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Abstract

Objective: Recent evidence suggests embolization of the left gastric artery, which provides the predominant
arterial supply to the gastric fundus, may affect energy homeostasis through alterations in ghrelin production. The
purpose of this study is to evaluate post-procedural weight loss following left gastric artery embolization (performed for
reasons other than for weight loss) in patients without malignancy.

Materials and Methods: A retrospective review of patients who underwent arterial embolization for acute upper
gastrointestinal hemorrhage between January 2002 and January 2014 was conducted. A study group of 10 patients
who underwent left gastric artery embolization and control group of 22 patients who underwent embolization of a
different mesenteric or visceral arterial branch for non-tumoral acute gastrointestinal bleeding were collected. Their
electronic medical records were reviewed and data points for height, weight, and body mass index were collected at 1-,
4-, 8-, and 12-month post-procedural time points. Exclusion criteria included age less than 18 years and documented
history of malignancy.

Results: The left gastric artery embolization group had a significantly greater reduction in body mass index
compared with the control group at 1 month (-9.8% vs. -4.0%, p=0.042) and 4 months (-11.7% vs. +0.1%, p=0.033).
No significant change was demonstrated at 8 months (-8.6% vs. -1.7%, p=0.32) and 1 year (-5% vs. +2.6%, p=0.42)
compared with controls.

Conclusion: Left gastric artery embolization provides early post-procedural weight loss that may persist for at
least 1 year. Further studies will better elucidate the role of gastric artery embolization in the management of bariatric

patients.
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Introduction

Morbidity and mortality associated with obesity has become a
health care epidemic as average body mass index (BMI) continues to
trend higher globally [1].

Lifestyle changes including diet and exercise can be beneficial for
some; however maintenance of weight loss proves difficult as many
people regain most, if not all, of their lost weight. Invasive procedures,
such as Roux-en-y gastric bypass, sleeve gastrectomy, and gastric lap
banding all provide significant weight loss in those who also make
lifestyle changes [2-4]. Post-procedural complications have decreased
with laparoscopic techniques but when they occur, still can be
debilitating, leading to significant increases in hospital stays and health
care costs [5]. Medical management has yet to offer a substantial drug
candidate although numerous candidates are in the pipeline [6].

As the age of invasive surgery transitions to minimally-invasive
approaches, there is an opportunity for bariatric embolization to become
incorporated into the treatment algorithm for weight loss. Through
alterations in gut hormone production and secretion, left gastric artery
embolization has been shown, in animal models, to influence energy
homeostasis towards a state of reduced appetite and weight loss [7,8].
Retrospective human evidence in patients undergoing left gastric artery
embolization (LGAE) for acute upper gastrointestinal (GI) hemorrhage
and ongoing prospective studies further evaluating the technique for
weight loss will continue to define its feasibility.

Materials and Methods

Following IRB approval, a retrospective review of patients who
underwent arterial embolization for acute gastrointestinal hemorrhage
between January 2002 and January 2014 was conducted. An initial

search for patients over 18 years of age with prior embolization for
gastrointestinal bleeding was conducted through RIS (Radiology
Information System) and the electronic health records system using
keywords in medical records and radiology reports. In addition, current
procedural terminology (CPT) codes were used to search for patients
with GI bleed within the approved timeframe. A total of 91 patients
were identified (Figure 1).

The electronic medical records of this patient population were
reviewed and subdivided into patients who underwent left gastric
artery embolization (n=18) or embolization of a different visceral or
mesenteric vessel (n=73). Additional medical chart analysis excluded
patients with a documented history of malignancy or lack of post-
procedural follow-up. A final study group of 10 patients who underwent
LGAE and control group of 22 patients who underwent embolization
of a different visceral or mesenteric artery branch for non-tumoral
acute gastrointestinal bleeding were identified. Height and weight
values for each patient were collected at pre-procedural and 1 month, 4
month, 8 month, and 12 month post-procedural time points. BMI was
calculated using the National Institutes of Health (NIH) BMI calculator.
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Data Analysis

Figure 1: Review schema for retrospective data collection of left gastric artery
embolization and other mesenteric and visceral artery embolization patients.
Note that all patients with a documented history of malignancy were excluded.

Additional collected data points included indication for the procedure
and embolization material. Statistical analysis was conducted using
student’s t-test with a p-value <0.05 considered to be significant.

Results

Patient population

The LGAE group (N=10) was comprised of 7 males and 3 females
with an average age of 55.8 years (36 to 79 years) and average BMI of
31 (22 to 45) (Table 1). The control group (N=22) was comprised of 12
males and 10 females with an average age of 70.7 years (23 to 92 years)
and average BMI of 28.4 (20.8 to 45.6).

Embolization characteristics

The LGAE group was composed of patients who underwent LGAE
for non-malignancy related acute upper gastrointestinal bleeding.
Embolization material included coils (N=5), gelatin sponge pledget
suspension/slurry (N=3), or a combination of coils and gelatin sponge
pledget suspension/slurry (N=2) (Table 2). Control group patients
underwent embolization of any visceral or mesenteric artery branch,
except the left gastric artery, for acute gastrointestinal bleeding. Arterial
branches embolized in the control group included the gastroduodenal
artery (N=9), right hepatic artery (N=1), pancreaticoduodenal artery
(N=2), right gastroepiploic artery (N=1), branches of the cecal artery
(N=1), inferior pancreaticoduodenal artery (N=1), inferior mesenteric
artery (N=3), right colic artery (N=3), and middle colic artery (N=1).
Embolization material in the control group included coils (N=17),
gelatin sponge pledget suspension/slurry (N=3), a combination of coils
and gelatin sponge pledget suspension/slurry (N=1), and embospheres
(N=1) (Table 3). Embolization material was selected based on operator
preference and individual case characteristics.

Body mass index measurements

Pre-procedural body mass index (BMI) values were not
significantly different between the LGAE (BMI 31 + 6.8) and control
groups (BMI 28.4 + 6.4) (p=0.32). BMI in both the LGAE (N=10) and
control groups decreased at 1-month post-embolization (27.9 + 6 and
26.3 * 6.6, respectively). At later time points (4-, 8-, and 12-months

Control Left gastric artery embolization
group group
Number of Patients 22 10
Age (years, average) 70.7 55.8
Sex (Male/Female) 54.5%/45.5% 70.0%/30.0%
Pre-procedure weight 1810 2146
(average, pounds)
Pre-procedure BMI 28.4 31.0

(average)

Table 1: Pre-embolization patient characteristics for the left gastric artery
embolization and control groups, including age, sex, weight, and body mass index
(BMI).

Reason for Acute Gastrointestinal

Patient |Method of Embolization Hemorrhage/Embolization
1 Microcoils Gastric Dieulafoy Lesion
2 Gelatin sponge pledget Gastric Dieulafoy Lesion
suspension
3 Microcoils+Gelatin sponge Duodenal Ulcer (LGA and GDA
pledget suspension embolized)
4 Gelatin sponge pledget Gastric Ulcer
suspension
5 Microcoils Gastritis with Gastric Body
Hemorrhage
6 Gelatin sponge pledget Marginal Gastric Ulcer (status post
suspension gastric bypass)
7 M|crocoﬂs+GeIat}n sponge Gastric Dieulafoy Lesion
pledget suspension
8 Microcoils Gastric Cardia Hemorrhage
. . Gastric Fundal Ulcers with Multifocal
9 Microcoils
Hemorrhage
10 Microcoils Gastric Ulcers

Table 2: Method of embolization and source of acute upper gastrointestinal
hemorrhage in the left gastric artery embolization group. Embolization material
included microcoils,

Control group
Method of embolization Reason for embolization
Microcoils (N=17) Duodenal Ulcer (N=10)
Gelatin Sponge (N=3) Duodenal Dieulafoy Lesion (N=1)
Microcoils+Gelatin Sponge (N=1) Duodenal Adenoma (N=1)

Embospheres, 700-900 um and 900-

1200 pm (N=1) Duodenal AVM (N=1)

Marginal Cystogastrostomy Site
Hemorrhage (N=1)
Diverticular Hemorrhage (N=8)
Table 3: Method of embolization and source of acute gastrointestinal hemorrhage
in the control group. Embolization material included microcoils, gelatin sponge

pledget suspension, a combination of microcoils and gelatin sponge pledget
suspension, or Embosphere microspheres. AVM: Arteriovenous Malformation.

post-embolization), BMI returned to pre-embolization levels in the
control group (28.4 + 6.4 at 4 months, 27.8 + 6.7 at 8 months, and 30.0
+ 7.3 at 12 months). In the LGAE group, BMI remained below pre-
embolization levels at 4-months (27.5 + 6.7, N=9), 8-months (28.2 +
6.5, N=9), and 12-months (29 + 7.1, N=7) (Figure 2).

The LGAE group demonstrated a greater reduction in BMI
compared with the control group at 1 month (-9.8% vs. -4.0%, p=0.042)
and 4 months (-11.7% vs. +0.1%, p=0.033) post embolization (Figure
3). No statistically significant reduction at 8 months (-8.6% vs. -1.7%,
p=0.32) or 1 year (-5% vs. +2.6%, p=0.42) was demonstrated. No data
was available for 3 of 10 study patients at 1-year post procedure. Sample
size was too small to evaluate for significant differences in weight loss
with respect to embolization material including coils, gelatin sponge, or
a combination of coils and gelatin sponge.
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Figure 2: Changes in pre- and post-embolization body mass index values
in LGAE and control groups. Patients who underwent left gastric artery
embolization experienced post-procedural weight loss, which remained
below baseline weight during the follow up period. Patients who had a
different mesenteric or visceral artery embolized had weight loss at 1-month
post procedure and had returned to baseline weight by 4-months post
procedure. Sample size for the LGAE group was N=10 at 1 month, N=9 at 4
months, N=9 at 8 months, and N=7 at 12 months.
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Figure 3: Percentage changes in pre- and post-embolization body mass
index values in LGAE and control groups. Patients who underwent left gastric
artery embolization experienced greater weight loss at 1- and 4-months post
procedure compared with patients who had a different mesenteric of visceral
artery embolized. ‘Represents clinical significance with p<0.05.

In the post-procedural follow-up period none of the study patients
enrolled in a dedicated weight loss program or significantly altered their
diet or exercise routine as could be evaluated through the electronic
medical record. No patient experienced a repeat episode of upper GI
bleeding. One patient experienced two episodes of lower GI bleeding,
documented by colonoscopy. Multiple patients were hospitalized for
various non-GI bleeding related illnesses in the year following their
LGAE (Table 4).

Discussion

The rationale for transarterial left gastric artery embolization as a
specific means for weight loss stems from the role gut hormones, such
as ghrelin, play in appetite and energy homeostasis [9]. Recent data
evaluating gut hormones following bariatric surgery suggest that these
alterations in humoral signaling may be partially responsible for post-

procedural weight loss [10-12]. Initial animal studies demonstrated
early reduction in circulating ghrelin levels and decreased weight gain
in developing swine [7,8,13,14].

A retrospective review of 19 patients who underwent left gastric
artery embolization for gastrointestinal bleeding found on average, a
7.3% reduction in body weight after 3 months compared with a 2%
decrease in the control group [15]. The study included patients with
malignancy with a known predisposition to rapid changes in weight.
If more patients in the LGAE group had active or more aggressive
malignancy during the study period, their changes in weight may not
be directly related to the embolization. In our study, patients with a
documented history of malignancy prior to embolization or during the
follow up period were excluded to remove the potential weight loss bias
of active malignancy.

Kipshidze, et al. presented the first human data evaluating 5 patients
treated with LGAE at the American College of Cardiology meeting in
2013[16]. They demonstrated an average weight loss of 45 pounds at
6-months post-procedure. Additional larger phase 1 followed by phase
2/3 trials with long-term follow up will be necessary to better elucidate
the role of gastric artery embolization in the management of bariatric
patients. Some of the early ongoing trials include the Gastric Artery
Embolization Trial for Lessening Appetite Nonsurgically (GETLEAN)
and the Bariatric Embolization of Arteries for the Treatment of
Obesity (BEAT Obesity). As the bariatric embolization technique
evolves, additional studies evaluating embolization material, degree
of embolization, and follow up of long-term occlusion (recanalization
and/or collateral vascularization) will become important.

There were multiple limiting factors affecting the results of this
study. This was a single-institution analysis of left gastric artery
embolization for acute upper gastrointestinal bleeding in a population
without documented history of malignancy. Following exclusion of
patients not meeting the inclusion criteria, our sample size was small
which limited study power and statistical significance, particularly
at later time points. Due to low sample size and non-standardized
follow-up, only 7 of the initial 10 LGAE patients had data points
available at the 12-month time point. The retrospective nature of the
study inherently provides less robust data when compared with a
standardized, prospective, randomized control trial. We were therefore
unable to match all potentially confounding factors between the study
and control groups. In addition, evaluation of the serum ghrelin level,
as was conducted in prior animal studies, was not feasible.

The durability of left gastric artery embolization should be a topic
of significant interest. In both our study and the prior studies evaluating
LGAE, weight changes were trending back towards baseline between
6 and 12 months. Also, in the prior studies evaluating LGAE where
ghrelin levels were obtained, ghrelin levels were trending back towards
baseline between 6 and 12 months. This may be partially due to the
use of gelatin sponge and its temporary occlusive effect, allowing for
recanalization within weeks to months [17]. Embolization particle size
and the degree of embolization (stasis, near stasis, etc.) will likely affect
both early weight loss and longer term durability. Future studies should
evaluate multiple particle sizes and varying degrees of embolization to
refine the procedural techniques, promoting optimal outcomes.

Despite the described limitations, the data suggest that embolization
of the left gastric artery leads to early weight loss and prolonged time
below baseline weight.
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Patient

10

Technical Success Length of Stay e
of LGAE (Days) Comorbidities

CAD, CHF s/p CABG
DM2

CKD stage 3

HTN, HLD

DM2
HLD

Yes 16

Yes 21

Cirrhosis
HTN
DM2

Yes 24

HTN, HLD
COPD

CAD s/p CABG
DM2

CKD stage 3
HTN, HLD

None

Yes 6

Yes 7

Yes 5

Yes 17 HTN

Cirrhosis

Hepatitis C

Guillain Barre Syndrome
with quadriplegia

DM2

HTN

IgA nephropathy s/p failed
renal transplant x2

ESRD on dialysis

Yes 18

Yes 36

Yes 18

Repeat Episodes

Lifestyle Changes

Repeat Hospitalization During (Dedicated diet,

of Gl Bleeding Follow-up Period exercise, weight loss
program)
At 8 months, right popliteal artery
None PTA/stent for critical limb ischemia None
At 9 months, right 5" toe amputation
for gangrene
None None None
LGIB — Rectal ulcer . - dition to LGIB:
at 1 month At 9 months, fatal retroperitoneal None
LGIB - Colonic at 4 : P
hemorrhage
months
None None None
At 8 months, started
None None :
regular exercise
None None None
None At 4 months, _splenlc‘arte_ry None
aneurysm coil embolization
None None None
Numerous hospitalization for UTI/
None . None
sepsis
None At 6 months, nephrectomy of failed None

renal transplant

Table 4: Detailed characteristics of the left gastric artery embolization cohort, including comorbidities, repeat episodes of gastrointestinal bleeding, hospitalizations during
the 12-month follow up period, and any lifestyle changes that would affect patient weight. CABG: Coronary Artery Bypass, CAD: Coronary Artery Disease, CHF: Congestive
Heart Failure, CKD: Chronic Kidney Disease, COPD: Chronic Obstructive Pulmonary Disease, DM2: Type 2 Diabetes Mellitus, ESRD: End Stage Renal Disease, HTN:
Hypertension, HLD: Hyperlipidemia, LGIB: Lower Gastrointestinal Bleed, PTA: Percutaneous Transluminal Angioplasty.

Conclusion

Left gastric artery embolization provides early post-procedural

weight loss that may persist for at least 1 year. However, further studies
will better elucidate the role of gastric artery embolization in the
management of bariatric patients.
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