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Background: Ventilator-associated pneumonia is a common complication of traumatic brain injury (TBI) 
patients, causing great harm to the life, health and society of patients. It is important to understand the risk 
factors related to ventilator-associated pneumonia for infection monitoring and control of patients. However, 
there are still some controversies about the risk factors in previous studies. Therefore, the purpose of this 
study was to explore the incidence and risk factors of ventilator-associated pneumonia in patients with TBI.
Methods: Two independent researchers selected literature collected by systematically searching databases 
including PubMed, Ovid, Embase, and ScienceDirect using medical subject headings. The primary end 
points of the included literature were extracted, and the Cochrane Q test and I2 statistic were used to evaluate 
the heterogeneity between studies. The random effects model based on the restricted maximum likelihood 
method and the fixed effects model based on the reverse variance method were used to calculate and combine 
the relative risk or mean difference of relevant indicators. The publication bias was evaluated with the funnel 
plot and Egger test. All results were considered statistically significant at P<0.05. 
Results: A total of 11 articles were included in this study for meta-analysis, and a total of  
2,301 patients with TBI were included. The incidence of ventilator-associated pneumonia in TBI patients 
was approximately 42% (95% CI: 32–53%). Tracheotomy significantly increased the risk of ventilator-
associated pneumonia in patients with TBI [relative risk (RR) =3.71; 95% CI: 1.48–6.94; P<0.05]; the use 
of prophylactic antibiotics could significantly reduce the risk of ventilator-associated pneumonia in patients 
with TBI. The risk of pneumonia (RR =0.53; 95% CI: 0.18–0.88; P<0.05); compared with female patients, 
male patients with TBI had a significantly higher risk (about 46%) of ventilator-associated pneumonia (RR 
=1.46; 95% CI: 1.13–1.79; P<0.05).
Conclusions: The risk of ventilator-associated pneumonia in patients with TBI is about 42%. 
Posttracheotomy and mechanical ventilation are risk factors for ventilator-associated pneumonia, while 
prophylactic use of antibiotics is a protective factor in the development of ventilator-associated pneumonia.
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Introduction

Traumatic brain injury (TBI) refers to the structural or 
functional damage to the brain caused by external forces 
and is one of the main factors causing death and disability in 
trauma patients (1). The fatality and disability rate of TBI 
is about 30–40% and 60%, respectively (2,3). It is estimated 
that 69 million people worldwide are afflicted with TBI 
each year (4), and the incidence of ventilation-associated 
pneumonia (VAP) in patients with TBI is approximately 
8.9 per 1,000 mechanical ventilation days. TBI patients 
usually require craniotomy for hematoma removal, and 
postoperative tracheal intubation and ventilator support 
are usually required, which will increase the incidence of 
VAP (5,6). Ventilator-associated pneumonia is a medically 
induced pneumonia that occurs within 48 h or more 
after receiving mechanical ventilation (7,8). The source 
of infection is usually bacteria colonised in the mouth 
or contaminated with equipment, so maintaining good 
oral hygiene and reducing aspiration can prevent the 
development of ventilator-associated pneumonia (9). In 
addition, studies have found that the events that trigger 
the development of secondary brain injury (fever, arterial 
hypotension, hypoxaemia, hypocapnia or hypercapnia) are 
also associated with early pneumonia (5,10). Therefore, 
identifying the risk factors for ventilator-associated 
pneumonia and the potential consequences of this event is 
also crucial in the management of head trauma.

Epidemiological evidence shows that the incidence and 
mortality of VAP in China are 4.7–55.8% and 19.4–51.6%, 

respectively. Patients with VAP usually require longer 
hospitalization and higher cost, which brings a larger 
disease burden to society and patients' lives and health (11). 
Therefore, Identification of risk factors associated with VAP 
may allow clinicians to provide more effective infection 
monitoring of patients and provide more timely infection 
control measures. However, previous observational studies 
have conflicting conclusions. Zhang et al. showed that 
prophylactic antibiotics increase the incidence of VAP in 
patients with TBI (12), but other studies have shown that 
prophylactic use of antibiotics is a protective factor for VAP 
(13,14). There are also inconsistencies in the research on 
other risk factors and the risk of VAP in patients with TBI 
in the literature. Therefore, this study aimed to use the 
methods of systematic review and meta-analysis to review 
the existing clinical evidence. Corresponding risk estimates 
and the incidence of VAP in patients with TBI were 
quantitatively combined, finding potential risk factors for 
ventilator-associated pneumonia and to provide evidence-
based medical evidence for the prevention and treatment 
of this disease in the clinical setting. We present the 
following article in accordance with the MOOSE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-425/rc).

Methods

Literature search

In this study, literature search was performed by using 
medical subject headings (MeSH) search terms in databases 
including PubMed, Embase, ScienceDirect, and Ovid. The 
search keyword (English and Chinese keywords) strategy 
was as follows: ("Traumatic brain injury” [MeSH Terms] 
OR “TBI” OR “craniocerebral trauma”) AND ("ventilator 
associated pneumonia” [MeSH Terms OR “VAP” OR 
“pneumonia”) AND (“incidence” OR “incidence rate” OR 
“prevalence” OR “risk factors”).

Literature screening

The inclusion criteria were the following: (I) the study 
design type was observational study (retrospective cohort or 
prospective cohort); (II) the study population was patients 
with VAP at or above 48 hours after TBI; (III) there was a 
clear definition of VAP; and (IV) the primary end point of 
the study consisted of at least 1 of the incidence and risk 
factors for VAP in patients with BTI, including gender, age, 
use of sedative barbiturates, use of prophylactic antibiotics, 
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posttracheotomy, use of ventilator, or a history of diabetes. 
The exclusion criteria were the following: (I) the study 

population was a special population, such as children or older 
adults or a population with a special disease group; (II) the 
study did not clearly provide the diagnostic criteria for VAP; 
(III) the experimental group in the study or the control group 
had a sample size of less than 20; (IV) the literature type was 
a review, academic conference, or case report. Finally, a total 
of 11 studies were included for meta-analysis. 

Literature data collation and evaluation

Chen and Wu independently screened and extracted the 
following data from the included literature: type of study 
(retrospective cohort or prospective cohort), country or 
region of study population, year of study publication and 
author, sample size of VAP group and non-VAP group, 
incidence of VAP in patients with TBI, and risk factors 
including gender, age, use of sedative barbiturates, use 
of prophylactic antibiotics, posttracheotomy, use of 
ventilator, and history of diabetes. All included studies 
were independently assessed for literature quality by Chen 
and Wu using the Newcastle-Ottawa Scale (NOS) for 
each included study based on the following criteria (15): 
(I) representativeness of exposed groups, (II) selection of 
nonexposed groups, (III) confirmation of exposure, (IV) 
comparability of the 2 groups of samples, (V) offset or 
confounding reports, and (VI) length of follow-up. The 
screening of studies was mainly divided into 2 steps: (I) 
study title and abstract and (II) full-text screening. When 
Chen and Wu were in disagreement, a consensus was 
reached by discussing with Gao.

Statistical analysis

Stata SE 17.0 (StataCorp) was used for statistical analysis 
of the data in this study. The primary clinical end point 
observed was the relative risk (RR) for categorical variables 
and the mean ± standard deviation for continuous variables. 
The random effects model can combine the between-study 
variance into a total variance estimate and a confidence 
interval, thereby avoiding the narrowing of the confidence 
interval caused by the use of the fixed effects model. 
Therefore, in this study, both random effects and fixed effects 
models were used to combine risk estimates, and between-
study heterogeneity was assessed using Cochran’s Q test. If 
there was significant heterogeneity between studies (I2>50%), 
the random effects model was used; otherwise, a fixed 

effects model was used. P<0.05 was considered statistically 
significant, and publication bias was described using funnel 
plots and assessed using Egger and Begg tests. All statistical 
results in this study were considered statistically significant at 
P≤0.05, and the hypothesis tests were 2-sided.

Results

Search results and literature features

We systematically searched medical databases including 
PubMed, Ovid, Embase, and ScienceDirect by using the 
combination of MeSHs. A total of 211 related pieces 
of literature were generated. After screening, a total of  
11 studies were included in the meta-analysis including 
2,301 patients with TBI. There were 4 prospective cohort 
studies and 7 retrospective cohort studies. According to the 
NOS (the Newcastle-Ottawa Scale, NOS), 11 studies had 
NOS scores between 5 and 8, of which 1 had an NOS of  
8 points; the NOS score of 3 articles was 7 points, the 
NOS score of 5 articles was 6 points, and the NOS score of  
2 articles was 5 points (see Table 1). The detailed process of 
literature retrieval and screening is shown in the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flowchart as shown in Figure 1. 

Incidence of VAP in patients with TBI

A total of 11 studies with 2,301 patients with TBI were 
included in this whole study. The results of the heterogeneity 
test indicated that the included 11 studies had a high 
degree of heterogeneity (H2=26.40; I2=96.21%; P<0.001). 
The random effects model of the maximum likelihood 
method included the incidence rate. The results of meta-
analysis showed that the incidence of VAP in patients 
after TBI was about 42% (95% CI: 32–53%), and the 
difference was statistically significant (P<0.001; Figure 2).  
The funnel plot in Figure 3 shows that the points are not 
completely symmetrical on both sides, and some of them 
are within the confidence interval, showing an inverted 
funnel shape and indicating a certain publication bias

Meta-analysis of risk factors for ventilator-associated 
pneumonia

Age over 60 years old
A total of 3 studies with 1,578 patients with TBI were 
included in age analysis. The results of the heterogeneity 
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Figure 1 PRISMA flowchart. The process of screening literature for inclusion in the meta-analysis.

Figure 2 Forest plot of incidence of VAP in patients with TBI. VAP, ventilator-associated pneumonia; TBI, traumatic brain injury; REML, 
restricted maximum likelihood.
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test indicated that the included 3 studies had high 
heterogeneity (H2=10.67; I2=90.63%; P<0.001). A random 
effects model of the natural method incorporated RR. 
Meta-analysis results showed that age older than 60 years 

may increase the risk of VAP about 2% in patients with 
TBI (RR =1.02; 95% CI: 0.96–1.08) and the difference was 
statistically significant (P<0.001; Figure 4).

Posttracheotomy
A total of 277 patients with TBI from 3 studies were 
included in the posttracheotomy analysis, and the results of 
the heterogeneity test indicated that the 3 included studies 
had moderate heterogeneity (H2=3.03; I2=67.03%; P=0.58). 
The estimated random effects model incorporates RR. 
Meta-analysis results showed that tracheotomy significantly 
increased the risk of VAP in patients with TBI (RR =3.71; 
95% CI: 1.48–6.94), and the difference was statistically 
significant (P=0.05; Figure 5).

Prophylactic antibiotic use
A total of 1,858 patients with TBI from 5 studies were 
included in the prophylactic antibiotic use analysis, and the 
results of the heterogeneity test indicated that the included 
5 studies had a low degree of heterogeneity (H2=4.74; 
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Figure 3 Funnel plot of incidence of VAP in patients with TBI. 
VAP, ventilator-associated pneumonia; TBI, traumatic brain injury.

Figure 4 Forest plot for the risk factor of age (>60 years). REML, restricted maximum likelihood. 

Figure 5 Forest plot of the risk factors after tracheotomy. REML, restricted maximum likelihood. 
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I2=78.91%; P<0.001). A random effects model of the 
method included RR. Meta-analysis results showed that the 
use of prophylactic antibiotics could significantly reduce the 
incidence of VAP in patients with TBI (RR =0.53; 95% CI: 
0.18–0.88), and the difference was statistically significant 
(P<0.001; Figure 6). The funnel plot in Figure 7 shows 
that the points are distributed on both sides, within the 
confidence interval, in an inverted funnel shape, and there 
is no obvious publication bias, as shown in.

Male gender 
A total of 3 studies were included in the male gender 
analysis, and the results of the heterogeneity test indicated 
that there was no heterogeneity in the 3 included studies 
(H2=1.01; I2=1.27%; P=0.36), and the fixed effects model 
was based on the inverse variance method and incorporated 
RR. Meta-analysis results showed that compared with 
female patients, male patients with TBI had a significantly 

higher risk of VAP by about 46% (RR =1.46; 95% CI: 1.13–
1.79; P<0.001; Figure 8).

Use of barbiturates
A total of 1,874 patients with TBI from 4 studies were 
included in the barbiturate use analysis, and the results of 
the heterogeneity test indicated that the included 4 studies 
had a low degree of heterogeneity (H2=1.34; I2=25.27%; 
P=0.39). The fixed effects model based on inverse variance 
was used and incorporated RR. Meta-analysis results showed 
that the use of sedative barbiturates increased the risk of 
VAP in patients with TBI (RR =1.70; 95% CI: 0.64–2.77), 
and the difference was statistically significant (P<0.001; 
Figure 9). The funnel plot in Figure 10 shows that the points 
are distributed on both sides, within the confidence interval, 
and in an inverted funnel shape, indicating no obvious 
publication bias. 

Discussion

In this study, the incidence of VAP in patients with TBI was 
approximately 42% (95% CI: 32–53%), slightly higher than 
the 10–40% reported in a previous study (24). Moreover, 
the incidence of VAP was even higher in the intensive 
care unit, reaching 60% (25). Age is a risk factor for the 
development of VAP, and the results of this paper show that 
the risk of ventilator-associated pneumonia is increased by 
approximately 2% when patients with TBI are older than  
60 years (RR =1.02, 95% CI: 0.96, 1.08), which may be due 
to the fact that older patients with TBI usually require longer 
periods of mechanical ventilation, which in turn increases 
the risk of VAP (26). Tracheotomy significantly increased 
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Figure 6 Forest map of risk factors for prophylactic antibiotic use. REML, restricted maximum likelihood.

Figure 7 Funnel plot of risk factors for prophylactic antibiotic use.
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the risk of VAP in patients with TBI (RR =3.71; 95% CI: 
1.48–6.94; P<0.05); the use of prophylactic antibiotics could 
significantly reduce the risk of VAP in patients with TB. The 
risk of pneumonia (RR =0.53; 95% CI: 0.18–0.88; P<0.05), 
which is consistent with the results of previous studies. Some 

studies showed prophylactic antibiotic use reduces risk of 
VAP by 30% (27,28). However, although the clinical use of 
prophylactic antibiotics has been recommended by many 
investigators, it is still not the standard clinical approach due 
to concerns about bacterial resistance, and the benefits of 
prophylactic antibiotics do not necessarily outweigh the risks. 
Compared with female patients, male patients with TBI had 
a significantly higher risk of VAP by about 46% (RR =1.46; 
95% CI: 1.13–1.79; P<0.05). Several studies have reported 
a relatively low risk of post-traumatic infection and death 
in female patients (29), and the same consistent conclusion 
has been reached in female patients with TBI (12,14,17). 
The female patients with TBI survival benefit has only been 
found in the older population (>60 years), which may be due 
to the aging process male patients have more rapid immune 
senescence (29), thus it is important to beware of VAP in 
older patients with TBI in clinical practice, especially in men.

In addition, Zhang et al. (12) showed that prolonged 
mechanical ventilation (>5 days) significantly increased 
the risk of ventilator-associated pneumonia. Hamele 

Figure 8 Forest plot for the risk factor of sex (male).
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Figure 9 Forest plot of for risk factors of barbiturate use.
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and Lepelletier et al. showed that the use of the sedative 
barbiturate increased the risk of ventilator-associated 
pneumonia in patients with TBI (17,19), possibly because 
the sedative drug caused the oesophageal sphincter in 
patients with TBI to become This may be because sedative 
drugs cause the oesophageal sphincter to become relaxed in 
patients with TBI, which in turn increases the risk of gastric 
reflux and increases the risk of VAP. Therefore, it has been 
suggested that during the clinical care of patients with TBI, 
especially after tracheal intubation, who require prolonged 
mechanical ventilation, the residual volume of gastric 
contents should be monitored dynamically to prevent 
gastric retention and, if necessary, to enhance peristalsis 
with gastrointestinal stimulants in order to reduce the risk 
of aspiration leading to VAP (30,31). On the other hand, it 
has been shown that the positive air pressure of mechanical 
ventilation may damage the respiratory mucosa, thereby 
reducing the differences of the airways, so it is important to 
continuously monitor the artificial airway balloon pressure 
during post-tracheal intubation and mechanical ventilation 
in patients with TBI in order to prevent the development 
of VAP. In addition, it has been shown that H2 receptor 
antagonists reduce gastric acid secretion and that a less 
acidic environment promotes bacterial colonization of the 
stomach, thereby increasing the risk of ventilator-associated 
pneumonia in hospitalized patients (32-34). The incidence 
of ventilator-associated pneumonia is also correlated with 
the degree of trauma Torres et al. found that when TBI 
patients are combined with thoracic trauma, the severity of 
trauma is higher, airway bleeding is more severe, ventilator 
management is more difficult, the duration of use is 
increased, and the incidence of VAP increases (35).

However, this study had some limitations that should 
be noted. First, although the diagnosis of most studies was 
based on laboratory tests, clinical features, and imaging 
studies, the criteria for the clinical diagnosis of VAP in the 
included studies were not the same. The included studies 
mainly used the following 3 types of diagnostic criteria: 
Centers for Disease Control and Prevention (CDC) 
criteria, American Thoracic Society (ATS) criteria, and 
Chinese Respiratory Society criteria. Therefore, future 
research needs to unify the diagnostic criteria for VAP to 
homogenize the observed population. Second, this paper 
extracted data on gender, age, use of sedative barbiturates, 
use of prophylactic antibiotics, posttracheotomy, use 
of ventilators, history of diabetes, etc. During the data 
collection phase, however, some risk factors reported 
fewer than 3 articles, and we were unable to combine the 

effect sizes of all risk factors, but we qualitatively described 
these risk factors in the search results section. Third, the 
models with some effect sizes combined in this study had 
high heterogeneity, and due to the small number of studies 
included in the combined model of each risk factor, we 
could not conduct subgroup analysis, which led to the 
inability to identify the source of model heterogeneity. 
Therefore, future studies should include more literature 
to enable subgroup analysis or meta-regression to explore 
heterogeneity and obtain a higher level of clinical evidence.

Conclusions

The risk of VAP in patients with TBI is about 42%. 
Posttracheotomy and mechanical ventilation are risk factors 
for VAP, while prophylactic antibiotics are protective 
against VAP. However, considering that the studies included 
in this article are not randomized controlled studies and 
there is heterogeneity, more high-quality studies need to be 
included for further validation in the future.
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