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BACKGROUND: We sought to evaluate the risk factors for developing ventilator-associated 
pneumonia (VAP) and whether the location of intubation posed a risk in trauma patients.

METHODS: Data were retrospectively reviewed for adult trauma patients requiring intubation 
for > 48 hours, admitted between 2010 and 2013. Patients’ demographics, clinical presentations and 
outcomes were compared according to intubation location (prehospital intubation [PHI] vs. trauma 
room [TRI]) and presence vs. absence of VAP. Multivariate regression analysis was performed to 
identify predictors of VAP.

RESULTS: Of 471 intubated patients, 332 patients met the inclusion criteria (124 had PHI and 
208 had TRI) with a mean age of 30.7±14.8 years. PHI group had lower GCS (P=0.001), respiratory 
rate (P=0.001), and higher frequency of head (P=0.02) and chest injuries (P=0.04). The rate of VAP 
in PHI group was comparable to the TRI group (P=0.60). Patients who developed VAP were 6 years 
older, had significantly lower GCS and higher ISS, head AIS, and higher rates of polytrauma. The 
overall mortality was 7.5%, and was not associated with intubation location or pneumonia rates. In the 
early-VAP group, gram-positive pathogens were more common, while gram-negative microorganisms 
were more frequently encountered in the late VAP group. Logistic regression analysis and modeling 
showed that the impact of the location of intubation in predicting the risk of VAP appeared only when 
chest injury was included in the models. 

CONCLUSION: In trauma, the risk of developing VAP is multifactorial. However, the location of 
intubation and presence of chest injury could play an important role.
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INTRODUCTION 
Ventilator-associated pneumonia (VAP) is the most 

frequent cause of nosocomial infection among critically 

ill patients requiring mechanical ventilation, with an 

estimated incidence of 9%–27%.
[1]

 VAP is associated 

with the need for prolonged ventilatory support, ICU 

and hospital length of stay, and increased healthcare 

cost.
[2,3]

 Data from the National Healthcare Safety 

Network report showed a 4-fold higher rate of VAP 

in intubated trauma ICU patients as compared with 

non-trauma cases.
[3]

 This is likely due to the fact that 

trauma patients have more risk factors for VAP. These 

include prehospital intubation, emergency intubation, 

closed head and spinal cord injury, blunt chest trauma, 

high injury severity, and shock.
[4–10]

 The type of strains 

involved in the pathogenesis of VAP also showed an 

association with duration of mechanical ventilation. 

Early-VAP is associated with more antibiotic-sensitive 

microorganisms, while resistant strains are frequently 

observed with late-onset VAP.
[11] 

Some investigators 
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have identified predisposing factors such as pre-injury 

environmental exposure, patients’ demographics, chest 

injury burden, traumatic brain injury, pre-existing 

comorbidities and antibiotic exposure as additional risk 

factors for developing VAP post injury.
[4,12]

 Moreover, 

previous studies have suggested that trauma patients 

undergoing emergent intubation in the prehospital setting 

have an increased risk of acquiring VAP.
[9,10,13,14]

 Others 

have demonstrated no difference in the rate of VAP 

according to location of intubation.
[15,16]

 Controversy 

continues regarding the role of intubation location in 

the development of VAP following trauma. In addition, 

information regarding the occurrence and predisposing 

factors for VAP in trauma patients in the Gulf region 

is not well studied yet. Data regarding the effect of 

intubation location on VAP incidence in our locality 

could be useful for risk stratifi cation and early diagnosis. 

Therefore, the purpose of the present study is to explore 

the risk factors for developing VAP in trauma patients 

from a rapidly developing Middle Eastern country, and 

in particular, whether the location of intubation poses an 

additional risk for pneumonia. 

METHODS   
 We performed a retrospective chart review of all 

consecutive adult trauma patients requiring intubation 

and ventilation to the level 1 trauma centre of Hamad 

General Hospital (HGH) from January 2010 to January 

2013.  

HGH is a 590-bed hospital serving as the only 

tertiary care center in Qatar. The Trauma Centre is 

Trauma Association Canada (TAC) accredited and 

includes a specialized 19-bed trauma intensive care 

unit. Our emergency medical service (EMS) program 

constitutes ground and helicopter ambulance (Life 

Flight) services with advanced airway management skill 

capabilities. These include rapid sequence intubation 

with neuromuscular blockade. All airways are secured 

by orotracheal route. Intubation in the prehospital setting 

is performed by a dedicated critical care paramedic 

staff trained in airway management. In the Trauma 

Resuscitation Room intubations (TRI) are performed 

by experienced trauma anesthesiologists, or by trauma 

surgeons trained in intubation. 

The study included all trauma patients intubated 

either in the prehospital setting or in the trauma room, 

who were ventilated for 2 or more days and were 

followed during the hospital course. Patients with burns, 

drowning, death or who were discharged or transferred 

to other facilities within 48 hours of admission, were 

excluded. Data were extracted from the trauma registry 

database and medical records. Ethical approval was 

obtained from the Medical Research Center at Hamad 

Medical Corporation, Doha, Qatar, (IRB# 14014/14).

For each patient, data collection included demographics, 

mechanism of injury, vital signs, injury severity score 

(ISS), abbreviated injury score (AIS), Glasgow Coma 

Scale (GCS) at emergency department (ED), intubation 

location (prehospital or trauma room), associated 

injuries, blood alcohol level, clinical diagnosis of 

pneumonia, days to develop VAP (early (≤4 days) and 

late-onset(> 4 days), microbiology of VAP, ventilatory 

days, ICU and hospital length of stay and mortality. 

The AIS for head and chest was recorded for each 

patient, to determine the overall ISS. The primary 

outcome measure was the diagnosis of VAP, and 

the secondary outcome measures included length of 

mechanical ventilation, ICU and hospital length of stay 

and mortality.

VAP is defined as pneumonia that occurs 48–72 

hours or thereafter following endotracheal intubation, 

characterized by the presence of a new or progressive 

infi ltrate on chest radiograph, signs of systemic infection 

(fever, altered white blood cell count), changes in sputum 

characteristics, and detection of a microorganism.
[17]

 All 

pneumonia patients were clinically diagnosed based on 

the respiratory specimen finding of semi-quantitative 

cultures obtained by mini- bronchoalveolar (BAL). 

Early-onset VAP was diagnosed as pneumonia occurring 

less than or equal to 4 days of endotracheal intubation, 

and late-onset VAP as that developing more than 4 days 

after endotracheal intubation.

Statistical analysis

Data were presented as proportions, medians 

(range) ,  or  mean (±standard deviat ion;  SD) as 

appropriate. Baseline demographic characteristics, 

clinical presentation, and outcomes were compared 

according to site of intubation (prehospital vs. trauma 

room). Occurrence of VAP based on intubation location 

and VAP vs. no-VAP was analyzed using the student-t 

test for continuous variables and Pearson's Chi-square 

(χ
2
) test for categorical variables. We also compared 

microbiological characteristics in patients developed 

VAP according to site of intubation and days to 

developing VAP (early and late-onset). Multivariate 

regression analysis and modeling were performed to 

identify the predictors for VAP after adjusting for the 

potential relevant confounding variables. Results were 
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Table 1. Demographic, clinical characteristics and outcomes of all intubated trauma patients by site of intubation

Variables All patients (n=332) PHI (n=124) TRI (n=208) P value

Age (years)   30.7±14.8   31±12.7   30.5±16.0 0.80
Males, n (%) 307 (92.5) 114 (91.9) 193 (92.8) 0.77
Mechanism of injury, n (%)
 Traffi c-related 213 (64.4)   89 (71.8) 124 (59.9)

0.26 for all

 Fall from height   76 (22.7)   22 (17.7)   53 (25.6)
 Gunshot/Assault/Stab   18 (5.4)     4 (3.2)   14 (6.8)
 Fall of heavy object     6 (1.8)     2 (1.6)     4 (1.9)
 Self-infl icted     5 (1.5)     1 (0.8)     4 (1.9)
 ATV/sports     7 (2.1)     2 (1.6)     5 (2.4)
 Others     7 (2.1)     4 (3.2)     3 (1.4)
Vital signs at ED
 Systolic blood pressure (mmHg) 123.8±28.9 121.8±29.9 125.0±28.4 0.34
 Diastolic blood pressure (mmHg)   75.9±19.8   78.0±22.8   74.7±17.8 0.18
 Respiratory rate (beats/minute)   17.3±7.8   10.6±7.5   21.3±4.6 0.001
 Oxygen saturation (%)   96.9±6.3   97.4±6.8   96.6±6.0 0.25
 Glasgow coma score     7.4±5.1     3.6±2.6     9.6±4.9 0.001
 Injury severity score   21.0±9.4   22.3±9.3   20.2±9.3 0.05
 Polytrauma (ISS≥16), n (%) 252 (76.1)   99 (79.8) 153 (73.9) 0.22
 Head injury, n (%) 245 (74.0) 100 (81.3) 145 (69.7) 0.02
 Chest injury, n (%) 172 (52.0)   73 (59.3)   99 (47.6) 0.04
 Head AIS     3.6±0.9     3.7±0.9     3.6±0.9 0.25
 Chest AIS     2.9±0.6     2.8±0.5     2.9±0.6 0.16
 Alcohol positive, n (%)   39 (11.9)   13 (10.7)   26 (12.6) 0.59
 Blood alcohol level   43.7±18   39.4±16.6   45.8±18.5 0.29
 Ventilator-associated pneumonia, n (%)   57 (17.2)   23 (18.5)   34 (16.3) 0.60
 Ventilatory days (days)     3 (1–163)     5 (1–163)     3 (1–56) 0.09
 ICU length of stay (days)     7 (1–155)     9.5 (1–155)     6 (1–150) 0.004
 Hospital length of stay (days)   19 (1–254)   23 (1–199)   18 (2–254) 0.09

 Mortality, n (%)   25 (7–5)   12 (9.7)   13 (6.3) 0.25

ED: emergency department; PHI: pre-hospital intubation; TRI: trauma room intubation.

groups were comparable for age, gender, mechanism 

of injury, and vital signs except respiratory rate which 

was significantly lower in the PHI group (10.6±7.5 vs. 

21.3±4.6, P=0.001). The overall mean GCS was 7.4±5.1 

and PHI group had lower GCS (3.6±2.6 vs. 9.6±4.9, 

P=0.001) in comparison to TRI group. 

Patients intubated in the prehospital setting had 

higher frequency of head (81.3% vs. 69.7%; P=0.02) 

and chest (59.3% vs. 47.6%, P=0.04) injuries than those 

in the TRI group. The overall rate of VAP in this study 

was 17.2% (n=57) and the two groups did not differ 

signifi cantly with respect to the frequency of VAP (18.5% 

vs. 16.3%; P=0.60). The median ventilatory days was 

3 (1–163), ICU length of stay was 7 (1–155) days and 

hospital stay was 19 (1–254). Also, patients in the PHI 

group stayed longer in the ICU (P=0.004). The overall 

mortality was 7.5% (25 patients) which did not differ 

significantly according to the location of intubation 

(9.7% vs. 6.3%, P=0.25).

Table 2 shows clinical characteristics and outcomes 

of patients who developed VAP based on intubation 

location. The two groups were comparable for age, 

gender, and initial vitals. Patients who developed VAP 

in the PHI group had significantly lower respiratory 

rates (7.6±6.6 vs. 20.8±4.8, P=0.001) and median GCS 

(3 [3–3] vs. 6.5 [3–15]; P=0.001) as compared to the 

patients intubated in the trauma room. The ISS, head 

presented using odds ratio (OR) and 95% confidence 

intervals (CI). A significant difference was considered 

when the two-tailed P value was less than 0.05. Data 

analysis was carried out using the Statistical Package for 

Social Sciences version 18 (SPSS Inc. USA).

RESULTS 
Out of the total 471 intubated patients, 332 met 

the inclusion criteria; 124 (37%) were intubated in the 

prehospital setting (PHI) and 208 (63%) were intubated 

immediately upon arrival to the trauma room (TRI). The 

patients mean age was 30.7±14.8 years with 92.5% being 

male. The commonest mechanisms of injury were blunt 

trauma (including motor vehicle collision) (64.4%) and 

fall from height (22.7%). Penetrating injuries such as 

gunshot wounds, assault or stabbing (5.4%), and self-

inflicted (1.5%), were infrequent (Table 1). The mean 

ISS was 21.0±9.4. Three quarters (76.1%) were victims 

of polytrauma; 245 had traumatic brain injury with head 

AIS of 3.6±0.9, and 52.0% had blunt chest trauma with 

chest AIS of 2.9±0.6. Thirty-nine (11.9%) cases were 

ethanol positive with an average blood alcohol level of 

44±18 mmol/L.  

Tab le  1  shows  the  demograph ics ,  c l in i ca l 

characteristics and outcomes of all intubated trauma 

patients according to the site of intubation. The two 
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Table 2. Demographic, clinical characteristics and outcomes of trauma patients developed ventilator-associated pneumonia

Variables
All VAP cases
(n=57)

VAP in PHI cases
 (n=23)

VAP in TRI cases 
(n=34) 

P value

Age (years)   36.2±14.7   34.6±10.6   37.3±17.0 0.50

Males, n (%)   52 (91.2)   21 (91.3)   31 (91.2) 0.98

SBP (mmHg) 126.4±27.8 128.5±30.0 125.0±26.7 0.65

DBP (mmHg)   78.2±21.2   78.1±22.8   78.2±20.4 0.99

Respiratory rate (beats/minute)   15.6±8.5     7.6±6.6   20.8±4.8 0.001

Oxygen saturation (%)   95.3±7.2   96.2±8.6   94.6±6.0 0.43

GCS     3 (3–15)     3 (3–3)     6.5 (3–15) 0.001

ISS   25.1±9.5   23.9±8.6   25.8±10.1 0.45

Polytrauma (ISS≥16), n (%)   51 (89.5)   20 (87.0)   31 (91.2) 0.61

Head injury, n (%)   51 (91.1)   21 (95.5)   30 (88.2) 0.35

Chest injury, n (%)   36 (64.3)   13 (59.1)   23 (67.6) 0.51

Head AIS     3.9±0.9     3.9±0.8     4.0±0.9 0.85

Chest AIS     2.9±0.6     2.8±0.4     3.0±0.7 0.45

Alcohol positive, n (%)     8 (15.1)     2 (9.5)     6 (18.8) 0.35

Blood alcohol level   40.6±15.2   41.6±20.4   40.2±15.5 0.92

Days to development VAP (days)     4 (2–31)     4 (2–30)     5 (2–31) 0.08

Early-onset VAP (≤4 days), n (%)   31 (54.4)   15 (65.2)   16 (47.1)
0.71 for all

Late-onset VAP (>4 days), n (%)   26 (45.6)     8 (34.8)   18 (52.9)

WBC (on the day of VAP)   11.1±4.6   12.7±6.3     9.9±2.8 0.03

Ventilatory days (days)     9.5 (1–163)     9 (1–163)   10 (2–56) 0.66

ICU length of stay (days)   16 (3–155)   16 (5–155)   15 (3–150) 0.95

Hospital length of stay (days)   33 (5–186)   38 (13–186)   29 (5–114) 0.07

Mortality, n (%)     2 (3.5)     0 (0.0)     2 (5.9) 0.23

Table 3. Comparison of demographics, clinical presentation and 
outcomes in patients with and without VAP 

Variables
No VAP 
(n=275)

VAP 
(n=57)

P value

Age (mean±SD) (years)   29.5±14.5   35.6±14.7 0.002
Males, n (%) 255 (92.7)   52 (91.2) 0.69
SBP (mmHg) 123.3±29.2 126.4±27.9 0.46
DBP (mmHg)   75.5±19.6   78.2±21.2 0.37
Respiratory rate (beats/minute)   17.6±7.6   15.6±8.5 0.08
Oxygen saturation (%)   97.2±6.1   95.3±7.2 0.06
GCS     7.7±5.2     5.6±4.1 0.007
ISS   20±9   25.1±9.5 0.001
Polytrauma (ISS≥16), n (%) 201 (73.4)   51 (89.5) 0.009
Head injury, n (%) 194 (70.5)   51 (91.1) 0.001
Chest injury, n (%) 136 (49.5)   36 (64.3) 0.04
Head AIS     3.5±0.9     3.9±0.9 0.003
Chest AIS     2.8±0.6     2.9±0.6 0.57
Alcohol positive, n (%)   31 (11.3)     8 (15.1) 0.43
Blood alcohol level   44.5±18.8   40.6±15.2 0.58
Ventilatory days (days)     3 (1–36)     9.5 (1–163) 0.001
ICU length of stay (days)     6 (1–47)   16 (3–155) 0.001
Hospital length of stay (days)   17 (1–254)   33 (5–186) 0.001
Mortality, n (%)   23 (8.4)     2 (3.5) 0.20

AIS and chest AIS was similar between the two groups. 

Also, patients with early VAP (≤4 days) and late VAP 

(≥4 days) did not differ signifi cantly (P=0.41). The PHI 

group had a higher mean WBC count on the day of VAP 

onset (12.7±6.3 vs. 9.9±2.8; P=0.03) than the TRI group. 

The ventilator days, length of ICU and hospital stay 

and mortality rate (19.2% vs. 17.9%, P=0.89) were also 

similar between the two groups. 

Table 3 shows the clinical profile and outcome in 

patients with and without VAP. Overall, 57 patients 

developed VAP; those who developed pneumonia 

were 6-years older and were more severely injured as 

indicated by a higher ISS (P=0.001), head AIS (P=0.003) 

and sustained frequent polytrauma (P=0.009), head 

(P=0.001) and chest (P=0.04) injuries, and had a lower 

GCS (P=0.007). Also, the duration of mechanical 

ventilation (P=0.001), length of ICU (P=0.001) and 

hospital stay (P=0.001) were longer in the pneumonia 

group. The rate of mortality did not differ signifi cantly in 

the VAP and the non-VAP group (8.4% vs. 3.5, P=0.20).

The diagnosis of VAP was confirmed by semi-

quantitative culture obtained by mini-BAL. The 

microbiological characteristics of patients who developed 

VAP showed that Klebsieilla pneumoniae (36.1%) and 

Hemophilus influenza (29.8%) were the commonest 

identified microorganisms, followed by Staphylococcus 

aureus (28.1%), Streptococcus pneumoniae (15.8%), 

Enterobacter cloacae (12.3%) and Pseudomonas aureginosa 

(12.3%) (Table 4). In the PHI group, Staphylococcus 

aureus (34.8%) and Hemophilus influenza (30.4%) were 

the most frequently isolated organisms. In the TRI group, 

the predominantly identified species were Klebseilla 

pneumoniae (38.2%), Hemophilus influenza (29.4%), 

and Staphylococcus aureus (23.5%). The most common 

microorganisms in early VAP were gram-positive pathogens, 

while in the late VAP group gram-negative pathogens were 

more frequent isolated (Table 5).
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In the PHI group, out of 23 patients with VAP, 

only 1 patient had Multi-drug resistant organisms 

(MDRO) in terms of Acinetobacter Baumani sensitive to 

Vancomycin. In the TRI group, out of 34 patients with 

VAP, 2 patients had MDRO (1 patient had Acinetobacter 

Baumani sensitivity to Colistin and 1 patient had 

Staphylococcus aureus sensitive to vancomycin and this 

patient expired)  

Figure 1 shows the association between polytrauma 

and the development of late-onset VAP (100% vs. 80.6%, 

P=0.02). 

Multivariate logistic regression after adjusting for 

age, systolic BP in ED, GCS ED, chest AIS, head AIS, 

prehospital intubation, ISS, and ventilatory days, showed 

that systolic blood pressure (OR 1.02 [1.00–1.04], 

P=0.01), GCS trauma room (OR 0.78 [0.76–0.90], 

P=0.001), prehospital intubation (OR 0.17 [0.05–0.56]), 

P=0.003), and ventilatory days (OR 1.22 [1.12–1.34], 

P=0.001) were predictors of VAP in trauma patients 

(Table 6). 

However, the multi-level regression analysis models 

revealed that the impact of location of intubation in 

predicting the risk of VAP appeared only when chest 

injury was included in the models; PHI (crude OR 1.16, 

95% CI 0.65–2.08, P=0.60, adjusted OR 0.17, 95% CI 

0.05–0.56, P<0.003) (Table 7).  

DISCUSSION
The present study describes the frequency, risk 

factors, and outcome of VAP in injured patients requiring 

Table 6. Predictors of VAP in trauma patients

Variables Odd ratio
95% Confi dence 
Interval

P value

Age 0.99 0.95–1.03 0.77
SBP trauma room 1.02 1.00–1.04 0.01
GCS trauma room 0.78 0.76–0.90 0.001
Injury severity score 1.03 0.97–1.09 0.27
Ventilatory days 1.22 1.12–1.34 0.001
Chest AIS 1.11 0.47–2.61 0.79
Prehospital intubation 0.17 0.05–0.56 0.003

Table 7. Regression analysis models for prehospital intubation (PHI) 
to predict the risk of VAP

Model Variables Odd ratio
95% Confi dence 
Interval

P value

Crude PHI 1.16 0.65–2.08 0.60
1 PHI, age 1.19 0.66–2.16 0.55
2 PHI, age, SBP 1.17 0.64–2.15 0.59
3 PHI, age, SBP, ISS 1.05 0.56–1.95 0.87
4 PHI, age, SBP, ISS, GCS 0.61 0.28–1.28 0.19

5
PHI, age, SBP, ISS, GCS,  
ventilatory days

0.42 0.18–1.02 0.05

6
PHI, age, SBP, ISS, GCS, 
ventilatory days, chest AIS

0.17 0.05–0.56 0.003

100.0%

30.8%
7.7%

80.6%

48.4%

0.0%

Prehospital Polytrauma* Death

Figure 1. Comparison of early versus late VAP (P<0.05).

Early VAP ≤4 days (n=31) Late VAP > 4 days (n=31)

Table 4. Microbiological characteristics of patients developed 
ventilator-associated pneumonia by the site of intubation, n (%)

Variables
All VAP cases 
(n=57)

VAP in PHI 
(n=23)

VAP in TRI 
(n=34)

Klebsiella pneumoniae 18 (36.1) 5 (21.7) 13 (38.2)
Hemophilus infl uenza 17 (29.8) 7 (30.4) 10 (29.4)
Staphylococcus aureus 16 (28.1) 8 (34.8)   8 (23.5)
Streptococcal pneumoniae   9 (15.8) 3 (13.0)   6 (17.6)
Enterobacter cloacae   7 (12.3) 2 (8.7)   5 (14.7)
Pseudomonas aureriginosa   7 (12.3) 2 (8.7)   5 (14.7)
Acenatobacter banumanii   4 (7.0) 1 (4.3)   3 (8.8)
Moraxella catterhallis   3 (5.3) 1 (4.3)   2 (5.9)
Klebsiella oxytoca   2 (3.5) 1 (4.3)   1 (2.9)
Klebsiella ozonae   3 (5.3) 3 (13.0)   0 (0.0)
Streptococcal group C   1 (1.8) 1 (4.3)   0 (0.0)
Proteus vulgaris   1 (1.8) 0 (0.0)   1 (2.9)
Serratia margascens   1 (1.8) 1 (4.3)   0 (0.0)
Escheritia coli   1 (1.8) 0 (0.0)   1 (2.9)
Burkholdia cepacia   1 (1.8) 1 (4.3)   0 (0.0)

Table 5. Sputum culture in patients with early and late onset of VAP by intubation location, n (%)

Micro-organisms

Field intubation ED intubation 

Early VAP (≤ 4 days) 
(n=15)

Late VAP (> 4 days)
(n=8)

Early VAP (≤ 4 days) 
(n=16)

Late VAP (> 4 days) 
(n=18)

Staphylococcus aureus 5 (33.3) 3 (37.5) 5 (31.3) 3 (16.7)
Streptococcal group C 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0)
Klebsiella pneumoniae 3 (20.0) 2 (25.0) 6 (37.5) 7 (38.9)
Streptococcal pneumoniae 3 (20.0) 0 (0.0) 4 (25.0) 2 (11.1)
Hemophilus infl uenza 7 (46.7) 0 (0.0) 7 (43.8) 3 (16.7)
Moraxella catterhallis 1 (6.7) 0 (0.0) 2 (12.5) 0 (0.0)
Pseudomonas aureriginosa 2 (13.3) 0 (0.0) 0 (0.0) 5 (27.8)
Klebsiella oxytoca 1 (6.3) 1 (12.5) 0 (0.0) 1 (5.6)
Proteus vulgaris 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6)
Serratia margascens 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0)
Klebsiella ozonae 2 (13.3) 1 (12.5) 0 (0.0) 0 (0.0)
Enterobacter cloacae 2 (13.3) 0 (0.0) 1 (6.3) 4 (22.2)
Acenatobacter banumanii 1 (6.7) 0 (0.0) 1 (6.3) 2 (11.1)
Escheritia coli 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6)
Burkholdia cepacia 1 (6.7) 0 (0.0) 0 (0.0) 0 (0.0)
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intubation, and also compares the clinical characteristics 

and outcomes based on the location of intubation from a 

single level I trauma center. 

Despite advances in prevention, diagnosis and treatment of 

VAP, it remains a major contributor to morbidity and mortality 

in critically ill intubated patients.
[1]

 In our series, two-thirds of 

patients were intubated in the trauma room and one-third 

was intubated in the prehospital setting. The frequency 

of PHI in our study is almost half of the reported PHI 

by Evans et al.
[15]

 On the other hand, an earlier study
[10]

  

from the USA reported urgent PHI in only 15% of cases.

Several studies have suggested that trauma patients 

are particularly more susceptible to developing VAP as 

compared to medical and surgical patients.
[6,7]

 This could be 

explained by the fact that patients undergoing emergent 

PHI have higher risks of aspiration, higher rates of severe 

head injury, more hemodynamic instability, decreased 

levels of consciousness and higher Injury Severity 

Scores.
[7–10] 

Earlier studies have identifi ed trauma to be an 

independent predictor of progression to VAP.
[7,18,19]

According to the present analysis, the overall 

rate of VAP in all intubated patients is 17.2%, which 

is in agreement with other studies, with an estimated 

incidence of 9%–27% in mechanically ventilated 

patients; the highest risk period appears to be early 

in the course of hospitalization.
[17,18]

 Moreover, some 

investigators have considered a higher risk of VAP 

among trauma patients intubated at the scene than those 

intubated in the ED.
[20]

Karch et al
[14]

 retrospectively reviewed 94 severely 

injured cases and found that patients required PHI 

were three times more likely to develop VAP when 

compared with hospital intubation. Similarly, Eckert 

et al
[9] 

performed a retrospective analysis of 571 

mechanically ventilated trauma patients. The authors 

identified a significant association between PHI and 

the occurrence of VAP. However, others have failed to 

observe such an association and concluded that there was 

no association between prehospital intubation and risk 

of developing VAP.
[15,16]

 Similarly, on univariate analysis 

we did not observe signifi cant differences with respect to 

the frequency of VAP in the prehospital and trauma room 

intubation cohorts. 

The crude odds ratio for PHI to predict VAP was 

statistically not significant, whereas on using multiple 

models, the effect of PHI became significant after 

introducing the chest injury variable in the model. Our 

findings are consistent with a study by Evan et al,
[15] 

where the baseline VAP rate was 17.6% and the rate of 

VAP was similar between prehospital intubation and 

trauma room intubation groups.

Furthermore, Mohr et al
[16] 

suggested that location 

of intubation in trauma patients did not influence the 

occurrence of VAP.

A recent study suggested that patients with traumatic 

brain injury are more likely to develop VAP.
[21]

 Similarly, 

our data showed that patients who were intubated in the 

prehospital setting had frequent head and chest injuries, 

lower GCS, and higher ISS. 

This indicates that severity of injury necessitates 

earlier airway acquisition, but did not indicate higher 

possibility of VAP based on intubation location (mean 

ISS was similar between PHI and TRI groups). This 

finding is particularly notable as the rate of polytrauma 

(ISS≥16) was fairly high in both groups. Similarly, 

Eckert et al
[10]

 reported that patients with pre hospital 

intubation had higher ISS, and lower GCS score 

and Revised Trauma Scoring (RTS) as compared to 

ED intubation. The higher incidence of VAP among 

PHI patients could be attributed to the lower mean 

GCS which compromised the physiologic state and 

necessitated emergent airway acquisition. 

In comparison with patients who did not develop 

VAP, advanced age, higher injury severity, head AIS 

scores, presence of head and chest injuries and lower 

GCS were signifi cantly associated with the development 

of VAP in our series. Data from other studies also 

identified age, ISS, head injury, extremity injury, and 

field intubation to be risk factors for the occurrence of 

pneumonia.
[9]

 Moreover, inherent injury characteristics 

such as levels of consciousness (GCS), emergent 

intubations, and presence of chest trauma might help in 

predicting the risk of VAP.
[13]

It is imperative to assess the microbiological fi ndings 

for the distribution of infecting microorganisms. In 

our cohort, the frequently identified organisms were 

Klebseilla pneumonia, Hemophilus influenza and 

Staphylococcus aureus, which is consistent with other 

studies.
[22,23]

 Moreover, the PHI group had a higher 

frequency of community acquired organisms such as 

Hemophillus infl uenza and Staphylococcus aureus which 

is in agreement with a previous report by Eckert et al.
[10] 

Overall, the distributions of gram-positive and negative 

microorganisms were similar among the PHI and TRI 

groups. 

Notably, we also observed an association of VAP 

with prolonged ventilatory days, higher length of ICU 

and hospital days. These fi ndings are in agreement with 

earlier studies.
[9,15] 

Because of the high incidence of associated chest 
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injuries, low GCS and high probability of aspiration, the 

clinical diagnosis of VAP is often difficult. The Center 

for Disease Control and Prevention (CDC) surveillance 

defi nition does not differentiate among trauma associated 

complications and hospital-acquired infections.
[24] 

Mangram et al
[4]

 concluded that the CDC surveillance 

definition of VAP needs to be modified to reflect the 

effect of trauma factors such as rib fractures, pulmonary 

contusions, and failed prehospital intubations (all  

considered signifi cant predictors of pneumonia).

Evans et al
[15]

 demonstrated that ISS, history of 

drug abuse, and low ED systolic blood pressure were 

associated with VAP, but not the location of intubation. 

Contrarily, other investigators reported age, GCS 

score, ISS and prehospital intubation to be strongly 

predictive of VAP in trauma patients.
[10]

 Antenolli et al
[25] 

demonstrated that the presence of pulmonary contusion 

and abbreviated injury scale of >4 for thorax were 

significant independent predictors of pneumonia after 

injury. Another study identifi ed rib fractures, pulmonary 

contusion, and failed prehospital intubation to be 

important predictors of VAP.
[4] 

An earlier study
[10] 

showed higher rate of mortality 

in the VAP group (33%) who were intubated in the 

prehospital setting compared to those who were intubated 

in the ED (6.3%) or as inpatients (24%). 

It has been suggested that higher ISS, low GCS and 

advanced age are associated with the development of 

VAP in patients intubated at the scene and such factors 

might also contribute towards the higher mortality rate 

in the PHI group. Eckert et al
[9]

 showed that patients 

intubated in the prehospital setting had a lower mortality 

despite having lower GCS and higher ISS. The incidence 

of VAP was similar between the two groups irrespective 

of the injury severity. Evans et al
[15]

 showed that 

mortality was comparable in the PHI and emergency 

room intubation groups, despite lower GCS in the PHI 

group. In line with these reports, Magret et al
[26] 

showed 

that VAP in trauma patients was associated with lower 

mortality when compared with non-trauma patients after 

adjusting for sex, age, severity of illness, and sepsis-

related organ failure assessment score . In our series, 

the rate of mortality did not differ significantly among 

the VAP and non-VAP cases. Therefore, the attributable 

risk of mortality due to VAP in trauma patients remains 

uncertain.
[27]

The present study has various limitations owing 

to the inherent nature of retrospective data collection 

and quality of reporting at the scene. There may be 

potential bias in defining VAP in trauma versus non-

trauma patients, and this may require a more concise 

definition for trauma patients. The microbial culture 

results could be affected due to the semi-quantitative 

method for diagnosing VAP, instead of the more sensitive 

quantitative analysis. There was no documentation 

of history of vomiting, aspiration, bag valve mask 

ventilation or supraglotic airway device use – all factors 

that could have affected the outcomes. It is conceivable 

that some patients arrived at the trauma room with 

supraglotic devices which were later changed to an 

endotracheal tube but not recorded in the database. 

The analysis is further constrained by the deficiency of 

documentation regarding vasopressor use in the trauma 

room. 

We also lack information on the frequency of failed 

prehospital intubations, which may infl uence the hospital 

outcomes.

CONCLUSIONS
 In adult patients with polytrauma, the risk of 

developing VAP is multifactorial; however, the location 

of intubation and presence of chest injury could play 

an important role. Identification of risk factors is an 

important marker for developing strategies to reduce or 

eliminate the rate of VAP in trauma patients.
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