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Background and Objective: Ventilator-associated pneumonia (VAP) is still an important cause of morbidity and mortality in mechanically ventilated patients. The efficacy of the probiotics for preventing VAP is still controversial. Present study was conducted to comprehensively evaluate the effect of probiotics on VAP prevention in mechanically ventilated patients.

Methods: PubMed, Embase, and CENTRAL were searched up to September 2016. Eligible trials designed with randomized controlled trials (RCTs) comparing probiotics with control in mechanically ventilated patients were included. Risk ratios (RRs) and mean differences (MDs) with 95% confidence intervals (CIs) were estimated with fixed or random effects models. Trial sequential analysis (TSA) was performed using TSA 0.9beta software.

Results: Thirteen RCTs (N = 1969) were included. Overall, probiotics were associated with reduced incidence of VAP (RR = 0.73, 95% CI = 0.60–0.89; P = 0.002), which was confirmed by TSA (TSA adjusted 95% CI = 0.55–0.96). However, no significant difference was observed in 90-day mortality (RR = 1.00, 95% CI = 0.72–1.37; P = 0.99), overall mortality (RR = 0.84, 95% CI = 0.70–1.02; P = 0.09), 28-day mortality (RR = 1.06, 95% CI = 0.72–1.57; P = 0.99), intensive care unit (ICU) mortality (RR = 0.97, 95% CI = 0.74–1.27; P = 0.82), hospital mortality (RR = 0.81, 95% CI = 0.65–1.02; P = 0.07), diarrhea (RR = 0.99, 95% CI = 0.83–1.19; P = 0.92), length of ICU stay (MD = −2.40 days, 95% CI = −6.75 to 1.95; P = 0.28), length of hospital stay (MD = −1.34 days, 95% CI = −6.21 to 3.54; P = 0.59), and duration of mechanical ventilation (MD = −3.32 days, 95% CI = −6.74 to 0.09; P = 0.06).

Conclusions: In this meta-analysis, we found that probiotics could reduce the incidence of VAP in mechanically ventilated patients. It seems likely that probiotics provide clinical benefits for mechanically ventilated patients.
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INTRODUCTION

Ventilator-associated pneumonia (VAP) is still an important cause of morbidity and mortality in mechanically ventilated patients even though the incidence thereof has been decreased in the past several years in America (Metersky et al., 2016). It is estimated that VAP may be responsible for ~27–47% of intensive care unit (ICU) acquired infections (Grap et al., 2012). The clinical and economic burden of VAP remains high and the application of existing VAP prevention strategies is variable but disappointing (Muscedere et al., 2008; Amin, 2009; Kallet, 2015). Therefore, a simple, inexpensive, and safe prevention strategy will contribute to the decrease of VAP occurrence rate and corresponding burden. The pathogenesis of VAP is complicated; however it typically involves the colonization of upper aerodigestive tract with pathogenic bacteria and the leakage of contaminated oropharyngeal secretions into the lung (Kollef, 2005; Baselski and Klutts, 2013). Numerous studies have assessed various strategies of VAP prevention which can be classified into pharmacologic and non-pharmacologic interventions. Compared to other strategies, probiotics have been considered as a new intervention for VAP prevention in critical care medicine.

In recent years, several studies suggest that orally administered probiotics may conduce to the prevention of VAP (Siempos et al., 2010; Theodorakopoulou et al., 2013). However, the conclusions on this topic are still controversial (Siempos et al., 2010; Gu et al., 2012; Wang et al., 2013; Bo et al., 2014). In 2010, Siempos et al. (2010) performed a meta-analysis with five trials and supported that probiotics were associated with decreased risk of VAP, which was further confirmed by a Cochrane systematic review with eight trials (Bo et al., 2014). However, another meta-analysis carried out by Gu et al. (2012) with seven trials concluded that probiotics were not beneficial to mechanically ventilated patients. Additionally, the results of a subsequent meta-analysis performed by Wang et al. (2013) with five trials also demonstrated that probiotics had no beneficial effect for prevention of VAP. Several trials have been applied to assess the role of probiotics in VAP prevention since the previous meta-analyses were published. Additionally, due to uncertain efficacy and safety of probiotics, most ICU pharmacists would not currently recommend this strategy for prevention of VAP (Wheeler et al., 2016). Therefore, we performed an updated meta-analysis to evaluate the effectiveness and safety of probiotics for preventing VAP, thereby providing a more precise evidence for clinical practice.

METHODS

Eligibility Criteria

This meta-analysis is reported based on the methodology of Cochrane Handbook (Higgins and Green, 2011) and conducted in adherence to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2009). The inclusion criteria were a s following: (1) patients: the study subjects were mechanically ventilated patients; (2) intervention: probiotics; (3) comparison: placebo or other drugs; (4) outcomes: primary outcome was incidence of VAP; secondary outcomes were 90-day mortality, overall mortality, 28-day mortality, ICU mortality, and hospital mortality; tertiary outcomes were diarrhea, length of ICU stay, length of hospital stay, and duration of mechanical ventilation; (5) study type: only randomized controlled trials (RCTs) that were peer-reviewed and available in full-text would be included in this meta-analysis.

Search Strategy

PubMed, Embase, and CENTRAL on the Cochrane Library were comprehensively searched for all relevant RCTs up to September 2016 by two authors (HW and JL). The following items were combined and adopted to retrieve original studies: “probiotic,” “probiotics,” “prebiotic,” “prebiotics,” “symbiotic,” “synbiotics,” “lactobacillus,” “lactobacilli,” “bifidobacterium,” “pneumonia,” “random,” “placebo,” and “trial.” Reference lists of relevant reviews or meta-analyses were manually searched. No language restriction was applied. Any discrepancy was solved by consensus or discussion with a third author (XZ) when necessary.

Data Extraction and Risk of Bias Assessment

Two reviewers (HW and JGL) independently extracted data from eligible studies using a pre-specified data extraction form and assessed the risk of bias of included studies. The extracted information: included name of first author, year of publication, country, institutions, language, funding source, characteristic of participants, details of intervention and comparison treatment, definition of VAP, outcomes, and methodological design. Discrepancy was solved by negotiation between them. The risk of bias of included studies was assessed according to Cochrane Handbook for Systematic Reviews of Interventions criteria (Higgins and Green, 2011).

Statistical Analysis

Dichotomous outcome variables were measured using risk ratios (RRs) and corresponding 95% confidence intervals (CIs). Continuous outcome variables were measured using mean differences (MDs) and corresponding 95% CIs. Heterogeneity between studies was detected by Cochrane's Q-test with P < 0.1 as a significance level, and quantitatively measured through I2 statistic. Fixed effects model was applied to perform the meta-analysis if the P-value of Cochrane's Q-tests was more than 0.1, otherwise, random effects model was utilized. The statistical significance level was set at 0.05 for this meta-analysis. All the data syntheses were accomplished using RevMan 5.3 software. The number needed to treat (NNT) was also estimated for primary outcome. Sensitivity analyses were performed by excluding studies which would confound the results.

Cumulative meta-analyses of RCTs are at risk of yielding random errors due to sparse data and repetitive testing of accumulating data (Wetterslev et al., 2017). Trial sequential analysis (TSA) depends on the quantification of the required information size (RIS), i.e., optimal information size. TSA was undertaken using TSA 0.9 beta software if the number of included trials was more than five. The RIS was estimated using relative risk reduction and heterogeneity adjusted information size for dichotomous outcomes (Brok et al., 2008; Wetterslev et al., 2008; Thorlund et al., 2009). The result was confirmed as true positive if the cumulative Z-curve surpassed the Lan-DeMets trial sequential monitoring boundary or reached the RIS above the conventional significance level line (Z = 1.96); and the result was confirmed as true negative if the cumulative Z-curve reached the futility boundary or reached the RIS below the conventional significance level line (Z = 1.96). TSA adjusted 95% CIs were also presented.

RESULTS

Characteristics and Risk of Bias Assessment of Included Trials

We initially retrieved a total of 172 studies from the above-mentioned databases. After strict screening according to inclusion criteria, 13 RCTs (Spindler-Vesel et al., 2007; Forestier et al., 2008; Klarin et al., 2008; Giamarellos-Bourboulis et al., 2009; Knight et al., 2009; Barraud et al., 2010; Morrow et al., 2010; Oudhuis et al., 2011; Tan et al., 2011; Li et al., 2012; Banupriya et al., 2015; Rongrungruang et al., 2015; Zeng et al., 2016) were included in the present meta-analysis. The study selection process is presented in Figure 1. Characteristics of included trials are shown in Table 1. These trials were published between 2007 and 2016. The sample sizes of included trials were ranged from 35 to 259 (total number was 1,969). Two studies (Li et al., 2012; Banupriya et al., 2015) focused on children and one study (Klarin et al., 2008) only included probiotics as oral care. These three studies might confound the results of the overall analysis and sensitivity analyses were undertaken by removing these trials for relevant outcomes. Risk of bias assessment of included trials is displayed in Figure 2.
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FIGURE 1. Flowchart of study selection process.




Table 1. Characteristics of included trials.
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FIGURE 2. Risk of bias assessment of included trials.



Primary Outcome: Incidence of VAP

The meta-analysis involving 13 trials (1,969 patients) showed a significantly decreased risk in incidence of VAP in patients exposed to probiotics based on random-effects model (RR = 0.73, 95% CI = 0.60–0.89; P = 0.002), as demonstrated in Figure 3. Low to moderate between-study heterogeneity was detected (P = 0.06, I2 = 40%). The NNT was 10.9 (95% CI = 7.7–19.3). The TSA adjusted 95% CI ranged from 0.55 to 0.96. The TSA result showed that 1,969 (62.9%) of the RIS of 3,132 patients was accrued. The cumulative z-curve crossed the conventional boundary for benefit and crossed the trial sequential monitoring boundary for benefit (Figure 4), indicating that firm evidence of probiotics for preventing VAP was obtained. Sensitivity analysis by removing three trials (Klarin et al., 2008; Li et al., 2012; Banupriya et al., 2015) showed similar results to the overall analysis (RR = 0.86, 95% CI = 0.66–0.97; P = 0.02).
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FIGURE 3. Forest plot of incidence of VAP.




[image: image]

FIGURE 4. Trial sequential analysis of VAP.



Secondary Outcome 1a: 90-Day Mortality

Two trials concerning 317 patients presented follow-up data up to 90 days. The meta-analysis of these two trials showed no significant difference in 90-day mortality in patients exposed to probiotics based on fixed-effects model (RR = 1.00, 95% CI = 0.72–1.37; P = 0.99), as revealed in Figure 5. No evidence of between-study heterogeneity was detected (P = 0.94, I2 = 0%).
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FIGURE 5. Forest plot of incidence of 90-day mortality.



Secondary Outcome 1b: Overall Mortality

Overall mortality data were obtained from nine RCTs involving 1,296 patients. The meta-analysis of these nine trials indicated no significant difference in overall mortality in patients exposed to probiotics based on fixed-effects model (RR = 0.84, 95% CI = 0.70–1.02; P = 0.09), as shown in Figure 6. No evidence of between-study heterogeneity was detected (P = 0.94, I2 = 0%). The TSA adjusted 95% CI was ranged from 0.58 to 1.23. The TSA result showed that 1,296 (32.0%) of the RIS of 4,053 patients was accrued. The cumulative z-curve crossed neither the conventional boundary for benefit nor the trial sequential futility boundary for benefit (Figure 7), suggesting that the current evidence was inconclusive. Sensitivity analysis by removing two trials (Klarin et al., 2008; Banupriya et al., 2015) showed similar results to the overall analysis (RR = 0.86, 95% CI = 0.70–1.07; P = 0.17).
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FIGURE 6. Forest plot of incidence of overall mortality.
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FIGURE 7. Trial sequential analysis of overall mortality.



Secondary Outcome 1c: 28-Day Mortality

Two trials with 317 patients presented follow-up data up to 28 days. The meta-analysis of these two trials showed no significant difference in 28-day mortality in patients exposed to probiotics based on fixed-effects model (RR = 1.06, 95% CI = 0.72–1.57; P = 0.99), as displayed in Figure 8. No evidence of between-study heterogeneity was detected (P = 0.99, I2 = 0%).
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FIGURE 8. Forest plot of incidence of 28-day mortality.



Secondary Outcome 1d: ICU Mortality

Six trials including 938 patients reported the ICU mortality data. The meta-analysis of these six trials exhibited no significant difference in ICU mortality in patients exposed to probiotics based on fixed-effects model (RR = 0.97, 95% CI = 0.74–1.27; P = 0.82), as shown in Figure 9. No evidence of between-study heterogeneity was detected (P = 0.75, I2 = 0%). The TSA adjusted 95% CI was ranged from 0.33 to 2.87. The TSA result showed that 938 (15.5%) of the RIS of 6,058 patients was accrued. The cumulative z-curve crossed neither the conventional boundary for benefit nor the trial sequential futility boundary for benefit (Figure 10), revealing that the current evidence was inconclusive. Sensitivity analysis by removing one trial (Klarin et al., 2008) showed similar results to the overall analysis (RR = 0.96, 95% CI = 0.73–1.26; P = 0.78).
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FIGURE 9. Forest plot of incidence of ICU mortality.
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FIGURE 10. Trial sequential analysis of ICU mortality.



Secondary Outcome 1e: Hospital Mortality

Six trials contacting 877 patients reported the ICU mortality data. The meta-analysis of these six trials indicated no significant difference in hospital mortality in patients exposed to probiotics based on fixed-effects model (RR = 0.81, 95% CI = 0.65–1.02; P = 0.07), as shown in Figure 11. No evidence of between-study heterogeneity was detected (P = 0.82, I2 = 0%). The TSA adjusted 95% CI was ranged from 0.49 to 1.33. The TSA result showed that 877 (25.2%) of the RIS of 3,475 patients was accrued. The cumulative z-curve crossed neither the conventional boundary for benefit nor the trial sequential futility boundary for benefit (Figure 12), revealing that the current evidence was inconclusive. Sensitivity analysis by removing two trials (Klarin et al., 2008; Banupriya et al., 2015) showed similar results to the overall analysis (RR = 0.83, 95% CI = 0.64–1.07; P = 0.15)
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FIGURE 11. Forest plot of incidence of hospital mortality.
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FIGURE 12. Trial sequential analysis of hospital mortality.



Tertiary Outcome 1a: Diarrhea

Five trials with 768 patients reported the diarrhea data. The meta-analysis of these six trials showed no significant difference in diarrhea in patients exposed to probiotics based on fixed-effects model (RR = 0.99, 95% CI = 0.83–1.19; P = 0.92), as presented in Figure 13. No evidence of between-study heterogeneity was detected (P = 0.50, I2 = 0%).


[image: image]

FIGURE 13. Trial sequential analysis of diarrhea.



Tertiary Outcome 1b: Length of ICU Stay

Five trials including 538 patients reported the length of ICU stay. The meta-analysis of these six trials showed no significant difference in length of ICU stay in patients exposed to probiotics based on random-effects model (MD = −2.40 days, 95% CI = −6.75 to 1.95; P = 0.28), as shown in Figure 14. Moderate to high between-study heterogeneity was detected (P = 0.0001, I2 = 83%). Sensitivity analysis by removing two trials (Klarin et al., 2008; Banupriya et al., 2015) showed similar results to the overall analysis (MD = −3.88 days, 95% CI = −10.51 to 2.76; P = 0.25).
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FIGURE 14. Forest plot of incidence of length of ICU stay.



Tertiary Outcome 1c: Length of Hospital Stay

Four trials with 682 patients reported the length of hospital stay. The meta-analysis of these six trials showed no significant difference in length of hospital stay in patients exposed to probiotics based on random-effects model (MD = −1.34 days, 95% CI = −6.21 to 3.54; P = 0.59), as displayed in Figure 15. Moderate to high between-study heterogeneity was detected (P = 0.002, I2 = 79%). Sensitivity analysis by removing one trial (Banupriya et al., 2015) showed similar results to the overall analysis (MD = 1.47 days, 95% CI = −1.30 to 4.25; P = 0.30).
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FIGURE 15. Forest plot of incidence of length of hospital stay.



Tertiary Outcome 1d: Duration of Mechanical Ventilation

Four trials involving 512 patients reported the duration of mechanical ventilation. The meta-analysis of these six trials showed no significant difference in duration of mechanical ventilation in patients exposed to probiotics based on random-effects model (MD = −3.32 days, 95% CI = −6.74 to 0.09; P = 0.06), as presented in Supplementary Figure 1. Moderate to high between-study heterogeneity was detected (P = 0.0006, I2 = 83%). Sensitivity analysis by removing one trial (Banupriya et al., 2015) showed similar results to the overall analysis (MD = −3.32 days, 95% CI = −8.03 to 1.38; P = 0.17).

DISCUSSION

To date, the present meta-analysis is the largest and most updated evaluation of the overall effects of probiotics on preventing VAP in mechanically ventilated patients. Based on the analysis of 13 RCTs involving 1,969 patients, we found that probiotics were significantly associated with a decreased risk of VAP in mechanically ventilated patients, which was confirmed by TSA that the result of TSA showed that the cumulative Z-curve of incidence of VAP surpassed the trial sequential monitory boundary. Compared to the standard statistical analysis of meta-analysis, the results of TSA can adjust the false positives or false negatives. No significant association was observed in terms of 90-day mortality, overall mortality, 28-day mortality, ICU mortality, hospital mortality, diarrhea, length of ICU stay, length of hospital stay, and duration of mechanical ventilation.

VAP is currently the second most common nosocomial infection in America and the most prevalent ICU-acquired infection worldwide. In addition, it is a costly healthcare-associated infection. Rello et al. (2002) suggested that VAP might lead to an additional 40,000 dollar in hospital charges per patient. Branch-Elliman et al. (2015) developed a cost-benefit model to determine the most cost-effective strategy for prevention of VAP and examined a total of 120 unique combinations of VAP prevention strategies. They documented that the application of prophylactic probiotics and subglottic endotracheal tubes was cost-effective for prevention of VAP from the perspective of societal and hospital (Branch-Elliman et al., 2015). Combined the results of our present meta-analysis, we concluded that implementation of probiotics for prevention of VAP in mechanically ventilated patients had the potential to improve the incidence of VAP.

On the topic of VAP prevention in mechanically ventilated patients, four meta-analyses had been performed to evaluate the effectiveness of probiotics (Siempos et al., 2010; Gu et al., 2012; Wang et al., 2013; Bo et al., 2014). Siempos et al. (2010) and Wang et al. (2013) identified five trials, but they yielded an opposite conclusion. Besides, Gu et al. (2012) obtained seven trials and Bo et al. (2014) included eight trials. Compared with the previous meta-analyses, our meta-analysis was largest and most updated, involving 13 trials and 1,969 patients. The results of present meta-analysis were consistent with the two previous meta-analyses (Siempos et al., 2010; Bo et al., 2014), which suggested that probiotics were associated with decreased risk of VAP in mechanically ventilated patients. Furthermore, the present meta-analysis performed a further analysis to confirm the conclusion. According to the results of TSA, Z-curve of the incidence of VAP surpassed the trial sequential monitoring boundary, indicating that the result of incidence of VAP was true positive. The effect of probiotics in critically ill patients has been evaluated in several studies (Jacobi et al., 2011; Liu et al., 2012; Petrof et al., 2012; Barraud et al., 2013; Manzanares et al., 2016). They all supported that the use of probiotics could reduce the risk of infection for critically ill patients, including VAP. Therefore, the application of probiotics for VAP prevention should be recommended in clinical practice in the current healthcare circumstance.

Several limitations should be taken into consideration when interpreting the results from the present meta-analysis. First, the quality of the included trials relatively low. As shown in Figure 2, even though most of trials adequately reported the methodology, several domains still got “unclear” due to insufficient information in their studies. Second, owing to limited number of included trials, we failed to detect the publication bias, which inevitably affected the precision of our findings. Furthermore, even though we comprehensively searched the databases, the gray literature was not collected. Third, the significant between-study heterogeneity was detected, which might influence the validity of the meta-analysis. The heterogeneity might be derived from the species and dosage of probiotics as well as timing of administration. Ultimately, even though the present meta-analysis is the largest study on this topic, the sample size of the meta-analysis was not large enough. For primary outcome (incidence of VAP), 62.9% of the RIS was accrued and but the cumulative Z-curve has surpassed the trial sequential monitory boundary. For secondary outcomes, however, the cumulative Z-curves neither crossed the futility boundary nor reached RIS. Only 32.0, 15.5, and 25.2% of the RISs were accrued for overall mortality, ICU mortality, and hospital mortality, respectively. Therefore, further trials are needed to verify the conclusion.

In this meta-analysis, we found that probiotics could reduce the incidence of VAP in mechanically ventilated patients. It seems likely that probiotics provide clinical benefits for mechanically ventilated patients. Large sample size and high quality RCTs are needed to further evaluate the effect of probiotics on preventing VAP in mechanically ventilated patients. However, the TSA results of overall mortality, ICU mortality, and hospital mortality showed that there might be false-negative outcomes. Therefore, further trials warranted to identify the value of probiotics in mechanically ventilated patients in future.

AUTHOR CONTRIBUTIONS

HW and XZ conceived and designed the study. HW, JL, ZM, and YF participated in study selection, data extraction. HW, CW, and XR performed statistical analysis. HW and XZ were involved in manuscript drafting and revision. All authors approved the final manuscript for submission and publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2017.00717/full#supplementary-material

Supplementary Figure 1. Forest plot of incidence of duration of mechanical ventilation.

REFERENCES

 Amin, A. (2009). Clinical and economic consequences of ventilator-associated pneumonia. Clin. Infect. Dis. 49(Suppl. 1), S36–S43. doi: 10.1086/599814

 Banupriya, B., Biswal, N., Srinivasaraghavan, R., Narayanan, P., and Mandal, J. (2015). Probiotic prophylaxis to prevent ventilator associated pneumonia (VAP) in children on mechanical ventilation: an open-label randomized controlled trial. Intensive Care Med. 41, 677–685. doi: 10.1007/s00134-015-3694-4

 Barraud, D., Blard, C., Hein, F., Marcon, O., Cravoisy, A., Nace, L., et al. (2010). Probiotics in the critically ill patient: a double blind, randomized, placebo-controlled trial. Intensive Care Med. 36, 1540–1547. doi: 10.1007/s00134-010-1927-0

 Barraud, D., Bollaert, P. E., and Gibot, S. (2013). Impact of the administration of probiotics on mortality in critically ill adult patients: a meta-analysis of randomized controlled trials. Chest 143, 646–655. doi: 10.1378/chest.12-1745

 Baselski, V., and Klutts, J. S. (2013). Quantitative cultures of bronchoscopically obtained specimens should be performed for optimal management of ventilator-associated pneumonia. J. Clin. Microbiol. 51, 740–744. doi: 10.1128/JCM.03383-12

 Bo, L., Li, J., Tao, T., Bai, Y., Ye, X., Hotchkiss, R. S., et al. (2014). Probiotics for preventing ventilator-associated pneumonia. Cochrane Database Syst. Rev. CD009066. doi: 10.1002/14651858.CD009066.pub2

 Branch-Elliman, W., Wright, S. B., and Howell, M. D. (2015). Determining the ideal strategy for ventilator-associated pneumonia prevention. Cost-benefit analysis. Am. J. Respir. Crit. Care Med. 192, 57–63. doi: 10.1164/rccm.201412-2316OC

 Brok, J., Thorlund, K., Gluud, C., and Wetterslev, J. (2008). Trial sequential analysis reveals insufficient information size and potentially false positive results in many meta-analyses. J. Clin. Epidemiol. 61, 763–769. doi: 10.1016/j.jclinepi.2007.10.007

 Forestier, C., Guelon, D., Cluytens, V., Gillart, T., Sirot, J., and De Champs, C. (2008). Oral probiotic and prevention of Pseudomonas aeruginosa infections: a randomized, double-blind, placebo-controlled pilot study in intensive care unit patients. Crit. Care 12:R69. doi: 10.1186/cc6907

 Giamarellos-Bourboulis, E. J., Bengmark, S., Kanellakopoulou, K., and Kotzampassi, K. (2009). Pro- and synbiotics to control inflammation and infection in patients with multiple injuries. J. Trauma 67, 815–821. doi: 10.1097/TA.0b013e31819d979e

 Grap, M. J., Munro, C. L., Unoki, T., Hamilton, V. A., and Ward, K. R. (2012). Ventilator-associated pneumonia: the potential critical role of emergency medicine in prevention. J. Emerg. Med. 42, 353–362. doi: 10.1016/j.jemermed.2010.05.042

 Gu, W. J., Wei, C. Y., and Yin, R. X. (2012). Lack of efficacy of probiotics in preventing ventilator-associated pneumonia probiotics for ventilator-associated pneumonia: a systematic review and meta-analysis of randomized controlled trials. Chest 142, 859–868. doi: 10.1378/chest.12-0679

 Higgins, J. P. T., and Green, S. (eds). (2011). Cochrane Handbook for Systematic Reviews of Interventions, Version 5.1.0 (Updated March 2011). The Cochrane Collaboration. Available online at: http://handbook-5-1.cochrane.org (Accessed September 29, 2017).

 Jacobi, C. A., Schulz, C., and Malfertheiner, P. (2011). Treating critically ill patients with probiotics: beneficial or dangerous? Gut Pathog. 3:2. doi: 10.1186/1757-4749-3-2

 Kallet, R. H. (2015). The vexing problem of ventilator-associated pneumonia: observations on pathophysiology, public policy, and clinical science. Respir. Care 60, 1495–1508. doi: 10.4187/respcare.03774

 Klarin, B., Molin, G., Jeppsson, B., and Larsson, A. (2008). Use of the probiotic Lactobacillus plantarum 299 to reduce pathogenic bacteria in the oropharynx of intubated patients: a randomised controlled open pilot study. Crit. Care 12, R136. doi: 10.1186/cc7109

 Knight, D. J., Gardiner, D., Banks, A., Snape, S. E., Weston, V. C., Bengmark, S., et al. (2009). Effect of synbiotic therapy on the incidence of ventilator associated pneumonia in critically ill patients: a randomised, double-blind, placebo-controlled trial. Intensive Care Med. 35, 854–861. doi: 10.1007/s00134-008-1368-1

 Kollef, M. H. (2005). What is ventilator-associated pneumonia and why is it important? Respir. Care 50, 714–721; discussion: 721–714.

 Li, X. C., Wang, J. Z., and Liu, Y. H. (2012). [Effect of probiotics on respiratory tract pathogen colonization in neonates undergoing mechanical ventilation]. Zhongguo Dang Dai Er Ke Za Zhi 14, 406–408.

 Liu, K. X., Zhu, Y. G., Zhang, J., Tao, L. L., Lee, J. W., Wang, X. D., et al. (2012). Probiotics' effects on the incidence of nosocomial pneumonia in critically ill patients: a systematic review and meta-analysis. Crit Care 16:R109. doi: 10.1186/cc11398

 Manzanares, W., Lemieux, M., Langlois, P. L., and Wischmeyer, P. E. (2016). Probiotic and synbiotic therapy in critical illness: a systematic review and meta-analysis. Crit. Care 19:262. doi: 10.1186/s13054-016-1434-y

 Metersky, M. L., Wang, Y., Klompas, M., Eckenrode, S., Bakullari, A., and Eldridge, N. (2016). Trend in ventilator-associated pneumonia rates between 2005 and 2013. JAMA 316, 2427–2429. doi: 10.1001/jama.2016.16226

 Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2009). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ 339:b2535. doi: 10.1136/bmj.b2535

 Morrow, L. E., Kollef, M. H., and Casale, T. B. (2010). Probiotic prophylaxis of ventilator-associated pneumonia: a blinded, randomized, controlled trial. Am. J. Respir. Crit. Care Med. 182, 1058–1064. doi: 10.1164/rccm.200912-1853OC

 Muscedere, J., Dodek, P., Keenan, S., Fowler, R., Cook, D., and Heyland, D. (2008). Comprehensive evidence-based clinical practice guidelines for ventilator-associated pneumonia: prevention. J. Crit. Care 23, 126–137. doi: 10.1016/j.jcrc.2007.11.014

 Oudhuis, G. J., Bergmans, D. C., Dormans, T., Zwaveling, J. H., Kessels, A., Prins, M. H., et al. (2011). Probiotics versus antibiotic decontamination of the digestive tract: infection and mortality. Intensive Care Med. 37, 110–117. doi: 10.1007/s00134-010-2002-6

 Petrof, E. O., Dhaliwal, R., Manzanares, W., Johnstone, J., Cook, D., and Heyland, D. K. (2012). Probiotics in the critically ill: a systematic review of the randomized trial evidence. Crit. Care Med. 40, 3290–3302. doi: 10.1097/CCM.0b013e318260cc33

 Rello, J., Ollendorf, D. A., Oster, G., Vera-Llonch, M., Bellm, L., Redman, R., et al. (2002). Epidemiology and outcomes of ventilator-associated pneumonia in a large US database. Chest 122, 2115–2121. doi: 10.1378/chest.122.6.2115

 Rongrungruang, Y., Krajangwittaya, D., Pholtawornkulchai, K., Tiengrim, S., and Thamlikitkul, V. (2015). Randomized controlled study of probiotics containing Lactobacillus casei (Shirota strain) for prevention of ventilator-associated pneumonia. J. Med. Assoc. Thai. 98, 253–259.

 Siempos, I. I., Ntaidou, T. K., and Falagas, M. E. (2010). Impact of the administration of probiotics on the incidence of ventilator-associated pneumonia: a meta-analysis of randomized controlled trials. Crit. Care Med. 38, 954–962. doi: 10.1097/CCM.0b013e3181c8fe4b

 Spindler-Vesel, A., Bengmark, S., Vovk, I., Cerovic, O., and Kompan, L. (2007). Synbiotics, prebiotics, glutamine, or peptide in early enteral nutrition: a randomized study in trauma patients. J. Parenter. Enteral Nutr. 31, 119–126. doi: 10.1177/0148607107031002119

 Tan, M., Zhu, J. C., Du, J., Zhang, L. M., and Yin, H. H. (2011). Effects of probiotics on serum levels of Th1/Th2 cytokine and clinical outcomes in severe traumatic brain-injured patients: a prospective randomized pilot study. Crit. Care 15:R290. doi: 10.1186/cc10579

 Theodorakopoulou, M., Perros, E., Giamarellos-Bourboulis, E. J., and Dimopoulos, G. (2013). Controversies in the management of the critically ill: the role of probiotics. Int. J. Antimicrob. Agents 42(Suppl.), S41–S44. doi: 10.1016/j.ijantimicag.2013.04.010

 Thorlund, K., Devereaux, P. J., Wetterslev, J., Guyatt, G., Ioannidis, J. P., Thabane, L., et al. (2009). Can trial sequential monitoring boundaries reduce spurious inferences from meta-analyses? Int. J. Epidemiol. 38, 276–286. doi: 10.1093/ije/dyn179

 Wang, J., Liu, K. X., Ariani, F., Tao, L. L., Zhang, J., and Qu, J. M. (2013). Probiotics for preventing ventilator-associated pneumonia: a systematic review and meta-analysis of high-quality randomized controlled trials. PLoS ONE 8:e83934. doi: 10.1371/journal.pone.0083934

 Wetterslev, J., Jakobsen, J. C., and Gluud, C. (2017). Trial sequential analysis in systematic reviews with meta-analysis. BMC Med. Res. Methodol. 17:39. doi: 10.1186/s12874-017-0315-7

 Wetterslev, J., Thorlund, K., Brok, J., and Gluud, C. (2008). Trial sequential analysis may establish when firm evidence is reached in cumulative meta-analysis. J. Clin. Epidemiol. 61, 64–75. doi: 10.1016/j.jclinepi.2007.03.013

 Wheeler, K. E., Cook, D. J., Mehta, S., Calce, A., Guenette, M., Perreault, M. M., et al. (2016). Use of probiotics to prevent ventilator-associated pneumonia: a survey of pharmacists' attitudes. J. Crit. Care 31, 221–226. doi: 10.1016/j.jcrc.2015.10.016

 Zeng, J., Wang, C. T., Zhang, F. S., Qi, F., Wang, S. F., Ma, S., et al. (2016). Effect of probiotics on the incidence of ventilator-associated pneumonia in critically ill patients: a randomized controlled multicenter trial. Intensive Care Med. 42, 1018–1028. doi: 10.1007/s00134-016-4303-x

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Weng, Li, Mao, Feng, Wang, Ren and Zeng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphar-08-00717-g013.gif
stmen s o s ot Mot WIS

Simissoomentin 8 % % 6N kb —t
Tzt Som s g ombsota —+
3 a s T w0 s i 3
Rersuamaco 05 6o [ —
o o
" "
T Chr 33 e 462050, 08 e e

ottt Sty e





OPS/images/fphar-08-00717-g012.gif





OPS/images/fphar-08-00717-g015.gif
o B e iec.

Boanrs 3T 10 T Chitery
Boston.  mema om0 Faiarisin
s TR atsresia
e i atomsn
P astsas

i





OPS/images/fphar-08-00717-g014.gif





OPS/images/fphar-08-00717-g011.gif
Tossen Wt e

e Cre 218,615
ey

EECRTE

Gapia 1
copiaion
Gpann
eapari o
b

osnis. 1o

b

Il

W

W

@





OPS/images/fphar-08-00717-g010.gif
i

i‘;
P






OPS/images/cover.jpg
’ frontiers
in Pharmacology

Probiotics for Preventing
Ventilator-Associated Pneumonia in
Mechanically Ventilated Patients: A
Meta-Analysis with Trial Sequential

Analysis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





OPS/images/fphar-08-00717-g005.gif
prowenes Lol i R

B0 w2 w0 4% mees ey
Ropwpwodns % 75 % 75 Giow owmbeis
Tasosin w 5 1o00x 1001072 137
Toatemrs P “

oot 0= 00511 52082, 15
Tottorovrs ofct 2+ 6076 < 0y





OPS/images/fphar-08-00717-g006.gif
Boaniors T T e e =
Blnmosion 7@ n Bom rosiw T

Gmaeios s S o s oo —F

ety HIE R T ] I

) S 6w e oned i 3

e 3 Beow e weais =+

Rersuagnieg 201 BB omomoie owee +
oty R —
e EIRC I -t ] —

T o ven asemm

Tooans. m " e

Tewopratcre= 103 s 80 0sae o8 e e

ot sy e





OPS/images/fphar-08-00717-g003.gif
e R
[t — W%
Yaion 7o e
G 7' am
e 3%
By 15 P
S v oo
Hesme 5o
s oo e

T Tus 005 516 1120036, 0%
o poom ot pirri

Sion
a2
iperin
nbe i
as0aam
amoss i
Supson
agbion
e

)
aupsi i
e

o

w-';

..11.m|‘
T






OPS/images/fphar-08-00717-g004.gif
fies





OPS/images/fphar-08-00717-g009.gif
[Probopes - Comrol skt sk

o B % %
onowatio R

porih N —

Zog 2o R

Tsossen w o5 w00x osrarsazn +

Tt " -

Fetoginaty Cr 208,010 5+ 079, P 0%, e

Tesio v et

208 o ot e e





OPS/images/fphar-08-00717-g007.gif





OPS/images/fphar-08-00717-g008.gif
Lomtiel e R

B 10 T W e S 1mpe e
Ropwpwodns 15 75 175 o leebs s
o o 55 so00s 1ostarz 157
Toatemrs “ =

Feogerat o0 000141 52038, 0%
Tottorovrs efct 25 6300 < 078





OPS/images/fphar-08-00717-g001.gif
] [ entification

Screening.

Included

‘Records denified trough
b et othersources
Tne12) o0

addtionsi records deniied trough

Records fterduplctes emaved.
«

Recordsexcuded (n=76)

o Nowffentdsta(az1)






OPS/images/fphar-08-00717-g002.gif
200 bupuns
(se1q Bunioda) Buposes awpatag
(se1q uone) el 3wioaio w03l

(seiquor

P 1awissasse o000 Bupug
(se10 32ueuiopac) 3uuosiad pue suedied o Supui
(5610 UoR3e1aS) Wawea3U03 LOREIOIY

(se1g uogagss) uones

a0 a2uanbas wopuey

0000000000006
0000000000000
o000 00000 0000
00c|c 00 000¢c 0
o9clec0c0000 O
o000 e 00
o00clcloc0ccl00






OPS/images/fphar-08-00717-t001.jpg
Study Setting Participant

Spindler-Vesel et a.,
2007

A 20-bed university surgical
ICU, Ljubfana, Slovenia

Multiple injured patients with an
1SS of 18 and at least a 4 days
ICU stay: n = 113

Forestier et al., 2008 A 17-bed ICU in the teaching
hospital of Clermont-Ferand,
France; 1 center

Patients aged 18 years or older
with a stay longer than 48 h and a
nasogastic feeding tube; n = 208

Kiarin etal, 2008 1ICU; 1 center, Department
of Anesthesiology and
Intensive Care, University

Hospital, Lund, Sweden

Patients with 18 years of age or
older and critically ill with an
antiipated need for mecharical
ventilation of at least 24 h; n = 44

Giamarellos- 6 surgical ICUs of the Trauma patients; severe multiple

Bourboulis et al Thessalomiki University's  organ injuries necessitating

2009 tertary-care AHEPAHospitals ~ emergency tracheal ntubation
and the affiated 424th and ventilation support and

Military Hospital, Greece ‘subsequent hospitalization in ICU;

n=12

Knight et al., 2009 A 14-bedded general ICU of Al intubated adult patients under

21400-bedded UK tertiary  mechanical ventilation for a
care University Hospital; minimum of 48 h and with no
1 center contraindications to enteral

nutrition; n = 259

Barraud et al,, 2010 A medical intensive care unit,
France; 1 center

Allintubated adt patients under
mechanical ventition for a
predicted period of at east 2
days;n = 149

Morrow et al,, 2010 A 325-bed, university-based
hospital that provides level 1
trauma services, USA

Adults at least 19 years oid (the
‘age of majority in Nebraska) were
eligible for enrolment if the lead
investigator and the treating
physician agreed that there was a
95% likeihood that the patient
‘would require mechanical
ventiation with an endotracheal
tube for atleast 72h;n = 138

Ouchuis et al., 2011 Conseculive patients Patients were older than 18 years,
admitedto the ICU at the  and had expected duration of
Mazstricht University Medical - mechanical ventiation of at least
Centre (705 beds) and the 48 h, expected length of ICU stay
Atrom Medical Centre of atleast 72h, or both; n = 254
Heorlen (a 545-bed teaching
hospita)

Tan etal, 2011 6-bed specialized ICU,
Department of Neurosurgery,
Affiated Hospital of North
Sichuan Medical College,

Nanchong, China

Closed head injury alone;
‘admission within 24 h after
trauma; a Glasgow Coma Scale
score between 5 and 8 aged
18-60 years old; and able to be
fed via nasogastric tube within 48
h after admission; n = 35

Lietal, 2012 A medical intensive care unit,

China; 1 center

Neonates with an anticipated
need for mechanical ventiation of
atleast 48 h;n = 165

Banupriyaetal,  A12-bed PICUofatertiary Al chidren aged 12 years or less

2015 care teaching hospital, India  adited to PICU and who were
liely to need mechanical
ventiation for more than 48 h
were recruited; n = 150
Rongrungruang A 2800-bed teritary care  The study subjects were adult
ctal., 2015 university hospital in hospitalized medical patients who
Bangkok were expected to receive

mechanical ventilation at least 72
hand had no VAP at enroliment; n
=147

Zengetal, 2016 11 participating ICUs in nine.

Chinese teaching hospitals

Al ciiically il adut patients (age >
18 years) with an expected need
of mechanical ventiation for at
least 48 h were eiigible for entry
into the study; n = 235

Intervention

Probiotic group

Nutricomp standard (B. Braun) 3.7g
protein, 13.7 carbohydrate, 3.3g fat per
100 mL. Patients in this group also received
a supplement of a synbiotic consisting of
101 Pediococcus pentosaceus 5-33:3,
1010 Lactococcus raffinolactis 32-77:1,
10" Lactobacillus paracasei subsp
paracasei 19, 10" Lactobacillus plantarum
2,362 and 2.5 of each of the following 4
fibers: B glucan, inuiin, pectin, and resistant
starch per sachet (Synbiotic 2000;
Medipharm Kagerod, Sweden andDes
Moines, IA). The contents of the sachets
were dissolved in 100 mL of lukewarm
sterile water, mixed carefuly, and then
‘added separately, before feeding was
started

L. casei thamnosus (109 CFU) twice daily
thvough a double-lumen nasogastric
suction tube or oraly, after removal of the.
tube, from the third day after admission to
the ICU unti discharge or death

Initial mechanical steps were the same as in
the control group but subsequent cleansing
was instead performed with gauze swabs
soaked in carbonated botied water, after
which Lp299 was applied to the mucosal
surtace of the oral cavity. 10 mi of a solution
containing  total 100 CFUs of Lp299 were
used

The synbiotic preparation (Synbiotic 2000
Forte, Medipharm, Sweden) consisted of a
‘Gombination of 10" CFU of each of four
probiotics; Pediococcus pentoseceus
5-33:3, Leuconostoc mesenteroides
30-77:1, L. paracasei ssp 19, and L.
Pplanterum 2362, as well as 2.5g each of
inuiin, oat bran, pectin, and resistant starch.
It was given in doses of 12 (1 sachet) per
day for a 15-day study period, diuted in
100 mi of tap water

atleast 2 days (4 doses in 48 h) of Synbiotic
2000 FORTE® (Medipharm, Kagerod,
Sweden and Des Moines, A), twice a day.
Synbiotic 2000 FORTE® contains.
Pediococcus pentosaceus, Leuconostoc
mesenteroides, Lactobacills paracasei
subsp paracasei and Lactobacills
plantarum (at a dose of 10'° bacteria per
sachet) as probiotics and Betaglucan,
Inulin, Pectin and Resistant starch (2.6g of
each) as prebiotics. Synbiotic was dissolved
in 50100 ml of sterile water and given as a
bolus through a nasogastric/orogastiic tube

Treatment consisted of the administration of
5 Ergyphilus® (Nutergia, Capdenac, France)
capsules once a day. Ergyphilus® capsules
consisted of a muli-species probiotic:
preparation contairing 2 x 107° of revivable
bacteria (mainly Lactobacills rhamnosus
GG but also Lactobacills case,
Lactobacills acidophilus and
Bifdobacterium bifidum). Treatment was
diluted in 20 m of water and administered
daily by the nurse through the enteral
feeding tube for the entire period of
mechanical ventiation (but for a duration
not exceeding 28 days). After weaning from
the ventiator, treatrment was given for 2
aditional days and then stopped in the
case of successful extubation, or continued
inthe case of extubation failure

Patients randomized to probiotic therapy
received 2 x 10° CFU of Lactobacillus
rhamnosus GG on a twice-daily basis. The
contents of one capsule containing 10%
CFU of Lactobacillus were suspended in
sterile, water-based surgical lubricant and
‘administered as a slurry to the oropharyn;
the contents of a second capsule
‘containing 109 CFU of Lactobacilus viere
suspended in sterile water and given
through the nasogastric tube

Patients received a soluton of viable
Lactobacills plantarum 299/299v in a dose
of 6 x 10° GFU together with 69 of
rose-hip (Probi AB, Lund, Sweder). The
‘manufactured freeze-dried povwider was.
dissolved in 75 mi of water and applied two.
times daily through a nasogastric tube.
Administration of study product was
continued by nasogastric tube unti ICU
discharge, death or final removl of the tube

Participants received enteral nutrtion within
48 following hospital admission by
nasogastiic tube. Golden Bifd (Shuangai
Pharmaceutical Co., Ltd, InnerMongolia,
China) 0.5 x 108 Bifidobacterium longum,
0.5 x 107 Lactobacillus bulgaricus and 0.5
x 107 Streptococcus thermophilus,
dissolved in 20 mi sterized, distled water
and administered through a nasogastric
tube for 21 consecutive days, 7 sachets
administered BID at 7am, 3pm and 11pm
{total 10%)

The probotics group was administered vith
oral probiotics in addition to routine
treatment, Live combined bifidobacterium,
lactobacilus and enterococous Spowderle
viable (Xinyi Pharmaceutical Co., Ltd,
‘Shanghai, Ching) 0.5 x 108 CFU
Bifidobacterium longum, 0.6 x 107 CFU
Lactobacilus bulgaricus and 0.5 x 107
Enterococcus faecalis

Probiotic capsules containing 2 bilon GFU
of Lactobacillus, 1 bilion CFU of
Biidobacterium, and 300 million GFU of
Streptococcus themophius were used.
One probiotic capsule contained a total of
3.3 billon CFU of probiotic organisms. One
capsule was administered twice a day
mixed with milk (or § mi of 5% dextrose
solution i enteral feeding had not been
started) and given through a nasogastric:
tube. A total of 6.6 billon GFU of probiotic
organisms per day wias administered to
each child in the probiotic group for the
inital 7 days or il cischarge, whichever was
earler

The patients in the probiotics group
received 80 ml of commercially-available
fermented dairy product containing 8x 10%
colony-forming units (cfu) of Lactobacillus
‘casei (Shirota strair) (Yaku®) for oral care
after the standard oral care once daily. An
addiional 80 m of the aforementioned
fermented dairy product was given via
enteral feecing once dally for 28 days or
when their endotracheal tubes were
removed. Probiotics was discontinued
when diarrhea related to probiotics
occurred

“The probiotic group was given commercially
available probiotics capsules (Medilac-S,
Ching) 0.5 g three times day plus stendard
preventive strategies of VAP, Patients in the
probiotics group started taking the capsules
within 2 h after randomization. Each
probiotics capsule contained active Bacilus
sublifs and Enterococous faecalis ata
concentration of 4.5 x 10%/0.25gand 0.5
x 10%0.25 g, respectively. Al patients had
a nasogastric tube. For delivery to the
patient, the probiotcs capsules were first
broken open and the contents diluted in
50-80 m sterile water; this solution was
administered as a bolus through a
nasogastic tube by the nursing staff. Al
probiotics capsules were stored at 4°C

Control group

3 ams: Altraq (Abbott-Ross, Abbott
Park, IL) 5.25g protein, 1659
carbohydrate, 1.55 g fat and 1.55g
glutamine, 446 mg arginine, 154mg
alinolenic acid per 100 mL; Nova
‘Source (Novartis Medical Nutition,
Basel, Svitzerland) 4.1 g protein,
14.4g carbohydrate, 3.5 fat, 229
fermentabie fibers as fermentable guar
qum per 100 mL; Nutricomp peplide
(B. Braun, Melsungen, Germany) 4.5g
hydrolyzed protein, 16.8g
carbohydrate, 1.7g fat per 100 mL

Placebo (growth medium without
bacteri); the method of administration
was the same as the treatment group

Treated according to the department's
standard protocol. Dental prostheses
were removed; secretions were
removed by suction; tecth were
brushed using toothpaste; all mucosal
surface were cleansed with swabs that
had been moistened with a 1 mg/mi
chlorhexidine solution

‘The placebo preparation consisted of
identical doses of powdered glucose
polymer (maltodextin, Caloreen,
Nestle, UK)

Grystaline celluose-based placebo.
Placebo was dissolved in 50-100 mi of
sterile water and given as a bolus
through a nasogastric/orogastric tube

Placebo capsules only contained the
excipient

The same methods were used to
deliver the contents of identical
‘appearing capsules containing the
inert plant starch inulin to patients
randomized to placebo

Selective decontamination of the
digestive tract. Four times daly an oral
paste (polymyxin E, gentarmicin,
‘amphotericin B), enteral solution (same
antibiotics), intravenous injection
cefotaxime (irst 4 days)

Partcipants received enteral nutition
within 48 h following hospital
‘admission by nasogastric tube.
Continued to receive enteral nutition
(3:8g protein, 13.8g carbohydrate, 3.
4g1at/100 mi, osmolarity 250 mOsmV,
o fibers; Ruisu, Huarui
Pharmaceutical Co., Ltd, Beijng,
China)

Routine treatment

Standard care, no placebo

“The patients in the control group did
not receive any additional products

The control group received standard
preventive strategies only. The
standard preventive slrategies of VAP
included daily screening for weaning
potential and wearing from mechanical
ventiation as soon as possible, hand
hygiene, aspiration precautions, and
prevention of contamination

Definition of VAP

Microbiological specimens were collected
and nosocomial infections were recorded
as recommended by the Genters for
Disease Control and Prevention and
consensus conferences on
ventlator-associated pneumonia

The citeriarequire there to be at least 1
positive sample (protected specimen brush
or plugged telescoping catheter for
broncho-aiveolar miniavage (>10°
GFUs/m) or endotracheal aspirate with
(>10° CFUs/ml and >25
leucocytes/high-power field); also required
is the presence of 1 or several new
abnormal radio graphical and progressive
perenchymatous infilrates and 1 of the
following signs: purulent sputum
production, fever (temperature > 38.5°C),
pathogenic bacteria in blood culture without
other infection source and bronchoalveoler
minilavage with more than 5% cels with
intracellular bacteria

Anew, persistent or progressive infilrate on
chest radiograph combined with at least 3
or the other 4 criteria; a purulent tracheal
aspirate; positive culture of tracheal
aspirates occurting after 48 h of mechanical
ventiation; rectal o urine bladder
temperature higher than 38.0°C o
<36.5°C; WBC count more than 12 or <3

New or persistent consolidation in lung
Xeray: purulent tracheobronchial secretion;
and ciinical pulmonary infection score of
more than 6

VAP was suspected if there was new
progressive, or persistent (24 h), infitration
on chest radiograph plus at least 2 of the
following: (1) temperature 38.0°C, (2)
leucocytosis (WBC count >12 x 10° uL-1)
or leukopenia (WBC count < 4 x 10°
L"), (3) purulent tracheobronchial
secretions. Al suspected cases were
reviewed with appropriate cliical,
radiological and sequential microbiologioal
data (tracheal aspirates and
bronchoalveolar lavage). Diagnosis was
made prospectively and only confimed if a
blinded microbiologist and intensive care
physician agreed on the diagnosss.
Pneumonia was classified as VAP when
diagnosed 48 h after intubation

VAP was defined by the presence of: (1) a
new and persistent infiltrate on chest
raciograph associated with at least one of
the following: purulent tracheal secretions,
temperature 38.3°C o higher, and a
leukocyte count of 10,000 uL=" or higher;
and (2) positive quantitative cultures of
distal pulmonary secretions obtained from
bronchoaiveolar lavage (sinificant threshold
‘more than 104 colonyforming units/mL)

According to the ACCP diinical citera,
quantitative cultures of distal airways
‘samples were obtained by
non-bronchoscopic bronchoalveolar lavage
using a protected catheter (Combicath;
KOL Biomedical Instruments, Chantilly, VA).
“The ACCP clinical criteria require a new and
persistent infiltrate on chest radiographs
with 2 of 3 supporting findings: fever (>
38.5°C or, < 35.0°C), leukooytosis (white
blood cels < 10,000/mm? or <
3000/mmd) and purulent sputum

‘Confirmation of clinically suspected VAP
requied 2 29% cells containing ntracelluar
‘organisms and/or a quantitative culture
result of > 104 CFU/ml in bronchoaiveolar
lavage fluid

VAP was defined as pneumonia occurring
more than 48 after endotracheal
intubation, and was diagnosed by the
presence of both a new or progressive
radiographic infilrate plus at least two
cinical features—fever > 38.0°C,
leucocytos's (white blood cells count > 12
x 10%/1), leucopenia (white blood cells
count < 4 x 10°/1), or purulent
tracheobronchial secretions—and posiive
semiquantitative cultures of
tracheobronchial secretions

VAP was defined by the presence of: (1)
purulent trachecbronchial secretion more
than 48 h after endotracheal intubation; (2)
anew or progressive infitrate on chest
radiograph; (3) fever and leucocytosis (WBC
count > 10 x 10° uL=")

VAP was defined as a new (developing
more than 48 h after the start of mechaical
ventiation or within 48 h of extubation) or
persisting radiographic infitrate (persisting
radiographically for at least 72 h) that
develops in conjunction with one of the
following: (1) Radiographic evidence of
pulmonary abscess formation (ie.,
cavitaions within pre-existing puimonary
infitrates); (2) Two of the followings fever
increase in the core temperature of at least
19G and a core temperature of ebove
38.3°C), leukocytosis (25% increase in
circulating leukocytes from baseine/a
leukocyte count of 10,000/mm?), and
purulent tracheal aspirate [Gram's stain
showed more than 25 neutrophi

positive blood or pleural fid culture vith
the microorganisms recovered from blood
or pleural fluid cultures being identical to the
organisms recovered from cultures of
respiratory secretions

A diagnosis of VAP was made if the patient
had a new, persistent, or progressive
infilrate visible on a chest radiograph in
combination with at least 3 of the following
4 ciiteria: (1) body temperature greater than
38°C or <85.5°C, (2) leukocytosis
(>10,000 leukocytes/mrri) or leukopenia
(<83,000 leukocytes/mm?3), (3) purulent
tracheal aspirate, and (4) a semi-quantiative
culture of tracheal aspirate samplos that
was positive for pathogenic bacteria

Acinical diagnosis of VAP was based on
the presence of a new, persistent or
progressive infitrate on chest radiographs
that persisted for at least 48 h (as
interpreted by radiologists blinded to the
patients' treatment assignments) combined
with at least two of the following criteia: (1)
atemperature of > 38.0°C or < 35.6°C; (2)
ablood leukocytosis count of > 12 x
10%mm3 or < 3 x 10%mm® and/or left
shift; (3) purulent tracheal aspirates. All
clinical diagnoses of VAP were evaluated
and agreed upon by two of the authors,

SS, Injury Severity Score; ICU, intensive care unit: CFU, colony-forming units: ACCPA. American College of Chest Physicians: PICU, pediatric infensive care unit: VAP, ventilator associated pneumonie.





