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Introduction: Injuries, leading to significant health and economic burdens globally, have become a prominent concern. 
Data from the World Health Organization (WHO) in 2012 ranks injuries as the ninth leading cause of death across all age 
groups, while the Centers for Disease Control and Prevention (CDC) highlights injuries as the primary cause of death among 
individuals under 45 years of age. Notably, traffic accidents, pedestrian incidents, and falls stand out as the leading causes 
of these injuries. In 2019, injuries resulted in staggering economic losses in the United States, with substantial portions 
allocated to hospital expenses, work loss, and the broader societal impact. This study addresses the increased susceptibility 
to pneumonia in trauma patients and the factors contributing to it, shedding light on its clinical implications.
Methods: The study enrolled patients admitted to the Intensive Care Unit (ICU) following blunt trauma. Various statistical 
analyses were employed, including t-tests, Mann-Whitney U tests, chi-square tests, Fisher's exact tests, and Cox proportional 
hazards regression analysis, to identify potential risk factors for ventilator-associated pneumonia (VAP). The study examined 
variables associated with pneumonia in univariable and multivariate analyses, considering patient outcomes over time. 
Statistical significance was set at a p-value<0.05.
Results: Over a five-year period, 32.3% of the patients (n: 42) developed pneumonia among the 130 included in the study. 
While pneumonia was more common in males and younger patients, no significant relationship was found with age or 
gender. The SAPS2 score was significantly higher in patients who developed pneumonia, but there was no significant 
relationship with the ISS score. Patients with pneumonia experienced significantly longer hospital stays, ICU stays, and 
mechanical ventilation durations. Notably, intubated patients, sedation, and nasogastric tube placement were significantly 
associated with pneumonia development.
Discussion and Conclusion: This study investigates risk factors for pneumonia development in trauma patients in 
the ICU and confirms the increased susceptibility of these patients to pneumonia. Although the study confirms factors 
like intubation, sedation, and nasogastric tube placement as risk factors, it provides nuanced insights into their impact 
on pneumonia development. Furthermore, the study highlights the importance of assessing pneumonia risk over time, 
emphasizing the critical role of early interventions to mitigate pneumonia rates. In conclusion, this study underscores the 
significance of identifying and understanding risk factors for pneumonia development in ICU patients after blunt trauma. 
Recognizing these factors and implementing preventive measures may ultimately reduce mortality and morbidity in this 
patient population.
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Injuries are a significant health issue worldwide due to 
work loss and economic burdens. According to the World 

Health Organization (WHO) data from 2012, injuries are the 
ninth leading cause of death among all age groups[1]. Data 
from the Centers for Disease Control and Prevention (CDC) 
indicate that among the population under 45 years of age, 
injuries are the most common cause of death[2]. When we 
look at the ways injuries occur, traffic accidents are the 
leading cause, followed by pedestrian accidents in second 
place, and falls in third[3].

It is reported that in 2019, injuries led to an economic 
loss of $4.2 trillion in the United States, with $327 billion 
attributed to hospital expenses, $69 billion to work loss, 
and $3.8 trillion to the value of statistical life and quality 
of life[4]. Patients in the working-age group of 25-64 years 
constitute more than half of this cost, accounting for over 
$2.4 trillion[4].

Despite younger age and fewer comorbid conditions 
in patients followed in intensive care units (ICUs) due 
to trauma, pneumonia frequently develops in these 
patients[5,6]. Severe trauma leads to hyperinflammation as 
a result of the overstimulation of host defense mechanisms. 
In addition to hyperinflammation, trauma patients 
experience T-cell dysfunction and delayed activation of 
the acquired immune system, which can result in immune 
system dysfunction. This contributes to the development 
of infections, sepsis, and multi-organ failure (MOF)[7-9].

Any factor that results in decreased consciousness 
(epileptic seizures, alcohol intake, etc.), endotracheal 
tube, nasogastric tube, mechanical ventilation, exposure 
to toxic agents, uremia, exposure to highly virulent 
microorganisms, and immunodeficiency (corticosteroid 
use, HIV infection, etc.) have been defined as risk factors 
for pneumonia development in ICU patients[10]. It is known 
that trauma patients who develop pneumonia have a 
worse clinical course. Complete recovery is less frequent 
in trauma patients with pneumonia, and these patients 
often require care facilities or long-term rehabilitation[11]. 
Moreover, it is known that the length of hospital and ICU 
stays is prolonged, and mortality is higher in patients who 
develop pneumonia in the setting of trauma[12].

Although the development of pneumonia in trauma 
patients is a significant concern, we believe that identifying 
risk factors and increasing awareness regarding these risk 
factors will reduce mortality and morbidity in this patient 
group. Therefore, in this study, we aimed to investigate the 
risk factors leading to the development of pneumonia in 
patients followed in the ICU due to blunt trauma.

Materials and Methods 
We enrolled patients who required admission to the 
Intensive Care Unit (ICU) following blunt trauma. For 
continuous variables, we presented the results as either the 
mean (±standard deviation, SD) or as the median along with 
the interquartile range (IQR) when the data distribution 
was skewed. Statistical comparisons of continuous 
variables were conducted using the Student t-test or the 
Mann-Whitney U test, depending on the appropriateness 
of the test. Categorical variables were analyzed using the 
chi-square test or Fisher's exact test when the assumptions 
of the Pearson chi-square test were not met. We performed 
a forward stepwise Cox proportional hazards regression 
analysis to identify potential risk factors associated with 
the development of ventilator-associated pneumonia. 
Variables that demonstrated an association with 
pneumonia in the univariable analysis and had a p-value 
less than 0.20 were included in the multivariate regression 
analysis. To explore the possibility that the effects of risk 
factors varied over the duration of ICU stay, we employed 
a non-proportional Cox model. The non-proportional Cox 
model allowed us to assess how each risk factor influenced 
the hazard rate of pneumonia over time. This analysis was 
adjusted for other factors within the model and considered 
censoring due to patient death or discharge from the ICU. 
The hazard function derived from the Cox model was 
utilized to estimate the daily event rate of pneumonia 
throughout the ICU stay. Statistical significance was set at 
a p-value<0.05. The study conformed to the ethical rules 
of the 2013 Helsinki Declaration and was approved by our 
institutional review board (date: 26/11/2014, no: 20/1). 

Results
In the five-year period, 32.3% (n=42) of the 130 patients 
included in the study developed pneumonia. Of the 
patients, 20% were female (n=26) and 80% were male 
(n=104). Although pneumonia was more common in 
males, this difference was not statistically significant. Due 
to trauma being more common in the young patient group, 
the average age of our patients was 39.3±19.3, but no 
relationship was found between age and the development 
of pneumonia. The low comorbidity rate in our young 
patient group did not show a significant relationship 
with the development of pneumonia. The average SAPS2 
(Simplified Acute Physiology Score 2) score was 42.1±19.1, 
and the ISS (Injury Severity Score) score was 33.6±16.2. 
The SAPS2 score was significantly higher in patients who 
developed pneumonia, while no significant relationship 
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was found between the ISS score and the development 
of pneumonia. The average length of hospital stay for 
patients was 23.2±22.3 days, ICU stay was 17.6±20.7 days, 
and mechanical ventilation duration was 7.5±11.5 days. In 
patients who developed pneumonia, the length of hospital 
stay, ICU stay, and mechanical ventilation duration were 
significantly longer (p<0.001).

Out of the patients, 65.4% had a history of intubation, 
while 34.6% were followed without intubation. Pneumonia 
development was significantly higher in intubated patients. 
Approximately half of the patients received sedation (n:69, 
53.08%), and pneumonia development was significantly 
higher in this patient group. Intubations were most often 
performed in the emergency department, followed by 
the intensive care unit, operating room, and on-site. When 
the relationship between the location of intubation and 

pneumonia development was evaluated, no significant 
relationship was found. Nasogastric tubes were applied to 
56.2% of all patients, and 71.4% of these patients developed 
pneumonia, which was statistically significant. Enteral 
nutrition was applied to 45.4% of patients, and parenteral 
nutrition to 54.6%, but there was no relationship between 
the type of nutrition and the development of pneumonia.

When injuries were grouped according to the AIS, head 
trauma was the most common type of trauma, followed 
by abdominal and thoracic trauma. However, there was 
no significant relationship between trauma areas grouped 
according to ISS and the development of pneumonia. In 
43.1% of the patients, the Glasgow Coma Scale score at the 
time of admission was below 9. The Glasgow Coma Scale 
score was lower in patients who developed pneumonia, 
but no relationship was found between the development 

Table 1. Comparision of pneumonia and non-pneumonia group

  All Patients (n=130) Non-Pneumonia (n=88) Pneumonia (n=42) p

Age 39.3±19.3 39.1±18.2 39.7±21.8 0.862
Mechanical Ventilation (days) 7.6±11.5 3.9±5.8 15.3±16.1 0.001
Blood Transfusion (Number) 1.7±2.1 1.7±2.2 1.6±1.9 0.923
Hospital Stay (days) 23.2±22.4 17.3±16.3 35.6±27.9 0.001
ICU Stay (days) 17.7±20.8 10.9±13.7 31.9±25.6 0.001
SAPS2 42.1±19.1 39.4±19.5 47.7±17.2 0.020
ISS  33.5±16.2 32.9±17.3 34.6±13.6 0.575
Gender    0.111
Male 104 (80.0%) 67 (76.1%) 37 (88.1%)  
Female 26 (20.0%) 21 (23.9%) 5 (11.9%)  
Comorbid Disease 23 (17.7%) 15 (17.0%) 8 (19.0%) 0.780
Intubation 85 (65.4%) 48 (54.5%) 37 (88.1%) <0.001
Intubation Site    0.691
Emergency Service 33 (38.8%) 16 (33.3%) 17 (45.9%)  
Operation Room 16 (18.8%) 10 (20.8%) 6 (16.2%)  
On Site 7 (8.2%) 4 (8.3%) 3 (8.1%)  
ICU 29 (34.1%) 18 (37.5%) 11 (29.7%)  
Nasogastric Catheter 73 (56.2%) 43 (48.9%) 30 (71.4%) 0.015
Feeding Type    0.057
Enteral Feeding 59 (45.4%) 45 (51.1%) 14 (33.3%)  
Parenteral Feeding 71 (54.6%) 43 (48.9%) 28 (66.7%)  
Sedation 69 (53.1%) 37 (42.0%) 32 (76.2%) <0.001
GCS<9 56 (43.1%) 35 (39.8%) 21 (50.0%) 0.271
Blood Transfusion 72 (55.4%) 47 (53.4%) 25 (59.5%) 0.512
Ampiric Antibiotics 100 (76.9%) 67 (76.1%) 33 (78.6%) 0.758
Operation 40 (30.8%) 25 (28.4%) 15 (35.7%) 0.399
Vasopressor 33 (25.4%) 24 (27.3%) 9 (21.4%) 0.474
Trauma Type    0.993
Abdominal Trauma 31 (23.8%) 21 (23.9%) 10 (23.8%)  
Head Trauma 75 (57.7%) 51 (58.0%) 24 (57.1%)  
Thorax Trauma 24 (18.5%) 16 (18.2%) 8 (19.0%)  
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of pneumonia and the Glasgow Coma Scale score. Empirical 
antibiotic treatment was given to 76.9% of the patients 
for various indications, and empirical antibiotic treatment 
was not related to pneumonia. There was no relationship 
between surgery, vasopressor use, blood transfusion within 
24 hours, and the development of pneumonia (Table 1). 
In multivariate analysis, it was observed that the duration 
of mechanical ventilation was an independent risk factor 
for the development of pneumonia (OR: 1.16, 95% CI 
1.01-1.23; p<0.001). The hazard of developing pneumonia 
increased during the ICU stay, peaked at day 7, gradually 
decreased until day 15, reached a second peak at day 20, 
then gradually decreased and stabilized at 0 on day 30 
(Figs. 1, 2).

Discussion
In this study, we investigated the risk factors associated 
with the development of pneumonia in patients admitted 
to the intensive care unit (ICU) due to blunt trauma. The 
diagnosis of pneumonia in ICU patients is typically based on 
clinical and radiological findings. However, pneumonia can 
occur in many patients even in the absence of clinical and 

radiological signs. Therefore, one of the major challenges in 
studies investigating pneumonia risk factors is establishing 
the diagnosis of pneumonia. Even the diagnostic methods 
considered as references for pneumonia diagnosis lack 
the desired level of sensitivity and specificity. To overcome 
these limitations, we used the criteria for pneumonia 
diagnosis set by the CDC in our study.

The most common age range for trauma is between 45 
and 53 years old, which is why trauma is one of the leading 
causes of death in the young population. In parallel with 
this information, the average age of the patient group 
included in our study was determined to be 39.3±19.3. 
Because of the higher proportion of the young population 
in our country compared to developed countries, our 
patient group was younger[3]. Trauma is more common in 
males compared to females, and as a result, most of our 
patients were male, similar to other studies. Despite the 
younger age of patients admitted to the ICU due to trauma, 
pneumonia was more frequently observed, consistent with 
other studies[6].

Pneumonia was observed in 32.3% of the patients in our 
study, and this rate was close to the rates reported in 
other studies (10-36%)[6,10,13,14]. Different results have 
been reported in many studies evaluating risk factors 
for pneumonia development after trauma. For example, 
some researchers have suggested a relationship between 
advanced age and pneumonia, while in other studies, similar 
to our study, no relationship was reported between age 
and the development of pneumonia[5,15,16]. There are also 
varying results regarding the relationship between gender 
and the development of pneumonia. While some studies 
report that pneumonia is more common in male patients, 
most studies, like ours, do not find a significant relationship 
between gender and pneumonia development[5,14,16,17].

Certain conditions and factors such as HIV, COPD, diabetes, 
the use of immunosuppressive agents, renal replacement 
therapy, and cancer can predispose patients to pneumonia 
in the ICU. Due to the young age of our study group and 
the low number of patients with comorbidities, we did not 
find a significant relationship between comorbidity and 
the development of pneumonia.

After trauma, empirical antibiotic treatment is often initiated 
in patients admitted to the ICU, particularly those with 
open bone fractures, to prevent infections[18]. However, 
in our study, early-onset pneumonia was less common in 
patients who received empirical antibiotics due to open 
bone fractures[19]. On the other hand, delayed-onset 
pneumonia, caused by resistant gram-negative bacteria 

Figure 1. Proportion of Patients Free of Pneumonia.

Figure 2. Hazard Rate of Pneumonia.
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and associated with complications related to antibiotics, 
was more common in patients receiving prophylactic 
antibiotic treatment[20]. Nevertheless, inappropriate 
antibiotic use increases morbidity and mortality in patients 
followed up with a diagnosis of ventilator-associated 
pneumonia (VAP)[21]. Given this high rate, we believe that 
patients who will be started on antibiotic treatment need to 
be better selected to avoid the difficulty of VAP treatment 
caused by resistant pathogens and its associated increase 
in morbidity and mortality.

Although pneumonia is reported to be more common in 
patients followed up in the ICU due to motor vehicle trauma, 
this is attributed to the higher frequency of chest trauma 
in motor vehicle accidents[16]. Studies have also reported 
a higher incidence of pneumonia in patients followed up 
due to chest and head trauma[6,14,15,22,23]. However, we did 
not find a significant relationship between the location of 
trauma and the development of pneumonia in our study.

Enteral nutrition is preferred more in ICU units to improve 
compliance with mechanical ventilation, but it also 
increases the risk of ventilator-associated pneumonia (VAP)
[24]. Aspiration of gastric contents can lead to pneumonia 
in patients fed with a nasogastric tube[25]. In our study, only 
three patients had episodes of aspiration. However, a study 
tracking feeding products with fluorometry in patients 
with nasogastric tubes found at least one aspiration 
episode in 3/4 of the patients. In light of this information, 
our study showed that very few of the aspiration episodes 
that occurred in patients followed up in the ICU could be 
clinically detected. In addition, inflammation of the nasal 
mucosa in patients with nasogastric tubes can lead to more 
frequent maxillary sinusitis and pneumonia[26-28]. Bacteria 
colonized in the stomach of patients fed with nasogastric 
tubes can reach the lungs by ascending, potentially causing 
nosocomial pneumonia[29]. In line with this information, 
we found that pneumonia was significantly more common 
in patients with nasogastric tubes in our study, although 
there was no relationship between the type of nutrition 
and the development of pneumonia.

Another factor considered to contribute to pneumonia 
development is pre-hospital intubation. However, there 
are conflicting results regarding this factor. On the contrary, 
it has been reported that the most important factor for 
pneumonia development is aspiration before intubation, 
rather than out-of-hospital intubation[6,16,30,31].

It is known that intubation bypasses the mucociliary 
clearance and leads to the development of pneumonia. Some 
studies have reported a higher incidence of pneumonia 

in patients who are intubated at the scene before arriving 
at the hospital[6,30]. However, there are also publications 
suggesting that the site of intubation is not associated with 
pneumonia but that aspiration occurring before intubation is 
a risk factor for pneumonia development[16,31]. In our study, 
in line with the literature, pneumonia was significantly more 
common in patients who were intubated and followed[28]. 
However, there was no relationship found between patients 
being intubated in the field or in the hospital and the 
development of pneumonia.

Sedative agents given to patients in the ICU to improve 
compliance with mechanical ventilation can suppress host 
defense mechanisms such as cough and also contribute to 
pneumonia development due to their immunosuppressive 
effects[32]. In line with the literature, our study found a 
relationship between sedation and the development of 
pneumonia[19]. In our study, we found that patients who 
developed pneumonia had a lower Glasgow Coma Scale 
score compared to other patients, although this difference 
was not statistically significant. The Glasgow Coma Scale, 
used to assess the level of consciousness of patients, has 
been reported to be associated with the development of 
pneumonia in studies in the literature[5,6,33]. However, 
our study obtained a different result due to the relatively 
higher Glasgow Coma Scale scores of patients in the study 
group and the fact that even in patients with pneumonia, 
the median Glasgow Coma Scale score was above 8, which 
is the intubation threshold.

In our study, we did not find a significant relationship 
between other risk factors for pneumonia development, 
such as surgery within the first 24 hours and massive 
blood transfusion[6,34]. Scoring systems used to determine 
the severity of trauma, such as ISS and SAPS2, have been 
examined in many studies to determine whether they are 
a risk factor for pneumonia development, with different 
results[6,18,19,28,31]. In our study, while the SAPS2 score 
was significantly higher in patients who developed 
pneumonia, there was no significant difference in the ISS 
score. We believe that the SAPS2 score is a better predictor 
of pneumonia risk in trauma patients.

It is well-known that as the duration of mechanical 
ventilation increases, the risk of pneumonia development 
also increases[35]. Many studies have shown that 
ventilator-associated pneumonia prolongs ICU and hospital 
stays and the duration of mechanical ventilation[6,10,23,36]. 
Similarly, our study found that patients who developed 
pneumonia had significantly longer ICU stays, hospital 
stays, and mechanical ventilation durations.
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We estimated the risk of hospital-acquired pneumonia 
to be 5% for each day. The risk peaked twice, on the 5th 
and 20th days. The decreasing risk suggests that high-risk 
patients develop pneumonia early, while other patients 
have a lower risk of pneumonia. Studies have shown that 
the first week is the highest-risk period for pneumonia 
development[37,38].

We evaluated the risk factors contributing to the 
development of pneumonia using the Cox proportional 
analysis, which takes into account patients who either 
passed away during follow-up or were discharged[38]. As a 
result of this analysis, we found that mechanical ventilation, 
regardless of its duration, was an independent risk factor 
for pneumonia development (p<0.001, HR: 3.9, 95% CI 
1.53-9.95).

The main limitation of our study is that it was conducted 
retrospectively and the medical records before 
hospitalization were inadequate. For example, the 
presence of any foreign body in the mouth after trauma, 
micro aspirations, or asymptomatic aspirations could not 
be detected. Therefore, national databases need to be 
established to access information about patients for whom 
sufficient medical history cannot be obtained more quickly 
and easily.

Conclusion
In our study, we demonstrated that nasogastric tube 
placement, sedative drug use, intubation, and SAPS2 score 
were associated with the development of pneumonia, while 
mechanical ventilation was identified as an independent 
risk factor for pneumonia development. We also found 
that the risk of pneumonia development was highest on 
the 5th day in patients followed up in the ICU after trauma. 
We believe that to prevent the development of pneumonia 
in the ICU, patients should be separated from mechanical 
ventilation as soon as possible, and the use of sedative 
agents and nasogastric tube placement should be reduced 
to lower pneumonia rates.
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