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ABSTRACT 

Objective: To study the occurrence, risk factors and outcome of Ventilator Associated Pneumonia (VAP) in trauma patients. 
Study Design: Prospective observational study. 
Place and Duration of Study: Shaheed Mohtarma Benazir Bhutto Institute of Trauma, Karachi Pakistan, from Jul to Dec 2019. 
Methodology: All trauma patients, above 12 years, placed on mechanical ventilation in the ER or ICU, were enrolled. Patients 
that developed a Clinical Pulmonary Infection Score of >6 were diagnosed with Ventilator Associated Pneumonia. 
Results: A total of 113 patients were enrolled. Mean age was 32.9 ± 14.4 years; 105 (92.9%) were males. Thirty-eight (33.6%) 
patients developed VAP. Patients with VAP, compared to non-VAP, had a longer Emergency Room (ER) stay of 7.8 ± 10.1 vs 
4.7 ± 7.4 days (p-value 0.013), greater ventilator days of 18.5 ± 12.6 vs 7.9 ± 5.5 (p-value 0.001), longer hospital stay of >14 days 
in 65.8% vs 33.3% (p-value 0.001) and higher mortality of 65.8% vs 56.0% (p-value 0.213). Nurse to patient ratio and infection 
control measures for prevention of VAP were significantly reduced in Emergency Room compared to Intensive Care Unit (p-
value 0.001). Of 43 respiratory isolates in 38 VAP patients, 40 (93%) were gram negatives of which 23 (57.5%) were multidrug 
resistant with polymyxins as the only therapeutic option. 
Conclusion: There is a high burden of VAP in patients with trauma. Prolonged retention in the ER is a significant risk factor 
for VAP, due to understaffing and poor infection control in the emergency setting. Policies must be instituted to improve 
infection control and minimize ER stay of patients. 
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INTRODUCTION 

Ventilator associated pneumonia (VAP) is defined 
as pneumonia occurring after 48 hours of mechanical 
ventilation. VAP has an estimated incidence of 9-27% 
worldwide, and leads to prolonged ventilator support 
and ICU stay, financial burden and mortality.1,2 Trau-
ma patients have an increased incidence of VAP com-
pared to non-trauma cases due to risk factors such as 
intubation in emergency settings, head and spinal inju-
ries, chest trauma, polytrauma, surgical interventions 
and prior use of antibiotics.3-5 

Furthermore, morbidity and mortality of patients 
with VAP is increasing due to multi drug resistant 
(MDR) organisms.6,7 Knowledge of antimicrobial sus-
ceptibility is essential for effective management of 
patients with VAP. Most importantly, infection control 
measures must be followed for the prevention of VAP 
and spread of MDR organisms. 

There is limited data in Pakistan of VAP in 
trauma patients. These have significant additional risk 
factors as compared with non-trauma patients, requi-
ring further study. Our objective was to study risk 
factors and patient outcome in trauma patients who 

develop VAP and to identify the causative micro-
organisms of VAP. This will assist in identifying the 
burden of VAP and provide guidance regarding the 
most appropriate empirical coverage for its treatment 
and prevention of VAP in our institute. 

METHODOLOGY 

An observational prospective study was conduc-
ted at Shaheed Mohtarma Benazir Bhutto Institute of 
Trauma (SMBBIT), Karachi Pakistan. This is a govern-
ment health care facility located in Karachi, a city with 
an estimated population of 30 million. The trauma 
center serves this population and rest of Sindh and 
neighboring Balochistan. 

We planned for a minimum study duration of       
6 months. The study was conducted from July 2019    
to December 2019. Based on the previous estimate of 
VAP in 45% of patients, with a margin of error of 10% 
and 95% confidence interval, sample size of 96 patients 
were included in our study, with an additional 17 pati-
ents recruited by the completion of the 6 month study 
period, coming to a total of 113 patients, using the 
Open-Epi online sample size calculator.5 All mechani-
cally ventilated patients admitted to the ER and ICU 
were identified each morning with the intent to enroll 
patients within 48 hours of their intubation. Only those 
with traumatic injury, ≥12 years of age, and who had 
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been placed on mechanical ventilation at SMBBIT were 
included. Those patients with pneumonia prior to or in 
less than 48 hours of intubation, as evident on imaging 
were excluded. 

Patient data was collected and filled in the desig-
ned proforma which included demographics, diagno-
sis, location in ER or ICU at enrollment, mechanism of 
injury, type of trauma, date of mechanical ventilation 
and onset of VAP and whether it occurred in ER or 
ICU, timing of VAP in terms of early or late, radiologi-
cal presentation, microbiological etiology and manage-
ment of VAP patients and overall outcome. The Medi-
cal Information System was accessed for radiological, 
laboratory and microbiological data. 

For purposes of determining the Clinical Pulmo-
nary Infection Score (CPIS)8, we noted the temperature, 
white blood cell count, presence or absence and nature 
of tracheal secretions, oxygenation (PaO2/FiO2), chest 
radiographs and tracheal aspirate cultures.8 Those pati-
ents with a CPIS of >6 were given a diagnosis of VAP, 
endotracheal and blood cultures sent and antibiotics 
initiated empirically. 

At the point of enrollment, the primary nursing 
staff assigned to the patient was evaluated by observa-
tion and enquiry for adherence to recommended prev-
entive measures for VAP. Guidelines recommend elev-
ation of head of bed between 300 and 450, daily assess-
ment for readiness for extubation, regular mouth care9 
and peptic ulcer disease prophylaxis. General observa-
tions in the ER or ICU were also made at patient enrol-
lment and included nurse to patient ratio, a ratio of 1:2 
being considered optimal for ventilated patients, and 
availability of alcohol based hand rubs at point of pati-
ent care.10-12 On quiet observation of a healthcare wor-
ker in the patient area whether ER or ICU, adherence 
to hand hygiene was assessed. 

Primary outcome was occurrence of VAP. Pati-
ents were followed for the duration of intubation, and 
for 48 hours post-extubation. Final disposition of pati-
ents surviving beyond this period was abstracted from 
the Health Information Medical Systems. 

Approval for the study was obtained by institu-
tional ethical review committee (ERC# 00001SMBBIT). 
VAP was clinically diagnosed by using Clinical Pulmo-
nary Infection Score (CPIS).8 A score of >6 was consis-
tent with VAP. Multi Drug Resistant organism (MDR) 
was defined as resistance in gram negative organisms 
to antibiotics in ≥3 classes of antibiotics.13 

Extended Spectrum Beta Lactamases (ESBL) was 
defined as gram negative bacteria resistant to 1st, 2nd 
and 3rd generation cephalosporins and monobactams.14 

MRSA was defined as staphylococcus aureus resistant to 
methicillin. Early onset VAP was defined as VAP occu-
rring in 4 or lesser days of intubation.15 Late onset VAP 
was defined as VAP occurring more than 4 days after 
intubation. 

Data was entered and analyzed on Statistical 
Package for Social Sciences (SPSS) version 24. Contin-
uous variables were summarized as mean and stan-
dard deviation for age, GCS, ventilator days, ER stay in 
days and days of hospitalization and their mean diff-
erences were evaluated using student two sample “t” 
test. Frequency and percentages were reported for qua-
litative variables like age groups, gender mechanism of 
injuries etc. Fisher’s exact test and Chi-square test was 
applied when two or more set of variables were com-
pared, with pvalue of ≤0.05 considered as statistically 
significant. 

RESULTS 

A total of 113 patients were enrolled. Mean age 
was 32.9 ± 14.4 years; 105 (92.9%) were males and 8 
(7.1%) were females. Of 113, almost half were residents 
of Karachi. The commonest cause of trauma was road 
traffic accidents in 88 (77.8%). Polytrauma was found 
in 35 (31%) (Table-I). 

Out of 113 mechanically ventilated trauma 
patients, 38 (33.6%) developed VAP. Of these 21 
(55.3%) were admitted in ICU and 17 (44.7%) in ER at 
the time of VAP diagnosis. Of 38, 31 patients (81.6%) 
had late onset VAP developing more than 4 days after 
intubation. 

We compared patients with and without VAP    
for age, gender, Glasgow Coma Scale (GCS), location 
in hospital where intubated, mechanism of injury, 
head and chest injuries and surgical procedures and 
none were found to be significant risk factors for the 
development of VAP (Table-II). 

Duration of ER stay after mechanical ventilation 
was documented in all study patients and the average 
duration was 5.8 days. Of 113, 52 (46.0%) were retained 
in the ER for their entire duration of mechanical 
ventilation prior to transfer to ICU, ward, discharge    
or death. Patients who developed VAP were found to 
have a longer duration of stay in the ER of 7.8 ± 10.1 
days as compared to 4.7 ± 7.4 days in those that did not 
develop VAP, which was found to be significant (p-
value 0.013). VAP patients, compared to non-VAP, had  
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Table-I: Demographics and baseline characteristics of 
mechanically ventilated patients with trauma (n=113). 

Variables n (%) 

Age in years* 32.9 ± 14.4 

Gender 

Male  105 (92.9) 

Female 8 (7.1) 

Residential Area  

Karachi 54 (47.8) 

Sindh (outside Karachi) 47 (41.6) 

Balochistan 12 (10.6) 

Location at Enrollment  

Emergency Room 57 (50.4) 

Intensive Care Unit 56 (49.6) 

Mechanism of Injuries 

Road Traffic Accident 88 (77.9) 

Fall 6 (5.3) 

Gun shot 5 (4.4) 

Assault 6 (5.3) 

Electrocution 3 (2.7) 

Self-harm 3 (2.7) 

Others 4 (3.5) 

Injuries  

Head  86 (76.1) 

Chest  28 (24.8) 

Poly Trauma  35 (31) 

Glasgow Coma Scale at Admission* 10.1 ± 3.8 

Location of Intubation  

Intensive Care Unit 10 (8.8) 

Emergency Room 67 (59.3) 

Operation Room 35 (31) 

Ward 1 (0.9) 

Ventilator Associated Pneumonia 38 (33.6) 

Days of Stay in Emergency Room* 5.8 ± 8.5 

Ventilator Days* 11.3 ± 9.9 

Duration of hospitalization*  18.3 ± 15.8 

Duration of hospitalization (>14 days) 50 (44.2) 

Outcome 

Discharge 31 (27.4) 

Transfer 12 (10.6) 

Left Against Medical Advice 1 (0.9) 

Lost to Follow-up  2 (1.8) 

Death  67 (59.3) 
n=number, *Mean ± SD 

 

a higher number of ventilator days, 18.5 ± 12.6 vs 7.9    
± 5.5 (p-value 0.001), longer hospital stay of >4 days, 
65.8% vs 33.3% (p-value 0.001), and higher mortality of 
65.8% vs 56.0% (p-value 0.213) (Table-II). 

Nurse to patient ratio in ER was not optimal at 1:2 
for ventilated patients but was adequate in ICU. Avail-
ability of alcohol based hand rub at point of patient 
care was lacking in ER whereas in ICU, ABHRs were 
readily available.  

Implementation of recommended infection cont-
rol practices of hand hygiene, elevation of head of bed  

Table-II: Associated risk factors for ventilator associated 
pneumonia (VAP) and outcome in trauma patients. 

Variables 
Non-VAP 

n=75, n (%) 
VAP 

n=38, n(%) 
p-

value 

Age in years* 33.8 ± 14.8 31.3 ± 13.6 0.234 

≤35 years 45 (60) 29 (76.3) 
0.063 

>35 years 30 (40) 9 (23.7) 

Gender 

Male  70 (93.3) 35 (92.1) 
0.543 

Female 5 (6.7) 3 (7.9) 

Glasgow Coma Scale on 
admission* 

10.4 ± 3.8 9.6 ± 3.9 0.739 

Mechanism of Injury 

Road Traffic Accident 57 (76) 31 (81.6) 
0.337 

Other than RTA 18 (24) 7 (18.4) 

Poly Trauma  25 (33.3) 10 (26.3) 0.295 

Injuries / Procedures 

Head injuries 56 (74.7) 30 (78.9) 0.398 

Chest injuries 20 (26.7) 8 (21.1) 0.341 

Chest tube 18 (66.7) 9 (33.3) 0.583 

Surgical Procedures 49 (65.3) 26 (68.4) 0.456 

Tracheostomy 19 (25.3) 26 (68.4) <0.001 

Location of Intubation 

Intensive Care Unit 7 (9.3) 3 (7.9) 

0.331 
Emergency Room (ER) 42 (56) 25 (65.8) 

Operation Room 26 (34.7) 9 (23.7) 

Ward - 1 (2.6) 

Days of Stay in 
Emergency Room 

4.7 ± 7.4 7.8 ± 10.1 0.013 

Ventilator Days* 7.9 ± 5.5 18.5 ± 12.6 <0.001 

Days of hospitalization* 15.9 ± 15.8 23 ± 14.8 0.785 

Duration of hospita-
lization (>14 days) 

25 (33.3) 25 (65.8) 0.001 

Mortality  42 (56.0) 25 (65.8) 0.213 
n=number, * Mean ± SD, VAP=ventilator Associated Pneumonia 

 

at 30-45°, daily assessment for readiness for extubation 
and regular mouth care was found to be significantly 
reduced in ER as compared to ICU (p-value 0.001) 
(Table-III). 
 

Table-III: Infection control measures for the prevention of 
VAP documented at enrollment of study patients (n=113). 

Variables 
ICU 

n=56, (%) 
ER 

n=57, (%) 
p-

value 

Hand Hygiene 42 (75.0) 8 (14.0) <0.001 

Elevation of head at 30º 
to 45º 

54 (92.9) 27 (47.4) <0.001 

Daily assessment for 
extubation 

50 (89.3) 21 (36.8) <0.001 

Frequency of mouth 
care per 24 hours 

3.1 ± 0.6 1.4 ± 0.8 <0.001 

Peptic ulcer disease 
prophylaxis 

56 (100) 57 (100)  

n=number, ICU=Intensive Care Unit, ER=Emergency Room 

Endotracheal cultures from VAP patients were 
mono-microbial in 21 (55.3%), polymicrobial in 11 
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(28.9%) whereas 6 (15.8%) yielded no growth (Figure). 
A total of 43 isolates were obtained from endotracheal 
cultures of 38 VAP patients. Of 43 isolates, Klebsiella 
spp. Was most frequently recovered in 17 (39.5%), follo-
wed by Acinetobacter spp. in 10 (23.3%). Overall, of 43 
isolates, 40 (93%) were gram negatives of which 23 
(57.5%) were MDRO and 14 (35%) were ESBL produc-
ing organisms (Figure). Of 38 VAP patients, 10 (26.3%) 
were bacteremic with gram negatives isolated in 9 
(90%) with no correlation seen between endotracheal 
and blood culture isolates. 
 

 
Figure: Respiratory culture isolates in trauma patients with 
ventilator associated pneumonia (n=43). 
 

DISCUSSION 

In our study, VAP occurred in 33% of mechani-
cally ventilated trauma patients, whereas in Pakistan, 
in non-trauma patients incidence of VAP of 30.5-66.8% 
has been reported.16,17 There is scarce data of VAP in 
trauma patients in Pakistan with which to compare   
our findings. Data from the National Healthcare Safety 
Networkin the United States reported 4 times higher 
incidence of VAP in trauma compared to non-trauma 
patients.18 Armugan et al, reported a VAP rate of 17.2% 
in trauma patients at a hospital in Qatar.1 AJ. Mangram 
et al, reported VAP in 9.1% of trauma patients in Ari-
zona, USA.4 The higher rate found in trauma patients 
has been attributed to increased head and neck 
injuries, chest trauma, and low GCS with increased 
probability of aspiration. However, these factors were 
not found to be significant in our study. Increasing age, 
considered a risk factor for VAP, was also not 
significant in our study patients, two thirds of whom 
were <35 years old.4,19 

Most of our patients developed late onset VAP 
with higher number of ventilator days found to be        
a significant risk factor for VAP. Trauma, especially 
brain and chest injuries require early intubation and 
may need prolonged mechanical ventilation. VAP in 

itself leads to increased duration of mechanical venti-
lation and hospitalization.19,20,21 

The ER at the Trauma Institute retains ventilated 
patients till such time that they can be shifted to the 
ICU. Due to shortage of ICU beds, ventilated patients 
had a prolonged stay in the ER, averaging several 
days. We found that prolonged retention in the ER was 
a significant risk factor for the development of VAP.    
A study conducted in USA of mechanically ventilated 
trauma patients also reported increased risk of pneu-
monia by 20% with every hour increase in ER stay, the 
longest retention in ER being 281.3 minutes.22,23 

We demonstrated that, as compared with the 
ICU, the Emergency Room nurse to patient ratio was 
not optimal for mechanically ventilated patients. Al-
though 1:4 ratio is acceptable for the Emergency Room, 
in case of mechanically ventilated patients a ratio of no 
more than 1:2 is suggested.10,11 

We noted a low adherence to correct infection 
control practices for the prevention of VAP in the ER 
as compared with the ICU, likely a reflection of the 
shortage of staff.10 Hand hygiene is an essential mea-
sure in the prevention of VAP. However, alcohol based 
hand rubs (ABHRs) were not available at point of 
patient care in the ER. 

Our data underscores the need to establish 
systems that minimize the retention time in the ER of 
patients, with timely shifting of ventilated patients to 
the ICU. Given that our hospital is the leading Trauma 
center in the city, we must expand the number of ICU 
beds. Concurrently, ER must be strengthened in terms 
of staffing. That in itself may lead to better compliance 
with good infection control practices. 

Our study found higher mortality in trauma 
patients with VAP as compared to non VAP patients 
(65.8% vs 56%), though not statistically significant. A 
study conducted in Thailand reported a lower morta-
lity of 41.3% in trauma patients compared to 58.7% in 
non-trauma patients.24 Similarly, Chaari A et al, found 
not much difference in mortality in trauma patients 
with VAP when compared to non-VAP in a retrospec-
tive study in Tunisia.21 

Most respiratory isolates in our trauma            
patients with VAP were gram negative organisms with 
Klebsiella being the commonest, followed by Acineto-
bacter, with the majority multidrug resistant, sensitive 
to Polymyxins alone. This is similar to other studies 
done in Asia and Middle Eastern countries. In India, 
Saravu et al, reported Klebsiella, Acinetobacter and 
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Pseudomonas as major pathogens in VAP with MDR 
rates of 40% and Mathai et al, also reported gram nega-
tives in 87% of respiratory isolates in VAP patients.20,25 
High levels of antimicrobial resistance further empha-
sizes the need for strict adherence to infection control 
measures. 

Our study was prospective and therefore                
was able to evaluate infection control aspects, which is 
essential in any study of VAP. Limitations were that 
we were unable to compare with non-trauma patients, 
since we are primarily a trauma institute. 

Disclaimer 

Abstract presented as poster in Medical Micro-
biology and Infectious Diseases Society of Pakistan 
conference held in February 2020 in Lahore, Pakistan. 

CONCLUSION 

There is a high burden of Ventilator associated Pneu-
monia in patients with trauma. Prolonged retention in the   
ER is a risk factor for the development of VAP, which may be 
related to inadequate nurse to patient ratio and low adhe-
rence to measures for the prevention of VAP in the emerg-
ency setting. Policies must be instituted that limit ER stay to 
within hours, not days. More ICU beds must be made avail-
able to meet the needs of a trauma institute in the most 
populous city of Pakistan. Implementation of good infection 
control practices is essential for prevention of VAP and 
spread of Antimicrobial Resistance. Use of polymyxinem-
pirically for VAP is appropriate in institutions with a high 
incidence of Multi Drug Resistant gram negative infections. 

Conflict of Interest: None. 
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