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Abstract
Background: Constipation and diarrhea are closely related, but few studies have examined them
simultaneously. The purpose of this study was to describe patient defecation status after ICU admission
and determine the association of constipation and diarrhea in the early stage of ICU admission with
outcomes for critically ill ventilated patients.

Methods: Patients ventilated for ≥48 hours in an ICU were retrospectively investigated and their
defecation status was assessed during the �rst week after admission. The patients were divided into
three groups: normal defecation, constipation, and diarrhea, and multiple comparison tests were
performed. Additionally, multivariable analysis was performed for mortality and length of stay.

Results: Of the 85 critically ill ventilated patients, 47 (55%) experienced constipation, and 12 (14%)
experienced diarrhea during the �rst week of ICU admission. Patients with normal defecation and
diarrhea increased from the fourth and �fth day of ICU admission. Diarrhea was signi�cantly associated
with the length of ICU stay (B=7.534, 95% con�dence interval: 0.116-14.951).

Conclusions: Early-onset constipation and diarrhea were common in critically ill ventilated patients, and
early-onset diarrhea was associated with the length of ICU stay. Thus, prevention of constipation and
diarrhea before the �fth day of ICU admission is essential.

Introduction
In recent years, various guidelines have recommended the early initiation of enteral nutrition (EN) for
critically ill patients who require intensive care (1, 2). However, critically ill patients often develop
gastrointestinal (GI) intolerances such as vomiting, regurgitation, abdominal distension, constipation, and
diarrhea, and thus EN may not always be appropriate or properly implemented (3, 4).

GI motility in critically ill patients can be impaired by many factors, including ischemia, analgesics,
vasoconstrictors, �uid management, and comorbidities such as diabetes (5). Between 34-58% of critically
ill patients experience constipation as a result of GI dysmotility (6). In long-term ventilated patients,
adverse symptoms associated with constipation include not only the typical symptoms such as
abdominal distension, nausea, and vomiting, but also an increased incidence of acquired infections such
as ventilator-associated pneumonia and bloodstream infections (7). A recent meta-analysis reported that
constipation was associated with mechanical ventilation (MV) and intensive care unit (ICU) stay in
critically ill patients (8).

            Laxatives are commonly used in clinical practice to treat constipation in critically ill patients;
however, the above-mentioned meta-analysis further reported that prophylactic laxatives caused
signi�cantly more diarrhea in the intervention group and had no effect on patient mortality (8). Diarrhea is
a common symptom of intestinal in�ammation and antibiotic administration in critically ill patients,
causing dehydration, electrolyte abnormalities, and incontinence-associated dermatitis, increasing the
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burden on caregivers (9). It was also reported that diarrhea was associated with longer ICU and hospital
stays and ICU mortality (10).

            Although constipation and diarrhea are closely related, as described above, many studies focus on
either constipation or diarrhea, and there are few studies that have investigated constipation and diarrhea
simultaneously. Therefore, the purpose of this study was to determine the defecation status during the
�rst week after ICU admission and to clarify the association of constipation and diarrhea in the early
stage of ICU admission with the outcome for critically ill patients.

Methods
Setting and patient selection

This study was conducted at the ICU of the University of Tsukuba Hospital, Japan, which has 800 beds.
Our ICU has surgical and emergency ICUs with 12 beds and admits 700-800 patients annually. There was
no protocol for interventions for constipation or diarrhea, and GI peristalsis medications and enemas
were administered at the discretion of doctors and nurses.

The participants were selected from all patients who were admitted to the ICU over a one-year period from
April 2018 to March 2019. Inclusion criteria were patients aged over 18 years requiring MV ≥48 hours,
and in whom MV was induced between 24 hours before and 48 hours after ICU admission. Exclusion
criteria were as follows: after GI surgery and/or colostomy, with GI diseases, bloody stool, readmission,
withdrawal from aggressive treatment, and total length of ICU stay <6 days. The reason for the 6-day cut
off point was to match the de�nition of constipation as described below.

 

Data collection

            This study design was a retrospective observational cohort study and patient data were collected
from electronic medical records. Age, sex, comorbidities, diseases for ICU admission, Acute Physiology
and Chronic Health Evaluation (APACHE) II scores for illness severity score, body mass index (BMI),
defecation status, �uid intake and output, laboratory data, medication data, EN status, duration of
ventilation, infection data, ICU and hospital outcomes were recorded. Fluid overload was de�ned as a
10% increase in body weight on the second day of admission compared to baseline (the �rst day of
admission or before surgery) (11). When EN had been started within 48 hours of admission, the patient
was considered as being on early EN (12).

Defecation was assessed by nurses using a semi-quantitative tool and was classi�ed as follows: “large
amount of liquid stool,” “moderate amount of loose stool,” “small amount of hard stool” and so on.
Constipation was de�ned as “≥6 days without defecation” from ICU admission (6, 7, 13). In accordance
with previous studies (10) diarrhea was de�ned as “loose or liquid stools ≥3 per day” occurring within the
�rst week of ICU admission. According to the above de�nitions, the participants were divided into three
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groups (normal defecation, constipation, and diarrhea) based on their defecation status during the �rst
week in the ICU. The primary endpoints were the association of constipation and diarrhea with patient
outcomes (the length of stay and mortality).

 

Statistical analysis

Descriptive data were expressed as numbers and percentages, and continuous data were expressed as
median and interquartile range. For categorical variables, the χ-square test or Fisher’s exact test was used
for comparisons between the three groups and for pairwise comparisons. For continuous variables, the
Kruskal-Wallis test was used for comparisons between the three groups, and the Mann-Whitney U test
was used for pairwise comparisons. Bonferroni adjustment was used for each pairwise comparison. The
association of constipation and diarrhea with patient outcomes were examined using linear and logistic
regression analysis. When analyzing constipation, diarrhea was removed to compare constipation with
normal defecation, and when analyzing diarrhea, constipation was removed as well. The results are
reported as partial regression coe�cients (95% con�dence interval [CI]) for mortality and odds ratios (95%
CI) for the length of stay. Adjustments were made for the following additional covariates that were
chosen a priori: APACHE II score, �uid overload (5, 14). Differences with p values of <0.05 indicated
statistical signi�cance. All analyses were conducted with IBM SPSS Statistics 27 (IBM Corp., Armonk,
N.Y., USA).

 

Ethics approval

This study was approved by the Ethical Review Committee of the University of Tsukuba Hospital.
Because this study was retrospective in design and used anonymized patient data, informed consent
from each patient was not required. Instead, an opt-out protocol was implemented and patients were
given the opportunity to refuse consent to participate.

Results
Characteristics of patients

            During the recruitment period, 703 patients were admitted to the ICU, of whom, 148 were eligible.
Of those, 63 patients were excluded and �nally 85 patients were available for analysis (Fig. 1). The
characteristics of the patients are shown in Table 1; 55 (65%) were male, mean age was 67 (56-77) years,
BMI was 22.6 (20.1-26.5) kg/m2, APACHE II score was 27 (22-30), and 38 (45%) had cardiovascular
disease.
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Enteral nutrition and the defecation status after ICU admission

            Figure 2 shows the percentage of EN and the progress of defecation during the �rst week after
admission. EN was started in 41% of the patients on the second day of admission, rising to 86% by the
�fth day. The percentage of patients with normal defecation increased on the fourth day, and the
percentage of patients with diarrhea increased on the �fth day. Normal defecation occurred on day 3 (2-5)
in the normal defecation group, and diarrhea occurred on day 6 (2-6) in the diarrhea group.

 

Comparison of normal defecation, constipation, and diarrhea

            The patients were divided into three groups: 26 (31%) with normal defecation, 47 (55%) with
constipation, and 12 (14%) with diarrhea. There was no signi�cant difference between the three groups
regarding background data (Table 2). In the medication data, there was a signi�cant difference in
propofol doses of 6.9 (1.3-13.1) mg/kg/day in the normal defecation group, 11.4 (1.9-24.3) mg/kg/day in
the constipation group, and 1.0 (0.1-6.2) mg/kg/day in the diarrhea group (p=0.015) (Table 3); pairwise
comparison showed a signi�cant difference between constipation and diarrhea groups (p=0.013). There
was no signi�cant difference in EN, new-onset dialysis, MV duration, and infection data, but �uid overload
was signi�cantly different in 3 (12%), 19 (40%), and 3 (25%) patients, respectively (p=0.032) (Table 4),
and pairwise comparison was signi�cantly different between the normal defecation group and the
constipation group (p=0.030). There was a signi�cant difference in ICU stay of 11 (9-13), 13 (9-21), and
20 (11-28) days, respectively (p=0.039), and pairwise comparison showed a signi�cant difference
between the normal defecation group and the diarrhea group (p=0.045) (Fig. 3). There was no signi�cant
difference in mortality (Fig. 4).

            

Association of constipation and diarrhea with patient outcomes

In the multivariable analysis, while constipation was not associated with length of ICU stay (p=0.118),
diarrhea, unlike constipation, was signi�cantly associated with length of ICU stay (partial regression
coe�cient [B]=7.534, 95% CI: 0.116-14.951, p=0.047) (Table 5). Neither constipation nor diarrhea was
associated with mortality (p=0.327; p=0.327, respectively) (Table 6).

Discussion
This study had three main �ndings. First, 55% of critically ill ventilated patients experienced constipation
and 14% experienced diarrhea within the �rst week of ICU admission. Second, more patients had normal
defecation from the fourth day, and diarrhea increased from the �fth day of ICU admission. Third, neither
constipation nor diarrhea was associated with mortality, but diarrhea was associated with length of ICU
stay.
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In previous studies, 34-58% of patients had constipation, which was comparable with the result of this
study (6, 7). The incidence of constipation varied among previous studies because of inconsistent
de�nitions of constipation (8). Although many previous studies have used the de�nition of no defecation
≥3 days, Prat and colleagues reported that patients who had no defecation ≥6 days had more adverse
outcomes than other patients (13). Therefore, in the current study, we con�dently de�ned constipation as
≥6 days without defecation from ICU admission.

The incidence of diarrhea also varies widely among many studies, from 10-78% (8). In addition to the
reasons for the different de�nitions as described above, this is also attributable to the method of data
collection. The longer the number of days for which data are collected, the greater the chance that the
patient will experience diarrhea, and thus the incidence could be higher. However, in our study, the effect
was removed by conditioning the event to diarrhea occurrences during the �rst week of ICU admission. A
previous study investigating GI symptoms during the �rst week of ICU admission reported that 22% of
patients experienced diarrhea, indicating that diarrhea is common in ICU patients (15). However, because
our study included only patients who used MV for more than 48 hours, there are no other studies with the
same study population, which make our �ndings di�cult to compare to those of past studies.

Similar to the previously-mentioned meta-analysis study (10), diarrhea was associated with length of ICU
stay. The mechanism is not obvious, but diarrhea could cause impaired nutritional intake, electrolyte
abnormalities, and dehydration, which may interfere with the critically ill patient’s recovery. Taito and
colleagues suggest that, because the causality between diarrhea and ICU length of stay is unknown and
the reverse causality described above cannot be ruled out, further studies are needed to evaluate the
association between early-onset diarrhea and ICU length of stay (10). Our study study is one of the few
that have addressed this issue by de�ning the occurrence as within the �rst week of ICU admission.

The meta-analysis also reported that diarrhea was associated with mortality, which was different from
the results of our study (10). However, as mentioned above, many studies do not limit the observation
period. Therefore, while late-onset diarrhea may be relevant, from the results of our study we can at least
say that early-onset diarrhea was not associated with prognosis.

Constipation was not associated with patient outcomes, but over half of the critically ill patients in our
study experienced constipation. Even though EN is started on the third day in many patients, having no
defecation ≥6 days is distressing for patients. Taken together, our �ndings suggest that prevention of
both constipation and diarrhea is essential for critically ill patients. One method of constipation and
diarrhea prevention could be a bowel management protocol; however it has been shown that the use of
laxatives for constipated patients increases the risk of diarrhea occurrence (8). Hence, we propose the use
of an intervention involving a gut immune protection bundle with the addition of symbiotics using a
combination of dietary �ber and bene�cial bacteria, all of which are known to be effective against
diarrhea (16). Furthermore, this intervention may be more effective if it is introduced before the �fth day
after ICU admission when the occurrence of diarrhea was observed to increase. If diarrhea does occur, it
is also important to take prompt action against electrolyte abnormalities and dehydration. In particular,
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appropriate monitoring of laboratory values and early detection of dehydration as well as electrolyte
supplementation and �uid management are required (17).

When investigating constipation or diarrhea typically one would divide them directly into two groups
representing those with and without occurrence of the event; however, if we compare a group with
constipation and a group without constipation, for example, patients with diarrhea may be included in the
group without constipation. Previous studies have not excluded these patients and, as such, the study
design might have distorted the results. We were able to eliminate this misclassi�cation bias by dividing
the participants into three groups: normal defecation, constipation, and diarrhea. Furthermore, this study
is novel in that it describes the status of EN and defecation during the �rst week of ICU admission, which
has not been done in previous studies (10). Especially, investigation on the timing of the commencement
of diarrhea is particularly lacking in the literature, thus our study could be a valuable resource.

This study has several limitations. First, all data were collected retrospectively based on electronic
medical records, thus, unrecorded data could be not retrieved. At the facility under observation,
information on the administration of injectable drugs was available, but information on the
administration of oral drugs was not incorporated into the electronic medical record. Consequently, the
use of intestinal peristalsis promoting drugs, a risk factor for diarrhea, was unknown and could not be
analyzed. In addition, the formulation and administration method of EN was based on the judgment of
clinicians and as such was varied. To solve these problems, we plan to conduct a daily prospective
observational study after the EN protocol is implemented. Second, our �ndings are limited by the small
number of diarrhea cases; there were 12 patients with early onset of diarrhea during the one-year
observation period. It would be necessary to observe at least four years of data to eliminate chance
errors. Third, since this study was conducted at a single university hospital, these results may not be
generalizable to community hospitals or other institutions. Therefore, to increase the generalizability of
the �ndings the number of research facilities may need to be increased in future studies. Finally, because
the recorded details of the nature and amount of defecation were dependent on the subjective evaluation
of the nursing staff, they may have overestimated or underestimated the occurrence or severity of the
diarrhea. We aimed to avoid this by using a semi-quantitative tool, but it might be better to introduce a
more systematic instrument such as the Bristol stool form scale or King’s stool chart (18-20).

Conclusions
In critically ill ventilated patients, early-onset constipation and early-onset diarrhea occurred occasionally;
however, only early-onset diarrhea was associated with the length of ICU stay. In ICU practice, early use of
gut immune protection bundles with additional of symbiotics such as dietary �ber and bene�cial bacteria,
could be effective against diarrhea.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation
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Figures

Figure 1

Flow-chart of the study population.
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Figure 2

Temporal trends in enteral nutrition (EN) and defecation status after ICU admission.
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Figure 3

Comparison of length of stay in normal defecation, constipation, and diarrhea groups.
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Figure 4

Comparison of mortality among the normal defecation, constipation, and diarrhea groups.
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