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Abstract
Background  At present there is no organized trauma 
system in Greece and no national trauma database. 
The objective of this study was to record and evaluate 
trauma management at our university hospital and to 
measure the associated healthcare costs, while laying the 
foundations for a national database and the organization 
of regional trauma networks.
Methods  Retrospective study of trauma patients 
(n=2320) between 2014 and 2015, through our single-
center registry. Demographic information, injury patterns, 
hospital transfer, investigations, interventions, duration 
of hospitalization, Injury Severity Score (ISS), outcomes, 
complications and cost were recorded.
Results  Road traffic collisions (RTC) accounted for 
23.2% of traumas. The proportion of patients who were 
transferred to the hospital by the National Emergency 
Medical Services decreased throughout the study 
(n2015=76/1192 (6.38%), n2014=109/1128 (9.7%)) 
(p<0.05). 1209 (52.1%) of our trauma patients did 
not meet the US trauma field triage algorithm criteria. 
Overtriage of trauma patients to our facility ranged 
from 90.7% to 96.7%, depending on the criteria used 
(clinical vs. ISS criteria). Ninety-one (3.9%) of our 
patients received operative management. Intensive care 
unit admissions were 21 (0.1%). Seventy-six (3.3%) of 
our patients had ISS>15 and their mortality was 31.6%. 
The overall non-salary cost for trauma management was 
€623 140. 53% of these costs were attributed to RTCs. 
The cost resulting from the observed overtriage ranged 
from €121 000 to €315 000. Patients who did not meet 
the US trauma triage algorithm criteria accounted for 
10.5% of total expenses.
Discussion  Our results suggest that RTCs pose a 
significant financial burden. The prehospital triage of 
trauma patients is ineffective. A reduction of costs could 
have been achieved if prehospital triage was more 
effective.
Level of evidence  Level IV.

Introduction
Trauma constitutes the 10th leading cause of death 
worldwide according to the WHO.1 In Greece, 
trauma is the fourth leading cause of death. Road 
traffic collisions (RTC) are over the EurA subre-
gional (EurA is one of the three subregions that 
the European WHO region is divided into), the 
European Union (EU) and the USA average; the 
associated standardized death rate per 100 000 of 

population, all ages included, is 14.6 (the equiva-
lents are EurA: 13.3, EU: 9.3, USA: 12.4).1 2

Trauma databases have been established globally 
to improve trauma management by auditing trauma 
care. In the literature, most database publications 
come from the USA. Among European countries, 
Germany and the UK have the majority of publica-
tions.3 To date, there is no national trauma database 
in Greece. The annual epidemiology of trauma in 
our country can only be followed via police and 
emergency medical service (EMS) reports.4 5

There is no organized trauma system in Greece. 
Trauma management is provided by the Greek 
National Health System that has three levels of 
healthcare facilities. Primary healthcare units are 
general practitioner-based outpatient facilities, 
mostly in remote areas to address the need for 
emergency care and in cities to provide routine 
primary care. Minor trauma can be managed at this 
level of healthcare. Secondary healthcare units are 
the district general hospitals, which are situated in 
big cities. The third level of healthcare consists of 
specialized centers and university hospitals which 
are primarily located in major cities. Secondary 
healthcare units may function like a level II, III or 
IV trauma center, whereas a tertiary unit has capa-
bilities similar to a level I or II trauma center.4 5

In financial terms, healthcare expenditure per capita 
in Greece is estimated at about €1809. The European 
average is €2193 and in the USA it is approximately 
US$9146.6 7 During the national financial crisis the 
share of the gross domestic product (GDP) allocated 
to healthcare significantly decreased, from 9.76% 
of the GDP in 2009 to 8.75% of the GDP in 2013. 
At the same time, the GDP of Greece decreased by 
20.2%. As a result, the annual average growth rate 
in per-capita health expenditure (2009–2013) in the 
country decreased by 9%.8

The objective of this study is to record and eval-
uate trauma management at a university hospital in 
a major Greek city as well as to measure the asso-
ciated healthcare expenses, while setting up one of 
the first trauma databases in the country. We also 
sought to suggest specific modifications to the 
National Health System to address the needs of 
trauma patients more effectively.

Methods
The study was conducted between March 1, 2014 
and October 31, 2015, at our university hospital. 
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All data were gathered in an anonymized manner and there was 
no risk of personal data identification.

Outline of the current operating system
There are four tertiary university hospitals (level I/II trauma 
centers) and two district general hospitals (level III/IV trauma 
centers) that cover the trauma service for the city of Thessaloniki 
and the surrounding geographic regions (approximately 15% of 
the country’s population). Any given day, only one tertiary univer-
sity hospital and one district general hospital receive trauma and 
emergency cases. This results in every tertiary hospital accepting 
new trauma/emergency cases once every 4 days and every district 
general hospital once every 2 days. In every tertiary univer-
sity hospital, there are multiple departments covering the same 
specialty, that is, in our hospital there are three general surgery 
departments, two orthopedic departments, and so on. The depart-
ments covering the same specialty receive new cases in rotation, 
when the index hospital is accepting trauma and emergencies. 
Patients can be brought to hospital by the Greek National Medical 
Services (GNMS) (the national prehospital provider). Alterna-
tively, they can self-present and register to the emergency depart-
ment without need for any previous triage or referral.

Physical and human resources
Our university hospital has 800 beds. There are 14 operating 
rooms, a postoperative care area (recovery), one intensive care 
unit (ICU) with 16 beds and one emergency department where 
acute and emergency cases are evaluated. Medical records are 
kept electronically as well as in paper forms.9

The overall number of hospital personnel is 1499 (including 
medical, administrative personnel, and so on). Among them, 
there are 13 attending general surgeons, 20 attending anesthe-
siologists, 75 attendings of other surgical specialties and a great 
number of residents.9

Processes
Administration (location, coverage, governance, funding, 
development)
Our university hospital covers the city of Thessaloniki and the 
surrounding area. Trauma patients registered in our database 
(coded by our general surgery department) represent approxi-
mately one-third of trauma patients managed in the hospital. The 
remaining two-thirds of trauma patients managed in the hospital 
are not captured by our registry, since during their admission one 
of the other two general surgery departments covers the trauma/
emergency service. To date, our registry has not received any 
funding. The present study is the first publication of our registry.

Organization (inclusion criteria, data capture, variables, scores, 
analyses)
The inclusion criteria for our registry were defined as trauma 
patients with at least one traumatic International Classification 
of Diseases Tenth Revision, to include both minor and severe 
traumas. Only trauma patients who were evaluated by our surgical 
team on call (general surgery team, on duty once every 12 days) in 
the emergency department were recorded in our registry. Patients 
with pure orthopedic or isolated neurologic injuries seen only by 
orthopedic or neurosurgical doctors and therefore not evaluated 
by the general surgery (trauma) team were not included.

A specifically designed computer database was used for data 
collection. Demographics, mechanisms of injury, injury patterns, 
field data (ie, vehicle telemetry data, vehicle deformation data, 
height of falls, and so on), hospital transfer, anatomic descriptions 

of injuries, vital signs, Glasgow Coma Scale, need for resuscita-
tion (systolic blood pressure (SBP) <90 mm Hg on hospital arrival 
followed by in-hospital fluid resuscitation or blood transfusion10) 
and comorbidities were prospectively recorded after the evaluation 
of trauma patients in the emergency department. All in-hospital 
investigations and interventions, length of hospital stay (LOS), 
outcomes, complications and ICU admissions were retrospectively 
recorded using hospital records. Cost was also recorded retrospec-
tively. For all trauma hospital admissions, overall non-salary cost 
for diagnosis and treatment of each trauma patient was provided 
to our registry by the financial services of the hospital. For all emer-
gency department visits that did not result in hospital admission, 
all laboratory and radiologic examinations conducted in the emer-
gency room were recorded. The non-salary cost for the diagnosis 
of each of these patients was calculated as a sum of the costs of the 
conducted examinations. We were unable to measure the cost of 
treatment of emergency department visits.

Furthermore, we assessed trauma severity using the Injury 
Severity Score (ISS).11 We evaluated the accuracy of prehospital 
triage provided by the GNMS. We measured the overtriage (the 
proportion of trauma patients of ISS≤15 managed at our level I/II 
equivalent trauma center) and the undertriage of trauma patients 
(the proportion of patients of ISS>15 who were initially managed 
at a lower level of healthcare facility and then transferred to our 
center).12 Apart from the typical ISS criteria for overtriage and 
undertriage mentioned above, we used clinical criteria as well, 
to determine the patients who actually needed and significantly 
benefited from receiving specialized trauma management in our 
facility. Trauma patients who were admitted to the hospital and 
were hospitalized for more than 48 hours, or received operative 
management, or whose injury resulted into death were considered 
accurately triaged. Patients with length of stay ≤48 hours who did 
not receive operative management and were discharged alive were 
considered not accurately triaged, as they could have been success-
fully treated at lower level of healthcare facilities.13–17 To determine 
whether the observed overtriage and undertriage could be reduced 
by setting certain prehospital criteria for the transfer of trauma 
patients, the US trauma transfer’s (EMS) field triage algorithm was 
applied to all of our trauma patients.18

For the purpose of analyzing the data, the 20 months’ study 
period was divided into two 10-month intervals (2014 interval: 
from March 1, 2014 to December 31, 2014; 2015 interval: from 
January 1, 2015 to October 31, 2015). For the description of cate-
gorical variables, frequencies and percentages are used. Quantita-
tive variables’ normality was tested using Kolmogorov-Smirnov 
test. Normally distributed variables (pK-S>0.05) are described as 
mean±SD and not normally distributed variables (pK-S<0.05) as 
median, range: minimum-maximum. The categorical variables 
were compared by the χ2 test and the normally distributed contin-
uous variables by the independent t-test. Continuous variables with 
irregular distribution were analyzed by the Mann-Whitney test. 
P<0.05 was considered statistically significant. Statistical analysis 
software package SPSS Statistics V.20.0 (IBM) was used for the 
analysis.

Results
Demographic information, mechanisms of injury and their 
characteristics
The study population was ntotal=2320 trauma patients 
(n2014=1128 and n2015=1192). The trauma patients included 
in our cohort were young (48±21 years old). Falls accounted 
for the majority of traumas (843 patients—36.3%) followed 
by RTCs (539 patients—23.2%). Traumas caused by RTCs had 
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Table 1A  Overall overtriage and undertriage rates in our trauma patients

Patients transferred 
directly to our hospital 
(by any means of 
transport)

Patients primarily evaluated 
in a lower level of 
healthcare facility and then 
transferred to our hospital 
(by any means of transport) Overall overtriage (O)

Overall
undertriage (U)

ISS≤15 n1=2236 n2=8 O=(n1+n2)/ntotal=2244/2320=96.7% U=n4/ntotal=20/2320=1%

ISS>15 n3=56 n4=20

LOS≤48 hours and non-operative management and 
final outcome: hospital discharge

n1=2098 n2=6 O=(n1+n2)/ntotal=2104/2320=90.7% U=n4/ntotal=22/2320=1%

LOS>48 hours or operative management or final 
outcome: death

n3=194 n4=22

Table 1B  Accuracy of the prehospital triage provided by the GNMS

Patients transferred directly 
to our hospital (by the 
GNMS)

Patients transferred from a lower 
level of healthcare facility to our 
hospital (by the GNMS) GNMS overtriage (O)

ISS≤15 n1=121 n2=6 O=n1/(n1+n3)=121/159=76.1%

ISS>15 n3=38 n4=20

LOS≤48 hours and non-operative management and final outcome: hospital 
discharge

n1=90 n2=4 O=n1/(n1+n3)=90/159=56.6%

LOS≥48 hours or operative management or final outcome: death n3=69 n4=22

Table 1C  Application of the EMS triage algorithm in our trauma patients and the impact on the overall overtriage and undertriage

Met the EMS 
algorithm criteria

Did not meet the EMS 
algorithm criteria Overtriage (O) Undertriage (U)

ISS≤15 n1=1036 n2=1208 O=n1/ntotal=1036/2320=44.6% U=n4/ntotal=1/2320=0%

ISS>15 n3=75 n4=1

LOS≤48 hours and non-operative management and final outcome: 
hospital discharge

n1=923 n2=1181 O=n1/ntotal=39.7% U=n4/ntotal=28/2320=1.2%

LOS≥48 hours or operative management or final outcome: death n3=188 n4=28

EMS, emergency medical service; GNMS, Greek National Medical Services; ISS, Injury Severity Score; LOS, length of hospital stay.

the highest ISS compared with injuries caused by any other 
mechanism (p<0.005). For the total of 2320 trauma patients, 
the mechanisms of injury, the demographic profiles, the injury 
patterns and the associated severity scores are shown in the 
online supplementary files 1 and 2.

Prehospital trauma management and triage
Out of a total of 2320 trauma patients, only n=185 (8%) received 
first aid and hospital transfer by the GNMS. Trauma patients 
were transferred by the GNMS to our center either directly from 
the scene (n=159 (6.8%)) or from a lower level of healthcare 
unit (interfacility transfers) (n=26 (1.1%)). The proportion of 
trauma patients who were transferred to the hospital by the 
GNMS decreased between the two study intervals (n2014=109 
(9.7%) vs. n2015=76 (6.38%)) (p<0.05). The rest of the patients, 
constituting the vast majority, came by their own means.

The overall overtriage and undertriage rates for the total 
of 2230 trauma patients are shown in table  1A. These rates 
varied depending on the criteria used (clinical vs. ISS criteria). 
To assess the accuracy of field triage by the GNMS, we also 
analyzed the overtriage rates of trauma patients who were 
initially evaluated by the GNMS in the field and then trans-
ferred to our center (table 1B). This study was not powered to 
measure the undertriage rates in the GNMS transferred popu-
lation. Moreover, we applied the EMS triage algorithm in all 
of our trauma patients. We showed that the observed overall 
overtriage could be reduced by more than 50%, if these triage 
criteria were primarily applied to the trauma patients in the 
prehospital setting (table 1C).18

In-hospital trauma care
In terms of initial management, all trauma patients were managed 
according to the advanced trauma life support (ATLS) protocol. 
All interfacility transfers had their initial assessment in the 
primary receiving unit. Sixty-two (2.7%) of our trauma patients 
were admitted with an SBP<90 mm Hg. These patients initially 
received fluid resuscitation (2 L of crystalloids), followed by 
blood and product transfusions when deemed necessary. There 
was no massive transfusion operating protocol in the emergency 
department at the time. Sixteen (25.8%) of these patients had 
eventually an unfavorable outcome.

The vast majority of trauma patients were managed non-
operatively. Out of a total of 2320 trauma patients, 91 (3.9%) 
received operative management. Data on our patients’ operative 
management are presented in the online supplementary file 3. 
Among our 76 trauma patients with ISS>15, thirty-six (47.3%) 
received operative management (each patient underwent from 
one up to five procedures) (damage control), 13 patients (17.1%) 
died before reaching the operating theater and 27 (35.5%) 
patients received selective non-operative management (SNOM). 
Among the 36 surgically managed patients, 21 (58.3%) devel-
oped at least one postoperative complication (Clavien-Dindo I–
IV). Fourteen patients (38.9 %) were admitted to the Intensive 
Care Unit (ITU) post-op, either as part of the damage control 
process or as a result of postoperative complication.

Five hundred (21.5%) out of 2320 trauma patients were 
admitted to a hospital ward. The median LOS was 1 day (range: 
1–103 days). In ICU, median LOS was 8 days (range: 1–43). 
The hospital admissions for the trauma patients included in this 
cohort are presented in the online supplementary file 4.

https://dx.doi.org/10.1136/tsaco-2019-000401
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Table 2A  Trauma outcomes

(n=population of the particular group of trauma patients) Fatalities (mortality %)

Overall trauma mortality (2320) 29 (1.3)

Prehospital GNMS mortality (185)
(dead upon arrival patients/GNMS transferred patients)

8 (4.3)

30 days’ surgical mortality (91) 7 (7.7)

ICU mortality (21) 8 (38.1)

ISS

 � ≤3 (1785) 2 (0.1)

 � 4–8 (328) 0 (0)

 � 9–15 (131) 3 (2.3)

 � 16–24 (35) 1 (2.9)

 � ≥25 (41) 23 (56.1)

Table 2B  Outcomes of trauma management in our hospital in comparison with the US NTDB

Outcomes

Our trauma registry US NTDB

P value

Trauma patients managed in our 
hospital
n (%)

Trauma patients managed in US 
trauma centers and non-trauma 
centers
n (%)

Patients’ hospital mortality, with maximal AIS score ≤3 6/2250 (0.3) 134/2744 (4.9) <0.001

Patients’ hospital mortality, with maximal AIS score 4 3/38 (7.9) 174/1368 (12.7) 0.3765

Patients’ hospital mortality43, with maximal AIS score 5–6 20/26 (76.9) 303/931 (32.5) 0.1239

Outcomes
Outcomes for the total of 2320 trauma patients are shown 
in table  2A. Our mortality review is presented in the online 
supplementary file 5. RTCs were the most common mechanism 
of injury for 12 of 29 (41.4%) of the trauma fatalities. These 
were followed by falls—11 of 29 (37.9%). The RTC fatalities 
were considerably younger (median age 44 years old (range: 
20–89)) compared with the fall fatalities (median age 79 (range: 
39–88)) (p<0.005). The most prevalent cause of mortality (11 
of 29 fatalities—37.9%) in our cohort was the combination 
of a traumatic brain injury (TBI) with concurrent injuries that 
resulted in massive hemorrhage or respiratory compromise. 
Injuries resulting in massive hemorrhage accounted for 6 of 29 
fatalities—20.7%. In 6 of 29 fatalities—20.7%—their death was 
attributed in isolated TBI. Eight patients (27.5%) were dead 
upon arrival (DUA) and five patients (17.2%) died in the emer-
gency department before reaching the operating room.

To evaluate the efficacy of the trauma care at our university 
hospital, we compared our results with the US National Trauma 
Data Bank,19 as well as with the European Trauma Audit and 
Research Network20 (table 2B,C)Given the fact that there is a 
lack of adjustment for all other factors and variations that influ-
enced outcomes, that the number of our trauma patients is small, 
and that when comparing mortality rates of traumas of maximal 
Abbreviated Injury Scale (AIS) score ≥4 statistically significant 
results could not be reached; there is a bias in these comparisons. 
No definite conclusions can be drawn; nevertheless, a limited 
assessment of the current situation can be provided.

Cost analysis of trauma management
For the total of 2320 trauma patients, overall non-salary cost for 
trauma management was estimated at approximately €623 140. 
The costs accounted for the management of trauma patients 
across different mechanisms of injury groups are presented in 
the online supplementary file 6. Approximately €329 000 (53% 

of overall costs) was attributed to the management of traumas 
caused by RTCs.

Our results presented in table  3 show that the overtriage-
associated costs for our hospital range from approximately 
€121 000 to €315 000 for the study period. 19.4% to 50.5% of 
overall costs for trauma care were dedicated to the management 
of patients who should not have been triaged to our facility in 
the first place. Application of the EMS triage algorithm criteria 
in the prehospital setting could result in reduction of 10.5% of 
expenses for our hospital.

Discussion
Our findings
In the present study we observed that the youngest of our 
trauma patients were involved in RTCs. This is in agreement 
with previous epidemiologic studies.3 Approximately one out of 
two trauma deaths in our cohort were caused by RTCs. RTC 
fatalities had a median age of 44 years old. The financial burden 
of RTCs was the greatest among all different mechanisms of 
injury. Approximately 53% of overall costs dedicated to trauma 
management were attributed to managing RTC victims.

Our study indicates that the overtriage of trauma patients 
to our facility is high (range: 90.7% to 96.7%). Despite our 
hospital being a tertiary unit, the vast majority of our trauma 
patients sustained injuries of low severity. Only 9.3% of them 
actually needed and benefited significantly from receiving 
specialized trauma management at our center. This is concerning 
given the already diminishing resources. The proportion of 
trauma patients who were evaluated in the prehospital setting 
and transferred to our hospital by the GNMS was low (8%) 
and decreased throughout the study period. The vast majority 
of patients (92%) came to the hospital by their own means. 
Moreover, the accuracy of the prehospital triage provided by the 
GNMS was poor. An example of the latter is the fact that two 

https://dx.doi.org/10.1136/tsaco-2019-000401
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Table 2C  Outcomes of trauma management in our hospital in comparison with theUS NTDB

Outcome Our trauma registry EuroTARN group

 �  n (%) Range

Surviving after trauma of an ISS>1526 52/76 (68.4) 24%–100%

AIS, Abbreviated Injury Scale; EuroTARN, Trauma Audit and Research Network; GNMS, Greek National Medical Services; ICU, intensive care unit; ISS, Injury Severity Score; NTDB, 
National Trauma Data Bank.

Table 3  Cost for diagnosis and management of trauma patients 
across different injury severity groups and cost of overtriage

(n=population of the particular 
group of trauma patients)

Cost for diagnosis and 
treatment of patients
(sum of costs)
(% of overall costs)

Cost per 
patient
(mean cost)

LOS≤48 hours and non-operative 
management and final outcome: 
hospital discharge
(n=2104)

€120 761.92
(19.4)

€57.4

LOS>48 hours or operative 
management or final outcome: death
(n=216)

€502 377.88
(80.6)

€2325.82

Patients (ISS≤15) who should have 
been transferred to a level III or IV 
trauma center equal
(n=2244)

€314 809.49
(50.5)

€140.28

Patients (ISS>15) who should have 
been transferred to our center (level I/
II trauma center equal)
(n=76)

€308 330.31
(49.5)

€4056.98

Patients who fulfilled the EMS triage 
algorithm criteria for trauma center 
transfer
(n=1111)

€557 460.63
(89.5)

€501.76

Patients who did not fulfill the EMS 
algorithm criteria for trauma center 
transfer
(n=1209)

€65 679.17
(10.5)

€54.32

ISS≤3
(n=1785)

€102 619.17
(16.5)

€57.49

4≤ISS≤8
(n=328)

€60 476.1
(9.7)

€184.38

9≤ISS≤15
(n=131)

€151 714.22
(24.3)

€1158.12

16≤ISS≤24
(n=35)

€107 924.91
(17.3)

€3083.57

ISS≥25
(n=41)

€200 405.40
(32.2)

€4887.94

EMS, emergency medical service; ISS, Injury Severity Score; LOS, length of hospital 
stay.

out of three trauma patients who were transferred by the GNMS 
from the field to our level I/II equivalent trauma center should 
not have been triaged there to begin with. The reasons behind 
the decreasing transfer and overtriage of trauma patients to the 
highest level of healthcare in the country could be a combina-
tion of factors. The lack of specific prehospital triage criteria 
may have contributed to the increased overtriage rates. Patients 
and their families may be hesitant to call or wait for the GNMS 
due to decreased confidence and the limited availability of 
ambulances and personnel. Most patients arrive at the hospital 
by private cars, as the hospital is not situated within walking 
distance from the urban area. In terms of hospital selection, in 
any given day, trauma patients can choose between primary care 
facilities, one district general hospital and one tertiary university 

hospital when driving in by their own means. It seems that they 
prefer to be managed at the highest level of healthcare facility in 
the country that is adequately resourced and staffed, compared 
with lower level of care facilities which may be lacking resources. 
Our hospital’s reputation has also a role to play, since it is one 
of the leading academic units in Northern Greece. This prac-
tice leads to a vicious circle: transformation of the structure of 
the national injury pyramid and disproportionate rationing of 
resources among the different levels of healthcare.21 Our study 
demonstrated that the application of the EMS criteria as a field 
triage decision scheme for all trauma patients would result in 
a reduction of more than 50% of the observed overtriage rate. 
A significant proportion of the personnel’s workload would be 
also reduced as well.

Regarding the financial impact of the findings mentioned 
above, the cost-benefit ratio of the existing national trauma 
management strategy was very high. Application of the EMS 
algorithm criteria in the field on all the trauma patients could 
result in 10.5% reduction of costs for tertiary centers. More 
effective prehospital triage (identifying more severely injured 
patients (ISS>15) and treating them at the appropriate level of 
healthcare) can lead to a decrease of 50.5% in the expenditure 
dedicated to trauma management in the third level of health-
care in the country. These resources could be better allocated to 
the organization of an inclusive trauma system. Considering the 
ratio of personnel to patients, and consequently the total salary 
costs are lower in primary and secondary healthcare structures, 
in comparison with the tertiary units, a significant reduction in 
the national expenditure dedicated to trauma could be achieved 
by decreasing the observed overtriage of patients at the highest 
level of healthcare in the country.22 23

In terms of in-hospital major trauma care, we observed that 
one out of four major trauma patients who were admitted with 
an SBP<90 mm Hg had an unfavorable outcome. This, in combi-
nation with the high incidence of prehospital deaths (DUAs) 
and emergency department deaths, raises concerns about the 
system’s capacity to enable timely interventions in patients with 
massive hemorrhage. This finding can be also attributed to the 
delayed onset of the resuscitation process and the absence of 
effective resuscitation operating protocols (ie, massive transfu-
sion protocol). More importantly, it demonstrates the absence 
of streamlined care processes from the prehospital setting to the 
emergency department and then to the operative theater and the 
ICU. There is no pre-established coordination between these 
services.

Comparison to national and international registries
In a previous systematic review of our team, we found that 
over the last decades a number of registries have been estab-
lished across Greece.4 5 21 24–42 In terms of demographics and 
mechanisms of injury few things have changed for Greek trauma 
over the past decades. As recorded in our study, Greek trauma 
patients are mostly young, and the leading mechanisms of injury 
are RTCs and falls.4 5 21 25–41 Our major finding regarding the 
need for improved prehospital trauma patient management and 
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transfer is not a new problem for the Greek healthcare system.24 
Review of these registry publications revealed that throughout 
the last decades the percentage of injuries of minor or moderate 
severity (ISS<15) that are managed at tertiary-level healthcare 
facilities has increased.21 35 36 41 This increase is in agreement 
with our findings about the inefficacy of the prehospital trauma 
triage, especially during the years of financial crisis. In terms 
of in-hospital trauma management, Drimousis et al found that 
ATLS-certified physicians achieve worse outcomes than their 
non-certified colleagues when managing trauma patients.38 This 
finding, in combination with the ineffectiveness in the manage-
ment of critical traumas and massive hemorrhage observed in 
our study, raises concerns regarding how the current system’s 
structure capacitates the proper ATLS implementation in clin-
ical practice. Future studies should determine the proportion 
of ATLS-certified physicians among all physicians involved in 
trauma management in the country. Local policies and quality 
improvement efforts are necessary to address the existing obsta-
cles in the proper implementation of the ATLS protocol.

The comparison of our outcomes with international trauma 
registries suggested that the mortality in our center for ISS>24 
appears to be higher compared with US/EU trauma centers. To 
investigate this finding, we performed a mortality review. The 
combination of TBI with concurrent injuries that resulted in 
massive hemorrhage was the leading cause of mortality in our 
unit. Most of these patients died before reaching the operating 
room or within the first 48 hours. This reflects the lack of lead-
ership and coordination in the trauma service, from the field to 
the operating room and the ICU. There is fragmentation of care 
and lack of streamlined processes. This hinders rapid decision-
making and determination of consistent management plans. On 
the contrary, the mortality for ISS<24 is within the international 
limits. In patients who respond to resuscitation and have clear 
management priorities, there is coordination of the care by the 
relevant specialty. Because the expertise, the resources and the 
infrastructures are in place, these patients seem to do better. 
Nevertheless, the number of trauma patients with 15<ISS<24 
included in this cohort is relatively small. Definitive conclusions 
on the comparative mortality assessment with international 
registries cannot be reached. In terms of operative management 
of injuries, one out of two major trauma patients (ISS>15) 
received operative management with very good outcomes. This 
percentage is not low, if one considers that approximately 20% 
of our trauma patients deceased either on the field or in the 
emergency department, before reaching the operative room. 
One-third of our trauma patients received SNOM rate similar 
to European and US trauma centers.43–46 The non-therapeutic 
intervention ratio (ie, negative laparotomies) was not recorded 
in our registry. Future comparative studies are necessary to better 
investigate the efficacy of the management of major trauma in 
Greece, and to enable improvement efforts.

The study findings have important clinical implications. 
Improved road safety programs and precaution measures should 
be adopted nationally to decrease the occurrence of RTCs and 
reduce the relevant healthcare expenses. There is also a need for 
improved organization and efficacy in the primary healthcare 
and in the GNMS for trauma patient evaluation. In addition, 
they should play a more active role in the triage of these patients, 
to increase the cost-effectiveness of trauma management. Defi-
nition of specific criteria for the field triage of the injured is 
pivotal for decreasing the observed overtriage at the highest 
level of healthcare in the country. To have a more organized, 
protocol-based approach, consideration should be given, similar 
to other countries, to having trauma surgery as an independent 

specialty, which would mean advanced training and accredita-
tion processes.47 This might likely result in leadership initiatives 
on the field and quality improvement efforts to streamline care 
processes, develop local trauma protocols and overcome barriers 
in their implementation. The trauma level for each hospital 
should be accurately defined, reflecting the capabilities of each 
center in accepting and treating trauma patients. The current 
operating system can serve as platform for regionalization of 
the trauma service. The development of an inclusive trauma 
network has the potential to result in advanced service coor-
dination and better outcomes. There are transferable lessons in 
the London experience.48 Most importantly, this study shows the 
need to develop a national consensus and to establish a Greek 
National Trauma Database to credibly measure the impact of 
trauma in our country and enable our system to make chances 
for improvement.

Limitations
The present study has several limitations. Data were collected 
through our single center registry and refer to a group of trauma 
patients who are managed during a certain period of time at a 
university hospital in Greece. During data collection, we were 
unable to record the cost of treatment of trauma patients who 
were evaluated in the emergency department but were not 
admitted to a hospital department, so we only recorded the cost 
of diagnosis of these trauma patients. Undertriage rates in the 
GNMS transferred population could not be estimated by our 
study, because it was not recorded during data collection whether 
the trauma patients who received an interfacility transfer were 
initially evaluated by the GNMS (in the field). During data anal-
ysis, when comparing our results with international data, it was 
not possible to adjust outcomes for variations and due to the 
small number of patients of maximal AIS score ≥4 in our study, 
statistically significant results could not be reached.

Conclusions
In conclusion, RTCs pose a significant financial burden for 
the Greek healthcare system. The prehospital trauma triage is 
ineffective and leads to disproportionate rationing of resources 
among levels of healthcare in the country. Cost-effectiveness 
of trauma management can be improved through increasing 
patients’ triage precision. Future studies are needed to investi-
gate the efficacy of the management of polytrauma patients in 
Greece, and to enable improvement efforts.
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