
PLOS ONE | https://doi.org/10.1371/journal.pone.0322122  April 22, 2025 1 / 9

 

 OPEN ACCESS

Citation: Senecal JB, Lakhanpal T, Mbuagbaw 
L, Giannidis T, Khazaneh PT, Rochwerg B, 
et al. (2025) The effect of enteral nutrition 
strategy and non-invasive ventilation on 
diarrhea and nutritional goals in the critically 
ill: a protocol for a multicentre retrospective 
cohort study (ENND GOALS). PLoS ONE 
20(4): e0322122. https://doi.org/10.1371/
journal.pone.0322122

Editor: Jennifer Tucker, PLOS: Public Library 
of Science, UNITED KINGDOM OF GREAT 
BRITAIN AND NORTHERN IRELAND

Received: March 7, 2025

Accepted: March 14, 2025

Published: April 22, 2025

Copyright: © 2025 Senecal et al. This is an 
open access article distributed under the terms 
of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original author and source are credited.

Data availability statement: No datasets were 
generated or analysed during the current study. 
All relevant data from this study will be made 
available upon study completion.

STUDY PROTOCOL

The effect of enteral nutrition strategy and 
non-invasive ventilation on diarrhea and 
nutritional goals in the critically ill: A protocol 
for a multicentre retrospective cohort study 
(ENND GOALS)
Justin Bruni Senecal 1☯, Taiya Lakhanpal1☯, Lawrence Mbuagbaw1,2,3☯, 
Tatianna Giannidis1☯, Parsa T. Khazaneh1☯, Bram Rochwerg1☯, Simon J.W. Oczkowski1,4☯, 
Deborah J. Cook1,2,3,4☯, Jennifer L.Y. Tsang1,5☯, M. Ines Pinto-Sanchez1☯, Sameer Sharif1☯, 
David Armstrong1☯, Natalia Ovtcharenko1,5☯, Nicole Janisse6☯, Tina Millen6☯, 
Francois Lamontagne7☯, Joanna C. Dionne1☯*

1  Department of Medicine, Faculty of Health Sciences, McMaster University, Hamilton, Canada, 
2  Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Canada, 
3  St. Joseph’s Healthcare Hamilton, McMaster University, Hamilton, Canada, 4  Department of Health 
Research Methods, Evidence and Impact, McMaster University, Hamilton, Canada, 5  Niagara Health 
Knowledge Institute, Niagara Health, Niagara, Canada, 6  Hamilton Health Sciences, Juravinksi 
Hospital, ICU, Hamilton, Canada, 7  Université de Sherbrooke, Department of Medicine, Sherbrooke, 
Canada 

☯ These authors contributed equally to this work.
* Joanna.dionne@medportal.ca

Abstract 
Enteral nutrition (EN) has become the standard of care for nutritional support among 

critically ill patients. However, little is known about whether continuous delivery (CEN) 

or intermittent delivery (IEN) is preferable or the consequences of either strategy. This is 

particularly true for diarrhea, which is understudied but consistently shown to be asso-

ciated with increased morbidity among critically ill patients. This is a multicenter, retro-

spective cohort study including critically ill patients greater than 18 years of age, admitted 

to the Intensive Care Unit in Hamilton, Canada, and prescribed EN for greater than 48 

hours. Patients will be divided into IEN and CEN groups based on the nutritional strategy 

they received during their stay. The primary outcome will be the proportion of patients in 

each group with diarrhea during their ICU stay, diarrhea will be defined according to WHO 

criteria. Multivariate logistic regression will be performed to identify the role of covariates in 

the risk of developing diarrhea. Secondary outcomes will include caloric intake, incidence 

of ICU-acquired infections, including Clostridioides difficile, length of stay, and mortality. 

This study protocol has been approved by the Hamilton Integrated Research Ethics Board 

(#16453). The study findings will be disseminated at academic conferences and published 

in peer-reviewed journals.
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Introduction
Over the last thirty years, nutrition in the intensive care unit (ICU) has evolved from sup-
portive therapy to an active treatment that can attenuate the harms of critical illness [1]. Early 
nutrition, delivered enterally, has become the standard of care for most critically ill patients 
and is recommended by the major organizations for clinical nutrition and critical care [1–4]. 
Enteral nutrition (EN) offers many physiological benefits throughout the gastrointestinal 
(GI) tract, including maintenance of intraepithelial junctions, mucosal lymphoid tissues, and 
villous height and lower infection risk by preventing bacterial translocation [5]. Furthermore, 
clinical studies have demonstrated a benefit with a recent meta-analysis by the European  
Society of Intensive Medicine (12 randomized controlled trials (RCTs), 597 patients) demon-
strating a reduction in infectious morbidity when EN was delivered within 48 hours of ICU 
admission [3]. Another meta-analysis, including 6 RCTs and 5025 critically ill patients, 
showed a reduction in mortality with early EN compared to parenteral nutrition (PN) [4]. 
Despite this and guidelines recommending early initiation of EN, malnutrition in ICUs con-
tinues to be a problem with 56–68% of patients in Canadian ICUs being underfed relative to 
their calculated caloric requirements [6].

While guidelines agree on the value of early EN, there is little consensus on how feeds 
should be delivered [1,4]. Broadly, there are two methods for EN delivery: continuous enteral 
feeding (CEN), which consists of low rates of tube feeds over a 24-hour period, and bolus/inter-
mittent enteral feeding (IEN), which consists of higher rates of tube feeds delivered over shorter 
time periods. The American Society of Parenteral and Enteral Nutrition (ASPEN) recommends 
avoidance of IEN in high-risk patients based on 2 small RCTs which showed a trend towards 
higher mortality with IEN (13.9% IEN vs 7.4% CEN; p = 0.18) and increased risk of ventilator 
association pneumonia with IEN (49.3% IEN vs 30.9% CEN, p=0.02) [1,7,8]. However, both 
trials were published more than 15 years ago. The European Society of Parenteral and Enteral 
Nutrition (ESPEN) recommends avoidance of IEN in general, citing trends towards worsening 
diarrhea in 5 small prospective studies [4]. In contrast, 2 meta-analyses, one including 5 RCTs 
(392 patients) and the other including 9 RCTs (690 patients) have shown no important differ-
ence in diarrhea, vomiting, nausea or mortality in patients fed via IEN vs CEN [9,10].

Just as the mode of EN delivery is understudied, so too are the effects of critical illness on 
the GI tract. Feeding intolerance, diarrhea, vomiting, and ileus are common and associated 
with increased mortality [11]. While challenging to define, a recent multi-center cohort study 
found the incidence of diarrhea was as high as 38% with various definitions [12]. Diarrhea has 
been consistently shown to increase length of stay and contribute to morbidity in ICU patients 
[11–12,14]. While EN in general has been associated with higher rates of diarrhea [13], the 
effect of EN strategy (IEN vs CEN) on diarrhea is still unclear. Two recent RCTs including 
120 and 112 mechanically ventilated patients respectively found no significant difference in 
diarrhea, constipation or vomiting [15,16].

Taken together, EN has become the standard of care for most critically ill patients, but little 
is known about optimal EN strategy or its effect on diarrhea. This is a pragmatic retrospective 
cohort study that will compare patients receiving IEN and CEN by determining the differ-
ences in diarrhea incidence and nutritional exposures, such as the type and volume of EN that 
patients receive.

Our cohort will also capture patients receiving non-invasive positive pressure ventilation 
(NIPPV). NIPPV has become the standard of care for several indications and is integral for 
managing acute exacerbations of cardiopulmonary diseases [17]. There is a growing popula-
tion of critically ill patients who remain on NIPPV for extended periods and whose optimum 
feeding strategy is unclear. As such, we will also describe the current nutritional strategies 
used for patients on NIPPV.
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Methods

Design
We will conduct a retrospective multicentre cohort study, that evaluates the outcomes of 
patients with a prescription for enteral nutrition or are receiving NIPPV for >48 hours admit-
ted to three academic ICUs in Hamilton, Ontario.

Participants
We will include all patients 18 years of age or older admitted to the ICU for at least 24 hours 
who have a prescription for EN or are receiving NIPPV for greater than 48 hours. Patients 
who received majority NIPPV for 48 hours at any one time will also be included even if they 
were not prescribed EN. EPIC Hyperspace is now the Electronic Medical Record (EMR) used 
in hospitals in Hamilton. We will include patients admitted to the ICU since EPIC went live 
at each site. For St. Joseph’s Hospital Hamilton (SJHH) this is between January 1, 2018, and 
December 31, 2023. For the two sites at Hamilton Health Sciences (HHS), this is between June 
4, 2022, and December 31, 2023. Exclusion criteria includes patients receiving only nocturnal 
NIPPV, patients who have had gastrointestinal surgery in the month preceding ICU admis-
sion, and patients who have confirmed or suspected luminal obstruction on admission. For 
the purposes of this study NIPPV will exclude high flow nasal canula (HFNC).

Data collection
Data will be collected using the search function of EPIC Hyperspace and assistance from 
HHS and SJHH Information Technology (IT) services teams. The MRN numbers of patients 
meeting the inclusion criteria will be identified. The data will be exported directly to excel. 
Any missing data from IT reports will be entered via manual chart review. For each recruited 
patient, the following baseline characteristics will be recorded to determine factors associated 
with intolerance of IEN or CEN and with the development of ICU-acquired diarrhea. The 
baseline characteristics will include demographic data, anthropometric data, clinical data on 
Day 1 of ICU stay (surgical, medical vs trauma admission, diagnostic category, admitting 
diagnosis, ventilation status, inotrope/ vasopressor use, renal replacement therapy), admitting 
hospital, medical comorbidities (prior GI disease, previous luminal surgeries), nutritional 
assessment (caloric goals on admission will be determined using weight and registered dieti-
cian assessment), antibiotic prescription on admission and serum albumin on ICU admission. 
Table 1 outlines the primary and secondary outcomes as well as the data that will be recorded 
each day of the ICU admission up until the 30th day or ICU discharge. This includes mode of 
nutrition (IEN, CEN, oral, or PN), daily caloric intake, mode of ventilation (Invasive, NIPPV), 
presence of diarrhea, bacteremia greater than 48 hours after admission (gram-positive bacilli 
and coagulase-negative staph will be reviewed and omitted if team feels it is more likely con-
taminant), incidence of aspiration pneumonia/pneumonitis, Clostridioides difficile infection 
(CDI), presence of vomiting, ileus or abdominal distention, vasopressor/inotrope dose, aver-
age daily insulin dose and blood glucose, survival status in ICU, ICU length of stay. Survival to 
hospital discharge and hospital length of stay will be collected for the entire hospital stay.

Outcomes
The primary outcome is the incidence of diarrhea defined according to the WHO defini-
tion (greater than 3 liquid bowel movements in 24 hours) any time during the index ICU 
admission (Table 1). This will be identified from nursing flowsheets in EPIC. The secondary 
outcomes include mortality (ICU and hospital), length of stay (ICU and hospital), incidence 
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of confirmed or suspected hospital-acquired blood stream infections or central line associated 
blood stream infections, incidence of aspiration pneumonia/pneumonitis (identified prag-
matically as documented by the ICU team), CDI, percentage of caloric requirements received 
by enteral nutrition (daily caloric requirements defined as 25 kcal/kg/day1 and by registered 
dietician assessment), incidence of vomiting, ileus and abdominal distention, and glycemic 
control (using average daily insulin dose and average daily glucose as a surrogate) (Table 1).

Sample size
As this is a retrospective study, our sample is dependent on the number of patients who are 
eligible and classified in each of the IEN and CEN groups. On initial review of the EMR at 
each site, we expect that approximately 500 patients at HHS and SJHH meet the inclusion 

Table 1.  Statistical Plan.

Research Objectives Outcome Covariates/Subgroups Analytical Approach
To determine the incidence of diarrhea 
amongst patients on IEN and CEN

WHO-defined diarrhea N/A Descriptive statistics (proportion of 
patients with diarrhea) and correspond-
ing 95% CI

To determine risk factors associated 
with diarrhea during ICU admission

Dependent Variable
WHO-defined diarrhea

Age, sex, type of nutrition (IEN/
CEN), antibiotics, GI comorbidities, 
vasopressor/inotropes, daily caloric 
intake, NIPPV, surgical/trauma/med-
ical admission

Logistic Regression

Secondary Outcomes
Research Objectives Outcome Covariates/Subgroups Analytical Approach
To determine whether IEN or CEN is 
better for reaching caloric require-
ments during ICU stay

Dependent Variables:
Average caloric intake (percent goal 
determined by RD or 25 kcal/kg) at 
48 hours and 7 days after initiation of 
CEN/IEN
Proportion of patients on PN at 48 
hours and 7 days after initiation of 
CEN/IEN

NIPPV, Age, sex, antibiotics, GI 
comorbidities, type of nutrition (IEN/
CEN) vasopressor/inotropes, daily 
caloric intake, surgical/trauma/medi-
cal admission

Descriptive statistics (average caloric 
intake) and corresponding 95% CI
Descriptive statistics (proportion of 
patients on PN) and corresponding 95% 
CI
Logistic regression

To determine whether IEN or CEN 
is associated with ICU-acquired 
bloodstream infection or Clostridium 
difficile infection

Incidence of positive blood cultures 
drawn at least 48 hours after admis-
sion, excluding coagulase-negative 
staphylococcus unless suspected by 
ICU team to not be contaminant.

NA The incidence of bloodstream infections 
will
be computed as the number
of new cases during ICU stay
divided by the person-time at
risk.
Descriptive statistics (proportion of 
patients with ICU-acquired bloodstream 
infection or C. difficile infection) and 
corresponding 95% CI

To determine whether IEN or CEN is 
associated with differences in mortal-
ity or length of stay (ICU or hospital)

Dependent Variables
Mortality (ICU and hospital)
Length of stay (ICU and hospital)

Age, sex, type of nutrition (IEN/
CEN), antibiotics, GI comorbidities, 
vasopressor/inotropes, daily caloric 
intake, NIPPV, surgical/trauma/med-
ical admission

Descriptive statistics (mortality and 
length of stay) and corresponding 95% 
CI
Logistic regression

To determine whether IEN or CEN is 
associated with differences in aspira-
tion pneumonia/pneumonitis

Incidence of aspiration pneumonia/
pneumonitis, determined pragmati-
cally by ICU team

NA The incidence of aspiration pneumonia/ 
pneumonitis will
be computed as the number
of new cases during ICU stay
divided by the person-time at
risk.
Descriptive statistics (proportion of 
patients with aspiration pneumonitis/ 
pneumonia) and corresponding 95% CI

https://doi.org/10.1371/journal.pone.0322122.t001

https://doi.org/10.1371/journal.pone.0322122.t001
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criteria. We suspect that the number of patients receiving IEN will be less than that of those 
receiving CEN.

A recent meta-analysis of observational studies including 717 patients across 11 studies 
found that 25.1% of patients on IEN developed diarrhea while only 17.5% on CEN had diar-
rhea [18] Using a two-tailed z-test approximation of independent proportions with a power 
0.8 and alpha of 0.05, we estimate that each group would require 455 patients [19]. Given this 
calculation we suspect that the study will be adequately powered for the primary outcome of 
interest.

Pilot testing
We will begin with an iterative process of 40 randomly selected patients, 20 from each site. 
This will allow us to review and refine the reports generated by the IT service teams. Each of 
the 40 charts will be adjudicated by two reviewers to determine the accuracy of IT reports. We 
will adjudicate on the primary and secondary outcomes, and key clinical data including mode 
of nutrition, timing of nutrition, and mode of ventilation. This will operationalize the suitable 
patient identification for this study, identify any challenges needing to be addressed before 
embarking on the study in the operations or case report forms and it will help to enhance the 
validity of our data. Once optimized we will only manually review charts for missing/unclear 
data.

Data adjudication
To assure the accuracy of our data, a second round of adjudication after the pilot exercise and 
after data collection will be performed. A total of 50 patients will be randomly selected from 
SJHH and HHS (25 from each site). Each of the charts will be adjudicated by two adjudicators. 
Adjudication will again be performed as explained above for pilot testing. This data will be 
compared to that generated from reports to ensure agreement.

Data analysis
The data analysis will include both inferential and descriptive statistics. For patient char-
acteristics the patient data from the medical record will be summarized descriptively with 
categorical variables expressed as percentages. The percentages and quantitative variables will 
be expressed as means with standard deviation or medians with inter quartile range when 
appropriate. Comparisons between groups will be made via Chi-square test.

Table 1 includes the primary and secondary outcomes statistical plan. For the primary 
outcomes patients will be divided into two groups based on exposure to IEN. Patients receiv-
ing IEN (as specified in EPIC orderset) for 2 complete days and most of the study days will 
be placed in the IEN group will remain in the CEN group. The proportion of patients in each 
group with ICU acquired diarrhea with associated 95% Confidence Interval (CI), will be 
reported as a primary outcome. Univariate and multivariate logistic regression will be used to 
evaluate the role of covariates on the risk of developing diarrhea during the ICU admission 
(Table 1). Results will be reported as odds ratio (OR) with 95% CI.

For the secondary outcomes patients also be divided into those who have received NIPPV 
and those who have not. For the purposes of this study, NIPPV will exclude HFNC but will 
include bilevel positive airway pressure (BiPAP) and continuous positive airway pressure 
(CPAP) delivered via any interface. To evaluate the relationship between IEN, CEN and 
NIPPV on caloric goals, each patient’s caloric intake at 48 hours and 7 days will be divided by 
their 24 hour caloric target (as determined by RD assessment and by the algorithm 25 kcal/kg) 
(Table 1). The average of these percentages with associated 95% CI will be calculated in each 
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group. The proportion of patients in each group receiving supplement parenteral nutrition at 
these time points will also be determined to help evaluate the effectiveness of each EN strategy 
(Table 1). Logistic regression will also be applied to evaluate the role of covariates; specifically 
baseline characteristics and the effect they may have on patients reaching their caloric targets 
(Table 1). In terms of other secondary outcomes, the incidence of hospital acquired infections, 
ICU and hospital mortality will be determined per person-time at risk in each group (IEN 
vs CEN) with associated 95% CI. Significant differences between groups will again be deter-
mined by two sample t-test. Multivariate logistic regression will evaluate associations between 
baseline characteristics and the type of EN chosen.

Feasibility
Given the broad inclusion criteria, we expect to have many eligible patients for this study. The 
feasibility of this study relies on the ability to generate reports from the EMR to avoid man-
ual chart review when possible. We have involved IT teams from each of the sites and have 
confirmed that most of the data we seek can be exported directly from EPIC hyperspace to 
Microsoft Excel. Specifically, they have confirmed that data recorded in the EPIC flowsheets, 
including ventilatory support (including NIPPV), bowel movements, and vasopressor dose 
can be transported directly to excel. Other data, including EN prescription (including IEN vs 
CEN), PN prescription, microbiology, glucose, and insulin dosing, are readily accessible. This 
data can be sorted directly into Excel documents without the need for manual chart review. 
This leaves only some admission data and incidence of aspiration pneumonia that will require 
manual chart review. This will not be required for all our primary and most of our secondary 
outcomes.

Timeline
Access to patient charts was gained on Dec. 21, 2024. Screening records is underway, and we 
expect this to be completed by April 30, 2025. Data extraction should be completed by July 
2025. We expect data analysis to be completed by Dec. 2025.

Ethical and dissemination
This study has been approved by the Hamilton Integrated Research Ethics Board (#16453). 
Our request for waiving informed consent, given the retrospective nature of our study, has 
been approved. Access to patient records has been approved by both HHS and SJHH. Identi-
fying information (patient ID number, age, and date of admission) has been provided by the 
hospitals, as manual review may be required for data clarification. Once collected patient data 
will be anonymized. No patient will be exposed to any inconvenience as all data will be retro-
spective. Only members of the study team will have access to patient records with an identifi-
cation number being assigned to each patient to anonymize data.

The study findings will be disseminated at academic conferences and published in peer- 
reviewed journals.

Discussion
EN has become the standard of care for nutritional support in most critically ill patients. 
Despite this, nutrition and the consequences of delivering it are discussed by multidisciplinary 
teams and often family members daily in the ICU. Abdominal pain, distention, vomiting, 
and diarrhea are frequent [11], and there is little to no high-quality evidence outlining which 
EN strategies best mitigate these risks. Institutional practices and practitioners’ comfort with 
specific strategies often dictate the EN method.
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Diarrhea is a frequent problem amongst critically ill patients that is also understudied. 
It has been shown in a recent multicentre prospective study to affect greater than 38% of 
critically ill patients [12]. Moreover, diarrhea is particularly distressing to patients and their 
families and has been shown in several studies to be associated with increased length of stay. 
Selecting an EN strategy that would be less likely to result in diarrhea would be valuable to 
clinicians and patients alike.

Physiological studies have suggested the potential benefits of IEN over CEN [20]. This 
is despite CEN being more common than IEN in most critical care units [20]. In healthy 
volunteers, IEN causes more rapid gastric emptying, increased superior mesenteric arterial 
flow, and physiologic insulin peaks compared to CEN [20]. While caution should be used 
when generalizing these findings to critically ill patients, a small RCT of 120 patients did find 
that mechanically ventilated patients on IEN were more likely to meet caloric targets. Further-
more, interrupted feeds for procedures and loss of enteral access are more likely to affect the 
daily caloric intake amongst patients on CEN. With malnutrition still being a large problem 
in Canadian ICU, IEN may be a potential solution and led us to evaluate the effects of EN 
strategy on the daily caloric intake and PN [21]

One group of ICU patients in whom the question of IEN vs. CEN is crucial is patients 
receiving NIPPV. NIPPV can reduce the need for invasive ventilation in patients with hyper-
capnic respiratory failure and cardiogenic pulmonary edema [17] However, delivering 
optimum nutritional support is challenging in patients receiving NIPPV. Fears regarding EN 
initiation in those receiving NIPPV may be related to the reported risk of airway complica-
tions [22]. In a retrospective cohort study of 107 patients, those receiving EN while on NIPPV 
had higher rates of mucus plugging (50% vs 30%; p=0.035) and aspiration pneumonia (17% 
vs 4%; p=0.04) compared to those not receiving EN [22]. Delivery of EN may also limit the 
effectiveness of NIPPV by causing gastric dilatation or air leaks associated with concurrent 
use of a feeding tube and NIPPV device [23]. Understanding trends in the nutritional care of 
patients on NIPPV is crucial and led us to include patients on prolonged courses of NIPPV 
irrespective of their receipt of EN.

Strengths and limitations
This is a pragmatic study with broad inclusion criteria that should be generalizable to most criti-
cally ill patients. It uses the newly implemented EMR at all institutions in Hamilton to generate a 
large amount of patient data without manual review. It examines two understudied areas of criti-
cal care medicine, the effects of EN strategy on diarrhea and the effect of NIPPV on nutrition.

The main weakness in our study is the retrospective strategy. It may be challenging to 
understand whether differences in diarrhea and daily caloric intake are due to covariates and 
the severity of illness or the EN strategy chosen. Furthermore, our study centres are all located 
in Hamilton, Canada; meaning that our findings may be less generalizable to other centres 
with different practice patterns.

The ENND-GOALs study will generate relevant, pragmatic data regarding EN strategy and 
diarrhea in the critically ill. Moreover, it will support the findings and inform posthoc analysis 
from the upcoming INVENTS-ICU RCT, which will also evaluate the differences between IEN 
and CEN.

Author contributions
Conceptualization: Taiya Lakhanpal, Tina Millen, Francois Lamontagne, Joanna C Dionne.
Methodology: Justin Bruni Senecal, Taiya Lakhanpal, Lawrence Mbuagbaw, Tatianna 

Giannidis, Parsa T Khazaneh, Bram Rochwerg, Simon JW Oczkowski, Deborah J Cook, 



PLOS ONE | https://doi.org/10.1371/journal.pone.0322122  April 22, 2025 8 / 9

PLOS ONE The effect of enteral nutrition on diarrhea and nutritional goals in the critically ill; a protocol.

Jennifer LY Tsang, M Ines Pinto-Sanchez, Sameer Sharif, David Armstrong, Natalia 
Ovtcharenko, Nicole Janisse, Tina Millen, Francois Lamontagne, Joanna C Dionne.

Supervision: Joanna C Dionne.
Writing – original draft: Justin Bruni Senecal, Taiya Lakhanpal, Sameer Sharif, Joanna C 

Dionne.
Writing – review & editing: Justin Bruni Senecal, Taiya Lakhanpal, Lawrence Mbuagbaw, 

Tatianna Giannidis, Parsa T Khazaneh, Bram Rochwerg, Simon JW Oczkowski, Deborah J 
Cook, Jennifer LY Tsang, M Ines Pinto-Sanchez, David Armstrong, Natalia Ovtcharenko, 
Nicole Janisse, Tina Millen, Francois Lamontagne, Joanna C Dionne.

References
	 1.	 McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et al. 

Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically 
Ill Patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and 
Enteral Nutrition (A.S.P.E.N.). JPEN J Parenter Enteral Nutr. 2016;40(2):159–211. https://doi.
org/10.1177/0148607115621863 PMID: 26773077

	 2.	 Dhaliwal R, Cahill N, Lemieux M, Heyland DK. The Canadian critical care nutrition guidelines 
in 2013: an update on current recommendations and implementation strategies. Nutr Clin Pract. 
2014;29(1):29–43. https://doi.org/10.1177/0884533613510948 PMID: 24297678

	 3.	 Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, Casaer MP, Deane AM, et al. Early 
enteral nutrition in critically ill patients: ESICM clinical practice guidelines. Intensive Care Med. 
2017;43(3):380–98. https://doi.org/10.1007/s00134-016-4665-0 PMID: 28168570

	 4.	 Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP, et al. ESPEN guideline on 
clinical nutrition in the intensive care unit. Clin Nutr. 2019;38(1):48–79. https://doi.org/10.1016/j.
clnu.2018.08.037 PMID: 30348463

	 5.	 Jabbar A, Chang W-K, Dryden GW, McClave SA. Gut immunology and the differen-
tial response to feeding and starvation. Nutr Clin Pract. 2003;18(6):461–82. https://doi.
org/10.1177/0115426503018006461 PMID: 16215082

	 6.	 Heyland DK, Dhaliwal R, Lemieux M, Wang M, Day AG. Implementing the PEP uP Protocol in Critical 
Care Units in Canada: Results of a Multicenter, Quality Improvement Study. JPEN J Parenter Enteral 
Nutr. 2015;39(6):698–706. https://doi.org/10.1177/0148607114531787 PMID: 24748597

	 7.	 MacLeod JBA, Lefton J, Houghton D, Roland C, Doherty J, Cohn SM, et al. Prospective randomized 
control trial of intermittent versus continuous gastric feeds for critically ill trauma patients. J Trauma. 
2007;63(1):57–61. https://doi.org/10.1097/01.ta.0000249294.58703.11 PMID: 17622869

	 8.	 Ibrahim EH, Mehringer L, Prentice D, Sherman G, Schaiff R, Fraser V, et al. Early versus late enteral 
feeding of mechanically ventilated patients: results of a clinical trial. JPEN J Parenter Enteral Nutr. 
2002;26(3):174–81. https://doi.org/10.1177/0148607102026003174 PMID: 12005458

	 9.	 Acharya L, Clayton A, Rochwerg B, Oczkowski S, Mbuagbaw L, Tsang J, et al. 326: assessing the 
impact of continuous versus intermittent enteral feeding in critically ill patients. Critical Care Medicine. 
2022;51(1):149–149. https://doi.org/10.1097/01.ccm.0000907036.89482.55

	10.	 Aguilera-Martinez R, Ramis-Ortega E, Carratalá-Munuera. C, Fernández-Medina JM, Saiz-Vinuesa 
MD, Barrado-Narvión MJ. Effectiveness of continuous enteral nutrition versus intermittent enteral 
nutrition in intensive care patients: a systematic review. JBI Database of Systematic Reviews and 
Implementation Reports. 2014;12(1):281–317. https://doi.org/10.11124/jbisrir-2014-1129

	11.	 Reintam A, Parm P, Redlich U, Tooding L-M, Starkopf J, Köhler F, et al. Gastrointestinal failure in 
intensive care: a retrospective clinical study in three different intensive care units in Germany and 
Estonia. BMC Gastroenterol. 2006;6:19. https://doi.org/10.1186/1471-230X-6-19 PMID: 16792799

	12.	 Dionne JC, Mbuagbaw L, Devlin JW, Duprey MS, Cartin-Ceba R, Tsang J, et al. Diarrhea during criti-
cal illness: a multicenter cohort study. Intensive Care Med. 2022;48(5):570–9. https://doi.org/10.1007/
s00134-022-06663-8 PMID: 35411491

	13.	 Thibault R, Graf S, Clerc A, Delieuvin N, Heidegger CP, Pichard C. Diarrhoea in the ICU: Respective 
contribution of feeding and antibiotics. Crit Care. 2013;17:1–8. doi:10.1186/CC12832/TABLES/4

	14.	 Hay T, Bellomo R, Rechnitzer T, See E, Ali Abdelhamid Y, Deane AM. Constipation, diarrhea, and 
prophylactic laxative bowel regimens in the critically ill: A systematic review and meta-analysis. J Crit 
Care. 2019;52:242–50. https://doi.org/10.1016/j.jcrc.2019.01.004 PMID: 30665795

https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
http://www.ncbi.nlm.nih.gov/pubmed/26773077
https://doi.org/10.1177/0884533613510948
http://www.ncbi.nlm.nih.gov/pubmed/24297678
https://doi.org/10.1007/s00134-016-4665-0
http://www.ncbi.nlm.nih.gov/pubmed/28168570
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1016/j.clnu.2018.08.037
http://www.ncbi.nlm.nih.gov/pubmed/30348463
https://doi.org/10.1177/0115426503018006461
https://doi.org/10.1177/0115426503018006461
http://www.ncbi.nlm.nih.gov/pubmed/16215082
https://doi.org/10.1177/0148607114531787
http://www.ncbi.nlm.nih.gov/pubmed/24748597
https://doi.org/10.1097/01.ta.0000249294.58703.11
http://www.ncbi.nlm.nih.gov/pubmed/17622869
https://doi.org/10.1177/0148607102026003174
http://www.ncbi.nlm.nih.gov/pubmed/12005458
https://doi.org/10.1097/01.ccm.0000907036.89482.55
https://doi.org/10.11124/jbisrir-2014-1129
https://doi.org/10.1186/1471-230X-6-19
http://www.ncbi.nlm.nih.gov/pubmed/16792799
https://doi.org/10.1007/s00134-022-06663-8
https://doi.org/10.1007/s00134-022-06663-8
http://www.ncbi.nlm.nih.gov/pubmed/35411491
doi:10.1186/CC12832/TABLES/4
https://doi.org/10.1016/j.jcrc.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30665795


PLOS ONE | https://doi.org/10.1371/journal.pone.0322122  April 22, 2025 9 / 9

PLOS ONE The effect of enteral nutrition on diarrhea and nutritional goals in the critically ill; a protocol.

	15.	 Lee H-Y, Lee J-K, Kim H-J, Ju D-L, Lee S-M, Lee J. Continuous versus Intermittent Enteral 
Tube Feeding for Critically Ill Patients: A Prospective, Randomized Controlled Trial. Nutrients. 
2022;14(3):664. https://doi.org/10.3390/nu14030664 PMID: 35277023

	16.	 Panwar R, Poulter A-L, Nourse M, Rai S, van Haren FMP, Ellem K, et al. A multicenter randomized 
controlled trial comparing three-times-a-day intermittent enteral postural feeding to continuous enteral 
feeding among mechanically ventilated patients in intensive care. Clin Nutr. 2024;43(9):2149–55. 
https://doi.org/10.1016/j.clnu.2024.07.038 PMID: 39137517

	17.	 Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al. Official ERS/ATS clinical practice 
guidelines: noninvasive ventilation for acute respiratory failure. Eur Respir J. 2017;50(2):1602426. 
https://doi.org/10.1183/13993003.02426-2016 PMID: 28860265

	18.	 Qu J, Xu X, Xu C, Ding X, Zhang K, Hu L. The effect of intermittent versus continuous enteral feeding 
for critically ill patients: a meta-analysis of randomized controlled trials. Front Nutr. 2023;10:1214774. 
https://doi.org/10.3389/fnut.2023.1214774 PMID: 37671198

	19.	 Kim H-Y. Statistical notes for clinical researchers: Sample size calculation 2. Comparison of two inde-
pendent proportions. Restor Dent Endod. 2016;41(2):154–6. https://doi.org/10.5395/rde.2016.41.2.154 
PMID: 27200285

	20.	 Chowdhury AH, Murray K, Hoad CL, Costigan C, Marciani L, Macdonald IA, et al. Effects of Bolus 
and Continuous Nasogastric Feeding on Gastric Emptying, Small Bowel Water Content, Superior 
Mesenteric Artery Blood Flow, and Plasma Hormone Concentrations in Healthy Adults: A Random-
ized Crossover Study. Ann Surg. 2016;263(3):450–7. https://doi.org/10.1097/SLA.0000000000001110 
PMID: 25549202

	21.	 McNelly AS, Bear DE, Connolly BA, Arbane G, Allum L, Tarbhai A, et al. Effect of Intermittent or Con-
tinuous Feed on Muscle Wasting in Critical Illness: A Phase 2 Clinical Trial. Chest. 2020;158(1):183–
94. https://doi.org/10.1016/j.chest.2020.03.045 PMID: 32247714

	22.	 Kogo M, Nagata K, Morimoto T, Ito J, Sato Y, Teraoka S, et al. Enteral Nutrition Is a Risk Factor for 
Airway Complications in Subjects Undergoing Noninvasive Ventilation for Acute Respiratory Failure. 
Respiratory Care. 2017;62(4):459–67. https://doi.org/10.4187/respcare.05003

	23.	 Barazzoni R, Bischoff SC, Breda J, Wickramasinghe K, Krznaric Z, Nitzan D, et al. ESPEN expert 
statements and practical guidance for nutritional management of individuals with SARS-CoV-2 infec-
tion. Clin Nutr. 2020;39(6):1631–8. https://doi.org/10.1016/j.clnu.2020.03.022 PMID: 32305181

https://doi.org/10.3390/nu14030664
http://www.ncbi.nlm.nih.gov/pubmed/35277023
https://doi.org/10.1016/j.clnu.2024.07.038
http://www.ncbi.nlm.nih.gov/pubmed/39137517
https://doi.org/10.1183/13993003.02426-2016
http://www.ncbi.nlm.nih.gov/pubmed/28860265
https://doi.org/10.3389/fnut.2023.1214774
http://www.ncbi.nlm.nih.gov/pubmed/37671198
https://doi.org/10.5395/rde.2016.41.2.154
http://www.ncbi.nlm.nih.gov/pubmed/27200285
https://doi.org/10.1097/SLA.0000000000001110
http://www.ncbi.nlm.nih.gov/pubmed/25549202
https://doi.org/10.1016/j.chest.2020.03.045
http://www.ncbi.nlm.nih.gov/pubmed/32247714
https://doi.org/10.4187/respcare.05003
https://doi.org/10.1016/j.clnu.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32305181

