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Abstract

Background—Botulinum toxin A has been used in children to treat spastic disorders and
recently for gastrointestinal conditions. Open label studies in adults with gastroparesis have
reported an improvement in symptoms and gastric emptying after endoscopic intrapyloric
botulinum injections (IPBI) although placebo controlled trials have shown conflicting results.
Only a single case report of IPBI is available in children.

Objective—Determine the long term clinical outcomes and predictive factors of IPBI response in
children with gastroparesis refractory to medical therapy.

Design—Retrospective review.

Setting—Single tertiary care center.

Patients—Children with refractory gastroparesis symptoms undergoing IPBI.
Interventions—IPBI.

Main outcome measurements—cClinical improvement and predictive factors of response.

Results—A total of 70 injections were given to 47 patients (mean age 9.98 £ 6.5 years and 23
were female) with follow up in 45. Only 15 reported failure and 30 reported success to IPBI. The
median duration of response of the first IPBI was 3.0 months (1.2-4.8 months CI). A total of 29
patients received a single IPBI and 18 received multiple IPBI. Older age and vomiting predicted
response to initial IPBI and male gender predicted response to repeat IPBI. Only 1 patient reported
exacerbation of vomiting after IPBI resolving within a week.

Limitations—Open label and retrospective nature of the study.
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Conclusion—IPBI is safe and may be effective in the management of children with symptoms
of gastroparesis. Subgroups identified with response to first IPBI include older patients and those
presenting with vomiting whereas males responded better to repeat IPBIs.

INTRODUCTION

Botulinum toxin A has been used as a medical therapy for a few decades. In pediatrics it is
commonly used to treat spastic disorders associated with cerebral palsy(1). A novel use for
Botulinum toxin A has been for gastrointestinal conditions targeting the lower esophageal
sphincter and more recently the internal anal sphincter, in order to decrease tone and/or
increase relaxation.(2, 3) Gastroparesis is a condition with historical limitations in medical
therapy. When medical therapy fails in patients with gastroparesis, they often resort to
surgical treatment such as gastrostomy(4, 5) and jejunostomy(6) for nutrition and
pyloromyotomy(7), pyloroplasty(7-9) and gastrectomy(10, 11)) to improve gastric
emptying. It has recently been suggested that the use of intrapyloric botulinum toxin A
injections (IPBI) may be a medical alternative to some surgical procedures.(12) IPBI effects
on the pylorus muscle seem to be mediated by decreasing contractility and acetylcholine
release from cholinergic nerves at low doses, and directly affecting the muscle tone at higher
doses.(13) The effect of Botulinum toxin A may not be limited just the pyloric muscle. It has
also been reported to be absorbed from stomach and intestine producing peripheral
neuromuscular blockade.(14)

In adult literature there have been contradictory results reported with IPBI. Almost all open
label studies report an important clinical benefit and improvement in gastric emptying in
patients with idiopathic,(15-18) diabetic(19) and post-surgical gastroparesis.(20) However,
two recent small randomized placebo controlled trials comparing IPBI with saline injection
showed no advantage on symptom improvement and acceleration of gastric emptying.(21,
22) Among the factors associated with IPBI response included higher dose, idiopathic
etiology, female gender and age younger than 50 years old.(23) Given that young age may
be associated with a better response, it is possible that children may respond better than
adults. There is, however, very little literature on the use of IPBI in children, except for
isolated case reports. Therefore the primary aim of our study was to determine the long term
clinical outcomes after IPBI in the treatment of children with gastroparesis. The secondary
aim was to evaluate potential predicting factors of clinical efficacy of IPBI.

METHODS

Institutional review board approval was obtained for this retrospective review of patients
undergoing endoscopic intrapyloric botulinum toxin A injection from January 2004 to
October 2010 at Children’s Hospital in Boston.

Population and data collection

We reviewed the medical history of patients with symptoms of gastroparesis (nausea,
vomiting, early satiety, abdominal distention) refractory to medical therapy. All subjects
either had a gastric emptying study with scintigraphy demonstrating delayed emptying for
solids or liquids and/or post-prandial antral hypomotility by antroduodenal manometry. All
patients had gastric outlet obstruction, or other anatomic or mucosal abnormalities ruled out
by either an upper gastrointestinal endoscopy or a contrast radiological study. Demographic
data, presenting symptoms, follow up symptoms, type of gastroparesis and results of gastric
emptying study and antroduodenal manometry results were obtained.

Gastric emptying study (GES) was considered abnormal when there was >50% retention
of solids and/or liquids at 60 minutes (24, 25). Antroduodenal manometry responses were
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categorized as follows: normal antroduodenal motility (NAM) if there was a normal motor
migrating complex (MMC) during fasting with both normal fed response and normal antral
response to EES, post-prandial antral hypomotility (PPAHM) when there was no increase in
antral activity after a meal, and normal antral response to erythromycin (ARE) if there were
antral contractions in response to erythromycin.

IPBI Procedure

Outcome

All patients fasted overnight before undergoing general anesthesia for the endoscopic
procedure. The botulinum toxin A was given endoscopically through a submucosal injection
using a sclerotherapy needle at a dose of 6 units/kg up to a maximum of 100 units.(2, 3)
Botulinum toxin A was diluted in 1 ml of saline and injection was divided in 4 aliquots and
applied in 4 quadrants.

»  Overall response to IPBI was classified as follows: a) failure (no response), b)
mild response (symptoms improved but still on medications), ¢) moderate response
(symptoms improved and able to stop medications) and d) asymptomatic (complete
resolution of the symptoms). We considered responders to the treatment if their
overall response was mild to asymptomatic at the time of the last clinic visit after
the IPBI

»  Overall duration of response to the first injection was evaluated as per patient
analysis, so overall duration of response after the first IPBI was calculated. Relapse
was defined as a return or worsening of any symptom after the first IPBI.

* Response to repeat IPBI was evaluated on those receiving multiple injections.
Only those with a favorable response to the first IPBI received a repeat IPBI.

Statistical analysis

RESULTS

Statistical analysis was conducted using PASW Statistics 18.0. Continuous variables were
expressed as means = SD, or medians as appropriate. Non-parametric tests Mann-Whitney
and independent samples median test were used for continuous variables and Chi square and
Fisher’s exact test were used to assess the difference between proportions. Pearson’s
correlation was used to evaluate the relationship between continuous variables. Different
subgroup analyses were also performed: Patients < 12 or > 12 years old, gastric emptying
severity (emptying <20% and >20%). Multivariate logistic regression analysis was used to
assess factors responsible for long term response. A Kaplan-Meier curve was generated to
demonstrate the duration of response.

A total of 70 injections were given to 47 patients with gastroparesis. Follow up information
was available for 45 patients. The mean age was 9.98 + 6.5 years and 23 (51.1%) were
female. Symptoms prompting evaluation and therapy included the following: vomiting in 28
(62.2%), retching post-fundoplication in 7 (15.6%), abdominal distention in 4 (8.9%),
nausea in 3 (6.7%), abdominal pain in 2 (4.4%) and feeding intolerance in 1 (2.2%). The
etiology of the gastroparesis was idiopathic in 31 (66%), post-fundoplication in 7 (15%),
chronic intestinal pseudo-obstruction in 3 (6.4%), diabetes mellitus in 2 (4.2%), related to
mitochondrial dysfunction in 2 (4.2%) and post-surgical (pyloromyotomy for pyloric
stenosis and esophageal atresia with colonic interposition) in 2 (4.2%). A total of 42/47
reported no response to therapy with prokinetics and 5/47 had very minimal response. GES
was performed in 39 subjects and it was abnormal in 37 patients and normal in 2 (those 2
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had abnormal antroduodenal manometry). A total of 25 patients underwent and
antroduodenal manometry, 18 evidenced PPAHM and 7 were normal.

Overall response

Mean follow up was 17.9 + 18 months and median was 12 months ranging from 1 to 70
months with all but 1 having follow up of at least 3 months. Of the 45 patients, only 15
(33.3%) reported no response after IPBI and the remainder 30 (66.7%) reported at least mild
improvement. The distribution of response of the 30 responders was as follows: 3 (10%) had
a mild response, 15 (50%) had a moderate response and 12 (40%) were asymptomatic. The
flow diagram with the overall response to IPBI is shown on Figure 1. The rate of response
per presenting symptom is shown in Figure 2. We found a significant difference between the
median follow up of responders and non-responders to IPBI (20 months range 1-70 months
vs. 6 months range 3-69 months respectively, p=0.023).

The effect of the first IPBI had a median duration of 3.0 months with a 95% CI of 1.2-4.8
months. (Figure 3). A total of 29 patients received a single injection and 18 patients received
more than 1 injection: 14 received 2 injections, 3 received 3 injections and 1 received 4
injections. Of the 18 receiving more than 1 injection 7 failed to respond to subsequent
injections, 8 had a sustained response to all injections and 3 were lost to follow after the
second IPBI.

Predictors of response

The univariate analysis of factors that may be associated with a response to initial IPBI are
shown on Table 1. Twenty nine were < 12 years and 16 > 12 years. The younger group had
a lower rate of responders 17/29 (59%) vs. 13/16 (81%) than the older group but was not
statistically significant (p=0.19). Response between both genders was also similar: 16/23
(69%) for females and 14/22 (63%) for males (p=0.67). The proportion of patients with
vomiting before treatment was higher in responders (21/30; 70%) than in non-responders
(7/15; 46%) but that difference was not statistically significant. The responses to IPBI
according to etiology were as follows: 18/29 (62%) for idiopathic gastroparesis, 5/9 (55%)
for post-surgical gastroparesis (including 3/7 (43%) post-fundoplication patients with
retching), 2/3 (66%) for chronic intestinal pseudo-obstruction, 1/2 (50%) for diabetes
mellitus and 1/2 (50%) for mitochondrial dysfunction. There was no significant difference in
the proportion of responders and non-responders between idiopathic (18/29 or 62%) and
non-idiopathic gastroparesis (9/16 or 56%) (p=0.67).

We found no difference in the median % of gastric emptying between responders (30%) and
non-responders (37%) (p=0.85). Dividing gastric emptying values in quartiles and
comparing extreme values does not alter the results (p=0.67), and classifying GES results by
severity using a cut-off of GES <20% as the worse emptying also did not alter results. There
was no correlation between GES and duration of response (r=0.03 with p=0.99). A total of 5
patients had a repeat GES and it was significantly improved in all 5 (p=0.04) with 4 of those
reporting improvement after the IPBI. All 3 patients that had borderline normal gastric
emptying responded to IPBI.

Responders had a lower frequency of antral hypomotility (10/15; 67%) than non-responders
(8/10; 80%) but this difference was not statistically significant (p=0.43). Responders and
non-responders had similar response to erythromycin during antroduodenal manometry
respectively (10/13; 77% and 9/10; 90% for p=0.23).

Multivariate analysis demonstrated that older age and presence of vomiting were the only
factors predicting response to IPBI. (Table 2).
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Overall duration of response

There was no difference in the duration of response after the first injection according to
gender (p=0.58), age (p=0.36), presence of vomiting (p=0.15), presence of retching post-
fundoplication (p=0.59), severity of gastric emptying (p=0.35), idiopathic etiology (p=0.50),
presence of PPAHM (p=0.90) and ARE (p=0.23). Figure 3 shows a Kaplan-Meier curve for
response duration. The median time to relapse was 3.0 months with a 95% CI of 1.2-4.8
months.

Response to repeat IPBIs

Side effects

Of the 30 responders, 12 required only 1 IPBI and had a sustained response for a median of
3.5 months (range 1-22 months). Of the 18 patients receiving more than 1 injection, follow
up information was available in 15 with 7 of those responded favorably to the initial
injection and failed to respond to subsequent injections and 8 had a sustained response to all
injections. We found male gender to be the only factor associated with response after
repeated injections (p<0.01) and a tendency towards an association with older age (p=0.07)
and presence of vomiting (p=0.07). (Table 3).

Only 1 patient reported short-lived (<1 week) exacerbation of vomiting after injection
followed by complete resolution of symptoms.

DISCUSSION

This is the first clinical investigation on the use of IPBI in children. The previous pediatric
literature on the subject was a single case report.(26) We have shown for the first time in
this non-controlled study that intrapyloric injection of botulinum toxin A in intractable
pediatric gastroparesis is safe and effective. This is an important observation because these
patients are very symptomatic, and there is a very limited pharmacologic treatment. In fact
our patients were refractory to commonly used medical therapy. Therefore the application of
Botox is a relatively non-invasive treatment that may provide long term symptomatic
improvement in this difficult to treat population.

We found that adolescent patients (> 12 years old) and those with vomiting as the indication
for the IPBI had a better response. Our results go along with the adult case series reporting
improvement on symptoms(17, 27) as well as gastric emptying of solids(27). The duration
of response was also similar to previously reported adult case series.((17)) Large series of
adults with gastroparesis have reported a better response in younger patients (<50 years),
females and those with idiopathic gastroparesis.(23) In our study we saw an increase
response in males, which is similar to other adult literature.(17) The duration of response
was similar to previously reported adult case series. Our results go along with the adult case
series reporting improvement on symptoms as well as gastric emptying despite the small
controlled studies showing no benefit.(23)

The result of the initial gastric emptying study does not seem to predict response to IPBI,
possibly because all patients show delayed emptying to start but even dividing by quartiles
and comparing extreme values did not make a difference. We found that patients with
abnormal antral response to a meal had a lower response rate, although it did not reach
statistical significance probably due to the small sample size. Interestingly the antral
response to erythromycin during manometry also did not predict response to IPBI.

We also report for the first time on the natural history after IPBI injections. We showed that
from the 30 responders, 12 required only one injection. For those that had a relapse, and
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required repeated injections 50% continued to respond to repeated injections. There is only
one previous adult study that showed that repeated injections were also very effective(23).
We also did not administer repeated injections in those patients that did not respond to the
first injection. In the adult study they showed that some patients responded after a second
injection if higher doses were given(23).

This study has some limitations. The most important is its retrospective and open label
nature. This limits the ability to capture clinical data in a validated objective format (28)
before and after treatment, or to accurately judge the placebo effect. However we think our
findings are still important as all patients had been intractable to our usual management,
lessening the impact that our physician patient relationship could have had on the outcome.
All had had previous endoscopies, which lessens the impact of the endoscopy on the results,
and all had failed other medical therapies, so the placebo response to oral medications was
already excluded. Of course the main confounding is the possible placebo effect that the
actual administration of the IPBI could have had. A placebo controlled study with the
intrapyloric injection of saline or Botox would have made the design stronger. However to
undertake such a study without having any preliminary data, and which involves an invasive
procedure under anesthesia in a pediatric population is very complex. Given the limited
medical armamentarium to treat these children, we do not consider that the lack of a placebo
arm makes our findings not useful, as they suggest that in intractable patients that have
failed all other available therapies, the use of IPBI may be beneficial, before more invasive
treatments like surgery are contemplated.

Similar positive results have been reported in two large open label studies of the use of IPBI
in adults (17, 23), whereas 2 small placebo-controlled trials failed to show a difference,
raising the possibility that the uncontrolled response seen with IPBI may be a placebo effect
(21, 22). The reason for the discrepancy in the results of the uncontrolled trials both in adults
and children and those of the placebo controlled trials in adults is not clear. One of the
placebo controlled trials (23 patients) was a crossover study, making it very difficult to
judge the true effect of IPBI as the action after the initial injection may last for many
months, as can also be seen in our patients. Also the placebo group had significantly higher
symptoms scores at baseline compared to the botox group, raising another important concern
that the placebo group was sicker (more room to improve or more functional complains
amenable to a higher placebo effect) and also the time between both injections was only 4
weeks(21). The other placebo controlled study (32 patients) demonstrated significant
acceleration on gastric emptying in the IPBI group, although there was no difference in
symptoms(22), suggesting there are other factors that contribute to symptoms in these
patients. Another big consideration is that both controlled studies cluster a very
heterogeneous group of patients, and were probably underpowered to achieve a significant
difference(23). It is unclear the influence that the placebo response had in our patients, but
they were all intractable, and had failed medical therapy under own care and supervision.
Our study shows similar response rates than the larger adult studies, and given that we are
dealing with younger patients it adds important new information as our findings suggest that
children and adolescents may respond better than older populations. Large, multicenter
prospective and randomized placebo controlled trials are needed to assess the safety and
efficacy of IPBI for gastroparesis symptoms in children, and our findings may serve as the
basis to design those studies.

Another limitation of our study is that we did not repeat the gastric emptying study or the
antroduodenal manometry in all patients after the IPBI, so we cannot show if the
improvement was correlated to changes in antroduodenal function. This is always an issue in
pediatric studies given the radiation exposure, or the invasiveness of the procedures. It is
possible that in the future with the advent of newer techniques to assess gastric function (29,
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30) prospective studies in which measurements are repeated before and after treatment will
be feasible.

We did not observe any significant side effects, showing that the IPBI is safe in this
population.

An important concern is the recent reports of botulism in children with cerebral palsy
undergoing botulinum toxin A injections to treat spasticity(31, 32) and also an adult death
from anaphylaxis.(33) We did not find any side effects, and the maximum doses we are
using are much smaller than those that have been associated with botulism (6units/kg up to
100units vs. 23-40units/kg up to 1200units). Furthermore botulinum toxin A has been safely
and successfully used in other Gl applications in children, particularly lower esophageal
sphincter and internal anal sphincter (2, 3, 34-37).

In conclusion we have shown for the first time in a large pediatric cohort that use of IPBI
may be an effective medical therapy for children with intractable gastroparesis.
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ACRONYMS
IPBI intrapyloric botulinum injection
GES gastric emptying study
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MMC motor migrating complex
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Figure 1. Flow diagram showing the response to initial and repeat IPBI
This graph represents the overall response to IPBI of 45 patients with follow up information
available. From the 30 responders, 18 underwent a repeat injection. Failures underwent only

the initial IPBI.
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Figure 2. Response to IPBI by presenting symptom

Vomiting and retching after a Nissen fundoplication were the most common presenting
symptoms. Note the different response to IPBI in patients presenting with vomiting and
nausea compared to those presenting with abdominal distention.
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Figure 3. Time to symptomatic relapse after first IPBI
Kaplan-Meier curve showing the time to symptom relapse in each subject after the first
IPBI. The median time to relapse was 3.0 months (95% CI 1.2-4.8 months).
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Univariate analysis of factors associated to response to initial IPBI

Table 1

Response to initial IPBI

Yes | No | Total | p-value
Demographic factors
Age 0.19
<12y 17 | 12| 29
>12y 13 3 16
Gender 0.67
Male 14 8 22
Female 16 7 23
Symptoms
Vomiting 0.13
Yes 21 7 28
No 9 8 17
Retching post-fundoplication 0.19
Yes 3 4 7
No 27 11 38
Diagnosis
Idiopathic 0.67
Yes 18 8 26
No 12 7 19
Diagnostic studies
GES severity 0.82
Retention <20% 8 4 12
Retention <20% 19 8 27
Antroduodenal Manometry
Antral hypomotility 0.66
Yes 10 8 18
No 5 2 7

Gastrointest Endosc. Author manuscript; available in PMC 2013 February 1.

Page 13



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

wduosnue Joyiny vd-HIN

Rodriguez et al.

Table 2

Multivariate logistic regression for response to IPBI

OR 95% ClI
OR | Lower | Upper | p-value
Age > 12 years 1554 | 1.38 175.44 | 0.02
Male gender 0.45 | 0.05 418 | 0.48
Presence of vomiting | 14.65 | 1.19 180.07 | 0.03
GES 0.99 | 0.94 1.04 | 0.70
Idiopathic etiology 252 | 0.29 21.60 | 0.40
Absence of PPAH 26.93 | 0.21 34543 | 0.18
Absent ARE 0.30 | 0.01 13.85 | 0.54
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