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Probiotics in Critical Illness: A Systematic
Review and Meta-Analysis of Randomized
Controlled Trials
OBJECTIVES: To determine the safety and efficacy of probiotics or synbiotics on
morbidity and mortality in critically ill adults and children.
DATA SOURCES: We searched MEDLINE, EMBASE, CENTRAL, and unpublished sources from inception to May 4, 2021.
STUDY SELECTION: We performed a systematic search for randomized controlled trials (RCTs) that compared enteral probiotics or synbiotics to placebo or
no treatment in critically ill patients. We screened studies independently and in
duplicate.
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DATA EXTRACTION: Independent reviewers extracted data in duplicate. A random-effects model was used to pool data. We assessed the overall certainty of
evidence for each outcome using the Grading Recommendations Assessment,
Development, and Evaluation approach.
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DATA SYNTHESIS: Sixty-five RCTs enrolled 8,483 patients. Probiotics may reduce ventilator-associated pneumonia (VAP) (relative risk [RR], 0.72; 95% CI,
0.59 to 0.89 and risk difference [RD], 6.9% reduction; 95% CI, 2.7–10.2%
fewer; low certainty), healthcare-associated pneumonia (HAP) (RR, 0.70; 95%
CI, 0.55–0.89; RD, 5.5% reduction; 95% CI, 8.2–2.0% fewer; low certainty),
ICU length of stay (LOS) (mean difference [MD], 1.38 days fewer; 95% CI, 0.57–
2.19 d fewer; low certainty), hospital LOS (MD, 2.21 d fewer; 95% CI, 1.18–3.24
d fewer; low certainty), and duration of invasive mechanical ventilation (MD, 2.53
d fewer; 95% CI, 1.31–3.74 d fewer; low certainty). Probiotics probably have no
effect on mortality (RR, 0.95; 95% CI, 0.87–1.04 and RD, 1.1% reduction; 95%
CI, 2.8% reduction to 0.8% increase; moderate certainty). Post hoc sensitivity
analyses without high risk of bias studies negated the effect of probiotics on VAP,
HAP, and hospital LOS.
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CONCLUSIONS: Low certainty RCT evidence suggests that probiotics or synbiotics during critical illness may reduce VAP, HAP, ICU and hospital LOS but
probably have no effect on mortality.
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C

ritical illness disrupts the host microbiome, creating what has been referred to as the “pathobiome” (1) or dysbiosis through a combination
of mechanisms including pathogenic bacterial overgrowth, increased
gastrointestinal permeability, the inadvertent iatrogenic effects of agents such
as narcotics, antibiotics, acid-suppressing agents, as well as host defense inflammatory response (2, 3). The World Health Organization (WHO) defined probiotics as “live microorganisms, which when administered in adequate amounts
confer a health benefit of the host” (4). Probiotics have been shown to suppress
gastrointestinal cytokine production, stimulate a protective mucus layer, prevent gut apoptosis, and reduce pathogenic bacterial overgrowth (5–7).
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Prebiotics are a nondigestible food ingredient that
stimulate growth of bacteria in the colon. Synbiotics
combine both prebiotics and probiotics and may act synergistically (8). A randomized controlled trial (RCT) of
4,556 healthy newborn infants in rural India found that
synbiotics decreased the combined relative risk (RR) of
sepsis and death by 40% and the risk of lower respiratory
tract infections by 34% when compared with placebo
(9). Whether these synergistic physiologic mechanisms
lead to the prevention of nosocomial infections (10) in
patients admitted to the ICU remains uncertain.
Previous RCTs have demonstrated variable effects
of probiotics on patient important outcomes in this
setting (11, 12). A recent meta-analysis of 30 RCTs
(n = 2,972 patients) in critically ill patients showed that
probiotics were associated with an overall reduction of
infections (risk ratio [RR], 0.80; 95% CI, 0.61–0.90),
including ventilator-associated pneumonia (VAP)
(RR, 0.74; 95% CI, 0.61–0.90); however, this conclusion was based on pooling of relatively small studies
as well as statistically heterogeneous (inconsistent)
results (11). Probiotics may also decrease the risk of
antibiotic-associated diarrhea or Clostridioides difficileassociated diarrhea. In the United States alone, probiotic sales have reached $35 billion/yr (13). Although
no utilization reviews document their prescription in
the ICU setting, probiotics are suggested for selected
critically ill patients (American Society for Parenteral
and Enteral Nutrition) (14).
The recently completed PROSPECT trial (NCT
02462590) enrolled 2,650 mechanically ventilated patients in 44 ICUs, comparing the probiotic
Lactobacillus rhamnosus GG versus placebo on VAP
and other clinically important outcomes (15). As this
study almost doubles the trial data on this topic, we
conducted an updated systematic review and metaanalysis to determine the effect of probiotics or synbiotics on morbidity and mortality in critically ill
patients.

METHODS
We registered the protocol for this systematic review
on PROSPERO (CRD42020157080) on April 28, 2020.
We have highlighted any deviations from the published protocol with an accompanying explanation.
The full methods can be found in the Supplementary
Appendix 10 (http://links.lww.com/CCM/H132); an
abbreviated version is presented here.
1176     www.ccmjournal.org

Systematic Search
We conducted a comprehensive search of MEDLINE,
EMBASE, CENTRAL, and unpublished sources including ClinicalTrials.gov, WHO International
Clinical Trials Registry Platform, Latin-American and
Caribbean System on Health Sciences from inception
to May 4, 2021.
Study Selection
We included RCTs testing probiotics or synbiotics
administered for any length of time compared with
placebo or no treatment in critically ill adults and children admitted to an ICU, whether or not they were
receiving life support. We excluded studies of prebiotics alone, as well as studies examining neonates (if the
majority of study participants were under the age of
28 d). In keeping with the predefined protocol, we included children and adults in the analysis to explore
the impact of the intervention across all populations
and then examine for credible subgroup effects.
Data Extraction and Quality Assessment
Reviewers extracted data independently and in duplicate
using prepiloted data abstraction forms. We assessed
risk of bias (RoB) independently and in duplicate using
a modified Cochrane RoB tool (16) for which each domain is rated as “low,” “probably low,” “high,” or “probably high.” We rated the overall RoB for an individual
study as the highest risk attributed to any domain. We
assessed the overall certainty of evidence for each outcome using the Grading Recommendations Assessment,
Development, and Evaluation (GRADE) approach (17).
Statistical Analysis
We used DerSimonian and Laird (18) random-effects
models to conduct meta-analyses using RevMan 5.3
(Cochrane Collaboration, Oxford, United Kingdom)
software. We generated study weights using the inverse variance method and present results as RRs
and risk difference (RD) for dichotomous outcomes
and as mean differences (MDs) for continuous outcomes, both with 95% CIs. We converted medians
to means when necessary using the method by Shi
et al (19). We calculated absolute effects using the
pooled baseline prevalence from the control arm of
included trials.
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For further details on heterogeneity, publication bias,
study selection, subgroup analyses, and trial sequential analyses (TSA), please refer to the Supplementary
Appendix (http://links.lww.com/CCM/H132).

RESULTS
Of 4,094 citations identified in the search
(Supplementary Appendix 6, Supplement Fig. 1,
http://links.lww.com/CCM/H132), we assessed 151
full texts and included 65 RCTs enrolling 8,483 patients.
Baseline characteristics of included trials are summarized in Supplementary Appendix 9, Supplement
Table 1 (http://links.lww.com/CCM/H132).
Description of Included Studies
We included an additional 35 studies (n = 5,511)
since the last major systematic review and metaanalysis addressing this topic (11). Fifteen studies
(n = 4,564) were multicenter and 50 were single-center
(n = 3,919). Of eight studies (n = 670) enrolling pediatric patients (20–27), five of these (n = 574) included
patients younger than 14 years, whereas two (n = 76)
included patients younger than 17 years; one study (n
= 20) included patients younger than 22 years old and
had an average age of participants of 7 years (26). Of 65
studies, 57 (n = 7,813) included only critically ill adults.
Thirteen trials assessed synbiotics (n = 1,190) and
52 assessed probiotics (n = 7,293). Of note, 42 studies
enrolled less than 100 patients. The following microorganisms were used at various doses and combinations
throughout the studies (Supplementary Appendix 9,
Supplement Table 1, http://links.lww.com/CCM/H132):
Lacticaseibacillus casei, Lactiplantibacillus plantarum, L.
acidophilus, L. delbrueckii, L. bulgaricus, Bifidobacterium
longum, B. breve, B. salivarius, Pediococcus pentosaceus, Lactococcus raffinolactis, B. infantis, B. bifidum,
Streptococcus thermophilus, Ligilactobacillus salivarius,
L. lactis, B. lactis, Saccharomyces boulardii, L. rhamnosus GG, L. johnsonii, L. casei, S. faecalis, Clostridium
butyricum, Bacillus mesentericus, L. sporogenes, S. boulardii, L. paracasei, B. subtilis, and Enterococcus faecium. The most common probiotic organisms used
in isolation were L. rhamnosus GG (15, 22, 26–33)
(n = 3,152), L. plantarum (34–39) (n = 506), and S. boulardii (40–42) (n = 186).
Of 65 trials, close to half were at probably high RoB (21,
26, 30, 32, 33, 35, 39, 43–67) (n = 2,674). Of the remaining,
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two were judged to be at high RoB (62, 68) (n = 129),
26 trials at probably low RoB (22, 24, 27–29, 31, 34, 36,
40–42, 69–83) (n = 2,300), and seven trials were judged
to be at low RoB (15, 20, 23, 25, 38, 84, 85) (n = 3,380)
(Supplementary Appendix 9, Supplement Table 2, http://
links.lww.com/CCM/H132, for all RoB judgments).
Efficacy Outcomes
Infections. Table 1 shows the summary of findings for
the outcomes including the certainty of evidence. Based
on the pooled results, probiotics may reduce VAP (RR,
0.72; 95% CI, 0.59–0.89 and RD, 6.9% reduction; 95%
CI, 2.7% fewer to 10.2% fewer); however, this is based
on low certainty evidence limited by RoB and inconsistency (Fig. 1 and Table 1). As per the TSA analysis, the
optimal information size was reached for VAP (n = 2,212)
(Supplementary Appendix 8, Supplement Fig. 44, http://
links.lww.com/CCM/H132). Statistical testing for VAP
suggested a possibility of publication bias; however, visual
inspection of the funnel plot did not suggest important
publication bias, as such we did not lower our certainty
further (Supplementary Appendix 9, Supplement Table
5, http://links.lww.com/CCM/H132). Similarly, probiotics may reduce healthcare-associated pneumonia
(HAP) (RR, 0.70; 95% CI, 0.55–0.89 and RD, 5.5% reduction; 95% CI, 2.0% fewer to 8.2% fewer; low certainty)
(Supplementary Appendix 7, Supplement Fig. 2, http://
links.lww.com/CCM/H132), catheter-related bloodstream infections (CRBSIs) (RR, 0.57; 95% CI, 0.27–1.19
and RD, 1.5% reduction; 95% CI, 2.5% reduction to 0.6%
increase; low certainty) (Supplementary Appendix 7,
Supplement Fig. 3, http://links.lww.com/CCM/H132),
and the risk of other healthcare-associated infections
(RR, 0.66; 95% CI, 0.55–0.80 and RD, 12.2% reduction;
95% CI, 16.2% reduction to 7.2% reduction; low certainty) (Supplementary Appendix 7, Supplement Fig. 4,
http://links.lww.com/CCM/H132). Probiotics have an
uncertain effect on Clostridioides difficile infection (RR,
0.43; 95% CI, 0.15–1.17 and RD, 1.9% reduction; 95%
CI, 2.8% reduction to 0.6% increase; very low certainty)
(Supplementary Appendix 7, Supplement Fig. 5, http://
links.lww.com/CCM/H132) and probably have no effect
on urinary tract infections (RR, 0.94; 95% CI, 0.78–1.12
and RD, 0.6% reduction; 95% CI, 2.3% reduction to 1.3%
increase; moderate certainty) (Supplementary Appendix
7, Supplement Fig. 6, http://links.lww.com/CCM/H132).
Mortality. Probiotics probably have no effect on
mortality (RR, 0.95; 95% CI, 0.87–1.04 and RD, 1.1%
www.ccmjournal.org
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TABLE 1.

Abbreviated Grading Recommendations Assessment, Development, and Evaluation
Summary of Findings
Outcomes
No. of
Studies

No. of Patients
Probiotics/
Synbiotics

Effect

Placebo

Relative
(95% CI)

588/2,371
(24.8%)

RR 0.72
(0.59–0.89)

80/662
(12.1%)

130/712
(18.3%)

725/3,513
(20.6%)

Absolute (95% CI)

Certainty

Importance

69 fewer per 1,000 (from
102 fewer to 27 fewer)

⊕⊕OO

Critical

RR 0.70
(0.55–0.89)

55 fewer per 1,000 (from
82 fewer to 20 fewer)

⊕⊕OO

Critical

794/3,739
(21.2%)

RR 0.95
(0.87–1.04)

11 fewer per 1,000 (from
28 fewer to 8 more)

⊕⊕⊕OO

Critical

11/2,197
(0.5%)

0/2,193
(0.0%)

RR 9.96
(1.25–79.09)

0 fewer per 1,000 (from 0
fewer to 0 fewer)

⊕⊕OO

Critical

2,806

2,811

—

MD 1.38 lower (2.19 lower
to 0.57 lower)

⊕⊕OO

Important

MD 2.53 lower (3.74 lower
to 1.31 lower)

⊕⊕OO

Important

MD 2.21 lower (3.24 lower
to 1.18 lower)

⊕⊕OO

Important

Ventilator-associated pneumonia
17

501/2,367
(21.2%)

Healthcare-associated pneumonia
15
Mortality
47

Serious adverse events
18
ICU length of stay
31

Duration of mechanical ventilation
12

785

801

—

Hospital length of stay
27

2,824

2,842

—

Lowa

Low

Moderate

Low

Low

Low

Low

a

MD = mean difference, RR = risk ratio.
a
Although statistical testing suggested small study effects (publication bias), we have already lowered certainty for risk of bias, and the
funnel plot did not appear asymmetric based on visual inspection. The combination of borderline risk of bias, borderline inconsistency,
and borderline publication bias did not add up to lowering by three levels but rather by two.
Dashes indicate continuous outcomes do not have relative effects estimates.

reduction; 95% CI, 2.8% reduction to 0.8% increase;
moderate certainty) (Fig. 2; and Supplementary
Appendix 9, Supplement Table 2, http://links.lww.
com/CCM/H132).
Morbidity. Probiotics may reduce duration of invasive mechanical ventilation (IMV) (MD, 2.53 d fewer;
95% CI, 1.31 d fewer to 3.74 d fewer; low certainty)
(Supplementary Appendix 7, Supplement Fig. 7, http://
links.lww.com/CCM/H132), hospital length of stay
(LOS) (MD, 2.21 d fewer; 95% CI, 1.18 d fewer to 3.24
d fewer; low certainty) (Supplementary Appendix 7,
Supplement Fig. 8, http://links.lww.com/CCM/H132),
and ICU LOS (MD, 1.38 d fewer; 95% CI, 0.57 d fewer to
1178     www.ccmjournal.org

2.19 d fewer; low certainty) (Supplementary Appendix 7,
Supplement Fig. 9, http://links.lww.com/CCM/H132).
Statistical testing for hospital LOS suggested a possibility of publication bias; however, visual inspection
of the funnel plot did not suggest important publication bias, and therefore we did not further lower our
certainty for this outcome (Supplementary Appendix
9, Supplement Table 5, http://links.lww.com/CCM/
H132). Probiotics have an uncertain effect on duration
of antibiotics (MD, 1.77 d fewer; 95% CI, 0.17 d fewer
to 3.36 d fewer; very low certainty) (Supplementary
Appendix 7, Supplement Fig. 10, http://links.lww.com/
CCM/H132).
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Figure 1. Forest plot comparing probiotics/synbiotics and placebo for the outcome of ventilator-associated pneumonia. df = degrees of freedom.

Probiotics have an uncertain effect on organ dysfunction (standardized MD, –0.22 points; 95% CI,
–0.78 to 0.35; very low certainty) (Supplementary
Appendix 7, Supplement Fig. 11, http://links.lww.com/
CCM/H132). With respect to advanced life support,
probiotics likely have no effect on the initiation of IMV
(RR, 1.04; 95% CI, 0.85–1.27 and RD, 2.1% increase;
95% CI, 8.7% fewer to 15.7% increase; moderate certainty) (Supplementary Appendix 7, Supplement Fig.
12, http://links.lww.com/CCM/H132) or inotropic/
vasopressor therapy (RR, 1.08; 95% CI, 0.79–1.48 and
RD, 2.1% increase; 95% CI, 5.5% reduction to 12.1%
increase; low certainty) (Supplementary Appendix
7, Supplement Fig. 13, http://links.lww.com/CCM/
H132). No trials reported the effect of probiotics on
the initiation of renal replacement therapy.
Probiotics likely have no effect on the frequency
of diarrhea (RR, 0.98; 95% CI, 0.85–1.12 and RD,
1.0% reduction; 95% CI, 7.2% fewer to 5.8% increase;
moderate certainty) (Supplementary Appendix 7,
Supplement Fig. 14, http://links.lww.com/CCM/
H132) and have an uncertain effect on the duration
of diarrhea (MD, 2.59 d fewer; 95% CI, 5.59 d fewer
to 0.41 d increase; very low certainty) (Supplementary
Appendix 7, Supplement Fig. 15, http://links.lww.com/
CCM/H132).
Possible Harms
Probiotics may increase serious adverse events (SAEs),
albeit they were defined differently across trials (RR,
Critical Care Medicine

9.96; 95% CI, 1.25–79.09; RD, 0%; low certainty) (Fig.
3; and Supplementary Appendix 9, Table 3 [http://
links.lww.com/CCM/H132] ). Among 18 trials documenting SAEs, only two trials reported any events
(15, 72); nine patients developed mesenteric ischemia
and two had Lactobacillus species isolated in a culture from a sterile site or as the sole or predominant
organism cultured from a nonsterile site, associated with persistent or significant disability or incapacity that was life-threatening or resulted in death.
Probiotics may also increase the frequency of probiotic organism isolates from sterile sites or as the sole or
predominant organism in a nonsterile site (RR, 15.16;
95% CI, 2.01–114.60 and RD, 0.8% increase; 95% CI,
0.01% increase to 6.7% increase; low certainty) with
15 events in the probiotics arm and 1 in the placebo
arm (Supplementary Appendix 7, Supplement Fig. 16,
http://links.lww.com/CCM/H132). Among nine trials
documenting this outcome, only one trial reported any
events (15).
Subgroup Analysis
The majority of prespecified subgroup analyses did not
demonstrate credible subgroup effects for any of the
outcomes of interest. Analysis based on RoB demonstrated subgroup effects for the outcomes of VAP (p
interaction = 0.01) (Fig. 4) and hospital LOS (p interaction = 0.004) (Supplementary Appendix 7, Supplement
Fig. 18, http://links.lww.com/CCM/H132) resulting
in rating down of their certainty using the GRADE
www.ccmjournal.org
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Figure 2. Forest plot comparing probiotics/synbiotic and placebo for the outcome of mortality at the longest point of follow-up.
df = degrees of freedom.

approach. There were no credible subgroup effects
found when comparing L. rhamnosus GG to other probiotics (Supplementary Appendix 7, Supplement Figs.
19–23, http://links.lww.com/CCM/H132). Post hoc
subgroup analyses at the request of reviewers examining the probiotic L. plantarum found no credible subgroup effects for any of the outcomes (Supplementary
Appendix 7, Supplement Figs. 24–28, http://links.lww.
com/CCM/H132). Of note, there was no evidence
of effect modification for any of the outcomes when
comparing probiotics and synbiotics (Supplementary
Appendix 7, Supplement Figs. 29–33, http://links.lww.
com/CCM/H132). Trial reporting precluded the subgroup analysis comparing patients in shock with those
without shock.
1180     www.ccmjournal.org

Sensitivity Analysis
Post hoc sensitivity analyses without the pediatric
data did not change the outcomes (Supplementary
Appendix 7, Supplement Figs. 34–38, http://links.lww.
com/CCM/H132). Further post hoc sensitivity analyses without the high RoB studies found that the use of
probiotics or synbiotics had no effect on VAP (RR, 0.91;
95% CI, 0.73–1.13) (Supplementary Appendix 7,
Supplement Fig. 39, http://links.lww.com/CCM/H132),
mortality (RR, 0.98; 95% CI, 0.89–1.08) (Supplementary
Appendix 7, Supplement Fig. 40, http://links.lww.
com/CCM/H132), HAP (RR, 0.89; 95% CI, 0.45–
1.76) (Supplementary Appendix 7, Supplement
Fig.
41,
http://links.lww.com/CCM/H132),
August 2022 • Volume 50 • Number 8
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Figure 3. Forest plot comparing probiotics/synbiotics and placebo for the outcome of serious adverse events. df = degrees of freedom.

ICU LOS, (MD, 1.00 d fewer; 95% CI, 1.84 d fewer to 0.16
d more) (Supplementary Appendix 7, Supplement Fig.
42, http://links.lww.com/CCM/H132), and hospital LOS
(MD, 0.57 d fewer; 95% CI, 1.92 d fewer to 0.78 d more)
(Supplementary Appendix 7, Supplement Fig. 43, http://
links.lww.com/CCM/H132).

DISCUSSION
This systematic review and meta-analysis suggest that
probiotics or synbiotics may reduce VAP, HAP, and
other healthcare infections when used in critically
ill patients; however, this is based on low certainty

Figure 4. Forest plot comparing probiotics/synbiotics and placebo for the outcome of ventilator-associated pneumonia by quality of
study. df = degrees of freedom, RoB = risk of bias, VAP = ventilator-associated pneumonia.
Critical Care Medicine
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evidence. Despite this possible reduction in nosocomial infections, probiotics do not influence the risk of
mortality, inotrope/vasopressor therapy, initiation of
IMV, or frequency of diarrhea, and have an uncertain
effect on rates of CRBSI, CDI, duration of diarrhea,
and organ dysfunction.
One concerning finding is the risk of the administered probiotic being isolated from sterile sites or as
the sole or predominant organism cultured from a
nonsterile site; of note, all of the events for this outcome were from one trial (15). Probiotics may also increase SAEs; all such reported outcomes were from two
studies; one RCT documenting mesenteric ischemia in
nine patients and a second RCT isolating Lactobacillus
species in two patients in a culture from a sterile site associated with prolongation of ICU admission (15, 72).
Of note, the study that reported an increased risk of
mesenteric ischemia examined the role of post-pyloric
synbiotic administration in critically ill patients with
pancreatitis (72); however, there were concerns with
this study and how serious adverse events were captured (86). Specifically, 31 of the 33 deaths were not
reported directly to the data and ethics committees
and were reported later; thus, the evaluation of these
incidents could not take place during the conduct of
the study (86). Furthermore, the post-pyloric administration of probiotics in that study raises caution about
that route of administration. The SAEs summarized in
this review were observed in the strict clinical research
environment; generalized use of probiotics among unselected patients in practice may increase this risk.
This updated review was prompted by the publication of Probiotics to Prevent Severe Pneumonia and
Endotracheal Colonization Trial (PROSPECT) (NCT
02462590), which concluded that probiotics (L. rhamnosus GG) conferred no health benefits among mechanically ventilated critically ill patients (15). This
meta-analysis more than doubles the number of trials and almost triples the number of patients included
in the most recent meta-analysis (11). Results overall
reflect low certainty evidence for most outcomes, as
opposed to PROSPECT (NCT 02462590), the largest
trial to date, which did not find that probiotics reduce
VAP, CDI, ICU LOS, or mortality. Reasons for the discordant findings between some previous trials and
PROSPECT may reflect the fact that prior trials suggesting benefit were at higher RoB compared with more
recent research. For instance, subgroup effects were
1182     www.ccmjournal.org

found for the outcomes of VAP (p interaction = 0.01)
and hospital LOS (p interaction = 0.004) when comparing high versus low RoB studies; in particular, studies at high RoB were more likely to have an effect in
showing reduced rates of VAP (Fig. 4) and hospital
LOS (Supplementary Appendix 7, Supplement Fig. 18,
http://links.lww.com/CCM/H132). Furthermore, sensitivity analyses without the high RoB studies negated
the effects found for VAP, HAP, and hospital LOS.
Further, 42 of the trials included in this systematic review
enrolled fewer than 100 patients, which may increase
the risk of type I error, which is mitigated by a larger
trial, all else being equal. Taken together, the limitations
of some of the included trials suggest the overall results
of this meta-analysis need to be interpreted with caution (Supplementary Appendix 9, Supplement Table 1,
http://links.lww.com/CCM/H132).
Another reason for discrepant results between
PROSPECT (NCT 02462590) and other trials relate
to patient illness severity and the probiotic evaluated.
Patients in PROSPECT (NCT 02462590) appear to be
sicker (overall mortality of 28.1%) than those enrolled
in the other trials (pooled mortality for trials without
PROSPECT was 17.4%), reflecting enrollment criteria
requiring anticipated duration of invasive ventilation
of at least 72 hours. Furthermore, to our knowledge,
only one of the included trials ensured the integrity of
probiotic dosing by conducting capsule quality control
measures throughout (PROSPECT [NCT 02462590]);
this trial showed no effect of L. rhamnosus GG on any
clinical outcomes.
These findings represent the most current, comprehensive summary of evidence to guide practice
for critically ill patients. While PROSPECT (NCT
02462590) did not demonstrate an improvement in
clinical outcomes, this review found a potential reduction in VAP, albeit based on the totality of randomized
trial data representing low certainty evidence that is
further dampened by the sensitivity analyses without
high RoB studies. Specifically, for the outcome of VAP,
nine of the 17 trials were low RoB (n = 3,914 patients)
were judged to be at low RoB, whereas 11 RCTs
(n = 824 patients) were judged to be at high RoB.
Subgroup analysis suggested studies judged to be at
high RoB demonstrated a larger reduction in VAP
compared with those judged to be low RoB, and this
analysis contributed to the overall low certainty in
pooled estimates. As such, despite the large number
August 2022 • Volume 50 • Number 8
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of trials and a pooled effect estimate suggesting benefit, the effect of probiotics on VAP in ICU patients remains somewhat uncertain. Given the heterogeneity of
patients in the included studies, further research may
explore whether there are specific subgroups of patients
who may benefit from probiotics in reducing VAP. We
hope that this systematic review and meta-analysis
may inform future guidelines, which will consider the
balance of benefits, harms, values, preferences, and
costs in developing clinical recommendations.
This systematic review and meta-analysis has several
strengths including a preregistered protocol, a comprehensive literature search including unpublished sources,
duplicate and independent screening and data abstraction, and GRADE assessment of certainty of evidence.
Inclusion of pediatric literature allows for a more robust
and generalizable understanding of the effect of probiotics
in critical illness. Given the sensitivity analysis excluding
studies done in children did not change the results, and
subgroup analysis comparing children versus adults did
not demonstrate evidence of credible subgroup effect,
this evidence should be considered to be generalizable
to both the adult and pediatric critical care communities.
Furthermore, with an additional 35 studies (n = 5,511
patients) since the last major systematic review, this body
of evidence is the largest to date. This report also has limitations. Foreign language papers were only abstracted by
one reviewer and infectious outcome definitions varied
across trials. We were unable to perform one preplanned
subgroup analysis (shock compared with no shock) due
to lack of sufficient granularity in published trials. Many
of the outcomes were based on low or very low certainty
of evidence, rendering definitive conclusions challenging.
Furthermore, we were unable to study the impact of probiotic dose and the role of enteral nutrition due to significant heterogeneity and lack of data.

CONCLUSIONS
Probiotics or synbiotics may reduce VAP, HAP, and
other healthcare infections when used in critically ill
patients, however, this is based on low certainty evidence due in large part to high RoB studies. Despite
this possible reduction in nosocomial infections, probiotics do not appear to have an effect on mortality, use
of vasopressors, initiating IMV or its duration, or the
frequency or duration of diarrhea. When administered
to critically ill patients, probiotic organisms may be
Critical Care Medicine

identified in sterile sites or as the sole or predominant
organism in a nonsterile site.
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