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Summary
Background For ventilator-associated pneumonia (VAP), the safety of short-course versus long-course antibiotic
therapy is still debated, especially regarding documented VAP due to non-fermenting Gram-negative bacilli (NF-
GNB). The aim of this meta-analysis was to assess the rates of recurrence and relapse of VAP in patients
receiving short-course (≤8 days) and long-course (≥10–15 days) of antibiotic therapy.

Methods The protocol for this study was registered in the PROSPERO database (ID: CRD42022365138). We per-
formed an electronic search of the relevant literature and limited our search to data published from 2000 until
September 1, 2022. We searched for randomized controlled trials (RCTs) in the United States National Library of
Medicine, Cochrane Database of Systematic Reviews (CDSR) and the Cochrane Central Register of Controlled Trials
(CENTRAL), Embase, National Institutes of Health PubMed/MEDLINE, web of science and Google Scholar data-
bases. The primary endpoint was the recurrence and relapses of VAP, secondary endpoints were 28-day mortality,
mechanical ventilation duration, number of extra-pulmonary infections and length of ICU stay.

Findings We identified five relevant studies involving 1069 patients (530 patients in the short-course group and 539
patients in the long-course group). The meta-analysis did not reveal any significant difference between short and long-
course antibiotic therapy for recurrence and relapses of VAP (odd ratio “OR” = 1.48, 95% confidence intervals (CI)
[0.96, 2.28], p = 0.08 and OR = 1.45, 95% CI [0.94, 2.22], p = 0.09, respectively), including those due to NF-GNB
(OR = 1.90, 95% CI [0.93, 3.33], p = 0.05 and OR = 1.76, 95% CI [0.93, 3.33], p = 0.08, respectively). No
difference was found for 28 days-mortality (OR = 1.24, 95% CI [0.92, 1.67], p = 0.16), mechanical ventilation
duration, number of extra-pulmonary infections and length of ICU stay. However, short-course therapy
significantly increased the number of antibiotic-free days.

Interpretation Our meta-analysis showed that short-course antibiotic therapy did not result in increased number of
recurence and relapses of VAP, suggesting that short-course should be preferred to reduce the exposure to antibiotics.
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Research in context

Evidence before this study
We sought trials in the United States National Library of
Medicine, Cochrane Database of Systematic Reviews (CDSR)
and the Cochrane Central Register of Controlled Trials
(CENTRAL), Embase, National Institutes of Health PubMed/
MEDLINE, web of science and Google Scholar databases. The
MEDLINE and Embase strategies were run simultaneously as a
multi-file search in Ovid, and the results were de-duplicated
using the Ovid duplication tool. We only included RCTs
comparing short-course antibiotic therapy (≤8 days) versus
long-course antibiotic therapy (≥10–15 days) for VAP in adult
patients (age ≥18 years). We did not use language
restrictions. Only articles published in peer-reviewed journals
were considered. Data from controlled clinical trials, non-
comparative studies, review articles, editorial letters, abstract
only, comments, and case series (fewer than ten cases) were
excluded. RCTs were evaluated according to the Consolidated
Standards of Reporting Trials (CONSORT) Statement of

quality assessment. Studies with a score <14/25 were
excluded. The Cochrane tool for bias assessment was used to
assess the risk of bias in RCTs (RoB2).

Added value of this study
Short-course antibiotic therapy for VAP did not significantly
affect the rate of recurrence relapses, and mortality compared
with long-course antibiotic therapy. However, for VAP due to
NF-GNB, even if a higher risk of recurrence is reported, it did
not translate into clinical outcomes such as mortality and
duration of ICU stay. In addition, short-course therapy had
several desirable consequences namely decreased antibiotic
exposure, reduced antibiotic resistance, and lower overall
costs.

Implications of all the available evidence
Tailored strategies (including clinical and biological endpoints)
should be tested in RCTs in order to individualize antibiotic
duration treatment.
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Introduction
In intensive care unit (ICU) patients, ventilator-
associated pneumonia (VAP) is a frequent condition
associated with poor outcome. Its incidence ranges from
2 to 16 episodes per 1000 ventilator days.1 VAP is
associated with high mortality and morbidity rates,
including prolonged hospitalization and increased
healthcare resource utilization.2 Despite guidelines on
the treatment of VAP, the optimal duration of antibiotic
therapy remains debated, especially for VAP due to non-
fermenting Gram negative bacteria (NF-GNB).1,3,4

In patients with VAP that are not due to NF-GNB, a
previous meta-analysis found that a short-course of
antibiotic therapy did not increase the risk of recur-
rence or mortality while it reduced the emergence of
resistant bacteria.5 However, this evidence was from a
sub-group analyses with important limitations, namely
the fact that it focused not only on VAP but on all types
of hospital-acquired pneumonia, only two randomized
controlled trials (RCT) were included on patients with
VAP due to NF-GNB and one of the included RCTs was
an abstract. On the other hand, a recent RCT found an
increased rate of recurrence when patients with VAP
due to NF-GNB received a short-course of antibiotic
treatment.6

Therefore, the aim of this meta-analysis was to
assess the safety of short-course antibiotic therapy
compared to a long-course antibiotic therapy for VAP,
especially late onset VAP due to NF-GNB. The primary
endpoint was a composite outcome including the
recurrence and relapses of VAP and secondary end-
points were 28-day mortality, mechanical ventilation
duration, number of extra-pulmonary infections, and
ICU length of stay.
Methods
This systematic review and meta-analysis is reported in
accordance with the Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA) guide-
lines 20207 and AMSTAR 2 (Assessing the methodo-
logical quality of systematic reviews) Guidelines.8 The
protocol is registered in the PROSPERO database of
systematic ID: CRD 42022365138. No Ethical Approval
or consent is required as this research project is a sys-
tematic review of previous studies.

Electronic searches
We performed an electronic search of the relevant
literature and limited our search to data published from
2000 until September 1, 2022. To increase the consis-
tency of our results and in order to reduce heterogene-
ity, we selected this limited study period. We did not use
language restrictions. We sought trials in the United
States National Library of Medicine, Cochrane Database
of Systematic Reviews (CDSR) and the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Embase,
National Institutes of Health PubMed/MEDLINE, web
of science and Google Scholar databases. The MEDLINE
and Embase strategies were run simultaneously as a
multi-file search in Ovid, and the results were de-
duplicated using the Ovid duplication tool. We used
the following keywords: “antibiotic”, “ventilator-associ-
ated pneumonia”, “VAP”, “intensive care unit”, “treat-
ment”, “therapy”, and “randomized controlled trial”. We
checked the reference list of included trials manually to
identify additional studies. Additionally, we searched
several clinical trial registries (ClinicalTrial.gov), Cur-
rent Controlled Trials, Australian New Zealand Clinical
Trials Registry (www.actr.org.au), Prospero registration
www.thelancet.com Vol 58 April, 2023
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and University Hospital Medical Information Network
Clinical Trials Registry (www.umin.ac.jp/ctr) to identify
ongoing trials.

Study selection
Two authors (M.A.D. and M.A.C.) performed indepen-
dent and blinded record screening. Data extraction was
performed by the same two authors and results were
cross-checked to ensure consensus. Disagreements
were resolved by discussion after consulting a third re-
view team member (BD). We only included RCTs
comparing short-course antibiotic therapy (≤8 days)
versus long-course antibiotic therapy (≥10–15 days) for
VAP in adult patients (age ≥18 years). We did not use
language restrictions. Only articles published in peer-
reviewed journals were considered. Data from
controlled clinical trials, non-comparative studies, re-
view articles, editorial letters, abstract only, comments,
and case series (fewer than ten cases) were excluded.

Assessment of the studies’ quality and risk of bias
Two authors (M.A.D. and M.A.C.) evaluated the meth-
odology of the studies that responded to the inclusion
criteria; in case of discordance or absence of consensus
on some records, the senior author (BD) was consulted.
RCTs were evaluated according to the Consolidated
Standards of Reporting Trials (CONSORT) Statement of
quality assessment.9 Studies with a score <14/25 were
excluded. The Cochrane tool for bias assessment was
used to assess the risk of bias in RCTs (RoB2).10 We
evaluated the bias in five distinct domains (A. random-
ization process, B. deviations from intended in-
terventions, C. the bias in the measurement of outcome,
D. bias to missing outcome data, E. bias in selecting the
reported results). Within each domain, one or more
signalling questions lead to judgments of “low risk of
bias,” “some concerns,” or “high risk of bias”.

Data extraction and outcomes
Data, including the first authors name, year of publica-
tion, country, Sequential Organ Failure Assessment
(SOFA) score, Simplified Acute Physiology score (SAPS
II) score, age, VAP definition, population, antibiotic
regimen (type, duration), VAP type (early and late
onset), follow-up and CONSORT score, were extracted
from the studies.

We conducted our search based on the PICO
approach. Population was adult patients with VAP.
Intervention and comparator groups were short versus
long-duration antibiotic therapy for VAP. The primary
outcome was a composite endpoint combining VAP
recurrence and relapses during the ICU stay. Recur-
rence was defined as clinical suspicion of VAP after at
least 48 h without effective treatment and confirmed
with positive microbiological culture. Relapses were
defined as microbiologically documented VAP due to
the same pathogen. Secondary outcomes were 28-day
www.thelancet.com Vol 58 April, 2023
mortality (If no such data were reported, then available
mortality data of at least 28 and up to 90 days were
used), length of ICU stay, invasive mechanical ventila-
tion duration, antibiotic-free days during ICU stay,
number of extra-pulmonary infections and acquisition
of multidrug-resistant (MDR) pathogens.

Subgroup analyses were conducted in patients with
late-onset VAP and those with VAP due to NF-GNB.

Corresponding authors of the five selected studies
were contacted in order to perform a meta-analysis on
individual data. Of those, one refused to provide the
data, one accepted, one no had longer the data, and two
did not reply.

Missing data
In case of unclear bias domains or missing primary
outcomes information, authors were contacted by
e-mail. If data were not numerically reported we
extracted them from figures. If we did not have clear
information, studies were excluded.

Summary of findings
Two authors (M.A.D. and M.A.C.) independently
assessed the certainty of the evidence using the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE).11 We considered the study limita-
tions constancy of effect, imprecision, indirectness, and
publication bias. We assessed the certainty of evidence as
high, moderate, low, or very low. If appropriate, we
considered the following criteria for upgrading the evi-
dence: large effect, dose–response gradient, and plausible
confounding effect. We used the methods and recom-
mendations described in sections 8.5 and 8.7 and chap-
ters 11 and 12 of the Cochrane Handbook for Systematic
Reviews of Interventions. We used GRADEpro GDT
software to prepare the summary of findings tables. The
reasons for downgrading or upgrading the included
studies are described in the footnotes with comments.

Statistics
Handling continuous data. Continuous data were
analyzed using Review Manager 5.3.5 statistical package
from Cochrane collaboration for meta-analysis.12 When
mean and standard deviation (SD) were not reported,
they were estimated from the provided interquartile
range (IR) and median based on the formula described
by Hozo et al.13 If the sample size was >25 patients, then
the mean was equal to the median. In addition, SD was
calculated as IR/4 for a sample size <70 patients and
IR/7 for a sample size >70 patients.

Assessment of heterogeneity. We used the Cochrane
Chi2 test (Q-test), the I2 statistic, and the variance TAU2

to estimate the degree of heterogeneity.14 Funnel plots
identified studies resulting in heterogeneity. A sub-
group analysis was performed when all the included
studies reported the outcome.
3
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Fig. 1: PRISMA 2020 flow-diagram of the retained studies.
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Evaluation of size effect. We used the RevMan 5.4
statistical package from the Cochrane collaboration for
meta-analysis.12 We selected the mean difference (MD)
as an effective measure for continuous data. Odds ratios
(OR) with 95% confidence intervals (95% CI) were
calculated for dichotomous variables. The random-
effects model was used, and the significance threshold
was fixed at 0.05.

Role of the funding source
There was no funding source for this study. The corre-
sponding author had full access to all the data in the
study and had final responsibility for the decision to
submit to publication.
Results
Study identification and characteristics
Through our literature search, we identified 307 articles
(Fig. 1). After excluding duplicates (n = 19) and screening
based on titles and abstracts (n = 269), 19 relevant articles
were selected for full-text screening. Fourteen articles
were excluded for the following reasons: ten studies used
a de-escalation protocol or biomarker to guide the dura-
tion of therapy,15–24 three studies were systematic reviews
or meta-analyses,2,5,25 and one study was published as
protocol.26 Finally, we retained five RCTs, including 1069
patients (530 in the short-course and 539 the long-course
group6,27–30) published from November 2003 to May 2022.
Regarding the type of VAP, one trial included patients
with early-onset VAP,30 three included patients with late-
onset VAP,6,27,28 and the remaining study included pa-
tients with mixed type of VAP with less than 20% of
patients having early-onset VAP.29 The most common
classes of antibiotic used in four RCTs were broad-
spectrum beta-lactams combined with aminoglycosides
or fluoroquinolone. However, the study by Kollef et al.28

used carbapenem in 100% of cases, with doripenem in
the short-course group and imipenem-cilastatin in the
long-course group. For microbiology data, two studies
included only VAP due to Gram-negative bacteria,6,28 and
Fekih et al. included more than 80% of VAP due to
www.thelancet.com Vol 58 April, 2023
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Fig. 2: Forest plot of recurrence.
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NF-GNB.25 Regarding antibiotic therapy duration, three
trials6,27,30 had a duration of 8 days for the short-course
and 15 days for the long-course, while the remaining
trials had a duration of 8 versus 10 days and 7 versus 10
days, respectively.28,29

Primary outcome: Recurrence and relapses of
pneumonia
Recurrence and relapses of VAP were reported in four
studies.6,27,29,30 There were no significant difference be-
tween short-course and long-course antibiotic therapy
(OR = 1.48, 95% CI [0.96, 2.28], p = 0.08 and OR = 1.45,
95% CI [0.94, 2.22], p = 0.09, I2 statistic = 21% and 0%,
respectively).

Focusing on late-onset VAP, the primary outcome
was similar in the two groups (Figs. 2A and 3A).

For VAP due to NF-GNB, three RCTs reported data
on the recurrence and relapses of VAP.6,27,28 We did
not find a significant difference in the recurrence
and relapses of VAP between the two groups
(OR = 1.90, 95% CI [0.93, 3.33], p = 0.05 and
OR = 1.76, 95% CI [0.93, 3.33], p = 0.08, I2 = 0
respectively) (Figs. 2B and 3B).
www.thelancet.com Vol 58 April, 2023
Secondary outcomes
28-Days mortality
Data on mortality were reported in all selected studies.
No significant difference were found between the two
groups (OR = 1.24, 95% CI [0.92, 1.67], p = 0.16;
I2 statistic = 0, p = 0.73). In the subgroup of late-onset
VAP,6,27–29 there were no significant difference between
the two groups (OR = 1.30 95% CI [0.93, 1.81], p = 0.12)
(Fig. 4). For VAP due to NF-GNB, we did not find a
significant difference between short-course and long-
course groups either (OD = 1.32, 95% CI [0.53, 3.25],
p = 0.55; I2 statistic = 57, p = 0.10).

Length of intensive care unit stay
Three studies reported data on the ICU length of
stay.6,29,30 Pooled results showed no significant difference
between short-course and long-course antibiotic therapy
(MD = −0.05, 95% CI [−0.96, 0.85], p = 0.91; I2 statis-
tic = 0, p = 0.55). Similar findings were reported in a
subgroup analysis (For late-onset VAP, MD = −0.28, 95%
CI [−1.53, 0.97], p = 0.66). For VAP due to NF-GBN, only
one trial reported data on this outcome showing no dif-
ference between the groups (MD = 0, 95% CI [−7, 6]).6
5
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Fig. 3: Forest plot of relapses.
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Mechanical invasive ventilation duration
Data on duration of mechanical ventilation were pro-
vided in three6,29,30 and no significant difference was
found between the two groups (MD = −1.05, 95% CI
[−3.47, 1.37], p = 0.39, I2 = 86%).

Antibiotic-free days during ICU stay
Data on antibiotic-free days were reported by three
studies.6,27,29 The number of antibiotic-free days was
significantly higher in the short-course antibiotic ther-
apy group than in the long-course antibiotic therapy
group (MD = 3.99, 95% CI [2.46, 5.52], p < 0.01; I2

statistic = 85%, p = 0.002). Similar results were observed
in the subgroup of patients treated for VAP due to NF-
GBN (MD = 4.96, 95% CI [4.34, 5.58], p < 0.01; I2 sta-
tistic = 0%, p = 0.68).

Number of extra-pulmonary infections
Data on the incidence of extra-pulmonary infections
were reported in four studies.6,27,29,30 The incidence of
extra-pulmonary infections did not differ significantly
between the short-course therapy group and the long-
course therapy group (OR = 1.32, 95% CI [0.77, 2.26],
p = 0.32; I2 = 0%).
Acquisition of multidrug-resistant pathogens
Two trials assessed data on acquiring MDR pathogens
following antibiotic therapy for VAP6,27 and found a
similar proportion of MDR pathogens acquisition during
ICU stay (OR = 0.7, 95% CI [0.43, 1.13], p = 0.14; I2 = 0%)

Sensitivity and subgroup analysis
An exploratory sensitivity analysis was conducted
excluding one RCT with a high risk of bias.30 In addi-
tion, a sensitivity analysis was performed by removing
each study from the meta-analysis to verify the robust-
ness of the obtained conclusions. Pooled results showed
that, regarding mechanical invasive ventilation duration,
heterogeneity was not reduced (Supplemental Fig. S1).
www.thelancet.com Vol 58 April, 2023
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Fig. 4: Forest plot of mortality.
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Quality assessment of the included studies
The CONSORT and RoB2 for the included clinical trials
are reported in Table 1 and Fig. 5, respectively. The
summary of evidence findings is reported in Table 2.
Discussion
This systematic review and meta-analysis did not find a
significant difference between short-course (≤8 days) and
long-course (≥10–15 days) antibiotic therapy on the
recurrence and relapses of VAP, even for the VAP due to
NF-GNB and in the late-onset VAP subgroup. Further-
more, secondary analyses did not reveal any difference on
mortality, ICU stay duration, mechanical ventilation
duration, number of extra-pulmonary infections and
MDR emergence according to the duration of antibiotic
therapy. However, short-course antibiotic therapy signif-
icantly increased the number of antibiotic-free days.

The reduced antibiotic exposure was not associated
with a rise in recurrence or relapses of VAP, and this
was confirmed even for VAP due to NF-GNB. Chastre
et al.,27 one of the principal studies assessing VAP due to
www.thelancet.com Vol 58 April, 2023
NF-GNB (37% of the included patients in our study),
defined recurrent pneumonia based on only microbio-
logical criteria. This may have led to an over-estimation
of this outcome, especially for Pseudomonas aeruginosa,
which was confirmed in subsequent studies.31,32 In fact,
a positive microbiological sample may reflect persisting
colonization rather than infection.2,3 Moreover, in the
short-course group, patients were followed for more
time off antibiotics which may led to an over-estimation
of recurrence rates.33 In a recent RCT including only
patients with VAP due to NF-GNB, the increased rate of
relapse did not transfer into clinical outcomes,
including the ICU length of stay and mortality rates.6

Although, due to the low enrollement, the trial was
underpowered and also failed to show the gain associated
with the usee of short-course therapy for VAP caused by
NF-GBN.34 In a retrospective study on VAP due to NF-
GNB, Hedrick et al.35 did not find an association be-
tween recurrence of VAP and duration of antibiotic
therapy. However, their results should be interpreted
with caution due to several limitations, namely the
retrospective nature of the study, the majority of patients
7
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Author
(year)

Country SOFA SAPS II Age VAP definition Population
(short
versus long)

ATB regimen (type,
duration)

VAP type Microbiology Follow-up CONSORT

1-Bouglé
et al.
(2022)

France 7.45 ± 3.9 45.05 ± 17.15 59.4 ± 17.35 Clinical suspicion (≥two
criteria including fever
>38.5 ◦C, leukocytosis >109/L
or leukopenia <4.108/L,
purulent tracheobronchial
secretions, and a new or
persistent infiltrate on chest
radiography)
Confirmation by positive
culture of a respiratory sample

186 patients
(88 versus
98)

β-Lactam with
aminoglycosides or
fluoroquinolone (8
days versus 15 days)

Late onset VAP Pseudomonas
aeruginosa

90 days 22/25

2-Capellier
et al.
(2012)

France – 39.45 ± 12.95 48.9 ± 19.55 At least 2 or 3 of the following
clinical criteria (temperature >
38.3 ◦C, leukocyte count >
10,000/mm3, excessive
purulent or mucopurulent
bronchial secretion) and the
radiological criterion
Confirmation by
bronchoalveolar lavage culture

225 patients
(116 versus
109)

beta-lactams for 8 or
15 days combined
with an
aminoglycoside for
the first 5 days

Early onset VAP Gram + cocci
(55.8%)
Gram- Bacilli
(40.6%)
Others (3.6%)

90 days 21/25

3-Fekih
et al.
(2008)

Tunisia – 42.75 ± 3.9 52.5 ± 3.9 Clinical suspicion (≥two
criteria including fever
>38.5 ◦C, leukocytosis >109/L
or leukopenia <4.108/L,
purulent tracheobronchial
secretions, and a new or
persistent infiltrate on chest
radiography)
Confirmation by positive
culture of a respiratory sample

30 patients
(14 versus
16)

beta-lactams for 8 or
10 days combined
with an
aminoglycoside for
the first 5 days

Late onset VAP
(83.4%)
Early onset VAP
(16.6%)

Gram- Bacilli
(89.7%)
Others (10.3%)

28 days 17/25

4-Kollef
et al.
(2012)

USA 5.8 ± 2.55 – 56.1 ± 17.53 Confirmation by
bronchoalveolar lavage culture

227 patients
(115 versus
112)

7-day doripenem
versus 10-day
imipenem-cilastatin
Adjunctive therapy
was allowed at the
discretion of the
treating physician

Late onset VAP Gram- bacilli 28 days 19/25

5-Chastre
et al.
(2003)

France 7.35 ± 4 45 ± 15 60.5 ± 17 Clinical suspicion (≥ two
criteria including
fever>38.5 ◦C, leukocytosis
>109/L or leukopenia <4.108/L,
purulent tracheobronchial
secretions, and a new or
persistent infiltrate on chest
radiography)
Confirmation by positive
culture of a respiratory sample

401 patients
(197 versus
204)

Broad-spectrum beta-
lactam (8 days versus
15 days) combined
with at least an
aminoglycoside or a
fluoroquinolone

Late onset VAP Gram- bacilli
(56.6%)
Gram- cocci
(43.4%)

90 days 21/25

ATB: antibiotic; CONSORT: Consolidated Standards of Reporting Trials; SAPS II: Simplified Acute Physiology score; SOFA: Sequential Organ Failure Assessment score; VAP: ventilator-associated pneumonia.

Table 1: Demographic data of the retained studies.
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Fig. 5: Risk of bias.
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being surgical patients and a large difference between
patients in terms of antibiotic type and duration.

The majority of the published trials mentioned
above argue against the use of short-course antibiotic
therapy for VAP due to NF-GBN. However, due to the
high risk of relapses, biomarkers such as procalcitonin
(PCT) could be used to monitor the efficacy of treat-
ment and hereby the duration needed duration in
addition to predicting recurrences and relapses.36,37

Indeed, Wongsurakiat et al.38 proposed a protocol
based on clinical pulmonary infection score (CPIS) and
spot serum PCT in order to guide discontinuation of
antibiotic therapy in case of VAP due to NF-GBN.
Furthermore, in the PRORATA trial that evaluated a
strategy of antibiotic sparing guided by PCT dosage in
ICU patients, Bouadma et al.24 observed in the sub-
group of patients with VAP an increase of more than 3
days free of antibiotics at day 28 in patients in the PCT
guided strategy (3.1 [0.7–5.6]). But, one of the limits of
using PCT is the falsy low or high PCT levels which
may lead to innapropriate discontinuation or continu-
ation of antibiotic therapy.3 However, tailored strate-
gies (including clinical and biological endpoints)
should be tested in RCTs in order to individualize
antibiotic duration treatement.

As mentioned, this review did not demonstrate an
increase mortality nor an association with prolonged
ICU or hospital stay or mechanical ventilation duration.
These findings are similar to previous meta-analyses.5,25

However, these previous studies pooled data from pa-
tients with both early- and late-onset pneumonia, mak-
ing their results difficult to interpret. Indeed, it is well
known that late-onset VAP are caused by more resistant
pathogens and associated with worse outcomes.39,40

Therefore, we conducted subgroup analyses to assess
the effects of late-onset VAP and no differences were
reported between both regimens.

Although this meta-analysis shows promising re-
sults, it should be interpreted carefully, given several
www.thelancet.com Vol 58 April, 2023
limitations. First, only five trials were included with a
small sample size (1069 patients). Secondary, only three
trials assessed data on VAP due to NF-GNB (330 pa-
tients), Bouglé et al.6 trial being the major “driver” of the
results. Nevertheless, this study indeed lacked power as it
included only 33% of the patients initially planned. In
addition, one of the major criticisms of Bouglé et al. trial
is the fact that, in order to assess the recurrence, the
patients in short-course group were followed for more
time off antibiotics, which may explain the higher re-
ported rates of recurrence. Besides, one limitation was
the lack of standardized definitions of the assessed out-
comes. The timing of mortality assessment differed in
the included studies (90 days in one RCT, 28 days in
three RCTs and 21 days in the remaining trial). In
addition, the protocol of the short and long course anti-
biotic therapy changed as one trial used a short course of
7 days and a long course of 10 days. There were also
differences in antibiotics used between groups, especially
in the trial conducted by Kollef et al. as doripenem and
imipenem were used in the short and long arms,
respectively. Moreover, the heterogeneity, which was
higher in three outcomes (mortality, antibiotic-free days
and mechanical ventilation duration), was probably
explained by the limitations cited previously. Finally, the
effect estimates for the primary outcome were quite large
and confidence intervals barely surpassed one thus
begging the question if larger studies or adding more
studies would push this signal to significance.

As a conclusion, short-course antibiotic therapy for
VAP did not significantly affect the rate of recurrence
relapses, and mortality compared with long-course
antibiotic therapy. However, for VAP due to NF-GNB,
even if a higher risk of recurrence is reported, it did
not translated into clinical outcomes such as mortality
and duration of ICU stay. In addition, short-course
therapy had several desirable consequences namely
decreased antibiotic exposure, reduced antibiotic resis-
tance, and lower overall costs.
9
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Recurrence compared to placebo for [VAP]

Setting: Intervention: Recurrence; Comparison: placebo

Outcomes No of participants (studies)
Follow-up

Certainty of the
evidence (GRADE)

Relative effect (95% CI) Anticipated absolute effects

Risk with placebo Risk difference with Recurrence

Recurrence 842 (4 RCTs) ⨁⨁⨁◯
Moderate

OR 1.48 (0.96–2.28) 152 per 1000 58 more per 1000 (5 fewer to 138
more)

Recurrence - late-VAP 617 (3 RCTs) ⨁⨁⨁◯
Moderate

OR 1.22 (0.80–1.87) 157 per 1000 28 more per 1000 (27 fewer to
101 more)

Recurrence - early-VAP 225 (1 RCT) ⨁⨁◯◯
Low

OR 2.19 (1.10–4.34) 138 per 1000 121 more per 1000 (12 more to
272 more)

Recurrence-GNB 313 (2 RCTs) ⨁⨁◯◯
Low

OR 1.90 (0.99–3.64) 106 per 1000 78 more per 1000 (1 fewer to 195
more)

Relapses compared to placebo for [VAP]

Setting: Intervention: Relapses; Comparison: placebo

Outcomes No of participants (studies)
Follow-up

Certainty of the
evidence (GRADE)

Relative effect (95% CI) Anticipated absolute effects

Risk with placebo Risk difference with Relapses

Relapses 1039 (4 RCTs) ⨁⨁⨁◯
Moderate

OR 1.45 (0.94–2.22) 78 per 1000 31 more per 1000 (4 fewer to 80
more)

Relapses - Late-VAP 814 (3 RCTs) ⨁⨁⨁◯
Moderate

OR 1.37 (0.88–2.14) 94 per 1000 31 more per 1000 (10 fewer to 88
more)

Relapses - early-VAP 225 (1 RCT) ⨁⨁◯◯
Low

OR 2.92 (0.58–14.78) 18 per 1000 33 more per 1000 (8 fewer to 198
more)

Relapses-GNB 340 (3 RCTs) ⨁⨁⨁◯
Moderate

OR 1.76 (0.93–3.33) 111 per 1000 69 more per 1000 (7 fewer to 183
more)

Mortality compared to placebo for [VAP]

Setting: Intervention: Mortality; Comparison:placebo

Outcomes No of participants (studies)
Follow-up

Certainty of the
evidence (GRADE)

Relative effect (95% CI) Anticipated absolute effects

Risk with placebo Risk difference with Mortality

Mortality 1069 (5 RCTs) ⨁⨁⨁⨁
High

OR 1.24 (0.92–1.67) 195 per 1000 36 more per 1000 (13 fewer to 93
more)

Mortality - late-VAP 844 (4 RCTs) ⨁⨁⨁⨁
High

OR 1.30 (0.93–1.81) 200 per 1000 45 more per 1000 (11 fewer to
112 more)

Mortality - early-VAP 225 (1 RCT) ⨁⨁◯◯
Low

OR 0.99 (0.49–1.97) 174 per 1000 1 fewer per 1000 (81 fewer to 119
more)

Mortality-GNB 340 (3 RCTs) ⨁⨁⨁◯
Moderate

OR 1.32 (0.53–3.25) 257 per 1000 57 more per 1000 (102 fewer to
272 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: confidence
interval; OR: odds ratio. 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 effect, 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 effect.

Table 2: Summary of evidence findings.
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