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Metoclopramide to Prevent Pneumonia in
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BACKGROUND: A randomized trial suggested that treatment with metoclopramide reduces the risk of pneumonia in patients
with acute stroke and a nasogastric tube. We assessed whether this finding could be replicated in a post hoc analysis of
the randomized PRECIOUS trial (Prevention of Complications to Improve Outcome in Elderly Patients With Acute Stroke).

METHODS: PRECIOUS was an international, 3x2 partial-factorial, randomized controlled, open-label clinical trial with blinded
outcome assessment assessing preventive treatment with metoclopramide, paracetamol, and ceftriaxone in patients aged
>66 years with acute ischemic stroke or intracerebral hemorrhage and a National Institutes of Health Stroke Scale score
>6. In the present study, we analyzed patients who had a nasogastric tube within 24 hours after randomization. Patients who
were allocated to metoclopramide (10 mg TID) were compared with patients who were not. Treatment was started within 24
hours after symptom onset and continued for 4 days or until discharge if earlier. The primary outcome was pneumonia in the
first week after stroke. The score on the modified Rankin Scale after 90 days was a secondary outcome and analyzed with
ordinal logistic regression.

RESULTS: From April 2016 through June 2022, a total of 1493 patients were enrolled with 1376 included in this analysis, of
whom 1185 (86%) had ischemic stroke and 191 (149%) had intracerebral hemorrhage. The first day after randomization,
329 (23.9%) patients had a nasogastric tube, of whom 166 were allocated to metoclopramide and 173 to standard care.
Metoclopramide was not associated with a reduction of pneumonia (41.0% versus 35.8%; adjusted odds ratio, 1.35 [95%
Cl, 0.79-2.30]) or with poor functional outcome (adjusted odds ratio, 1.07 [95% ClI, 0.71-1.61]).

CONCLUSIONS: In patients with stroke who had a nasogastric tube shortly after stroke onset, metoclopramide for 4 days did not
reduce pneumonia or have an effect on the functional outcome.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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days after stroke, hampering food intake and risking
undernutrition."? Undernutrition is associated with
an increased risk of death and poor functional outcome.3#
Early commencement of feeding via a nasogastric tube

About half of the patients have dysphagia in the first

might reduce the risk of death but has not been proven
to increase the chance of a good functional outcome.®
On the contrary, early tube feeding may also increase
the risk of pneumonia, another strong predictor of a poor
functional outcome® Pneumonia after stroke can be
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Nonstandard Abbreviations and Acronyms

mRS modified Rankin Scale

PRECIOUS Prevention of Complications to
Improve Outcome in Elderly Patients
With Acute Stroke

caused by dysfunction of the lower esophageal sphincter
after stroke, predisposing patients to reflux of stomach
contents and aspiration.”®

It has been hypothesized that the prevention of aspi-
ration pneumonia through improving lower esophageal
sphincter tone and gastrokinesis with the dopamine
antagonist metoclopramide could improve functional out-
come in patients with stroke. In the randomized phase ||
MAPS trial (Metoclopramide for Avoiding Pneumonia After
Stroke Trial), metoclopramide reduced the occurrence of
pneumonia from 87% to 27% in patients with stroke and
a nasogastric tube and led to a nonstatistically significant
reduction in the rate of death at 30 days from 40% to
27%.'° The effect on functional outcome was not assessed.
A phase Il clinical trial to evaluate the effects of metoclo-
pramide in patients with stroke with a nasogastric tube is
ongoing (MAPS-2 [The Second Metoclopramide for Avoid-
ing Pneumonia After Stroke Trial], ISRCTN40512746). By
contrast, metoclopramide started within 24 hours of stroke
onset and continued for 4 days had no effect on the risks
of pneumonia and death in elderly patients with stroke with
or without a nasogastric tube in the phase Ill randomized
PRECIOUS trial (Prevention of Complications to Improve
Outcome in Elderly Patients With Acute Stroke).'" In the
present study, we assessed whether metoclopramide
reduced pneumonia and improved functional outcome in
the subgroup of patients included in PRECIOUS who had
a nasogastric tube.

METHODS

Study Population

This is a post hoc analysis of data from PRECIOUS
(ISRCTN82217627), a European, multicenter, 3x2 partial-
factorial, randomized controlled, open-label clinical trial with
blinded outcome assessment of the preventive use of metoclo-
pramide versus no metoclopramide, ceftriaxone versus no cef-
triaxone, and paracetamol versus no paracetamol, started within
24 hours of stroke onset and continued for 4 days in patients
aged >66 years with acute ischemic stroke or intracerebral hem-
orrhage and a score on the National Institutes of Health Stroke
Scale score >6. Patients were excluded in case of an active infec-
tion requiring antibiotic treatment, a prestroke score on the modi-
fied Rankin Scale (mRS) score >4, or if death appeared imminent.
For local investigators, it was possible to censor a single treatment
stratum, for example, in case of an allergy against one of the study
medications. A detailed description of the study protocol, the sta-
tistical analysis plan, and the main results has been published.!'®
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Patients, their legal representatives, or independent physicians
provided written informed consent. The trial was approved by
the Central Medical Ethics Committee of the University Medical
Center Utrecht on February 3, 2016, and by national or local
research ethics committees in all participating countries. We
adhered to the CONSORT guidelines (Consolidated Standards
of Reporting Trials) for reporting parallel group randomized tri-
als.' For this analysis, we included patients who were randomized
to metoclopramide versus no metoclopramide (and, therefore,
excluded patients in whom the metoclopramide stratum had been
censored). We excluded patients in whom the final diagnosis was
not a stroke. Metoclopramide 10 mg was administered orally, rec-
tally, or intravenously thrice daily. In case of moderate-to-severe
renal impairment, the dose was reduced to 5 mg TID and in case
of end-stage renal disease to 2.5 mg TID. Deidentified individual
participant data and a data dictionary defining each field in the set
can be made available to others upon reasonable request to the
corresponding author, subject to privacy regulation.

Data Collection

For each included patient, we collected information on age,
sex, prestroke disability (score on the mRS), comorbidities,
stroke severity at randomization (National Institutes of Health
Stroke Scale score), stroke type (ischemic stroke or intracere-
bral hemorrhage), revascularization therapy for ischemic stroke
(intravenous thrombolysis or endovascular thrombectomy), and
baseline vital signs. In addition, we prospectively collected infor-
mation about the method of food intake during each of the first
7 days after randomization, categorized as (1) normal food, (2)
oral softened food or fluids only, (3) nasogastric tube, (4) per-
cutaneous endoscopic gastrostomy, or (5) intravenous only."

Outcomes

The primary outcome was pneumonia as diagnosed by the treat-
ing physician. Secondary outcomes were (1) pneumonia within 7
days as adjudicated by the independent adjudication committee
(blinded to treatment allocation) according to the Pneumonia in
Stroke Consensus criteria'®; (2) infection within 7 days as diag-
nosed by the treating physician; (3) infection as adjudicated by the
independent adjudication committee according to the Centers for
Disease Control and Prevention criteria'”; (4) functional outcome,
defined as the median score on the mRS at 9014 days, inde-
pendently assessed by 3 different investigators blinded to treat-
ment allocation; and (5) death within 90414 days.

Statistical Analysis

Comparisons between (1) patients with a nasogastric tube the
first day after randomization and patients without a nasogastric
tube and (2) patients with a nasogastric tube the first day after
randomization allocated to metoclopramide and those allocated
to no metoclopramide were made using %2 tests for categorical
variables, 2-sample t tests for continuous normally distributed
data, and Mann-Whitney U tests for non-normally distributed data.
Patients with a nasogastric tube the first day after inclusion were
analyzed because it was hypothesized not all patients would have
had adequate swallowing testing at randomization if randomiza-
tion was in the evening or night hours. Sensitivity analyses were
performed in patients with a nasogastric tube within 24 hours after
randomization. To investigate whether preventive metoclopramide
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Total number of patients enrolled
n=1493

Excluded
Withdrew consent n= 16
Lost to follow up n=6
Stroke mimic n= 20
Metoclopramide stratum censored n = 75

Included in metoclopramide stratum
n=1376

No nasogastric tube n = 1047

Figure 1. Flowchart of patient
inclusion.

Patients with a nasogastric tube
n=329

Metoclopramide No metoclopramide
n=156 n=173

is associated with a reduction in the occurrence of pneumonia, uri-
nary tract infection, or any infection in patients with a nasogastric
tube, multivariable logistic regression was performed with adjust-
ment for common risk factors of stroke-associated pneumonia
or poststroke infection (age, sex, stroke severity, prestroke mRS
score, and a history of chronic obstructive pulmonary disease), as
well as allocation to ceftriaxone (which could prevent pneumonia).
To assess any impact of treatment with metoclopramide on the
timing of pneumonia occurrence, we also performed Cox regres-
sion analyses with adjustment for the abovementioned risk factors
and visualized this with Kaplan-Meier curves both for pneumonia
as diagnosed by the treating physician and for pneumonia as diag-
nosed by the adjudication panel.

We performed ordinal logistic regression analysis adjusted
for age, stroke severity, prestroke mRS score, and history of

diabetes to analyze the effect of preventive metoclopramide
on functional outcome. For dichotomous outcomes collected
at 90 days, including death and death or dependency, logistic
regression was performed with adjustment for the same con-
founders as used in the functional outcome analysis. Outcomes
were reported as adjusted odds ratios with corresponding 95%
Cls. All statistical analyses were done with RStudio, version
1.3.1056 (public benefit corporation).

RESULTS

Of the 1493 patients included in PRECIOUS from
April 2016 through June 2022, 1376 (92.2%) were
included in the present study, of whom 1185 (86.1%)

100%
90%
80%
70%
60%
50%
40%
30%

Day 1 Day 2 Day 3

m Normal food

20%
0%

m Oral softened or fluids only

Day 4 Day 5 Day 6 Day 7

m Nasogastric tube Intravenous only

Figure 2. Method of food intake during the first week after stroke.
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had ischemic stroke and 191 (13.9%) had intracerebral
hemorrhage (Figure 1). The mean age was 80 years (SD,
7.8) and the median National Institutes of Health Stroke
Scale score was 11 (interquartile range, 8-17). Of all
patients, 681 (49.5%) were allocated to metoclopramide
and 695 (560.5%) to no metoclopramide. At the first day
after randomization, 534 patients (38.8%) had a normal
food intake, 357 (25.9%) received oral softened food
or fluids, 329 (23.9%) had a nasogastric tube, and 102
(7.4%) were fed intravenously or received intravenous
fluids only. This did not change much during the other
days of the first week, with the exception of intravenous
feeding alone (Figure 2). There was no difference in
installment of a nasogastric tube for patients allocated
to metoclopramide compared with no metoclopramide
(22.9% versus 24.9%; P=0.388). Patients with a naso-
gastric tube were older (82 versus 79 years; £<0.001),
had a higher National Institutes of Health Stroke Scale
score (17 [13-20] versus 10 [7-15]; A0.001), and

Table 1. Baseline Characteristics of Patients With or

Metoclopramide to Prevent Pneumonia After Stroke

were less often treated with intravenous thrombolysis
(40.4% versus 49.3%; P=0.011) but more frequently
with endovascular thrombectomy (28.9% versus 22.1%;
P=0.022; Table 1).Patients with a nasogastric tube more
often developed pneumonia in the first week after ran-
domization (126 [38.3%] versus 119 [11.4%]; ”/<0.001)
than those without and more often died within 90 days
(136 [41.3%] versus 168 [16.0%]; A<0.001). Just 25
patients (7.6%) with a nasogastric tube reached a func-
tionally independent state (mRS score, 0-2) after 90
days (Table S1).

Of all patients with a nasogastric tube in the first day after
randomization, 156 (47.4%) had been allocated to metoclo-
pramide and 173 (52.6%) to no metoclopramide. Baseline
characteristics were similar between the treatment groups
(Table 2). Of the patients allocated to no metoclopramide,
16 (9.2%) received any antiemetic drug during the first 4

Table 2. Baseline Differences Between Patients With a
Nasogastric Tube Randomized to Metoclopramide or No
Metoclopramide

Without a Nasogastric Tube Inserted the First Day After No metoclopramide, | Metoclopramide,
Randomization Characteristics* n=173 n=156 P value
linical ch teristi
No nasogastric | Nasogastric Clinical characteristics
Characteristics* tube, n=1047 tube, n=329 P value Age, y; median 82.0 (75.0-86.0) 82.0 (75.0-87.0) | 0.448
IQR
Clinical characteristics (1aR)
f I 88 (50.9 80 (561.3 1.000
Age, y; median (IQR) | 79.0 (73.0-85.0) | 82.0 (75.0-87.0) | <0.001+ Sex (female) (50.9) (61.3)
Prestroke functional | 26 (15.0 35 (22.4 0.113
Sex (female) 509 (48.6) 168 (51.1) 0.447 restroke functiona (15.0) (224)
dependencyt
Prestroke functional | 148 (14.1) 61(18.5) 0.064 NIHSS, median 16.0 (13.0-20.0) 17.5 (18.0-21.0) | 0.152
dependency# (IOR)
NIHSS, median (IQR) | 10.0 (7.0-15.0) 17.0 (13.0-20.0) | <0.001t lschemic stroke 152 (87.9) 128 (82.1) 0.186
Ischemic stroke 905 (86.4) 280 (85.1) 0.605 Intracerebral 21 (12.1) 28 (17.9) 0.186
Intracerebral 142 (13.6) 49 (14.9) 0.605 hemorrhage
hemorrhage Intravenous 58 (37.9) 55 (43.3) 0.427
Intravenous 447 (49.8) 113 (40.4) 0.011% thrombolysis#
thrombolysis§ Endovascular 45 (29.4) 36 (28.3) 0.949
Endovascular 200 (22.1) 81 (28.9) 0.022t treatment#
treatment§ Systolic blood 152.4 (26.8) 154.1 (26.2) 0568
Systolic blood 152.4 (25.3) 153.2 (26.5) 0.611 pressure, mm Hg
pressure, mm Hg Temperature, °C 36.5 (0.5) 36.5 (0.5) 0.443
o
Temperature, °C 36.5 (0.5) 36.5 (0.5) 0.121 Comorbidities
Comorbidities Diabetes 43 (24.9) 38 (24.4) 1.000
Diabetes 214 (20.4) 81 (24.6) 0125 Atrial fibrillation 66 (38.2) 47 (30.1) 0.066
Atrial fibrillation 286 (27.3) 113 (34.3) 0.018t Hypercholesterol- 66 (38.2) 57 (36.5) 0.416
Hypercholesterolemia | 372 (35.5) 123 (37.4) 0.480 emia
Hypertension 754 (72.0) 249 (75.7) 0.410 Hypertension 135 (78.0) 114 (73.1) 0.330
COPD 78 (7.4) 28 (8.5) 0.790 COPD 11 (6.4) 17 (10.9) 0.135
Previous stroke 205 (19.6) 63 (19.1) 0.921 Previous stroke 30 (17.3) 33 (21.2) 0.615
Immunocompromized | 9 (0.9) 5(1.5) 0.562 Immunocompro- 2(1.2) 3(1.9) 0.400
COPD indicates chronic obstructive pulmonary disease; IQR, interquartile mized

range; mRS, modified Rankin Scale; and NIHSS, National Institutes of Health
Stroke Scale.

*All numbers are n (%) unless stated otherwise.

tThese results were determined as statistically significant.

#Defined as a prestroke mRS score of 3.

§Percentages for patients with ischemic stroke.
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COPD indicates chronic obstructive pulmonary disease; IQR, interquartile
range; mRS, modified Rankin Scale; and NIHSS, National Institutes of Health
Stroke Scale.

*All numbers are n (%) unless stated otherwise.

tDefined as a prestroke mRS score of 3.

$Percentages for patients with ischemic stroke.
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Table 3. Primary and Secondary Outcomes in Patients With a Nasogastric Tube the First

Day After Randomization

No metoclopramide, | Metoclopramide,

Outcome* n=173 n=156 aOR
Pneumonia

Diagnosed by treating physician 62 (35.8) 64 (41.0) 1.35 (0.79-2.30)t

Adjudicated by infection panel 26 (15.0) 25 (16.0) 1.02 (0.52-2.01)%
All infections

Diagnosed by treating physician 76 (43.9) 75 (48.1) 1.28 (0.73-2.06)t

Adjudicated by infection panel 33 (19.1) 30 (19.2) 0.93 (0.50-1.73)1
Urinary tract infections

Diagnosed by treating physician 11 (6.4) 9 (5.8) 0.71 (0.02-2.19)t

Adjudicated by infection panel 6 (3.5) 3(1.9) 0.41 (0.01-2.40)t
Death 70 (40.5) 66 (42.3) 0.94 (0.568-1.62)%
Death or dependency 160 (92.5) 144 (92.3) 0.87 (0.37-2.05)%
mRS score, median (IQR) 4.0 (3.0-5.0) 4.5 (4.0-5.0) 1.07 (0.71-1.61)%

aOR indicates adjusted odds ratio; IOR, interquartile range; and mRS, modified Rankin Scale.

*All numbers are n (%) unless stated otherwise.

tAdjusted for age, sex, stroke severity, prestroke mRS score, chronic obstructive pulmonary disease, and allocation

to ceftriaxone.

FAdjusted for age, stroke severity, prestroke mRS score, and history of diabetes.

days after randomization, as part of clinical care. Metoclo-
pramide did not reduce the rate of pneumonia (41.0% ver-
sus 36.8%; adjusted odds ratio, 1.35 [95% Cl, 0.79-2.30];
P=0.2792) as diagnosed by the treating physician or that of
any other infection within 7 days (Table 3). Metoclopramide
did also not change the timing of pneumonia (Table S2;
Figures S1 and S2). Metoclopramide did not have an effect
on functional outcome (adjusted common odds ratio, 1.07
[95% ClI, 0.71-1.61], with higher odds ratios indicating a
poorer outcome; Figure 3) or on the rate of death (Table 3).
The sensitivity analyses yielded similar results (Table S3).

DISCUSSION

In this post hoc analysis of PRECIOUS, we found no evi-
dence supporting the use of prophylactic metoclopramide

in the first few days after stroke onset to reduce the risk
of pneumonia in elderly patients with stroke and a naso-
gastric tube. Metoclopramide did not improve functional
outcome or reduce the risk of death at 90 days in these
patients.

The lack of an effect of metoclopramide on pneu-
monia in patients with stroke and a nasogastric tube in
PRECIOUS contrasts with the large reduction in pneu-
monia in the phase || MAPS trial.’® This may be explained
by several factors. First, treatment with metoclopramide
was continued for 21 days in MAPS, considerably lon-
ger than the maximum duration of treatment recom-
mended in the summary of product characteristics of
metoclopramide, which was the main reason for a treat-
ment duration of only 4 days in PRECIOUS."" A large
study on the temporal profile of poststroke pneumonia

Metoclopramide
(n=156)

No metoclopramide
(n=173)

1

1

1 1 |

mRS 0 mRS 1

0% 20% 40%

W mRS 2

60% 80% 100%

EmRS3 ®WmRS4 ®WmRS5 MWmMRS6

Figure 3. Modified Rankin Scale (mRS) scores at 90 days in patients with stroke and a nasogastric tube.

2406  October 2024

Stroke. 2024;55:2402-2408. DOI: 10.1161/STROKEAHA.124.047582


https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.124.047582
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.124.047582
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.124.047582

Sluis et al

showed that its peak incidence is at 48 to 72 hours
after stroke onset,'® within the treatment period in PRE-
CIOUS. Second, treatment was initiated within 48 hours
after insertion of a nasogastric tube in MAPS, which had
to be done within 7 days after stroke onset, whereas
in PRECIOUS, patients were included within 24 hours
of stroke. Last, MAPS was a small study and may have
had a false positive finding (type | error). No other trial
on prophylactic metoclopramide in patients with acute
stroke has been published; the phase lll trial MAPS-2
is ongoing (ISRCTN40512746) and aims to randomize
1100 patients with acute stroke to metoclopramide or no
metoclopramide.

The present study has limitations. First, patients in
our study were randomized irrespective of the presence
of a nasogastric tube. If treatment with metoclopramide
would influence the need of feeding via a nasogastric
tube, this could have affected the results of this study,
but the proportion of patients treated with a nasogastric
tube in the first week in these groups was compara-
ble (22.9% for patients who were allocated to meto-
clopramide versus 24.9% for patients who were not).
Second, as already discussed above, treatment duration
with metoclopramide in PRECIOUS was 4 days, and the
duration of follow-up for the occurrence of pneumonia
and other infections was 7 days. This could have been
insufficient to detect any benefit of metoclopramide
in patients with a nasogastric tube. Third, 9% of the
patients allocated to no metoclopramide received an
antiemetic drug in the first 4 days, which could have
diluted a treatment effect. Fourth, pneumonia was pri-
marily diagnosed by local investigators; however, no
benefit of metoclopramide was seen when comparing
adjudicated pneumonia rates. Last, this was a post hoc
analysis and not powered to detect a small effect of
metoclopramide on the risk of pneumonia; hence, the
results should be interpreted with caution.

Nevertheless, this is the largest published study on
prophylactic metoclopramide in patients with stroke and
a nasogastric tube, with groups well-balanced for risk
factors for pneumonia, and a low crossover rate. In this
study, we saw no trend toward a benefit of preventive
metoclopramide, and, therefore, we think that preventive
metoclopramide in patients with stroke and a nasogastric
tube should not yet be recommended. We do, however,
encourage inclusion of patients in MAPS-2, assess-
ing the effects of prophylactic treatment with metoclo-
pramide for 14 days.
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