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Severe thoracic trauma (TT) has a significant impact on the selection of treatment strategy in patients with
polytrauma. Our aim was to assess the impact of severe TT on choosing the optimal surgical procedure to de-
crease mortality.

Overall, 66 patients with polytrauma and significant TT were analyzed. Demographic data, trauma history, ad-
mittance imaging, injury details, injury severity scores, conservative treatment, surgical treatment, days of hos-
pital stay, and mortality data were gathered. Frequencies of thoracic surgical procedures and other treatments
were collected and compared with those in the literature.

All patients had Abbreviated Injury Scale (AIS) scores of thorax >3. Injuries to extremities and/or the osseous
pelvis accounted for 50% of injuries; 47.0% included the head and/or neck; 45.5% were external injuries; and
27.3% were abdominal injuries or included pelvic organs and/or lumbar spine. Mean prehospital time was 40.3
min. Mean time from trauma occurrence to tertiary treatment was 125 min. Blunt TT (BTT) was recorded in 59
patients (89.4%), and penetrant TT (PTT) was recorded in 7 patients (10.6%). Thoracic drainage, urgent tho-
racotomy and laparotomy were recorded procedures. The mean Injury Severity Score (ISS) of all patients was
31.17. Nine patients died (13.6%) and had BTT with a mean ISS of 48.44. The Trauma Injury Severity Score for
BTT injuries was 77.08% and for PTT, 85.6%.

Factors that decreased hospital stay and mortality and increased survival included arriving in time after injury,
aggressive reanimation/intensive care, and mandatory thoracic surgical procedure combined with laparotomy.
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Background

Severe thoracic trauma (TT) has a significant impact on the
selection of treatment strategy for patients with polytrauma.
Patients with severe TT have a higher probability of having
complexities and mortality than do patients with the same se-
verity score but without accompanying TT [1-4]. Patients with
severe TT also need longer mechanical ventilation [2-4]. On
average, TT occurs in 15% to 20% of injuries [2,3], with blunt
TT (BTT) being the most frequent type of trauma. Frequent
causes of TT are traffic accidents, falls, and other injuries [3,4].

The influence of TT on the entire clinical picture of polytrau-
ma creates a dilemma of selecting the correct surgical and in-
tensive care procedures [5]. For instance, TT hypoxemia is a
major contributor to developing multiple organ failure, and
patients with TT hypoxemia might need intubation and posi-
tive pressure ventilation [6]. Moreover, the intercostal tube is
required in cases of fractured ribs and pulmonary contusions
with chest wall fractures [7,8]. Reanimation is usually also done
during advanced trauma life support as an important option to
ensure the correct treatment in patients with polytrauma [4].
Meanwhile, thoracotomy is necessary as a definitive treat-
ment in only 10% to 15% of thoracic injuries. Recently, chest
computed tomography (CT) has been proposed as a diagnos-
tic tool to exclude occult injuries; therefore, the use of thora-
cotomies might decrease over time [9,10]. There is still contro-
versy over selecting the most appropriate treatment options
and surgical procedures. Owing to the application of different
procedures, the aim of this study was to identify the optimal
surgical treatment procedure in patients with polytrauma and
severe TT to decrease mortality.

Material and Methods

The study was conducted at the University Clinical Center of
Kosovo (UCCK) in Pristina, which also serves as a tertiary cen-
ter of trauma, admitting patients to the Emergency Department
(ED), Intensive Care Unit (ICU), and Surgical Clinic, including
the Orthopedy and Traumatology departments.

The data were collected retrospectively from the records of
patients with polytrauma and significant TT who were ad-
mitted to the center during a period of 2 years, from January
2010 to December 2011. The records included demographic
data, such as patient age and sex, analysis of time as a fac-
tor of clinical procedures (tertiary adequate aid), analysis of
the Revised Trauma Score (RTS) at admission and the Injury
Severity Score (ISS). The patients were scored according to
the RTS physiologic score and Abbreviated Injury Scale (AIS-
90) anatomic score. The AIS-90 score was used for calculating
the ISS by summarizing the square of 3 most severe injuries
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on 3 different anatomic regions with the following formula:
ISS=(AIS thorax1)%+(AIS2)2+(AIS3)2.

The patient records also included the probability of surviv-
al, which was analyzed using the Trauma and Injury Severity
Score (TRISS) after calculating the ISS, RTS and age, accord-
ing to the nature of the injury (blunt or penetrating trauma).

The inclusion criteria were as follows: mechanism of thoracic
injury of patients with severity ISS >16; AIS thorax >3 and AIS
head and neck <2; analysis of imaging (chest X-rays or com-
puted tomography [CT]) within the “golden hour” (1 h from
injury) or later and its impact on definitive results; analysis of
mandatory treatment, including surgery, such as thoracosto-
my tube drainage/thoracotomy and laparotomy, or reanima-
tion; relation of epicrisis/clinical decursus vs the ISS, RTS and
TRISS. This study excluded patients with burn injuries from
chemical substances, patients with polytrauma without signif-
icant TT (AIS thorax <3, AlS head/neck >2, and ISS <16), and
patients with thoracic monotrauma.

Statistical analyses of the data were performed using SPSS
version 21 (IBM, Armonk, NY, USA). The t test or ANOVA were
used when variables were normally distributed. In the case of
abnormally distributed variables, the Mann-Whitney test was
used. Statistical significance was set at P<0.05.

Results

Overall, 8563 patients with trauma were admitted to the UCCK in
2010 and 2011, with only 196 (2.29%) patients affected by poly-
trauma. Of them, 66 patients had severe thoracic injury, 59 (89%)
patients had BTT, and 7 (11%) patients had penetrating TT (PTT).
The mechanisms of injury in 63.6% of patients were traffic acci-
dents (51.5% as drivers/passengers and 12.1% as pedestrians)
and in 10.6% were weapon assaults (7.6% firearms and 3.0% cold
weapons). Other cases included falls and accidents during work.

The mean age of patients was 46.1 years, with most patients
in the age group of 60 to 69 years (Figure 1). The distribution
of sex was 51 men (77.3%) and 15 women (22.7%). All pa-
tients had thoracic injury with an AIS thorax score >3, accord-
ing to the severity of trauma. The anatomical regions of inju-
ries are presented in Table 1.

The average prehospital time, or golden hour, was 40.3+20.9
min. Prehospital times were divided into 4 groups, according
to the RTS, ranging from a minimal recorded score of 5 to a
maximal recorded score of 12: RTS of 5-6, 7-8, 9-10, and 11-12.
There was a statistically significant difference in prehospital
time (P=0.042). The longest prehospital time was observed in
the RTS 11-12 group (Table 2). Female patients had a higher
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Figure 1. Distribution of patients according to
age groups (SPSS version 21, IBM,
Armonk, NY, USA).
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Table 1. Basic characteristics of patients at admission with anatomical regions of injuries.

Characteristic n (SD/%)

Age (years) 46.1+£11.2
Csex
"""" Mae 51 .(73%
"""" Female 15 Q27%)
e 18

Mean RTS 10.6+1.8
Meantiss 12827
MeanGsc 116837
MeanSAP(mmHg 11031254
MeanRFG) 60
Hematocrit 359157

Endotracheal intubation 37 (56.1%)

Characteristic n (SD/%)

Chest X-ray 57 (86.4%)

Time of stay in ICU (days) 15.5+22.8
pnatomicregon
”””” Headand/orneck 31 (47.0%)
”””” Face 105%)
© Thoraxand thoracicspine 66 (100.0%)

Abdomen and pelvic content and/or
lumbar spine

External (skin) 30 (45.5%)

SD - standard deviation; RTS — Revised Trauma Score; ISS — Injury Severity Score; GSC — Glasgow Coma Scale; SAP — systolic arterial

pressure; RF — respiratory frequency; ICU — Intensive Care Unit.

RTS, on average, than male patients, but the difference was not
statistically significant (data not shown) (Figure 2). However,
sex showed a difference in the time from the occurrence of
injury to arrival in tertiary care (Mann-Whitney test, U=850,
P=0.002), which for men was 99.4 min (£124.6 min) and for
women was 236.4 min (£280.0 min).

Table 3 shows the surgical procedures that were undertaken
as treatment options in our center. A thoracic drain was need-
ed by most patients, followed in frequency by abdominal sur-
gery. Early CT of the chest within 1 h after injury occurred in
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1 patient with urgent thoracotomy, 15 patients with thoracic
drainage, 4 patients with urgent laparotomy, 2 patients with
orthopedic immobilization, and 2 patients with a counter in-
dication for thoracic drainage (minimal hemothorax and min-
imal pneumothorax). BTT was registered in 59 (89.4%) pa-
tients with the following mechanisms: traffic accidents in 42
patients (63.3%), falls in 11 (16.7%) patients, injuries during
work in 6 (9.1%) patients. PTT occurred in 7 patients (10.6%).

Thoracic drainage was used in 43 (65.1%) patients, urgent
thoracotomy in 5 patients (7.6%), bundling together in 48
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Table 2. Prehospital time by 4 Revised Trauma Score groups.

Revised Trauma Score group

ANOVA F=3.68, P=0.042
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Figure 2. Distribution of Revised Trauma Score of patients according to patient sex (SPSS version 21, IBM, Armonk, NY, USA).
Table 3. Surgical procedures conducted in patients with (72.7%) patients with thoracic surgical treatment. Drainage
polytrauma. lasted an average of 7.4+3.5 days. Laparotomy was conduct-
ed in 9 patients (13.6%).
Surgical procedure n (%)

Urgent thoracotomy 5 (7.6%) The mean amount of blood after initial drainage was 411+442.3
Abdl """"" t """"""""""""""""""" 9 136°/ """"""" mL. Four hours after drainage, the mean amount of blood was
,,,,,,,,, om'naOPeralon(°) 275+170.8 mL. Six patients were given blood from 1 to 8 dos-

Thoracic drainage 36 (54.5%) es of fresh plasma (mean amount was 4 doses). Six patients

Thoracic drainage, bilateral 7 (10.6%) were given 1 to 3 doses of fresh plasma (mean amount was
R e 1.8 doses).

Maxillofacial surgery 1 (1.5%)
~ Vascularsurgery 1 (15%) 77777777777 The outcome of surgical procedures resulted in 9 (13.6%) deaths.

Orthopedic surgery 1 (15%) One (1.5%) patient was in coma vigile (permanent vegetative
T state), 1 (1.5%) patient was still on mechanic ventilation at the

Immobilization 2 (3.0%)

time of analysis, 9 (13.6%) patients were transferred from the
thoracic surgery ward to other departments, and 46 (69.7%)
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Table 4. Relationship between Revised Trauma Score at admission and epicrisis.

Outcome

Coma vigile (n=1)

Total (n=66)

Mean RTS%SD Rank of RTS
10.0 10
80 s
oo osu P01
10.0+2.4 6-12
"""""" 31 712
"""""" 07¢18  s12

RTS — Revised Trauma Score; SD — standard deviation.

patients were released from the hospital (Table 4). The RTS
at admission was associated with different outcomes (F=14.1,
P<0.001). The mean value of the RTS was lower in patients who
died than in patients who were transferred to other departments
or released from the hospital (Table 4). The mean ISS of the 9
patients who died was 48.44. The calculated expected value of
the TRISS was 77.08% for BTT injuries and 85.6% for PTT injuries.

Discussion

Severe TT is a frequent cause of death in patients with poly-
trauma; however, studies have had contradictory results in
morbidity and mortality rates in such patients [11-13]. Severe
TT in patients with polytrauma has a significant influence on
choosing the right surgical strategy or treatment in EDs and
ICUs. Thus, the aim of this study was to observe the influence
of severe TT on the management of patients with polytrauma.
In our analysis, 66 patients with polytrauma and severe tho-
racic injuries with AIS thorax >3 were evaluated. Of the total,
51 patients (77.3%) were men and 15 (22.7%) were women,
indicating male sex is more prone to severe injuries.

The mean age of patients in our study was 46.1 years (£17.9).
By comparison, Vécsei et al investigated 501 patients with poly-
trauma, and a majority with BTT, who had a mean age of 37.7
years [14]. In a study by Chrysou et al [15], injuries were more
common among older adults, compared with the group of pa-
tients below 50 years of age. Moreover, in our study, 22.7% of
patients were between 60 and 69 years of age. The patients in
this age group needed special evaluation and treatment ow-
ing to the high mortality rate which follows such trauma. An
age of more than 50 years has been identified as an indepen-
dent predicting factor of mortality and morbidity in patients
with TT [16]. For instance, the probability of death increases
by 132% with every decade of age. Older adults with rib frac-
tures are also more prone to develop complications than are
younger patients [15]. Therefore, early surgical management
might prevent such conditions (eg, pneumonia) and conse-
quently also death in these individuals [17].
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More than half of our patients (n=39, 59.1%) needed treat-
ment in the ICU, which expressed the gravity or seriousness of
thoracic injury in our study. Patients with polytrauma with TT
had a significant extension of days on mechanical ventilation
(2 days vs 8 days) and stayed longer in the ICU (4 days vs 11
days), compared with the patients with polytrauma without TT
[18]. More than half of the patients in the study by Chrysou et
al [15] had chest tube thoracostomy (54.5%) and most were
admitted to the ED. However, only 10% of patients with poly-
trauma had surgical procedures for their chest injuries. Most
frequently this followed unsuccessful nonoperative treatment,
for instance unresolving pneumothorax, despite thoracic drain-
age. Furthermore, they had contradictory findings that the
severity of BTT, based on the AIS, did not correlate with the
hospital and ICU length of stay, the time of mechanical ven-
tilation, complications, and mortality rates [15]. The observa-
tions of Veysi et al were similar [19]. In contrast, Beshay et al
[20] showed that the severity of TT correlated with the hospi-
tal and ICU lengths of stay, the time of mechanical ventilation,
complications, and mortality rates. The findings of Beshay et
al agree with our results.

The RTS is ideal for immediate triage of the injured person
and is scored after admission. The TRISS indicates the prob-
ability of survival, which is calculated with the ISS, RTS, and
age of the patient. In the present study, the mean ISS of 66
patients was 31.17, and the mean ISS of 9 patients resulting
with exitus at admission or during clinical decursus was 48.44.
A high TTS »9, high AIS >3, and severe lung contusion have
been recorded as predictors of mortality and morbidity in pa-
tients with TT [16]. The present results confirmed the ISS as
an accurate score for death prediction. ISS is also a consis-
tent factor of risk for prediction of multiple organ failure after
injury [21]. Veysi et al [19] showed that patients with higher
scores had a higher risk of developing multiple organ failure,
higher morbidity, and mortality.

The mortality rate of our cohort was 13.6% (9 of 66 patients),
which is a much higher percentage than that of the cohort of
Chrysou et al [15], which had a mortality rate of only 5.5%.
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According to their report, no fatalities were correlated with TT,
which might have been owing to well-developed prehospital
trauma management, short traveling distances to the hospital
centers, and the readiness of healthcare teams. In the present
study, the mean prehospital time (golden hour) of our patients
was 40.3 min. Transportation of patients in such a short time
was possible because the maximal distance from all regional
hospitals to the Tertiary Center of Trauma in Kosovo is only
80 km. The time from injuries to definitive tertiary care was
on average 125 min, with 99.4 min in male patients and 236
min in female patients. Sex discrimination was observed to-
ward female patients, who were processed in a slower time.
This could be explained as a coincidence or a consequence of
the level of alarm and setting up for the respective injury. As
observed, a higher proportion of patients were men; therefore,
the severity of injuries was more serious when patient sex
was male. Time management is crucial in patients with high
ISS and AIS. Thoracic vascular and neurologic trauma are the
most common causes of death during the first hour after hos-
pital admission. The presence of an experienced interdisciplin-
ary trauma team is mandatory to ensure high-quality manage-
ment with low morbidity and mortality rates in these patients
[20]. This was confirmed in a study by Bary et al [16], where
morbidity and mortality rates in patients with TT showed di-
rect correlation with the severity of TT and the presence of a
thoracic surgeon as a part of the trauma team.

A CT scan of the thorax is recommended in the primary diag-
nostic evaluation of multiple injuries with suspicion of TT. The
aim of a CT scan is to reduce complications and increase im-
provement of results of polytraumatic patients with BTT. In the
present study, an early CT scan of the thorax within the gold-
en hour was performed as an early intervention in 1 patient
with urgent thoracotomy, 15 patients with thoracic drainage,
4 patients with urgent laparotomies, 2 patients requiring or-
thopedic immobilization, and 2 patients who were contrain-
dicated to thoracic drainage (minimal hemothorax and min-
imal pneumothorax). Two patients had a clear indication for
surgery: the first had an open traumatic pneumothorax and
the second had a median laparotomy. Sampson et al, who in-
vestigated 97 cases of pneumothorax detected with CT, found
12 were bilateral, 52 had a chest tube in situ, and 36 were not
detected on supine position of chest X-ray [22]. In the present
study, pneumothorax was detected in 30.3% of patients with
TT, hemothorax was detected in 34.9%, and hemopneumotho-
rax was detected in 34.8%. Hemopericardia was diagnosed in
2 patients (3%), pneumomediastinum in 2 (3%), widened me-
diastinum in 2 (3%), massive pleural fistula in 1 (1.5%), subcu-
taneous emphysema in 10 (15.2%), and intrapulmonary hema-
toma in 25 (37.9%). Fractured ribs were recorded in 44 (66.7%)
patients, of which 8 patients (12.1%) had bilateral fractures.
These significant injuries confirmed the severity and serious-
ness of the thoracic injuries in our patients.
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Thoracic drainage was performed in 36 (54.5%) patients, where-
as bilateral thoracic drain was performed in 7 (10.6%), with
a mean duration of 7.4 days. Adegboye et al reported tho-
racic drainage in 346 (58.8%) of 597 patients with PTT [23].
Furthermore, in the present study, 6 patients were treated
with an average of 4 doses of fresh plasma and 6 were given,
on average, 1.8 doses of fresh plasma. Recent studies have
shown an improvement of results with the early use of plas-
ma and platelets. However, many clinicians have concluded
that the optimal time and quantity of blood for treatment of
patients with hypothermia, coagulopathy, and acidosis is still
uncertain [24].

In the present study, mandatory surgical intervention was used
in 43 (65.1%) patients (thoracic drainage in 36 [54.5%)] and
bilateral thoracic drainage in 7 [10.6%]), urgent thoracotomy
in 5 (7.6%), abdominal surgery in 9 (13.6%), and thoracic sur-
gery in 5 patients, combined particularly with abdominal sur-
gery. Frequencies of surgeries identified in the literature were
15.0% (181/1206) and 79.9% (612/766) in patients with thorac-
ic and abdominal trauma (P<0.01), respectively; 5.2% (39/758)
and 31.7% (142/448) in patients with blunt thoracic and pene-
trant trauma (P<0.01), respectively; and 72.45% (359/496) and
93.7% (253/270) in patients with blunt and penetrant abdom-
inal injuries (P<0.01), respectively [25].

In the present study, there was no registered emergent thora-
cotomy noted in the patient records. Nishiumi et al [26] empha-
sized that emergency thoracotomy with pulmonary lobectomy
should be performed before a hemorrhage reaches an amount
of 1200 mL to decrease mortality [26]. In our study, a high per-
centage of mortality and morbidity was determined according
to epicrisis, cumulatively 13.6%+13.6%=27.2%. There was no
measurement of invalidity for patients who were transferred
to other wards or discharged from the hospital. Hildebrand et
al [18] reported that mortality of young patients was 0% to
5% with isolated TT, whereas in older adult patients mortali-
ty reached 10% to 15%, comparable to our results. Mortality
with multitrauma reached 40%, whereas thoracic monotrau-
ma was responsible for 20% to 25% of deaths correlated with
trauma, and approximately 50% to 75% of patients who died
from trauma had TT [18].

Although the present study is one of the largest studies of TT
in our region, it has some limitations. The analysis was done
retrospectively from the records of patients, which could have
resulted in missing data. The sample size was relatively small
owing to the stringent inclusion criteria. This was also designed
as a single-center study. Further studies are needed to evalu-
ate the influence of different treatment methods on the out-
come of patients with polytrauma and severe TT, or a compar-
ison study of trauma centers should be conducted.
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Conclusions

Severe thoracic trauma in patients with polytrauma has a signif-
icant influence on surgical strategy. Men are much more prone
than are women to severe injuries that require different surgi-
cal strategies and treatment procedures. The RTS at admission
was associated with different outcomes and was lower in pa-
tients who died than in patients who were transferred to oth-
er departments or released from the hospital. The mean ISS of
patients who died was higher and indicated an accurate score
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