procedure that removes subcutaneous fat, is widely used

for cosmesis, and has been shown to be durable and safe (19:22). The approach utilizes the
sensitivity of fat cells to low temperatures and the fact that apoptosis occurs at temperatures
of 10°C and lower (18:25.26) \While other cell types tolerate decreased temperatures, fat cells,
when exposed to cold, undergo solidification of their lipid content and form needle-like
crystals that puncture the cell membrane, thereby promoting cell death. Inflammation in the
treated sites increase local cytokine production and provide additional fat cell loss overtime,
after hypothermic exposure (18.26),

Following cryolipolysis, we found on average a ~30% decrease in mesenteric fat volume
measured at 3- and 6-months post procedure. This amount of fat loss was sufficient to
demonstrate a durable reduction in glucose dysregulation indices, namely fasting glucose,
and insulin levels, as well as glucose and insulin concentrations during the intravenous
glucose tolerance test, without a decrease in body weight.

An interesting and somewhat unexpected result was the reduction in blood pressure
following the procedure. This reduction was not associated with any appreciable reduction
in total body weight and, to our knowledge, this effect of mesenteric fat reduction

on hypertension has not been reported. The association between visceral obesity and
hypertension, both components of the MetS, is well established (43). Studies have shown
that increased adipose tissue contributes to increased vascular resistance and dysfunction
of the mesenteric lymphatic system, all of which contribute to chronic inflammation and
glucose dysregulation (4445). Thus, it is plausible that by cooling and reducing mesenteric
fat, we also initiated a reduction in inflammatory mediators that promote vasoconstriction
and hypertension. Other possible contributing mediators of hypertension in obesity include
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the direct effects of elevated leptin and insulin (4647). Although we showed a reduction of
insulin after mesenteric cryolipolysis, we did not measure leptin levels. Leptin activates the
sympathetic nervous system and if cryolipolysis reduces leptin levels, reduced sympathetic
tone may be another potential mechanism for the observed reductions of blood pressure.

Finally, we found that mesenteric fat cryolipolysis did not result in weight loss, as all the
animals modestly gained weight by the 6 months follow up. These results differ from the
findings in a study that extracted mesenteric fat in insulin resistant baboons, that found
reduced insulin resistance concomitantly with reduction in food intake and body weight
(). One possible explanation may be the differences between species. While the baboons
decreased food intake following surgery, our pigs consumed all their daily feed within 24h
of their procedures. Thus, our results show that improvements in glycemic control after
mesenteric fat cryolipolysis are achieved independently from weight reduction when applied
to obese pigs. We do however expect that in human subjects with visceral obesity, some
weight reduction will occur in alignment with the improvement in the overall metabolic
status of the patient.

Our study was a “proof of concept”, showing that MFC is a safe and effective method

to remove mesenteric fat, and that this reduction will promote sustained improvements

in glycemic control. It remains to be determined how much mesenteric fat reduction is
desired in order to reach clinically significant reductions in insulin resistance and features

of the MetS in humans. To answer that question, dose-efficacy studies are proposed to

create a personalized treatment protocol. It is possible that mesenteric fat cell destruction
could release fatty acids into the portal vein and cause an accumulation of intrahepatic

fat. While we measured plasma lipids at serial timepoints and found no increase in levels

of triglycerides, HDLc or LDLc, a dedicated analysis of hepatic fat content following
mesenteric fat cryolipolysis will be needed in the future. Finally, we found mesenteric fat
reduction to be durable at 6 months follow up, however, both treated and sham groups
gained weight. Since the diet did not change during the follow up period, this result could

be explained by fat redistribution to other fat depots such as subcutaneous fat. Thus, we

used our CT scans to measure the volume of the subcutaneous fat around the abdomen

area and found no differences between the time points. Other parts which are known in

pigs to accumulate subcutaneous fat like the neck and limbs were not scanned. Thus, it is
plausible to hypothesis that in pigs, reduction in mesenteric fat promoted fat redistribution to
other parts, mainly subcutaneous depots, however, fat redistribution following mesenteric fat
cryolipolysis merits further investigation.

Perspectives.

We showed in the Ossabaw swine, which represents a highly translatable model that
develops each of the core parameters of the MetS with many of the associated secondary
comorbidities (27:28) that delivering non-ablative cold temperatures to the mesenteric surface
promotes fat loss concomitant with reduction in insulin resistance and MetS indices.
Moreover, we showed that in pigs, the procedure is safe and durable for at least 6 months.
With the increased global incidence of insulin resistance and diabetes, together with poor
medication adherence reported for many patients, new treatment modalities are needed to
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reverse insulin resistance and reduce the risk for future complications (48-50), While we
utilized the laparotomy approach in these early feasibility studies to access the mesenteric
fat, MFC is envisioned to rapidly transition to a laparoscopic approach and delivery, further
reducing pain and potential risks. The optimal minimal dose-effect, efficacy, safety, and
durability of the proposed treatment in humans, remain to be determined.
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Highlights:
. Excess mesenteric fat contributes to insulin resistance and metabolic
syndrome
. Cryolipolysis is effective in reducing the volume of mesenteric fat
. In a pig model, mesenteric fat cryolipolysis improved glycemic control and
reduced blood pressure
. The procedure was well tolerated, and no safety issues were recorded
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Figure 1.
The cryolipolysis procedure in the Ossabaw pig. Mesenteric fat was exposed along the

small intestine and treated with our prototype cryolipolysis device. A-C: We used three
different probe designs to access most of the mesenteric fat (circular-big (A); rectangular (B)
and circular-small (C)). D. The treated area became white and ridged following a treatment.
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Figure 2.

A. Representative CT images showing segmentation of the mesenteric fat (red) in a
cryolipolysis treated pig before treatment (left) and the same pig at 6 months follow up
(right). B. Volume of mesenteric fat in Sham (blue bars) and cryolipolysis-treated pigs
(black bars) before treatment and at 3 and 6 months follow up. Data are presented as mean +
SEM. *P=0.009 treated at t=0 vs. t=3mo; **P=0.003 treated at t=0 vs. t=6mo. #P=0.01 sham
vs. treated at t=6mo. C. Mesenteric fat of sham (left) and cryolipolysis-treated (right) at 6
months follow up, showing marked reduction in the thickness while no apparent damage to
the microcirculation or the intestine.
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(A) changes in total body weight and Systolic Blood Pressure (SBP) (B) in Sham and
cryolipolysis treated before treatment (T=0) and at 3 and 6 months follow up. Data is
expressed as mean £ SEM. For SBP: *P=0.02 treated at t=0 vs t=3mo; **P=0.007 treated
at t=0 vs. t=6mo; *P=0.04 sham at t=0 vs t=6m; ## P= 0.0002 sham vs treated at t=6m. No
significant changes in body weight between the groups in all time points.
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Figure 4. Cryolipolysis improves dysglycemia.

Fasting plasma glucose (A) and insulin (B) before treatment and at 3 and 6 months
follow up. HOMA-IR (C) and QUICKI (D) scores were calculated as indicators of insulin
resistance and sensitivity. Data are presented as mean + SEM. For fasting glucose (A):
*P=0.002 treated at t=0 vs. t=3mo; **P=0.04 treated at t=0 vs. t=6mo. *P=0.009 sham vs.
treated at t=3mo; **P=0.03 sham vs. treated at t=6mo. For fasting insulin (B): **P=0.02
treated at t=0 vs. t=6mo; “P=0.03 sham vs. treated at t=3mo; *P=0.03 sham vs. treated at
t=6mo. For HOMA-IR (C): *P=0.01 treated at t=0 vs. t=6mo; #P=0.04 sham vs. treated at
t=3mo; #P=0.04 sham vs. treated at t=6mo. For QUICKI (D): *P=0.01 treated at t=0 vs.
t=6mo; #sham vs. treated at 6mo.
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Figure 5.
Dynamic glucose and insulin levels during 1-hour IVGTT. A. Plasma glucose levels were

measured before glucose administration and at 5, 10, 20, 30, 40, 50 and 60 min thereafter
for both groups before cryolipolysis and at 3 and 6 months follow up. The area under the
curve was calculated for each group at the respected follow up period and is presented in

B. C. Plasma insulin levels were measured before glucose administration and at 10, 20, 40,
and 60 min thereafter for both groups before cryolipolysis and at 3 and 6 months follow up.
The area under the curve was calculated for each group at the respected follow up period and
is presented in D. Data is presented as mean + SEM. For Glucose AUC: **P=0.01 treated

at t=0 vs. t=6mo; #P=0.009 sham vs. treated at 3mo; **P=0.01 sham vs. treated at 6mo. for
insulin AUC: *P=0.03 treated at t=0 vs. t=3mo; **P=0.02 treated at t=0 vs. t=6mo. #P=0.03
sham vs. treated at 3mo. #P=0.02 sham vs. treated at 6mo.
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Figure 6.
Gross photographs of the intestine taken at 6 months follow up, showing minor local

adhesions on the intestine serosa (white circle) in both cryolipolysis treated (A) and (B)
sham control. (C) Sub-gross histology. H&E of mesenteric fat and the small intestine cross
section from a cryolipolysis treated pig at 6 months follow up. The mesentery features
minimal areas of benign fibrous adhesions on the surface (boxed area). Bar=5mm.
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