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Abstract 

Purpose: Enteral feeding intolerance (EFI) is a frequent problem in the intensive care unit (ICU), but current proki‑
netic agents have uncertain efficacy and safety profiles. The current study compared the efficacy and safety of ulimor‑
elin, a ghrelin agonist, with metoclopramide in the treatment of EFI.

Methods: One hundred twenty ICU patients were randomized 1:1 to ulimorelin or metoclopramide for 5 days. EFI 
was diagnosed by a gastric residual volume (GRV) ≥ 500 ml. A volume‑based feeding protocol was employed, and 
enteral formulas were standardized. The primary end point was the percentage daily protein prescription (%DPP) 
received by patients over 5 days of treatment. Secondary end points included feeding success, defined as 80% DPP; 
gastric emptying, assessed by paracetamol absorption; incidences of recurrent intolerance (GRV ≥ 500 ml); vomiting 
or regurgitation; aspiration, defined by positive tracheal aspirates for pepsin; and pulmonary infection.

Results: One hundred twenty patients were randomized and received the study drug (ulimorelin 62, metoclopra‑
mide 58). Mean APACHE II and SOFA scores were 21.6 and 8.6, and 63.3% of patients had medical reasons for ICU 
admission. Ulimorelin and metoclopramide resulted in comparable %DPPs over 5 days of treatment (median [Q1, Q3]: 
82.9% [38.4%, 100.2%] and 82.3% [65.6%, 100.2%], respectively, p = 0.49). Five‑day rates of feeding success were 67.7% 
and 70.6% when terminations unrelated to feeding were excluded, and there were no differences in any secondary 
outcomes or adverse events between the two groups.

Conclusions: Both prokinetic agents achieved similar rates of feeding success, and no safety differences between 
the two treatment groups were observed.
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Introduction

Enteral feeding intolerance (EFI), defined as the inabil-
ity to deliver adequate enteral nutrition to critically ill 
patients due to delayed gastric emptying in the absence 
of mechanical obstruction, is a frequent problem in 
critically ill patients. Observational studies and meta-
analyses have revealed that > 30% of critically ill patients 
experience intolerance to enteral feeding and that these 
patients have longer intensive care unit (ICU) stays and 
higher mortality compared with the tolerant population 
[1, 2].

EFI is most commonly diagnosed by the presence of 
high gastric residual volume (GRV). Elevated GRV has 
been shown to predict delayed gastric emptying and 
portend worse ICU prognosis [3, 4]. A GRV of 500 ml is 
the recommended threshold for EFI diagnosis in US and 
European critical care and nutrition society guidelines 
[5–7].

Prokinetic agents are recommended to promote GI 
motility and facilitate enteral feedings in patients with 
EFI [8, 9]. Metoclopramide, the most commonly used 
agent, has been associated with delirium, agitation, QT 
prolongation and sudden cardiac death [10]. Erythro-
mycin has been associated with drug-drug interactions, 
QT prolongation and super-infection with multiple drug-
resistant organisms [9]. While the synergy of these drugs 
has been reported, both agents may rapidly lose effective-
ness [11], and neither is approved by regulatory agencies 
for EFI treatment.

Ghrelin is a naturally occurring peptide and a potent 
stimulator of growth hormone (GH) secretion and gas-
tric emptying [12, 13]. It possesses anticatabolic and 
anti-inflammatory properties that could be beneficial in 
critical illness [14–18]. Ulimorelin, an intravenous, selec-
tive synthetic ghrelin agonist, has been studied in over 
900 subjects in clinical trials without effects on the cen-
tral nervous system (CNS) or QT interval [19–21].

The purpose of this trial was to evaluate the efficacy 
and safety of ulimorelin in critically ill patients with EFI. 
The hypothesis was that ulimorelin would be superior 
to metoclopramide in improving nutritional intake with 
enhanced safety. Because metoclopramide represents 
the standard of care for EFI treatment at most institu-
tions [9], the study was designed to compare the efficacy 
and safety of ulimorelin with metoclopramide in this 
condition.

Methods
Study design
This was a randomized, double-blind, comparator-con-
trolled study conducted at 20 sites in the USA, Canada, 
Spain and The Netherlands between October 2016 and 

March 2018. The Institutional Review Boards (IRBs)/
Independent Ethics Committees (ECs) approved the 
study protocol at all participating sites. Informed consent 
was obtained from the patient’s legally authorized repre-
sentative or proxy, as required by national laws, respec-
tive regulations and IRB/ECs. Translations were provided 
for non-English-speaking patients. Whenever possible, 
written informed consent was sought from the patient 
as soon as he/she became capable of comprehending the 
scope of the study. All study procedures were consistent 
with Good Clinical Practice Guidelines and followed the 
Declaration of Helsinki for protection of human subjects.

This study was overseen by an independent data 
monitoring committee. The trial was registered in 
ClinicalTrials.gov (NCT02784392) and EUDRACT 
(2016-000723-94).

Study population
Patients were eligible for study participation if they 
were in the ICU, intubated and mechanically ventilated 
and intolerant to gastric tube feedings. EFI was defined 
as a GRV ≥ 500  ml on one or more measurements. 
Patients were required to have a ≥ 12-Fr feeding tube 
and expected to remain intubated, mechanically ven-
tilated and receiving gastric tube feedings for ≥ 48  h. 
Patients were excluded from the study for use of pro-
kinetic medications within 48  h; weight > 150  kg; preg-
nancy; suspicion of active bowel obstruction, perforation 
or leakage; esophageal or gastric surgery prior to or dur-
ing the current hospitalization; a history of gastroparesis; 
Child’s C cirrhosis; QT interval by Fridericia’s formula 
(QTcF) > 450 ms on a 12-lead ECG or rapid deterioration. 
When 50% of patients had enrolled, the QTcF restriction 
was liberalized to 480 ms.

Study intervention
Patients were randomized 1:1 to ulimorelin (600  µg/kg) 
or metoclopramide (10 mg) administered as a 50-ml IV 
infusion over 30 min every 8 h for 5 days.

Ulimorelin was supplied as a sterile solution of 
ulimorelin·HCl monohydrate (2 mg/ml) in water; meto-
clopramide injection (5 mg/ml) was supplied as a sterile 
solution in single-use vials. The dose of metoclopra-
mide was reduced 50% in patients with creatinine clear-
ance ≤ 40  ml/min by the Cockcroft-Gault formula and 

Take‑home message 

In this randomized controlled trial of ulimorelin, a ghrelin agonist, 
and metoclopramide in critically ill patients with enteral feeding 
intolerance (EFI), no differences in feeding outcomes or adverse 
events were observed. Both groups achieved high rates of feeding 
success with low rates of vomiting and aspiration.
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by 75% for patients whose clearance was ≤ 10  ml/min 
or who were on dialysis or continuous renal replace-
ment techniques [22].

The randomization schedule was generated with SAS 
software (SAS Institute Inc., Cary, NC, USA) using 
a blocked randomization scheme and a block size of 
4. Study medications were prepared by an unblinded 
pharmacist to ensure correct treatment assignment. 
Standard operating procedures assured that all other 
operational personnel remained blinded to treatment 
assignment.

Study procedures
The daily protein prescription (DPP) and daily caloric 
prescription (DCP) were set based on the clinical con-
dition of the patient and to achieve no less than 1.2  g 
protein/kg body weight and 25 kcal/kg per 24-h period 
based on estimated dry weight of the patient at ICU 
admission. Feedings in obese patients (BMI ≥ 30) were 
adjusted by adding 25% of the differences between esti-
mated dry weight and ideal body weight (IBW) to the 
DPP and DCP, using a standard formula for IBW [23]. 
Oral protein supplements were permitted in obese 
patients, but they were not included in the assessment 
of the primary end point.

A volume-based feeding protocol was employed to 
compensate for enteral nutrition missed because of 
interruptions to feeding for procedures or other inter-
ventions [24] (Supplementary Fig.  1). To minimize the 
effects of different enteral formula contents on gastric 
emptying, formulas were restricted to products contain-
ing 125–133 kcal, 6.2–7.0 g protein and 3.4–4.9 g fat per 
100 ml. Blood glucose was maintained to a target glucose 
< 180  mg/dl (10  mmol/l). Endotracheal aspirates were 
obtained each day, autolyzed and analyzed for pepsin by 
LC–MS/MS (LGC Ltd., London, UK). Non-nutritional 
calories from propofol were recorded.

Gastric emptying was assessed by the maximal concen-
tration (Cmax) of paracetamol (1 g) absorption at screen-
ing and day 4 [25]. Serum levels of GH, IGF-1, CRP, IL-6, 
IL-10 and electrocardiograms (ECGs) were obtained 
daily, and peak GH, IGF-1 and ulimorelin plasma con-
centrations were measured at the end of drug infusions.

Patients discontinued the study drug if they were dis-
charged from the ICU, discontinued tube feedings, devel-
oped a severe or serious adverse event that was deemed 
related to the study drug, or treatment failure, defined as 
the need for another prokinetic medication, small bowel 
feedings or total parenteral nutrition. When the study 
drug or feeding protocol was terminated early, all safety 
and laboratory procedures were continued through study 
completion.

Outcomes
Efficacy end points The primary efficacy end point was 
the median daily average percentage of DPP received 
through enteral nutrition over the 5  days of treatment 
with the study drug. The secondary efficacy end point 
was the median daily average percentage of DCP. Other 
efficacy end points included feeding success, defined 
as receiving 80% of DPP; recurrence of intolerance 
(GRV ≥ 500 ml); vomiting and regurgitation; gastric emp-
tying; episodes of pepsin in tracheal aspirates; ventilator-
free days and 30-day mortality. Patients were assessed for 
pulmonary infection up to 3 days following the final dose 
of study drug, employing a previously described method 
[26].

Safety end points Safety end points included AEs, 
ECGs, laboratory data and 30-day mortality. Patients 
were followed for AEs from the signing of informed con-
sent through 3 days following the final dose of study drug.

Statistical methods
Study population The primary analysis population was a 
modified intention-to-treat (mITT) population, defined 
as patients who were randomized and received at least 
one dose of study drug.

Continuous end points were analyzed by paired or 
unpaired t-test for Gaussian distributions and by the 
Wilcoxon signed rank or Mann-Whitney test for non-
parametric distribution, with the Gaussian distribution 
of continuous variables assessed by the Shapiro-Wilk 
test. Categorical end points were analyzed by Fisher’s 
exact test. Site effects were evaluated using a logistic 
mixed effect model with treatment group and site as 
fixed and random effects. Normal gastric emptying was 
defined as paracetamol Cmax 8100 ng/ml [25]. Durations 
of ICU and hospital stays were analyzed according to 
the Kaplan-Meier method considering discharge of ICU 
or hospital as the event. Patients who died prior to dis-
charge from the ICU or hospital were censored at the 
time of death. The log-rank test was used to compare the 
duration of ICU stay between treatment groups. Associa-
tions among elevated GRV, pepsin in tracheal aspirates 
and the incidence of pulmonary infection were evaluated 
by non-parametric regression using Spearman regres-
sion coefficients (rho). Analyses were performed with 
SAS 9.4, and α ≤ 0.05 (two-sided) was used for statistical 
significance.

Patients who discontinued tube feeding because of 
resumption of oral intake were assumed to have reached 
100% of DPP on all days from the point that oral intake 
commenced. Conversely, patients who otherwise dis-
continued enteral feedings or died prior to day 5 were 
assumed to have received 0% of DPP on the days from 
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the point that enteral nutrition ceased. In  situations 
where the primary or secondary end point was missing 
for reasons where imputation of 0% or 100% was not rea-
sonable, multiple imputations were performed by a data 
review committee on blinded data using non-missing 
days to impute the missing days. Sensitivity analyses were 
performed by imputing the missing values following the 
distribution of the other arm and by excluding patients 
with missing data.

Sample size A total of 120 evaluable patients (60 in the 
ulimorelin arm and 60 in the metoclopramide arm) were 
estimated to provide 80% power and a two-sided α of 
0.05 to demonstrate the superiority of ulimorelin versus 
metoclopramide with respect to the primary end point. 
This assumed a within-group standard deviation (SD) of 
25%, a 15% increase in DPP between the ulimorelin and 
metoclopramide treatment arms, and 15% of patients 
included in the mITT analysis despite receiving nil to 

Table 1 Study population: baseline demographics

SD, standard deviation; Q1, Q3, first and third quartiles

Differences between groups were not statistically significant (Wilcoxon signed rank test)

Ulimorelin (n = 62) Metoclopramide (n = 58) Total (n = 120)

Demographics

 Age, years, mean (SD) 59.4 (13.5) 57.3 (17.3) 58.4 (15.4)

 Female, n (%) 15 (24.2) 18 (31.0) 33 (27.5)

 Male, n (%) 47 (75.8) 40 (69.0) 87 (72.5)

 Dry body weight at ICU admission, kg, mean (SD) 85.5 (16.4) 82.4 (16.9) 84.0 (16.6)

 Body mass index (BMI), kg/m2, mean (SD) 28.8 (5.7) 27.5 (4.9) 28.2 (5.4)

Days in ICU before 1st dose study drug, median [Q1, Q3] 4.6 [3.0, 6.9] 5.5 [3.5, 7.7] 4.9 [3.3, 7.6]

Reasons for ICU admission

 Medical, n (%) 40 (64.5) 36 (62.1) 76 (63.3)

  Respiratory 20 (32.3) 15 (25.9) 35 (29.2)

  Neurologic 9 (14.5) 9 (15.5) 18 (15.0)

  Trauma 5 (8.1) 4 (6.9) 9 (7.5)

  Vascular 5 (8.1) 0 (0.0) 5 (4.2)

  Sepsis 1 (1.6) 4 (6.9) 5 (4.2)

  Gastrointestinal 0 (0.0) 1 (1.7) 1 (0.8)

  Metabolic 0 (0.0) 1 (1.7) 1 (0.8)

  Other 1 (1.6) 2 (3.4) 3 (2.5)

 Surgical, n (%) 22 (35.4) 22 (37.9) 44 (36.7)

  Trauma 6 (9.7) 9 (15.5) 15 (12.5)

  Neurologic 7 (11.3) 2 (3.4) 9 (7.5)

  Gastrointestinal 4 (6.5) 1 (1.7) 8 (4.2)

  Respiratory 1 (1.6) 4 (6.9) 5 (4.2)

  Vascular 1 (1.6) 2 (3.4) 3 (2.5)

  Other 3 (6.4) 4 (6.8) 7 (5.8)

Risk scores, mean (SD)

 APACHE II 22.8 (9.6) 20.7 (7.3) 21.8 (8.6)

 SOFA 8.8 (3.9) 8.3 (4.1) 8.6 (4.0)

 NUTRIC score 4.9 (2.3) 4.4 (2.2) 4.7 (2.3)

Concomitant medications, n (%)

 Vasopressors 29 (46.8) 25 (43.1) 54 (45.0)

 Opiates 10 (16.1) 12 (20.7) 22 (18.3)

 Sedatives 14 (22.5) 18 (31.0) 32 (26.7)

 Paralytic agents 9 (14.5) 4 (6.5) 13 (10.8)

 Propofol 11 (17.7) 5 (8.6) 16 (13.3)

Nutritional targets, median [Q1, Q3]

 Daily protein prescription, g/kg/day 1.3 [1.2, 1.3] 1.3 [1.2, 1.3] 1.3 [1.2, 1.3]

 Daily caloric prescription, kcal/kg/day 25.0 [25.0, 25.1] 25.0 [25.0, 25.8] 25.0 [25.0, 25.2]
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minimal enteral feedings because of death, surgical pro-
cedures or disruptions unrelated to intolerance.

Results
Patient demographics and disposition
The CONSORT diagram is shown in Supplementary 
Fig.  2. Four hundred patients were screened, 122 ran-
domized and 120 dosed. Baseline demographics were 
comparable between the two treatment groups (Table 1).

Of the patients, 74.2% completed 5 days of therapy or 
advanced to oral feedings; 25.8% terminated feedings 
before the completion of the 5-day treatment period. 
Most early terminations of treatment were for reasons 
unrelated to feeding; only 10.0% of patients terminated 
for treatment failure (Supplementary Table 1).

Efficacy
The primary end point, the daily average %DPP received 
through enteral nutrition on efficacy phase days 1 
through 5, was not different between groups. The median 
[Q1, Q3] %DPPs achieved across the 5  days of treat-
ment, days 1–5, were 82.9% [38.4%, 100.2%] and 82.3% 
[65.6%, 100.2%] for the ulimorelin and metoclopramide 
treatment groups, respectively (p = 0.49), with no differ-
ences on any of the individual 5 treatment days (Fig. 1). 
Median calories from propofol were 24 kcal/day in both 

treatment groups, and only eight patients received pro-
tein supplements. The daily average percentage of DCP 
received through enteral nutrition co-varied exactly with 
the primary end point.

Of the ulimorelin and metoclopramide patients, 51.6% 
and 55.2% achieved feeding success over the 5  days of 
treatment (Fig.  2a). Feeding success rates increased to 
67.7% and 70.6% for ulimorelin and metoclopramide, 
respectively, when terminations for reasons unrelated to 
feeding were excluded. Although rates of feeding suc-
cess improved with each study day, this was attributed, in 
part, to patient withdrawals.

Of the ulimorelin and metoclopramide patients, 50.0% 
and 56.9% had one or more episodes of EFI recurrence 
during the trial, but rates declined progressively; by day 
5, only 13.2% and 17.4% of patients continued to have EFI 
episodes (Fig. 2b). Twenty-two percent and 17.2% expe-
rienced one or more episodes of regurgitation during the 
5 days of feeding (Fig. 2c), but < 8.1% of patients experi-
enced an episode on any single day; 33.9% and 31.0% of 
patients had a positive tracheal aspirate over the 5 days of 
treatment, but rates declined steadily over the treatment 
duration (Fig. 2d).

Of the ulimorelin-treated patients 81.3% and of meto-
clopramide-treated patients 83.3% had delayed GE by 
Cmax at baseline; mean (SD) increases in Cmax on day 4 

Fig. 1 Primary end point of the trial, the % daily protein prescription achieved through enteral nutrition on days 1 through 5 and on individual 
study days. The results are expressed as median [1st quartile, 3rd quartile]. High median %DPP rates are noted on each of the study days com‑
mencing with day 1. Median percentages for days 1–5 and the totals for the 5 days include all patients dosed (ulimorelin 62, metoclopramide 58), 
imputing values for patients with missing data, as discussed in “Methods.” No significant differences were noted between treatment groups over the 
5 days of study drug administration or any of the study days (Wilcoxon signed rank test). The shaded area represents ≥ 80% DPP achieved
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were 98.2% (335.5) and 76.7% (121.2) for ulimorelin vs. 
metoclopramide, respectively (p = 0.77). Target ulimo-
relin plasma concentrations were achieved in 98% of 
patients.

Ulimorelin and metoclopramide patients experienced 
similar ventilator-free days, ICU length of stay, hospital 
length of stay and incidences of ICU-acquired pneumo-
nia (Supplementary Table  2). On linear regression, no 
associations were noted between the number of episodes 
of elevated GRV and the incidence of a positive tra-
cheal aspirate for pepsin (p = 0.12, r2 = 0.009). Likewise, 
no association was noted between the occurrence of an 
elevated GRV or positive tracheal aspirate for pepsin and 
the incidence of pulmonary infection (Table 2). Changes 
in GH, IGF-1 and inflammatory markers are shown in 
Supplementary Table 3.

Safety
The proportions of AEs and SAEs were similar between 
the two treatment groups. A greater proportion of ulimo-
relin-treated patients experienced an SAE or an adverse 
event leading to death, while a greater proportion of 
metoclopramide-treated patients experienced an AE 
leading to study drug discontinuation (Table 3). None of 
these differences were statistically significant.

The incidences of delirium, agitation and anxiety were 
similar between treatment groups. Mean glucose lev-
els were significantly higher in ulimorelin vs. metoclo-
pramide patients [mean (SD) 9.12 (1.82) vs. 8.31 (1.97) 
mmol/l, p = 0.009]. Two patients in each of the treat-
ment arms experienced AEs of QT interval prolongation. 
ECG parameters, including QTcF intervals, were simi-
lar between treatment groups: there were no significant 
differences in the incidences of ventricular tachycardia 
or ventricular fibrillation. Atrial fibrillation (AF) was 

Fig. 2 Rates of a feeding success, b episodes of recurrent EFI (GRV ≥ 500 ml), c vomiting or regurgitation and d a positive tracheal aspirate for 
pepsin on each of the study days, days 1–5, and over the 5 days of the study. Totals, days 1–5, represent the percentages of patients who achieved 
feeding success over the 5 study days or the total numbers of patients who experienced one or more episodes of EFI recurrence, vomiting or regur‑
gitation, or a positive tracheal aspirate for pepsin on any of the 5 study days, as the percentage of patients dosed. The proportions on individual 
days are expressed as the percentages of subjects remaining in the trial each day [n = 62, 58, 52, 49 and 38 (ulimorelin) and 58, 56, 53, 51 and 46 
(metoclopramide), days 1 through 5, respectively]. None of the differences between treatment groups were statistically significant (chi‑squared 
test). While the daily proportions of patients with feeding success increased, in part because of the declining number of patients remaining in the 
trial, daily declines are evident in the percentages of patients who experienced EFI recurrence or a positive tracheal aspirate for pepsin
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observed in higher incidence in metoclopramide (13.8%) 
vs. ulimorelin (1.6%) (p = 0.014), resulting in discontinua-
tion in one metoclopramide patient.

Thirty-day mortality was 30.6% in the ulimorelin group 
and 25.9% in the metoclopramide group (p = 0.69), with 
no differences in underlying causes of death.

Discussion
This was the largest prospective randomized clinical 
trial to date on the treatment of enteral feeding intoler-
ance. No differences were noted in the primary end point 
of the trial, the percentage of the daily protein prescrip-
tion (DPP) over 5 days of treatment. Although > 50% of 
patients experienced one or more recurrent EFI episode 
post initiation of treatment, the incidence of EFI declined 
with each study day, and the majority of patients achieved 
feeding success.

The primary efficacy end point was based on protein 
delivery because protein has been determined to one of 
the most important nutritional factors impacting ICU 
outcome [27, 28]. The protein composition of the enteral 
formulas used in the study was maintained within a nar-
row range so that the primary end point would reflect the 
volume of formula delivered and gastric emptying.

The safety profiles of ulimorelin and metoclopramide 
were comparable. The incidences of delirium and agita-
tion, which have been associated with metoclopramide 
administration, were no different between treatment 

groups. Unlike metoclopramide, ulimorelin has not been 
associated with these side effects and does not penetrate 
the CNS [21, 29]. Likewise, no differences in ECG inter-
vals or ventricular arrhythmias were observed. Of inter-
est, metoclopramide was associated with a significantly 
higher number of episodes of AF compared with ulimo-
relin, but this incidence (13.8%) was comparable to its 
reported incidence in other ICU trials (10.5%) [30]. Ghre-
lin agonists have been shown to enhance vagal tone [31], 
which could have suppressed AF events.

Metoclopramide is ordinarily administered as a slow 
10-ml syringe push over 2–3 min [22], but in the cur-
rent study, metoclopramide was administered as a 
50-ml infusion over 30  min. This modification was 
made to avoid the need for administrations of the two 
blinded study medications by syringe pushes and infu-
sions. It has been suggested that the cardiotoxicity of 
metoclopramide results from inadvertently rapid injec-
tion [32], and it is possible that the cardiotoxicity of 
metoclopramide was minimized by slower infusion. 
The exclusion of patients with significant QT prolon-
gation, instituted at the request of one of the regula-
tory agencies, may have also masked cardiotoxic drug 
effects.

Although this study did not demonstrate efficacy of 
either agent compared with placebo, the GH, gastric 
emptying and blood glucose data suggested that ulimo-
relin had a relevant biologic effect. An unresolved ques-
tion was whether the prokinetic effects of ulimorelin 

Table 2 Associations among episodes of intolerance (GRV ≥ 500 ml), aspiration and pulmonary infection

p value from the Spearman correlation coefficient

(A) Relationship between GRV elevation (≥ 500 ml) and the incidence of pulmonary infection, expressed as the number patients and the number of episodes of 
GRV elevation experienced by that patient over the 5-day treatment period post-randomization; (B) relationship between positive tracheal aspirates for pepsin and 
incidence of pulmonary infection, expressed as the number patients and number of aspirates positive for pepsin in that patient over the 5-day treatment period 
post-randomization. Definitions of ICU-acquired pneumonia and lower respiratory infection were per Heyland [33]. For these analyses, the two treatment groups were 
combined. Differences between patient groups were not statistically significant by chi-squared test

(A) Relationship between episodes of intolerance and the incidence of pulmonary infections

Pulmonary infection Patients with GRV ≥ 500 ml, by number of episodes experienced ρ p value

0 (n = 56) 1 (n = 14) 2 (n = 11) 3 (n = 11) ≥ 4 (n = 28)

ICU‑acquired pneumonia, n (%) 10 (17.9) 4 (28.6) 2 (18.2) 1 (9.1) 7 (25.0) 0.05 0.48

Lower respiratory tract infection 
(excluding pneumonia), n (%)

11 (19.6) 4 (28.6) 3 (27.3) 1 (9.1) 9 (32.1) 0.08 0.28

(B) Relationship between positive tracheal aspirates for pepsin and pulmonary infection

Pulmonary infection Patients with tracheal aspirates positive for pepsin, by number of positive aspi-
rates

ρ p value

0 (n = 75)
n (%)

1 (n = 20)
n (%)

2 (n = 10)
n (%)

3 or more (n = 9)
n (%)

ICU‑acquired pneumonia 19 (25.3) 2 (10.0) 1 (10.0) 1 (11.1) 0.17 0.067

Lower respiratory tract infection 
(excluding pneumonia)

21 (28.0) 2 (10.0) 3 (30.0) 1 (11.1) 0.13 0.17
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and metoclopramide were meaningful or whether EFI 
was merely a self-limited condition, as suggested by the 
declining rates of EFI recurrence over the 5  days of the 
study. Nguyen compared metoclopramide with eryth-
romycin over 7 days of treatment using a Kaplan-Meier 
survival analysis of patients not experiencing another 
episode intolerance [11]. The GRV used to define EFI in 
this trial was 250 ml, and patients were censored after the 

first episode of EFI recurrence. Only 16% of metoclopra-
mide and 31% of erythromycin patients met feeding goals 
through day 7. However, the current trial demonstrates 
that high success rates can be achieved when a GRV of 
500 ml is employed and patients continue to be fed after 
EFI recurs. While a GRV of 250 ml has been associated 
with delayed GE, it has not been shown to have clinical 
relevance [33].

Table 3 Summary of adverse events (AEs)

AST, aspartate amino transferase
† p = 0.014; other differences were not statistically significant (chi-squared test)
a AEs leading to study drug discontinuation: ulimorelin: failed stem cell bone marrow transplant, increased intracranial pressure and delirium; metoclopramide: 
diarrhea, paracetamol overdose, QT interval prolongation, delirium, atrial fibrillation and gastrointestinal bleeding
b AEs leading to death, including the 5-day period of study drug treatment and the 3-day period following the final dose of study drug: ulimorelin; failed stem cell 
transplantation, progressive pulmonary disease and increased intracranial pressure; metoclopramide: progressive pulmonary disease
c AEs occurring in ≥ 5% of patients in either treatment arm; d incidences of QT prolongation and ventricular fibrillation are shown although they did not reach this 
reporting threshold

Ulimorelin (n = 62)
n (%)

Metoclopramide (n = 58)
n (%)

Total (n = 120)
n (%)

AEs, total 48 (77.4) 47 (81.0) 95 (79.2)

Severe AEs 19 (30.6) 13 (22.4) 32 (26.7)

Serious adverse events (SAEs) 3 (4.8) 3 (5.2) 6 (5.0)

AEs leading to study drug  discontinuationa 3 (4.8) 6 (10.3) 9 (7.5)

Death due to an adverse  eventb 3 (4.8) 1 (1.7) 4 (3.3)

30‑day mortality 19 (30.6) 15 (25.9) 34 (28.3)

AEs occurring in ≥ 5% of  patientsc

 CNS

  Agitation 7 (11.3) 3 (5.5) 10 (8.3)

  Anxiety 1 (1.6) 3 (5.2) 4 (3.3)

  Delirium 9 (14.5) 6 (10.3) 15 (12.5)

 Cardiovascular

  Atrial fibrillation 1 (1.6) 8 (13.8)† 9 (7.5)

  Supraventricular tachycardia 2 (3.2) 3 (5.2) 5 (4.2)

  Hypertension 3 (4.8) 4 (6.9) 7 (5.8)

  QT interval  prolongationd 2 (3.2) 2 (3.4) 4 (3.3)

  Ventricular  fibrillationd 0 (0.0) 1 (1.7) 1 (0.8)

  Ventricular tachycardia 2 (3.2) 3 (5.2) 5 (4.1)

 Respiratory

  Pneumonia 3 (4.8) 6 (10.3) 9 (7.5)

  Prolonged mechanical ventilation 6 (9.7) 7 (12.1) 13 (10.8)

 Metabolic

  Hyperglycemia 8 (12.9) 8 (13.8) 16 (13.8)

  Hypophosphatemia 4 (6.5) 1 (1.7) 5 (4.3)

 Other

  Acute kidney injury 7 (11.3) 3 (5.2) 10 (8.3)

  Anemia 6 (9.7) 5 (8.6) 11 (9.2)

  Constipation 2 (3.2) 0 (6.9) 2 (1.7)

  Edema 5 (8.1) 5 (8.6) 10 (8.3)

  Elevated AST 1 (1.6) 3 (5.2) 4 (3.3)

  Fever 4 (6.5) 3 (5.2) 7 (5.8)
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In the current trial, feeding success rates were high, 
and the rates of vomiting or regurgitation, aspiration and 
pulmonary infection were low compared with other ICU 
studies [34, 35]. Furthermore, no association could be 
shown among the incidences of GRV elevation, aspira-
tion and pulmonary infection. These findings suggest that 
a definition of EFI more stringent than a single episode 
of 500  ml might be needed in clinical practice. These 
findings also suggest that volume-based feeding could 
be safe in EFI when a prokinetic agent is employed. This 
conclusion should be confirmed in other studies, and no 
extrapolations should be made to other causes of intol-
erance, such as paralytic ileus, bowel distension, Ogilvie 
syndrome, bowel ischemia or severe diarrhea.

The strengths of this study were that treatments were 
blinded and randomized, a standard feeding protocol 
was used with the standard for formula composition, and 
a standard definition of EFI (500 ml) was employed that 
conformed to recent guidelines. Patients were also fol-
lowed for 5  days irrespective of whether EFI was again 
encountered, a procedure that showed that patients can 
be fed to goal despite EFI recurrence. The weakness of 
the study was that it was comparator, not placebo, con-
trolled, a design implemented when it was determined 
that investigators would not enroll patients into a pla-
cebo-controlled study and/or that ethics committees 
would not approve one.

Conclusion
In this randomized controlled trial of critically ill patients 
with EFI, we were unable to observe differences between 
ulimorelin and metoclopramide in the median percent-
ages of target nutrition achieved or the proportions of 
patients with feeding success, and the safety profiles of 
ulimorelin and metoclopramide were generally com-
parable, with low rates of vomiting, regurgitation and 
aspiration.
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