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Background: Enteral feeding intolerance (EFI) from delayed gastric emptying is common in critically ill patients, leading to poor 
outcomes. Mosapride, a selective 5-HT4 agonist, may be a safer, more effective alternative to metoclopramide, which has limited 
efficacy due to tachyphylaxis and adverse effects.
Objective: To compare the safety and efficacy of mosapride with metoclopramide in reducing gastric residual volume (GRV) and 
improving enteral nutrition delivery in intensive care unit (ICU) patients with EFI.
Methods: In this prospective, randomized, double-blind, double-dummy trial, 100 mechanically ventilated ICU patients with EFI 
were allocated to receive either mosapride (5 mg enterally every 8 hours plus IV placebo) or metoclopramide (10 mg intravenously 
every 8 hours plus enteral placebo) for 7 days. GRV was measured daily via ultrasonography. Nutritional adequacy was evaluated 
through daily caloric and protein intake, calculated from delivered versus prescribed enteral volume. Clinical scores; including Acute 
Physiology and Chronic Health Evaluation (APACHE II), Sequential Organ Failure Assessment (SOFA), and the Modified Nutrition 
Risk in Critically Ill (mNUTRIC), as well as ICU length of stay were assessed. Adverse events were continuously monitored using 
a structured reporting tool.
Results: The mosapride group demonstrated a more significant reduction in GRV from day 1 to day 7 (68.03% vs 39.87%, p<0.001) 
and higher enteral volume ratio (79.52% vs 69.48%, p<0.001). Target energy ratio was more frequently achieved in the mosapride 
group (86% vs 28%, p<0.001). Improvements in SOFA and mNUTRIC scores were significant only in the mosapride group. Adverse 
events were comparable between groups (p=0.643). ICU length of stay was non-significantly different between the two groups 
(p=0.051).
Conclusion: Mosapride is more effective than metoclopramide in reducing GRV and enhancing enteral nutrition delivery in critically 
ill patients with EFI, with a favorable safety profile. These findings support its consideration as a prokinetic agent in this population.
Clinical Trial Registration: NCT06826443.
Keywords: mosapride, enteral feeding intolerance, gastric residual volume, critically ill patients, prokinetic agents, metoclopramide, 
gastric emptying

Introduction
Critical illness is frequently associated with catabolic stress, which considerably intensifies the risk of infection, organ 
failure, and mortality. Malnutrition is predominantly prevalent among intensive care unit (ICU) patients, with rates 
reported between 38% and 78%.1,2 This results from the interplay of critical illness-induced hypermetabolism and 
catabolism, pre-existing nutritional deficits, and barriers to adequate feeding such as sedation, mechanical ventilation, 
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and gastrointestinal intolerance. Together, these factors explain the high prevalence of ICU malnutrition and its 
association with increased mortality, prolonged ventilation, and poor outcomes.3

Early nutrition support therapy, mostly through the enteral route, is a fundamental intervention required for all 
critically ill patients. It is considered a proactive therapeutic approach because timely initiation of enteral nutrition has 
been shown to lessen disease severity, reduce complications, and positively influence patient outcomes.4,5 However, 
impaired gastrointestinal motility, common in critically ill patients due to various factors including mechanical ventila
tion, medications, renal dysfunction, hyperglycemia, or the systemic effects of critical illness, results in delayed gastric 
emptying.6 Consequently, nutritional targets are often not attained with enteral feeding, where more than 30% of 
critically ill patients exhibit intolerance to enteral feeding.7–9 These patients also have more prolonged stays in the 
ICU and a greater rate of mortality than the tolerant group.10

Enteral feeding intolerance (EFI) is defined as the inability to provide sufficient enteral nutrition because of delayed 
gastric emptying in the absence of mechanical blockage and high gastric residual volume (GRV) is its most prevalent 
indicator.11 It has been demonstrated that elevated GRV foretells delayed gastric emptying and a less favorable outcome 
in the ICU.12

Given the complications associated with parenteral nutrition and post-pyloric feeding in patients with delayed gastric 
emptying and a high GRV, prokinetic drugs are presently thought to be the first-line treatment for EFI, where they can 
reduce feed intolerance by 17.3%.6,13,14

Metoclopramide is a prokinetic and antiemetic drug that is often used as the first line of therapy for EFI. It has both 
central and peripheral effects and mostly functions as a dopamine antagonist.15 However, current research has only 
demonstrated a mild prokinetic impact of metoclopramide, which is constrained by the quick onset of tachyphylaxis.16 

Additionally, its safety profile is linked to QT prolongation and adverse drug effects (ADEs) in the central nervous 
system (CNS).17 As a result, another prokinetic drug with comparable or superior efficacy, more desirable tolerability 
profile, and decreased risk of adverse effects is being sought for.

Graphical Abstract
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A selective 5-HT4 receptor agonist, mosapride, has been shown to stimulate gastric and colonic motility, where it was 
initially used to treat disorders of the upper gastrointestinal system, including nausea, vomiting, gastroesophageal reflux 
disease, and functional dyspepsia.18–22 Mosapride has shown more consistent improvement in gastric emptying and 
gastrointestinal motility, with a better safety profile and no significant QTc effects in non-ICU and perioperative studies. 
Only minor symptoms such as headache, dry mouth, and diarrhea are reported as ADEs.23,24 Recent studies suggest that 
by enhancing gastric emptying and gastric motility, mosapride may be useful in treating several motility 
complications.21,22,25–27 However, no randomized, double-blind trials have compared mosapride with metoclopramide 
specifically in critically ill ICU patients with EFI.

Thus, to explore the impact of mosapide on delayed gastric emptying, this study aims to evaluate its safety and 
effectiveness compared to metoclopramide in reducing GRV in critically ill patients who are receiving enteral nutrition 
and experiencing EFI. The findings provide evidence on efficacy, safety, and nutritional outcomes, with the potential to 
inform clinical guidelines, improve enteral nutrition delivery, and ultimately enhance patient prognosis in the ICU.

Patients and Methods
Study Design and Setting
This was a prospective, randomized, double-blind, parallel-group clinical trial conducted in the adult ICU of Almatareya 
Teaching Hospital, Cairo, Egypt. The study protocol was approved by the General Organization for Teaching Hospitals 
and Institutes (GOTHI) (approval no. HM000185) and registered at ClinicalTrials.gov (Identifier: NCT06826443). All 
procedures adhered to the principles of the Declaration of Helsinki. Written informed consent was obtained from 
patients’ legally authorized representatives prior to enrollment.

Study Population and Patient Enrollment
Patients presenting to the ICU between February 2025 and April 2025 expected to remain for at least 7 days, were 
assessed for eligibility. All enrolled patients were followed up for the full study duration. Eligibility criteria were 
predefined to ensure a homogeneous study population and are summarized below.

Inclusion Criteria
Patients were eligible for inclusion if they were aged between 18 and 65 years of either sex, mechanically ventilated, and 
receiving enteral nutrition via a nasogastric tube in the ICU. Enteral feeding intolerance was defined as a gastric residual 
volume ≥250 mL on two consecutive assessments during routine GRV monitoring performed multiple times daily, or the 
presence of clinical manifestations such as vomiting, regurgitation, abdominal distension, or diarrhea. A modified 
Nutrition Risk in Critically Ill (mNUTRIC) score of ≥5 was also required for inclusion.

Exclusion Criteria
Patients were excluded if they had known hypersensitivity to mosapride or metoclopramide, had received any prokinetic 
agent within 48 hours prior to enrollment, or had a history of gastric or major abdominal surgery. Additional exclusion 
criteria included suspected or confirmed gastrointestinal obstruction, perforation, or bleeding; severe hepatic or renal 
impairment; pregnancy; morbid obesity (BMI >40 kg/m2); significant cardiac arrhythmia or prolonged QTc interval; 
acute neurological injury or central nervous system infection; or anticipated extubation within 48 hours.

Eligible patients meeting the inclusion criteria and without any exclusion criteria were enrolled in the study. The ICU 
is a high-volume tertiary referral center with a diverse case mix, allowing continuous patient screening and enrollment 
throughout the study period.

Randomization and Blinding
Eligible patients were randomized in a 1:1 ratio to receive either mosapride or metoclopramide using a computer- 
generated random number sequence. Allocation concealment was ensured through sequentially numbered, sealed, opaque 
envelopes prepared and opened by an independent pharmacist who was not involved in patient care, outcome assessment, 
or data analysis.
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The study followed a double-blind design; patients, treating physicians, nursing staff, radiologists performing 
ultrasonographic gastric residual volume assessments, and investigators involved in data collection and analysis were 
all blinded to treatment allocation.

Interventions
To maintain blinding despite the different routes of administration, a double-dummy design was employed. Patients in the 
mosapride group received enteral mosapride plus an intravenous placebo (normal saline), while patients in the metoclo
pramide group received intravenous metoclopramide plus an enteral identical-looking placebo. All enteral and intrave
nous preparations were identical in appearance, volume, and labeling, and were prepared by a pharmacist not involved in 
patient care or outcome assessment.

Mosapride Group
Patients randomized to the mosapride group received mosapride citrate 5 mg administered enterally every 8 hours, along 
with an intravenous infusion of normal saline matched in volume and rate to the metoclopramide infusion. This dosing 
regimen was selected based on established clinical use and prior studies demonstrating effective stimulation of gastric 
motility with an acceptable safety profile.24,28 The every-8-hour schedule was chosen to maintain sustained prokinetic 
activity throughout the day, consistent with the drug’s pharmacodynamic profile.

Metoclopramide Group
Patients assigned to the metoclopramide group received metoclopramide hydrochloride 10 mg intravenously every 
8 hours, along with an enteral placebo identical in appearance to the mosapride preparation. This reflects the standard 
dosing regimen commonly used for the management of enteral feeding intolerance in critically ill patients.16,29,30 The 
dosing frequency was selected to ensure a continuous prokinetic effect while minimizing the risk of dose-related adverse 
events. Intravenous administration was used to reflect routine clinical practice in the ICU and to avoid variability in 
gastrointestinal absorption, thereby ensuring reliable systemic exposure in the comparator group.

For both groups, study medications were administered at least 30 minutes prior to the scheduled gastric residual 
volume (GRV) assessment to allow sufficient time for pharmacologic activity. Both treatments were continued for 7 
consecutive days in addition to standard ICU supportive care.

Enteral Nutrition Protocol
Enteral nutrition was delivered as a continuous infusion using an enteral feeding pump. Feeding was initiated at a rate of 
20 mL/h and progressively advanced by 20 mL/h every 8–12 hours as tolerated until the calculated nutritional targets 
were achieved. Nutritional targets were set at 25 kcal/kg/day and 1.4 g protein/kg/day based on actual body weight.4,31,32

All patients received the same standard polymeric enteral formula with a caloric density of 1.5 kcal/mL (Fresubin®, 
Fresenius Kabi, Egypt). This formula was selected to allow adequate caloric delivery within moderate fluid volumes, 
which is common practice in mechanically ventilated ICU patients who often require optimization of fluid balance. The 
use of a uniform enteral formula and identical advancement protocol in both study groups ensured that any potential 
effect of formula concentration on feeding tolerance was equally distributed and did not bias the comparative analysis.

Patients were maintained in a semi-recumbent position with head-of-bed elevation at 30–35° throughout enteral 
feeding to reduce the risk of aspiration. Feeding intolerance was assessed dynamically based on predefined clinical and 
ultrasonographic criteria rather than prescribed feeding volume alone. Enteral feeding was temporarily interrupted if 
patients developed persistent feeding intolerance, defined as a gastric residual volume ≥250 mL on two consecutive daily 
ultrasonographic assessments, or ongoing gastrointestinal symptoms despite minimal feeding rates.

Study Procedures
All clinical, laboratory, nutritional, and ultrasonographic data were prospectively collected using standardized case report 
forms. Data entry and verification were independently performed by two investigators to ensure accuracy. Outcome 
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assessments were conducted according to a predefined schedule, and all analyses were performed on the full randomized 
study population.

At baseline, demographic and clinical characteristics (age, sex, body mass index, cause of ICU admission), 
comorbidities, and concomitant medications were recorded. Disease severity was assessed using the Acute Physiology 
and Chronic Health Evaluation II (APACHE II), Sequential Organ Failure Assessment (SOFA), and modified Nutrition 
Risk in Critically Ill (mNUTRIC) scores at baseline and repeated on day 7.31,32

Laboratory investigations included complete blood count, renal and liver function tests, electrolytes, fasting blood 
glucose, and lipid profile. A standard 12-lead electrocardiogram was performed at baseline and repeated on day 7 to 
assess the corrected QT (QTc) interval.

Gastric Residual Volume (GRV)
Gastric residual volume (GRV) was assessed once daily from day 1 to day 7 by a blinded assessor using a GE LOGIQ E9 
ultrasound system. Measurements were performed 30 minutes after the scheduled morning assessment time while enteral 
feeding was ongoing via continuous infusion pump, with patients positioned in the right lateral decubitus position.33

The cross-sectional area (CSA) of the gastric antrum was measured, and GRV was estimated using a validated 
ultrasonographic formula:

GRV (mL) = 27 + 14.6 × right-lateral CSA − 1.28 × age.34

During continuous enteral nutrition, gastric volume reflects a dynamic steady-state balance between infusion input and 
gastric emptying output rather than a postprandial state.35,36 Therefore, measurement at any standardized timepoint 
during continuous feeding validly represents ongoing gastric emptying dynamics, consistent with studies performing 
ultrasound GRV assessment during uninterrupted continuous EN in mechanically ventilated patients37–39 Notably, no 
circadian variation was demonstrated in GRV between morning and evening assessments, supporting once-daily 
measurement validity.37 Ultrasonographic antral evaluation has been validated in both fasting and fed conditions as 
a reliable, noninvasive method that does not require feeding interruption.

To reduce interobserver variability, all ultrasound assessments were performed by trained radiologists blinded to 
treatment allocation, following a standardized measurement protocol with uniform patient positioning. Ultrasound-based 
GRV estimation reduces subjectivity associated with syringe aspiration and avoids technical limitations such as volume 
loss or feeding tube collapse. The validated Perlas formula was applied, as it has demonstrated good correlation with 
actual gastric volume across different patient positions.34 Patient positioning and timing relative to feeding were 
standardized for all assessments to ensure consistency throughout the study period.

Although current clinical guidelines do not recommend routine GRV monitoring for aspiration prevention, GRV 
remains a widely used surrogate marker of delayed gastric emptying in clinical trials evaluating prokinetic agents.12,40 In 
the present study, GRV was employed as a mechanistic endpoint to assess changes in gastric emptying dynamics rather 
than as a trigger for routine feeding interruption.

Nutritional Adequacy
Daily caloric and protein intake were recorded for each patient. The enteral nutrition volume ratio (EN VR %) was 
calculated as the ratio of the actual volume of enteral nutrition delivered to the prescribed target volume, expressed as 
a percentage.

Safety Monitoring
Adverse events were prospectively monitored and recorded using a structured adverse event reporting form specifically 
developed for this study. The form was designed based on the known safety profiles of prokinetic agents and the 
commonly reported gastrointestinal and neurological adverse effects in critically ill patients. It included predefined 
categories such as gastrointestinal symptoms (abdominal distension, diarrhea, constipation), neurological symptoms 
(headache, dizziness, delirium), cardiovascular events (QT prolongation, arrhythmias), and any other unexpected clinical 
events. Bedside physicians examined patients daily and completed the form accordingly. All reported adverse events 
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were subsequently reviewed by the investigators to ensure accuracy and consistency. All materials, medications, and 
equipment used in the study were commercially available and are specified to allow independent replication.

Outcomes
Primary Outcome
Change in average daily GRV from day 1 to day 7, expressed as both absolute and percentage reduction.

Secondary Outcomes
Secondary outcomes included measures of enteral feeding tolerance and nutritional adequacy, such as enteral nutrition 
volume ratio, daily caloric and protein intake, and the proportion of patients achieving at least 80% of their target energy 
requirements by day 7. Changes in clinical severity scores (APACHE II, SOFA, and mNUTRIC) from baseline to day 7 
were also evaluated. Additional secondary outcomes included the incidence of adverse events, QTc interval changes, and 
length of ICU stay.

Sample Size and Statistical Analysis
The required sample size was calculated using G*Power 3.1.14 software, assuming a medium effect size of 0.6 for the 
difference in gastric residual volume (GRV) between mosapride and metoclopramide, with α = 0.05 and 80% power for 
a two-tailed t-test. This yielded 45 patients per group. Accounting for a 10% dropout rate, the final sample size was 50 
patients per group (total 100).

Data were analyzed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA). Normality was assessed with 
Kolmogorov–Smirnov and Shapiro–Wilk tests. Continuous variables were expressed as mean ± SD or median (IQR), 
and categorical variables as counts and percentages. Between-group comparisons used Student’s t-test or Mann–Whitney 
U-test, and Chi-square or Fisher’s exact test for categorical variables. Within-group comparisons used paired t-test or 
Wilcoxon signed-rank test. Multivariate linear regression (backward stepwise) identified predictors of GRV reduction, 
adjusting for baseline differences. A p-value < 0.05 was considered significant.

Potential confounders influencing gastrointestinal motility and nutritional tolerance were considered, including 
baseline disease severity (APACHE II, SOFA, mNUTRIC), concomitant medications, vasopressor use, and comorbid
ities. Randomization was expected to distribute measured and unmeasured confounders evenly, and multivariable 
regression further adjusted for clinically relevant variables, ensuring robust evaluation of factors associated with GRV 
reduction.

Results
Of 142 patients assessed for eligibility, 100 met the inclusion criteria and were randomized: 50 to the mosapride group 
and 50 to the metoclopramide group. The study included 63 males and 37 females. All randomized patients completed 
follow-up with no dropouts (Figure 1).

Baseline Characteristics and Laboratory Parameters
As presented in Table 1, the studied groups were comparable in terms of age, gender, and BMI. The most commonly 
reported reason for ICU admission was surgical intervention, followed by trauma, with no statistically significant 
difference between the two groups. The only comorbidity reported among patients was hypertension (34% of the 
mosapride group and 30% of the metoclopramide group), with no difference. No statistically significant differences 
were recorded in terms of concomitant medications or observed in baseline biochemical laboratory parameters between 
the mosapride and metoclopramide groups.

Gastric Residual Volume and Enteral Volume Ratio
The primary outcome, gastric residual volume was significantly higher in the mosapride group at day 1 (380.2 ± 51.06 vs 
351 ± 68.74 mL, p=0.018) and day 3 (370.94 ± 58.04 vs 274.18 ± 59.05 mL, p<0.001). However, mosapride showed 
significantly lower GRV from day 5 (171.7 ± 44.65 vs 215.94 ± 39.08 mL, p<0.001), day 6 (146.7 ± 31.6 vs 211.24 ± 
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52.52 mL, p<0.001), and day 7 (120.02 ± 50.56 vs 203.38 ± 31.66, p<0.001), indicating superior feed tolerance. Weekly 
GRV reduction was greater with mosapride (260.18 ± 67.29 vs 147.61 ± 74.23 mL, p<0.001), representing a mean 
percentage drop of 68.03 ± 13.21% vs 39.87 ± 15.66%. At day 7, mosapride achieved higher mean administered volume 
(954.2 ± 119.1 vs 833.8 ± 123.83 mL, p<0.001) and EN VR% (79.52 ± 9.92 vs 69.48 ± 10.32%, p<0.001) (Table 2, 
Figures 2 and 3).

Risk Scores
Both groups showed improvements in clinical severity and nutritional risk scores over the seven-day study period. 
APACHE II, SOFA, and mNUTRIC scores decreased in both groups, with statistically significant between-group 
differences favoring mosapride at day 7 (Table 3).

Figure 1 CONSORT flowchart.

Table 1 Characteristics and Laboratory Parameters at Baseline

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-value

Age (years) 54.14 ± 7.33 52.1 ± 7.68 0.177a

Gender
Male 33 (66%) 30 (60%) 0.534b

Female 17 (34%) 20 (40%)
Height (m) 1.72 ± 0.11 1.69 ± 0.12 0.138a

Weight (kg) 72.78 ± 9.21 75.1 ± 10.24 0.237a

BMI (kg/m2) 25 ± 5.05 26.65 ± 4.25 0.080a

(Continued)
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Table 1 (Continued). 

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-value

ICU admission diagnosis
Respiratory disorder 6 (12%) 10 (20%) 0.897 b

Burn 5 (10%) 6 (12%)

Trauma 12 (24%) 9 (18%)
Surgical intervention 15 (30%) 14 (28%)

CVS disorder 7 (14%) 6 (12%)

Neurological disorder 5 (10%) 5 (10%)
Comorbidities (HTN) 17 (34%) 15 (30%) 0.668 b

Concomitant medications
Sedatives 14 (28%) 12 (24%) 0.648 b

Opiates 8 (16%) 10 (20%) 0.603 b

Vasopressors 23 (46%) 27 (54%) 0.424 b

Laboratory parameters
Hb (g/dL) 11.03 ± 1.19 11.05 ± 1.31 0.930 a

WBCs (x103cells/µL) 6.35 ± 1.75 6.69 ± 1.28 0.341 a

Urea (mg/dL) 26.14 ± 4.29 25.6 ± 5.62 0.202 a

Creatinine (mg/dL) 0.93 ± 0.22 0.9 ± 0.14 0.441 a

AST (U/L) 26.82 ± 6.03 27.47 ± 3.94 0.525 a

ALT (U/L) 28.7 ± 4.2 28.02 ± 4.39 0.430 a

Albumin (g/dL) 4.18 ± 0.33 4.04 ± 0.6 0.222 a

FBG (mg/dL) 88.62 ± 14.11 90.02 ± 9.34 0.560 a

Cholesterol (mg/dL) 150.6 ± 27.81 153.2 ± 19.92 0.592 a

Notes: Numerical data are presented as mean ± SD and categorical data are presented as frequency (%). Statistical 
Test: aStudent’s t-test, bChi-square X2. 
Abbreviations: BMI, Body mass index; CVS, Cardiovascular; Hb, Hemoglobin; WBCs, White blood cells; AST, 
Aspartate aminotransferase; ALT, Alanine transaminase; FBG, Fasting blood glucose.

Table 2 GRV, Administered and Prescribed Volumes and EN VR of the Studied Groups

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-value a

GRV (mL)
Day 1 380.2 ± 51.06 351 ± 68.74 0.018*
Day 2 320.1 ± 48.62 305.2 ± 60.41 0.177

Day 3 370.94 ± 58.04 274.18 ± 59.05 <0.001*
Day 4 235.4 ± 40.74 241.7 ± 55.6 0.520
Day 5 171.7 ± 44.65 215.94 ± 39.08 <0.001*
Day 6 146.7 ± 31.6 211.24 ± 52.52 <0.001*
Day 7 120.02 ± 50.56 203.38 ± 31.66 <0.001*
Change between days 1 and 7 260.18 ± 67.29 147.61 ± 74.23 <0.001*
Change percentage 68.03 ± 13.21 39.87 ± 15.66 <0.001*
Administered V (mL)
Day 1 744.4 ± 141.08 740.2 ± 111.66 0.869

Day 7 954.2 ± 119.1 833.8 ± 123.83 <0.001*
Prescribed V (mL)
Day 1 1200 ± 0 1200 ± 0 –

Day 7 1200 ± 0 1200 ± 0 –

(Continued)
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Nutritional Adequacy
The mosapride group demonstrated significantly higher average daily calories over 7 days (1522 ± 209.02 vs 1389.1 ± 
118.5), achieved calories (1600.2 ± 198.11 vs 1370.6 ± 168.36), energy ratio % (88.62 ± 10.01 vs 74.47 ± 14.39), and 
protein ratio % (81.69 ± 13.35 vs 75.69 ± 13.07) compared to metoclopramide (all P<0.05). Additionally, more 
mosapride patients achieved target energy ratio >80% (86% vs 28%, P<0.001) (Table 4 and Figure 3).

Safety Outcomes
Adverse events occurred in 24% of the mosapride group and 30% of the metoclopramide group (p=0.643). The most 
common adverse events were abdominal distension (10% vs 14%) and diarrhea (8% vs 6%). Less frequent events 
included headache (2% vs 4%), constipation (4% vs 0%), delirium (0% vs 2%), dizziness (0% vs 2%), and QT 
prolongation (0% vs 2%). No significant difference in adverse event rates was observed between groups. At Day 7, 
AST levels were similar between the mosapride and metoclopramide groups (26.12 ± 5.00 vs 26.20 ± 4.02 U/L, 

Table 2 (Continued). 

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-value a

EN VR (%)
Day 1 62.03 ± 11.76 61.68 ± 9.3 0.869

Day 7 79.52 ± 9.92 69.48 ± 10.32 <0.001*

Notes: Numerical data are presented as mean ± SD and categorical data are presented as frequency (%), 
*Statistically significant as p-value<0.05 (written in bold), Statistical Test: aStudent’s t-test. 
Abbreviations: GRV, Gastric residual volume; EN VR, Enteral nutrition volume ratio.

Figure 2 Gastric residual volume levels of the studied groups. GRV, gastric residual volume.
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p=0.930), as were ALT levels (27.24 ± 5.37 vs 27.52 ± 3.36 U/L, p=0.755). Changes from baseline were also comparable 
for AST (−0.70 ± 4.81 vs −1.27 ± 4.40, p=0.538) and ALT (−1.46 ± 5.95 vs −0.50 ± 4.29, p=0.357), indicating no 
differential effect on liver function.

Figure 3 Nutritional outcomes comparing the mosapride and metoclopramide groups. (A) Average daily caloric intake over 7 days and achieved calories at day 7 in the 
mosapride versus metoclopramide groups. (B) Energy ratio percentage at day 7, comparing both treatment groups. (C) Proportion of patients achieving target energy ratio 
(>80%) in the mosapride versus metoclopramide groups. (D) Average protein ratio percentage at day 7 in the studied groups.

Table 3 Risk Scores of the Studied Groups

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-valuea

APACHE II
Day 1 21.16 ± 2.35 22.52 ± 3.3 0.021*
Day 7 20.02 ± 2.54 21 ± 1.93 0.032*
p-value (Day 1 vs Day 7)b <0.001* <0.001*
SOFA
Day 1 8.24 ± 0.94 8.6 ± 1.01 0.068

Day 7 7.82 ± 0.8 8.4 ± 0.93 0.001*
p-value (Day 1 vs Day 7) b 0.001* 0.159

mNUTRIC
Day 1 5.4 ± 1.14 5.7 ± 1.3 0.223
Day 7 4.4 ± 0.73 5.74 ± 1.21 <0.001*
P-value (Day 1 vs Day 7) b <0.001* 0.870

Notes: Numerical data are presented as mean ± SD and categorical data are presented as frequency (%), 
*Statistically significant as p-value<0.05 (written in bold), Statistical Test: aStudent’s t-test, bPaired t-test. 
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure 
Assessment; mNUTRIC, Modified Nutrition Risk in Critically Ill.
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ICU Length of Stay
ICU length of stay was non-significantly different between patients receiving mosapride and those receiving metoclo
pramide (p=0.051), with a mean of 8.88 ± 1.57 vs 9.2 ± 1.92 days of ICU stay.

Linear Regression Analysis
In univariate analysis, mosapride significantly increased GRV reduction percentage versus metoclopramide (Coefficient=28.16, 
95% CI: 22.41–33.91, p<0.001). Each 1-unit increase in age (Coefficient=0.53, 95% CI: 0.01–1.06, p=0.047), achieved calories 
at day 7 (Coefficient=0.04, 95% CI: 0.02–0.06, p<0.001), and EN VR% (Coefficient=0.67, 95% CI: 0.34–1, p<0.001) 
significantly increased GRV reduction percentage. Baseline SOFA score inversely affected GRV reduction (Coefficient= 
−4.19, 95% CI: −8.21 to −0.18, p=0.041). Achieving an energy ratio target >80% significantly increased GRV reduction 
(Coefficient=17.18, 95% CI: 9.81–24.55, p<0.001). In multivariate analysis, after adjustment for the included factors, mosapride 
remained significantly associated with greater GRV reduction (Coefficient=21.29, 95% CI: 11.1–31.48, p<0.001) (Table 5).

Table 4 Nutritional Parameters of the Studied Groups

Item Mosapride Group 
(n=50)

Metoclopramide Group 
(n=50)

p-valuea

Target Kcal/d (25 Kcal/kg/d) 1819.5 ± 230.26 1877.5 ± 256.11 0.237

Average daily calories over 7 days (Kcal) 1522 ± 209.02 1389.1 ± 118.5 <0.001*
Achieved calories at day 7 (Kcal) 1600.2 ± 198.11 1370.6 ± 168.36 <0.001*
Energy ratio % at day 7 (%) 88.62 ± 10.01 74.47 ± 14.39 <0.001*
Target achieved (n(%)) at the end (>80%) 43 (86%) 14 (28%) <0.001*
Target protein (g)/d (1.5 g/kg) 109.17 ± 13.82 112.65 ± 15.37 0.237
Average daily protein over 7 days (g) 87.88 ± 10.64 83.84 ± 11.04 0.065

Average protein ratio (%) 81.69 ± 13.35 75.69 ± 13.07 0.026*

Notes: Numerical data are presented as mean ± SD and categorical data are presented as frequency (%), *Statistically significant as 
p-value<0.05, Statistical Test: aStudent’s t-test.

Table 5 Linear Regression Analysis for Factors Associated with the % of Drop in GRV

Item Univariate Analysis Multivariable Analysis

Coefficient 95% CI p-value Coefficient 95% CI p-value

Treatment
Metoclopramide Ref Ref
Mosapride 28.16 22.41 to 33.91 <0.001* 21.29 11.1 to 31.48 <0.001*
Age (years) 0.53 0.01 to 1.06 0.047* 0.16 −0.28 to 0.61 0.471

Gender
Male Ref Ref

Female 3.41 −4.9 to 11.73 0.417 5.8 −0.89 to 12.48 0.088

BMI (kg/m2) 0.04 −0.82 to 0.9 0.934 0.14 −0.71 to 1 0.738
ICU admission diagnosis
Respiratory disorder Ref Ref

Burn 7.79 −8.13 to 23.7 0.334 3.08 −9.57 to 15.72 0.629
Trauma −0.34 −13.82 to 13.15 0.960 −8.34 −19.41 to 2.73 0.138

Surgical intervention 6.65 −6 to 19.31 0.299 0.17 −10.51 to 10.86 0.974

CVS disorder 5 −10.17 to 20.18 0.514 −1.69 −14.03 to 10.66 0.786
Neurological disorder 3.91 −12.47 to 20.29 0.636 −1.65 −15.1 to 11.8 0.808

Comorbidities (hypertension) 2.57 −6.05 to 11.19 0.556 3.65 −3.1 to 10.39 0.285

(Continued)
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Discussion
This randomized controlled trial demonstrated that mosapride is more effective than metoclopramide in improving gastric 
emptying in critically ill patients with enteral feeding intolerance. The mosapride group showed a significantly greater 
reduction in gastric residual volume (GRV) over seven days compared to the metoclopramide group.

Our findings are consistent with previous studies that have demonstrated mosapride’s prokinetic efficacy, although 
notably, all prior evidence was derived from non-critically ill populations using surrogate physiological endpoints rather 
than the clinically relevant GRV measure employed in the present trial. Endo et al (2002) reported that a single 10 mg 
dose of mosapride significantly enhanced gastric myoelectrical activity and ultrasonographic gastric emptying in 
20 healthy volunteers.21 Similarly, Kusunoki et al (2010) demonstrated that mosapride 15 mg twice daily for 14 days 
significantly improved proximal gastric accommodation, gastric emptying rate, and antral contraction frequency com
pared to placebo in 14 healthy volunteers using ultrasonography.22 Jung et al (2010) confirmed dose-dependent gastric 
emptying enhancement in 15 healthy volunteers, with the 10 mg dose showing significant improvement on endoscopic 
and radiopaque marker assessments, whereas the 5 mg dose was ineffective.27 Sakamoto et al (2011) further showed in 
a crossover study of 6 healthy male volunteers that mosapride significantly reversed high-viscosity liquid-induced 
delayed gastric emptying, as measured by continuous real-time 13C breath testing.26 In the only study involving 
a diseased population, Ueno et al (2010) demonstrated that mosapride significantly increased bowel frequency in 32 
diabetic patients with constipation over 8 weeks, suggesting its prokinetic effects extend beyond the stomach even in 
patients with autonomic dysfunction.25 Moreover, previous studies have demonstrated mosapride’s prokinetic benefits in 
accelerating postoperative gastrointestinal recovery in colorectal cancer surgical patients and improving colonic prepara
tion quality in ambulatory patients undergoing colonoscopy.41,42

However, none of these studies included critically ill patients or used GRV as an outcome measure, and none directly 
compared mosapride to metoclopramide. The present study, therefore, extends the existing evidence to the most 
challenging clinical setting, the critically ill ICU patient with enteral feeding intolerance, demonstrating for the first 
time that mosapride produces significantly greater GRV reduction over seven days compared to metoclopramide in this 
population.

Table 5 (Continued). 

Item Univariate Analysis Multivariable Analysis

Coefficient 95% CI p-value Coefficient 95% CI p-value

Concomitant medications
Sedatives 0.14 −9.04 to 9.33 0.976 −1.55 −8.86 to 5.76 0.674
Opiates 1.38 −9.11 to 11.86 0.795 4.03 −4.33 to 12.4 0.340

Vasopressors −0.77 −8.82 to 7.29 0.850 −1.58 −8.6 to 5.45 0.656

Baseline APACHE II −1.04 −2.4 to 0.32 0.134 −0.07 −1.21 to 1.07 0.902
Baseline SOFA −4.19 −8.21 to −0.18 0.041* −1.8 −5 to 1.41 0.268

Baseline mNUTRIC −1.87 −5.16 to 1.41 0.260 −0.5 −3.24 to 2.23 0.716

Achieved calories at day 7 0.04 0.02 to 0.06 <0.001* 0 −0.02 to 0.02 0.883
Average protein ratio % 0.08 −0.22 to 0.38 0.594 −0.22 −0.52 to 0.09 0.160

Achieving target energy at the 
end (>80%)

17.18 9.81 to 24.55 <0.001* 3.12 −8.55 to 14.8 0.596

EN VR % at day 7 0.67 0.34 to 1 <0.001* 0.19 −0.12 to 0.5 0.233

Baseline creatinine (mg/dL) 20.56 −1.18 to 42.29 0.064 12.3 −5.57 to 30.17 0.174

Baseline albumin (g/dL) 8.42 −2.02 to 18.87 0.113 −2.31 −10.88 to 6.27 0.594

Notes: *Statistically significant as p-value<0.05 (written in bold), p-values for univariate analysis were derived from univariate linear regression. p-values for 
multivariable analysis were derived from multivariable linear regression. 
Abbreviations: CI, Confidence interval; GRV, Gastric residual volume; BMI, Body mass index; ICU, Intensive care unit; APACHE, Acute Physiology and Chronic 
Health Evaluation; SOFA, Sequential Organ Failure Assessment; mNUTRIC, Modified Nutrition Risk in Critically Ill; EN VR, Enteral nutrition volume ratio.
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Both TAK-954 and prucalopride, 5-HT4 receptor agonists, outperformed metoclopramide in improving gastric 
emptying in critically ill patients with a favorable safety profile.43–45 This supports the current findings with mosapride, 
which works through the same mechanism, suggesting that this drug class effectively treats feeding intolerance in critical 
care. Furthermore, this adds to the growing evidence that 5-HT4 receptor activation may be a potential approach for 
managing feeding intolerance in critical care.6,14,43,45

The pattern of GRV reduction in the mosapride group is noteworthy. Despite initially higher GRV levels on days 1 
and 3, the mosapride group demonstrated a more significant and consistent decline in GRV from day 4 onward, finally 
reaching significantly lower levels than the metoclopramide group by day 7. This pattern suggests that mosapride may 
have a more sustained prokinetic effect without the tachyphylaxis that has been reported with metoclopramide.17 Similar 
patterns were observed with prucalopride administration, supporting that this medication class does not suffer from the 
tachyphylaxis phenomenon shown with metoclopramide.45 The delayed but more pronounced effect of mosapride could 
be attributed to its selective 5-HT4 receptor agonist mechanism, which may require time to enhance gastric and colonic 
motility fully.19,21

This superior reduction in GRV translated into improved nutritional outcomes, with the mosapride group achieving 
significantly higher average daily calories, energy ratio, and enteral nutrition volume ratio by day 7. Furthermore, 86% of 
patients in the mosapride group achieved the target energy ratio (>80%) compared to only 28% in the metoclopramide 
group (p<0.001).

The improved gastrointestinal motility and enteral feeding outcomes observed with mosapride appear to have 
translated into clinical benefits. The mosapride group showed significant improvements in SOFA and mNUTRIC scores 
from day 1 to day 7, while the metoclopramide group did not demonstrate significant changes in these scores. This 
finding suggests that improved nutritional status may contribute to better organ function and reduced severity of illness, 
aligning with previous studies highlighting the importance of adequate enteral nutrition in critically ill patients.4,5,46

The observed differences are clinically meaningful, as the greater GRV reduction with mosapride translated into 
a markedly higher proportion of patients achieving a target energy ratio >80% and significant improvements in SOFA 
and mNUTRIC scores. In critically ill patients, even modest improvements in meeting nutritional targets are associated 
with reduced infectious complications, shorter mechanical ventilation duration, and improved outcomes.47

Linear regression analysis confirmed that mosapride treatment was independently associated with a higher percentage 
decrease in GRV after adjusting for potential confounding factors. Interestingly, baseline SOFA scores were negatively 
associated with GRV reduction in univariate analysis, suggesting that disease severity and organ dysfunction may impact 
gastrointestinal motility and response to prokinetic therapy. This finding highlights the correlation between critical 
illness, inflammatory responses, and gastrointestinal function.48–51

Our analysis also revealed a significant association between nutritional intake and GRV reduction. Patients who 
reached the target energy ratio (>80%) showed a substantially greater decrease in GRV compared to those who did not. 
Both higher caloric intake at day seven and higher enteral nutrition volume ratios were associated with more significant 
GRV reductions (p<0.001). These results point to the strong relationship between gastric emptying and nutritional status. 
As GRV decreases, gastrointestinal motility improves, which subsequently enhances nutritional delivery.

This relationship highlights the importance of initiating effective prokinetic therapy, such as mosapride, early in 
critically ill patients with feeding intolerance to optimize nutritional outcomes.14

The observed trend toward shorter ICU length of stay in the mosapride group suggests potential benefits, although 
this difference did not reach statistical significance. Similarly, other prokinetics failed to significantly reduce ICU length 
of stay, despite demonstrating superiority in reducing gastric residual volumes and improving nutritional outcomes.6,45,52

The safety profile of mosapride was comparable to that of metoclopramide, with no significant differences in adverse 
effects between the two groups. Most patients (76% in the mosapride group and 70% in the metoclopramide group) 
experienced no adverse effects. The most common adverse effects in both groups were abdominal distension and 
diarrhea, which are expected with prokinetic agents and enteral feeding. Importantly, no patients in the mosapride 
group experienced delirium, dizziness, or QT prolongation, which were reported in the metoclopramide group, albeit in 
small numbers. This finding aligns with previous studies reporting mosapride’s favorable safety profile without CNS 
effects or QT anomalies.23,24,53
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As a selective 5-HT4 receptor agonist, mosapride’s effect is limited to the peripheral nervous system, which 
minimizes central nervous system (CNS) penetration and related adverse effects. This contributes to its favorable safety 
profile, with minimal reports of extrapyramidal symptoms or QT interval prolongation.54–56

Conversely, dopaminergic blockade by metoclopramide can bring about CNS-related adverse effects, including 
sedation, dystonia, and tardive dyskinesia, especially with prolonged use.57 Metoclopramide has also been associated 
with QT prolongation and cardiac arrhythmias, necessitating ECG monitoring in vulnerable populations.58

Better feeding tolerance and nutritional adequacy with mosapride, reflected in higher EN VR%, caloric intake, and 
protein ratios, may reduce infections, pressure ulcers, and delayed recovery, all of which drive ICU costs. Mosapride’s 
safer profile, with fewer CNS and cardiac side effects, could also decrease monitoring needs and interventions.54 While 
these findings suggest mosapride offers pharmacoeconomic benefits in critically ill patients, direct cost comparisons with 
metoclopramide, including drug costs, monitoring requirements, and clinical outcomes, remain unexplored.

The superior efficacy of mosapride over metoclopramide in reducing GRV and improving nutritional parameters 
suggests that mosapride could be considered an alternative prokinetic agent for EFI in critically ill patients, particularly 
in those who fail to respond to or experience adverse effects with metoclopramide.

Strengths and Limitations
This study has several strengths, including its randomized design with blinded outcome assessment, daily standardized 
ultrasound-based measurement of gastric residual volume (GRV), and being the first head-to-head comparison of 
mosapride and metoclopramide in critically ill patients with enteral feeding intolerance (EFI). These methodological 
features enhance the internal validity of the findings and support the robustness of the observed effects.

Several limitations should be acknowledged. First, the single-center design may limit generalizability, and the 
relatively modest sample size restricts the ability to detect differences in hard clinical outcomes such as ICU length of 
stay, infection rates, or mortality. Second, the seven-day intervention period may not fully capture long-term outcomes or 
the sustained effects of mosapride beyond the acute phase of critical illness. Third, GRV was used as the primary 
indicator of feeding intolerance; although this allows comparison with prior prokinetic trials and enables objective 
assessment using a validated ultrasound-based technique, additional measures such as gastrointestinal symptom scores, 
gastric emptying scintigraphy, or intestinal motility assessments could provide complementary insights.12,40

Moreover, GRV was assessed once daily rather than at multiple timepoints. While more frequent measurements might 
provide additional data, our standardized approach minimizes disruption and is consistent with published studies using 
ultrasound GRV during continuous EN.37,38 Jahreis et al found no circadian GRV variation during continuous feeding, 
supporting single daily assessment validity.

Additionally, mosapride was administered enterally, which may result in delayed absorption in patients with gastro
paresis. However, mosapride reaches steady-state by day 2, exerts local prokinetic effects via gastric wall 5-HT4 receptor 
binding before systemic absorption, and accumulates in gastric tissue at concentrations exceeding plasma levels.59,60 

Multiple ICU trials have demonstrated the efficacy of enteral prokinetics in this population.45,61 Moreover, repeated 
dosing and its prolonged duration of action were intended to mitigate this effect during the study period.

Third, comparison of enteral mosapride with IV metoclopramide involves different pharmacokinetic profiles. This 
reflects standard practice, as ESPEN recommends IV metoclopramide,30 and all major prokinetic RCTs used IV 
metoclopramide.11,45,61,62 The IV comparator ensures reliable drug exposure and represents a more stringent test for 
mosapride.

The study was not powered to evaluate clinical endpoints influenced by multiple confounding factors beyond 
gastrointestinal motility, and the primary focus was therefore on mechanistic outcomes related to gastric emptying and 
nutritional adequacy. Although patients were admitted to the ICU for heterogeneous primary diagnoses, all participants 
shared key characteristics relevant to the study question, including mechanical ventilation, nasogastric enteral feeding, 
and documented EFI.

Finally, the use of a standardized enteral nutrition protocol and uniform feeding formula minimized variability in 
nutritional delivery and helped isolate the effect of the prokinetic intervention on gastric emptying. This pragmatic design 
reflects real-world ICU practice and supports the external validity of the findings.
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Future Directions
Further multicenter randomized trials with larger sample sizes are needed to confirm these findings and to determine 
whether mosapride’s benefits translate into improved long-term outcomes, including infection rates, ventilator-free days, 
and mortality. Direct comparisons of mosapride with other 5-HT4 agonists may clarify whether the observed effects 
represent a drug-specific or class-wide benefit. Future studies should incorporate pharmacoeconomic modeling to 
evaluate the cost-effectiveness of mosapride in EFI management, particularly in resource-limited settings where 
optimizing both clinical and economic outcomes is essential.

Conclusion
In conclusion, this single-centered randomized controlled trial found that mosapride led to greater reductions in gastric 
residual volume and improved caloric and protein delivery compared with metoclopramide in critically ill patients with 
enteral feeding intolerance. These effects remained significant after adjustment for baseline characteristics and cofoun
ders. Adverse events were similar between groups, with no QT prolongation observed with mosapride. However, 
interpretation is limited by the single-center design and small sample size. No differences were seen in ICU length of 
stay, and the study was not powered to assess mortality or other major clinical outcomes. Larger, multicenter trials are 
needed to confirm these results and determine the impact of mosapride on clinically meaningful endpoints.

Clinical Trial Registration
ClinicalTrials.gov (Registration Number: NCT06826443).
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