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ABSTRACT
Background: Serious adverse events (SAEs) are a relevant patient safety concern in critically ill patients, yet epidemiological 
data on their occurrence in the intensive care unit (ICU) remain limited. This sub-study of the PATIENCE cohort study aims to 
describe the occurrence of selected SAEs in adult ICU patients with and without prokinetic treatment.
Methods: This is a protocol and statistical analysis plan for a post hoc sub-study of the “Prokinetic agents in adult intensive 
care unit patients—An international inception cohort study (PATIENCE)” which has included 1440 acutely admitted adult ICU 
patients from 11 countries.
The primary outcome is the proportion of patients experiencing selected SAEs, assessed according to exposure to prokinetic 
treatment. Secondary outcomes include the proportion of patients experiencing each specific SAE, their distribution by treatment 
duration, and timing in relation to ICU admission and prokinetic use. Furthermore, patient characteristics for those with and 
without the SAEs will be described. Data will be presented descriptively.
Conclusion: This sub-study will use data from the international PATIENCE cohort study to provide epidemiological data on the 
occurrence of SAEs potentially related to prokinetic use in adult ICU patients.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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1   |   Background

Serious adverse events (SAEs) are defined as any untoward med-
ical occurrence that results in death, is life threatening, prolongs 
hospitalisation or leads to significant disability. A serious ad-
verse reaction (SAR) is an event which is suspected to be related 
to a specific intervention [1]. In the ICU, distinguishing SAEs 
from SARs is challenging, as many such events also occur as a 
consequence of critical illness [2].

Prokinetic agents are used in ICU patients with feeding intol-
erance to enhance gastrointestinal motility [3]. However, their 
use may be associated with undesirable adverse reactions. 
Erythromycin has been linked to gastrointestinal side effects 
[4], metoclopramide to neurological side effects [5], and both 
agents to cardiac arrhythmias, especially at higher doses or with 
prolonged use [3, 5, 6]. The overlap between these adverse ef-
fects and symptoms of critical illness complicates causal inter-
pretation [7–9].

Yet, evidence on the safety of prokinetic agents in ICU patients 
remains limited [3, 10, 11].

We recently conducted an international, prospective cohort 
study, the PATIENCE study, evaluating the use of prokinetic 
agents and the occurrence of selected SAEs in adult ICU pa-
tients [12].

This sub-study aims to provide detailed epidemiological data 
on the occurrence of these selected SAEs potentially related to 
prokinetic use in the PATIENCE cohort and to compare SAE 
patterns between patients treated with prokinetic agents and 
those who were not.

2   |   Objectives

1. The proportion of patients experiencing selected SAEs
across the following subgroups: patients not receiving
prokinetic agents or who experienced all SAEs prior to
receiving prokinetic agents, patients treated with erythro-
mycin prior to the occurrence of any SAE, patients treated
with metoclopramide prior to the occurrence of any SAE,
and patients treated with a combination of erythromycin
and metoclopramide prior to the occurrence of any SAE.

2. The distribution of the SAEs in relation to the duration of
prokinetic treatment.

3. The timing of the SAEs in relation to index ICU admission
and initiation of prokinetic treatment.

4. Characteristics of patients with and without the SAEs.

3   |   Methods

3.1   |   Design and Setting

The objectives of this sub-study of the PATIENCE cohort study 
were developed before the closure of the main database, while 
the protocol was written afterwards.

3.2   |   PATIENCE Study

The PATIENCE study was an international, prospective cohort 
study including 1440 patients from 56 ICUs across 11 countries. 
In participating ICUs, all acutely admitted adult patients were 
enrolled during a 14-day inception period between August 2024 
and March 2025, as selected by the site investigators. Patients 
with planned admission to the ICU and those previously en-
rolled in the study were excluded.

Data were collected daily during ICU stay until discharge, death, 
or up to a maximum of 90 days, with final follow-up on day 90 [12].

The aim of the PATIENCE study was to investigate the propor-
tion of patients receiving prokinetic agents and to explore po-
tential associations between the use of prokinetic agents and 
patient-important outcomes including 90-day mortality, days 
alive and out of ICU, days alive and out of hospital, and days 
alive without life support [12].

The PATIENCE study and this sub-study were approved by the 
Legal Department of Scientific Research in the Region of Zealand 
(EMN-2024-03449) and registered in the Danish Research Centre, 
Region of Zealand (p-2024-16,493). All national investigators ob-
tained the necessary approvals or waivers, and informed consent 
was sought from patients when required by national law.

3.3   |   Definitions

3.3.1   |   SAE/SAR

SAEs are defined by the severity of the outcome, such as death, 
life-threatening conditions or prolonged hospitalisation, regard-
less of causality. In contrast, SARs imply a reasonable suspicion 
that the event is related to a treatment [13]. As causality cannot be 
determined within the framework of this observational study, we 
chose to report on selected SAEs to strive for an objective and con-
sistent classification of events. The selected SAEs included in this 
study were chosen based on their clinical relevance and the known 
pharmacological effects of prokinetic agents [5, 6, 10].

3.4   |   Event Classification

SAEs will be classified according to their timing in relation 
to prokinetic therapy. SAEs occurring on the same day as, 
or after, prokinetic treatment initiation will be classified as 
occurring during prokinetic therapy. SAEs occurring prior 
to initiation will be classified as occurring before prokinetic 
therapy.

Other definitions will follow those used in the primary 
PATIENCE cohort. Definitions relevant to the present study are 
described in detail in Supporting Information S2.

3.5   |   Data and Variables

In the PATIENCE study, data were collected daily from med-
ical records. Baseline data were collected at ICU admission 
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and included demographics, comorbidities, the Simplified 
Mortality Score for the Intensive Care Unit (SMS-ICU) [14], 
the source of admission, surgery prior to ICU admission, 
and data on treatment with prokinetic agents and parenteral 
nutrition.

Data on life support, selected SAEs, and treatment with proki-
netic agents were collected daily during ICU stay. Vital status 
and data on additional hospital admissions were collected on 
day 90 [12].

Patient characteristics and outcomes will be described using 
variables from the PATIENCE database as detailed below (defi-
nitions are presented in the supplement). No additional variables 
will be required.

3.5.1   |   Baseline Variables

Comorbidities (chronic pulmonary disease, ischemic heart dis-
ease or heart failure, chronic liver failure, chronic renal failure, 
diabetes type 1 or 2).

Life support including respiratory support (invasive or non-
invasive respiratory support), vasopressors/inotropes and renal 
replacement therapy.

3.5.2   |   Daily Variables

New cardiac arrhythmias requiring treatment.

New extrapyramidal symptoms requiring treatment.

Diarrhoea requiring treatment.

Vomiting with clinically important aspiration.

Data on treatment with prokinetic agents (type, dose, frequency 
and duration).

3.5.3   |   Outcomes

Primary Outcome

The proportion of patients experiencing one or more SAEs strat-
ified by the following groups:

1. Patients not receiving prokinetic agents or who experi-
enced all SAEs prior to receiving prokinetic agents

2. Patients receiving erythromycin prior to the occurrence of
any SAE

3. Patients receiving metoclopramide prior to the occurrence
of any SAE

4. Patients receiving a combination of erythromycin and met-
oclopramide prior to the occurrence of any SAE

Secondary Outcomes

1. The proportion of patients experiencing each of the follow-
ing SAEs:
○ Cardiac arrest
○ Cardiac arrhythmias
○ Extrapyramidal symptoms
○ Vomiting with clinically important aspiration
○ Diarrhoea > 1000 mL/day

reported within the same groups as defined for the primary 
outcome.

2. The proportion of patients experiencing any SAE after ini-
tiation of prokinetic therapy, stratified by longest consecu-
tive treatment duration (≤ 3 vs. > 3 ICU days).

3. Time from index ICU admission to the first SAE.

4. Time from initiation of prokinetic treatment to the first
SAE during index admission.

3.6   |   Statistical Considerations

3.6.1   |   Statistical Considerations for Primary Outcome

Patients will be grouped by their first prokinetic treatment: 
single agent or combination. Group assignment will remain 
unchanged regardless of subsequent treatments. Given the antic-
ipated low proportion of patients with single SAEs, all SAEs will 
be reported as a composite outcome. Patients will be included in 
the treatment group only if prokinetic therapy was initiated on 
the same day as, or before, any SAE. If all SAEs occurred prior 
to treatment initiation, the patient will be included in the non-
treatment group.

3.6.2   |   Statistical Considerations 
for Secondary Outcomes

For the secondary outcome, each single SAE will be reported 
separately. If a patient experiences multiple SAEs, each event 
will be counted independently. As described above, patients will 
be grouped by their first administered prokinetic agent.

The remaining secondary outcomes will be presented descrip-
tively using tables and figures, as appropriate.

Baseline characteristics will be described by SAE occurrence 
and prokinetic treatment, including age, comorbidities (0, 1, 2, 
3+), use of life support (mechanical ventilation, vasopressor/
inotropic therapy or renal replacement therapy) and reason for 
ICU admission.

3.7   |   General Statistical Considerations

3.7.1   |   Sample Size

The sample size is fixed and determined by the PATIENCE co-
hort, which includes 1440 patients. Preliminary data suggest 
that ~355 patients (25%; 95% confidence interval (CI): 23%–28%) 
experienced one or more of the SAEs, with 14% having a SAE on 
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the day of or after prokinetic treatment. These figures support 
the feasibility of the planned study.

3.8   |   Statistics and Reporting

We will present all data descriptively. We will summarise cate-
gorical data with numbers and percentages and continuous data 
with medians and interquartile ranges. Effect estimates will be 
reported with 95% CIs.

3.8.1   |   Missing Data

We will report missing data as numbers and percentages. Some 
patients will be transferred directly from an ICU participating in 
the study to one that is not, where daily data were not collected. 
For these patients, we will assume that no events occurred on 
the days spent in the nonparticipating ICUs.

3.9   |   Publication Policy

We plan to submit the results from this sub-study to an inter-
national peer-reviewed journal. The manuscript will adhere to 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement [15]. Deviations from the 
protocol will be described. The protocol was prepared in accor-
dance with the STROBE statement, and the checklist is provided 
in Supporting Information S1.

Authorship for the main manuscript of this sub-study will be 
granted to members of the Management Committee and to 
national and local investigators according to the International 
Committee for Medical Journal Editors guidelines.

4   |   Discussion

The desirable effects of prokinetic agents in critically ill patients 
must be balanced against the undesirable effects. Both metoclo-
pramide and erythromycin have been associated with cardiac 
arrhythmias, but the prevalence in critically ill patients remains 
unknown [16]. Most available data regarding SAEs related to 
prokinetic agents come from studies in non-critically ill patients 
receiving erythromycin and metoclopramide at higher doses 
and for longer durations than typically used when prescribed as 
prokinetic agents in ICU settings [10]. Notably, no clinical trials 
included in a 2016 meta-analysis of prokinetic agents in ICU pa-
tients had cardiac arrhythmias as a reported outcome [3].

This study will have some limitations. First, it is a post hoc sub-
study of the PATIENCE cohort, and the results should be con-
sidered exploratory. Second, data collection in the PATIENCE 
study was limited to the time spent in the participating ICUs, 
and potential events occurring outside these units were not in-
cluded. In addition, the level of detail in this study will reflect 
the data available in the PATIENCE database. For instance, 
cardiac arrhythmias were recorded as any new arrhythmia, but 
we have no details on type or duration. Finally, we reported on 
SAEs, which, in contrast to SARs, are not suspected to be related 

to treatment, and no conclusions can be drawn regarding any 
relationship between prokinetic agent use and the occurrence 
of SAEs.

Strengths of this study include its large multinational ICU 
population, prospectively collected high-quality data and 
the expected low proportions of missing data. As this sub-
study was pre-specified prior to the closure of the primary 
PATIENCE database, the risk of selective reporting is re-
duced. Additionally, the use of standardised definitions for 
SAEs across sites is expected to enhance the reliability of the 
findings.

5   |   Conclusion

This sub-study will provide international epidemiological data 
on SAEs potentially related to prokinetic use in a prospective 
cohort of adult ICU patients. By describing the occurrence and 
distribution of SAEs, these data will help inform the design of a 
future clinical trial on prokinetic agents.
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