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1 |  INTRODUCTION

Metoclopramide (MCP) is a dopamine D2- receptor antagonist, 
used as an antiemetic agent for the treatment of nausea and 
vomiting in relation to migraine, post- operative nausea and 
vomiting (PONV) and chemotherapy (CINV).1,2 By an antago-
nizing effect on D2- receptors in the central nervous system and 
smooth muscle cells, metoclopramide exerts antiemetic effects 
in the medullary chemoreceptor trigger zone and prokinetic 

effects by coordinating gastric- pyloric motor function.3 On 
the downside, treatment with metoclopramide can cause se-
vere side effects, whereby it is most prominent for movements 
disorders, often summarized as extrapyramidal side effects,4 
resulting from central nervous dopamine antagonism.3,4

Besides neurological side effects, metoclopramide can 
lead to severe rhythm disturbances ranging from bradycardia 
and QT prolongation5 to ventricular arrhythmias6 and cardiac 
arrest.7 The mechanisms by which metoclopramide leads to 
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Abstract
Background: Metoclopramide (MCP) is a dopamine D2- receptor antagonist, mainly 
used to treat post- operative or chemotherapy- induced nausea. While it is very effec-
tive in the cure of gastric symptoms, MCP can cause severe neurologic side effects. 
Furthermore, there is growing evidence for severe arrhythmic side effects resulting 
from inhibitory effects on cardiac sodium and potassium channels.
Methods and Results: Thirteen hearts of New Zealand white rabbits were retro-
gradely perfused, and electrophysiology studies were performed to obtain action 
potential duration (APD90) and effective refractory period (ERP). After generating 
baseline data, the hearts were perfused with increasing concentrations of metoclopra-
mide (MCP 10 µM, MCP 50 µM, MCP 100 µM) and the standardized protocol was 
repeated for each concentration. Perfusion with MCP resulted in a significant prolon-
gation of APD90 and QT interval. In parallel, the incidence of ventricular tachycar-
dias was significantly increased by high doses of MCP.
Conclusion: This is the first experimental study that investigated the effect of in-
creasing doses of metoclopramide on a sensitive whole- heart model of proarrhyth-
mia. MCP led to a significant increase in action potential duration and QT interval; 
meanwhile, the number of ventricular tachycardias was significantly increased.
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those rhythm disturbances seem to be IKr inhibition8 and so-
dium channel inhibition.9

Previous clinical trials and meta- analyses focusing on the 
safety profile of different antiemetic and gastro- prokinetic 
medications published heterogenic results concerning meto-
clopramide's cardiovascular safety. While Bor et al10 reported 
an increased incidence of severe cardiovascular events, Zhang 
et al11 reported no cardiovascular events in a retrospective 
cohort study including 44604 patients. In view of these con-
flicting data, the present study aimed at investigating the ef-
fects of metoclopramide on the cardiac electrophysiology in 
a sensitive whole- heart model.

2 |  METHODS

All experimental protocols were approved by the local ani-
mal care committee and conformed to the Guide for the 
Care and Use of Laboratory Animals published by the US 
National Institutes of Health (NIH Publication No. 852- 3, 
revised 1996). The study was conducted in accordance with 
the Basic & Clinical Pharmacology & Toxicology policy for 
experimental and clinical studies.12

The Langendorff- perfused isolated rabbit heart has been 
described previously.13 Thirteen female New Zealand white 
rabbits in the age of 20 to 30  weeks were narcotized with 
thiopental (200- 300 mg iv). After exsanguination, the hearts 
were dissected from the pericardial sac and mounted on the 
Langendorff apparatus via cannulating the aorta. Krebs- 
Henseleit- buffer (KHB, composition in mM: CaCl2 1.80, 
KCl 4.70, KH2PO4 1.18, MgSO4 0.83, NaCl 118, NaHCO3 
24.88, Na- pyruvate 2.0 and D- glucose 5.55) was employed 
for retrograde perfusion at a fixed temperature (36.5- 37.5°C) 
and constant pressure (90 mmHg).

Eight monophasic action potential (MAP) catheters were 
placed on the heart. Four catheters were placed on the epi-
cardial face of the left ventricle, 3 on the right ventricle and 
1 catheter was placed on the endocardial side of the left ven-
tricle. MAP recordings were analysed employing a specially 
designed software, permitting a precise analysis of action 
potentials and calculating the action potential duration from 
upstroke to 90% repolarization (APD90).

A volume- conducted ECG was placed in the warming 
bath around the heart. Signals from a simulated “Einthoven” 
configuration were amplified by a standard ECG amplifier 
(filter settings: 0.1- 300 Hz).

The hearts passed through a predefined protocol. To en-
sure lower pacing rates with suspected higher susceptibility to 
ventricular arrhythmias, the AV nodal region was compressed 
with surgical forceps to achieve a complete heart block. After 
stabilization of the electrophysiological parameters, the hearts 
were paced with cycle length (CL) ranging from 900 ms to 
300 ms descending in steps of 100 ms while CL- dependent 

QT interval and APD90 were recorded. To determine the ef-
fective refractory period (ERP), a single premature stimulus 
(S2) was employed following an eight- beat train. S1- S2 cou-
pling interval was decremented in steps of 10 ms. The short-
est S1- S2 interval resulting in a full- capture of the ventricular 
myocardium was defined as ERP. To abridge the experimental 
protocol, ERP was solely determined at a basic cycle length 
of 500 ms Action potential configuration was determined by 
APD90/APD50- ratio. Spatial dispersion of repolarization was 
defined as difference of maximum to minimum APD90. To 
further trigger ventricular arrhythmias, burst pacing with ten 
high- rate bursts (1000 Hz) of 1 second was employed.

Thereafter, perfusion with KHB with reduced potas-
sium concentration (1.5 mM) was employed for 5 minutes. 
After consecutive 5  minutes perfusion with a physiologi-
cal potassium concentration, the hearts were perfused with 
10  µM metoclopramide and the above- mentioned protocol 
was repeated, as with 50 µM MCP and 100 µM MCP. These 
10- 100- fold supratherapeutic concentrations14 were chosen 
in order to outline possible proarrhythmic actions by MCP 
and with respect to a possible MCP accumulation in CYP- 
polymorphisms15 and renal failure.16

2.1 | Statistics

The observed data were entered into a computerized database 
(Microsoft Excel 16.35) and statistically analysed using SPSS 
software version 26 (SPSS). Drug effects on the averaged 
APD90, QT interval, spatial dispersion of repolarization, action 
potential configuration, ERP at a CL of 500 ms and incidence 
of ventricular arrhythmias were analysed employing repeated 
measures ANOVA in combination with a Mauchly sphericity 
test. P values < 0.05 were accepted as statistically significant.

3 |  RESULTS

The perfusion with higher doses of MCP resulted in 
a significant increase of the averaged APD90 (base-
line: 155.2  ±  29.1  ms; MCP 10  µM: 172.4  ±  22.5  ms 
(P = ns.); MCP 50 µM: 183.5 ± 23.2 ms (P <.05); MCP 
100 µM: 188.6 ± 19.3 ms (P <.05)). Parallelly, the aver-
aged QT interval was increased by perfusion with MCP 
(baseline: 240.6  ±  39.4ms; MCP 10  µM: 270.9  ±  40.5 
(P = ns.); MCP 50 µM: 299.0 ± 41.4 ms (P <.05)); MCP 
100  µM: 318.9  ±  45.9  ms (P  <.05)). The influence of 
MCP on the APD90 and the QT interval are summarized 
in Figure 1.

As shown in Figure 2, perfusion with high doses of MCP 
resulted in a prolongation of the effective refractory period 
(baseline: 47.7  ±  35.9  ms; MCP 10  µM: 31.7  ±  22.3ms 
(P = ns.); MCP 50 µM: 45.6 ± 30.1 ms (P = ns.); MCP 
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100  µM: 60.3  ±  30.0  ms (P  <.05)). Spatial dispersion 
of repolarization was not significantly altered by perfu-
sion with MCP (baseline: 30.3  ±  8.5  ms; MCP 10  µM: 
32.0 ± 10.1 ms (P = ns.); MCP 50 µM: 31.7 ± 10.5 ms 
(P = ns.); MCP 100 µM: 32.7 ± 9.1 ms (P = ns.)). MCP 
did not lead to a significant triangulation of the action po-
tential, as APD90/APD50- ratio was not significantly aug-
mented from 1.42  ±  0.25 under baseline to 1.46  ±  0.15 
with MCP 10  µM (P  =  ns.) to 1.56  ±  0.18 under MCP 
50  µM (P  =  ns.) and 1.62  ±  0.22 under MCP 100  µM 
(P = ns.).

Parallelly, the perfusion with increasing doses of MCP 
resulted in an increased number of VT episodes (3 episodes 
under baseline, 7 episodes under 10 µM MCP (P = ns.), 9 
episodes under 50  µM MCP (P  =  ns.), 13 episodes under 
100 µM MCP (P <.05) as shown in Figure 3. All VT episodes 
were observed with programmed ventricular stimulation. A 
representative example of monomorphic VT under influence 
of MCP is given in Figure 4.

4 |  DISCUSSION

In the present study, metoclopramide led to significant in-
crease of the action potential duration and the QT inter-
val, whereas perfusion with high doses of metoclopramide 
was paralleled with a significant increase in arrhythmia 
susceptibility.

As this model does not allow observations on the single- 
cell level, previously published studies have to be employed 
to explain the findings.

A previous study by Claassen et al8 showed inhibitory 
effects of MCP on cloned HERG channels in human em-
bryonic kidney cells, with a calculated IC50 of 5.4 µM. The 
observed APD and QT prolongation observed in our exper-
iments might be a result of HERG inhibition, which is the 
most frequent cause of drug- induced QT prolongation.17 As 
a result, evidence of HERG inhibition with possible proar-
rhythmic effects is responsible for several drug warnings and 
even withdrawals of certain preparations.18

F I G U R E  1  A, Cycle length- dependent 
effects on APD90 at baseline (●), after 
administration of 10 µM MCP (▲), after 
administration of 50 µM MCP (■) and 
after administration of 100 µM MCP 
(◆) (n = 13). B, Cycle length- dependent 
effects on QT interval at baseline (●), after 
administration of 10 µM MCP (▲), after 
administration of 50 µM MCP (■) and 
after administration of 100 µM MCP (◆) 
(n = 13)
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Furthermore, a previous study described sodium chan-
nel inhibitory effects of MCP.9 As myocyte excitation and 
refractory periods are mostly determined by the kinetics of 

sodium channels, the observed ERP prolongation is prob-
ably due to sodium channel inhibition while the reported 
IC50 of 250 µM MCP9 could explain the observation of a 

F I G U R E  2  A, Influence of different 
concentrations of MCP on the APD90/
APD50- ratio (n = 13). B, Effective 
refractory period (ERP) at baseline, after 
additional perfusion with 10 µM MCP, 
50 µM MCP and after administration of 
100 µM MCP (n = 13)
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F I G U R E  3  Total number of induced 
episodes of ventricular tachycardia under 
baseline, after additional perfusion with 
10 µM MCP, 50 µM MCP and after 
administration of 100 µM MCP (n = 13)

0

2

4

6

8

10

12

14

Baseline 10µM MCP 50µM MCP 100µM MCP

sedosipeforeb
mu

N



   | 5WOLFES Et aL.

significant ERP prolongation only with the highest dose 
of MCP.

However, action potential prolongation is often not acting 
as a stand- alone risk factor for the development of arrhyth-
mias and further aspects are mediating proarrhythmia.17,19 
Spatial dispersion or action potential triangulation with pro-
longed vulnerable phase is recognized as key factor for the 
development of arrhythmias in the setting of prolonged ac-
tion potential duration. Noteworthy, both aspects were not 
significantly altered but the APD90/APD50 ratio points out to 
a slight AP triangulation without reaching the threshold for 
statistical significance.

4.1 | Clinical implications and limitations

Supratherapeutic doses of MCP showed proarrhythmic ef-
fects based on QT and action potential prolongation result-
ing in an increased susceptibility for ventricular arrhythmias. 
As these data are derived from isolated rabbit hearts with a 
complete heart block to further trigger ventricular arrhyth-
mias and in slight hypothermia to ensure the vitality of the 
hearts, multiple limitations have to be considered when trans-
ferring these findings to humans. Furthermore, also a previ-
ous study20 did not show any time effects on the hearts in this 
model and a certain influence of the duration of perfusion 
cannot be totally excluded. Moreover, the concentrations 
of MCP in this study were 10- 100- fold higher than plasma 
levels in healthy humans, whereas reduced kidney function16 
and CYP polymorphism15 or CYP inhibitory comedications 
can significantly increase plasma concentrations of MCP.

In addition, it is notable that most patients treated with meto-
clopramide receive further medication with possible proar-
rhythmic side effects as known for narcotics21 in case of PONV 
and for chemotherapeutic agents22 and antibiotics23 in case of 
patients with CINV. Of note, it is known that the combination 

of multiple QT- prolonging drugs can amplify the proarrhyth-
mic risk.24 We assume that especially in those patients, a reg-
ular QT monitoring should be established and MCP should be 
avoided in patients with documented QT prolongation.

5 |  APPROVAL

This study and the employed experimental protocol were 
approved by the local animal care committee (Landesamt 
für Natur, Umwelt und Verbraucherschutz Nordrhein- 
Westfalen, Germany, ID: 84- 02.05.5016.004, date of ap-
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