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Abstract
Background & Aims—Gastric injections of botulinum toxin A (BTA) have been reported to
delay gastric emptying, increase satiation, and reduce body weight, but there are few data from
randomized, placebo-controlled studies.

Methods—We enrolled 60 obese participants in a 24-week, double-blind, randomized, placebo-
controlled, concealed allocation trial to compare the effects of gastric antral injections of BTA
(100 U, 300 U, or 500 U) and saline placebo. The study was conducted at an outpatient clinical
research unit. Participants were given one set of injections of BTA or placebo into the gastric
antral muscularis propria, using endoscopic ultrasound guidance. Gastric emptying of solids
(GES) was measured by scintigraphy; we also measured body weight, satiation (maximum
tolerated volume in a caloric liquid drink test), calorie intake (by food frequency questionnaire),
gastrointestinal symptoms, and psychologic aspects of eating behavior (by rating scale).

Results—Compared with baseline values, 2 weeks after injections, the mean t1/2 for GES
increased by 0.8, 14, 24, and 14 minutes among subjects given placebo, 100 U, 300 U, or 500 U of
BTA, respectively (P=.24 overall, P=.04 for the group given 300 U vs placebo); 16 weeks after the
injections, mean body weights were reduced by 2.2, 0.2, 2.3, and 3.0 kg in these groups,
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respectively. There were no statistically significant differences in mean body weight change,
satiation volume, caloric intake, gastrointestinal symptoms, or psychological aspects of eating
behavior among groups.

Conclusions—Gastric antral injections of BTA may delay gastric emptying at a dose of 300 U,
but do not cause early satiety, altered eating behaviors, or loss of body weight. Clinicaltrials. gov
identifier: NCT00976443
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Introduction
Obesity is an important public health problem. Potential pharmacologic and endoscopic
approaches to obesity include treatments that affect gastric emptying, compliance, and
satiation. Prior animal and human studies1–11 suggest that gastric botulinum toxin A (BTA)
injections slow gastric emptying, increase satiation, and induce weight loss. We investigated
the dose-related effects of antral BTA injections on gastric function, body weight loss, and
psychological aspects of eating behavior in a placebo-controlled trial in persons with mild to
moderate obesity.

Methods and Procedures
Participants

Obese human volunteers were recruited by public advertisement between 9/1/2009 and
1/31/2011 for this study, which was approved by the Mayo Clinic IRB. All participants
provided written informed consent. Inclusion criteria included age between 18 and 60 years,
BMI ≥ 30 kg/m2 and body weight ≥ 85 kg, and no history of diabetes, gastroparesis,
myopathy, or neuromuscular disorder. Potential participants were screened using questions
2, 3, 4, 38, and 39 from the Bowel Disease Questionnaire (BDQ),12 which address
symptoms of chronic abdominal pain, nausea, or vomiting; those with positive responses
were excluded. Participants received no counseling about diet or exercise, or other
interventions for obesity.

Study design
The study utilized a modified group sequential adaptive design. The first 18 participants
were randomly assigned to receive BTA 100 U, BTA 300 U, or normal saline placebo (6
participants in each group) according to a computer generated randomization list composed
of 2 blocks of 9 participants each. An interim analysis was then conducted by 2 investigators
(MC, FE) who had no participant contact. O’Brien Fleming interim analysis methodology
was used, with pairwise comparisons with placebo, an endpoint of body weight loss at 8
weeks, and a type I error rate of 0.0415. This showed no significant difference between the
placebo and BTA 300 U groups (p=0.33), and a 500 U dose was chosen for the fourth study
arm. The other investigators, study staff, and participants remained unaware of the interim
findings or the BTA dose chosen for the fourth arm. An additional 42 participants were then
randomized to one of the 4 treatment arms (9 additional participants to each of the 3 initial
arms, and 15 participants to the fourth arm), utilizing a computer generated randomization
list composed of 3 blocks of 9 participants each. In total 15 participants were assigned to
each of the 4 study arms. Only the study statistician had knowledge of the randomization
lists. All authors had access to study data and reviewed and approved the final manuscript.
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Allocation and blinding
Allocation was performed by the Mayo Research Pharmacy staff on the day of the
participant’s EUS procedure by matching the participant’s study number with the
randomization list. Allocation was concealed from all participants, investigators, study
coordinators, and clinicians caring for participants until data ascertainment for the entire trial
was complete. Pre-mixed study medication was delivered to the endoscopy suite labeled
with participant identifiers and protocol number only. Because reconstituted BTA is a clear
solution identical in appearance and viscosity to normal saline, and each participant received
the same volume of gastric injectate, study personnel performing EUS procedures remained
blinded to participant allocation.

The success of blinding was evaluated by asking the investigator performing EUS, the study
coordinator, and the participant which treatment group the participant had been assigned to
(placebo, active drug, or unsure). This was asked during the recovery period on the day of
BTA injection as well as 2 and 24 weeks later.

Endoscopic procedures
Four investigators performed endoscopic procedures, and were assigned subjects based on
schedule availability. After a 2 week baseline period and an overnight fast, participants
underwent esophagogastroduodenoscopy (EGD) under fentanyl and propofol sedation.
Those with ulceration or retained food in the stomach were excluded. Endoscopic ultrasound
(EUS) was performed, with injection of 30 mL of study medication solution containing
either 0, 3.33, 10, or 16.66 units of botulinum toxin A (Botox®, Allergan, Irvine, CA) per
mL, corresponding to a total dose of 0, 100, 300, or 500 U BTA per participant. Injections
were performed via a 25 gauge EUS needle under real-time EUS guidance, targeting the
gastric muscularis propria as previously described.10 Three rings of injections were
performed around the antral circumference, with 5 equally spaced 2 mL injections in each
ring. The rings were 1 to 2 cm apart, and the most distal ring was 2 to 3 cm proximal to the
pylorus. Prophylactic antibiotics (amoxicillin/clavulante or levoquin) were administered for
3 days because of the possibility of intra-peritoneal injection. Participants were followed for
24 weeks after study injections.

Measures
Body weight was measured in the Mayo Center for Translational Scientific Activities
(CTSA) Clinical Research Unit at baseline and 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, and 24 weeks
after BTA injection. The same calibrated scale was used for all weight measurements.
Participants were weighed in street clothes with coats, sweaters, and shoes removed.

Gastric emptying of solids (GES) in a mixed meal was measured over 4 hours using a
previously validated scintigraphic method.13 Gastric emptying (GE) tests were performed
during the baseline period and 2 weeks after gastric injections, when the maximum effect of
BTA was likely to be evident.14 Participants with delayed GES half time (T½) at baseline
were excluded from further participation.

Satiation was assessed with the Nutrient Drink Test at baseline and 2 and 16 weeks,
following the method of Tack, et al15 as previously reported.16 Participants ingested 120 ml
of a nutrient drink (Ensure®) per 4 minutes, and scored their satiety at 5-minute intervals on
a scale graded 0–5 (0=no symptoms, 5=maximum or unbearable fullness). Participants
stopped meal intake when a score of 5 was reached, and the maximum tolerated volume
(MTV) of nutrient drink was recorded. Normal values for MTV in adults in our laboratory
are ≥ 850 mL.16
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Gastrointestinal symptoms were assessed with the Gastrointestinal Symptom Rating Scale
(GSRS).17, 18 Participants completed the GSRS at baseline, weekly for 4 weeks after BTA
injection, and at 6, 8, 10, 12, 14, 16, and 24 weeks.

Caloric intake was measured at baseline and at 4, 8, 12, 16 and 24 weeks using VioFFQ, an
electronic food frequency questionnaire that queries dietary intake over one month.19

Eating behaviors were assessed at baseline and 4, 16, and 24 weeks. Binge eating episodes
were assessed with The Questionnaire on Eating and Weight Patterns-Revised (EWP),20

self-confidence for managing eating was assessed with The Weight Efficacy Life-Style
Questionnaire (WEL),21 and Hunger, Cognitive restraint, and Disinhibition were assessed
with The Eating Inventory (TEI).22

Statistical methods
Primary study outcome was pre-specified as body weight loss at 16 weeks. Pre-specified
secondary outcomes included change in body weight at other time points, as well as changes
in GES T½, MTV, caloric intake, and symptoms. Sample size was calculated anticipating a
body weight change of −4.9 kg in the 300 U BTA group and −2.5 kg in the placebo group at
16 weeks based on our preliminary data,10 with a standard deviation of 2 kg, a 2-sided type I
error rate of 0.0415, and 80% power to demonstrate a treatment effect between placebo and
300 U BTA.

Analysis of variance (ANOVA) models were used to compare the treatment groups for the
primary continuous outcomes. Nonparametric Kruskal-Wallis tests were also used to either
verify the parametric models or when distributional assumptions were not met. Repeated
measures linear models were also explored to provide comparisons at each time point; terms
for treatment group, time, and a treatment by time interaction were used. Equal correlations
between measurements from the same participant were assumed, and the robust “sandwich”
estimate of the covariance matrix for the fixed effects was used.23 Other associations were
measured using Pearson correlation coefficients, Fisher’s Exact test, or t-tests, as
appropriate.

Results
Flow of participants through the study is shown in supplemental Figure 1. Of the 60
participants 52 were women, mean age was 49 (range 24–59) years, mean baseline BMI was
37.9 (range 30.4–49.7) kg/m2, and mean baseline weight was 106.3 (range 86–159) kg.
There was no significant difference in baseline weight or BMI between groups. For each
study arm 15 participants were randomly assigned, received the intended treatment, and
were analyzed for the primary outcome. Compliance with study visits was 98%.

Gastric Emptying
Baseline GES T½ was similar between treatment groups. As shown in Figure 1, the mean
change (±SD) in GES T½ two weeks after injections was +0.8 ± 24 minutes for the placebo
group and +14 ± 29 minutes, +24 ± 39 minutes, and +14 ± 27 minutes for the BTA 100 U,
300 U, and 500 U groups, respectively. When compared to placebo, changes in GES T½
were statistically significant for the BTA 300 U group only (p=0.04; overall p=0.24). After
injections, GES T½ slowed to greater than 160 minutes (the limit of normal with the same
test meal in our lab) in 1 placebo participant, 5 BTA 100 U participants, 3 BTA 300 U
participants, and no BTA 500 U participants (p=.058 for comparison between groups).

When comparing this entire obese cohort to sex-matched non-obese normal volunteers
previously studied in our unit,24 mean baseline GES for men was 36% vs 20% at 60 minutes
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(p<.001), 67% vs 58% at 120 minutes (p=0.15), 95% vs 95% at 240 minutes (p=0.79), and T
½ of 89 vs. 110 minutes (p=.003), respectively. Similar values for women were 32% vs 17%
(p<.0001), 61% vs 49% (p<.0001), 95% vs 93% (p=.03), and 100 vs 125 minutes (p<.0001),
respectively.

Satiation
As shown in Figure 2, mean change (±SD) in MTV 2 and 16 weeks after injections was
−313 ± 360 mL and −177 ± 408 mL in the placebo group, −154 ± 268 mL and −162 ± 309
mL in the BTA 100 U group, −235 ± 312 mL and −141 ± 359 mL in the BTA 300 U group,
and −305 ± 515 mL and −94 ± 361 mL in the BTA 500 U group, respectively. When
compared to placebo, changes in MTV over time were not significant in any of the BTA
groups.

Body Weight
Body weight change over time is shown in Figure 3. At 8 and 16 weeks after injections the
mean change in body weight compared to baseline was −1.4 ± 3.5 kg and −2.2 ± 3.5 kg in
the placebo group, −0.01 ± 2.7 kg and −0.4 ± 3.1 kg in the BTA 100 U group, −1.5 ± 2.7 kg
and −2.3 ± 3.4 kg in the BTA 300 U group, and −2.5 ± 4.3 kg and −3.0 ± 5.1 kg in the BTA
500 U group. There were no statistically significant differences between groups at any time
point (ANOVA overall p=0.28 and 0.29 for weeks 8 and 16; p-values ranged from 0.10 to
0.65 for overall treatment effect by week).

Among participants not receiving placebo, 7 lost at least 5 kg body weight by week 16.
These participants did not differ from other non-placebo participants with regard to age, sex,
BMI, baseline body weight, baseline GES T½, or mean change in GES T½ after gastric
injections.

Despite blinding there was an association between endoscopist and treatment group
assignment (p=0.02), however ANOVA showed no significant difference by endoscopist on
GES T ½ change at 2 weeks (p=0.20) or body weight change at 16 weeks (p=0.34).

Caloric Intake
There was no difference in mean daily caloric intake between study groups at baseline or at
any subsequent time point.

Symptoms
There were no statistically significant differences in GSRS scores between the placebo and
treatment groups at any time point (Figure 4). Mean GSRS scores at each time point for each
study arm ranged from 19.1 to 20.9 at baseline, and 16.9 to 21.6 between weeks 0 and 24.

Eating Behavior
Of the 60 study participants, 3 met criteria for binge eating disorder at baseline, too few to
detect differences between treatment groups.. TEI and WEL scale scores at baseline were
similar between treatment groups, and there was no association between these scores and
baseline GES T½. Baseline MTV was inversely correlated with TEI Disinhibition score (r=
−0.28, p=.03), total WEL score (r= −0.28, p=.03), and the negative emotions and availability
WEL subscale scores (r= −0.27 and −0.30, p=.04 and .02, respectively). There was no
correlation between baseline TEI or WEL scale or subscale scores and body weight change
at weeks 8, 16, or 24.
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Adverse Effects
Study interventions were well tolerated. There were 10 adverse events, 7 of which were
possibly or probably related to study interventions. Of these, 6 were judged mild
(gastroesophageal reflux symptoms or loose stools that resolved spontaneously) and one
moderate (temporary increase in proton pump inhibitor dose for reflux symptoms). Of the 7
adverse events, 2 occurred in the placebo group, 2 in the BTA 100 U group, 2 in the BTA
300 U group, and 1 in the BTA 500 U group.

Success of allocation concealment
The principal investigator and study coordinator were unsure of participant allocation for all
participants throughout the study. Immediately following gastric injections 98% (58/59) of
participants were also unsure of their allocation, but at 2 and 24 weeks following gastric
injections 16% (9/56) and 13% (7/55) of participants thought they had received BTA
injections, respectively. There was no association between participant’s guesses about
allocation and their actual allocation (p>0.63) or change in GES T½ after injections.
Participants who guessed at 2 weeks that they had received BTA did lose more body weight
at 8 weeks than other participants (mean −4.0 ± 4.1 vs. −0.9 ± 3.1 kg, p=.01), but not at 16
or 24 weeks.

Discussion
Gastric injections of botulinum toxin A were first reported to induce weight loss in a human
in 2003,9 and a subsequent randomized, double-blind trial found that BTA injections were
associated with delayed gastric emptying, increased satiation, and body weight loss.4 Our
data also suggest the development of delayed gastric emptying after injection of 300 U BTA
into the gastric antrum, but this was not accompanied by increased satiation or loss of body
weight.

Gastric antral contractility is an important component of normal gastric emptying of
solids.25 Reduced antral motility appears to prolong the lag time and gastric emptying T½.26

BTA inhibits cholinergic transmission and impairs contractility of gastric muscle.27

Subserosal injections of BTA in rat gastric antrum induced delayed gastric emptying T½,
decreased food intake, and body weight loss.3, 6

Prior human studies of gastric BTA injections have yielded conflicting results (Table 1). Of
5 non-placebo controlled studies, two showed promising changes in gastric emptying and
body weight, and this was associated with BTA doses of 200 and 300 U.10 Three previous
placebo-controlled trials each tested a dose of 200 U; one demonstrated a decrease in gastric
emptying, and two showed a mean decrease in body weight of between 6 and 11 kg in the
active treatment arm.

We found a dose-response relationship in GES T½ changes following BTA injections, with
slowest gastric emptying in the group receiving 300 U. It is unclear why 500 U had less
effect on gastric emptying. One possible explanation is diffusion of BTA to the pylorus in
the higher dose group, relaxing the pylorus and promoting gastric emptying. BTA-induced
changes in gastric emptying were well tolerated.

Unlike the largest previous placebo-controlled study,4 which randomly assigned 24
participants to BTA 200 U vs. placebo, we did not observe significant changes in body
weight after BTA injections. This discrepancy is not due to differing effects on gastric
motility: the mean delay in GES T½ in our participants was similar to the previous study.
Furthermore, participants who lost the most weight in our study did not have
correspondingly longer delays in gastric emptying. Large and consistent changes in body
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weight were obtained in the previous study, with narrow standard deviations that we were
unable to reproduce. There are several methodological differences between studies. In the
previous work small aliquots were injected in the gastric cardia and body in addition to
several rings of antral injections; we did not perform gastric body BTA injections. EUS
guidance was not utilized in the previous work, so it is unclear which layer of the gastric
wall (or peritoneum) was injected. The previous investigators found decreased gastric
capacity for liquids after BTA injection; in contrast, we observed no change in gastric
capacity for liquids. Finally there is no mention of concealed allocation in the previous
report. Failure to conceal allocation could result in a placebo effect.

Previous research has found an association between gastrointestinal symptoms and eating
behaviors.28 We found that baseline MTV, a physiologic measure of satiation, correlated
with eating behavior: higher MTV was associated with less self-efficacy for control of
eating. These findings suggest that educating obese patients about physiologic differences in
stomach volume might help them improve their self-efficacy for eating.

In summary, we found that injections of 300 U BTA into gastric antral muscularis propria
under EUS guidance may induce delays in GES T½, but do not cause body weight loss. It is
unlikely that higher doses of BTA than those tested here would induce additional delays in
gastric emptying.
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Figure 1.
Change in gastric emptying of solids (GES) T½ two weeks after gastric injections.
Shaded boxes indicate the interquartile range (IQR); the lines and diamonds inside the boxes
indicate median and mean values, respectively. p=.24, .04, and .24 for comparison of the
100 U, 300 U, and 500 U groups with placebo, respectively; overall p=0.23.
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Figure 2.
Change (compared to baseline) in maximum tolerated volume (MTV) 2 and 16 weeks after
gastric injections.
Shaded boxes indicate the interquartile range (IQR); the lines and diamonds inside the boxes
indicate median and mean values, respectively, with outliers represented by open circles.
There are no statistically significant differences between groups at either week 2 or week 16.
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Figure 3.
Body weight change after gastric injections.
Lines represent mean body weight change over time for each treatment group. There are no
statistically significant differences between groups at any time point.
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Figure 4.
GSRS (Gastrointestinal Symptom Rating Scale) scores over time.
There are no statistically significant differences between groups at any time point.
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