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KEYWORDS Abstract

B-lactams; Objective: To evaluate the effect of parenteral B-lactam antibiotics on outcomes related to
Prevention; ventilator-associated pneumonia (VAP) in adult patients in coma due to acute brain injury (ABI).
Ventilator-associated Design: Systematic review and meta-analysis.

pneumonia; Setting: Randomized controlled trials (RCTs) published up toSeptember 30, 2024.

Coma; Patients or participants: Adult patients in coma due to ABI.

Systematic review; Interventions: Parenteral -lactam antibiotics.

Meta-analysis Main variables of interest: Incidence and outcomes related to VAP.

Results: Three RCTs involving 483 patients met inclusion criteria; 231 patients received B-
lactam prophylaxis. Among these, there were 115 cases of early-onset VAP (EO-VAP), 49 of
late-onset VAP (LO-VAP), and 102 deaths. All studies were conducted in Europe. Causes of
coma included trauma, stroke, and CO poisoning. Intravenous B-lactams (ampicillin/sulbactam,
cefuroxime, and ceftriaxone) reduced EO-VAP risk by 57% (RR 0.43; 95% Cl 0.30-0.61), and
all-VAP by 35% (RR 0.65; 95% Cl 0.53-0.80).

No impact was observed on LO-VAP (RR 0.95; 95% Cl 0.54-1.67), 28-day mortality (RR 0.76;
95% ClI 0.53-1.09), intubation duration (SMD -0.13; 95% Cl —0.46-0.21), or ICU length of stay
(SMD —0.22; 95% Cl —0.55-0.12). Heterogeneity and the risk of bias were low, with high overall
evidence certainty.
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Conclusions: In adult patients in coma due to ABI, intravenous B-lactam antibiotics reduce
EO-VAP and all-VAP risk.

© 2025 Elsevier Espafa, S.L.U. and SEMICYUC. All rights are reserved, including those for text
and data mining, Al training, and similar technologies.

Antibioéticos betalactamicos para prevenir la neumonia asociada al ventilador (NAV)
en pacientes en coma: una revision sistematica y un metaanalisis de ensayos
controlados aleatorizados

Resumen

Objetivo: Evaluar el efecto de los antibioticos B-lactamicos parenterales en los resultados rela-
cionados con la neumonia asociada a ventilacion mecanica (NAV) en pacientes adultos en coma
debido a lesion cerebral aguda (LCA).

Diseno: Revision sistematica y metaanalisis.

Ambito: Ensayos controlados aleatorizados (ECA) publicados hasta el 30 de septiembre de 2024.
Pacientes o participantes: Pacientes adultos en coma debido a LCA.

Intervenciones: Antibidticos 3-lactamicos parenterales.

Variables de interésprincipales: Incidencia y desenlaces relacionados con la NAV.

Resultados: Incluimos tres ECA, 483 pacientes, de los cuales, 231 recibieron profilaxis con 3-
lactamicos. Hubo 115 casos de NAV de inicio temprano (NAV-IT), 49 de NAV de inicio tardio (NAV-
ITD) y 102 muertes. Todos los estudios se realizaron en Europa. Las causas de coma incluyeron
traumatismo, accidente cerebrovascular e intoxicacion por CO. Los B-lactamicos intravenosos
(ampicilina/sulbactam, cefuroxima y ceftriaxona) redujeron el riesgo de NAV-IT en un 57% (RR
0,43; 1C 95% 0,30-0,61), y de NAV total en un 35% (RR 0,65; IC 95% 0,53-0,80).

No se observo impacto en NAV-ITD (RR 0,95; IC 95% 0,54-1,67), mortalidad a 28 dias (RR 0,76;
IC 95% 0,53-1,09), duracion de la intubacion (DMS -0,13; IC 95% -0,46-0,21) o estancia en UCI
(DMS -0,22; IC 95% -0,55-0,12). La heterogeneidad y el riesgo de sesgo fueron bajos, con una
alta certeza en la evidencia.

Conclusiones: En pacientes adultos en coma debido a LCA, los antibidticos 3-lactamicos intra-
venosos reducen el riesgo de NAV-IT y de NAV total.
© 2025 Elsevier Espafa, S.L.U. y SEMICYUC. Se reservan todos los derechos, incluidos los de

mineria de texto y datos, entrenamiento de IA y tecnologias similares.

Introduction

Ventilator-associated pneumonia (VAP), defined as pneumo-
nia that develops within 48 h after invasive mechanical
ventilation (IMV)," remains the leading cause of nosocomial
and healthcare-associated infections in intensive care units
(ICUs).2 VAP is linked to several adverse outcomes, includ-
ing increased days of IMV, prolonged ICU and hospital stays,
higher healthcare costs, infections with multidrug-resistant
(MDR) pathogens, and increased morbidity and mortality.?

Early-onset VAP (EO-VAP), presenting within the first five
days of hospitalization, is typically caused by antibiotic-
susceptible bacteria and is associated with a better
prognosis. In contrast, late-onset VAP (LO-VAP), occurring
five days or more after admission, is more likely to involve
MDR pathogens and carries a higher risk of morbidity and
mortality.>”’ Patients in coma due to acute brain injury
(ABI), regardless of the cause, are at a high risk of EO-
VAP.28? |n these patients, EO-VAP develops primarily due
to microaspirations caused by glottic dysfunction.'® VAP is
particularly concerning in acute neurological patients, as
it is associated with higher mortality rates.'"'? Evidence

from a meta-analysis indicates that preventive antibiotic
therapy may reduce the incidence of infections in patients
with acute stroke from 36% to 22%. However, it does not
significantly affect the number of dependent or deceased
patients.’? On the other hand, another meta-analysis found
that antibiotic prophylaxis following cardiac arrest did not
improve survival rates, neurological outcomes, critical care
length of stay, or the incidence of pneumonia.’?

To date, at least four meta-analyses have explored the
role of prophylactic antibiotics in preventing VAP in patients
in coma due to ABI. Although these studies arrive at simi-
lar conclusions, their significant clinical and methodological
heterogeneity limits the comparability and generalizabil-
ity of their findings."*'7 Most of these studies combined
randomized clinical trials (RCTs) with non-randomized or
observational studies,'* " included different routes of
administration (respiratory tract,'®'>" intrathecal,” or
intravenous'>'®), and examined antibiotic families'"” mak-
ing their conclusions challenging to apply universally.

Therefore, to clarify the role of antibiotic prophylaxis in
patients in coma due to ABI, our study aims to conduct a
systematic review focusing exclusively on studies with simi-
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lar designs, involving comparable populations, subjected to
similar interventions, and evaluating the same outcomes.
The conclusions of this study are particularly relevant given
the implications of acute brain injury as a risk factor for
VAP and the critical importance of addressing VAP to reduce
morbidity and mortality in these critically ill patients.

Materials and methods

This systematic review adheres to the recommenda-
tions outlined in the Cochrane Handbook for Systematic
Reviews,'® PRISMA," and AMSTAR 2%° guidelines. We regis-
tered the protocol in PROSPERO (CRD42024506628).

Search strategy

We comprehensively searched five databases: MEDLINE
(PubMed), Scopus, EMBASE, Web of Science, and Google
Scholar. We screened each database using controlled lan-
guage terms (MeSH, Emtree, etc.), free terms, and their
synonyms, combined with Boolean operators, following
a PICO strategy: Patients or participants: adult patients
in coma due to ABI; Interventions: parenteral B-lactam
antibiotics; Comparator: placebo or usual care; Outcomes:
incidence and outcomes related to VAP. Keywords primar-
ily focused on exposure, such as "B-lactams antibiotics” OR
"ampicillin/sulbactam” "piperacillin/tazobactam” OR "ceftri-
axone" OR "cefuroxime” OR "cefotaxime" OR "ceftazidime"
OR "cefepime” OR "cefixime” OR "ceftaroline”; and outcome-
related terms such as "ventilator-associated pneumonia”
OR "early-onset ventilator-associated pneumonia” OR "late-
onset ventilator-associated pneumonia.” Additionally, we
performed manual secondary searches of references in rele-
vant studies and review articles. There were no restrictions
on language or publication year. The search strategy is pro-
vided in the Supplementary materials, Table S1.

Inclusion and exclusion criteria

We searched for randomized controlled trials (RCTs) pub-
lished from inception until July 31, 2024. We excluded
case reports, case series, and observational studies. All
articles retrieved from the primary and secondary searches
were compiled using Mendeley® 2.119.0. After removing
duplicates, these documents were imported into the
Rayyan® tool, screened, and individually examined by four
blinded and independent researchers (MOP, MGAR, CGFN,
and GAVT). All articles that were collected were evaluated
using the terms of the PICO strategy and the inclusion and
exclusion criteria.

Study selection and data extraction

The selected articles were exported to a spreadsheet for
a second full-text screening. The study selection process
is provided in Fig. 1. The same four blinded, independent
researchers who performed the selection process also per-
formed data extraction, examining articles, and collecting
relevant details of each study, including the authors, country
and year of publication, clinical and epidemiological charac-

teristics of the population, the intervention (the type, dose,
and duration of the B-lactams antibiotic used), the outcome
and comparator (the number of events), the measures of
association, confounding factors, and other relevant find-
ings. Data from each paper were extracted and recorded in
a spreadsheet. The initial screening of studies, the selec-
tion, and data extraction were made by consensus among
the researchers, and in case of disagreement, the lead
researcher served as the arbitrator (EDMR).

Data synthesis, meta-analysis, and meta-regression

This meta-analysis was performed using R® 4.2.226. We used
the generic inverse variance method (GIVM) with restricted
maximum likelihood (REML) for tau??' and Hartung-Knapp
adjustment for random effects model studies.?’"2> For
dichotomic outcomes, we pooled risk ratios (RRs), and for
continuous outcomes, bias-corrected standard mean dif-
ference (SMDs) using exact formulae (Hedges’ ¢)*' and
variances with their 95 percent confidence interval (95% Cl).
Since statistical heterogeneity among studies was not sta-
tistically significant (Cochran’s Q test and p > 0.10, Higgins
I2 statistics <40%), we used a fixed effects model.'® Since
we had few studies, we did not perform subgroup analy-
sis, funnel plots, and trim-and-fill analysis. However, we
conducted sensitivity, leave-one-out influence analyses, and
meta-regression to assess heterogeneity, and we evaluated
the publication bias.?'

Risk of bias assessment

We assessed the risk of bias using version 2 of the Cochrane
risk-of-bias tool for randomized trials (ROB 2).%*

GRADE assessment

We assessed the certainty of the evidence (CoE) of the
primary outcomes according to the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
criteria.?> %6

Results

We identified 26 records, all retrieved from databases.
After removing 15 documents, 11 reports remained. Sub-
sequently, these 11 reports were assessed for eligibility. Of
these studies, eight were excluded. Two reports were sys-
tematic reviews, two were observational studies, two did
not meet our PICO question, one was a point of view, and
one was a correction to a previous original article (Supple-
mentary materials, Table S2). Finally, three papers, all RCTs,
were included in our systematic review (Fig. 1 and Table 1).

This review includes 483 patients, of which 231 received
any B-lactam prophylactic antibiotic, 115 cases of EO-VAP, 49
cases of LO-VAP, and 102 deaths (Table 1). All three studies
were conducted in Europe (Spain, France, and ltaly). The
studies were conducted from June 1992 to May 2020. The
patient follow-up period varied from 60 days to 28 months.
We only included articles that reported adjusted effect size
and a control group. In 2 studies, the definition of coma
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r Identification of studies via databases and registers ]

Records identified from:
Databases (n = 26)
Registers (n = 0)

Records screened
(n=11)

Reports sought for retrieval
(n=11)

Records removed before
screening.
Duplicate records removed
(n=195)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records excluded
(n=0)

Reports not retrieved

v

Reports assessed for eligibility
(n=11)

A4

Studies included in review
(n=3)

Reports of included studies
(n=3)

Figure 1

based on the Glasgow Coma Scale (GCS) was <12.%8?7 In con-
trast, the other study used an ECG < 8 to define coma.?®
The most common causes of coma in patients included brain
trauma, ischemic or hemorrhagic stroke, and CO poison-
ing. Cardiac arrest was an inclusion criterion in one study?®
and an exclusion in another.® Similarly, undergoing surgery
for space-occupying head lesions was a criterion of inclu-
sion in one study?’ and exclusion in another.® Each included
study used a different antibiotic in the experimental group:
ceftriaxone,® ampicillin/sulbactam,?® and cefuroxime.?’

Effect of B-lactams antibiotics to prevent
ventilator-associated pneumonia (VAP) and
mortality

According to our findings, in patients in coma due to ABI, 3-
lactams antibiotics (ampicillin/sulbactam, cefuroxime, and
ceftriaxone) reduce the risk of early-onset VAP (EO-VAP) by
57% (RR 0.43; 95% Cl 0.30-0.61) (Fig. 2a) all (early and late)
ventilator-associated pneumonia (all-VAP) by 35% (RR 0.65;
95% Cl 0.53-0.80) (Fig. 2b). However, B-lactams antibiotics

v

(n=0)

Reports excluded:
Does not fit the PECO/PICO
question (n = 2)
Observational studies (n = 2)
Systematic review (n = 2)
Correction to a previous original
article (1)
Point of view (1)
Letter to the Editor (n = 0)

PRISMA 2020 flow diagram.

do not prevent late-onset ventilator-associated pneumonia
(LO-VAP) (RR 0.95; 95% Cl 0.54-1.67) (Fig. 2c). Similarly, 8-
lactams antibiotics did not reduce 28 day-mortality in 56
patients in coma due to ABI (RR 0.76; 95% CI 0.53-1.09)
(Fig. 2d). We could not meta-analyze 60-day mortality
because only one study® assessed this outcome.

Effect of B-lactams antibiotics on ventilatory
outcomes

Our findings suggest that in patients in coma due to ABI, B-
lactams antibiotics (ampicillin/sulbactam, cefuroxime, and
ceftriaxone) do not affect the duration of endotracheal intu-
bation (ETI) (SMD —0.13; 95% Cl —0.46-0.21) (Fig. 2e).

Effect of B-lactams antibiotics on hospital stay

Our findings show that in patients in coma due to ABI, B-
lactams antibiotics did not impact the duration of ICU stay
(SMD —0.22; 95% Cl —0.55-0.12) (Fig. 2f).
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Table 1  General characteristics of included studies.

Study, Participants, and Interventions Outcome and other essential findings

Dahyot-Fizelier et al.? 2024, France. Primary outcome: EO-VAP from the 2nd to the 7th day of MV (ATS

PROPHY-VAP: a multicenter, double-blinded
RCT conducted in 9 ICUs in 8 French
hospitals. From October 2015 to May 2020.
Patients >18 in coma (GCS < 12). of both
sexes. Inclusion criteria: brain trauma,
ischemic or hemorrhagic stroke, and SAH.
Exclusion criteria: tumor, infectious disease,
cardiac arrest; high risk of death within the
first 48 h after admission; ongoing antibiotic
treatment; previous hospitalization within
the past month; antibiotic prophylaxis
expected within the first 24 h after
randomization; ETI by nasal route; subglottic
secretion drainage; MV on tracheostomy;
etc.

Patients were randomly assigned (1:1)
stratified by center and severity of
unconsciousness at the time of inclusion
(GCS < 8 or >8) to account for differences in
patient treatment between centers and
heightened VAP risk in patients with GCS < 8.
Enrolled patients received a single
30-minute. IV administration of ceftriaxone
2 g or saline once within the 12 h following
ETI. Participants did not receive selective
oropharyngeal and digestive tract
decontamination.

Acquarolo et al.?® 2005, Italy.

Single center, prospective, open-label, RCT.
From September 2001 to October 2002.
Adult patients (>18y.), in coma (GCS < 8)
MV patients. Inclusion criteria: head trauma,
SAH, cerebral hemorrhage, cardiac arrest,
ischemic stroke, and CO poisoning. Exclusion
criteria: pneumonia or pulmonary contusion
on admission to the ICU; antibiotics
administration in the previous 48 h; multiple
trauma; clinical indication to antibiotic
prophylaxis or treatment (i.e., open
craniocerebral wound or extensive soft
tissue facial lesion); an estimated duration
of MV or coma of <48 h; hopeless prognosis;
immunocompromised; and pregnancy.
Patients were randomly assigned to receive
either AS (3 g every 6 h for 3 days) plus
standard treatment or standard treatment
alone. Patients in the standard treatment
group did not receive a placebo. AS was
started in all cases within 6 h of ICU
admission. Patients in the standard
treatment group did not receive antibiotics
in the first 3 ICU days unless it was clinically
dictated. Physicians and paramedics were
not blinded to treatment allocation; the
outcome adjudicators and the data analysts
were.

definition). Secondary outcomes at discharge from ICU or day 28 if the
patient was still in the ICU: LO-VAP (>7 days after ETI) or VAP regardless
of the time of occurrence; type of microorganism-induced VAP;
exposure to MV and antibiotics (number of ventilator-free or
antibiotic-free days); ventilator-associated events according to the CDC
definition; comparison with global incidences of VAP according to the
ATS and CDC definitions; the time between inclusion and the first
spontaneous ventilation test; the proportion of patients with the
digestive acquisition of ESBL-producing Enterobacteriaceae;
neurological outcome according to the MRS and GOS; mortality; and
safety. Secondary outcomes at day 60 were: exposure to ICU and
hospital (number of ICU-free and hospital-free days); neurological
outcome according to the MRS and GOS; and mortality.

N = 345 patients were randomly assigned (1:1) to receive ceftriaxone

(n =171) or placebo (n = 174); 330 received the allocated intervention,
and 319 were included in the analysis (162 in the ceftriaxone group and
157 in the placebo group). The analysis’s 166 (52%) participants were
men, and 153 (48%) were women. After randomization, 15 patients did
not receive the allocated intervention, and 11 withdrew their consent.
Ninety-three cases of VAP, including 74 early infections. The incidence
of EP-VAP was lower in the ceftriaxone group than in the placebo group
(23 [14%] vs. 51 [32%]; HR 0.60 [95% CI 0.38-0.95], p = 0.030), with no
microbiological impact and no adverse effects attributable to
ceftriaxone. On day 28, there were 12 patients with late VAP in the
ceftriaxone group and 7 cases in the placebo group. Those receiving
ceftriaxone were at lower risk of developing all types of VAP (20% vs.
36%; HR 0.62 [0.42-0.98]); incidences of LO-VAP were similar between
groups. Mortality was 32 (20%) of 161 patients receiving ceftriaxone
versus 46 (30%) of 157 receiving placebo (HR 0.66 [0.42-1.04], p = 0.074.
VAP was defined as pneumonia occurring >48 h after ETI and initiation of
MV. EO-VAP was defined as VAP occurring during the first 4 days of MV,
whereas LO-VAP was defined as VAP developing >5 days after the
initiation of MV. EOP was suspected if a new and persistent CXR
infiltrate was associated with one of the following criteria: (1) purulent
tracheobronchial secretions; (2) fever > 38.3 °C or hypothermia; (3)
leukocytosis or leucopenia (>10,000/mm? and, respectively,
<5000/mm?3). EO-VAP was confirmed by the isolation of a potentially
pathogenic microorganism from bronchoscopic BAL (>10* CFU/mL) or
non-bronchoscopic protected mini-BAL (>10* CFU /mL). All patients had
CXR examination and pulmonary secretion sample taken with
bronchoscopic BAL or non-bronchoscopic protected mini-BAL
immediately after enrollment into the study and then every 48 h or
more frequently if clinically indicated for the first 5 ICU days.

N = 38. Males: 12 (63.2%) in the standard treatment group and 13
(68.4%) in the experimental group. Mean age: 54.6 + 17.7 years in the
standard treatment group and 54.8 + 18.0 years in the experimental
group. 15 of 38 patients (39.5%) developed EO-VAP; 11 (57.9%) in the
standard treatment group and 4 (21.0%) in the AS group. There were 19
LO-VAP episodes (50.0%), 9 (47.4%) in the standard treatment group, and
10 (52.6%) in the AS. In standard treatment, the mean number of days
of MV was 10.6 + 9.4 days, whereas, in the AS group, the mean number
of days of MV was 9.9 + 6.9 days. In the standard treatment, the mean
ICU stay was 12.6 £ 9.7 days, while, in the AS group, the mean ICU stay
was 12.8 + 8.7 days. In standard treatment, there were 8 (42.1) events
of ICU mortality, while, in the AS group, there were 7 (36.8) events of
ICU mortality. The two groups were also comparable in terms of the
duration of mechanical ventilation (t = 0.3431, p = 0.7355, duration of
ICU stay (t = —0.1070, p = 0.9160, and ICU mortality (p = 0.740).

5
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Table 1 (Continued)

Study, Participants, and Interventions

Outcome and other essential findings

Sirvent et al.?” 1997, Spain. Single center,
open-label RCT. Between June 1, 1992, and
September 31, 1994 (28 mo).

Patients in coma (GCS < 12). Inclusion
criteria: head injury, medical stroke, or
undergoing surgery for space-occupying head
lesions. The time lapse between ETI and the
beginning of the study protocol was <6 h in
all cases. All patients were put on ETI and
MV > 72 h. Upon hospital admission, all
patients were included in the study and did
not receive antibiotics before entry. Patients
enrolled in the study were free from
pulmonary infection and did not present
suspicion of gross aspiration into lower
airways at the time of inclusion. Exclusion
criteria: immunosuppression, HIV infection,
parenteral drug addicts, transplanted,
hematologic malignancies,
insulin-dependent DM, CKD, CLD, COPD, etc.
Patients were randomly assigned to a
prophylaxis group (IV cefuroxime group: two
1500-mg doses 12 h apart after intubation)
or a control group. Each group had 50
patients. Patients did not receive any other
antibiotics before the endpoint
determination. Control Group: These
subjects did not receive cefuroxime for
prophylaxis.

The diagnosis of VAP was confirmed by isolating a pathogenic
microorganism from the blind-protected BAL specimen in counts >10*
CFU/mL. During the first 24 h of admission, endotracheal aspirate
samples were obtained using sterile tubes from all patients.
Non-bronchoscopic protected BAL was done on the day of the suspicion
of VAP. In addition, blood cultures and serology were performed on all
patients who developed pulmonary infections. EOP was diagnosed when
VAP developed within the first 4 d of MV. LOP was defined as pneumonia
developing after the fourth day of MV.

The global incidence of microbiologically confirmed VAP was 37%

(n = 37); 12 (24%) belonged to the cefuroxime group, and 25 (50%)
belonged to the control group (p = 0.007). EO-VAP accounted for 70% of
all the VAP episodes (n = 26), eight (67%) belonging to the cefuroxime
group, and 18 (72%) belonging to the control group (p = 0.02). In the
control group, four of 17 (23%) patients receiving prior antibiotics
developed VAP, whereas 21 of 33 (64%) patients who did not receive
antibiotics developed VAP (p = 0.016). The multivariate analysis
revealed that the duration of MV (per day) was an independent risk
factor significantly associated with VAP development. Furthermore,
before the VAP episode, cefuroxime or prior antibiotics in the control
group had a protective effect against its development.

No difference in mortality and morbidity was found when comparing the
study population with the control group. Nevertheless, when comparing
patients with VAP (from both study and control groups) with those
without it, there was a decrease in total hospital stay (35 £+ 13 vs

25 + 14 d, p = 0.048) and ICU stay (20 & 11 vs 11 = 7 d, p = 0.001). This
study demonstrated that the administration of two single high doses of
1500 mg each of cefuroxime after the intubation of patients in coma
due to head injury or medical stroke is an effective prophylactic
strategy to decrease the incidence of VAP.

RCT: randomized controlled trial, MV: mechanical ventilation, VAP: ventilator-associated pneumonia, EOP: early-onset VAP, LOP: late-
onset VAP, AS: ampicillin-sulbactam, ICU: intensive care units, GCS: Glasgow Coma Scale score, IV: intravenous, ETI: endotracheal
intubation, ITT: intention-to-treat, ICU: intensive care unit, CDC: Centers for Disease Control and Prevention, MRSA: methicillin-resistant
S. aureus, CKD: chronic kidney disease, CLD: chronic liver diseases, COPD: chronic obstructive pulmonary disease, CXR: chest X rays,
BAL: bronchoalveolar lavage, CDC: Centers for Disease Control and Prevention, MRS: modified Rankin scale, GOS: Glasgow Outcome

Scale, SAH: subarachnoid hemorrhage.

Heterogeneity

Statistical heterogeneity was not significant for all the
outcomes assessed (12 <40%, p > 0.10)." Likewise, the
sensitivity and leave-one-out influence analyses did not sug-
gest any significant impact of heterogeneity on the overall
estimate. In meta-regression, the moderators’ test was not
statistically significant according to the country of publi-
cation of the study (France, Italy, or Spain) (QM = 0.13,
p = 0.94) or year of publication of the study (1997, 2005,
2024) (QM = 0.01, p = 0.93). That is, none of these modera-
tors accounted for between-study heterogeneity. Similarly,
the test for residual heterogeneity was also not statistically
significant for any of these variables (QE = 0.00, p = 1
and QE = 0.12, p = 0.73, respectively), suggesting that
our model was well specified. Then, no other moderating
variables would be considered in our model (Supplementary
materials, Table S3).

Publication bias

Because our meta-analysis only included three studies, we
do not show a funnel plot. However, Egger’s test did not show
arisk of publication bias (z=—0.26, p = 0.80). Likewise, con-
sidering a reference or threat criterion (5 x k + 10 = 25), the
Rosenthal approach (observed significance level p < 0.0001,
target significance level p = 0.05, Fail-safe N = 51) and the
Rosenberg approach (observed significance level p < 0.0001,
target significance level p = 0.1, Fail-safe N = 62) suggested
that publication bias was not a threat to the existence of a
significant effect size in this meta-analysis.

Risk of bias

All included studies had a low risk of bias (Supplementary
materials, Figures S1a and S2).



+Model
MEDINE-502199; No. of Pages 10

Medicina Intensiva xxx (xxxx) 502199

a

Risk Ratio Risk Ratio
Study logRR SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Acquarolo A 2005 -1.0116 0.4854 13.6% 0.36[0.14;0.94] ——=——
Dahyot-Fizelier C 2024 -0.8277 0.2248 63.5% 0.44 [0.28; 0.68] +
Sirvent JM 1997 -0.8109 0.3749 22.8% 0.44[0.21; 0.93] —
Total (95% Cl) 100.0% 0.43 [0.30; 0.61] f— ’] : —

Heterogeneity: Tau? = 0; Chi? = 0.13, df = 2 (P = 0.94); I> = 0%
0102 05 1 2 5 10

B-lactams Control
EO-VAP
b
Risk Ratio Risk Ratio
Study logRR SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Acquarolo A 2005 -0.2963 0.1423 54.0% 0.74 [0.56; 0.98] . 1
Dahyot-Fizelier C 2024 -0.5364 0.1824 32.9% 0.58 [0.41; 0.84] —i—
Sirvent JM 1997 -0.7340 0.2887 13.1% 0.48[0.27; 0.85] —
Total (95% ClI) 100.0% 0.65 [0.53; 0.80] | I I'O : : ,

Heterogeneity: Tau® = 0.0081; Chi® = 2.33, df = 2 (P = 0.31); I° = 14%
0102 05 1 2 5 10

B-lactams Control
All-VAP
(o]
Risk Ratio Risk Ratio
Study logRR SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Acquarolo A 2005 0.1054 0.3253 76.9% 1.11[0.59; 2.10] 1
Sirvent JM 1997 -0.5596 0.5940 23.1% 0.57 [0.18; 1.83] :
Total (95% Cl) 100.0% 0.95 [0.54; 1.67] ;
Heterogeneity: Tau’ = 0; Chi% = 0.96, df = 1 (P = 0.33); I* = 0%

T 1
0102 05 1 2 5 10

B-lactams Control
LO-VAP
d

Risk Ratio Risk Ratio
Study logRR SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Acquarolo A 2005 -0.1335 0.4032 20.6% 0.88 [0.40; 1.93] —Il—
Dahyot-Fizelier C 2024 -0.4760 0.2304 63.0% 0.62 [0.40; 0.98] -.~
Sirvent JM 1997 0.3567 0.4504 16.5% 1.43 [0.59; 3.45] T
Total (95% CI) 100.0% 0.76 [0.53; 1.09] | I.' : ;

Heterogeneity: Tau? = 0.0591; Chi® = 2.85, df = 2 (P = 0.24); I> = 30%
0.01 0.1 051 2 10

B-lactams Control
28d-Mortality
e
Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% Cl
Acquarolo A 2005 9.90 6.9000 19 10.60 9.4000 19 27.6% -0.08 [-0.72; 0.55] %F
Sirvent JM 1997  11.00 7.0000 50 12.00 7.0000 50 72.4% -0.14 [-0.53; 0.25] — .
Total (95% Cl) 69 69 100.0% -0.13 [-0.46; 0.21] ——————
Heterogeneity: Tau® = 0; Chi®=0.02, df = 1 (P = 0.88); > = 0%
-0.6-04-0.2 0 0.2 0.4 0.6
Beta-lactams Control
ETI Duration
f
Experimental Control Std. Mean Difference Std. Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Acquarolo A 2005 12.80 8.7000 19 12.60 9.7000 19 27.8% 0.02[-0.61; 0.66] —‘—"—
Sirvent JM 1997  13.00 8.0000 50 16.00 11.0000 50 72.2% -0.31[-0.70;0.08] —— & ——

Total (95% Cl) 69 69 100.0% -0.22 [-0.55; 0.12] ———m—
Heterogeneity: Tau? = 0; Chi? = 0.75, df = 1 (P = 0.39); 1> = 0%
-06-04-02 0 0.2 04 06
Beta-lactams Control
ICU Stay

Figure 2 (a) Forest plot of the effect of B-lactams antibiotics to prevent early onset ventilator-associated pneumonia (EP-VAP)
in patients in coma due to acute brain injury. (b) Forest plot of the effect of B-lactams antibiotics to prevent all (early and late)
ventilator-associated pneumonia (ALL-VAP) in patients in coma due to acute brain injury. (c) Forest plot of the effect of B-lactams
antibiotics to prevent late-onset ventilator-associated pneumonia (LO-VAP) in patients in coma due to acute brain injury. (d) Forest
plot of the effect of B-lactams antibiotics on 28 day-mortality in patients in coma due to acute brain injury. (e) Forest plot of the
effect of B-lactams antibiotics on duration of endotracheal intubation (ETI). (f) Forest plot of the effect of B-lactams antibiotics
on duration of ICU stay.
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GRADE assessment

We upgraded the level of CoE as all the studies included had
a low risk of bias. Indirectness (the included studies com-
pared similar interventions, similar populations, and similar
outcomes), imprecision (this review consists of 483 patients,
of which 115 cases of EO-VAP, 49 events of LO-VAP, and 102
deaths), publication bias, and inconsistency (12 < 40%) did
not impact significantly the CoE. Therefore, the overall CoE
was considered high (Supplementary materials, Table S4).

Discussion

To our knowledge, this is the first meta-analysis that includes
only RCTs and examines the effect of exclusively B-lactam
antibiotics on clinical outcomes related to VAP in patients
in coma due to ABI. Our findings show that in patients in
coma due to ABI, intravenously B-lactam antibiotics (ampi-
cillin/sulbactam, cefuroxime, and ceftriaxone) decrease the
risk of EO-VAP by 57% and all-VAP by 35%.

Until today, four other meta-analyses have investigated
the role of prophylactic antibiotics in preventing VAP in
unconscious patients due to diverse causes. While all these
studies generally concluded that antibiotics could reduce
the rates of VAP, the significant clinical and methodolog-
ical heterogeneity among them limits the comparability
and generalizability of their findings."*""” For example,
most of these studies combined different study designs
(experimental and observational studies),’"” included
various routes of administration (respiratory tract,'*'>"
intrathecal,’ or intravenous'>'%), and examined multiple
antibiotic families'*"” making it challenging to apply their
conclusions universally. Due to these limitations, we consid-
ered that the studies by Pdvoa et al.™ and Falagas et al."”
are less comparable to our meta-analysis.

Righy et al.’® conducted a meta-analysis to evaluate
systemic antibiotic administration’s effectiveness in VAP
prevention in patients in coma. They searched for studies
in patients aged >16 that assessed the impact of systemic
antibiotics at the time of intubation on EO-VAP compared
to placebo or no prophylaxis. They included three stud-
ies (two RCTs and a cohort study) with 267 patients, most
of them were in coma due to head trauma. They found
that systemic antibiotic administration was associated with
decreased incidence of EO-VAP and a shorter ICU length of
stay, but did not affect mortality or duration of MV. The
authors recommended conducting future trials to confirm
these findings. Some aspects of this meta-analysis'® deserve
special attention. However, the authors stated that "there
was no heterogeneity among the studies in the main out-
comes”; one of the outcomes reported (duration of MV) had a
significant heterogeneity (12 = 47.1%). Furthermore, in one of
the included studies, the experimental group was a prospec-
tive cohort study, but the control group was a historical
cohort. Additionally, the researchers administered various
intravenous antibiotics, such as ceftriaxone, ertapenem, or
levofloxacin, to the intervention group '°.

Zha et al.” conducted a network meta-analysis to com-
pare the efficacy and safety of antibiotic prophylaxis in
preventing VAP in an invasive MV (IMV) population in ICUs.
They searched four databases and included 13 studies com-

prising 2144 patients remained. Of those 13 studies, 9
were RCTs, and 4 were cohort studies. The prophylactic
antibiotic used, the dose, time, and the route of adminis-
tration also varied widely among the studies. For example,
nebulizing colistin for ten days,” nebulizing ceftazidime
for seven days,’>3" endotracheal injection of gentamicin
until extubation, 233 intravenous amoxicillin/clavulanate,
ampicillin/sulbactam,?® or piperacillin/tazobactam® daily
for 1-3 days, intravenous cefuroxime for 3.5 days,?’ intra-
tracheal colistin for 15 days,*® intratracheal tobramycin
from intubation to extubation 37, and intravenous ceftri-
axone for single dose.*®3 The researchers reported that
prophylactic antibiotic treatment resulted in a lower VAP
rate compared to control groups but did not reduce mor-
tality. Notably, despite significant heterogeneity among the
studies regarding VAP incidence (1> = 53%), the authors
employed a fixed-effects model.

In addition to these crucial considerations mentioned
above, these two meta-analyses'>'® share a critical method-
ological limitation: the combination of clinical trials and
observational studies within a meta-analysis. The pri-
mary concern lies in the differences in study quality and
design. Clinical trials typically provide more rigorous control
over variables and minimize bias, offering reliable causal
conclusions. In contrast, observational studies are more
susceptible to biases and confounding factors, which can
compromise the validity of their findings. Combining these
two study types can dilute the scientific rigor of clinical tri-
als, introduce significant heterogeneity, and result in less
precise or potentially biased conclusions. 4

This study has limitations, most of them derived from the
scarce number of included studies: 1) We did not perform
subgroup analysis, although this was not strictly necessary,
because heterogeneity was not significant; 2) We did not
examine the impact of multi-drug resistant bacteria on the
primary clinical outcomes because this variable was not
considered in most of the included studies between the
intervention and control groups; 3) The timespan from the
first to the most recent study was broad (27 years); there-
fore, there was a chance that evolution of critical care has
impacted on clinical outcomes; however, meta-regression
suggested that this was not the case.

Our study has limitations, most of them derived from the
scarce number of included studies: 1) We did not perform
subgroup analysis, although this was not strictly necessary,
because heterogeneity was not significant; 2) We did not
examine the impact of multi-drug resistant bacteria on the
primary clinical outcomes because this variable was not
considered in most of the included studies between the
intervention and control groups; 3) The timespan from the
first to the most recent study was broad (27 years); there-
fore, there was a chance that evolution of critical care has
impacted clinical outcomes; however, meta-regression sug-
gested that this was not the case; 4) Among the three RCTs
included, the studies by Sirvent et al. and Dahyot-Fizelier
et al. were the most relevant due to their larger sample sizes
and the fact that prophylaxis did not exceed 24 h. In con-
trast, the study by Aquarolo et al. was less relevant due to
its smaller sample size and the use of a broad-spectrum and
potent beta-lactam (ampicillin-sulbactam) for three days,
which may have introduced additional variability into the
pooled results.
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Conversely, our study also has significant strengths: 1)
our search strategy was broad; 2) we included more recent
studies than any other previous review; 3) we only included
RCTs —not observational studies—assessing the effect of a
single-family (B-lactams) of antibiotics administered by a
unique route of administration (intravenously) compared to
an adequate control group; 4) the clinical and statistically
homogeneity among the studies was significant; and 5) risk
of bias and publication bias was insignificant. Therefore, our
results are more robust and rigorous than any previous meta-
analysis examining similar outcomes and have a high level
of evidence.

Conclusions

This meta-analysis of RCTs shows that in adult patients in
coma due to ABI, intravenous prophylaxis with a B-lactam
antibiotic (ampicillin/sulbactam, cefuroxime, and ceftriax-
one) reduces the risk of EO-VAP and all-VAP. However, this
prophylaxis does not reduce mortality or the overall length
of ICU stay. We emphasize the high certainty of evidence
supporting our findings, though further evidence from well-
conducted RCTs is still needed.

Supplementary materials: Table S1: Search strategy;
Table S2: Excluded studies; Table S3: Meta-regression anal-
ysis of the studies included in the metanalysis; Table S4:
GRADE assessment. Figure S1: Risk of bias assessment
according to the domain of the Cochrane ROB2 tool. Fig-
ure S2: Traffic-light plots risk of bias assessment according
to the study and domain using the Cochrane ROB2 tool.
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