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AbstrACt
Introduction Diarrhoea is a frequent concern in the 
intensive care unit (ICU) and is associated with prolonged 
mechanical ventilation, increased length of ICU stay, skin 
breakdown and renal dysfunction. However, its prevalence, 
aetiology and prognosis in the critically ill have been 
poorly studied. The primary objectives of this study are to 
determine the incidence, risk factors and consequences of 
diarrhoea in critically ill adults. The secondary objectives 
are to estimate the incidence of Clostridium difficile-
associated diarrhoea (CDAD) in ICU patients and to validate 
the Bristol Stool Chart and Bliss Stool Classification System 
characterising bowel movements in the ICU. Our primary 
outcome is the incidence of diarrhoea . Our secondary 
outcomes include: CDAD, ICU and hospital mortality and 
ICU and hospital length of stay.
Methods and analysis This international prospective 
cohort study will enrol patients over 10 weeks in 12 
ICUs in Canada, the USA, Poland and Saudi Arabia. We 
will include all patients 18 years of age and older who 
are admitted to the ICU for at least 24 hours and follow 
them daily until ICU discharge. Our primary outcome is 
the incidence of diarrhoea based on the WHO definition, 
during the ICU stay. Our secondary outcomes include: 
CDAD, ICU and hospital mortality and ICU and hospital 
length of stay. We will use logistic regression to identify 
factors associated with diarrhoea (as defined using WHO 
criteria) and the kappa statistic to measure agreement on 
diarrhoea rates between the WHO definition and the Bristol 
Stool Chart and Bliss Stool Classification System.
Ethics and dissemination The protocol has been 
approved by the research ethics board of all participating 
centres. The diarrhoea interventions, consequences and 
epidemiology in the intensive care unit (DICE-ICU) study 
will generate evidence about diarrhoea and its frequency, 
predisposing factors and consequences, to inform critical 
care practice and future research.
Lay summary Diarrhoea is a frequent clinical problem 
for hospitalised patients including those who are critically 
ill in the ICU. Diarrhoea can cause complications such as 
skin damage, dehydration and kidney problems. It is not 

clear how common diarrhoea is in the ICU, the factors 
that cause it or the best way for clinicians to assess 
it. The DICE-ICU study is an international prospective 
observational study to examine the frequency, risk factors 
and outcomes of diarrhoea during critical illness.

IntroduCtIon
The reported incidence of diarrhoea among 
critically ill patients ranges from 2% to 95%.1 2 
This wide range is due to the lack of a univer-
sally accepted definition in the intensive care 
unit (ICU). It is often difficult to differentiate 
true diarrhoea (the passage of more than 
three liquid bowel movements per 24 hours) 
from a change in stool frequency or stool 
consistency (eg, looser stools). There is also 
wide variation in what is considered 'a normal 
bowel habit',3 ranging from two to three 
bowel movements per day to three bowel 
movements per week. Such 'normal variation' 
makes it challenging to define diarrhoea and 

strengths and limitations of this study

 ► Large prospective, international, multicentre, cohort 
study of a mixed population of critically ill adults.

 ► Comprehensive evaluation of diarrhoea incidence 
and its potential risk factors throughout the inten-
sive care unit stay.

 ► Bedside nurse characterisation of all bowel move-
ments with the WHO definition, Bristol Stool Chart 
and Bliss  Stool Classification System to validate 
these scoring tools in critically ill adults.

 ► Possible missing data to characterise some bowel 
movements.

 ► Possible reporting bias or observer bias influencing 
some data collection.
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to identify what may be 'abnormal' in the ICU setting. 
The concept of what constitutes a normal bowel pattern 
in the ICU has not been well studied. The ideal definition 
of diarrhoea in the ICU remains unclear.

The WHO defines diarrhoea as the passage of three 
or more liquid stools per day.4 While simple, and easily 
applied at the bedside, clinicians rarely refer to this defi-
nition in ICU practice. A criticism of the WHO defini-
tion is that quantification of stool is not necessarily an 
accurate indicator of colonic transit time. The most 
recognised stool evaluation instrument in hospitals is the 
Bristol Stool,5 comprising seven categories with a graph-
ical depictions and text descriptions for each category. 
A Bristol Score of 6 or 7 is classified as diarrhoea.6 The 
Bristol Stool Chart is a better predictor of whole-intes-
tinal transit time than stool frequency.5 The Bristol Stool 
Chart has subsequently been used to define diarrhoea 
by the European Society for Clinical Microbiology and 
Infectious Disease, and has used the Bristol Stool Chart to 
define diarrhoea for Clostridium difficile infection.7

The Bliss Stool Classification System is an alternative 
system initially developed to assess stool consistency 
in patients with faecal incontinence. The tool has four 
categories with depictions and descriptions and can be 
applied at the bedside, but with fewer categories; it has 
a good reliability when used by healthcare professionals, 
nursing students and volunteers.8 Further reliability and 
validity testing has been performed,8 9 though this instru-
ment has not been as widely used in research. There are 
no studies that validate the Bristol Stool Chart or the Bliss 
Stool Classification System in the ICU setting for either 
clinical or research purposes.

Antibiotics, antifungal therapy, prokinetics and enteral 
nutrition may predispose to diarrhoea in the critically 
ill2; however, the risk of diarrhoea associated with these 
factors is unclear and poorly quantified due to the 
retrospective designs and small sample sizes of previous 
studies. Without strong evidence informing ICU clini-
cians of the possible aetiologies of diarrhoea, enteral 
nutrition is often considered the culprit, and feeds are 
discontinued.10 11 While the enteral route is the preferred 
method of nutrition delivery in the ICU,12 if diarrhoea 
is misattributed to enteral nutrition, unnecessary feeding 
interruption may exacerbate caloric and protein deficits.

Studies on the epidemiology of diarrhoea in critically ill 
patients are limited. These studies have explored issues of 
gastrointestinal failure (eg, feeding intolerance, gastroin-
testinal haemorrhage and ileus),13 diarrhoea in enterally 
fed critically ill patients10 or risk factors of diarrhoea.14 15 
Research designs to date have included database registry 
studies,15 case-control studies14 and retrospective audits. 
Interest in diarrhoea has become particularly relevant as 
enteral nutrition, often considered the cause of diarrhoea 
in the ICU, is used earlier and more often than in the past. 
Furthermore, there is growing concern about Clostridium 
difficile-associated diarrhoea (CDAD) in this setting.

We are conducting a prospective multicentre study 
with the following objectives: to determine the incidence 

and frequency of diarrhoea, risk factors for diarrhoea 
and consequences (ICU and hospital mortality, ICU 
and hospital length of stay) of diarrhoea in critically ill 
adults and validate different stool classification systems. 
The primary outcomes are to determine the frequency 
and the incidence of diarrhoea, defined using the WHO 
criteria and risk factors for diarrhoea in this patient popu-
lation. The secondary outcomes are to estimate the inci-
dence of CDAD in ICU patients, validate the Bristol Stool 
Chart and Bliss Stool Classification System for character-
ising bowel movements, ICU and hospital mortality and 
ICU and hospital length of stay.

MEthods And AnALysIs
design
The diarrhoea interventions, consequences and epide-
miology in the intensive care unit (DICE-ICU) study is 
a 10  week prospective cohort study of consecutively 
admitted critically ill patients, and will be conducted at 12 
academic and community medical and surgical ICUs in; 
Canada, the USA, Poland and Saudi Arabia.

Participants
We will include all consecutive patients 18 years of age or 
older admitted to the ICU for at least 24 hours, regard-
less of their mechanical ventilation status. There are no 
exclusion criteria except patients admitted to the ICU 
for <24 hours. At centres with multiple ICUs, we will enrol 
patients in medical, surgical and mixed ICUs rather than 
specialised ICUs (eg, cardiovascular surgery units). In 
each participating ICU, we will document several centre-
level variables including the number of ICU and hospital 
beds, population case-mix, unit design, university affilia-
tion and use of a ‘bowel protocol’ (an established order 
set of prescribed laxatives and/or motility agents with 
parameters that describe when to use these medications 
for patients who have not had a bowel movement).16

Patient and public involvement
Our protocol did not have a patient or patient family 
member engagement in its development of the research 
question, ascertainment of outcomes or methodology. 
Our population of interest is critically ill patients who are 
either mechanically ventilated, comatose or have altered 
level of consciousness due to their underlying critical 
illness or associated sedation. Such patient characteristics 
which typically persist for the majority of their ICU admis-
sion preclude meaningful real-time patient engagement 
as the study progresses. However, our ethics review board 
includes patient representatives who provided input to 
the design of the protocol and its implementation. Also, 
we will disseminate the results of the study to patients, 
families and citizens through multimedia methods 
including pamphlets, social media and research boards 
in the ICU setting.

Enrolment
Daily, research coordinators will screen all newly admitted 
patients to each participating ICU who will also document 
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the prior location (eg, emergency department, operating 
room, medical or surgical ward), hospital and ICU admis-
sion dates. The research coordinators will collect baseline 
patient characteristics including age, sex and chronic 
comorbidities (pre-hospital), and Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score and 
admitting diagnosis (at ICU admission). Conditions asso-
ciated with an increased risk for diarrhoea (eg, gastro-
intestinal bleeding, history of short bowel syndrome, 
inflammatory bowel disease, history of Clostridium difficile 
infection and the presence of ileostomy or colostomy) 
or a decreased risk of diarrhoea (eg, opiates) (pre-ICU 
period) will also be documented.

outcomes
We will perform prospective daily data collection until 
death in the ICU or ICU discharge. Daily, the bedside 
nurse will use the case report form refined during the 
DICE pilot study17 to track all stools. The number and 
character of each stool will be documented daily using 
the WHO definition and the Bristol Stool Chart and 
Bliss Stool Classification System. We will use these data 
to ascertain our primary outcome of the incidence and 
frequency of diarrhoea in the study population over a 
10 week period in participating ICUs.

Research coordinators will collect data daily, completing 
a standardised, previously piloted and refined case report 
form (CRF).17 The CRF (online supplementary appendix 
1) includes data on: life support utilisation (mechanical 
ventilation, vasopressor usage, renal replacement therapy), 
laboratory values, physiotherapy and clinical outcomes. 
Research coordinators will also document whether nutri-
tion was administered, nutrition formulation, administra-
tive route (enteral or parenteral), infusion rate and any 
feeding interruption that may be risk factors for diarrhoea 
(primary outcome). We will document nutritional targets 
as determined by the ICU dietitians and whether target 
rates are met. Research coordinators or bedside pharma-
cists will also track relevant medications (eg, antibiotics, 
acid suppressants, antifungal agents, prokinetics, opioids, 
laxatives and hyperosmolar medications) that may be risk 
factors for diarrhoea (primary outcome). Research coor-
dinators will document the consequences of diarrhoea 
such as electrolyte abnormalities, use of anti-diarrhoeal 
agents, use of faecal management devices and diagnostic 
test ordering (eg, for C. difficile, malabsorption, etc). 
Research coordinators will collect detailed data on all 
patients developing CDAD (secondary outcome). We will 
also document the length of ICU (secondary outcome) 
and hospital stay (secondary outcome) and mortality 
(ICU and hospital) on all patients enrolled in the study 
(secondary outcomes).

data management
The research coordinator at each site will enter the data 
locally into a web-based system (iDatafax, V.4.3.0, 2013).18 
A data manager at the McMaster University DICE-ICU 
Methods Centre will validate all data, ensuring that 

ambiguous, out of range or missing data are identified 
and addressed in a timely manner. We will make every 
attempt to resolve missing data by querying participating 
centres. If data remain missing, we will address this with 
the multiple imputation methods, based on the type and 
distribution of missing data.

training of sites
Research coordinators at each site will be oriented by the 
principal investigator to the data collection forms though 
site initiation visits in-person or by webinar, and standard 
operating procedures. At each site, bedside nurses will be 
oriented to the stool classification systems and trained by 
the research coordinator on how to record the patient’s 
bowel movements on the case report forms at scheduled 
sessions and at the bedside. Throughout the study, the 
methods centre data manager will also give suggestions 
and feedback to the site research coordinators on data 
collection to ensure protocol fidelity and uniformity 
across sites.

Central adjudication
In duplicate, two independent adjudicators will review all 
possible cases of CDAD. Patients who have a possible C. 
difficile infection will be adjudicated using the Infectious 
Disease Society of America criteria.19 For all possible cases, 
the following will also be adjudicated: stool frequency, 
complications (eg, colectomy), treatments (antibiotics, 
surgery) and overall severity according to guidelines of 
the European Society of Clinical Microbiology and Infec-
tious Diseases,20 Infectious Disease Society of America19 
and American College of Gastroenterology.21

sample size
Our sample size estimation is based on two approaches. 
The first is the standard rule of thumb approach which is 
based on the independent factors under examination (in 
our four-centre DICE pilot study, there were eight inde-
pendent risk factors for diarrhoea) and the number of 
events required for each degree of freedom (df) which 
requires 20 events per factor. Using this approach, with 
eight independent risk factors and seven df, we would 
require 140 patients with diarrhoea to examine these 
factors in a multivariate analysis.22 Our second approach 
derives the sample size based on our DICE pilot study 
with the primary objective of determining independent 
factors associated with diarrhoea during critical illness. 
We have used the results of our DICE pilot study in which 
antibiotic exposure (main independent variable) was 
associated with diarrhoea (adjusted OR 2.15, 95% CI 1.04 
to 4.4) in the logistic regression to justify the sample size. 
Our sample size is computed for the research question 
that would require the largest sample size (which is the 
diarrhoea risk factor analysis), inherently providing suffi-
cient power to address the other objectives. In the DICE 
pilot study, we included the following variables: age, sex, 
APACHE II score and use of relevant drugs (eg, motility 
modifiers, stool softeners). Among the 268 patients (80% 
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of total population) exposed to antimicrobials, 182 (67%) 
had diarrhoea. Among the 67 patients not exposed to 
antimicrobials, only 19 (28%) had diarrhoea (crude OR 
of 5.34, 95% CI 2.96 to 9.64). We have computed sample 
sizes for a range of plausible effect sizes (based on CIs 
from the DICE pilot study). Approximately 1000 patients 
are required to detect an OR as small as 1.6 at level of 
significance α=0.05 and power (1-β)=0.8, if 80% of the 
total population is exposed to antimicrobials (computa-
tions by G Power V.3.1.9.2).23 Given the consideration of 
both approaches, this study will be adequately powered 
to answer our primary research questions and adequately 
explore risk factors for diarrhoea. Given the observa-
tional design, the ultimate sample size will be determined 
by the number of patients admitted to the ICU in partic-
ipating centres during the study period; we will target at 
least 1000 critically ill adults.

data analysis
Analysis will include descriptive and inferential statistics. 
We present our detailed statistical plan for evaluation 
of the primary and secondary outcomes in table 1. We 
will report baseline characteristics, that will be described 

using counts (percentage) for categorical variables and 
mean (SD) or median (IQR) for continuous variables 
as appropriate. Our primary outcome will be defined by 
WHO criteria of >3 liquid bowel movements/day, and 
additional definitions of diarrhoea including a Bristol 
Stool Chart score of 6 or 7, and Bliss Stool Classification 
System score of 4 will also be reported. The incidence of 
diarrhoea will be computed as the number of new cases 
during ICU stay divided by the person-time at risk. We 
will also report the frequency of diarrhoea defined as the 
proportion (the number of patients who have developed 
diarrhoea/the number of patients within the DICE-ICU 
cohort) of patients with new ICU-acquired diarrhoea and 
will be computed for all three definitions.

The role of covariates (eg, age, sex, APACHE II score, 
drugs, prior gastrointestinal disease) in the occurrence 
of diarrhoea will be analysed with a logistic regression 
model that we developed during the DICE pilot study.17 
The consequences of diarrhoea (time to ICU and time to 
hospital discharge) will be described and assessed using 
Cox regression; the influence of diarrhoea on mortality 
will be assessed using logistic regression techniques. In 

Table 1 Statistical analysis plan

Research objectives Outcome Covariates Analytical approach

To determine incidence of 
diarrhoea and consistency 
of bowel movements during 
critical illness
To determine the frequency 
of diarrhoea defined as the 
proportion of patients with new 
ICU-acquired diarrhoea

Primary outcome NA The incidence of diarrhoea 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 
diarrhoea) and corresponding 
95% CI

WHO-defined diarrhoea

Different definitions of 
primary outcome

Bristol Stool Chart-defined 
diarrhoea

Bliss Stool Classification 
System-defined diarrhoea

To determine risk factors 
associated with diarrhoea 
during critical illness

Primary outcome Age, sex, APACHE II score, 
drugs (motility modifiers, 
opiates, stool softeners), prior 
gastrointestinal disease, centre

Logistic regression

Dependent variable

WHO-defined diarrhoea

Secondary outcomes

Research objective Secondary outcome Covariates Analytic approach

To determine the 
consequences of diarrhoea

Dependent variable WHO-defined diarrhoea, age, 
sex, APACHE II
score

Cox regression

Time to ICU discharge

Time to hospital discharge

Mortality Logistic regression

Research objective Secondary outcome Covariates Analytical approach

To determine the incidence of 
Clostridium difficile-associated 
diarrhoea (CDAD) during 
critical illness

IDSA-defined CDAD NA Descriptive statistics 
(proportion of cases with 
diarrhoea during study period)

ESCMID-defined CDAD

ACG-defined CDAD

To determine agreement 
between WHO and
Bristol and Bliss scores

Chance corrected agreement 
(kappa score)

NA Kappa statistic with 95% CI

 APACHE II, Acute Physiology and Chronic Health Evaluation II; ACG, American College of Gastroenterology ; ESCMID, European Society 
of Clinical Microbiology and Infectious Diseases ; ICU, intensive care unit; IDSA, Infectious Disease Society of America ; NA, not applicable; 
CDAD, Clostridium-difficile associated diarrhoea. 
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these models, covariates will be entered as a block. Good-
ness-of-fit will be assessed by examining the residuals for 
model assumptions and using the Hosmer and Lemeshow 
goodness-of-fit test. ORs (or HRs), 95% CIs and p values 
will be reported.

For the validation of the Bristol Stool Chart and Bliss 
Stool Classification System we will use the WHO definition 
of diarrhoea as the reference standard. We will compute 
agreement between the WHO definition of diarrhoea 
and the Bristol Stool Chart first; and then the Bliss Stool 
Classification System diarrhoea, using the kappa statistic.

All analyses will be performed with SPSS software 
(V.22.0, 2013).24

Ethics and dissemination
We have received local research ethics approval for the 
DICE-ICU Study in all participating centres. There are no 
safety concerns for enrolled patients. Information privacy 
will be addressed by de-identified data that is stored in 
password-protected computers in locked research offices 
at each centre. There is a waiver of informed consent for 
this observational, non-interventional study in all centres 
except one that required written informed consent.

The results of this study will be disseminated by 
presenting the findings locally at each participating 
hospital, as well as nationally and internationally at crit-
ical care and gastroenterology conferences. Findings 
will be shared with interested national societies crafting 
guidelines in critical care. We will publish the results in a 
peer-review journal.

dIsCussIon
On daily ICU rounds, diarrhoea is discussed and addressed 
by a multidisciplinary team of clinicians - nurses, physi-
cians, pharmacists and dietitians - and sometimes by 
concerned family members. Better understanding of 
the prevalence, characterisation, risk factors and conse-
quences of diarrhoea will inform patient care for each 
of these professionals. Strategies initiated by each group 
could be implemented to prevent or treat diarrhoea, in 
turn decreasing complications such as skin breakdown, 
electrolyte abnormalities and nutritional deficiencies. 
For example, pharmacists may suggest changing medica-
tions, dietitians may modify feeding solutions, nurses may 
insert faecal management devices, families and bedside 
clinicians may increase the use of protective materials 
and devices when entering the patient’s room. Clinicians 
need to understand whether these interventions provide 
any benefit, cause any harm, and whether their cost is 
justified by the expected consequences associated with 
their use.

The burden of illness of diarrhoea for patients appears 
to vary based on the definition used, highlighting the 
importance of making the definition explicit when citing 
incidence rates. The DICE-ICU study will employ the 
three simplest measurement tools for diarrhoea that are 
candidates for use in the busy ICU setting (the WHO 

definition, Bristol Stool Chart and Bliss Stool Classifica-
tion System). Clinicians perceive a high burden of illness 
and workload associated with diarrhoea in the ICU.25 
Patients with diarrhoea often have extensive work-ups to 
identify the underlying aetiology of diarrhoea. The Euro-
pean Society of Intensive Care Medicine Working Group 
on Abdominal Problems (2012) emphasises that more 
research is required to identify the mechanism of diar-
rhoea in critically ill patients, to identify different pheno-
types of diarrhoea, and thus, potential therapies.26

A mechanism of interest for diarrhoea includes alter-
ation in the gut microbiota during critical illness. A 
study by Iapichino and colleagues27 28 demonstrated 
in 15 critically ill patients who had not been exposed 
to antibiotics or steroids prior to ICU admission had 
a reduction in intestinal anaerobes with an increase in 
Enterococcus isolates. Interestingly, 12 of the 15 patients 
developed diarrhoea and were also found to be negative 
for Clostridium difficile infection (CDI).27 A recent pilot 
prospective cohort study examined changes in faecal 
microbiota in 34 septic and non-septic critically ill 
patients in centres where systematic decontamination 
of the digestive tract is used compared with 15 healthy 
controls.29 The authors found low diversity of species in 
the critically ill patient cohort compared with healthy 
controls including loss of Faecalibacterium, Pseudobutyr-
ivibrio, Ruminococcus, Subdoligranulum.29 There was also 
an increase of >75% of one genus in four of the 34 
patients with Enterococcus, Staphylococcus, Escherichia and 
Shigella in the critically ill patients which was not seen 
in the healthy controls cohort.29 In this cohort there 
was no CDI; however, it is unclear if these patients had 
diarrhoea during admission. These studies highlight 
the importance of future research into the microbiota 
during critical illness and how this may influence a 
patient’s propensity to develop diarrhoea.

While many reasons for diarrhoea exist in the 
ICU, infectious aetiologies are of particular concern. 
Although CDAD is a common concern, only a small 
percentage (11%) of patients with diarrhoea are found 
to have CDAD.30 The prevalence of CDAD in ICU 
patients is approximately 2% across a variety of ICUs, 
based on a recent systematic review of 16 retrospective 
and six prospective studies.30 To date, there are only four 
prospective cohort studies focusing on ICU-acquired 
CDAD describing 92 patients.31–34 Patients with ICU-ac-
quired CDAD appear to have an increased length of 
ICU and hospital stay compared with patients without 
CDAD.35 However, this lack of high quality, observa-
tional data establishing the prevalence of ICU-acquired 
CDAD can lead to over-investigation, over-treatment and 
over-attribution of diarrhoea to this infection, potentially 
delaying the diagnosis of the true aetiology of diarrhoea. 
DICE-ICU will contribute to the growing knowledge of 
the prevalence of ICU-acquired CDAD. Data generated 
on the probability of various other aetiologies of diar-
rhoea in the DICE-ICU study will offer probabilities asso-
ciated with each differential diagnosis, and may help to 
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rationalise common, sometimes unnecessary resource-in-
tensive investigations when seeking the root cause of 
diarrhoea.

A more detailed understanding of diarrhoea in the ICU 
will also help to refine approaches to care for patients 
with this problem. Future research may also illumi-
nate whether diarrhoea decreases physical contact with 
patients (eg, pre-emptive isolation of patients associated 
with less frequent examination by physicians, and shorter 
visits by clinicians and families).

DICE-ICU has several strengths. It is a large prospec-
tive cohort study that encompasses both academical and 
community ICUs around the world. The study popula-
tion will reflect a broad cohort of patients, enhancing 
the generalisability of the results. The sample size and 
enrolment of heterogeneous patients will also allow for 
detailed examination of the incidence, risk factors and 
consequences of diarrhoea, and will provide the first 
prospective study of incident cases of ICU acquired 
CDAD, examining the associated illness severity in this 
setting.

DICE-ICU has some potential limitations. Incomplete 
bedside documentation of bowel movements could intro-
duce missing data; reporting bias may influence other 
data collection. Given the design, observer bias might 
influence some practices recorded as consequences of 
diarrhoea. Although prospective cohort studies allow 
for identification of risk factors, there is the potential to 
identify spurious associations. Infants and children are 
excluded from this investigation.

The DICE-ICU study will generate current, detailed 
multicentre clinical evidence on a common condition 
affecting many critically ill patients and influencing 
different healthcare professionals in the ICU setting. As 
an international investigation, it will also be the largest 
prospective study to examine the frequency of, predis-
posing factors for and consequences of diarrhoea to 
inform critical care practice and future research.
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