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Obesity is a major cause of morbidity and mortality (1). 
Traditional treatments (eg, diet modification, exer-

cise, behavioral therapy, pharmacotherapy) have limited 
effectiveness, which has driven the development of sur-
gical interventions (2). Roux-en-Y gastric bypass, sleeve 
gastrectomy, and gastric banding are effective at initiating 
and maintaining weight loss but pose risks of morbidity 
and mortality (3). These surgical procedures were initially 
thought to induce weight loss by restricting stomach vol-
ume and/or by causing macronutrient malabsorption. 
However, surgically induced metabolic changes may play 
a more important role than mechanical restriction, as 

exemplified by changes in hormonal profiles after bariatric 
surgery (4–6). The lack of hormonal changes after nonin-
vasive therapies may explain why these interventions fail to 
induce large and sustained weight loss (5,7–9). Thus, there 
is a need for minimally invasive techniques that influence 
appetite-mediating hormones in a safer, less invasive, and 
more cost-effective manner than surgical options.

Transarterial embolization of the gastric fundus (ie, 
bariatric embolization) is an image-guided procedure to 
treat obesity, which has yielded promising initial results 
(10–12). It aims to induce metabolic changes similar 
to those induced by bariatric surgery by targeting the 
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Background:  Bariatric embolization is a new endovascular procedure to treat patients with obesity. However, the safety and efficacy 
of bariatric embolization are unknown.

Purpose:  To evaluate the safety and efficacy of bariatric embolization in severely obese adults at up to 12 months after the 
procedure.

Materials and Methods:  For this prospective study (NCT0216512 on ClinicalTrials.gov), 20 participants (16 women) aged 27–68 
years (mean 6 standard deviation, 44 years 6 11) with mean body mass index of 45 6 4.1 were enrolled at two institutions from 
June 2014 to February 2018. Transarterial embolization of the gastric fundus was performed using 300- to 500-mm embolic mi-
crospheres. Primary end points were 30-day adverse events and weight loss at up to 12 months. Secondary end points at up to 12 
months included technical feasibility, health-related quality of life (Short Form-36 Health Survey ([SF-36]), impact of weight on 
quality of life (IWQOL-Lite), and hunger or appetite using a visual assessment scale. Analysis of outcomes was performed by using 
one-sample t tests and other exploratory statistics.

Results:  Bariatric embolization was performed successfully for all participants with no major adverse events. Eight participants had 
a total of 11 minor adverse events. Mean excess weight loss was 8.2% (95% confidence interval [CI]: 6.3%, 10%; P , .001) at 1 
month, 11.5% (95% CI: 8.7%, 14%; P , .001) at 3 months, 12.8% (95% CI: 8.3%, 17%; P , .001) at 6 months, and 11.5% 
(95% CI: 6.8%, 16%; P , .001) at 12 months. From baseline to 12 months, mean SF-36 scores increased (mental component 
summary, from 46 6 11 to 50 6 10, P = .44; physical component summary, from 46 6 8.0 to 50 6 9.3, P = .15) and mean 
IWQOL-Lite scores increased from 57 6 18 to 77 6 18 (P , .001). Hunger or appetite decreased for 4 weeks after embolization 
and increased thereafter, without reaching pre-embolization levels.

Conclusion:  Bariatric embolization is well tolerated in severely obese adults, inducing appetite suppression and weight loss for up to 
12 months.
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Appendix E1 (online) and a previous publication (19). Criti-
cal components and variations from the previous methods are 
described here.

Participants were evaluated at baseline (before undergoing 
embolization) and at 1 week, 2 weeks, 1 month, 3 months, 
6 months, and 12 months after embolization (Table E1 [on-
line]). Nuclear medicine gastric motility testing was performed 
at the 1- and 6-month visits for the first five participants. For 
the remaining 15 participants, a gastric motility test was per-
formed at the 1-month visit. A subsequent gastric motility test 
was performed at the 6-month follow-up visit only if results of 
the 1-month test were abnormal.

Participants
Inclusion and exclusion criteria are listed in Table 1. Each partic-
ipant was evaluated by a multidisciplinary team (C.R.W., L.J.C., 
A.M.F., and O.A., with 11, 30, 8, and 2 years of experience, 
respectively) who conducted a comprehensive history and physi-
cal examination and screening tests as previously described (19). 
Participants at Johns Hopkins had intake assessments at the in-
stitution’s weight management center, consisting of history and 
physical examination focusing on factors and health conditions 
associated with obesity, psychologic and dietary assessments, and 
physiologic evaluation, including measurement of resting meta-
bolic rate. Participants at Mount Sinai were assessed by a regis-
tered dietician with 6 years of experience.

Twenty participants were included in this pilot trial. Five of 
these participants’ safety and efficacy data were reported previously 
(19). Of the 20 participants, 15 were treated at Johns Hopkins and 
five at Mount Sinai. The first five participants were encouraged, 
but not required, to attend pre-embolization weight manage-
ment counseling. The subsequent 15 participants were required 
to attend four weight management sessions (Johns Hopkins) or 
dietician visits (Mount Sinai) during the 5-week period before 
embolization. All participants were encouraged to attend further 
visits with their weight management teams during the study. Par-
ticipants at Johns Hopkins were compensated financially for their 
time, in adherence with institutional review board regulations.

Study End Points
Study end points were those reported previously (19). The pri-
mary safety end point was 30-day adverse events as defined by 
the American Society for Metabolic and Bariatric Surgery. The 
primary efficacy end point was weight loss (percentage change 
from baseline) during the study period. Secondary end points 
were technical feasibility (the ability to embolize the gastric 
fundus), mucosal changes seen during 1- and 3-month endoscopy, 
gastric-emptying studies, 3-day hunger assessments, quality-
of-life scores, and metabolic panel laboratory changes (19,20). 
We measured health-related quality of life by using the Short 
Form-36 Health Survey (SF-36) and the impact of weight on 
quality of life by using the IWQOL-Lite (Quality of Life Con-
sulting, Durham, NC).

Embolization Procedure
Transarterial embolization of the gastric fundus was performed 
with fluoroscopic guidance using 300- to 500-mm calibrated 

Abbreviations
BEAT Obesity = Bariatric Embolization of Arteries for the Treatment of 
Obesity, CI = confidence interval, GEA = gastroepiploic artery, HDL = 
high-density lipoprotein, IWQOL = impact of weight on quality of life, 
LDL = low-density lipoprotein, LGA = left gastric artery, SF-36 = Short 
Form-36 Health Survey

Summary
Bariatric embolization is a feasible and well-tolerated procedure that 
produces weight loss and reduces appetite for up to 1 year.

Key Points
nn Bariatric embolization is a feasible procedure that was performed 

with 100% technical success in 20 adults with severe obesity.
nn Bariatric embolization is well tolerated, with a major complication 

rate of 0%.
nn Bariatric embolization can produce substantial weight loss (ie, 

mean excess weight loss of 11% 6 10% at 12 months).
nn Participants who underwent bariatric embolization showed evi-

dence of metabolic change, with decreases in hemoglobin A1c 
and total cholesterol (independent of weight loss) and increases in 
high-density lipoprotein levels.

endocrine functions of the gastric fundus, which play a role 
in stimulating appetite. Bariatric embolization delivers em-
bolic microspheres into the gastric arteries to induce localized 
ischemia (13–16) and has modified appetite hormones in 
several animal models, leading to reductions in weight (13–
16). Early clinical trials have produced promising short-term 
results (11,17–19). We hypothesized that bariatric emboli-
zation would be well tolerated and would lead to sustained 
weight loss; the Bariatric Embolization of Arteries for the 
Treatment of Obesity (BEAT Obesity) Trial was designed to 
assess this, as well as whether weight loss for up to 12 months 
could be maintained.

Materials and Methods
Our study was performed under a physician-initiated investiga-
tional device exemption from the U.S. Food and Drug Admin-
istration and was approved by the institutional review boards  
at The Johns Hopkins Hospital (Baltimore, Md) and Mount  
Sinai Hospital (New York, NY). All participants provided written 
informed consent. Data were protected in a manner compliant 
with the Health Insurance Portability and Accountability Act of 
1996. We received financial support from Merit Medical and 
Siemens Healthcare and material support from Merit Medical 
and SureFire Medical. The funding organizations were not in-
volved with the study design or in the collection, analysis, or 
interpretation of data. The authors had full control of the data, 
its analysis, and all information submitted for publication.

Study Design and Setting
The BEAT Obesity Trial (ClinicalTrials.gov identifier NCT 
0216512) was a prospective, open-label, single-arm, two-center 
study to evaluate the safety and efficacy of bariatric emboliza-
tion to treat severe obesity. Participants were recruited from 
June 2, 2014, to February 16, 2018. Study protocol details, in-
cluding the study calendar and eligibility criteria, are provided in 
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ables were described by us-
ing means and data ranges 
or standard deviations if 
the variable was normally 
distributed. Normality of 
the data was assessed by us-
ing histograms and tested 
with the Shapiro-Wilk test 
(22). Ninety-five percent 
confidence intervals (CIs) 
were calculated using the 
appropriate t distribution. 
Bootstrap methods were 
used to estimate 95% CIs 
for outcome measures that 
were non-normally distrib-
uted (23).

We used locally weighted 
scatterplot smoothing 
(LOWESS) curves to inves-
tigate the trajectory of excess 
weight loss over time. Al-

though we collected multiple measurements over time per patient, 
forming a longitudinal data sample, our primary objective was to 
determine changes from pre- to post-intervention in our sample. 
Thus, a summary measure, weight change, was determined for 
each patient as weight at a given post-treatment time point minus 
weight at baseline, expressed as a percentage of excess weight lost 
(or gained). This reduction in repeated data is often used to sim-
plify the interpretation of the treatment effect (24).

Because this was an exploratory study, we considered several 
summary measures of weight change from baseline at multiple 
post-treatment time points, rather than prespecifying a single 
post-treatment time point as the primary outcome. We con-
sidered the pretreatment-to-post-treatment change in excess 
weight loss and thus did not control for any baseline covariates. 
We used the one-sample t test with the null hypothesis that 
the pretreatment-to-post-treatment change would be zero. We 
confirmed the robustness of the t test with the nonparametric 
Wilcoxon signed-rank test for non-normal data. As a secondary 
analysis, we performed longitudinal analysis of the trajectory of 
weight loss over time by using linear and nonlinear (eg, cubic 
spline) terms. Similar pretreatment-to-post-treatment analyses 
were used for blood chemistry and quality-of-life measurements. 
Because this was an exploratory pilot study, we made no adjust-
ments in P values for multiple comparisons. Plots of trends over 
time were created using Stata, version 14.2, software (StataCorp 
LP, College Station, Tex; commercially available). P values less 
than .05 were considered indicative of statistical significance.

Results

Participants
Twenty severely obese adults (16 women) were included (Fig 2). 
Mean (6 standard deviation) participant age was 44 years 6 
11, and mean body mass index value was 45 6 4.1. Mean 
excess weight was 67 kg (range, 54–96 kg). Twelve participants 

embolic microspheres. The embolization procedures and follow-
up evaluations were conducted in the same fashion as described 
previously (19). All procedures were performed by experienced  
interventional radiologists (C.R.W., 15 procedures; B.P.H., 14 
procedures; A.M.F., five procedures; K.H., one procedure; with 
10, 5, 8, and 15 years of experience, respectively). Access to the 
celiac artery was obtained through a femoral or radial artery ap-
proach, which was chosen according to physician preference. 
When femoral access was performed, an SOS Omni selective 
catheter (Angiodynamics, Latham, NY) or Simmons catheter 
(Maestro; Merit Medical, Jordan, Utah) was used. When radial 
access was performed, a 5-F Ultimate Radial catheter (Merit 
Medical) or 5-F Jacky (Terumo Medical, Tokyo, Japan) was 
used. Celiac angiography was performed at the beginning of the 
procedure to assess participants’ vascular anatomy. A 2.9-F high-
flow coaxial microcatheter (Maestro; Merit Medical) was used to 
perform selective angiography to assess distal blood supply to the 
left gastric artery (LGA), hepatic artery, splenic artery, gastroduo-
denal artery, and gastroepiploic artery (GEA) (21). Embolization 
of one or more fundal arteries (LGA and GEA, if deemed appro-
priate by consensus of the operating physicians) was performed 
using 300- to 500-mm Embosphere microspheres (Merit Medi-
cal) (Fig 1). Embolization was taken to stasis, which was defined 
as the visual absence of the flow of contrast after five heartbeats. 
Arterial phase cone-beam CT was performed at the beginning 
of each procedure to determine fundal perfusion and to confirm 
fundal blood supply and at the end of the procedure to confirm 
appropriate distribution of embolization and microspheres.

Statistical Analysis
Data on weight, hematologic status, electrolyte levels, lipid lev-
els, quality of life, and hunger were collected by trained clinical 
research staff and recorded on case report forms before being 
entered into an Excel spreadsheet (Microsoft Corp., Redmond, 
Wash; commercially available) for analysis. Demographic vari-

Table 1: Characteristics of 20 Participants in the Bariatric Embolization of Arteries for the 
Treatment of Obesity (BEAT Obesity) Trial

Characteristic No. of Participants Mean 6 SD Range
Demographic factor
  Female sex 16 (80)
  Age (y) 44 6 11 27–68
  Race/ethnicity
    African American 12 (60)
    Caucasian 8 (40)
  Height (cm) 169 6 12 144–198
  Weight (kg) 139 6 20 99–178
  Body mass index (kg/m2) 45 6 4.1 40–56
  Excess body weight (kg)* 67 6 12 54–97
Technical factor
  Fluoroscopy time (min) 32.5 6 14.0 17.4–81.2
  Radiation dose (mGy) 5255 6 1662 3546–10 072
  Dose area product (mGy2) 795 875 6 2 599 690
  Total bead volume (mL) 2.4 6 0.8 1.1–4

Note.—Data in parentheses are percentages. SD = standard deviation.
* Calculated as total weight–ideal body weight per Devine formula (20).
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Gastric Changes
One participant demonstrated mild gastritis in the gastric body, 
or antrum, at the 3-month endoscopy. Another participant had 
delayed gastric emptying at 1 month; a repeat gastric motility 
test at 6-month follow-up was normal. Superficial, asymptom-
atic ulcers were found in eight participants at the 2-week endos-
copy in locations consistent with fundal embolization (Fig 4). 
Although reported as a minor adverse event, some ulceration was 
expected on the basis of previous data (13,14,16,25). All ulcers 
healed by 3 months.

identified as African American 
and eight identified as Cauca-
sian (Table 1). As a result of 
loss to follow-up, 18 partici-
pants remained at 3 months, 
16 at 6 months, and 15 at 12 
months. Two additional par-
ticipants were unable to attend 
the 6-month visit but attended 
the 12-month visit.

Adverse Events
Per study protocol, all partici-
pants were admitted to the hos-
pital after embolization. Symp
toms (eg, nausea, vomiting, 
epigastric pain) were treated sup-
portively. All participants were 
discharged home 24–48 hours 
after admission, after resolution of any symptoms. There were no 
major adverse events. A total of 11 minor adverse events occurred 
in eight participants. One participant had subclinical pancreatitis, 
evident by transient elevation of lipase levels during the hospital 
stay. The participant was treated with supportive care and dis-
charged within 48 hours in good condition. The participant was 
asymptomatic at 1-week follow-up and remained so.

Weight Loss
Participants experienced mean excess weight loss of 8.2% 
(95% CI: 6.3%, 10%) at 1 month (P , .001), 11.5% (95% 
CI: 8.7%, 14%) at 3 months (P , .001), 12.8% (95% CI: 
8.3%, 17%) at 6 months (P , .001), and 11.5% (95% CI: 
6.8%, 16%) at 12 months (P , .001) (Fig 3). Mean change in 
total weight was 27.6 kg (95% CI: 211 kg, 23.8 kg) at 12 
months (P , .001). Analysis of the 10 participants at Johns 
Hopkins who underwent a more regimented weight manage-
ment plan than the first five participants (19) had excess weight 
loss of 9.6% (95% CI: 6.3%, 13%) at 1 month (P , .001), 
13.4% (95% CI: 8.8%, 18%) at 3 months (P , .001), 13.9% 
(95% CI: 5.6%, 22%) at 6 months (P = .006), and 12.1% 
(95% CI: 4.9%, 19%) at 12 months (P =. 008). The first five 
participants visited the weight management clinic a mean of 
3.4 6 2.7 times after embolization, despite encouragement to 
visit weekly. In contrast, each of the last 10 participants at-
tended the weight management clinic at least 16 times.

Technical Feasibility
Bariatric embolization was performed successfully in all par-
ticipants. The LGA and GEA were embolized in 16 partici-
pants; only the LGA was embolized in the other four par-
ticipants (Table 1, Fig 1). The decision to embolize the GEA 
was made by the investigators based on its contribution to 
fundal blood supply. In one participant, an antireflux device 
(Surefire Medical, Westminster, Colo) was deployed to pre-
vent nontarget embolization of the right gastric artery. Ra-
dial artery access was used in six participants, and femoral 
artery access in 14.

Figure 2:  Participant selection flowchart. BMI = body mass index, 
GI = gastrointestinal, PCP = primary care provider.

Figure 1:  Bariatric embolization in a 41-year-old Caucasian woman with a baseline weight of 115 kg 
and a baseline body mass index (BMI) of 48. At 12 months after embolization, she had weight loss of 16 
kg (30% excess weight loss) and a BMI of 34. (a) Pre-embolization celiac angiogram shows classic left 
gastric artery (LGA) (arrow) anatomy, with the LGA arising from the proximal celiac artery and left gastro-
epiploic artery (GEA) branching from the gastroduodenal artery. (b) Postembolization angiogram shows 
successful embolization of the gastric fundus via the LGA and left GEA.
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Laboratory Values
Total cholesterol decreased from baseline to 3 months (P = .04; 
Fig 7a). By 12 months, mean total cholesterol and low-density 
lipoprotein (LDL) levels were lower than their respective means 
at baseline (P = .08). Mean triglycerides initially decreased and 
then increased back to baseline levels (P = .06, 0.45, 0.30, 
and 0.90 at 1, 3, 6, and 12 months, respectively). Percentage 
changes in weight correlated negatively with changes in LDL 
at 12 months (r2 = 0.24). High-density lipoprotein (HDL) de-
creased at 1 month after embolization but increased at all sub-
sequent time points (P = .03, .89, .10, and .006, respectively). 
When averaging the within-participant paired changes in 
HDL from baseline to 12-month follow-up, the mean change 
was 5.8 mg/dL (95% CI: 2.0 mg/dL, 9.5 mg/dL).

Mean blood glucose changes decreased at 12 months 
(change from baseline, 28.5 mg/dL; 95% CI: 219 mg/dL, 
2.4 mg/dL; P = .11) (Fig 7b). Hemoglobin A1c decreased 
from a baseline of 5.9% 6 0.4% by 0.13 percentage points at 
3 months and remained at similar levels at 6 months (5.8% 6 
0.4%) and 12 months (5.7% 6 0.5%). Hemoglobin A1c at 
12 months was lower than at baseline (P = .047). Change in 
hemoglobin A1c at 12 months did not correlate with weight 
change (r2 = 0.24).

Discussion
Transarterial embolization of the gastric fundus (ie, bariatric 
embolization) has yielded promising initial results for weight 
loss. The treatment goal is to target the endocrine functions of 
the gastric fundus to suppress appetite. In the current study, 
bariatric embolization using 300- to 500-mm microspheres was 
feasible, performed without major adverse events, and effec-
tive in reducing weight at 12 months in 20 adults with severe 
obesity, producing mean excess weight loss of 11% and mean 
total weight loss of 7.6 kg. Of the eight participants who ex-
perienced minor adverse events, most had superficial mucosal 
ulceration that was expected and resolved by 3 months.

In our study, peak weight loss occurred by 6 months. At 
12 months, only three participants had returned to their base-
line weight, and no participants were heavier than their base-
line weight. Appetite was suppressed after embolization, with 
maximal suppression occurring at 1 month. Although appetite 
then increased steadily, it remained 26% lower at 12 months 
compared with baseline. Furthermore, participants reported im-
provements in quality of life after embolization. IWQOL scores 
for physical function, self-esteem, sexual life, and public distress 
improved at 3 months, and SF-36 scores peaked at 6 months. 
Clinical changes after bariatric embolization reflected improved 
cardiovascular health and prevention of diabetes. Total choles-
terol, LDL, and triglycerides decreased over time, while mean 
HDL increased at 12 months. Hemoglobin A1c decreased sig-
nificantly, although this decrease was not as clinically relevant as 
that in a patient with diabetes reported by Syed et al (18).

Of note, 5% weight loss is defined by the Food and Drug Ad-
ministration as clinically relevant and is the benchmark by which 
low-risk drugs and devices are judged (26). Our weight loss results 
were consistent with those of previous studies. Kipshidze et al (11) 
reported five severely obese patients with mean weight reductions 

Hunger Assessments
Mean hunger scores, representing hunger experienced during the 
3 days after clinical assessment (Appendix E1 [online]) (19), de-
creased by a mean of 33 points (95% CI: 243, 223) 1 month 
after embolization from a baseline of 65 points (95% CI: 61, 68). 
Mean 3-day hunger scores continued to decrease from baseline at 
3 months (mean change, 224; 95% CI: 232, 216 [bootstrap 
CI]) and 6 months (mean change, 240; 95% CI: 246, 235). 
A lower mean hunger score compared with baseline was observed 
at 12 months; however, only three participants had 3-day hunger 
scores at 12 months, so we were unable to determine significance. 
Hunger scores decreased as weight loss increased (Fig 5).

Quality-of-Life Assessments
Participants had a baseline mean SF-36 physical component 
summary score of 46 6 8.0 (n = 20) (national standardized 
value = 50) (Fig 6). This score increased to a peak of 53 6 9.1 
(n = 14) at 6 months (P = .01) and then decreased to 50 6 9.3 
(n = 16) at 12 months, which was not different than baseline  
(P = .15). The SF-36 mental component summary score followed 
a similar trajectory (Fig 6). The mean baseline score was 46 6 
11 (n = 20), which increased to a peak of 51 6 7.3 (n = 15) at 3 
months (P = .13). The score remained higher than baseline for 
the remaining follow-up period (46 6 13 at 6 months and 50 6  
10 at 12 months; P = .81 and P = .44, respectively).

Mean IWQOL-Lite scores also increased gradually (Fig 6). 
The most rapid increase occurred early, with peak scores at 3 
months for three domains (physical function, self-esteem, and 
public distress). In all domains, mean scores at 3 months had 
shown statistically significant increases from baseline. Scores 
remained stable after 3 months. At 12 months, mean physical 
function scores increased from 55 6 18 to 70 6 21 (P = .007); 
self-esteem scores increased from 50 6 30 to 72 6 25 (P = .011); 
sexual life scores increased from 61 6 35 to 88 6 25 (P = .003); 
public distress scores increased from 68 6 19 to 79 6 19 (P = 
.003); and work scores increased from 73 6 17 to 88 6 13 (P = 
.007). The mean total IWQOL-Lite score had increased by 19 
6 16 points at 12 months (P , .001).

Figure 3:  Excess weight loss (EWL) for the 20 participants who un-
derwent bariatric embolization, plotted as percentage difference from 
baseline over time. Solid black line represents a fitted cubic spline 
model. Dotted lines represent 95% confidence interval.
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medications (27). The changes in hemoglobin A1c in our study, 
and the fact that they occurred independent of weight loss, may 
indicate that bariatric embolization alters the metabolic profile 
in ways similar to bariatric surgery, but to a lesser degree.

Although bariatric embolization is unlikely to promote 
weight loss as effectively as bariatric surgery, with losses up to 
19% by gastric banding (28) and 36% by Roux-en-Y gastric by-
pass (29), it is at least as effective as some pharmacotherapies 
(ie, liraglutide, orlistat, lorcaserin), which induce mean weight 
loss of 2%–9% (28). Endoscopic bariatric procedures report 
similar results, with endoscopically placed gastric balloons pro-
ducing 34% excess weight loss and gastric plication producing 
23%–53% excess weight loss in 2 years, although with a high 
recidivism rate (30). However, bariatric surgery is reserved for 
the most obese patients because of its associated risks, and less 
than 1% of eligible patients choose to undergo such surgery (31–
33). An advantage of bariatric embolization is that patients can 
achieve weight loss similar to that with pharmacotherapy after 

of 16% at 6 months and 17% at 24 months after embolization 
with 300- to 500-mm embolics (Biocompatibles UK, Surrey, Eng-
land). Syed et al (18) reported four severely obese patients who 
had mean excess weight loss of 17% and total body weight loss 
of 8.5% at 6 months after embolization with 300- to 500-mm 
embolics. Bai et al (17) reported five obese patients who had mean 
weight loss of 8.3, 10, and 13 kg at 3, 6, and 9 months, respec-
tively, after embolization with 500- to 700-mm polyvinyl alcohol 
particles. The decrease in the rate of weight loss in our study likely 
reflected a lessening of procedural efficacy at 6 months, consistent 
with previous findings (17), and was possibly caused by revascu-
larization leading to reestablishment of normal hormone levels. It 
may be possible to repeat the embolization procedure to prolong 
the effect, but safety and efficacy of this are unknown.

Weight loss of 5%–10% has been found to reduce risks of 
cardiovascular disease and diabetes, including reduced hemoglo-
bin A1c, increased HDL, reduced triglycerides, reduced blood 
pressure, and reduced need for diabetes and antihypertensive 

Figure 4:  (a) Distribution of various gastric ulcerations observed during endoscopy 1 week after bariat-
ric embolization. Relative sizes and shapes of ulcers are indicated by sizes and shapes of colored dots on 
diagram. Each color represents ulcers found on one participant (eg, the three black dots represent ulcers 
on one participant).The curved purple line represents a linear ulcer. The ulcer represented as a yellow oval 
and enclosed by a blue square corresponds to that shown in b–d. (b–d) Endoscopic images of the same 
location in one participant (48-year-old African American woman with a baseline weight of 127 kg): (b) 
at baseline, (c) at 2 weeks after embolization (arrow indicates a small, superficial gastric ulcer, measuring 
1 cm on the longest axis), and (d) at 3 months after embolization (arrow indicates prior location of the 
ulcer).
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insufficient data for analysis of some end points. Lifestyle and 
weight management counseling varied between study sites. Al-
though participants were encouraged to adhere to a diet and 
exercise plan, compliance and regularity of visits varied, and 
weight management compliance before embolization was only 
required after the first five participants. This variability reflects 
real-world issues with weight loss programs, but it presents a 
challenge to establish the efficacy of bariatric embolization for 
weight management. Finally, African American women were 
over-represented in our study. Racial disparities in mean weight 
loss have been reported in clinical trials, with African American 

undergoing one procedure in combination with lifestyle changes, 
without requiring long-term adherence to scheduled medication 
doses, which can be difficult for some patients (34,35). It is im-
portant to reiterate that bariatric embolization is not proposed 
as a replacement for bariatric surgery, but as a supplemental 
method to facilitate weight loss with lifestyle modification.

The small sample size with an uneven distribution of par-
ticipants between centers and the lack of a control group are 
limitations of the current study. In addition, several participants 
did not have continuous follow-up throughout the study or ne-
glected certain questionnaires at several time points, resulting in 

Figure 5:  Hunger and excess weight loss (EWL) over time. Hunger scores were generated on the basis of sub-
jective questions regarding appetite during the previous 3 days—before eating breakfast, before eating lunch, 
during midafternoon, and after dinner. Hunger scores are compared with EWL at each time point. In general, 
decreases in hunger scores were correlated with an increase in EWL and vice versa.

Figure 6:  Quality-of-life (QOL) measures. The Short Form-36 (SF-36) health questionnaire is scored from 
1%–100%, with a national average of 50%. Impact of Weight on Quality of Life (IWQOL) is reported as points 
out of 100.
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and Hispanic patients tending to lose less weight than Caucasian 
patients (20,36–38).

In conclusion, bariatric embolization is well tolerated and pro-
motes clinically relevant weight loss in adults with severe obesity. 
It may provide needed assistance to patients who are struggling to 
succeed in lifestyle modification–based weight loss programs.
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Figure 7:  Changes in laboratory values over time. * indicates statistical significance. (a) Mean 
changes in lipids over time. High-density lipoprotein (black), low-density lipoprotein (red), total cho-
lesterol (blue), triglycerides (green). (b) Changes in hemoglobin A1c (HbA1c) over time.
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