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Abstract

Background: Metoclopramide and domperidone are common prokinetics used to alleviate gastro-
intestinal symptoms. However, both drugs may trigger ventricular arrhythmias.

Aim: We conducted this population-based study to compare the 30-day cardiovascular safety of
metoclopramide versus domperidone in outpatient care.

Methods: We used health care databases to identify a cohort of patients in Ontario, Canada newly
dispensed metoclopramide or domperidone. Inverse probability of treatment weighting based on pro-
pensity scores was used to balance the baseline characteristics of the two groups. All outcomes were
assessed in the 30 days following drug dispensing. The primary outcome was hospital encounter with
ventricular arrhythmia. The secondary outcomes were hospital encounter with cardiac arrest, all-cause
mortality and cardiovascular mortality.

Results: We identified 196,544 patients, 19% of whom were prescribed metoclopramide. There was
no difference in the risk of a hospital encounter with ventricular arrythmia (0.02% in both groups),
or cardiac arrest (0.10% with metoclopramide and 0.08% with domperidone). However, 1.34% of
patients died after starting metoclopramide compared to 0.52% of patients starting domperidone;
weighted risk ratio 2.50 (95% confidence interval [CI] 2.13 to 3.03). Similarly, 0.42% of patients
died of cardiovascular causes after starting metoclopramide compared to 0.19 % of patients starting
domperidone; weighted risk ratio 2.00 (95% CI 1.44 to 2.77).

Conclusion: The 30-day risk for a hospital encounter with ventricular arrhythmia was low for both
metoclopramide and domperidone, with no significant difference in the rate between the two drugs.
The higher 30-day risk of death observed with metoclopramide compared with domperidone in this
study has also been observed in other studies and warrants further investigation.
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Introduction neurologic side effect profile until concerns arose regarding

Prokinetic agents such as domperidone and metoclopramide the risk of sudden cardiac death. As a result, it has not been

are prescribed for the treatment of gastroparesis as well as approved in the United States market, although it is still avail-

able and widelyused in Canada (1). The increased risk of cardiac

nausea and vomiting. Domperidone, a peripherally acting do-
death is attributed to blockade of HERG (human ether a-go-go

pamine antagonist, is commonly used due to its favourable

Received: June S, 2020; Accepted: November 19, 2020.

© The Author(s) 2020. Published by Oxford University Press on behalf of the Canadian Association of Gastroenterology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 110
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and ¢
reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.

permissions@oup.com


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9480-969X
mailto:andrea1.cowan@lhsc.on.ca?subject=

Journal of the Canadian Association of Gastroenterology, 2021, Vol. 4, No. 5

elll

related gene) channels which causes electrocardiogram QT in-
terval prolongation and predisposes to torsades de pointes (2).
Studies have shown a significantly higher risk of sudden cardiac
death and ventricular arrhythmia with domperidone compared
to nonuse (odds ratio [OR] 1.56 to 1.59) (3,4).

Asaresult of these concerns, metoclopramide has become the
medication of choice for many clinicians treating gastroparesis
(5). Its prokinetic effect stems primarily from the activation of
serotonin receptors, with minimal dopaminergic antagonism,
resulting in a theoretically lower risk of adverse cardiac events
(2). In vitro studies demonstrate a significantly lower affinity
of metoclopramide for the HERG channel when compared to
domperidone (2); however, QT prolongation and a risk of car-
diac arrest are still described with metoclopramide (6-8).

Comparisons between domperidone and metoclopramide
on cardiovascular adverse events in large cohort studies have
yielded varying results, from an equivalent risk (4) to an
increased risk of out-of-hospital sudden cardiac death with
metoclopramide compared to domperidone (OR 2.5, 95%
confidence interval [CI] 1.06 to 5.88) (9). We conducted
this comparative population-based study to further assess the
30-day risk of adverse cardiovascular outcomes after starting
metoclopramide compared to domperidone in routine outpa-

tient care.

METHODS

Study Design and Setting

We conducted a population-based, retrospective cohort study
of residents in the province of Ontario, Canada from 2002
to 2017 using linked administrative health data. All Ontario
residents have universal access to health care and in 2018
Ontario’s population was 14.3 million (10). Segments of the
Ontario population also have outpatient prescription drug cov-
erage including all residents 65 years or older (~2.4 million)
and those younger patients who have high drug costs relative
to their income, receive disability support or social assistance.
The use of data in this project was authorized under section 45
of Ontario’s Personal Health Information Protection Act which
does not require review by the Research Ethics Board. We have
reported this study according to recommended guidelines for
observational studies that use routinely collected health data
(11) (see Supplementary Appendix A).

Data Sources

Patient characteristics, prescription drug use, covariate in-
formation, and outcome data were obtained from seven
health databases at the Institute for Clinical and Evaluative
Sciences (ICES). The data sets (Canadian Institute for Health
Information- Discharge Abstract Database, ICES-derived
Physician Database, National Ambulatory Care Reporting

System, Ontario Drug Benefit Database, Ontario Health
Insurance Plan Database, Office of the Registrar General-
Deaths and the Registered Persons Database) were linked
using unique encoded identifiers and analyzed at ICES. Based
on the CIHI guidelines, trained personnel in Ontario hospitals
review medical charts to code diagnoses and procedures using
the International Classification of Diseases (ICD) coding
system. These personnel only consider physician-recorded
diagnoses and do not review electrocardiograms or other
results. Additional information on the specific databases is pro-
vided in Supplementary Appendix B. Information on covariate
definitions are provided in Supplementary Appendix C.

The datasets we used were complete for all variables except
prescriber speciality (12.9% and 11.5% in the metoclopramide
and domperidone groups, respectively; missing data defined as
a separate category) and estimates of neighbourhood income
(0.5% and 0.3% in the metoclopramide and domperidone
groups respectively, missing data recorded as the middle quin-
tile). Losses to follow up occurred only with emigration from
the province, estimated to occur at a rate of less than 0.2% per
year (12).

Cohort Construction

We established a cohort of patients 19 years of age or over who
were dispensed a new prescription for either domperidone or
metoclopramide from an outpatient pharmacy between April
1, 2002 and February 28, 2017. The date the domperidone
or metoclopramide prescription was filled served as the date
of cohort entry. Patients were followed for 30 days after co-
hort entry (Figure 1). To make our findings generalizable to
routine prescribing, we excluded people dispensed doses that
were either very low (daily dose of <15 mg for domperidone or
<10 mg for metoclopramide) or very high (daily dose >60 mg
for either drug). To avoid the influence of prior prokinetic use
on our estimates of risk, we included only ‘new users” of the
study drugs by excluding people with prior prescriptions for
domperidone, metoclopramide or any other prokinetic drug in
the prior 180 days. As we did not have access to hospital phar-
macy records, people with evidence of a hospital discharge
or emergency department visit within the prior 2 days were
excluded (so that we excluded patients from this study who
may have started their prokinetic medications in hospital). We
excluded patients who were prescribed both domperidone and
metoclopramide simultaneously to compare mutually exclusive
groups. We restricted to the first eligible study drug prescription
in those patients with multiple eligible prescriptions.

We excluded people with a prior hospital admission with
cardiac arrest, ventricular arrhythmia or implantation of an
implantable cardiac defibrillator in the previous § years as we
were concerned this prior history could influence practitioner
choice of the type of prokinetic prescribed (which would raise
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epidemiologic concerns about confounding by indication). For
similar reasons, we also excluded patients with a prescription
for an antineoplastic drug in the last 180 days or a diagnosis
of cancer within the past S years, as metoclopramide (but not
domperidone) is commonly used as an antiemetic in this popu-
lation. To ensure all patients in the cohort had a baseline period
of recorded prescription drug use, we excluded anyone with no
dispensed medications in the prior 180 days in the provincial
drug plan database.

Outcomes

We assessed outcomes within 30 days of cohort entry which
is consistent with the highest mortality risk time period in
domperidone users (9,13) as well as the median prescription
duration for each drug. Our primary outcome was a hospital en-
counter (either emergency department visit or hospital admis-

sion) with ventricular arrhythmia. Secondary outcomes were a

hospital encounter with cardiac arrest, all-cause mortality and
cardiovascular mortality. Diagnostic codes for the primary and
secondary outcomes as well as information on their validation
can be found in Supplementary Appendix D (14-22). Database
information on cardiovascular mortality was only available
until December 2015 resulting in a reduced cohort size for this

outcome.

Statistical Analysis
We used standardized differences to compare baseline charac-
teristics between groups. This metric describes differences be-
tween group means relative to the pooled standard deviation
and is considered meaningful if greater than 10% (23).

We initially planned to match on a propensity score to bal-
ance the distribution of baseline characteristics between
domperidone and metoclopramide users. However, our base-

line analysis showed that only 19% of the cohort were new

n =457,036

Patients with an outpatient prescription
for domperidone or metoclopramide

Excluded (n=260,492)

Incomplete data n=4478

Age <19 years n = 5970

No evidence of prescription drug coverage
in prior 180 days n = 17,869

Evidence of prescription for
metoclopramide, domperidone or any
other prokinetic in prior 180 days n
=52,067

Hospital discharge in the 2d before or on
the prescription date n=57,117
Hospitalization with cardiac arrest,
ventricular arrhythmia or implantable
defibrillator in prior 5 years n = 2,781
Evidence of antineoplastic prescription in
the prior 180 days or a cancer diagnosis in
the prior 5 years n=120,210

v

Patients included in the study n =
196,544

| l

Patients who Patients who

started started

domperidone metoclopramide

n= 159,687 n= 36,857
Weighted total Weighted total
n= 159,687 n=159,084

Figure 1. Cohort selection.
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users of metoclopramide; in this case, matching may have led
to a substantial loss of domperidone users and a loss in the
precision of our estimates. This prompted our use of inverse
probability of treatment weighting (IPTW) based on the pro-
pensity scores to produce a synthetic weighted sample that
retained all individuals in the analysis and was well balanced
on many measured baseline characteristics. IPT'W weights that
would estimate the average treatment effect in the treated were
used as this produces results comparable to propensity score
matching (24,25). To accomplish this, we produced propensity
scores that reflected the probability of receiving a prescription
for metoclopramide given a set of baseline characteristics. We
determined propensity scores using a logistic regression model
incorporating 120 prespecified baseline variables, chosen be-
cause of their possible influence on the primary outcome
(Supplementary Appendix E). We then applied propensity
score-based weights to patients and their outcomes to produce
groups that were well balanced across all baseline characteris-
tics except for maximum dose percentage. Metoclopramide
users were compared to a referent group of domperidone users.
We used modified Poisson regression models that accounted
for the weights to estimate risk ratios (RR) and 95% Cls. For
all outcomes we interpreted two-tailed P values of 0.05 or less
as statistically significant. To minimize the chance of patient
re-identification, cells in all tables with S or fewer patients are
reported as ‘< 6. We performed all analyses using SAS version
9.4 (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics

We identified 159,687 (81%) new users of domperidone and
36,857 (19%) new users of metoclopramide (see cohort selec-
tion, Figure 1). The drugs were prescribed by 18,023 different
physicians and dispensed by 7,122 different pharmacies. In the
unweighted cohort, new users of metoclopramide compared to
domperidone were younger (mean age 63 versus 66 years old),
were more likely to have a rural residence, were more likely to
have a prior history of depression or anxiety, were less likely to
use a statin or a proton pump inhibitor and had less hospital
admissions and primary care visits in the year before cohort
entry (Table 1). After weighting, the baseline characteristics
between the two groups were well balanced (standardized
difference less than 10%). Most prescriptions (70%) in both
groups were provided by primary care physicians, with a sim-
ilar number of patients in each group seeing a cardiologist.
The rates of comorbid gastro-esophageal reflux disease and
proton pump inhibitor co-prescriptions as well as concom-
itant QT prolonging medications were well balanced. The
only exception was percentage of maximal dose prescribed—
we set the maximum dose of domperidone as 30 mg per day
and metoclopramide as 40 mg per day based on the product

monographs and the most recent guidelines from the American
Journal of Gastroenterology (5,26,27). Using these definitions,
the proportion of patients prescribed a maximum dose was sig-
nificantly higher in the domperidone group compared to the
metoclopramide group (Table 1).

Outcomes

Results for the primary outcome of hospitalization with ven-
tricular arrhythmia and secondary outcomes are presented in
Table 2.

Primary Outcome

New use of metoclopramide did not associate with an increased
risk of ventricular arrhythmia compared to new use of
domperidone (weighted total of 35 of 159,084 patients taking
metoclopramide [0.02%] versus 32 of 159,687 patients taking
domperidone [0.02%], risk difference 0.00% [95% CI-0.01 to
0.02%]).

Secondary Outcomes

Hospital Encounter With Cardiac Arrest

New use of metoclopramide was not associated with an increased
risk of hospital encounter with cardiac arrest (weighted total of
162 of 159,084 metoclopramide users [0.10%] compared to 127
of 159,687 domperidone users [0.08%] risk difference 0.02%
[95% CI —0.02% to 0.07%], risk ratio 1.28 [95% CI0.81 t0 2.00]).

Mortality

New use of metoclopramide compared to domperidone was
associated with a higher risk of all-cause mortality and cardi-
ovascular mortality. All-cause mortality occurred in 1,824 of
159,084 (1.15%) metoclopramide users compared to 825 of
159,687 domperidone users (0.52%) after weighting (risk dif-
ference 0.63% [95% CI 0.50 to 0.76], risk ratio 2.22 [95% CI
1.96 t02.50]). Before IPTW, cardiovascular mortality occurred
in 143 of 34,271 (0.42%) metoclopramide users and 294 of
151,235 (0.19%) domperidone users (risk ratio 2.15 95% CI
1.75 to 2.62; P <0.0001). After weighting, cardiovascular mor-
tality occurred in 528 of 147,989 metoclopramide users (0.36%)
compared to 294 of 151,235 domperidone users (0.19%) (risk
difference 0.16% [95% CI 0.09 to 0.24), risk ratio 1.82 [95% CI
1.45 to 2.33]). These differences persisted after adjustment for
the percentage of maximal dose. When examining the specific
causes of cardiovascular mortality, ischemic heart disease was
most common in both medications and the distribution of the
causes was similar between metoclopramide and domperidone
(Supplementary Appendix F).

Discussion

In this retrospective cohort study, we found low absolute
rates of recorded ventricular arrhythmia and cardiac arrest
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Table 2. Primary and secondary outcomes

P-value

Adjusted risk ratio

(95% CI)*

P-value

Unadjusted risk ratio

Risk difference, %
(95% CI)

Events (weighted)

Events (unweighted)

Exposure

Outcome

(95% CI)

N (%)

N

n (%)

0.59

0.84 0.84 (0.44-1.61)

1.09 (0.50-2.38)

32(0.02) 0.00 (~0.01 to 0.02)

35(0.02)
127 (0.08)  0.02 (-0.02 to 0.07)

162 (0.10)

159,687
159,084
159,687
159,084
159,687

159,687 32 (0.02)
36,857

159,687
36,857

Hospital Encounter with  DOM

11 (0.03)
127 (0.08)
35(0.09)

159,687 825 (0.52)
36,857 495 (1.34)
151,235 294 (0.19)

MET

ventricular arrythmia
Hospital Encounter with  DOM

0.28

0.27 1.37 (0.78-2.44)

1.28 (0.82-0.20)

MET

cardiac arrest

2.50(2.13-3.03)  <0.0001

<0.0001

2.22 (1.96-2.50)

825 (0.52)  0.63 (0.50-0.76)

1,824 (1.15)

DOM
MET

All-cause mortality

159,084
151,235
147,989

<0.0001

2.00 (1.45-2.78)

<0.0001

1.82 (1.45-2.33)

294 (0.19) 0.16 (0.09-0.24)

528 (0.36)

DOM
MET

Cardiac mortality

143 (0.42)

34,271

DOM, Domperidone; MET, Metoclopramide; N, Number of patients in cohort; n, Number of events.

*Risk ratio adjusted for the percentage of maximum dose prescribed.

in the 30 days following new prescriptions for domperidone
or metoclopramide, and no significant between-group
differences in these outcomes. However, we found the risks
of all-cause and cardiovascular mortality were significantly
higher among new users of metoclopramide compared to
domperidone.

Despite guidelines recommending metoclopramide for
the treatment of gastroparesis, (S) our study and others have
raised concerns over its relative safety. A recent population-
based case—control study showed an increased risk of sudden
cardiac death with metoclopramide compared to proton pump
inhibitors or domperidone (9). Similar findings were described
in a meta analysis of nine case—control or crossover studies
which showed a higher risk of ventricular arrhythmia or cardio-
vascular mortality in patients taking metoclopramide compared
to domperidone (OR 1.56; 95% CI 1.43 to 1.72) (28).
Although we did not find differences in the risks of the specific
outcomes of hospital encounters for ventricular arrhythmia or
cardiac arrest, the increased risk of all-cause and cardiovascular
mortality among metoclopramide users may suggest our lack of
differences observed in the former two outcomes may be lim-
ited by their low incidence and the insensitivity of their admin-
istrative code definitions (29).

Several mechanisms may explain the increased mortality risk
observed with metoclopramide. In a randomized controlled
trial, metoclopramide compared to placebo increased QT vari-
ance which can increase risk of torsades the pointes (7). It was
also one of the three most common medications shown to be re-
sponsible for a number of cases of QT prolongation and torsades
de pointes in a prospective cohort study of all cases of torsade
de pointes seen in Berlin in a 3-year period (4 of 35 confirmed
cases of drug induced torsades de pointes) (30). In an interna-
tional post market safety surveillance study, metoclopramide
was linked to higher risk of myocardial infarction versus nonuse
(OR 2.6 [95% CI 2.2 to 3.1]), more so than when domperidone
was compared to nonuse (OR 1.6 [95% CI 1.4 to 1.8]), where
in both cases, the proposed mechanism was QT prolongation
(31). Metoclopramide may also predispose patients with pre-
existing heart failure to exacerbations by blocking renal dopa-
mine release and inhibiting natriuresis which could contribute
to non-arrhythmia-related cardiovascular deaths (32).

Our study has several strengths. The cohort was large, and
we captured data on the routine use of both domperidone
and metoclopramide in the outpatient setting. The two ex-
posure groups were well balanced after weighting, except for
dose percentages, which would have favoured no difference
between groups.

There are also several limitations. While the two groups were
well balanced with respect to measured baseline characteristics
after inverse probability of treatment weighting, the potential
from bias residual confounding remains a concern. We do not
know if unmeasured characteristics were balanced between
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two groups, and measurement limitations may have led some
baseline characteristics being misclassified. While IPTW was
chosen in order to retain the entire domperidone population
and the power that comes with a large sample size, it does fur-
ther introduce the possibility of unmeasured confounding.
We only know which medications were dispensed, and not
what was taken. Given this was a retrospective rather than
prospective study, and without independent outcome adju-
dication, we were unable to confirm the accuracy of coding
for ventricular arrhythmia and cardiac arrest. The known in-
sensitivity of these codes may have favoured nondifferential
misclassification of the outcomes, thereby biasing our findings
toward no difference between groups. Additionally, there is the
potential for confounding by indication. While domperidone
and metoclopramide are both indicated for the treatment of
gastroparesis, metoclopramide is also used in the palliative
setting as first line antiemetic (33). While patients with ma-
lignancy were excluded from the analysis, it is possible that
preferential use of metoclopramide as an antiemetic in the
nonmalignant palliative care setting may have contributed to
the increased association with mortality. However, the pre-
scription rates of other antiemetics in the metoclopramide
group were low (1.6% before weighting, 1.0% after weighting)
making this less likely. Additionally, a contraindication bias may
have influenced our findings. The cardiac risks of domperidone
have been well described (34) and as a result, it is possible that
clinicians prescribed metoclopramide to patients who they
deemed at high risk of cardiac arrhythmia. To reduce concerns
about this bias we excluded from study those patients with a
documented history of ventricular arrythmia, cardiac arrest or
implantable cardiac defibrillator. We also observed no between-
group differences in baseline measured cardiovascular disease,
risk factors or prescription of antiarrhythmic or QT prolonging
medications that would support an indication bias (Table 1).
In conclusion, in this study, we did not find a significant difter-
ence in the risk of hospital encounter with ventricular arrythmia
in metoclopramide compared to domperidone users. However,
metoclopramide use was associated with a significant increase
in all-cause and cardiac mortality over domperidone, which
challenges the commonly held belief that domperidone is the
higher risk prokinetic. Further studies are needed to confirm

and to elucidate the underlying mechanisms for these findings.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of the Canadian
Association of Gastroenterology online.
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