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tilator-associated pneumonia (VAP) than survivors (67.9 vs. 
40.4%; p < 0.001). A high Rotterdam CT score (OR 2.062; p < 
0.001) and a high APACHE II score (OR 1.219; p < 0.001) were 
identified as independent predictors of early TBI-related 
mortality.  Conclusion:  Patients who had TBI with a high Rot-
terdam score and a high APACHE II score were at higher risk 
of 28-day mortality. VAP was a very common complication 
of TBI and was associated with an early death and higher 
mortality in the subgroup of patients with a GCS  ≤ 8. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Severe traumatic brain injury (TBI) is a heterogeneous 
disease with respect to its causes, severity, pathology and 
prognosis  [1] . It contributes to a large proportion of 
death, disability and cost related to injury treatment 
worldwide  [2, 3] . While the incidence and causes of TBI 
vary between countries, mortality remains high world-
wide  [4] . 

  The incidence of polytrauma remains high in many 
countries, particularly in older populations  [4] . Severe 
TBIs are usually associated with injuries of other body 
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 Abstract 

  Objective:  This paper aims to assess the impact of co-injuries 
and consequent emergency surgical interventions and nos-
ocomial pneumonia on the 28-day mortality of patients with 
severe traumatic brain injuries (TBIs).  Subjects and Methods:  
One hundred and seventy-seven patients with TBI admitted 
to the emergency trauma intensive care unit at the Clinical 
Center of Serbia for more than 48 h were studied over a 
1-year period. On admission, the Glasgow Coma Scale (GCS), 
Injury Severity Score (ISS) and Acute Physiology and Chronic 
Health Evaluation II score (APACHE II) were calculated. At ad-
mission, an isolated TBI was recorded in 45 of the patients, 
while 44 had three or more co-injuries.  Results:  Of the 177 
patients, 78 (44.1%) died by the end of the 28-day follow-up 
period. They had a significantly higher ISS score (25 vs. 20;
p = 0.024) and more severe head (p = 0.034) and chest (p = 
0.013) injuries compared to those who survived. Nonsurvi-
vors had spent more days on mechanical ventilation (9.5 vs. 
8; p = 0.041) and had a significantly higher incidence of ven-
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regions  [5] , and emergency surgical interventions are of-
ten required. This leads to prolonged recovery periods, 
prolonged stays in intensive care unit (ICU) and longer 
durations of mechanical ventilation (MV)  [6] , all of which 
inevitably influence the incidence of in-hospital com-
plications. In addition, age and comorbidities, such as 
cardiac and metabolic diseases, can often influence the 
course of patient treatment. 

  Patients with severe injuries are at high risk of acquir-
ing a nosocomial infection, particularly hospital-acquired 
pneumonia and ventilator-associated pneumonia (VAP), 
due to prolonged MV  [7] . Moreover, VAP significantly 
increases the stay in the ICU and hospital, and is directly 
linked to a worse outcome  [8] . Hospital-acquired pneu-
monia can even influence the global outcome after 5 years 
following severe TBI hospital-acquired pneumonia  [9–
11] . 

  Therefore, we investigated the impact of extracranial 
injuries, emergency surgical interventions and pneumo-
nia due to MV on the 28-day mortality of patients with 
TBI and identified which admission variables were inde-
pendent predictors of an early death following TBI re-
quiring MV.

  Subjects and Methods 

 Design and Sample 
 A prospective cohort study was conducted at the Emergency 

Department, Clinical Center of Serbia, which is the sole adult ter-
tiary care trauma center serving the southern and central areas of 
Serbia. The inclusion criteria were: (a) all patients were admitted 
to the ICU between January 2013 and December 2013 and (b) they 
were diagnosed with TBI, either isolated or with one or more ex-
tracranial injuries and required MV. The exclusion criteria were: 
(a) <18 years of age; (b) recorded gastric aspiration; (c) antibiotic 
therapy in the previous 90 days; (d) recent hospitalization; (e) res-
idence in a nursing home or extended care facility; (f) home ther-
apy (including antibiotics and wound care); and (g) underlying 
malignancy. The study was approved by University of Belgrade, 
Medical School Institutional Review Board. 

  Subjects 
 The study population comprised 177 patients (142 males and 

34 females) with TBI; 45 with isolated TBI and 132 with addition-
al injuries. Fifty-four patients were  ≥ 65 years old, and 82 present-
ed with comorbidities, among which cardiac disease was the most 
common.

  Data Variables and Outcomes 
 On admission, data regarding the patients’ sociodemographic 

characteristics, comorbidities and the distribution of trauma by 
system were recorded. The Glasgow Coma Scale (GCS), Acute 
Physiology and Chronic Health Evaluation II score (APACHE II), 
and trauma scores [Abbreviated Injury Scale (AIS) and Injury Se-

verity Score (ISS)] were calculated on admission (B.J. and J.A.). The 
GCS was calculated at the first contact with medical services before 
intubation and sedation (before hospital admission or at admis-
sion). The same value was added to the APACHE II score if the 
patients were intubated and sedated at ICU admission. The Mar-
shall and Rotterdam scores were calculated (B.J. and P.G.). Data 
concerning surgical interventions, clinical, laboratory and radio-
graphic data were reviewed daily from the patients’ medical docu-
mentation. Chest X-rays were interpreted (K.D. and V.B.). All pa-
tients were managed following the standardized protocol of the 
American Thoracic Society  [12]  if pneumonia was suspected. Our 
institution implements the Brain Trauma Foundation treatment 
guidelines for TBI. We also have a restrictive transfusion practice 
due to recommendations with a restrictive hemoglobin transfusion 
trigger of <8 g/dl and transfusion decisions guided by risk and ben-
efit analysis for each patient with emergency neurosurgical inter-
vention, whose efficacy has been studied before  [13, 14] . 

  Table 1. General and clinical characteristics of patients with trau-
matic brain injury (n = 177)

Male 142 (80.2)
Female 35 (19.8)
Median age (IQR) 50 (37)

18 – 25 years 27 (15.3)
26 – 45 years 40 (22.6)
46 – 65 years 56 (31.6)
>65 years 54 (30.5)

Number of comorbidities
0 95 (53.7)
1 50 (28.2)
2 19 (10.7)
≥3 13 (7.3)

Type of comorbidities 82 (46.3)
Cardiac disease 50 (28.2)
Diabetes mellitus 18 (10.2)
Chronic alcohol abuse 11 (6.2)
Epilepsy 9 (5.1)
Chronic renal failure 9 (5.1)
Chronic liver disease 7 (4.0)
Chronic obstructive pulmonary disease 4 (2.3)
Immunodeficiency 4 (2.3)
Drug addiction 4 (2.3)
Asthma 2 (1.1)
Psychiatric disease 2 (1.1)
Hematologic disease 1 (0.6)
Restrictive lung disease 1 (0.6)
Neurologic disease 1 (0.6)
Endocrine disease 1 (0.6)

Median APACHE II (IQR) 15 (9)
Median GCS (IQR) 8 (6)

GCS ≤8 105 (59.3)
GCS 9 – 12 46 (26.0)
GCS ≥13 26 (14.7)

Values are n (%), unless otherwise indicated.
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  Definitions 
 TBI was defined as primary blunt injury induced by mechanical 

force such as traffic and motorcycle accidents that caused tempo-
rary or permanent neurological dysfunction. TBI was diagnosed 
and estimated by clinical examinations of the level of conscious-
ness using scoring systems, CT imaging and the assessment of oth-
er vital parameters such as intracranial pressure.

  The ISS is an anatomical scoring system that provides an overall 
score for patients with multiple injuries. Each injury is assigned an 
AIS for one of six body regions: head, face, chest, abdomen, extrem-
ities and external. Only the highest AIS score in each body region 
was used. The scores of the three most severely injured body regions 
were squared and added together to produce the ISS score. The GCS 
is a neurological scale that aims to record the level of conscious state 
of a person for initial as well as subsequent assessment. The scale is 
composed of three tests: eye, verbal and motor responses. The 
APACHE II is a severity-of-disease classification system applied 
within 24 h of admission of a patient in an ICU. The Marshall CT 
classification score is a descriptive tool with three variables: presence 
of mass lesion, status of perimesencephalic cisterns and degree of 
midline shift in six categories (diffuse injury I to IV, evacuated mass 
lesion and nonevacuated mass lesion). The Rotterdam CT score is a 
six-month mortality outcome prediction score using the following 
variables: basal cisterns, midline shift, epidural mass lesion and in-
traventricular blood or traumatic subarachnoid hemorrhage.

  The VAP is diagnosed when new, persistent pulmonary infil-
trates, not otherwise explained, appear on chest X-rays >48 h after 
admission in the ICU and when there are one systemic or two pul-
monary criteria. The systemic criteria were: fever >38   °   C, leucope-
nia (count <4,000 white blood cells/mm 3 ) or leucocytosis (count 
>12,000 white blood cells/mm 3 ); for adults >70 years, the systemic 
criteria also included altered mental status of no other recognized 
cause. The pulmonary criteria were: new onset of purulent sputum 
(or a change in the character of the sputum, increased respiratory 
secretions or increased suctioning requirements), worsening gas 
exchange (desaturations, increased oxygen requirements or in-
creased ventilator demand), new-onset or worsening cough, and 
dyspnea or tachypnea and rales or bronchial breath sounds  [15] . A 
positive chest X-ray was defined as a progressive or new infiltrate, 
consolidation, pleural effusion or cavitation. Sputum change is de-
fined as the new onset of purulent sputum or a change in the char-
acter of the sputum  [15] . 

  Statistical Analysis 
 For continuous variables, the Kolmogorov-Smirnov test was 

used to assess the assumption of normality. Based on this, con-
tinuous data are presented as the median with the interquartile 
range (IQR), and a comparison between survivors and nonsurvi-
vors was performed using the nonparametric Mann-Whitney U 
test. Categorical data are presented as numbers and percentages 
and were compared using Pearson’s χ 2  test or Fisher’s exact test. 
Logistic regression was performed to investigate which of the ad-
mission variables were significant predictors of 28-day mortality. 
Variables regarding patients’ characteristics (age, sex and comor-
bidities), injury characteristics and severity (type and number of 
injuries, injured body regions, AIS and ISS), number and localiza-
tion of surgical procedures and clinical condition on admission 
(GCS, CT scan scores and APACHE II) were first analyzed in uni-
variate logistic regression analysis. Variables that were associated 
with 28-day mortality at a significance level <0.1 in the univariate 

analysis were entered into a multivariate model, and stepwise lo-
gistic regression was performed. ORs with 95% CIs were comput-
ed, and the Hosmer-Lemeshow goodness-of-fit test was performed 
to assess overall model fit. Measures of discrimination (Nagelkerke 
r2 and area under the receiver operating characteristic curve) were 

  Table 2. Trauma distribution and severity by body region, surgical 
procedures and outcomes in patients with traumatic brain injury

Injuries
Isolated TBI 45 (25.4)
Combined TBI

TBI+1 56 (31.6)
TBI+2 32 (18.1)
TBI+≥3 44 (24.9)

Injury by system
Face 76 (42.9)
Thorax 73 (41.2)
Abdomen 29 (16.4)
Extremities/pelvis 64 (36.2)
Spine 29 (16.4)

Severity of injury
AISHead score ≥3 119 (67.2)
AISFace score ≥3 45 (25.4)
AISThorax score ≥3 39 (22.0)
AISAbdomen score ≥3 16 (9.0)
AISExtremities/Pelvis score ≥3 43 (24.3)
AISSpine score ≥3 4 (2.3)

ISS
<9 21 (11.9)
9 – 15 32 (18.1)
16 – 24 52 (29.4)
25 – 75 72 (40.7)

Median ISS (IQR) 20 (20)

Surgical procedures 123 (69.6)
Number of surgeries

0 54 (30.4)
1 86 (48.6)
2 29 (16.4)
≥3 8 (4.6)

Emergency neurosurgical intervention 61 (34.5)
Craniotomy 38 (62.3)
Craniectomy 6 (9.8)
Craniectomy with duroplasty 4 (6.6)
Bifrontal decompressive craniectomy 3 (4.9)
Subtemporal decompression 4 (6.6)
Elevation and debridement of depressed 

skull fractures 6 (9.8)

Clinical outcomes
Median ICU LOS (IQR), days 11 (9)
Median MV (IQR), days 9 (6)
VAP 93 (52.5)
28-day mortality 78 (44.1)

Values are expressed as n (%), unless otherwise indicated.
LOS = Length of stay.
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calculated for all regression models. All statistical tests were two-
sided and were performed at a 5% significance level. Statistical 
analyses were performed using SPSS version 20.0 software (SPSS 
Inc., Chicago, Ill., USA).

  Results 

 Patients’ Characteristics 
 The general and clinical characteristics of the study 

population are summarized in  table 1 . The median age 
was 50 years [IQR = 37 (range: 19–75)]. 

  Injury-related characteristics, undertaken operative 
procedures and clinical outcomes of the study popula-
tion during the ICU treatment are shown in  table 2 . The 

TBI plus one additional injury was the most common 
injury pattern: 56 (31.6%); TBI alone: 45 (25.4%) and 
TBI plus three or more additional injuries: 44 (24.9%). 
The face and thorax were the most common additional 
systems injured, encountered in 76 (42.9%) and 73 
(41.9%) of the patients, respectively. Considering the se-
verity of the injuries, the head was the most severely in-
jured body region because 119 (67.2%) of patients had 
an AIS head score  ≥ 3. One hundred and twenty-three 
(69.5%) were subject to one or more surgical procedure, 
most commonly only one (48.6%), while emergency 
neurosurgery interventions were done in 61 (34.5%) pa-
tients. The most common one was craniotomy in 38 
(62.3%) patients. 

Died Alive p value
(n = 78) (n = 99)

Injuries
Median GCS (IQR) 6.5 (5) 8 (6) 0.002

GCS ≤8 55 (70.5) 50 (50.5) 0.022
GCS 9 – 12 16 (20.5) 30 (30.3)
GCS ≥13 7 (9.0) 19 (19.2)

Number of injured body regions
Isolated TBI 22 (28.2) 23 (23.2) 0.322
TBI+1 19 (24.4) 37 (37.4)
TBI+2 15 (19.2) 17 (17.2)
TBI+≥3 22 (28.2) 22 (22.2)

Injury by system
Face 29 (37.2) 47 (47.5) 0.170
Thorax 38 (48.7) 35 (35.4) 0.073
Abdomen 14 (17.9) 15 (15.2) 0.618
Extremities 30 (38.5) 34 (34.3) 0.571
Spine 14 (17.9) 15 (15.2) 0.618

Severity of injuries
AISHead score ≥3 59 (75.6) 60 (60.6) 0.034
AISFace score ≥3 18 (23.1) 27 (27.3) 0.524
AISThorax score ≥3 24 (30.8) 15 (15.2) 0.013
AISAbdomen score ≥3 6 (7.7) 10 (10.1) 0.579
AISExtremities score ≥3 23 (29.5) 20 (20.2) 0.153
AISSpine score ≥3 3 (3.8) 1 (1.0) 0.322

Median ISS (IQR) 25 (20) 20 (14) 0.024

CT scores
Mean Marshall grade ± SD 3.6 ± 1.54 3.29 ± 1.55 0.187
Marshall grade categories

I 3 (3.8) 7 (7.1)
II 25 (32.1) 41 (41.4)
III 12 (15.4) 9 (9.1)
IV 6 (7.7) 3 (3.0)
V 38 (38.4) 23 (29.5) 0.216
VI 8 (10.3) 3 (3.0)

Mean Rotterdam score ± SD 3.54 ± 1.17 2.53 ± 1.03 <0.001

Died Alive p value
(n = 78) (n = 99)

Rotterdam score categories
1 1 (1.3) 10 (10.1)
2 13 (16.7) 47 (47.5)
3 29 (37.2) 30 (30.3)
4 18 (23.1) 6 (6.1)
5 12 (15.4) 4 (4.0)
6 5 (6.4) 2 (2.0)  

Surgical procedures
Number of surgeries

0 28 (35.9) 26 (26.3) 0.534
1 34 (43.6) 52 (52.5)
2 13 (16.7) 16 (16.2)
≥3 3 (3.8) 5 (5.1)

Operated body regions
Head 23 (29.5) 38 (38.4) 0.216
Face 21 (26.9) 32 (32.3) 0.436
Thorax 2 (2.6) 0 (0.0) 0.193
Abdomen 10 (12.8) 10 (10.1) 0.570
Extremities 15 (19.2) 18 (18.2) 0.859
Spine 0 (0.0) 0 (0.0) NA

Emergency neurosurgical intervention 23 (29.5) 38 (38.4) 0.216
Craniotomy 15 (65.2) 23 (60.5) 0.983
Craniectomy 2 (8.7) 4 (10.5)
Craniectomy with duroplasty 2 (8.7) 2 (5.3)
Bifrontal decompressive

craniectomy 1 (4.3) 2 (5.3)
Subtemporal decompression 1 (4.3) 3 (7.9)
Elevation and debridement of

depressed skull fractures 2 (8.7) 4 (10.5)

Clinical outcomes
Median ICU length of stay (IQR), days 10 (8) 12 (12) 0.031
Median MV, days (IQR) 9.5 (6) 8 (6) 0.041
VAP 53 (67.9) 40 (40.4) <0.001

 Table 3.  Association of injury distribution and severity, surgeries and clinical outcomes with 28-day mortality in patients with trau-
matic brain injury

 Values are expressed as n (%), unless otherwise indicated. LOS = Length of stay; NA = not applicable.

http://dx.doi.org/10.1159%2F000447566


 Mortality of Blunt Traumatic Brain Injury Med Princ Pract 2016;25:435–441
DOI: 10.1159/000447566

439

  Ninety-three patients (52.5%) had developed VAP 
during the ICU stay. The median days spent in the ICU 
and on MV were 11 and 9 days, respectively.

  Comparison of Survivors and Nonsurvivors 
 Up to the 28th day of follow-up, 78 (44.1%) patients 

died: 60 males and 18 females. The injury- and surgery-
related characteristics, as well as the frequency of clini-
cally relevant outcomes, of the survivors and nonsurvi-
vors are summarized in  table 3 . There was a significant 
difference in the ISS score (p = 0.024), ICU length of stay 
(p = 0.031), length of MV (p = 0.041) and frequency of 
VAP (p < 0.001) between the survivors and nonsurvivors 
( table 3 ). Patients who died before the 28th ICU day had 
a significantly lower initial GCS (p = 0.02). They also had 
substantially more severe head and thoracic injuries and 
were more severely injured as indicated by a higher ISS 
(median: 25 vs. 20, p = 0.024). The Rotterdam CT score 
was significantly higher in patients who died (mean: 3.54 
vs. 2.53, p < 0.001). 

  Nonsurvivors spent more days on MV (median: 9.5 vs. 
8 days, p = 0.041) and more frequently had VAP than sur-
vivors (67.9 vs. 40.4%). Patients who died spent fewer 
days in the ICU than those who survived (median: 10 vs. 
12 days, respectively; p = 0.031).

  Predictors of Early TBI-Related Mortality 
 Univariate logistic regression analysis showed that 

age, GCS, Rotterdam CT score, the presence of a comor-
bidity or cardiac disease, an AIS score for the head and 
thorax  ≥ 3, and ISS and APACE II scores were signifi-
cantly associated with the 28-day mortality following 
TBI. However, only the Rotterdam score and APACHE II 
remained significant predictors of early TBI-related death 

in the multivariate logistic model. Specifically, patients 
who had TBI and admission to the ICU presented with a 
higher Rotterdam score or had a higher APACHE II 
score, thus 2.1 and 1.2 higher odds for experiencing a fa-
tal outcome, respectively. The Nagelkerke r2 for the final 
model was 0.439, and the area under the receiver operat-
ing characteristic curve was 0.845 (95% CI 0.787–0.903;
p < 0.001). The model fit the data properly since the Hos-
mer-Lemeshow test was nonsignificant (p = 0.126). The 
results of the univariate and multivariate logistic regres-
sion analyses are shown in  table 4 . 

  The impact of VAP on mortality rates in patents with 
different GCS and APACHE II scores are presented in 
 figure 1  and  2 , respectively. Patients who developed VAP 
had almost two-fold higher mortality than those who did 
not, even in the group with a GCS  ≤ 8 (25.5% vs. 47.6), 
and lower APACHE II scores. Mortality in patients with 
VAP was two times higher compared with those without 
VAP in a group of patients with a GCS >8 (p = 0.067).

  Discussion 

 The TBI-related 28-day mortality rate was 44.1%, 
which is slightly higher compared to other studies  [16, 
17] . In this study, the number of co-injuries was signifi-
cant due to influence of attributive mortality in TBI. This 
finding is consistent with the overall mortality rate of pa-
tients with severe TBI worldwide, which has not de-
creased since 1990 despite the introduction of evidence-
based guidelines for the management of TBI  [17] . In our 
study, the median age of 50 years, and 28.2% of the pa-
tients with cardiac disease, is consistent with a significant 
shift towards the older patients as had been observed in 

  Table 4. Predictors of traumatic brain injury-related 28-day mortality

Univariate  Multivariate

OR 95% CI p value O R 95% CI p value

Age 1.032 1.016–1.049 <0.001
GCS <8 2.831 1.462–5.482 0.002
Rotterdam CT score 2.294 1.663–3.163 <0.001 2.062 1.448–2.937 <0.001
Comorbidities 1.969 1.073–3.612 0.029
Cardiac disease 3.302 1.672–6.519 0.001
AISHead score ≥3 2.413 1.224–4.758 0.011
AISThorax score ≥3 2.208 1.073–4.541 0.031
ISS 1.033 1.009–1.058 0.007
APACHE II 1.249 1.161–1.343 <0.001   1.219 1.132–1.313 <0.001
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other studies  [17, 18] , and a high incidence of comorbid-
ities has a negative influence on the outcome following 
TBI  [4] . However, younger patients had a higher injury 
score due to higher incidence of traffic accidents in our 
country (car, motorcycle).

  Almost 75% of the patients in our study had one or more 
co-injuries, predominantly to the face, thorax and extrem-
ities, a common injury pattern in our country. Moreover, 
two thirds of the patients had severe brain injury with an 
AIS  ≥ 3. Thoracic trauma with an AIS of  ≥ 3 influenced the 
outcome. Severe rib fractures were usually associated with 
pulmonary contusions that influenced the diagnostic and 
therapeutic strategies during initial treatment  [17] . The 
overall severity of trauma was greater in patients who died 
during the first 28-day period (median ISS, 25) than in 
those who survived (median ISS, 20). However, trauma 
scoring systems are suboptimal for the prediction of out-
come in TBI patients  [14] . Patients presenting with a lower 
GCS on admission had a higher mortality rate.

  In this study, 52.5% high incidence of VAP in the TBI 
population could be due to tracheal colonization, which 
had been identified as a risk factor for the development of 
pneumonia in patients with TBI. Consequently, the in-
jury might induce immunity suppression  [19–23] . In 
head-trauma patients, the consequences of early-onset 
pneumonia are particularly deleterious because they oc-
cur during the most important days of care of TBI, and 
early-onset pneumonia must be properly prevented. 
Hence, patients with a higher GCS and co-injuries spent 

more days on MV, leading to a higher incidence of VAP, 
as shown in this study.

  The severity of trauma reflected the median ICU stay, 
which was lower for nonsurvivors, with almost equal days 
on MV, indicating no MV-free days. In contrast, survi-
vors had more ICU days due to the recovery period with 
MV-free days  [24] .

  In our study, the Rotterdam CT score appeared to be a 
significant independent predictor of 28-day mortality in 
severe TBI patients in multivariate analysis. Moreover, the 
prognostic values of the Marshall and Rotterdam CT 
scores in our study were similar, as described earlier  [25] . 
Although the GCS was not independently associated with 
28-day mortality in our study, the mortality rate was al-
most two-fold higher in patients with a GCS >8, indicating 
that the GCS is a less reliable predictor of fatal outcome.

  Conclusion 

 In this study, patients with severe TBI and associated 
injuries had a high mortality rate. The severity of head 
and chest injuries had a significant impact on the 28-day 
mortality, but the number and type of surgical interven-
tions did not. This subgroup of patients with TBI and 
chest co-injuries was at very high risk of the development 
of VAP. Patients with a higher Rotterdam score or a high 
APACHE II score had 2.1 and 1.2 higher odds to experi-
ence a fatal outcome, respectively.
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