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) ABSTRACT

Objective: To determine the predictive and diagnostic value of thorax trauma severity score (TTSS) in a
population of thoracic trauma patients admitted to a secondary level trauma center.

Methods: A Retrospective analysis of patients admitted over a period of two years with IDC-9 codes related to
thoracic trauma was undertaken. The association of TTSS with complications and mortality was evaluated. We
also determined the predictive value of TTSS using receiver operating characteristic curve (ROC).

Results: 238 patients with thoracic trauma, mostly middle-aged (62.2+15 years), were included. The main
mechanisms of injury were falls and traffic accidents. Thirty-three patients had important extra-thoracic injuries,
but only 9 presented an ISS>15. The average ISS was 3+5; Morbidity was 2.5% and mortality was 2.1% as a
result of thoracic injury and these patients had significantly higher-TTSS values. Each score component was
analyzed separately, showing significant association with complications and mortality. The area under the curve
for TTSS was significant for predicting complications (0.848) and mortality (0.856) values. TTSS with a cut off
value of 8 points had a sensitivity of 66% and specificity of 94% to predict complications and 80% sensitivity
and 94% specificity for predicting mortality.

Conclusions: The TTSS is an appropriate and feasible tool to predict the development of complications or
mortality in a population of mostly mild thoracic trauma.
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Introduction

arly and accurate evaluation of the severity

level in thoracic trauma is important for correct
treatment, from predicting intensive care need, to
future complications [1]. Currently, there is no scale
in general use that does this, thus highlighting the
need for a precise scale in the evaluation of thoracic
trauma. Scales such as the ISS (Injury Severity Score)
[2] or the TRISS (Trauma Injury Severity Score)
[3] are widely used, but these being global poly-
trauma scales, they underestimate isolated thoracic
trauma. Other scales specific to the thorax such as
the Abbreviated Injury Scale (AIStorax) [4] or Lung
Injury Scale [5], rely solely on anatomical findings.
Classically, it has been considered that the presence
of 3 or more rib fractures or fracture of the first rib
is associated with greater severity. The association
of parameters such as age, mechanism and severity
of injury with the development of pulmonary
complications is still under study. In 2000, Pape et al
described the Thorax Trauma Severity Score (TTSS),
a scale that included both anatomical and functional
[6] parameters. The purpose of the scale was to help
emergency medical evaluation in identifying trauma
patients at risk of pulmonary complications, using
parameters available during the initial evaluation
which could be applied in primary and secondary
level hospitals. This scale has recently been validated
for predicting mortality [7], but the study does not
establish a cutoff point beyond which intensive care
unit (ICU) admission or the need for mechanical
ventilation could be indicated, data which we
believe would be useful. The aim of our study was
to describe the performance and to set the prognostic
ability of TTSS in our thoracic trauma population,
characterized mainly by low grade injuries.

Material and Methods

Study Population

In this retrospective, single-center, observational
study we identified patients treated in our secondary
level trauma hospital (Hospital Universitario de
Torrevieja), Emergency Department and coded for
diagnoses related with thoracic trauma, over a two
years period (2012-2013). Codes from the International
Classification of Diseases, 9" Revision (ICD-9): 807
(fractured rib(s), sternum, larynx and trachea), 860
(traumatic pneumothorax and haemothorax), 861 (heart

Table 1. Thorax Trauma Severity Score (Pape et al.) [6]

Thorax trauma severity score

and lung injury), 862 (damage to other intra-thoracic
organs), 875 (open wound of the chest (wall)), 876
(open wound on the back), 959.11 (other traumas of the
chest wall), 959.19 (other trauma in other trunk sites)
and 959.8 (trauma of other specified sites, including
multiple), were used as inclusion criteria. Pediatric
patients (<14 years) and coding errors in the patient’s
medical history were excluded. The institutional
review board and the medical ethics committee of our
center approved the study protocol before inclusion of
the patients. As this was a retrospective study, we did
not required informed written consents to be obtained
from the patients.

Study Protocol

The TTSS specification uses 5 parameters: patient’s
age; number of rib fractures; pleural involvement
(haemo/pneumothorax); presence and degree of
pulmonary contusion and PaO,/FiO,, each scored
on a scale of 0 to 5 points, with 0 representing normal
function; absence of injury or age <30 years and 5
representing severity or age > 70 years. The TTSS
is calculated by adding each of the values, with a
minimum of 0 and a maximum of 25 (Table 1) [6].
The medical records of patients were reviewed to
determine the values of distinct qualitative and
quantitative variables consisting of: each of the
parameters of the TTSS scale; patient sex; mechanism
of injury; -AlS and ISS scale values; associated
injuries; hospital stay; ICU stay; need for mechanical
ventilation; admission; complications and mortality.
Chest X-rays of each patient included in the study
were reviewed individually by one of the authors to
confirm findings described in the medical records.

Statistical Analysis

Statistical analysis was performed with statistical
package for social sciences (SPSS Inc. for Mac,
IBM Corporation Inc. Chicago, IL. USA). Data are
presented as mean+SD and proportions as appropriat.
Mann-Whitney and Chi-Square tests were used for
association analysis between categorical variables.
Diagnostic test characteristics for mortality and
complicati ons were c alculated from the ROC
curves. A two-sided P values of less than 0.05 was
considered statistically significant.

Results

During the study period, 137,738 emergency patients

Grade PaO,/FiO, Rib Fractures Lung Contusion Pleura Age (years) POINTS
0 >400 0 No No <30 0
I 300-400 1-3 Unilobar unilateral Pneumothorax 30-41 1
I 200-300 3-6 Unilobar bilateral or Haemothorax or haemo/ 42-54 2
bilobar unilateral pneumothorax unilateral
I 150-200 >3 bilateral Bilateral <2 lobules Haemothorax or haemo/ 55-70 3
pneumothorax bilateral
1V <150 Flail chest Bilateral 22 lobules Tension pneumothorax >70 5
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were admitted in our general emergency department.
Of'these, only 239 met the inclusion criteria. Patients
were mostly male (160; 66.9%) with a mean age of
62.2+15.9 years (range 24-92 years). Only 42 patients
(17.6%) were coded poly-trauma care on admission
(ACS triage) and 33 patients (13.8%) had associated
extra-thoracic injuries that were clinically relevant.
The majority of cases were as a result of accidental
falls (>3 meters in patients younger than 65 years,
<3 meters in older) (190; 79.5%) or traffic accidents
(36; 15%) Figure 1. The most frequent diagnoses were
rib fractures (single in 133 patients, multiple in 79
patients); haemothorax (8 patients); pneumothorax
(6 patients); or pulmonary contusions (5 patients).
Other diagnoses included fractures of the collarbone,
sternum or scapula and haemomediastinum and
partial aortic rupture in two patients. Regarding the
severity of injuries, patients had mostly mild trauma,
with an average AIST of 1.28+0.6 (AIST 1: 82.4%, AIST
2 and 3: 8.4%, AIS"4 and 5: 0.4%) and a mean ISS
of 345.6 (range 1-35 points) estimated at admission.
Only 9 patients (3.7%) had an ISS >15. Figure 2
shows the distribution of the population according
to their ISS severity. The average hospital stay of
patients was 1.5+4.3 days (range 0-45 days) and 17
patients (7.1%) required admission to the ICU with
an average stay of 0.46+3.2 days (0-45 days). Eight of
these patients (3.3%) required mechanical ventilation.
Six of the total number of patients had complications
(2.5%) and 5 patients died (2.1%). Complications
reported were pneumonia; secondary pneumothorax;
persistent haemothorax; Adult Respiratory Distress
Syndrome (ARDS) or empyema. Neither the poly-
trauma activation code nor the presence of relevant
extra-thoracic injuries, were significantly associated
with the presence of complications or mortality. The
average TTSS of patients was 4.8+1.9 points. Figure
3 shows the frequency histogram of patient scores.
When performing the nonparametric Mann-Whitney
test significant differences in the values of TTSS
were found to be substantially higher in patients
who had complications (p=0.001) or died (»=0.005).
Analyzing separately each of the variables of the
scale, it was observed that there were significant
associations between the presence of complications
and the points scored by age (p=0.012); PaO,/FiO,
index (p<0.001); by the number of rib fractures
(»<0.001); pulmonary contusion (p<0.001) and
pleural involvement (p<0.001). The variables also
showed significant association with mortality:
age (p=0.02); rib fractures (p<0.001); pulmonary
contusion (p=0.001) and pleural involvement
(»<0.001). PaO,/FiO, points index was close to
statistical significance (p=0.07). ROC curves were
used to estimate the sensitivity and specificity of the
TTSS scale versus prediction of complications and
mortality. The area under the curve shows a value
of 0.848 (p<0.001) for complications and a value of
0.856 (p=0.006) for mortality (Figure 4 A and B,
respectively).
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Fig. 3. TTSS points of the study population.

Analyzing separately the 9 patients with ISS >15,
only 4 of this patients had TTSS >8 (44%), probably
reflecting the importance of other extra-thoracic
injuries in the severity of the patients. Three (33%)
had major complications and 2 of them (22%) died
(one pedestrian with haemomediastinum and aortic
rupture, TTSS 13 points; and the patient with the
crush syndrome, TTSS 4 points). The patient in this
group with major complications was a 45yo male
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Fig. 4. ROC Curve analysis for complications (a) and mortality (b) prediction. Area under the curve showed a value of 0.848309 for

complications and 0.855983 for mortality.

after car accident with 4 rib fractures, haemothorax
and pulmonary contusion, TTSS 13 and developing
pneumonia and catheter related sepsis). Taking out
of the analysis this 9 severe poly-trauma patients,
mortality increases from 0.4 to 33% in patients
with TTSS >8, and complications from 1.3 to 33%,
although small simple size precludes us from any
significant statistic analysis.

Using Bayes’ theorem, for an estimated cumulative
incidence of 2.5% in case of complications and 2.1%
for death, and from the sensitivity and specificity
estimates with 8 scale points as a cutoff, we
calculated positive and negative predictive values
(PPV, NPV) for complications and mortality in
patients with thoracic trauma (Table 2).

Discussion

The creation of scales is a basic requirement in the
epidemiology of trauma and is needed to predict
the morbidity and mortality of these patients [8].
Scales most commonly used in trauma combine
anatomical and physiological parameters. The
addition of other factors, such as patient co-
morbidity, age, or differences in immune status or
genetic predispositions, make the task of creating a
universally applicable and accepted scale extremely
difficult. A scale should be accurate, reliable and
specific. The robustness of a scale for trauma depends
on, among other factors, the composition of the study
population. The validation process includes the use
of a population different from the original one.
The observed variation in morbidity and mortality

between different centers or countries may reflect
differences in the severity of injuries in individual
patient characteristics or quality of treatment, but it
could also reflect inaccuracies or actual mistakes in
the scale used to synthesize information [9,10].
Several studies have correlated pulmonary
complications with thoracic extension [11,12]
trauma. Recently developed rating scales to predict
lung failure in trauma patients, such as Lung Organ
Failure Score (LOFS), which includes variables
such as sex; age; severity of injury; chest or head,
predict the need for urgent surgery (s) and volumes
of fluid resuscitation for severe trauma patients [1].
This particular study of almost 6,000 patients on
the Trauma Registry of the German Trauma Society
(DGU), included patients with ISS>15 and predicted
which patients would develop complications for
entry into intensive care. The limitations of the
study are the fact that it is retrospective; based on
parameters which are difficult to quantify during the
initial resuscitation or imprecise estimates that could
have affected the results. The TTSS is a specific
scale for thoracic trauma, originally conceived for
patients with severe blunt trauma (AIS>2, ISS>18)
but with more than 48 hours survival [6]. The scale
has been validated in other severe trauma groups
[7]. One possible weakness of the scale however is
the difficulty of assessing the significance of other
associated trauma in the analysis of the results. The
possible influence of the presence of associated
injuries on mortality in relation to the scale scores
in these patients, is difficult to assess. While it is
known that the severity of thoracic injury in poly-

Table 2. Sensibility, specificity and predictive values of a TTSS >8 points for complications and mortality prediction

Complications Mortality

CI,,, Sensibility 0.66+0.41 Cl,,,, Sensibility 0.80+0.35
CI,,,, Specificity 0.94+0.03 Cl,,,, Specificity 0.94+0.03
CI,,,, Positive Predictive Value 0.22+0.19 Cl,,,, Positive Predictive Value 0.22+0.61
CIi < Negative Predictive Value 0.99+0.01 CIW Negative Predictive Value 0.99+0.01

aCI: Confidence Interval
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traumatized patients represents a gravity factor [13],
it is difficult to establish how far thoracic injury may
affect the development of (DRSA) [14]. Interestingly,
in our study the previous activation of a poly-trauma
code or the presence of relevant extra-thoracic
injuries, like head, limbs or abdomen AIS>2, were
not significantly associated with complications or
mortality, the first reflecting an over-triage policy,
stated by the low frequency of strictly defined poly-
trauma patients (ISS>15: 3.7%) in our series.

In line with other studies, the TTSS values were
significantly higher in patients with complications
or mortality. Taken individually, increasing scale
score variables also show significant association
with complications and mortality. It seems obvious
that age or pulmonary parenchymal lesions are more
important parameters for predicting mortality than
rib fractures. On the other hand, the old “per se” is
influenced by confounding factors not taken into
account by the scale, such as the presence of co-
morbidities or propensity to develop complications.
An association between age and increased risk of rib
fractures has been demonstrated against pulmonary
contusion [6], and other studies have confirmed that
it is not possible to establish a correlation between the
number of rib fractures and underlying pulmonary
injury or its progression [15-17].

Our work aimed to assess the applicability,
reliability and precision of the TTSS scale in
predicting complications and mortality and study its
performance in our local thoracic trauma population,
which is characterized by a low prevalence of severe
trauma. In our study, the ROC curves allowed us to
calculate the predictive values as an indicator for
monitoring these patients and establish a cutoff at 8
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