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The safety and efficacy of probiotic supplementation
for critically ill adult patients: a systematic review and
meta-analysis
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Context: The safety and efficacy of probiotics during severe illness has been a sub-
ject of ongoing interest. The impact of probiotics can worsen nutritional status,
which could potentially result in a deterioration of the patient’s overall life-
threatening status. Objective: This systematic review and meta-analysis evaluated
the safety and efficacy of probiotics in reducing intensive care unit (ICU)-acquired
infections in adult critically ill patients. Data Sources: PubMed and Cochrane Ii-
brary databases for the period 2011-2020 were searched. Data Extraction:
Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement
(PRISMA) methodology was used to search for randomized controlled trials that
evaluated the use of probiotics among critically ill patients. Data Analysis: No sig-
nificant difference was observed between probiotics and control groups in terms of
the mortality rate (risk ratio 1.13, 95% confidence interval .82 to 1.55, P=46).
Probiotics, however, provided a significant reduction in ICU-acquired infections (risk
ratio .73, 95% confidence interval .58 to .93, P=.01). Conclusion: The use of pro-
biotics seems to play a role in decreasing the incidence of ICU-acquired infections.
Also, a potential reduction in terms of the incidence of diarrhea has been reported,
with no examples of adverse incidents, suggesting probiotics are safe.

INTRODUCTION

Malnutrition, especially undernutrition in hospitalized
patients, has attracted significant attention for deca-
des.! Malnutrition has been defined as a lack of the
nutrients required to sustain individual health, which
can be caused by one or more factors such as inade-
quate intake, conditions leading to reduced absorption,
high energy demands, and changes in the transporting

and utilization of nutrients." The prevalence of malnu-
trition in hospitalized patients is between 30% and
50%, depending on the setting and the malnutrition
criteria.' Many trials have demonstrated that nutri-
tional management of malnourished patients lowers
the risks of infection complication and wound inflam-
mation, and the mortality rate.” Critically ill patients
are often in a hypermetabolic state when they have
life-threatening conditions such as trauma, burns, or
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systemic inflammatory response syndrome (SIRS).
The stomach/gastrointestinal tract has an immunoreg-
ulatory role that is influenced by the microbiota, the
intestinal barrier, and the intestinal immune system.*
With hyperinflammatory status, both the species com-
position and the numbers of the intestinal microorgan-
isms are significantly changed, leaving the body
exposed and unprotected against infections, which can
lead to SIRS or multiple organ dysfunction syndrome
(MODS).* Infections such as ventilator-associated
pneumonia (VAP), sepsis, and urinary tract infections
remain among the major causes of worsening of the
patient’s status or even death in critically ill patients.”
Critically ill patients have an altered gut microbiome.
The microbiome present in them consists more of
pathogenic bacteria that cause various problems than
of beneficial bacteria. In one study, the gut micro-
biomes of patients with severe SIRS were evaluated.
The study found that the mean count of beneficial bac-
teria was lower and the mean Pseudomonas counts was
higher. This was the first study to have shown an al-
tered gut microbiome in critically ill patients.® Further
study in SIRS patients has revealed that an altered gut
microbiome results in enhanced gastrointestinal dys-
motility, and that this leads to more complications and
higher mortality in patients with SIRS.” In critically ill
patients, beneficial commensals belonging to
Firmicutes and Bacteroidetes are replaced by pathogens
belonging to the Proteobacteria phylum. The change in
the microbiome is due to the treatment of these
patients with a wide range of antibiotics, which results
in the loss of beneficial bacteria from the gut.
Providing proper enteral nutrition would thus help in
promoting the health of the patients. Several such ther-
apies are taken into consideration and include probiot-
ics, prebiotics, synbiotics, and fecal microbiota
transplantation.® Diarrhea is identified by the fre-
quency of three or more loose or liquid stools per day.
It is a major clinical problem that can lead to undesir-
able outcomes, such as poor wound healing, shifting of
the electrolyte balance, fluid losses, hemodynamic in-
stability, and deficiency of nutrients.” Critically ill
patients have diarrhea that is not infectious and has
been observed to be related to the length of stay in
hospital. Antibiotic-associated diarrhea is very com-
mon in critically ill patients, and there is a reported in-
cidence of 5%-30%."° In patients who are receiving
enteral feeding, it has been reported that the preva-
lence of diarrhea is 15% to 40%, or even higher.'' A
cohort study of 3737 patients showed that there was a
higher prevalence of diarrhea in patients who stayed
longer in hospital.'> However, a study seeking to iden-
tify the critical factors related to the higher prevalence
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has shown that microbes are not the major source, in-
dicating the non-infectious nature of the diarrhea.'?

The gastrointestinal tract of mammals hosts a large
number of intestinal microorganisms that are important
for maintaining good health. Many of these bacteria
have been isolated and used for the treatment of a vari-
ety of gastrointestinal symptoms. These bacteria are
termed “probiotics.” Administered probiotics function
by inhibiting the action of pathogenic bacteria, helping
immunomodulation, improving the barrier function of
the gut, and helping the release of neurotransmitters.
Thus, probiotics help in maintaining a healthy gut-
brain axis. Probiotics belonging to the Bacteroidetes
and Firmicutes phyla of bacteria have been used to treat
a variety of intestinal symptoms, such as irritable bowel
syndrome, diarrhea, inflammatory bowel disease, and
antibiotic-induced diarrhea.”””"> Randomized con-
trolled trials (RCTs) using probiotics in critically ill
patients have shown that patients receiving probiotic
treatment had better immunity than placebo-treated
patients. Lactobacillus, Bifidobacterium, and
Streptococcus salivarius subspp. have all been used for
treatment. Both Lactobacillus and Bifidobacterium are
known to have beneficial effects on the gut.'® VAP is a
common occurrence in critically ill patients. A meta-
analysis study on the use of probiotics and the outcome
in terms of various parameters in critically ill patients
showed that the use of probiotic treatment leads to a
significant reduction in VAP incidence, length of inten-
sive care unit (ICU) stay, in-hospital mortality, and du-
ration of mechanical ventilation. In the systematic
review, the use of a wide variety of probiotics was repre-
sented."” However, a contrary report has been pub-
lished wherein the use of Lactobacillus rhamnosus GG
for lowering VAP in critically ill patients was shown to
be ineffective in reducing VAP.'® Further research is
needed to determine whether the use of Lactobacillus
rhamnosus GG really helps in lowering the incidence of
VAP.

The American Society of Parenteral and Enteral
Nutrition (ASPEN) states that using probiotics is not
recommended as routine practice, enterally or parenter-
ally."” However, some studies have reported that probi-
otic use significantly reduces the infection incidence.”*~
2 A few studies support the administration of probiot-
ics in adult patients with diarrhea,”>** but no studies
have recommended using probiotics as a diarrhea treat-
ment in critically ill patients.” The presence of many
strains and species of probiotics makes the studies on
probiotics more challenging, and it is important to de-
termine whether one or a combination of two strains
will have a favorable outcome.” This review aimed to
evaluate the safety and effectiveness of probiotics usage
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to decrease ICU-acquired infection incidence in criti-
cally ill adult patients.

METHODS

Search strategy and article selection

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (PRISMA)*® methodology
was used to search for RCTs that evaluated the use of
probiotics among critically ill patients. Two scientific
databases, PubMed and the Cochrane Central Register
of Controlled Trials (CENTRAL), were searched inde-
pendently by 2 investigators for relevant reports pub-
lished between 2011 and 2020. Key words used
included “critically ill” OR “ICU” OR “intensive care”
OR “critical care” AND “prebiotics” OR “probiotics”
OR  “synbiotics” OR “Lactobacillus” OR
“Bifidobacterium”.

Inclusion criteria and exclusion criteria

Table 1 shows the PICOS (Participants, Intervention,
Comparators, Outcomes, and Study Design) criteria.
Studies were considered in this review if they evaluated
the effect of probiotics on mortality, ICU-acquired in-
fection, and diarrhea in adult critically ill patients (ven-
tilated or nonventilated). Only RCTs were included in
this review. Systematic reviews, case studies, conference
abstracts, observational studies, interventions that in-
cluded synbiotics or prebiotics, and papers that were
not in English were all excluded from this review.

Quality assessment and quality of the evidence

The quality assessment was performed using the modi-
fied Cochrane Collaboration tool to assess the risk of
bias of an RCT on the basis of a judgment (high, low, or
unclear) regarding individual elements from 5 domains:
selection, reporting, performance, attrition, and other.*

The grading of the recommendations, assessment,
development, and evaluation (GRADE) was used to as-
sess the quality of the evidence.”” Usually, RCTs start as
being considered to have a high quality of evidence,
which is then potentially downgraded to an assessment
of having a moderate, low, or very low level of evidence,
based on 5 domains (risk of bias, imprecision, heteroge-
neity, indirectness, and publication bias).

Statistical analysis
In this review, the meta-analysis was conducted using

Review Manager (RevMan v.5.4.1, Cochrane
Collaboration, Oxford, UK). The mean difference
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Table 1 PICOS criteria for inclusion of studies

Parameter Criteria

Population Adult critically ill patients who are
admitted to ICU

Single or multi-strains of probiotics

Unexposed group (no probiotics)

Mortality incidences, intensive care
unit-acquired infections (such as
pneumonia, urinary tract infec-
tion, and bloodstream infections)
and incidence of diarrhea

Randomized controlled trials that
are published in the English
language

Intervention
Comparison
Outcome

Study design

(MD), standard deviation (SD), and a random effect for
the continuous variables were used to pool the data.
Heterogeneity was assessed using the I* test and was
considered as “low” if P was <25%, “moderate” if I*
was >25 but <75%, or “high” if I* was >75%.

RESULTS
Studies included

The trial flow diagram is presented in Figure 1. The ini-
tial search results revealed 2045 articles. Of these, 2006
articles were excluded due to being unrelated to the
topic. An additional 29 were also excluded, for the fol-
lowing reasons: 2 trials were eliminated because they
were not in the English language; 2 trials were elimi-
nated due to the absence of desirable outcome; 2 trials
were excluded because they only used synbiotics, and
another trial was not performed on critically ill patients;
finally, 22 trials were excluded because they were not
performed on adult patients. A total of 9 RCTs were in-
cluded in this study.

Study characteristics

An aggregation of 9 RCTs****** published between
2011 and 2020, with 860 critically ill patients from dif-
ferent ICUs, was evaluated. Six studies reported on the
incidence of ICU mortality.****** Seven studies
reported on the incidence of ICU-acquired infec-
tions.**°~>* Five studies reported on the incidence of di-
arrhea.*>?®*°? Table 2**?*** briefly summarizes the
RCTs included in this review that evaluated the effec-
tiveness of probiotics in critically ill patients.

Quality assessment and quality of the evidence
Risk of bias (high, low, or unclear) was assessed on the

basis of 5 domains: selection, reporting, performance,
attrition, and other. Regarding the level of the evidence,
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Table 2 Summary of the included studies in this review, which evaluated the effectiveness of probiotics in critically ill
patients, with reporting of the clinical outcomes

Reference Study design Population Probiotic strain Age as Outcomes Comments
(n) mean = SD
(years)
Wang et al A single-blind, T=27 Clostridium 81 ICU mortality: * patients were only
(2020)* RCT Cc=33 butyricum P=.98 from a respiratory
ICU-acquired infec- unit
tions: P=.91 ¢ small sample size
Incidence of diar- * elderly group of
rhea: P=.12 patients
Ferrie and A prospective, T=18 Lactobacillus 58.95* 1845  ICU mortality: not * asignificant dif-
Daley double-blind, C=18 rhamnosus GG reported ference in factors
(2010)° RCT ICU-acquired infec- that influence
tions: not reported diarrhea
Incidence of diar- e short treatment
rhea: P=.099 duration
* small sample size
de Castro A prospective, T=29 Bacillus cereus 67.9+ 194 ICU mortality: not * used different
Soares et al double-blind,  Fiber =29 reported types of nutrition
(2017)% pilot RCT ICU-acquired infec- formulation
tions: not reported * patients were on
Incidence of diar- antibiotics
rhea: P=.011 * absence of pure
control group
¢ pilot study
* elderly group of
patients
Habib, Kassem, A double-blind, T=32 Lactobacillus del- 39.48 £ 7.69 ICU mortality: * 80% of the partici-
and Ahmed RCT =33 brueckii and P=1.00 pants were males
(2020)*° Lactobacillus ICU-acquired infec-  * small sample size
fermentum tions: P=.75 * patients were only
Incidence of diar- from the trauma
rhea: not reported unit
* a combination of
2 probiotics were
used
Kwon et al A prospective, T=50 Lactobacillus 62 ICU mortality: * asignificant dif-
(2015) pilot RCT =53 rhamnosus GG P=.88 ference in factors
ICU-acquired infec- that influence
tions: P> .05 infections
Incidence of diar- ¢ small sample size
rhea: not reported ¢ short follow-up
duration
* pilot study
Mahmoodpoor A prospective, T=48 Multistrains 583+ 137 ICU mortality: * used different
(2018)*' double-blind, C=52 pP=.58 strains and spe-
RCT ICU-acquired infec- cies of probiotics
tions: P=.04* * most patients
Incidence of diar- were from a surgi-
rhea: P=.08 cal unit
¢ small sample size
Rongrungruan- A prospective, T=75 Lactobacillus 71.02 =158  ICU mortality: * the trial was an
getal open-label, c=75 casei P=.85 open-label study
(2015)” RCT ICU-acquired infec-  * medications use
tions: P = .46 was not clearly
Incidence of diar- reported
rhea: P= .32 ¢ small sample size
* elderly group of
patients
Tan et al A prospective, T=26 Multistrains 40.6 = 12.9 ICU mortality: not * missing tests that
(2011)* pilot RCT C=26 reported. may affect the
ICU-acquired infec- results
tions: P =.095 * small sample size
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Table 2 Continued

Reference Study design Population Probiotic strain Age as Outcomes Comments
(n) mean * SD
(years)
Incidence of diar- * pilot study
rhea: not reported ¢ absence of pla-
cebo-control
* only patients with
TBI
Zeng et al An open-label, T=118 Bacillus subtilis 524 +18.05 ICU mortality: P=.2 * the trial was an
(2016)** RCT, c=17 and ICU-acquired infec- open-label study
multicenter Enterococcus tions: P=.03* * missing tests that
faecalis Incidence of diar- may affect the

rhea: not reported results

small sample size
a combination of
2 probiotics were
used

P < .05 indicated a statistically significant difference. Abbreviations: C, control group; ICU, intensive care unit; n, number; RCT, random-
ized control trial; SD, standard deviation. TBI, traumatic brain injury; T, treatment group.

5 studies were rated as having a “high risk of
bias.”®*%32-34 1 addition, 4 studies were rated as hav-
ing an ‘unclear risk of bias’**"**** The RCTs were
graded based on 5 domains: risk of bias, imprecision,
heterogeneity, indirectness, and publication bias.
Figure2 shows the risk-of-bias graph, and Figure3
shows the risk-of-bias summary of all the included
studies.

Table 3 shows the summary of the findings regard-
ing the quality of the evidence, the risk of ICU mortal-
ity, and the risk of incidence of ICU-acquired
infections. The quality of the evidence was downgraded
to an assessment of a moderate level of certainty due to
most of the included studies being rated as having a
“high risk of bias.”

ICU mortality

Data on ICU mortality were reported in 6 trials.»**~*>*
No effect of probiotics on ICU mortality was detected
when compared with ICU mortality for the standard fi-
ber groups, P >.05. Rongrungruang et al’* conducted a
trial on 150 critically ill patients, which did not report a
significant difference between ICU mortality in the pro-
biotic and control groups, (24% and 22.7%, respectively,
P=.85). Similarly, Kwon et al®® conducted a trial on
103 critically patients, and no significant difference was
observed between the probiotics and control groups in
terms of death incidence (22% and 21%, respectively,
P=.80). In addition, in a multicentre RCT performed
by Zeng et al** on 235 patients, there was no significant
difference between the probiotic and control groups in
either ICU (12.7% and 7.7%, P=.2) or hospital (10.7%
and 14.8%, P=.369) mortality rates. Moreover,
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Mahmoodpoor et al’' carried out a double-blind RCT
performed on 100 patients who were admitted to the
ICU and undergoing mechanical ventilation. No signifi-
cant difference in ICU mortality was observed between
the probiotic and control groups (10.4% and 11.1%, re-
spectively, P=.58). A more recent RCT published in
July 2020 was conducted by Habib, Kassem, and
Ahmed® on 65 critically ill patients. No significant dif-
ference in ICU mortality was noticed between the 2
groups, (34.38% in the probiotics group and 36.36% in
the control group, P=1.0). The most recent RCT, pub-
lished August 2020, was performed by Wang et al* on
61 critically ill patients. They, too, did not report a sig-
nificant difference between the probiotics and control
groups (21% in each group, P =.98). There was also no
significant difference between probiotic and control
groups in terms of the mortality rate at 3 months,
(33.3% and 34.7%, respectively, P =.86). When probiot-
ics were given to adult critically ill patients compared
with a control group, the meta-analysis found no signif-
icant reduction in mortality (risk ratio 1.13, 95% CI .82
to 1.55, P = .46, Figure 4).%>° >3

ICU-acquired infections
Six trials®**?%**7** reported data regarding the infec-
tion incidence. In the Tan et al* study, conducted on
52 traumatic brain injury patients, the aim was to assess
the effect of enteral administration of probiotics on the
clinical outcomes for the patients and on regulating the
serum of their immune cell receptors. The authors sug-
gested that probiotics reduced the infection risk, but no
statistically significant difference was observed in terms
of infections between the probiotics and control groups

Nutrition Reviews® Vol. 81(3):322-332
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Figure 1 PRISMA flow diagram.

Abbreviations: ICU, intensive care unit; PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses (Moher

et al 2009%°).

(34.6% and 57.7%, respectively, P =.095). Moreover, in
the Kwon et al*” trial, the authors reported there was no
significant difference between the probiotics and con-
trol groups P > .05. Rongrungruang et al’> and Wang et
al* concluded in their trials that there was no significant
difference in terms of ICU infection, P=.46 and
P =92, respectively, between the probiotics and control
groups. In contrast, Zeng et al>* and Mahmoodpoor et
al’’ showed a significant reduction in terms of ICU-
acquired infections, particularly regarding VAP infec-
tion, P=.031 and P =.04, respectively. On the other
hand, Habib, Kassem, and Ahmed* suggested that no
significant difference was seen between the probiotics
and control groups (15.6% and 21.21%, respectively,
P =.75) regarding VAP infection.

Nutrition Reviews® Vol. 81(3):322-332

When probiotics were administered to one group
and not to a control group, the meta-analysis found no
significant difference in the incidence of ICU-acquired
infections among adult critically ill patients (risk ratio
.73, 95% CI .58 to .93, P= .01, Figure 5).>*%>*327>*

Incidence of diarrhea

Five trials reported data about the incidence of diar-
rhea.*>*® An early RCT performed by Ferrie and
Daley” was conducted on 36 critically ill patients. The
result indicated that Lactobacillus rhamnosus GG in-
creased the prevalence of daily loose stools, but this
finding was not statistically significant, P =.099. No sig-
nificant difference was observed in either per-protocol
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Random sequence generation (selection bias) _

Allocation concealment (selection bias) _ -

Blinding of participants and personnel (performance bias) —:—
Blinding of outcome assessment (detection bias) —:—
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:l

Other bias |

0% 25% 50% 75%  100%

B Low risk of bias

[ ]unclear risk of bias

[l High risk of bias

Figure 2 Risk-of-bias graph.

Review of authors’ judgments about each risk-of-bias item presented as percentages across all included studies.

or intention-to-treat analyses in terms of the severity of
diarrhea. In contrast, Rongrungruang et al’> concluded
that there was no significant difference in the diarrhea
incidence between the probiotic and control groups
(25.3% and 18.7%, respectively, P=.32). A pilot study
performed by de Castro Soares et al*® conducted on 58
critically ill patients concluded that critically ill patients
treated with Bacillus cereus A 05 probiotic had a signifi-
cantly lower number of days with diarrhea than those
treated with fiber, P=.011. The Mahmoodpoor et al
trial®' concluded that probiotics’ use tends to reduce
the incidence of diarrhea; however, no statistically sig-
nificant difference was observed between the two
groups (probiotics, 14.6%, control group, 27.8%,
P=.08). Furthermore, in a recent trial carried out by
Wang et al,* no significant difference was noticed be-
tween the probiotic and control groups (43% and 24%,
respectively, P=.12).

DISCUSSION

This review aimed at assessing the safety and efficacy of
probiotics in reducing the occurrence of ICU-acquired
infections in critically ill adult patients. Nutrition sup-
port has been developed over recent years, and it is now
considered a crucial part of the treatment plan for criti-
cally ill patients.” Patients diagnosed with a systemic
inflammatory disease, those with a long duration of
hospitalization, and those with dysfunctions of multiple
organs have a higher risk of morbidity and mortality
rates due to various types of infection.’ Before any nu-
tritional intervention, patient safety must be ensured,
especially in life-threatening situations. A previous sys-
tematic review and meta-analysis of 13 RCT's published
by Barraud, Bollaert, and Gibot,>® conducted on 1400
critically ill patients, reviewed a different strains of pro-
biotics. In that study, it was concluded that probiotics
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did not have any beneficial effect on the ICU mortality
rate, P=.29. In addition, in another systematic review
and meta-analysis of 8 RCTs performed by Bo et al*” on
1083 critically ill patients, no significant difference was
observed in terms of the mortality rate, P=.4.
Manzanares et al’® conducted a study on 2972 ICU
patients to evaluate the effect of probiotics and synbiot-
ics on critically ill patients and concluded that no signif-
icant difference was observed between the probiotics
and control groups, P= .44, in terms of mortality inci-
dence, which is consistent with the findings of the pre-
sent review.

VAP is linked to a longer stay in the ICU and to
mechanical ventilation.” In critically ill patients who
are at a higher risk of infections, improved management
and reduced risk of undesirable outcomes have been as-
sociated with the establishment and development of
new approaches and interventions to evaluate the
patient’s status, resulting in better quality of care.” This
review has found data supporting a significant reduc-
tion in ICU-acquired infections when probiotics are
used: Manzanares et al’® reported that the overall ICU
infection and VAP incidence were significantly lower in
the probiotics group, P=.009, P=.002, respectively. In
contrast, Barraud, Bollaert, and Gibot *° reported that
the use of probiotics did not show a beneficial effect in
terms of ICU-acquired infections, P=.10. However, in
a subgroup analysis of 10 trials, it was reported that
there was a significant reduction in ICU-acquired pneu-
monia, P=.0005. In accordance with the main findings
of Barraud, Bollaert, and Gibot*®, Watkinson et al*’ has
reported that uses of both probiotics and synbiotics
were not associated with any significant difference be-
tween control and experiment groups regarding the rate
of nosocomial infections, especially pneumonia.

Diarrhea is one of the most common complications
among critically ill patients. Many factors can induce

Nutrition Reviews® Vol. 81(3):322-332



Random sequence generation (selection bias)

Allocation concealment (selection bias)

Other bias

1. Wang et al 2020 (4)
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. ‘ Selective reporting (reporting bias)
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~
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3. de Castro Soares et al 2017 (28)

4. Habib, Kassem, and Ahmed 2020 (29)

~
~

5. Kwon et al 2015 (30)

~

6. Mahmoodpoor et al 2018 (31)
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7. Rongrungruang et al 2015 (32) | ‘2 | 2

~

8. Tan et al 2011 (33)

‘ ‘ ‘ . . . . . ‘ Incomplete outcome data (attrition bias)
~J
~J

9. Zengetal 2016 (34) | 2 | 2

Figure 3 Risk-of-bias summary.

Review of authors’ judgments about each risk-of-bias item for each included study.

diarrhea in critically ill patients, such as pharmaceutical adverse outcomes, such as developing wound infections,
(eg, antibiotics, laxatives, and enemas), bowel infec- lowering the actual nutritional intake, dehydration,
tions, or other non-infective causes (eg, a lack of pan- shifting and disturbance of the electrolytes, all of which
creatic enzymes, and overfeeding).'> Studies have ultimately increase the risk of mortality.® In this review,
shown that diarrhea in critically ill patients is related to most of the included studies did not reveal any
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Table 3 Summary of findings

Probiotic efficacy compared with placebo efficacy in critically ill patients
Patient or population: Critically ill patients

Setting: ICU

Intervention: Probiotic efficacy in critically ill patients

Comparison: Placebo

Outcomes No. of participants Certainty of the Relative effect Anticipated absolute effects
(studies) evidence (GRADE) (95% Cl)

Risk with placebo Risk difference with
probiotic efficacy in
critically ill patients

Mortality 683 ODPDO RR 1.13 (0.82 to 1.55) 167 per 1000 22 more per 1000
(6 RCTs) Moderate® (30 fewer to 92 more)
ICU-acquired 563 SDPO RR 0.73 (0.58 to 0.93) 371 per 1000 100 fewer per 1000
infection (5 RCTs) Moderate® (156 fewer to 26
fewer)

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the
effect.

Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the
estimate of the effect.

“Most of the included studies were rated as having a “high risk of bias.”

“The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% Cl). Abbreviations: Cl, confidence interval; RR, risk ratio.

Experimental

Control

Risk ratio

Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1. Wang et al 2020* 7 33 6 28 11.4% 0.99 [0.38, 2.60] —

4. Habib, Kassem, and Ahmed 2020%° 11 32 12 33 20.8% 0.95 [0.49, 1.83] —

5. Kwon et al 2015*° 7 30 8 40 12.1% 1.17[0.48, 2.86] I L

6. Mahmoodpoor et al 2018* 5 48 6 54 9.9% 0.94 [0.31, 2.88] s —

7. Rongrungruang et al 2015* 18 75 17 75  29.9% 1.06 [0.59, 1.89] —m—

9. Zeng et al 2016 15 117 9 118 15.8% 1.68[0.77, 3.69] T
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significant effect of probiotics on preventing or reduc-
ing the incidence of diarrhea. Bo et al’” reported that
no significant difference was observed in terms of diar-
rhea incidence, P=.1. Consistent with the findings of
the present review and Bo et al,”’ Manzanares et al*®
stated that no significant difference was observed be-
tween diarrhea incidence in probiotic and control
groups, P=.74. On the other hand, Saccharomyces bou-
lardii appears to be the most efficient fungus for pre-
venting antibiotic-associated diarrhea, according to
large single-strain meta-analyses: S. boulardii was found
to have a pooled relative risk of 0.5, with 10 patients
needing to be treated to prevent 1 case of antibiotic-
associated diarrhea.*"* In addition, a recent systematic
review and meta-analysis included studies (performed
only in China) reporting that use of probiotics results in
a significant reduction in terms of gastrointestinal com-
plications among severe stroke patients P <.00001.*
This review has some strengths, including trials
with double-blind designs, which minimizes the risk of
bias and reduces the placebo effect. Also, most of the in-
cluded trials used both intention-to-treat and per-
protocol analysis to increase the reliability. However,
this review has several limitations, such as a limited
number of trials being reviewed with different levels of
quality, which may impact the outcomes. Most of the
studies were of a small sample size or a pilot design,
which only provides an initial view of the effectiveness
of the probiotics. A larger trial with a higher number of
participants is required. This systematic review and
meta-analysis investigated the effect of probiotics that
were given via the enteral route, so these findings can-
not be generalized to other feeding routes. Each trial
used different probiotics strains and species, so it is
challenging to determine the effect of a particular strain.
Also, the higher age groups presented in some of the tri-
als are usually linked with higher mortality rates than
other age groups, and this could affect the mortality
rate and the infection incidence, so the results cannot
be generalized across all age groups. Two of the in-
cluded studies®>** were of open-label design, impacting
the clinician’s management and/or patient outcomes.
The medications and antibiotics that the patients were
on were either not reported (as in Rongrungruang et
al’?) or administered in probiotic groups more than in
control groups (as in Kwon et al*®), which may affect
the results for both ICU-acquired infections and inci-
dence of diarrhea. A few trials were performed in spe-
cific ICU settings, such as respiratory and trauma units,
so the results cannot be generalized across all ICU set-
tings. Additionally, the trial tests that Zeng et al** used
to confirm the VAP cases were less reliable than quanti-
tative and microscopic examinations, which provide
more accurate results. A few studies also looked at the

Nutrition Reviews® Vol. 81(3):322-332

short period of the therapy and the follow-up for probi-
otic therapy, which was deemed insufficient to deter-
mine the actual effect of the probiotic on mortality or
the infection rate. Moreover, in the trial of de Castro
Soares et al,”® the different formulas used (standard vs
semi-elemental) was a factor. The semi-elemental for-
mulas have a higher osmolality, which may induce an
osmotic diarrhea,*** in the de Castro Soares et al,”® the
participants were have one or more disease (cancer,
lung diseases, heart disease, and other diseases) that af-
fect the outcome due to the disease it self or due the
medications that are used as a plan of the participants
treatment plan. Finally, the absence of a pure control
group tends to reduce the actual effect of the
intervention.

CONCLUSION

In conclusion, probiotics are considered a safe nutri-
tional intervention among critically ill patients. The use
of probiotics demonstrated an improved outcome in re-
ducing the overall ICU infection rate, especially VAP.
The uses of Lactobacillus rhamnosus GG and Bacillus
cereus A 05 reduced the incidence of diarrhea among
critically ill patients. However, the effectiveness of pro-
biotics on the incidence of diarrhea remains inconclu-
sive and limited. Probiotic effects are strain-specific,
occur through a variety of pathways and mechanisms,
and might differ depending on the illness state. As a re-
sult, the optimum probiotic dosage for critically ill
patients remains unknown. Further trials with appro-
priate patients, using higher quality and specific probi-
otic strains would further assess the overall effectiveness
of probiotics in critically ill patients.
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