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Abstract

Background Our experience in trauma center management
increased over time and improved with development of better
logistics, optimization of structural and technical resources. In
addition recent Government policy in safety regulations for
road traffic accident (RTA) prevention, such compulsory hel-
met use (2000) and seatbelt restraint (2003) were issued with
aim of decreasing mortality rate for trauma.
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Introduction The evaluation of their influence on mortality
during the last 15 years can lead to further improvements.

Methods In our level I trauma center, 60,247 trauma admis-
sions have been recorded between 1996 and 2010, with 2183
deaths (overall mortality 3.6 %). A total of 2,935 trauma
patients with ISS >16 have been admitted to Trauma ICU
and recorded in a prospectively collected database (1996—
2010). Blunt trauma occurred in 97.1 % of the cases, whilst
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only 2.5 % were penetrating. A retrospective review of the
outcomes was carried out, including mortality, cause of death,
morbidity and length of stay (LOS) in the intensive care unit
(ICU), with stratification of the outcome changes through the
years. Age, sex, mechanism, glasgow coma scale (GCS),
systolic blood pressure (SBP), respiratory rate (RR), revised
trauma score (RTS), injury severity score (ISS), pH, base
excess (BE), as well as therapeutic interventions (i.e.,
angioembolization and number of blood units transfused in
the first 24 h), were included in univariate and multivariate
analyses by logistic regression of mortality predictive value.
Results Overall mortality through the whole period was
17.2 %, and major respiratory morbidity in the ICU was
23.3 %. A significant increase of trauma admissions has been
observed (before and after 2001, p <0.01). Mean GCS (10.2)
increased during the period (test trend p <0.05). Mean age,
ISS (24.83) and mechanism did not change significantly,
whereas mortality rate decreased showing two marked drops,
from 25.8 % in 1996, to 18.3 % in 2000 and again down to
10.3 % in 2004 (test trend p <0.01). Traumatic brain injury
(TBI) accounted for 58.4 % of the causes of death; hemor-
rhagic shock was the death cause in 28.4 % and multiple organ
failure (MOF)/sepsis in 13.2 % of the patients. However, the
distribution of causes of death changed during the period
showing a reduction of TBI-related and increase of MOF/
sepsis (CTR test trend p <0.05). Significant predictors
of mortality in the whole group were year of admission
(p<0.05), age, hemorrhagic shock and SBP at admission,
ISS and GCS, pH and BE (all p <0.01). In the subgroup of
patients that underwent emergency surgery, the same factors
confirmed their prognostic value and remained significant as
well as the adjunctive parameter of total amount of blood units
transfused (p <0.05). Surgical time (mean 71 min) showed a
significant trend towards reduction but did not show signifi-
cant association with mortality (p =0.06).

Conclusion Mortality of severe trauma decreased significant-
ly during the last 15 years as well as mean GCS improved
whereas mean ISS remained stable. The new safety regula-
tions positively influenced incidence and severity of TBI and
seemed to improve the outcomes. ISS seems to be a better
predictor of outcome than RTS.

Keywords Trauma - Trauma outcomes - Epidemiology -
Trauma ICU - Morbidity - Mortality - Prognostic factors -
Damage control surgery - Trauma center - Safety regulations -
Prevention - Traumatic brain injury - Hemorrhage - MOF

Background and aims
Every year, 1.2 million people are known to die in road traffic

accidents (RTAs) worldwide. Millions more people sustain
injuries leading to permanent disabilities. All countries
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worldwide are strongly affected in terms of mortality and
morbidity, as well as of early or late consequences of traumatic
injuries. Therefore, RTAs represent a major public health issue
and the whole aims to develop preventive measures in order to
decrease their incidence [1]. Road traffic injuries were the first
cause of death in the 15-29 aged population in 2004 and still
represent a major burden [2—6]. In Italy a consistent number of
safety interventions have been adopted by the government in
the last decades and have contributed to significant decrease
incidence and severity of road crashes. These safety regulations
started about a decade ago with compulsory use of helmets for
motorbike drivers (2000) [7] and mandatory use of seatbelts for
car drivers (2003) [8] as well as a penalty system for down-
scoring driving license points until license withdrawal
(2003) [9]. Further improvements have been attempted
with more effective and strict enforcement on speed control
(2007) [10] and alcohol consumption (2009) [11].

In light of the safety regulations adopted on a national scale
in the last decade, we have assessed trauma epidemiology,
outcomes and changes of care in our tertiary regional referral
trauma center. Our experience in trauma management in-
creased over time and improved with development of better
logistics and optimization of structural and technical re-
sources. In addition the above cited Government policy safety
measures towards RTA prevention, decreased mortality rate
for trauma and positively affected injury severity and
outcomes.

The evaluation of the effects of these preventive measures
and of the therapeutic strategies on mortality and causes of
death during a 15-year period, and a careful analysis of pre-
dictive factors of mortality and morbidity, may lead to further
improvements.

With this rationale and for this purpose, a Trauma Registry
Database was established in our Trauma ICU (TICU) to
record and subsequently analyze the severe trauma cases,
and possibly, thanks to a Surgical Clinical Audit and peer
review activity [12], improve the outcomes after adoption of
focused interventions and measures.

Thus, the aim of the present study is to evaluate epidemi-
ology of trauma in our regional referral Trauma Center during
a 15-year period (1996-2010) and analyze the main indicators
(age, sex, mechanism, glasgow coma scale (GCS), systolic
blood pressure (SBP), respiratory rate (RR), injury severity
score (ISS), revised trauma score (RTS), pH, base excess
(BE), therapeutic interventions) and outcomes (mortality in
ICU, causes of death, morbidity in ICU, LOS in ICU). We
have also performed a trend analysis of the main indicators
and outcomes through the years and therefore evaluated the
timeline changes in light of recent safety measures. Finally,
further aims are identification of prognostic factors significant
predictors of mortality and outcome, for subsequent adoption
of changes tailored on those factors susceptible of interven-
tion, in order to improve clinical efficiency and care quality.
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Material and methods

The region of Emilia Romagna covers an area of 22,446 km®
with 4,417,113 people. Bologna city and its suburbs have 984,
342 inhabitants for a population density of 264/km?.

The positive effect of regionalization of trauma care has
already been proven to significantly reduce delays, inadequate
care, and preventable deaths [13].

Maggiore Hospital is a level I trauma center in Italy, being
one of the three integrated trauma care systems (SIAT) in
Emilia Romagna [14] and the highest level of regional tertiary
referral centers for severe trauma (Fig. 1). The SIAT Trauma
System was introduced in 2002 and authorized by the regional
government with the aim of improving trauma care standards
and outcomes [15]. Each SIAT works according to the Hub
and Spoke model: highly specialized care services are avail-
able in the trauma center (Hub), which is connected to a
network of rural hospitals (Spoke). Trauma patients are sent
from Spoke to Hub to receive better quality of care. The main
goal of SIAT is organization and management of efficient
trauma care pathways and providing the most appropriate and
fast treatment in major trauma patients. The main characteristics
include delivery of full-range care to all injured patients in a
defined geographic area, coordination with pre-hospital ser-
vices, efficient use of resources through regionalization,
population-based planning, and integration with the public
health system for injury prevention [16]. Maggiore Hospital,
with large volume of trauma cases and long-lasting experience,
is an important national benchmark for trauma centers.

The pre-hospital care was given according to the standards
of PHTLS and ATLS as well as to the European Trauma
Course standards since 2010.

A total of 60,247 trauma admissions have been recorded in
Maggiore Hospital between 1996 and 2010, with 2,183 deaths
(Overall mortality 3.6 %). A total of 2,935 patients with severe
polytrauma and ISS >16 have been admitted to TICUs and
recorded in a prospectively collected database (1996-2010).

SIAT
Emilia Occidentale SIAT

Emilia Orientale

H

SIAT
Romagna

Fig. 1 Emilia Romagna region and trauma referral system

All severe trauma cases, defined as having an ISS of >16
and having therefore the criteria for being admitted to the
TICU, have been included in this retrospective cross-
sectional study. The data source was the Trauma Registry data
bank of Maggiore Hospital Trauma Center. All available
parameters were included in the analysis.

A retrospective review of outcomes has been carried out,
including descriptive analyses, mortality rate, causes of death,
morbidity and length of stay (LOS) in ICU, with stratification
and analysis of outcome changes through the years. Trend
analysis of the changes of all analysed factors has also been
carried out. All available data and factors (i.e., age, sex,
mechanism, GCS, SBP, RR, RTS, ISS, pH, BE, and therapeu-
tic interventions as embolization and amount of blood units
transfused in the first 24 h), were included in univariate and
multivariate analyses (Cox logistic regression) of mortality
predictive value.

The statistical analysis was conducted using statistical soft-
ware package (SPSS 13.0®). Data are expressed as numbers
(%) and means (standard deviation [SD]). The results were
analyzed using chi-square test and Fisher exact test, as appro-
priate, for proportions in case of discrete data. For means, in
case of continuous numerical data, independent-samples #-test
and Mann—Whitney test have been used respectively for nor-
mally and non-normally distributed data (data were previously
tested for normality by Kolmogorov—Smirnov test). Chi-
square test (significance for 95 % confidence interval [CI])
was used for testing the association between the analyzed
characteristics, whereas influence of each factor on mortality
has been evaluated by odds ratio (OR) using Mantel-Heantzel
test. The significant factors after univariate analysis have been
therefore tested by multivariate (logistic regression) analysis
[17].

Kaplan—Meier curves were used for overall survival
analysis and its significance has been tested using Log-rank
(Mantel-Cox) test. The differences were in any case consid-
ered statistically significant with p value of <0.05.

The statistical significance of temporal changes (timeline
1996-2010) of patient's characteristics and outcomes has been
tested using Cochran—Armitage trend test.

Results

The sex distribution of severe trauma population showed
strong prevalence of males (74.8 % vs. 25.2 % females). Mean
age of the 2,935 trauma patients with ISS >16 and admitted to
the TICU was 44.12 years (median 39, SD 21.1). Whilst in the
overall trauma patients population admitted to the emergency
department (ED) of our trauma canter, incidence of penetrat-
ing trauma is 9.8 % (1996-2010) vs. 90.2 % blunt cases,
within those 2,935 patients with ISS >16 and admitted to the
TICU, the injury mechanism showed overwhelming
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prevalence of blunt trauma (97.1 %), whereas only 2.5 %
penetrating and 0,4 % other mechanisms. The most common
setting of injury was RTA (72 %), followed by accidents in the
workplace (7 %) and suicide attempts (5 %) (Fig. 2). Trough
the whole study period, overall trauma admissions significant-
ly increased and incidence of trauma admissions in TICU
significantly raised after 2001 (before vs. after 2001, test trend
p<0.01) (Fig. 3). However, although fluctuating, the inci-
dence of RTA did not significantly change during the years
of the study (test trend p =ns) (Fig. 4). On the other hand a
significant increase of penetrating trauma and workplace ac-
cidents has been recorded. A total of 523 patients (17.8 %)
presented hypovolemic shock at admission whereas 82.2 % of
the patients were hemodynamically stable. Two hundred
twenty patients (7.5 %) were also hypothermic at admission
(defined as body temperature <35 °C). Physiologic status of
the patients is reported in Table 1; during the first 24 h in the
ICU, the average amount of 2.6 blood units was transfused
(median 1.5, SD 33,3), whilst the average total number of
blood units transfused during whole ICU stay was 4,1 per
patient (median 2.5, SD 15.6) (Table 1). Mean GCS was 10.2
(median 12, SD 4.9), and its distribution showed three main
peaks of incidence, respectively scores of 14-15, 6-7-8 and
GCS 3 (Fig. 5). Mean GCS significantly increased and im-
proved during the period (test trend p <0.05) (Fig. 6). Mean
age, ISS (mean 24.83) and mechanisms of injury did not have
significant temporal change (Table 1 and Fig. 7).

Overall ICU mortality in the whole period was 17.2 %,
major respiratory morbidity in the ICU 23.3 %. The mean
LOS in the ICU was 11.1 days (median 5, SD 51.3).

Notably, mortality rate significantly decreased showing
two marked drops, from 25.8 % in 1996, to 18.3 % in 2000
and again down to 10.3 % in 2004 (test trend p <0.01) (Fig. 8).
Mortality for trauma in TICU population reached the lowest

rate of 9.4 % in 2008, rising again to 13.3 % in 2009 (Fig. 8).
Traumatic brain injury (TBI) accounted for 58.4 % of causes
of death, hemorrhagic shock in 28.4 % and MOF/sepsis in
13.2 %. However, the distribution of causes of death changed
during the period showing reduction of TBI-related mortality,
although TBI did remain first cause of death; meanwhile, an
increase of deadly MOF/Sepsis has been recorded (CTR Test
Trend p <0.05) (Fig. 9). Hemorrhagic shock has remained
fairly constant as mortality cause through the study period,
with a small, not significant decrease in recent years (Fig. 9).

Significant predictors of ICU mortality in the whole group
were year of admission (p <0.05), age, hemorrhagic shock and
initial SBP (p <0.05), GCS (p <0.02), ISS, RTS and tissue
perfusion indicators (i.e., pH and BE) (all factors p <0.01).
After multivariate analysis, hemodynamic status-related pa-
rameters (hemorrhagic shock and SBP, pH and BE), GCS, ISS
and age remained the strongest significant predictors of mor-
tality (Table 2).

A total of 1,601 patients (54.5 %) needed emergency
surgery. In the subgroup of patient that underwent emergency
surgery, the same factors confirmed to be significantly asso-
ciated with mortality in addition to the number of blood units
transfused (p <0.05) (Table 3). Average duration of surgery
was 71 min (median 59, SD 198), showing a significant trend
towards reduction in recent years (p <0.05). Duration of sur-
gery showed nearly significant influence (p =0.06) on mortal-
ity, although not statistically significant. Significant reduction
of surgical times has been observed for all specialties, includ-
ing neurosurgical, orthopaedics and thoraco-abdominal sur-
geries. The most significant decrease has been recorded in
trunk and abdominal trauma procedures, with a larger use of
Damage Control Surgery. After multivariate analysis, prog-
nostic factors predictive of overall mortality in subgroup of
surgically treated patients were age, hemorrhagic shock, SBP,

Fig. 2 Mechanisms of trauma Distribution Frequencies
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pH, BE, GCS, ISS and amount of blood units transfused
(Table 3).

Discussion

The European Union policy aimed to reduce deaths for RTA
by up to 50 % within 2001-2010 [18, 19]. Within the policy of
road injuries prevention, an act was issued by the European
Commission in 1997 (Act 131): "Promoting road safety in the
EU: the program for 1997-2001" [20]. In Italy, this act was

Test Trend p<0.01

adopted 2 years later (National Road Safety Plan [PNSS]
1999; Act 144) [21].

Several safety measures (such as helmet, seatbelts, airbags,
child restrains) have been therefore adopted for reducing
incidence of death or serious injuries after RTA. In the last
decade, three cornerstone measures have been adopted by
Italian government for safety improvement. In year 2000,
helmets were declared compulsory, and use of lighter open-
face helmets (so-called Cromwell) has been prohibited. In
2003, seatbelts were also declared mandatory and further
safety regulations, including child restrains, have been

Fig. 4 RTA-related trauma
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Table 1 Clinical and Laboratory

parameters, scores and Patients (n=2,935) Mean Median Std. deviation Minimum Maximum
therapeutics
ISS 24.83 25.00 11.394 16 75
GCS 10.24 12.00 4.903 3 15
SBP 107.37 120.00 42.408 14 208
RTS 6.17 6.90 1.985 0.241 7.841
RR 18.47 18.00 12.061 4 51
PH 7.272 7.29 1.677 6.7 7.64
BE —4.513 -3.50 4364 —28 16.8
Blood units, 24 h 2.59 1.5 33.380 0 75
Blood units, >24 h 4.11 2.5 15.613 0 100
ICU stay 11.14 5.00 51.298 1 211
Surgery time (h) 1.20 0.46 3.331 0 22
71 min
Emergency surgery 1601 (54.5 %)
Heart rate (bpm) 109 110 37 32 196

adopted for children. In the same year, a penalty system for
speed limits, down-scoring overall points and leading to
driving-license withdrawal, has also been introduced.

In Ttaly, safety measures have been underused. From De-
cember 2000 to June 2002, among 2253 K observations, only
32.1 % of drivers fastened their seatbelts (40.8 % in northern
compared to 20.2 % in southern Italy) [22].

The beneficial effect of the safety regulations issued in
1999 led to wider helmet use: 81.2 % in northern and 70 %
in southern Italy.

A study from Veneto Region showed a decreased trend of
indicators "number of injuries" and "mortality" before and

Fig. 5 GCS distribution. x-Axis:
Glasgow Coma Scale score;

after the law for down-scoring driving license credits. The
introduction of penalty points was associated with decreased
trend of injuries (p <0.001), (almost constant in previous
periods), and with substantial decrease of deaths. After adop-
tion of the new regulations, overall reduction in 18-month
prediction (July 2003—December 2004) was around 9 %, with
37,469 injured people observed and 41,051 expected [23].

Assessment of helmet use and TBI, before and after the
introduction of new rules in Romagna region, found that
helmet use increased from less than 20 % in 1999 to over
96 % in 2001 and it was an effective measure for preventing
TBI in all age groups [24].
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Fig. 6 GCS trend during the
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study period
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National data from the Trauma Data-Bank of Italian Na-
tional Institute for Statistics (ISTAT) [25] published in 2008
[26] confirmed a constant reduction of mortality rates in the
last 30 years, which is even more meaningful given the
increased incidence in Italy of overall trauma events RTA-
related of any severity; incidence of RTA increased more
significantly in the last 15 years.

ACI-ISTAT has recently provided new data [27]. In 2009,
traffic accidents in Italy were 215,405, resulting in 4,237
deaths and 307,258 injuries of different severity. Compared

year

Test Trend p<0.05

to 2008, there is a decreased number of accidents (—1.6 %) and
injuries (—1.1 %) and a more substantial decrease of deaths
(—=10.3 %). Between 2001 and 2009, traffic accidents with
major personal injuries decreased from 263,100 to 215,405
(—18.1 %), deaths decreased from 7.096 to 4.237 (—40.3 %)
and injuries from 373,286 to 307,258 (—17.7 %). It
should be emphasized that during the same period, road
traffic has grown by about 18 %. Therefore, a lower
proportion of severe trauma among overall incidence of RTA,
may be hypothesized.

Fig. 7 Mean ISS did not

Mean ISS (24.8)

significantly change
during the years
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Fig. 8 Trend of trauma mortality
in TICU patients (1996-2010).

Trauma mortality (total TICU admissions)
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In our population, although Trauma admissions increased,
RTA and ISS remained constant; overall mortality and TBI
decreased significantly.

Occurrence of RTAs and mortality improved overall, as a
direct consequence of government's efforts towards safety.
Perhaps, a significant development in clinical management
skills in the Italian trauma centers, more effective logistics and
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organization in the Trauma referral network (such as SIAT
system), may be acknowledged.

For this purpose, the Haddon matrix shows how to prevent
and how to improve all the critical variables of the system.
By utilizing this framework, the relative importance of
different factors may be evaluated and interventions may be
designed [28].
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Fig. 9 Trend of changes in the causes of death
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Table 2 Prognostic factors predictive of overall mortality

Univariate analysis (p) Multivariate analysis (p)

Year of admission ~ 0.015 0.042
Age 0.000 0.028
Hemorrhagic shock  0.000 000
SBP 0.002 0.002
RR 0.232 ns
ISS 0.000 0.008
pH (arrival) 0.000 000
BE (arrival) 0.000 000
Blood Unit 0.066 0.26
GCS 0.001 0.002
Sex 0.873 ns
Hypothermia 0.708 ns
RTS 0.001 ns
AIS_ABD 0.231 ns
Embolization 0.123 ns

After comparing the findings from our large trauma popu-
lation with nationwide data from ISTAT, we have therefore
compared our results with other population-based surveys.

An interesting study focusing on similar issues is reported
by the Adams Cowley Shock Center, University of Maryland
Medical System. The analysis of trauma mortality pattern
(1997-2008), showed that overall survival has not improved,
in spite of advances in trauma care. Although overall survival
has not improved, it remained stable in a population being
both older and more severely injured [29].

Table 3 Prognostic factors predictive of overall mortality (subgroup of
surgically treated patients)

Univariate analysis (p) Multivariate analysis (p)

Year of admission ~ 0.036 0.048
Age 0.000 0.000
Hemorrhagic shock  0.000 000
SBP 0.002 0.001
RR 0.382 ns
ISS 0.000 0.010
pH (arrival) 0.000 0.000
BE (arrival) 0.000 0.000
Blood unit 0.012 0.016
GCS 0.02 0.03
Sex 0.873 ns
Hypothermia 708 ns
RTS 0.011 ns
Surgery time 00.06 ns
AIS_ABD 0.081 ns
Embolization 0.098 ns

Specifically, we have reviewed comparatively the Mary-
land experience (68,454 admissions for trauma in the period
1996-2008) with our database (1996-2010). The annual num-
ber of admissions increased by roughly 2 %/year (p <0.001).
A drop in admissions in FY 2008 (5,060 vs. 6,263 in 2007)
decreased the overall slope of this increase to roughly 1 % (p =
0.15). Mortality through this era ranged from 3 % to 3.7 % and
overall slightly worsened (p =0.04). However, among those
patients admitted with ISS 17-25, survival improved signifi-
cantly (p =0.0003). Overall mortality in this study was 3.4 %
(Trauma patients of any ISS) and, not surprisingly, mortality
was associated with increasing age and ISS.

As a comparison, in our region through the study period
both overall trauma admissions in Maggiore Trauma Center
and TICU admissions significantly increased (the latest after
2001; Fig. 3). However, although fluctuating, the incidence of
RTA has not significantly changed during the study period
(Fig. 4), most probably following national trauma prevention
policy. Overall mortality of all Trauma admissions in our
Center (60,247 admissions between 1996 and 2010) has been
3.6 %, comparable to the above reported US experience.
Among 2935 patients with ISS >16, overall mortality was
17.2 %.

In our series and regional setting, the regulations of gov-
ernment policy on road safety did not lead to decreased
number of accidents and this data matches national data
(Fig. 10). However, we have observed in our population a
decreased mortality (from 25.8 % in 1996 to 13.3 % in 2009)
with multi-steps falls: the first in 2000, second in 2004 and
third in 2008. Accordingly, in the national setting, a continu-
ous decrease in mortality has been recorded during the last
decade (Fig. 11): mortality rate drop of 10.3 % in 2009 with
respect to 2008 and 40.3 % from 2001 (source ISTAT).

These results are in keeping with the expected benefits of
EU policy new regulations aimed to reduce deaths for RTA up
to 50 % within 2001-2010.

Brain injury is historically the main cause of death for
trauma worldwide. Wearing a motorcycle helmet reduces the
risk of death by almost 40 % and the risk of severe injury by
70 % [30]. The "GLOBAL STATUS REPORT ON ROAD
SAFETY", published by WHO in 2009, draws attention to
this problem, highlighting that “Only 40 % (178 Country
analyzed) have a motorcycle helmet laws, helmets should
meet a specific national or international standard” [31].

In 2003, the Italian government widened regulatory restric-
tions on helmet use, prohibiting the so called "Cromwell"
model; the effectiveness of motorcycle helmets in reducing
head injuries is in part a result of the helmets quality. Requir-
ing helmets to meet a safety standard may effectively reduce
the impact of head collision in case of crash [32, 33].

In our TICU population, TBI accounted for 58.4 % of the
causes of death, hemorrhagic shock in 28.4 % and MOF/
sepsis in 13.2 %. We have also found similar values in the
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study from Dutton et al. [27], where TBI accounted for 51,6 %
of deaths, acute hemorrhage for 30 %, MOF for 10,5 %, and
other/indeterminate causes for 7,9 %. In this study, although
overall mortality slightly worsened, decreased mortality was
observed in the group of severely but not lethally injured
patients (ISS of 17-25).

We have had a similar trend in our population. The distri-
bution of death causes markedly changed in our population,
showing a reduction of TBI-related, although still remaining
first cause of death. This data, together with the improvement
of average admission GCS (more remarkable after 2006), may
be related to the beneficial effects of several regulations on
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helmet use adopted in previous years, although average over-
all severity (measured by ISS) has not decreased.

Dutton reported that the median time to death for uncon-
trollable hemorrhage, TBI, multiple organ failure was 2 h,
24 h, and 15 days, respectively. TBI deaths were mostly
associated with blunt trauma (71.3 %), bleeding deaths with
penetrating trauma (59.8 %), and MOF, overwhelmingly, with
blunt trauma (89.3 %). Conversely, blunt trauma was mainly
associated with death TBI-related (56.6 %). These patterns did
not change significantly over time [27].

In our database, we have recorded increase of MOF/Sepsis
as main cause of mortality. As regards sepsis, because of
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Fig. 11 Trend of RTA trauma mortality in Italy in the last 30 years: number of deaths car crashes-related/year (Source: ISTAT 2008)
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worldwide overuse and misuse of antibiotics, common bacte-
ria are becoming resistant. This is a major concern since
several studies showed that inappropriate antibiotics prescrip-
tion is regrettably a common use and not the exception; as a
result this would lead to significant morbid consequences in
terms of costs and public health [34].

The incidence and the constant or even increasing rate of
MOF can be easily explained because MOF and sepsis are
most often direct consequences of polytrauma and hypovole-
mic shock itself, especially if the shock is prolonged.

Probably the constant incidence of hypovolemic shock,
although changes in the severity of trauma and improvements
in pre-hospital care occurred, may be explained with changing
paradigms in the aggressive resuscitation policy. In the past
decades, the tendency was towards a more aggressive fluids
administration policy, aiming to raise and to maintain the SBP
on or above 90 mmHg, even with liberal use of more than 10 L
of colloids and/or crystalloids. In the last decade, the policy had
a shift towards the concepts of permissive hypotension and
goal-directed resuscitation, based on strict transfusion protocol,
based on the following ratio: RBCs/FFP/platelets pack 2.5:2:1

Again, Dutton reported the proportion of males admitted
remained stable (roughly 70 %). Blunt injury was overwhelm-
ingly the most common throughout the whole study period
(roughly 80 %, 60 % associated with motor vehicles). How-
ever, the proportion of injuries due to blunt impact also
increased (p=0.01), mainly because of significant increase
in admissions for falls (p=0.002). Overall admissions for
penetrating injury remained statistically stable (p =ns) despite
significant decrease in admissions for gunshot wounds and
stabbings (p <0.001 for both).Overall, men were significantly
younger and more severely injured than women but age and
injury severity increased significantly during the study period,
both overall and gender-related. ISSs worsened significantly
throughout the years for both blunt and penetrating trauma,
mainly associated with significant changes in severity scores
for MVA-related injuries and gunshot wounds.

In comparison, our results showed a strong prevalence of
males (74.8 %). The injury mechanism showed strong preva-
lence of Blunt trauma (97.1 %), higher than observed in the
overall trauma population (90.2 %). This is in keeping with
epidemiology and mechanisms of trauma in Western Europe-
an countries. The most common setting of injury was road
traffic (Fig. 2).

The incidence of RTA has not significantly changed
throughout the years of the study (Test-Trend p =ns)
(Fig. 4). On the other hand a significant increase of penetrating
trauma and workplace accidents has been recorded. A signif-
icant increase in the incidence of penetrating injuries has
already been observed in the most recent years in our trauma
center. In fact, penetrating trauma doubled in the period 1989—
2008 from 4.17/year up to 8.53/year, accounting now for
13.95 % of all trauma laparotomies vs. 7.8 % in the previous

decade. Interestingly, a strongly significant change has been
observed in demographics of the victims (67.2 % were extra-
EU origin vs. 8 % in previous decade, p <0.01) [35].

In our population, average ISS remained fairly constant
through the years, despite the decreased mean GCS (following
wider use of helmet and seatbelts); this may be explained
because average AIS severity of other districts (chest/abdo-
men/extremity) did not change in these severely injured pa-
tients, such those referred to our tertiary trauma center.

Interestingly, a statistically significant higher median ISS
(32 vs. 24) has been observed in the subgroup of ICU patients
with penetrating mechanism vs. ICU patients with blunt trau-
ma. This may be due to the higher incidence of Gunshot
Wounds among the penetrating trauma patients who needed
ICU admittance (78 % of the penetrating TICU population
were GSW related). Nevertheless in the overall trauma pa-
tients population, most of the penetrating cases were Stab
Wounds (82 %), meaning that overall incidence of penetrating
trauma in TICU patients is lower than in the general trauma
patients dataset but has an higher incidence of GSW mecha-
nism (higher severity).

In our multivariate analysis of prognostic factors, hemody-
namic status, SBP and indicators of tissue perfusion (pH and
BE) reached high significance, suggesting that appropriate
resuscitation and effective transfusion protocol may be primary
targets for improving treatment.

The rFVIla trauma trial [36] identified an association be-
tween RBC transfusion and development of multiple organ
failure (MOF), which was already known [37]. In particular,
transfusion >10 RBC units from arrival to 24 h is associated
with increased mortality; this threshold was also identified
previously [38]. Nevertheless, there is statistically variation
between countries with respect to adherence to the RBC
transfusion guideline as well as resuscitation fluid therapy
(colloids vs. crystalloids). A defined and common protocol
has never been used, but differences in clinical outcomes may
also result from differences in patient management™*. Knowl-
edge of such variation is critical for enhancing patient care
because of their potential influence on clinical outcomes. Here
is why it is crucial to identify specific areas, target for educa-
tion and intervention.

In a survey from the National Trauma Data Bank (2002—
2006) including patients with at least one severe injury (Ab-
breviated Injury Scale score, >3) from level I and II trauma
centers (217,610 patients, 151 centers), significant variations
in risk-adjusted mortality rates were noted across centers [39].
Large variations in LOS were also noted, with the median
ranging from 4 to § days. Independent predictors of prolonged
LOS included gunshot-wound mechanism, ISS, admission to
ICU, preinjury comorbidities, and occurrence of complica-
tions. Among complications, infections, pulmonary embo-
lism, cardiovascular and respiratory complications were the
most important determinants of LOS.
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Mean length of ICU stay was 11.4 days in our study, with
overall mortality of 17.3 %; mortality was due to MOF/sepsis
in 13.2 % of cases with a significant trend towards increased
incidence of deadly MOF/sepsis. Incidence of major respira-
tory and ventilation-related morbidity in ICU has been
23.3 %.

In the CONTROL trial [34], prospective double-blinded
multicenter RCT (100 hospitals, 20 countries) comparing
rFVIla with placebo in severe trauma patients with refractory
bleeding, significant predictors of 24-h mortality were RBC
>10 units between admission and 24 h, admission lactate
>5 mmol/l, chest AIS score>4 and overall non-adherence to
clinical guidelines. Significant predictors of 24 h to 90 days
mortality were age >60 years, male gender, admission lactate
>5 mmol/l, admission hemoglobin <10 g/dl, highest AIS
score=>5 and overall non-adherence to guidelines. Significant
predictors of 90 days mortality were age >60 years, male
gender, RBC >10units, admission lactate >5 mmol/l, admis-
sion hemoglobin <10 g/dl and overall nonadherence to
guidelines.

Similarly, in our study, significant predictors of mortality
were year of admission (p <0.05), age, hemorrhagic shock,
SBP, ISS, RTS, GCS and tissue perfusion indicators (all
factors p<0.01). However in the subgroup of patient
underwent surgery, the number of blood units transfused
was significant predictor of mortality also in our population.

On average, among the CONTROL Trial participating
centers, damage-control-surgery guideline was less well ad-
hered to, than the RBC transfusion and ventilator guidelines.
Also significant variation occurred among countries in adher-
ences to RBC transfusion guidelines.

Since the indicators of tissue perfusion (pH, BE) resulted
strongly predictive of outcome in our series, an aggressive
fluid resuscitation and appropriate transfusion protocol (the
RBC/FFP/platelets ratio used in Maggiore Hospital is 2.5:2:1)
together with early surgical consultation and appropriate treat-
ment with damage control surgery when necessary, are there-
fore advisable for improving outcomes.

A critical review from Los Angeles County University of
Southern California Medical Center, of 2,081 deaths during
initial hospital admission (1998-2005) among 35,311 trauma
patients (5.9 %), demonstrated that delay in treatment and
error in judgement are leading causes of preventable and
potentially preventable deaths [40]. In this series, for the 51
patients whose deaths were classified as preventable/
potentially preventable, mean age was 40 years, 66.7 % were
men, mechanism of injury was blunt in 74.5 %, mean ISS was
27, mean admission SBP was 110 mmHg, and mean admis-
sion GCS was 12. Overall, 13.7 % of the patients had hypo-
tension (SBP <90 mmHg) and 23.5 % had a GCS score of 8 at
admission. The most common death cause was bleeding
(39.2 %) followed by MOF (27.5 %), and cardiorespiratory
arrest (15.6 %). Interestingly, preventable or potentially
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preventable deaths peaked at two time periods: 51.1 % during
the first 24 h and 31.4 % after 7 days; deaths most commonly
occurred in the ICU (54.9 %). These data and patient charac-
teristics, mostly comparable to our results, suggest that a
relevant percentage of patients with good parameters at ad-
mission, such as SBP and GCS, may be affected by high
incidence of early and late mortality, mainly related to hem-
orrhage and MOF/sepsis, respectively, suggesting an aggres-
sive resuscitation and prevention of MOF/sepsis to be the
main targets for decreasing morbidity and mortality.

Duration of the surgical procedures showed a significant
trend towards reduction in the recent years and a probable,
although not statistical significant in our database, positive
effect on survival. As already highlighted, reduction of surgi-
cal times has been observed for all types of surgery but mostly
in trunk and abdominal trauma procedures, in keeping with
damage-control-surgery philosophy. DCS became an inevita-
ble strategy in treating severely traumatized patients [41]. The
rationale for DCS is that mortality in surgical patients who
develop hypothermia, acidosis and coagulopathy (lethal triad)
is extremely high unless patients' physiologic stability is
re-established [42, 43].

DCS involves three distinct stages. In the first stage, rapid
temporary measures are taken to control bleeding and con-
tamination, followed by rapid abdominal closure. The second
involves aggressive correction of lethal triad in ICU. The third
is planned re-operation for definitive repair of injuries
[44-46]. Indeed, is now well recognized that multiple trauma
patients are more prone to die from their intra-operative met-
abolic failure than from failure of complete operative repairs
[47, 48]. Patients with major exsanguinating injuries will not
survive complex procedures such as a formal hepatic resection
or pancreaticoduodenectomy. The operating team must under-
go a paradigm shift in their "mindset" if the patient is to
survive such devastating injuries [49].

The appropriate use of this strategy can lead to a reduction
of morbidity and mortality in unstable complex trauma pa-
tients, either blunt or penetrating [50]. On the other hand, a
routine laparotomy is not indicated in hemodynamically stable
patients without signs of peritonitis or diffuse abdominal
tenderness. Mandatory laparotomy for penetrating abdominal
trauma detects some unexpected injuries earlier and more
accurately, but results in higher non-therapeutic laparotomy
rate, leading to complications, longer LOS and increased cost.
Thus, while non-operative management (NOM) of blunt trau-
ma is now the gold standard, management of penetrating
trauma is still controversial. Recently, increased use of NOM
and laparoscopy contributed in decreasing incidence of
unnecessary laparotomies as well as overall morbidity and
mortality [33].

Subsequently, this may be interpreted in our findings,
showing a significant reduction of surgical times (from 91 to
49 min) observed for all types of surgery, including
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neurosurgical, orthopaedics and thoraco-abdominal surgeries.
Perhaps, although duration of surgery did not reach a statisti-
cally significant association with mortality, it probably does
play a relevant role since it was nearly significant (p =0.06).

Last but not least, as in other countries, the positive effect
of regionalization and trauma-center care system has contrib-
uted to improve the outcomes, since the integrated SIAT
system has started in Emilia Romagna in 2002.

Better outcomes are achievable in level I trauma centers as
shown in Ohio State Trauma Registry: overall mortality was
7.7 % in level 1 Trauma Centers (36 % ISS >15) vs. 7.2 % in
level II (22.2 %, ISS >15, OR=0.75). Better survival was
confirmed in the seriously injured (ISS >15) group (19 %
vs. 24.1 %, OR=0.76) [51]. Similar results were reported in
Oregon, where trauma patients transferred from nontertiary
EDs to major trauma centers had lower in-hospital mortality
than patients remaining in nontrauma hospitals; mortality was
8 % in Level I TC (mean ISS 15.2) vs. 4 % in rural hospitals
(mean ISS 10) [52].

Similarly, a national US evaluation of trauma center care
effect on mortality, including 18 level I trauma centers and 51
rural hospitals with 5,191 patients, whose roughly 50 %
sustained blunt MVA trauma and 53 % had ISS >15, found
in-hospital mortality to be significantly lower at TC (7.6 % vs.
9.5 %) as well as 1-year mortality (10.4 % vs. 13.8 %) [53].
Conversely the EuroTARN group showed significantly worse
outcome within European Trauma Registries [54]; among 96,
084 cases from 14 countries, 96 % had blunt injury, 55 % from
RTA, and 21.582 (22 %) had ISS>15 and the overall mortality
ranged from 13 % to 56 %.

Worse results in European settings, where organized trau-
ma system is often lacking, were confirmed in 35,564 blunt
trauma cases in the UK; 33 % sustained RTA and 23 % had
ISS>16. As expected, median age was 46 years and 63 %
were men. 7 % of patients died before discharge but in the
group with ISS >16 mortality reached 23 % [55].

A recent report confirmed that management of severely
injured patient with associated head injury in England and
Wales (data from TARN), where an organized trauma system
is absent, was associated with increased crude and risk-
adjusted mortality (OR=2.15 and 3.22, respectively) com-
pared with inclusive trauma system in Victoria, Australia
[56]. This comparative review included 4,064 and 6,024 trau-
ma patients with ISS >15, respectively from Australia and
UK, having sustained RTA in 54 % of the cases, with mean
SBP at admission around 140 mmHg, and roughly GCS score
of 13-15 in 50 %.

However, improved outcomes have been reported in
Europe after regionalization of trauma care with institution of
specialist multidisciplinary trauma service and performance
improvement program; in fact mortality from critical injury at
Royal London Hospital was 48 % lower in 2005 than 2000
(17.9 % vs. 34.2 %; p=0.001) [57].

A comparative table showing differences of characteristics
and outcomes of several Trauma populations from different
US and European Trauma Registries is shown in Table 4.

Conclusions

Although uncontrolled variables such as different referral
patterns, changing population characteristics, retrieval
methods and protocols, admission thresholds for intensive
care, and definition/coding errors may affect the interpretation
of the present study, this is one of the largest population cross-
sectional survey studies reporting trauma epidemiology and
outcomes.

In our large population-based study, increased incidence of
trauma admissions (ISS >16) in the TICU has been observed
in the last 15 years. Mortality of severe trauma significantly
decreased, mean GCS improved whereas ISS remained stable.
A significant change in causes of death has been also record-
ed, TBI decreased and MOF/sepsis increased. Age, hemody-
namic status, ISS, pH, BE, GCS are the strongest prognostic
predictors of mortality. ISS, traditionally recognized as the
first predictive trauma score [58], seems in our study to be
better performing predictor of outcome than RTS. The newly
issued safety regulations, positively influenced incidence and
severity of TBI and seemed to improve the outcomes. These
patterns may suggest that efforts towards carefully planned
and widely adopted social preventive measures, may improve
outcomes and lead to tailored deployment of new treatments
or improvement of existing ones. Such policy is therefore
advisable and these issues need to be addressed. Indeed, most
trauma deaths occurs in the immediate post-injury period.
These patients usually die on the scene or during transport
from overwhelming injury such as spinal cord transaction,
aortic disruption or massive intra-abdominal injuries. Despite
modern emergency medical systems networks, there is little
that sophisticated treatment systems can do to save these
patients, thus, efforts should be directed at prevention. Dra-
matically improving therapy in a modern trauma system may
decrease trauma mortality by 13 % [59]. In contrast, more than
half of all deaths are potentially preventable with preinjury
behavioral changes. Injury prevention is critical for reducing
deaths in modern trauma systems. Deaths usually caused by
severe TBI or uncontrolled hemorrhage, occur within hours
and represent preventable deaths. Teixera demonstrated that
protocols implementation to decrease human error (especially
delay in treatment and error in judgment) and system changes
such as regionalization of care are able to improve quality of
trauma care as measured by a decrease in preventable trauma
deaths [38]. Differently from USA, Italy lacks a "Trauma
Quality Improvement Program" and especially of a consolidat-
ed fellowship in surgical and acute critical care. For this reason,
the resources should be joined and efforts made to create a
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follow-up, and analysed

(b) Give reasons for non-participation
at each stage

(c) Consider use of a flow diagram

(a) Give characteristics of study 7-9
participants (e.g., demographic,
clinical, social) and information
on exposures and potential
confounders

(b) Indicate number of participants
with missing data for each
variable of interest

(c) Cohort study—Summarise
follow-up time (e.g., average
and total amount)

Cohort study—Report numbers
of outcome events or
summary measures over time

Case—control study—Report
numbers in each exposure
category, or summary
measures of exposure

Cross-sectional study—Report
numbers of outcome events
Or summary measures

(@) Give unadjusted estimates
and, if applicable, confounder-
adjusted estimates and their
precision (e.g., 95 % confidence
interval). Make clear which
confounders were adjusted for
and why they were included

(b) Report category boundaries
when continuous variables
were categorized

(c) If relevant, consider translating
estimates of relative risk into
absolute risk for a meaningful
time period

7-9

7-9

7-9

Section/topic ~ Item Recommendation Reported
# on
page #
Report other analyses done—e.g., 7-9
analyses of subgroups and
interactions, and sensitivity

analyses

Other analyses 17

Discussion

Key results 18  Summarise key results with 9-20
reference to study objectives

Discuss limitations of the study,
taking into account sources of
potential bias or imprecision.
Discuss both direction and
magnitude of any potential bias

Give a cautious overall
interpretation of results
considering objectives,
limitations, multiplicity of
analyses, results from similar
studies, and other relevant
evidence

Discuss the generalisability
(external validity) of the
study results

Limitations 19 9-20

Interpretation 20 9-20

Generalisability 21 9-20

Other information

Funding 22 Give the source of funding and 22
the role of the funders for the
present study and, if applicable,
for the original study on which

the present article is based

Checklist for cohort, case—control, and cross-sectional
studies (combined)

Note: An Explanation and Elaboration article discusses
each checklist item and gives methodological background
and published examples of transparent reporting. The
STROBE checklist is best used in conjunction with this article
(freely available on the web sites of PLoS Medicine at http://
www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.
epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org

’Give information separately for cases and controls in
case—control studies and, if applicable, for exposed and unex-
posed groups in cohort and cross-sectional studies
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