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Acute noninfectious diarrhea is a common phenomenon in intensive care unit patients. Multiple treatments are suggested but the
most effective management is unknown. A working group of the Eastern Association for the Surgery of Trauma, aimed to evaluate
the effectiveness of loperamide, diphenoxylate/atropine, and elemental diet on acute noninfectious diarrhea in critically ill adults
and to develop recommendations applicable to daily clinical practice.
METHODS:
The literature search identified 11 randomized controlled trials (RCT) appropriate for inclusion. The Grading of Recommendations
Assessment, Development, and Evaluation methodology was applied to evaluate the effect of loperamide, diphenoxylate/atropine,
and elemental diet on the resolution of noninfectious diarrhea in critically ill adults based on selected outcomes: improvement in
clinical diarrhea, fecal frequency, time to the diarrhea resolution, and hospital length of stay.
RESULTS:
The level of evidence was assessed as very low. Analyses of 10 RCTs showed that loperamide facilitates resolution of diarrhea.
Diphenoxylate/atropine was evaluated in three RCTs and was as effective as loperamide and more effective than placebo. No studies evaluating elemental diet as an intervention in patients with diarrhea were found.
CONCLUSION:
Loperamide and diphenoxylate/atropine are conditionally recommended to be used in critically ill patients with acute noninfectious
diarrhea. (J Trauma Acute Care Surg. 2019;87: 915–921. Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Systematic Review/Guidelines, level III.
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BACKGROUND:

A

cute noninfectious diarrhea is a frequent phenomenon in critically ill patients with a reported prevalence of up to 78%.1
The etiology of diarrhea in intensive care unit (ICU) settings is
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multifactorial and includes disease-related, medication-related,
feeding-related, infectious, and noninfectious causes.2 The occurrence of diarrhea in critically ill patients is associated with increased ICU length of stay, morbidity, and mortality.3
The management of noninfectious diarrhea in critical illness is directed toward treatment of the underlying cause, fluidelectrolyte correction, avoidance of medications associated with
diarrhea1,2 and antidiarrheal agents. Several antidiarrheal medications (loperamide, probiotics, prebiotics, cholestyramine) have
been proposed for treating diarrhea in critically ill patients.2 In
the non-ICU setting, treatment with simethicone,4,5 Saccharomyces boulardii,6 bismuth subsalicylate,7 diphenoxylate/atropine,8,9
and wood creosote10 has been reported. Outside of the United States,
additional agents include: racecadotril,11 activated attapulgite,12 and
hydrated aluminum magnesium silicate.13 The goal of this review
is to evaluate the existing evidence and create recommendations
regarding the routine use of loperamide, diphenoxylate/atropine,
and elemental diet in critically ill adults with acute noninfectious diarrhea.

OBJECTIVES
The objective of this review was to evaluate the effect of
loperamide, diphenoxylate/atropine, and elemental diet on the
resolution of acute noninfectious diarrhea in adult (age >18 years)
critically ill patients using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology.14

J Trauma Acute Care Surg
Volume 87, Number 4

915

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

J Trauma Acute Care Surg
Volume 87, Number 4

Bugaev et al.

Through an iterative voting process, the EAST diarrhea
practice management workgroup developed the following PICO
questions (Population, Intervention, Comparison, Outcomes):
PICO 1
In critically ill adults with acute noninfectious diarrhea (P),
should treatment with loperamide be administered (I) compared
with usual care without loperamide (C) to improve clinical diarrhea, fecal frequency, and time to diarrhea resolution (O)?
PICO 2
In critically ill adults with acute noninfectious diarrhea (P),
should treatment with diphenoxylate/atropine be administered
(I) compared to usual care without diphenoxylate/atropine (C)
to improve clinical diarrhea, fecal frequency, and time to diarrhea resolution (O)?
PICO 3
In critically ill adults with acute noninfectious diarrhea (P),
should treatment with semi- or full-elemental tube feeds be
administered (I) compared to usual care without semi- or fullelemental tube feeds (C) to improve clinical diarrhea, fecal frequency, and time to diarrhea resolution (O)?

OUTCOME MEASURE TYPE
The members of the working group proposed outcomes
related to resolution of diarrhea. All outcomes were independently rated by each group member on a scale from 1 to 9, and
the median score for each outcome was calculated and assigned
as the final score.
Outcomes scored between 7 and 9 were considered critical
and included: improved clinical diarrhea defined as resolution of
either bloating, abdominal pain, stool consistency, or self-reported
improvement; fecal frequency, and time to diarrhea resolution.
Hospital length of stay was also considered a critical outcome, but none of the selected studies reported it.

IDENTIFICATION OF REFERENCES
A medical librarian performed a search of citations in the
following databases: PubMed, CINAHIL, Embase, Cochrane
Library, Web of Science, PROSPERO, RefWorks, and Scopus.
The search was performed using the following MeSH terms:
“Diarrhea,” “Loperamide,” “Atropine sulfate-diphenoxylate hydrochloride drug combination,” “Atropine,” “Diphenoxylate,”
“Lomotil,” “Lonox,” “Lomocot,” “Imodium,” “Diamode,” “Imogen,”
“Imotil,” “Imperim,” “Kaodene,” “Kao Pave,” “Enteral Nutrition,” “Elemental,” “Semi elemental,” “Monomeric,” and “Oligomeric.” The search time period was from January 1, 1965, to
February 28, 2017. An updated search was performed from
February 28, 2017, to February 28, 2019.
Original clinical retrospective studies, prospective observational studies, and randomized controlled trials (RCT) in adults
(age, ≥18 years) were considered for inclusion. Review articles,
meta-analyses, case reports, case series without a comparison
group, manuscripts that evaluated colonic pseudo-obstruction,
and non-English language publications were excluded.
Two members of the working group independently
screened titles and abstracts of the selected references. Next, full
text articles were independently screened by two independent
916

working group members. Only studies describing management
of acute noninfectious diarrhea were included. Studies describing
chronic diarrhea, either radiation- or chemotherapy-induced diarrhea, inflammatory bowel disease-related diarrhea, high-output
ileostomy, and diarrhea after bowel resection were excluded. Selected studies were included for final data extraction and analysis. No studies describing selected interventions in critically ill
adults with acute noninfectious diarrhea were found. All included studies contained patients with noninfectious acute diarrhea who were managed as an outpatient.
At each stage of the screening process, disagreements between the reviewers were adjudicated by discussion and consensus among the individuals. When consensus was not reached, a
third reviewer was involved as an arbitrator (Fig. 1). No external
funding was obtained for this work.

DATA EXTRACTION AND METHODOLOGY
A total of 11 RCTs were included.4–10,15–18 The data were
independently extracted by two authors and entered into a
Microsoft Excel (Richmond, WA) spreadsheet. All time-related
outcomes were presented in hours.
No studies addressing the role of elemental diet in the
treatment of diarrhea were found.

RISK OF BIAS
Risk of bias of the included RCTs was assessed in six domains: sequence generation, allocation concealment, blinding of
outcome assessment, incomplete outcome data, selective outcome
reporting, and “other issues” (Fig. 2).

GRADING OF EVIDENCE
The available evidence was assessed according to the
GRADE methodology as high, moderate, low, or very low quality. The quality of evidence was downgraded for study design,
risk of bias, inconsistency, indirectness, and imprecision.14

RESULTS FOR THE USE OF LOPERAMIDE (PICO 1)
In critically ill adults with acute noninfectious diarrhea (P),
should treatment with loperamide be administered (I) compared
to usual care without loperamide (C) to improve clinical diarrhea,
fecal frequency, and time to diarrhea resolution?

QUALITATIVE ANALYSIS
There were a total of 10 RCTs4–10,15–17 that described
2,325 patients, including 819 patients who received loperamide.
Loperamide was compared with placebo,4,5,15–17 a combination
of loperamide-simethicone,4,5 simethicone alone,4,5 Saccharomyces
boulardii,6 bismuth subsalicylate,7 diphenoxylate/atropine,8,9 and
wood creosote.10
The effect of loperamide compared to placebo was evaluated in five studies.4,5,15–17 The fecal frequency improved:
every 12 hours during the first 2 days;4,5 at the end of the first
24 hours;16,17 and 2 days17 since the beginning of the treatment
with loperamide. Diarrhea-related symptoms improved faster in
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. PRISMA flow diagram for study selection.

the loperamide group,15,16 as well as the stool consistency.16 Time
to the diarrhea resolution was faster with loperamide.4,5,15,16
A combination of loperamide with simethicone compared
to loperamide alone in acute diarrhea showed overall decreased
number of bowel movements in the first 48 hours, faster relief
of diarrhea-related symptoms and faster resolution of the diarrhea.4,5 The same studies evaluating effect of simethicone alone

compared with loperamide and found that loperamide was more
effective in all selected outcomes. Time to diarrhea resolution
was significantly shorter in the loperamide group.4,5,15,16 All included studies showed a beneficial effect of loperamide on acute
diarrhea in comparison to placebo.
Loperamide was compared with the combination of loperamide
with simethicone and simethicone alone.4,5 Loperamide was
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QUANTITATIVE ANALYSIS
No data allowing quantitative analysis were available, as
the outcomes of interests, improvement of clinical diarrhea, fecal frequency, and time to diarrhea resolution, were reported in
different time frames and severity scales, which precluded performing such analysis.

GRADING THE EVIDENCE
The evidence was assessed applying the GRADE framework (Table 1). The level of evidence was downgraded for indirectness since none of the included studies described the effect
of loperamide on critically ill patients. The level of evidence
was further decreased for imprecision as most of the included
studies described small cohorts.
The bias assessment revealed that in most of the included
RCTs, sequence generation and allocation concealment (selection bias) were not clearly described, and there was lack of
blinding of either participant or the research staff to the group assignments (performance bias) (Fig. 1). Because of these factors,
the quality of evidence was deemed to be very low.

RECOMMENDATIONS FOR THE USE OF
LOPERAMIDE (PICO 1)
Based on qualitative analysis of the very low level of evidence, we conditionally recommend administering loperamide
in critically ill adults to improve clinical diarrhea, fecal frequency,
and time to diarrhea resolution (Table 3).

RESULTS FOR THE USE OF
DIPHENOXYLATE/ATROPINE (PICO 2)
In critically ill adults with noninfectious diarrhea (P), should
treatment with diphenoxylate/atropine be administered (I) compared
with usual care without diphenoxylate/atropine (C) to improve
clinical diarrhea, fecal frequency, and time to diarrhea resolution?

QUALITATIVE ANALYSIS
Figure 2. Risk of bias assessment in the included studies.

found to be more effective when compared with simethicone
alone, but loperamide-simethicone was more beneficial than
loperamide in terms of fecal frequency, time to diarrhea resolution, and overall improvement diarrhea-related symptoms.
Two studies evaluated performance of loperamide compared
with diphenoxylate/atropine.8,9 Both studies showed a positive effect of loperamide and diphenoxylate/atropine on stool frequency,8
time to diarrhea resolution,8,9 and improvement in clinical diarrhea,8,9 but overall, no significant difference was found between
the two medications.
Cottrel et al.6 showed that the loperamide-simethicone
combination decreased fecal frequency and time to diarrhea resolution in comparison to the probiotic Saccharomyces boulardii.
Loperamide was more effective in comparison to bismuth
subsalicylate.7 No differences in all selected outcomes were found
between loperamide and wood creosote.10
918

There were three RCT studies evaluating the effect of
diphenoxylate/atropine on diarrhea. Lustman et al. compared
diphenoxylate/atropine with placebo and found faster resolution of
diarrhea in the diphenoxylate/atropine patients.18 Two other studies
compared diphenoxylate/atropine with loperamide and were described in the PICO 1.8,9 Both medications were effective in resolving diarrhea, but no differences between them were found.

QUANTITATIVE ANALYSIS
No data allowing quantitative analysis were available.

GRADING THE EVIDENCE
The evidence was assessed applying the GRADE framework (Table 2). The level of evidence was downgraded for indirectness since none of the included studies described effect of
diphenoxylate/atropine on critically ill patients. The level of evidence was further decreased for imprecision as all of the included
studies described small cohorts. The bias assessment revealed
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Assessment of the Level of Evidence for the Usage of Loperamide (PICO 1)
Certainty Assessment
No.
Studies

Study Design

Risk
Other
of Bias Inconsistency Indirectness Imprecision Considerations

Impact

Certainty

Importance

Fecal frequency
9
Randomized trials Serious

Not serious

Very serious*

Serious**

None

Loperamide was superior
in comparison to
placebo, simethicone,
Saccharomyces boulardii,
and bismuth subsalicylate,
but less effective than
Loperamide-simethicone
combination. The effect
of loperamide on diarrhea
did not differ from
Wood creosote and
atropine/diphenoxylate

⨁◯◯◯ VERY
LOW

CRITICAL

Improvement in clinical diarrhea
8
randomized trials serious

not serious

very serious *

serious **

none

Loperamide was superior
⨁◯◯◯ VERY
in comparison to placebo,
LOW
simethicone, Saccharomyces
boulardii but less effective
than Loperamide-simethicone
combination. The effect of
loperamide on diarrhea
did not differ from
atropine/diphenoxylate,
and Wood creosote.

CRITICAL

Time to the diarrhea resolution
9
randomized trials serious

not serious

very serious *

serious **

none

Loperamide was found to
be superior in comparison
to placebo, simethicone,
Saccharomyces boulardii,
Bismuth subsalicylate,
but less effective than
loperamide-simethicone
combination. The effect
of loperamide on diarrhea
did not differ from
Wood creosote.

⨁◯◯◯ VERY
LOW

CRITICAL

* None of the included studies had critically ill adults.
** Small number of subjects in all included studies.

that all of the included RCTs had lack of blinding of either participant or the research staff to the group assignments (performance
bias). Also, sequence generation and allocation concealment (selection bias) were not clearly described in all included studies (Fig. 1).
Because of these factors, the quality of evidence was deemed to
be very low.

RECOMMENDATIONS FOR THE USE OF
ATROPINE/DIPHENOXYLATE (PICO 2)
Based on qualitative analysis of the very low level of evidence, we conditionally recommend administering diphenoxylate/
atropine in critically ill adults to improve clinical diarrhea, fecal
frequency, and time to diarrhea resolution (Table 3).

RESULTS FOR THE USE OF ELEMENTAL DIET (PICO 3)
In critically ill adults with noninfectious diarrhea (P), should
treatment with semi- or full-elemental tube feeds be administered
(I) compared to usual care without semi- or full-elemental tube

feeds (C) to improve clinical diarrhea, fecal frequency, and time
to diarrhea resolution (O)?
No studies addressing a role of elemental diet in the management of diarrhea in critically ill patients were found.

RECOMMENDATIONS FOR THE USE OF
ELEMENTAL DIET (PICO 3)
Since no studies addressing a role of elemental diet in the
management of diarrhea in critically ill patients were found, we
cannot make recommendations regarding the use of an elemental diet to treat diarrhea in critically ill adult patients.

USING THESE GUIDELINES IN
CLINICAL PRACTICE
This systematic review evaluated the role of loperamide
and diphenoxylate/atropine in the management of noninfectious
diarrhea in critically ill adult patients. Both agents are effective
in facilitating the resolution of the diarrhea and can be considered

© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Assessment of the Level of Evidence for the Usage of Diphenoxylate/Atropine (PICO 2)
Certainty Assessment
№ of
Studies

Study Design

Risk of
Other
Bias Inconsistency Indirectness Imprecision Considerations

Impact

Certainty

Importance

Fecal frequency
2
Randomized trials Serious

Not serious

Very serious *

Serious **

None

Atropine/diphenoxylate
⨁◯◯◯ VERY LOW CRITICAL
was more effective
then placebo and as
effective as loperamide

Improvement in clinical diarrhea
3
Randomized trials Serious

Not serious

Very serious*

Serious**

None

Atropine/diphenoxylate
⨁◯◯◯ VERY LOW CRITICAL
was found to be as
effective as loperamide.
No differences were
found in comparison
to placebo

Time to the diarrhea resolution
3
Randomized trials Serious

Not serious

Very serious*

Serious**

None

Atropine/diphenoxylate
⨁◯◯◯ VERY LOW CRITICAL
was found to be as
effective as loperamide.
No difference was in
comparison to placebo.

* None of the included studies had critically ill adults.
** Small number of subjects in all included studies.

as adjuncts to the diarrhea treatment that also includes elimination
of the cause of the diarrhea, and correction of any fluid-electrolyte
imbalances. This conclusion was made based on very low level of
evidence, as none of the included studies reported the usage of
these two agents in ICU patients but only ambulatory patients.
Two of the included studies directly compared loperamide
and diphenoxylate/atropine8,9 and found that both agents were effective, but neither agent was superior to the other. The potential
patient-related considerations, including the medication cost, number of pills required to achieve a therapeutic effect, and the risk of
adverse events were very similar between these two medication
regimens. Therefore, we cannot make recommendations regarding a preferable usage of loperamide over diphenoxylate/atropine.

search did not yield any studies evaluating the usage of these
two agents in critically ill patients with acute noninfectious diarrhea, but only in the outpatient setting. Given the frequent occurrence of diarrhea in critical illness, morbidity associated with it,
and lack of a single effective agent to treat the diarrhea, the need
for studies assessing the role of loperamide and diphenoxylate/
atropine management is clearly evident. The lack of publications
about these two agents provides multiple scientific opportunities. As the first step, descriptive studies addressing usage of
these two agents in critically ill patients will provide a starting
point for future investigations.

FUTURE RESEARCH

CONCLUSION

Our systematic review aimed to evaluate a role of loperamide
and diphenoxylate/atropine in the management of acute noninfectious diarrhea in critically ill adults. The extensive literature

Loperamide and diphenoxylate/atropine should be considered in the management of critically ill patients with acute
noninfectious diarrhea.

TABLE 3. Recommendations
Intervention

Recommendations

PICO 1—Loperamide vs. usual care
PICO 2—Diphenoxylate/atropine vs. usual care
PICO 3—Elemental diet vs. usual care

We conditionally recommend using loperamide in critically ill adults to hasten
resolution of acute noninfectious diarrhea
We conditionally recommend using diphenoxylate/atropine in critically ill adults to
hasten resolution of acute noninfectious diarrhea.
No data are available to make recommendations regarding the use of an
elemental diet to treat acute noninfectious diarrhea in critically ill adult patients

PICO 1—In critically ill adults with noninfectious diarrhea (P), should treatment with loperamide be administered (I) compared to usual care without loperamide (C) to improve clinical
diarrhea, fecal frequency, and time to diarrhea resolution (O)?
PICO 2—In critically ill adults with noninfectious diarrhea (P), should treatment with diphenoxylate/atropine be administered (I) compared with usual care without diphenoxylate/atropine
(C) to improve clinical diarrhea, fecal frequency, and time to diarrhea resolution (O)?
PICO 3—In critically ill adults with noninfectious diarrhea (P), should treatment with semi- or full-elemental tube feeds be administered (I) compared with usual care without semi- or fullelemental tube feeds (C) to improve clinical diarrhea, fecal frequency, and time to diarrhea resolution (O)?
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