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Abstract

Background Dopamine antagonists are the main pharmacological options to treat gastroparesis. The aim of this study was
to conduct a systematic literature review (SLR) to evaluate the profile of adverse events (AEs) of dopamine antagonists used
in the treatment of children and adults with gastroparesis.

Methods We searched EMBASE and MEDLINE up to March 25, 2021, for relevant clinical trials and observational stud-
ies. We conducted a proportional meta-analysis to estimate the pooled occurrence of AEs (%), with 95% confidence interval
(CD), from arm-level data across studies and the comparative occurrence of AEs from placebo-controlled clinical trials (odds
ratio [OR] with 95% CI).

Results We identified 28 studies assessing AEs experienced by patients treated for gastroparesis with domperidone and
metoclopramide; 22 studies contributed data to the meta-analyses. Cardiovascular, neurological, and endocrine AEs were
commonly observed, with point incidences varying from 1 to > 50%. Clinically important AEs, such as QTc prolongation,
occurred in 5% of patients treated with domperidone (95% CI: 3.32-8.62). Restlessness, an extrapyramidal AE, occurred in
15% of patients (95% CI: 7.48-26.61) treated with metoclopramide, with a 7-fold increase compared with patients receiv-
ing placebo (OR: 7.72; 95% CI: 1.27-47.05). Variation in terminology to describe extrapyramidal events precluded further
pooled analyses. Additional meta-analyses were not feasible due to discrepancies in the assessment and reporting of the AEs.
Conclusions The evidence confirms concerns of cardiovascular, extrapyramidal, and endocrine AEs in patients with gastro-
paresis treated with domperidone and metoclopramide. Imprecise AE reporting limits firm interpretation and conclusions.
Registration PROSPERO international prospective register of systematic reviews (registration number: CRD42021248888).
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The limited pharmacological treatment options for
gastroparesis—domperidone and metoclopramide—are
associated with known safety concerns.

This review and meta-analysis of clinical trial and real-
world evidence demonstrated that serious cardiovascular,
endocrine, and extrapyramidal adverse events (AEs)
were commonly experienced by patients treated with
these drugs.

Cardiovascular and endocrine AEs, such as QTc prolon-
gation and hyperprolactinemia, were more frequently
reported following treatment with domperidone than for
metoclopramide, whereas extrapyramidal events, such
akathisia and tardive dyskinesia, were reported more
frequently following treatment with metoclopramide.

The profile of AEs induced by domperidone and meto-
clopramide ranged across 13 organ system categories;
however, complete data on the AEs actively measured
and observed in patients were lacking. To improve
patient care, future research should improve the report-
ing of the AEs experienced by patients receiving these
treatments.

1 Introduction

Gastroparesis is defined as symptomatic delayed gastric
emptying rate in the absence of mechanical obstruction
[1, 2]. Symptoms can include early satiety, postprandial
fullness, nausea, vomiting, bloating, and upper abdomi-
nal pain, with variations in the severity, frequency, and
duration of symptoms [1-3]. In the United Kingdom (UK)
and United States (US), population-based studies have
reported gastroparesis age- and sex-adjusted prevalence
ranging from 13.8 to 24.2 per 100,000 persons [4, 5].

The underlying pathophysiology of gastroparesis is not
completely understood [6]. The etiology of the condition is
associated with several exposures capable of altering gastric
motility [6]. Diabetes is a recognized cause of gastropare-
sis, which accounts for approximately 40% of gastroparesis
cases; about one-third of gastroparesis cases are idiopathic
[2, 5, 7]. Additionally, surgical procedures, such as fundopli-
cation and bariatric surgery, and pharmacological agents,
such as opiate analgesics and anticholinergic agents, can be
associated with iatrogenic causes of gastroparesis [2].

For patients who develop gastroparesis, the burden of dis-
ease ranges from psychosocial comorbidities, such as anxiety
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disorders and depression, and the associated decrease in qual-
ity of life [8, 9], to increase in hospital and emergency depart-
ment admissions [7, 10, 11]. Gastroparesis also accounts for an
individual and populational economic burden. Patients often
need long-term, continued care comprising non-pharmacolog-
ical and pharmacological interventions [2]. In addition, costs
related to hospitalizations are relevant and, in the US, health-
care costs related to gastroparesis have increased significantly
since 2017 [10, 12].

Treatment options for patients with gastroparesis are rel-
atively sparse, partially due to limited understanding of the
disease pathophysiology. Prokinetic agents, such as domperi-
done and metoclopramide, are the most used pharmacological
approach which, combined with dietary modifications, aim at
accelerating gastric motility and relieving symptoms related
to delayed gastric emptying, such as postprandial fullness and
upper abdominal pain [1, 2, 5]. These drugs are non-selective
dopamine (D2/D3) receptor antagonists with pharmacologi-
cal activity on gastric and intestinal motility [13, 14] and have
historically been used in the treatment of gastroparesis [15].

Although available over the counter in many countries,
metoclopramide is a drug approved for treatment of gastro-
paresis in the US but not Europe [13, 16], and domperidone
can be requested through an expanded access investigational
process for gastrointestinal disorders such as gastroparesis in
the US [17], while not approved for treatment of gastroparesis
in Europe [18]. The restriction in the use of domperidone in
the US stems from domperidone-associated risks of cardiac
arrhythmias, cardiac arrest, and sudden death, deemed rel-
evant by the Food and Drug Administration (FDA) [17] but
inconclusive by the European Medicines Agency (EMA) [19].
Despite regulatory approval, the use of metoclopramide has
also recently been restricted to short-term (maximum 5 days)
treatment in Europe over concerns of risks of neurological
events [16]. Overall, there is a continued need to assess and
better understand the risks associated with the use of these
dopamine antagonist drugs in the treatment of patients with
gastroparesis. Moreover, systematic analyses that include
adverse event (AE) data from clinical trials and observational
studies assessing patients with gastroparesis treated with dopa-
mine antagonists are lacking. Therefore, the aim of this study
was to conduct a systematic literature review (SLR) to evalu-
ate the profile of AEs of available dopamine antagonists for
symptomatic treatment of gastroparesis in children and adults.

2 Methods

This SLR was conducted in accordance with the guide-
lines established in the Cochrane Handbook for Systematic
Reviews of Interventions [20], and the study report fol-
lows the methodology of the Preferred Reporting Items for
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Systematic Reviews and Meta-analyses (PRISMA) [21]. The
study protocol was registered in PROSPERO (registration
number: CRD42021248888).

2.1 Eligibility Criteria and Study Selection

We included studies based on the populations, interven-
tions and comparators, outcomes, and study design (PICOS)
framework. The included studies comprised clinical trials
(randomized, non-randomized, and single-arm) and obser-
vational studies (prospective, retrospective, and cross-
sectional) published in English that assessed children and
adults with gastroparesis who were treated with any dose
of dopamine receptor antagonists, including domperidone,
bromopride, metoclopramide, NG101 (metopimazine), and
CIN-102. Studies reporting on the occurrence of any AE or
discontinuations due to AEs after initiating a drug of interest
were included.

To ensure homogeneity among the patient population,
we excluded studies involving (i) patients with sympto-
matic nausea and vomiting not related to gastroparesis; (ii)
patients with other gastrointestinal disorders and conditions;
(iii) patients with functional disorders, such as functional
dyspepsia and gastroparesis-like syndrome; and (iv) patients
with eating disorders. Studies assessing a population with
mixed etiology were included if at least 80% of the patient
population presented with gastroparesis.

2.2 Information Sources and Search Strategy

Electronic searches were conducted in Embase®,
MEDLINE®, and MEDLINE® In-Process using the OvidSP®
platform on March 25, 2021. The searches utilized a com-
bination of controlled vocabulary and keywords related to
gastroparesis and dopamine receptor antagonists, specific to
each database. Appropriate search filters for study designs
and publication types not of interest (e.g., case reports or
opinion pieces) were employed, and the searches were lim-
ited to the English language. No date limit was applied. The
search strategies are provided in Supplementary Table 1 (see
electronic supplementary material [ESM]). As a search vali-
dation step, the reference lists of SLRs published since 2018
were reviewed for additional eligible publications.

2.3 Screening and Eligibility Assessment

Search results were imported into Endnote Version X9®,
and duplicates were removed. Screening was conducted in
DistillerSR® version 2.35.10 in two stages. First, the title and
abstract of each retrieved publication were screened against
the PICOS criteria by two independent reviewers. Second,
the full texts of any records deemed potentially relevant were
obtained and screened independently by two reviewers. Any

disagreements between reviewers about screening decisions
were resolved by a third, senior researcher.

2.4 Data Extraction and Data Items

Study, patient, and treatment characteristics, as well as out-
comes of interest, were extracted from the included publica-
tions into a pre-specified Microsoft Excel® data extraction
table by one reviewer, and independently validated by a sec-
ond, senior reviewer.

Clinical trial data were summarized for patients treated
with the dopamine antagonists of interest (domperidone,
bromopride, metoclopramide, NG101, and CIN-102) and
comparator treatments. Data from observational studies were
extracted and summarized specifically for patients treated
with domperidone, bromopride, metoclopramide, NG101,
or CIN-102, and no comparative data were sought.

We collected outcome data reported as the number of
patients (n) who developed AEs when receiving any of the
drugs of interest. Additionally, the proportion of patients
experiencing AEs in relation to the number of patients
receiving treatment were extracted from the primary studies
or calculated. The reported AEs were then classified accord-
ing to organ systems.

2.5 Meta-analysis

A feasibility assessment established whether the character-
istics of the studies identified in the SLR (i.e., study design,
patient and treatment characteristics, and timepoints) were
sufficiently similar to be quantitatively synthesized in a
meta-analysis. Briefly, meta-analyses were considered fea-
sible if two or more studies in a given analytic scenario
reported on frequency (incidence and prevalence) data on
specific AEs. The analytic scenarios considered were arm-
level analyses ([i] domperidone or [ii] metoclopramide
arm-level data) and treatment-controlled analyses ([iii]
domperidone vs placebo, [iv] domperidone vs metoclopra-
mide, [v] metoclopramide mixed formulations vs placebo/
active comparator; [vi] metoclopramide nasal formulation vs
placebo, and [vii] metoclopramide oral formulation vs nasal
formulation). In addition, threats to the validity of available
analyses were assessed based on between-study clinical and
methodological heterogeneity, and studies contributing to
substantial heterogeneity were excluded from the analyses.

When deemed feasible, we conducted a meta-anal-
ysis to estimate the pooled risk of AEs according to
drug type used in the treatment of gastroparesis. Two
types of meta-analyses were undertaken. Firstly, arm-
level meta-analyses pooled the proportions of patients
(presented as percentage (%) with 95% confidence
interval [CI]) with given AEs, discontinuations due
to AEs, or total AEs; this type of meta-analysis was
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conducted for metoclopramide (as mixed formulations
analysis of oral and nasal routes of administration)
and domperidone. Secondly, placebo-controlled meta-
analyses estimated the odds ratios (OR) with 95% CI
for metoclopramide (as oral, nasal, and mixed formu-
lations) versus placebo, for the same outcomes (i.e.,
patients with the given AEs, discontinuations due to
AEs, or total AEs). Data for placebo-controlled com-
parisons for domperidone were not available. The
safety populations (i.e., all patients who received the
study drugs and were included in the analysis) were
used for the analyses of AEs.

Analyses were conducted using a fixed-effect (FE)
model to improve power to detect safety signals when only
sparse data were available from less than three studies and
statistical heterogeneity was low, as recommended by the
FDA [22], whereas the random-effects (RE) model was
applied to analysis when outcome data were available from
more than three studies, and the number of events reported
in the studies were different than 0.

When zero events occurred in a treatment arm of a
study, a continuity correction of 0.5 was applied for
a meta-analysis of proportions, whereas the correc-
tion sizes proportional to the arm sizes (e.g., 0.33 and
0.67 if the arm sizes are 100 and 150, respectively)
were applied for a meta-analysis of OR, before per-
forming the analyses. Studies with zero events in both
arms were excluded from the placebo-controlled OR
analysis. Finally, the Peto method was also employed
(without continuity correction) as a sensitivity in
a meta-analysis of OR if an events rate < 2% was
observed and one or more studies had zero events in
a treatment arm.

Heterogeneity between studies was assessed using the I
and Cochran’s Q statistic. Whenever a result demonstrated
significant heterogeneity (I* > 75%; p < 0.05 in Cochran’s
0), reasons for heterogeneity were explored (in scenarios
with > 2 studies). The sensitivity analyses investigated
characteristics of the studies suspected of contributing to
the statistical heterogeneity by removing outlier studies
differing with respect to study design, route of admin-
istration (metoclopramide only), treatment or follow-up
duration.

In this article, we present results of the best-fit analysis.

3 Results

The electronic searches returned 767 records; of those, 625
unique records were screened after removing duplicates
(Fig. 1). Following screening, 28 studies were included in
the SLR and 22 were deemed feasible to be included in the
meta-analysis.

A\ Adis

3.1 Study and Patient Characteristics

Among the 28 included studies (Table 1), 14 were clini-
cal trials, including eight with a parallel design [23-31],
five with a crossover design [32-36], and one reported on a
non-randomized single-arm trial [37]. The 14 observational
studies comprised six prospective studies [38—43], four ret-
rospective studies [44—47], two cross-sectional studies [48,
49], and two case series [50, 51]. Of the dopamine antago-
nists of interest, the included studies only assessed domperi-
done and metoclopramide (15 studies assessed domperidone
and 14 metoclopramide among the 28 studies); no data on
bromopride, NG101, and CIN-102 were identified. Eight
of the clinical trials were placebo-controlled [23, 24, 26,
28-32, 34], one compared domperidone with metoclopra-
mide [27], one compared different routes of metoclopramide
administration (oral versus oral) [25], and two compared
metoclopramide with carbachol [35] or erythromycin [33].
One trial was a single-arm trial [37], and one reported on a
comparison group not of interest (acupuncture) [36].

Most of the studies (23/28; 82%) were conducted in
the US. The population recruited in the studies comprised
mainly outpatients (7/28; 25%), though most studies did not
report the setting where the patients were recruited (20/28;
71%). The patient population included adults only in most
of the included studies (27/28; 96%), with a similar mean
age pattern among clinical trials and observational studies
(mean age of participants ranged from 30 to 57 years among
clinical trials [24-26, 30, 32-34, 36, 37]; and from 39 to
49 years [39, 40, 44, 46-49, 51] among observational stud-
ies). The percentage of female participants ranged from 10
to 94% among the clinical trials [24-27, 30-35], and from
50 to 90% among the observational studies [39-42, 44-50,
52]; one clinical trial included only female participants [37].

The patients assessed in the included studies presented
with diverse gastroparesis etiology. Among the included
studies reporting on patients exclusively with diabetic
gastroparesis (13/28; 50%), nine comprised clinical trials
[24-27, 30, 3234, 36] and four were observational studies
[42, 43, 45, 50]. One clinical trial included patients exclu-
sively with idiopathic gastroparesis [23] and another two
trials evaluated patients exclusively with post-surgical gas-
troparesis [31, 35].

Among the studies reporting on a mixed population of
diabetic, idiopathic, neuropathic, and post-surgical gastro-
paresis (10/28; 36%), two comprised clinical trials [29, 37]
and eight were observational studies [38—41, 46—49]. The
percentage of patients with diabetic and idiopathic gastro-
paresis varied across studies from 9 to 40% and 20 to 85%,
respectively. One observational study did not report data on
the etiology of gastroparesis [44].

Ethnicity, weight, and body mass index (BMI) of partici-
pants were sparsely reported. Figures on alcohol and tobacco
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Fig. 1 PRISMA diagram
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consumption, and existent comorbidities were also scarce.
Supplementary Tables 2 and 3 summarize additional patient
characteristics data available from the included studies (see
ESM).

3.2 Treatment Characteristics

Domperidone was administered orally in all the included
studies, while metoclopramide was administered in diverse
routes of administration. Among the clinical trials, meto-
clopramide was used as oral [24, 25, 27, 29, 31, 33-35] and
nasal formulations [25, 26]. Among the observational stud-
ies, metoclopramide was administered orally in one study
[43], subcutaneously in another [39], and intravenously fol-
lowed by oral administration in two studies [38, 47]. Treat-
ment dosing was generally consistent with the recommended
dose for domperidone and metoclopramide (5-10 mg orally
three to four times daily), with treatment durations ranging
from 3 to 6 weeks. Substantial between-study heterogene-
ity was observed in the treatment duration, and one outlier
study, which was later excluded from the meta-analysis,
reported subcutaneous treatment with metoclopramide for
3 days. Other identified outliers consisted of mean treatment
with domperidone ranging from 6 to 4 years [45, 46, 48,
50], and treatment with metoclopramide ranging from 3 to 2

years in one study [31]. Details on treatment characteristics
are provided in Supplementary Table 4 (see ESM).

3.3 Adverse Events of Domperidone
and Metoclopramide

The AEs reported across the included studies were classi-
fied into 13 organ system categories of AEs (Table 2). The
reporting of AEs was heterogeneric and different studies
reported on different organ system categories of events.
When considering AEs of special interest (Tables 3, 4),
seven studies reported on cardiovascular events, 24 on neuro-
logical events, and 12 studies reported on endocrine events.
Details on cardiovascular, neurological, and endocrine AEs
are provided in Supplementary Table 5 (see ESM). Of note,
six studies were identified that reported zero total AEs (i.e.,
no events observed; in Supplementary Table 6, see ESM)
[31, 36, 42, 43, 50, 51].

3.3.1 Cardiovascular Events
Two clinical trials (one reporting on domperidone, one on
metoclopramide) [33, 37] and five observational studies

(four reporting on domperidone, one on metoclopramide)
[40, 44, 46-48] reported data on cardiovascular events.
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Table 2 Adverse events reporting by organ system categories

Organ system categories of AEs

Number of studies

Clinical trials with comparison groups

Blood and lymphatic system event

Cardiovascular event
Dermatologic event
Endocrine event
Gastrointestinal event

Infections and infestations

1 clinical trial [25]
2 clinical trials [33, 37]
5 observational studies [40, 44, 46-48]

1 clinical trial [30]

1 observational study [45]

8 clinical trials [23-27, 30, 32, 37];

4 observational studies [40, 41, 45, 48]
7 clinical trials [23-27, 30, 37]

2 observational studies [40, 45]

4 clinical trials [25-27, 30]

1 clinical trial [30]

3 clinical trials [23, 26, 32]

2 clinical trials [26, 30]

2 clinical trials [26, 30]

Metabolism and nutrition event 1 clinical trial [25]

1 clinical trial [23]

2 observational studies [40, 44]

Musculoskeletal event
Neurologic events/non-extrapyramidal

1 clinical trial [30]
9 clinical trials [24-30, 33, 34, 37]*

1 clinical trial [30]
3 clinical trials [26, 30, 39]

5 observational studies [39, 40, 45, 48, 49]

Neurologic events/extrapyramidal event

6 clinical trials [24, 27-29, 35]*

1 clinical trial [28, 29]*

4 observational studies [38, 40, 47, 49]

Non-specific event

6 clinical trials [24-26, 30, 34, 37]

4 clinical trials [24, 26, 30, 32, 35]

3 observational studies [38, 39, 49]

Psychiatric event

4 clinical trials [24, 25, 27, 34]

2 clinical trials [26, 39]

4 observational studies [26, 38, 39, 49]

Respiratory event

2 clinical trials [25, 26, 30]

2 clinical trials [26, 30]

1 observational study [40]

AE adverse event

#One linked publications related to the same study. One publication reported on patients who had undergone gastric resection [29] and the other

reported on patients with non-resected stomachs [28]

Among the clinical trials, palpitations were the most
frequently observed AE with incidences of 15% and 8%
in patients treated with domperidone and metoclopramide,
respectively. Despite the occurrence of chest pain in 3% of
the patients taking domperidone in one clinical trial [37], no
AEs of prolongation of the heart rate-corrected QT (QTc)
interval was reported. The occurrence of cardiovascular
events was not reported in the carbachol, erythromycin, or
placebo control arms.

In contrast, the occurrence of prolongation of the QTc
interval was commonly reported across the observational
studies in percentages ranging from 1 to 27% in patients
treated with domperidone [40, 44, 46]. Between-study het-
erogeneity in the percentages of patients identified with
prolongation of the QTc interval appeared to vary accord-
ing to the definition of QTc prolongation—or the absence
of an outcome definition. For instance, in one study [44],
the percentage of patients with QTc prolongation rose from
2% when events were defined as QTc interval prolongation
> 60 ms over baseline to 25% if QTc interval prolongation
was defined as >20 ms but < 60 ms from baseline. When
defined as prolongation of the QTc interval of > 450 ms for
males and > 470 ms for females, this AE occurred in 5%
of patients in one study [44], while in studies not reporting
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the definition of a QTc prolongation outcome, the percent-
age of patients with QTc prolongation varied from 1 [40] to
27% [46]. Among patients treated with metoclopramide, one
study reported that 30% of patients developed prolongation
of the QTc interval [48]. These four observational studies
reporting prolonged QTc intervals were all conducted in
mixed etiology populations.

A meta-analysis was conducted evaluating the pooled
proportion of chest pain, palpitations, and QTc prolongation
among patients treated with domperidone. Meta-analyses
evaluating the occurrence of cardiovascular AEs of meto-
clopramide and comparing the occurrence of cardiovascular
AEs of metoclopramide with placebo were not feasible.

3.3.1.1 Meta-analysis of Cardiovascular Events Chest pain
Two studies involving 149 patients provided data to a meta-
analysis evaluating chest pain in patients treated with dom-
peridone. The pooled proportion of chest pain was 2% (95%
CI 0.67-6.22; FE) following treatment with domperidone
(Fig. 2). There was no evidence of statistical heterogeneity
(p = 0.665; I> = 0%).

Palpitations Three studies involving 197 patients provided
data to a meta-analysis evaluating palpitations in patients
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Table 3 Occurrence of adverse effects by organ system categories—domperidone

Organ system categories of AEs

Evidence base—qualitative synthesis

Occurrence of AEs (%)—most and least frequent

Domperidone Comparator
Cardiovascular events 1 clinical trial [37] Palpitations: 15% NA?
Chest pain: 3%
4 observational studies [40, 44, 46, 48] QTc prolongation: 1-27%"
Syncope: 1%
Neurologic events/ non-extrapyramidal events 3 clinical trials [27, 30, 37] Somnolence/drowsiness: 3-29%  Placebo

3 observational studies [40, 45, 48]

Neurologic/ extrapyramidal events 1 clinical trial [27]

1 observational study [40]

Endocrine events

5 clinical trials [23, 27, 30, 32, 37]

Headache: 6%
Dizziness: 1%
Domperidone: NR

Dizziness: 2-3%

Headache: 4-8%
Anxiety: 1%
Akathisia: 22% Metoclopramide
Akathisia: 36%
Hand tremor: 1%

Restlessness: 1%

Prolactin-related symptoms and ~ Placebo
Hyperprolactinemia: 2-100%  Hyperprolactine-
Menstrual bleeding: 6% mia: 14%

Bilateral breast
tenderness: 1%

Metoclopramide

Prolactin related
symptoms: 7%

Hyperglycemia and
hypoglycemia:
1-6%

4 observational studies [40, 41, 45, 48] Hyperprolactinemia: 100%

Breast discharge: 2%

AE adverse event, NA not applicable, NR not reported, Q7c heart rate-corrected QT

“Heckert and Parkman, 2018 [37] were a single-arm trials

®QTc prolongation was defined in different ways. Field et al. [44] defined QTc prolongation as any QTc > 500 ms or increase in QTc > 60 ms
from baseline; Schey et al. [40] did not provide additional details on the definition of a case of QTc prolongation

“Reported as increase in serum prolactin level (mean 58.9 pg/mL)

treated with domperidone. The pooled proportion of palpita-
tions was 7% (95% CI: 3.57, 11.96; FE) following treatment
with domperidone (Fig. 2). There was evidence of moderate
statistical heterogeneity (p = 0.037; I? = 70%).

QTc prolongation Three studies involving 398 patients pro-
vided data to a meta-analysis evaluating QTc prolongation
in patients treated with domperidone. Results from the base-
case analysis demonstrated high statistical heterogeneity
(p < 0.001; I* = 90.5%), and a sensitivity analysis removed
an outlier study with longer treatment duration (mean treat-
ment duration of 8 months [range 3 months to 4 years]) [46].
The sensitivity analysis results involved 361 patients and the
pooled proportion of QTc prolongation was 5% (95% CI:
3.32-8.62; two studies, FE) following treatment with dom-
peridone (Fig. 2). There was evidence of moderate statistical
heterogeneity (p = 0.054; I> = 73%) in this analysis.

3.3.2 Neurologic and Extrapyramidal Events

Eleven clinical trials (three reporting on domperidone, eight
on metoclopramide) and seven observational studies [38—40,
45, 47-49] (three reporting on domperidone, four on meto-
clopramide) reported data on neurologic events, including
non-extrapyramidal and extrapyramidal AEs.

Among neurological non-extrapyramidal events, asthe-
nia/weakness, mental acuity, and somnolence were the
frequently reported AEs among patients treated with dom-
peridone and metoclopramide in clinical trials, with high
observed percentages equal to 24% (asthenia with dom-
peridone treatment), 33% (mental acuity with metoclo-
pramide treatment), and 14% (somnolence with metoclo-
pramide). Other AEs were also evident among the clinical
trial data, such as taste perversion occurring in proportions
ranging from 3 to 6% with oral and nasal formulations of
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Table 4 Occurrence of adverse events by organ system categories—metoclopramide

Organ system categories of AEs Evidence base—qualitative

synthesis

Occurrence of AEs (%)—most and least frequent

Metoclopramide Comparator

Cardiovascular events 1 clinical trial [33]
1 observational study [47]

Neurologic events/ non-extrapy-
ramidal events

3 observational studies [38, 39, 49]

Neurologic/ extrapyramidal events 5 clinical trials [27-29, 34, 35,

391°

3 observational studies [38, 47, 49]

Endocrine events 4 clinical trials [24-27]

0 observational studies

7 clinical trials [24-27, 29, 33, 34]

Palpitations: 8%
QT prolongation:* 30%

Somnolence/drowsiness: 6-49%
Headache: 2-17%

Erythromycin: NR

Placebo
Drowsiness: 9%
Dizziness: 1-2%
Erythromycin: NR
Domperidone:
Somnolence/drowsiness: 3—-29%
Dizziness: 2-3%
CNS effects such as restlessness,

tremor, fatigue, and insomnia

(mild): 40%
Seizures: 2%

Akathisia: 36% Placebo
Tremors: 8% Restlessness: 3% [28, 29]
Domperidone

Akathisia: 22%

Muscle twitching, akathisia,
uncontrolled movements (com-
posite) and restlessness: 11%,
each

Parkinsonism symptoms and tar-
dive dyskinesia: 2%, each

Placebo

Hyperprolactinemia: 14%

Hyperglycemia and hypoglyce-
mia: 1% each

Domperidone

Prolactin-related symptoms and
hyperprolactinemia: 2—-100%

Menstrual bleeding: 6%

Prolactin-related symptoms: 7%
Hyperglycemia: 1-3%

AE adverse event, CNS central nervous system, NA not applicable, Q7c heart rate-corrected QT

2QTc prolongation defined as prolongation of QTc interval of > 450 ms

YPerkel et al. [28] and Perkel et al. [29] are linked publications of the same trial

metoclopramide. Among the observational studies, the
most common observed AEs were headache, reported in
8% of patients receiving domperidone, and muscle cramps,
described in 4% of patients treated with domperidone. One
study [49] reported seizures in 2% of 100 patients assessed
after treatment of gastroparesis with metoclopramide.
Among the neurological extrapyramidal AEs reported in
the clinical trials, akathisia was described in percentages
ranging from 22% among patients treated with domperi-
done to 36% in patients treated with metoclopramide. Rest-
lessness and tremors were reported among patients treated
with metoclopramide, with frequencies ranging from 21%
in clinical trials and 11% in observational studies (restless-
ness) and from 8% in clinical trials to 7% in observational
studies (tremors). Tardive dyskinesia was reported in one

A\ Adis

observational study affecting 2% of patients (2/100) treated
with metoclopramide [49].

Treatment duration appeared generally consistent among
studies reporting neurological AEs in patients treated with
either domperidone or metoclopramide, thus not allowing
for such examinations of variability in the reported percent-
ages of these AEs. Similarly, there was no clear pattern
regarding the etiology of gastroparesis among clinical trials
and observational studies reporting on neurological AFEs.

Noticeably, the terminology used in the included studies
to describe the extrapyramidal AEs varied across studies.
For instance, akathisia, restlessness, uncontrolled move-
ments, restlessness with uncomfortable feeling in arms and
legs, and feeling of restless were diverse terms identified in
the included studies to describe extrapyramidal AEs. Hand
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Fig.2 Meta-analysis of cardio-

Author, Year Events Patients % [95% CI]
vascular adverse events among
patients treated with domperi- A. Chest pain
g:;;tlsiyﬂﬁ%ie;“rlgg Schey, 2016 2 115 — 1.74[0.21; 6.14]
prolongation removing an out- Heckert, 2018 1 34 - 2.94[0.07; 15.33]
lier study with longer treatment FE Model, 5 W 207 [0, o2a
duration [46]. CI confidence Heterngsnelfy: 1= <0%, p =0.665
interval, FE fixed effects, QTc
heart rate-corrected QT B. Palpitations
Schey, 2016 3 115 - 2.61[0.54; 7.43]
Parkman, 2011 2 48 —— 4.17 [0.51; 14.25]
Heckert, 2018 5 34 — 14.71 [4.95; 31.06]
FE Model: < 6.63 [3.57; 11.96]
Heterogeneity: I =70%, p =0.037
C. QTc prolongation
Schey, 2016 1 115 -— 0.87[0.02; 4.75]
Field, 2019 15 246 - 6.10 [3.45; 9.86]
FE Model: > 5.39[3.32; 8.62]
Heterogeneity: 2 =73%, p =0.054
T T T T T 1
0 10 20 30 40 50

tremor, tremor, and parkinsonism symptoms were also terms
inconsistently applied in the studies.

Meta-analyses were conducted evaluating the pooled
proportion of neurological AEs among patients treated
with domperidone and metoclopramide. Analyses on three
neurological non-extrapyramidal AEs reported in patients
receiving domperidone were feasible (dizziness, drowsi-
ness, headache), showing that the pooled frequency of
these events varied from 2 to 7% (Supplementary Figure 1,
see ESM). For the neurological extrapyramidal AEs, meta-
analyses were feasible on restlessness among patients treated
with metoclopramide, and on the risk of restlessness among
patients treated with metoclopramide compared with pla-
cebo. A meta-analysis evaluating the occurrence of extrapy-
ramidal AEs of domperidone was not feasible.

3.3.2.1 Meta-analysis of Neurologic and Extrapyramidal
Events Restlessness Three studies involving 55 patients
contributed data to a meta-analysis on the occurrence of
restlessness among patients treated with mixed formulations

Fig.3 Meta-analysis of
extrapyramidal adverse effects
among patients treated with
metoclopramide—restlessness.
ClI confidence interval, FE fixed
effects

Author, Year

Restlessness

Hitch, 1982

Perkel, 1980; Perkel, 1979
McCallum, 1983

FE Model:

Heterogeneity: = 0%, p = 0.950

Events

Percentage

of metoclopramide. The results indicated that the pooled
proportion of restlessness was 15% (95% CI: 7.48-26.61;
FE) in patients treated with metoclopramide. There was no
evidence of statistical heterogeneity (p = 0.05; I = 0%)
(Fig. 3).

Two studies involving 108 patients contributed data to
a meta-analysis comparing the occurrence of restlessness
among patients treated with mixed formulations of metoclo-
pramide and compared with placebo. Rates of restlessness
were higher among patients treated with metoclopramide
compared with placebo (OR: 7.72; 95% CI: 1.27-47.05; FE)
(Fig. 4). There was no evidence of statistical heterogeneity
(p =0.902; I> = 0%).

3.3.3 Endocrine Events

Nine clinical trials [23-27, 30, 32, 37] and four observa-
tional studies [40, 41, 45, 48] reported data on endocrine
AEs. Among these studies, nine reported on patients treated
with domperidone and four reported on metoclopramide; no

Patients % [95% Cl]

9 11.11 [0.28; 48.25]
26 _ 15.38 [4.36; 34.87]
20 15.00 [3.21; 37.89]

—— 14.62 [7.48; 26.61]

0 10 20 30 40 50
Percentage
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Fig.4 Meta-analysis of

Events

extrapyramidal adverse events Author, Year MET
among patients treated with

R Restlessness
mf:toclopramlde compared McCallum, 1983 3
with placebo—restlessness. CI Perkel, 1980; Perkel, 1979 4

FE Model:
Heterogeneity: 2= 0%, p =0.901

confidence interval, FE fixed
effects, MET metoclopramide,
PLC placebo

observational studies of patients treated with metoclopra-
mide reported endocrine AEs.

Among the clinical trials, most endocrine AEs reported
were prolactin-related AEs such as breast enlargement and
tenderness, galactorrhea, and decrease in libido in patients
treated with domperidone. The incidence of breast tender-
ness and galactorrhea was observed in up to 44% of patients
receiving domperidone [23] while in participants treated
with placebo, the incidence of breast symptoms/tender-
ness was reported in up to 23% [32]. Two trials reported on
prolactin-related symptoms associated with domperidone
without detailing the specific symptoms [27, 30]. Rates of
endocrine AEs in these trials did not appear to vary accord-
ing to the etiology of gastroparesis.

Clinical trials of metoclopramide in diabetic gastropa-
resis reported mostly on the occurrence of hypoglycemia
and hyperglycemia AEs. Hypoglycemia was the most often
reported AE among patients taking metoclopramide (inci-
dences ranging from 3% to 6%). One clinical trial in dia-
betic gastroparesis reported the occurrence of hypoglycemia
and hyperglycemia in patients taking nasal metoclopramide
compared with placebo [26]. In this trial (n = 95), hypogly-
cemia occurred in 1% and 3% of patients using a 10-mg and
14-mg nasal spray of metoclopramide, respectively; and a
proportion of 1% of patients developed hypoglycemia while
treated with placebo. Similarly, among patients using meto-
clopramide 10 mg and 14 mg nasal spray, hyperglycemia
was observed in 1% and 3% of patients, respectively, and
in 1% of patients receiving placebo. Notably, neither of the
two clinical trials of domperidone in diabetic gastroparesis
reported these endocrine AEs.

Among the observational studies, endocrine AEs were
reported only in studies assessing patients treated with dom-
peridone. In these studies, the occurrence of breast-related
AEs such as tenderness, galactorrhea, and gynecomastia
ranged from 2 to 18%. One study [41] involving 17 patients
described hyperprolactinemia in 100% of the patients treated
with domperidone, and a symptom related to hyperpro-
lactinemia, gynecomastia, in 18% of these patients with
hyperprolactinemia associated with domperidone.

Meta-analyses were conducted evaluating the pooled pro-
portion of endocrine AEs (breast tenderness, hyperglycemia,
and prolactin-related symptoms) among patients treated with
domperidone and metoclopramide each. A meta-analysis of
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Patients Events Patients Odds Ratio
MET PLC PLC [95% CI]
20 0 22 — > 9.00[0.44; 185.96]

26 1 40 = 7.09[0.75; 67.46]
————7 72 [1.27; 47.05]

T T T T 1
01 02 05 1 2 5 30
Favors MET Favors PLC

the risk of endocrine AEs among patients treated with meto-
clopramide compared with placebo was not feasible.

3.3.3.1 Meta-analysis of Endocrine Events Breast tender-
ness Two studies involving 149 patients provided data to
a meta-analysis evaluating breast tenderness in patients
treated with domperidone. The pooled proportion of breast
tenderness was 3% (95% CI: 1.19-8.18; FE) following treat-
ment with domperidone (Fig. 5). There was evidence of
moderate statistical heterogeneity (p = 0.216; I> = 35%).

Hyperprolactinemia Two studies involving 26 patients
provided data to a meta-analysis evaluating the occurrence
of hyperprolactinemia in patients treated with domperidone.
The pooled proportion of hyperprolactinemia was 96% (95%
CI: 77.80-99.48; FE) following treatment with domperidone
(Fig. 5). There was no evidence of statistical heterogeneity
(p =0.765; I* = 0%).

Prolactin-related symptoms Two studies involving 334
patients provided data to a meta-analysis evaluating the
occurrence of prolactin-related symptoms in patients treated
with domperidone. The pooled proportion of prolactin-
related symptoms was 3% (95% CI: 1.74-5.90; FE) among
patients treated with domperidone (Fig. 5). There was evi-
dence of moderate statistical heterogeneity (p = 0.168;
P =48%).

Hypoglycemia Two studies involving 279 patients con-
tributed data to a meta-analysis on the total number of
patients treated with mixed formulations of metoclopramide
and experiencing hypoglycemia. The pooled frequency of
hypoglycemia was 3% (95% CI: 1.23-5.30; FE) in patients
treated with metoclopramide. There was no evidence of sta-
tistical heterogeneity (p = 0.532; I = 0%) (Fig. 6).

3.3.4 Other Adverse Events

In this article, we focused on AEs of special interest, car-
diovascular events, neurological and extrapyramidal events,
and endocrine events. Other AEs reported included mainly
gastrointestinal, infections and infestations, non-specific,
psychiatric, and respiratory events.

Results of the meta-analyses on other AEs that were fea-
sible (Supplementary Figs. 2-10, see ESM) demonstrated
that 3% to 8% of patients treated with mixed formulations
of metoclopramide were described with gastrointestinal,
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Fig.5 Meta-analysis of endo-
crine adverse events among
patients treated with domperi-
done. CI confidence interval,

Author, Year Events

A. Breast tenderness

) Schey, 2016 2
FE fixed effects Heckert, 2018 5
FE Model:

Heterogeneity: 12 = 35%, p =0.216

B. Hyperprolactinemia

Soykan, 1997 17
Davis, 1988 9
FE Model:

Heterogeneity: 2= 0%, p =0.765

C. Prolactin-related symptoms

Patterson, 1999 3
Silvers, 1998 74

FE Model:

Heterogeneity: 12 = 47%, p =0.168

Fig.6 Meta-analysis of endo-
crine adverse events among
patients treated with metoclo-
pramide—hypoglycemia. C/
confidence interval, FE fixed
effects

Author, Year Events

Hypoglycemia

Parkman, 2015 4
Parkman, 2014 3

FE Model:

Heterogeneity: %= 0%, p = 0.532

non-specific, and respiratory AEs. Psychiatric events of
anxiety and depression were experienced by up to 21% of
patients, and 35% of patients experienced somnolence. Com-
pared with placebo, patients treated with mixed formulations
of metoclopramide had reduced risk of experiencing diar-
rhea (OR 0.34; 95% CI 0.12-0.98; two studies; FE), and
comparable risk of experiencing headache (OR 2.23; 95%
CI 0.77-6.45; two studies; FE). Additional details on other
AEs are summarized in Supplementary Table 7 (see ESM).

3.3.5 Discontinuations Due to Adverse Events

Data on the total number of discontinuations due to AEs
were not always available from the study reports, and only
one clinical trial reported data on discontinuations due to
AEs in comparator arms. Among the clinical trials, six
patients (of 48 patients analyzed in one trial; 13%) who
received domperidone, 21 patients (of 317 patients ana-
lyzed across four trials; 3—15%) treated with metoclopra-
mide, and four patients (of 95 patients analyzed in one trial;
4%) who received placebo discontinued treatment due to
any AE. Across the observational studies, 47 patients (of

Patients % [95% CI]
115 <~ 1.74[0.44; 6.68]
34 Y 5.88 [ 1.48; 20.68]
> 3.18[1.19; 8.18]
17 —+ 97.22[67.79; 99.83]

9 —  — 95.00 [52.51; 99.69]
——m) 96.28 [77.80; 99.48]
48 = 6.25[2.03; 17.66]
286 2.45[1.17; 5.04]
> 3.23[1.74; 5.90]
I T T T T 1
0 20 40 60 80 100
Percentage
Patients % [95% CI]
190 N 2.11[0.58; 5.30]
89 - 3.37 [0.70; 9.54]
> 2.57 [1.23; 5.30]
I T T T T 1
0 10 20 30 40 50
Percentage

523 across two studies; 8—12%) who received treatment with
domperidone discontinued treatment due to any AE, and no
discontinuations due to AEs were reported among patients
who received treatment with metoclopramide. Details on
treatment discontinuations due to AEs are summarized in
Supplementary Table 8. Results of the meta-analysis are
presented in Supplementary Figures 11 and 12 (see ESM).

3.3.6 Total Adverse Events

The total number of patients experiencing AEs was reported
among 18 studies, nine clinical trials and nine observa-
tional studies. Across the clinical trials, the total numbers
of patients with AEs were reported for 323 participants
who received domperidone [23, 30, 36], 218 participants
who received metoclopramide [24, 26, 31], 145 participants
assigned to a placebo comparison group [23, 24, 26, 31],
and 13 participants who received erythromycin. Across
the observational studies, total numbers of patients with
AEs were reported for 250 participants who received dom-
peridone [40, 42, 45, 48, 50, 51] and 169 participants who
received metoclopramide [43, 47, 49]. The percentage of
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patients experiencing AEs varied widely across studies,
ranging from 0 to 70%. Details on total treatment AEs are
summarized in Supplementary Table 9. Results of the meta-
analysis are presented in Supplementary Figures 13—15 (see
ESM).

4 Discussion

This is the first review to evaluate the evidence of the AEs
experienced by patients with gastroparesis undergoing
treatment with the dopamine receptor antagonists domperi-
done and metoclopramide. This study demonstrates that
cardiovascular AEs such a QTc prolongation were com-
monly reported among patients treated with domperidone,
and neurological extrapyramidal events occurred markedly
among patients treated with metoclopramide. The risk of
restlessness with metoclopramide was also notable as, com-
pared with placebo, patients treated with metoclopramide
were demonstrated to have 7-fold increased risk of this AE.
Despite the discrepancy in the accuracy of the assessment
and reporting of the AEs among studies, the evidence con-
firms concerns of cardiovascular events and neurological
extrapyramidal events in patients treated with domperidone
or metoclopramide [16, 17, 19, 53-55].

After conducting comprehensive searches, evidence from
28 studies on domperidone and metoclopramide was found
in the literature. The patterns depicted in this review on the
AEs experienced by patients with gastroparesis, treated with
domperidone or metoclopramide, demonstrated that the
safety profile of these drugs ranges across 13 organ system
categories. Noticeably, the studies contributing data to this
SLR were diverse in their study design, etiology of gastro-
paresis and, overall, published over the past 50 years; these
studies characterize the investigation of these dopamine
receptor antagonists since these drugs were licensed in the
1970s [56].

The included studies also varied regarding the complete-
ness of the reporting of AEs, regardless of the publication
period. For instance, it was often unclear whether studies
applied measures to determine the occurrence of AE or
whether AEs were (i) not observed; (ii) observed but not
reported; or (iii) reported only if they were deemed relevant.
Furthermore, heterogeneity in the reporting of AEs limited
the feasibility of a meta-analysis of several AEs described in
observational studies and clinical trials. For example, endo-
crine AEs reported as “breast discharge,” “galactorrhea,
breast tenderness or fullness,” or “expressive galactorrhea
and bilateral breast tenderness” did not contribute to any
pooled analysis despite probably encompassing similar AEs.
This limitation was expected since the reporting of AEs in
clinical trials has been shown to be suboptimal [57, 58], and
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a similar pattern was anticipated to impact the reporting of
observational studies despite the lack of objective evidence.

Despite the limitations with the reporting of AEs, events
that are considered serious, such as prolonged QTc interval,
were reported during the observation/treatment period of the
studies. Results of the meta-analysis on cardiovascular AEs
among patients treated with domperidone showed that QTc
prolongation was reported in up to 5% of patients described
with this AE. It is possible that variability in the occurrence
of prolongation of the QTc interval was related to the mean
duration of treatment, as lower rates were seen in one of
the shorter studies and higher rates were seen in one of the
longer studies (1% over a mean of 2.4 months vs 27% over
a mean of 8 months) [40, 46]. However, this observation is
complicated by the fact that the longer study was specifi-
cally designed to measure the effect of domperidone on the
occurrence of QTc prolongation [46], and it is possible that
the intensity of outcome assessment and clinician awareness
could also explain some of the variability observed in the
frequency of events of QTc prolongation. In contrast, most
QTc interval data in observation studies were collected ret-
rospectively; therefore, it is plausible that events of QTc pro-
longation might not have been proactively assessed in most
studies, leading to underreporting of this AE. Interestingly,
symptoms of QTc prolongation such as chest pain were fre-
quently reported among patients treated with domperidone;
however, it is unclear if the studies reporting chest pain also
accurately and actively monitored for QTc prolongation. Due
to limitations with data availability, a meta-analysis was not
feasible to summarize the incidence of cardiovascular AEs
among patients treated with metoclopramide. Nevertheless,
patients treated with metoclopramide were also described as
developing QTc prolongation.

In line with previous knowledge, neurologic AEs were
frequently reported among patients treated with metoclopra-
mide. These AEs were also observed among patients receiv-
ing domperidone to treat gastroparesis. It is important to
highlight that the incidence of some neurologic AEs, such
as akathisia, could have been underestimated by the wide
discrepancy in the terminology used in the primary studies.
For instance, it is unclear whether terms such as restlessness
or uncontrolled movements could be translated into akathisia
considering the limited descriptions available in the included
studies. This variability in the definitions of the events might
be an essential factor challenging the analyses of the impact
of neurologic AEs in the population of patients with gastro-
paresis treated with domperidone or metoclopramide, since
other factors such as the etiology of gastroparesis and treat-
ment duration were similar among studies. To avoid bias-
ing the results, the AEs were extracted and summarized as
documented in the studies’ report, with no interpretations
conducted by reviewers.
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Looking specifically at neurologic extrapyramidal AEs,
a type of AE that comprises drug-induced movement disor-
ders, including tardive dyskinesia but also other symptoms
such as dystonia (symptoms of involuntary muscle contrac-
tions), akathisia (symptoms of agitation or restlessness),
and parkinsonism (symptoms resembling Parkinson disease,
such as tremors and muscle rigidity), these events were fre-
quently described among patients treated with metoclopra-
mide (approximately 14% of these patients were described
with restlessness as an AE). Tardive dyskinesia, a black box
warning of the use of metoclopramide, occurred in 2% of
the patients assessed in one study [49]. Overall, the results
consolidate previous knowledge while also adding to the
documentation of the potential magnitude of occurrence of
these AEs.

In addition to cardiovascular and neurological events,
endocrine events comprise another category of AEs of
interest among patients with gastroparesis receiving treat-
ment with domperidone or metoclopramide. Prolactin-
related AEs and hyperprolactinemia leading to amenorrhea,
galactorrhea, and breast tenderness are known endocrine
AEs associated with dopamine antagonist receptors [55,
59, 60]. In this review, the heterogeneity in AE reporting
challenged the synthesis and analysis of prolactin-related
AEs and hyperprolactinemia since some studies reported
specific symptoms (e.g., galactorrhea, breast tenderness,
amenorrhea, etc.), and others reported the combined occur-
rence of prolactin-related AEs/hyperprolactinemia. In the
meta-analysis, any high heterogeneity detected was resolved
by the exclusion of studies considered a priori clinical and
methodological outliers. The remaining moderate heteroge-
neity observed in some of the arm-level meta-analyses could
be expected since time and place will vary among prevalence
and incidence studies [61].

In the literature, prolactin-related AEs with domperi-
done treatment are considered rare AEs [16]. In contrast,
our meta-analysis showed high pooled frequencies of hyper-
prolactinemia (96%) and prolactin-related symptoms (3%)
among patients treated with domperidone. The diverse
reporting of prolactin-related AEs might explain why the
occurrence of prolactin-related AEs/hyperprolactinemia
depicted in this review varied significantly across studies
and displayed discrepancies in comparison with the litera-
ture. Of interest, prolactin-related AEs were described even
among patients treated for shorter periods (e.g., 46 weeks).
This also slightly contradicts the literature that describes
prolactin-related AEs mainly occurring with chronic use
[16] and should be further evaluated in future research.

4.1 Limitations

The AE data summarized in this review represent a mix
of clinical trial and real-world evidence from observational

studies, which likely overcome common limitations of the
assessment of AEs in clinical trials, including short duration,
restricted study populations, and lack of statistical power to
assess rare events [57, 62—-64]. Nevertheless, the evidence
summarized in this SLR is limited by some aspects related
to the data provided in the included clinical trials and obser-
vational studies.

As previously observed, the reporting of AEs was inad-
equate in several aspects, including availability of com-
plete information of the AEs actively measured and fully
reported. Therefore, it is unclear if the events summarized in
this review comprised all AEs observed in the studies. It is
also unclear if events not described across the clinical trials
and observational studies were assessed but not observed
or simply not surveyed. These challenges and opportunities
of selective detection and reporting of AEs imply that one
cannot construe whether there is an indication of “absence of
harms” (i.e., if no event was reported then none occurred) or
of “absence of evidence of harm” (i.e., no event was reported
because either its detection or reporting was neglected) [65].
The chosen analytic approach suggested was not to make
assumptions regarding the lack of occurrence of AEs in
studies not mentioning whether a specific event occurred,
that is, these studies were excluded from the analysis for
that outcome. This means that events were not imputed (i.e.,
assumed zero) for an outcome (specific AE or total AEs or
discontinuations) in a study unless the study report men-
tioned that the outcome was assessed, but the event did not
occur. This approach was robust to generate results valuable
for indicating safety signals of the treatments evaluated in
patients with gastroparesis. However, the utility of the actual
percentages resulting from the analyses should be consid-
ered limited, given the possibility of overestimating event
rates when the approach for imputation is extremely strict.
In other words, the overall occurrence of the AEs in this
meta-analysis may be overestimated since data on all events
may be lacking.

Since this SLR applied an exploratory approach to assess-
ing the incidence and prevalence of AEs, a formal risk of
bias (RoB) assessment was not conducted. This is because
aspects impacting the assessment of the RoB on AEs differ
from pre-specified efficacy outcomes [66—68], and available
RoB tools are designed to assess the RoB based on a pre-
specified efficacy outcome in clinical trials or observational
studies.

Another limitation is that AEs that might be similar or
might represent more than one event (e.g., tachycardia and
tachycardia/chest pain) were reported in diverse ways across
the studies, limiting the ability to compare the data appropri-
ately. Additionally, the studies in the review differed in terms
of treatment duration and follow-up period, with treatment
durations ranging from just 3 days to 4 years. Treatment
duration might impact the occurrence of AEs, despite studies
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generally reporting that patients received treatment doses
generally consistent with those recommended for domperi-
done and metoclopramide (5-10 mg orally 3—4 times daily).
We considered the limitations of combining studies with
short and long treatment duration and follow-up periods;
however, the limited number of studies contributing data to
the analyses on specific AEs prevented subgroup analyses
by treatment duration and follow-up timepoint.

Finally, this SLR focused on specific treatments of inter-
est, including domperidone, bromopride, metoclopramide,
NG-101, and CIN-102. Comparative data was extracted and
summarized from clinical trials, but not from observational
studies, to minimize issues with confounding bias from
non-randomized trials. Nevertheless, comparisons between
the safety profile of domperidone and metoclopramide with
carbachol and erythromycin were available from a limited
number of clinical trials (n = 2); and the paucity of the data
reported precluded further analyses and interpretation. The
figures presented mainly refer to absolute measures and not
differences between groups in controlled studies, unless
otherwise specified. Therefore, the impact of the patient’s
baseline risk is unclear, particularly in observational studies.

5 Conclusion

Despite limitations with the inadequate and heterogenetic
reporting of AEs, this review on the safety profile of the
dopamine receptor antagonists domperidone and metoclo-
pramide demonstrated that serious and significant cardio-
vascular, endocrine, and extrapyramidal AEs are commonly
experienced by patients treated with these drugs. In addition,
cardiovascular and endocrine AEs, such as QTc prolonga-
tion and hyperprolactinemia, appear to be more common
following treatment with domperidone, while extrapyrami-
dal AEs, such akathisia and tardive dyskinesia, might occur
more frequently following treatment with metoclopramide.
These results confirm a scenario of concerns with patient
safety associated with the use of domperidone and metoclo-
pramide. Nevertheless, the highly imprecise evidence gener-
ated in primary studies and the lack of a placebo comparator
arm for the majority of AEs examined precludes firm inter-
pretation and conclusions. To improve patient safety and
additional evidence, future research should strive to better
assess and report the AEs experienced by patients receiving
these treatments.

Supplementary Information The online version contains supplemen-
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