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Abstract

Purpose Serious thoracic injuries are associated with high mortality, morbidity, and costs. We compared patient populations,
treatment, and survival of serious thoracic injuries in southern Finland and Germany.

Methods Mortality, patient characteristics and treatment modalities were compared over time (2006-2015) in all patients
with Abbreviated Injury Scale (AIS) thorax > 3, Injury Severity Score (ISS) > 15, age > 15 years, blunt trauma mechanism,
and treatment in Intensive Care Unit (ICU) in Level 1 hospitals included in the Helsinki Trauma Registry (HTR) and the
TraumaRegister DGU® (TR-DGU).

Results We included 934 patients from HTR and 25 448 patients from TR-DGU. Pre-hospital differences were seen between
HTR and TR-DGU; transportation in the presence of a physician in 61% vs. 97%, helicopter use in 2% vs. 42%, intubation in
31% vs. 55%, and thoracostomy in 6% vs. 10% of cases, respectively. The mean hospital length of stay (LOS) and ICU LOS
was shorter in HTR vs. TR-DGU (13 vs. 25 days and 9 vs. 12 days, respectively). Our main outcome measure, standardised
mortality ratio, was not statistically significantly different [1.01, 95% confidence interval (CI) 0.84—1.18; HTR and 0.97,
95% CI 0.94-1.00; TR-DGU].

Conclusions Major differences were seen in pre-hospital resources and use of pre-hospital intubation and thoracostomy. In
Germany, pre-hospital intubation, tube thoracostomy, and on-scene physicians were more prevalent, while patients stayed
longer in ICU and in hospital compared to Finland. Despite these differences in resources and treatment modalities, the
standardised mortality of these patients was not statistically different.
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Introduction treatment options or perform randomised controlled studies

[4].

Blunt thoracic injuries can cause severe morbidity and mor-
tality [1-3]. Most patients with serious thoracic injuries are
treated in intensive care units (ICU) and the length of stay
(LOS) in hospital is often long. These patients are a hetero-
geneous group with whom it is difficult to compare different
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A previous trauma registry comparison of severely
injured patients (including all injuries in different body
regions) between southern Finland and Germany [5] showed
distinct differences in outcome in patients with severe trau-
matic brain injury. Because of this finding, another compari-
son was performed to determine the possible reasons for that
particular difference [6]. After this analysis, it was feasible
to also look closely at other injuries to determine whether
differences exist in, e.g., patients with severe thoracic inju-
ries if isolated from all other severely injured patients. This
would also be a way to benchmark the treatment of patients
with severe thoracic injuries in the Helsinki Trauma Registry
(HTR). The study by Brinck in 2015 [5] revealed thoracic
injuries to be common in both Finnish and German trauma
registries; 47% of Finnish patients and 58% of German
patients had at least a moderate chest injury (Abbreviated
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Injury Scale Thorax (AIStyorax) =>2). The basic profile
and characteristics of all trauma patients were quite similar
between the registries. There were also interesting differ-
ences in resourcing the patient care; a pre-hospital physician
was on scene almost every time, a helicopter was used to
transport patients more often, and the intubation rate was
higher in Germany. ICU treatment time, ventilation time,
and total hospital LOS were also longer in Germany.

The aim of this study was to evaluate if there are also
differences in resource allocations, as presented above,
in this subgroup of patients with serious thoracic injuries
(AIStHorAx =3) and if so, to determine if these differences
affect the outcome of these patients. Our hypothesis was that
the outcome would be similar between the two countries,
even though more resources are available to treat seriously
injured patients in Germany.

Materials and methods
Trauma registries

The HTR is the trauma registry of the Helsinki University
Hospital Trauma Unit. There is no national trauma regis-
try in Finland. The HTR was established in 2006 and now
includes all New Injury Severity Score (NISS) > 15 trauma
patients admitted to the resuscitation bay (until the end of
2011, the inclusion criterion was Injury Severity Score
[ISS]> 15 instead of NISS).

Since 2012, HTR data have been sent annually to Ger-
many to be included in to the TraumaRegister DGU® (TR-
DGU) for data comparison and completeness analysis. Both
data coverage and accuracy of the HTR have been found to
be excellent [7].

The TR-DGU was founded in 1993 and is run by the
AUC—Academy for Trauma Surgery (AUC—Akademie
der Unfallchirurgie GmbH), a company affiliated to the Ger-
man Trauma Society (Deutsche Gesellschaft fiir Unfallchi-
rurgie, DGU). The aim of this multi-center database is a
pseudonymised and standardised documentation of severely
injured patients. The inclusion criterion is patient admission
to hospital via emergency room with subsequent ICU care
or if the patient reaches the hospital with vital signs and die
before admission to ICU.

The participating hospitals submit their data pseu-
donymised into a central database via a web-based appli-
cation. The participating hospitals are primarily located in
Germany (90%), but an increasing number of hospitals from
other countries contribute data as well (currently Austria,
Belgium, China, Finland, Luxembourg, Slovenia, Swit-
zerland, The Netherlands, and the United Arab Emirates).
Approximately 30 000 cases from more than 600 hospitals
are currently entered into the database per year.
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Participation in the TraumaRegister DGU® is voluntary.
For hospitals associated with the TraumaRegister DGU®,
however, the entry of at least a basic data set is obligatory
for reasons of quality assurance. The number of participating
hospitals is increasing every year; at the end of 2016, there
were 645 hospitals sending in data.

Trauma systems in Finland and Germany

Treatment of serious blunt injuries in southern Finland
is centralised to the Helsinki University Hospital Trauma
Unit. The Helsinki University Hospital (HUH) is a ter-
tiary trauma centre with a catchment area of about 1.8 mil-
lion. The trauma unit annually treats about 400 ISS > 15
patients. In Finland, seriously injured patients are treated
in publicly financed, community-owned hospitals only. Pre-
hospital treatment is usually given first by paramedics. In
serious cases, there is either an emergency medical service
(EMS) physician or a helicopter emergency medical ser-
vices (HEMS) physician available. The physicians in pre-
hospital work are mainly anaesthesiologists specialised in
emergency care.

The health-care system in Germany is somewhat different
than in Finland. There are two main types of health insur-
ance, namely, statutory health insurance and private health
insurance [8]. Acute care is provided in public hospitals
(approximately 50% of acute care hospital beds), private
not-for-profit hospitals (40%), and private for-profit hospitals
(10%). In Germany, physician-operated emergency medi-
cal services manage nearly all traumas in the pre-hospital
setting. The use of rescue helicopters is also very common
[9]. Most pre-hospital physicians are anaesthesiologists and
trauma surgeons and all are required to have had post-grad-
uate emergency medicine training [10].

Comparison and outcome measures

Prospectively collected data from the HTR were retrospec-
tively compared to similar data from the TR-DGU. The study
period was 1.1.2006-31.12.2015. We used the same inclu-
sion criteria for both registries, namely, all patients receiv-
ing ICU treatment with serious thoracic injury (AIStyorax
>3), ISS > 15, age > 15 years, and blunt trauma mechanism
treated within 24 h of the initial trauma in reporting hospital
were included. From the final outcome analysis, we excluded
all patients that were transferred in from another hospital or
transferred out soon after arrival to the emergency depart-
ment due to missing data needed for the Revised Injury
Severity Classification II (RISC II) calculations [11].

For this comparison, from the TR-DGU database, we
included only German Level 1 trauma hospitals with data
from a minimum of 6 consecutive years (102 hospitals met
the criteria).
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Both trauma registries (HTR and TR-DGU) collect the data
prospectively at the following four consecutive time phases
from the site of the accident until discharge from hospital: (a)
pre-hospital phase; (b) emergency room and initial surgery; (c)
ICU; and (d) discharge. The documentation includes detailed
information on demographics, injury pattern, co-morbidities,
pre-hospital and in-hospital management, course in ICU, rel-
evant laboratory findings (including transfusion data), and
outcome of each individual.

We compared age, gender, ISS, NISS, mechanism of injury,
injury distribution (injuries that had AIS score >2), pre-hos-
pital times, intubation rates, tube thoracostomy frequency,
transport methods, ICU LOS, ventilation days, total hospital
LOS, discharge destination, and in-hospital mortality. Our
main outcome measure was the standardised mortality ratio
(SMR), which was calculated by dividing observed mortality
by expected mortality. The expected mortality was calculated
using RISC II, which is a second version of a prognostic score
developed originally from TR-DGU data [11]. If the SMR
value is < 1, then the outcome defined by in-hospital mortal-
ity is better than expected by the RISC II score.

We also compared changes in patient population and treat-
ment methods during the study period.

Statistics

All comparisons were calculated using only the information
available; no imputations were done.

For descriptive analysis, we used mean, median, and stand-
ard deviation (SD) for metric variables and percentages for
categorical variables.

Outcome (mortality) was compared to the prognosis
derived from the RISC II score. The relationship between
observed-to-expected ratios was calculated as SMR, and a
95% confidence interval (CI) was derived using the respective
interval for the observed mortality. Comparison and statistical
analysis were performed with the Statistical Package for the
Social Sciences (SPSS, version 23, IBM Inc., Armonk NY,
USA).

Ethical standards statement

The review board of the Helsinki University Hospital approved
this study. The study was also registered and approved accord-
ing to the publication guideline of the TR-DGU (Project ID:
2015-039).

Results
Patients

We included 934 patients from the HTR (data from 1
hospital) and 25 448 patients from the TR-DGU (data
from 102 hospitals) for comparison. The study flowchart
is shown in Fig. 1. Patient characteristics are shown in
Table 1. The mean age of patients with serious thoracic
injuries increased in both registries during the study
period. Compared with HTR, the patients in TR-DGU
were older at the time of injury, particularly towards the
end of the study period.

Mechanism of injury (MOI) and injury distribution

[Descriptive analysis: TR-DGU 25,448 patients (pts.), HTR
934 pts.]

The profile of the mechanism of injury (MOI) was similar
between southern Finland and Germany. However, some dif-
ferences were also observed. There were fewer traffic-related
injuries in HTR (58%) than in TR-DGU (64%). High fall was
the leading MOI in HTR, while the leading MOI in TR-DGU
was car accident. A more detailed description of MOIs is
shown in Table 2.

In HTR, there were more injuries in the abdomen, spine,
and pelvis: there were more head injuries in TR-DGU. A
detailed distribution of injuries in different body regions is
shown in Fig. 2.

The most common thorax injuries in both registries are
shown in Table 3.

Pre-hospital treatment

(First outcome analysis: TR-DGU 22,576 pts., HTR 781
pts.)

For analysis of pre-hospital treatment, we included only
primary admitted cases due to missing data on patients trans-
ferred in from another hospital. The total pre-hospital time
(time from dispatch to hospital) was almost equal in both
registries (HTR, mean 71 min; TR-DGU, mean 70 min). On-
scene time was also similar in both registries (HTR, mean
32 min; TR-DGU, mean 33 min). A physician was on scene
in 61% (HTR) and in 97% of cases in TR-DGU. Pre-hospi-
tal intubation was considerably less frequent in HTR (31%)
than in TR-DGU (55%). For unconscious patients [Glasgow
Coma Scale (GCS) 3-8], the difference was smaller (HTR,
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Fig. 1 Flowchart of included
and excluded patients for
descriptive and outcome
analyses

88%; TR-DGU, 95%). When focusing on the last 3 years in
HTR, the intubation frequency for unconscious patients rose
to 97%. Thoracostomy was also performed less frequently in
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Trauma Patients

ISS >15; years 2006 - 2015
TR-DGU 105 962
HTR 3603

/Excluded from TR-DGU \

e Patients from non-German hospital
TR-DGU 15 499
e Treated in local/regional trauma

[ TR-DGU 56 243

!

Relevant thorax trauma
(AIS >3)
TR-DGU 29 599
HTR 1141

centers

TR-DGU 33075

Participation in TR-DGU <6 years
TR-DGU 1154 (from 6 hospitals)

\
Gcluded \

e Age<l6years
TR-DGU 750 (2.5%)
HTR 33 (2.9%)
e Penetrating or unknown mechanism

Descriptive analysis
TR-DGU 25 448
HTR 934

TR-DGU 2146 (7.3%)
HTR 6 (0.5%)
e Survivor without ICU treatment
TR-DGU 794 (2.7%)
HTR 180 (16.0%)
e Late (>24h) transferred in

K TR-DGU 461 (1.6%) /

(Excluded from outcome analysis
» * Transferredin

v

First outcome analysis:
Primary admissions only
TR-DGU 22576
HTR 781

TR-DGU 2872  (11.3%)
HTR 153 (16.4%)

( Excluded from RISC II Outcome analysis
»| ¢ Early transfer out

Final outcome analysis: RISC 11
TR-DGU 22418
HTR 759

TR-DGU 158  (0.6%)
HTR 22 (2.4%)

Excluded patient might be in more than one category
TR-DGU: TraumaRegister DGU®
HTR: Helsinki Trauma Registry
ISS: Injury Severity Score

AIS: Abbreviated Injury Scale
RISC II: Revised Injury Severity Classification, version I

southern Finland than in Germany. Details of pre-hospital
times, transportation methods, and intubation and thoracos-
tomy frequency are shown in Table 4.



Resource use and clinical outcomes in blunt thoracic injury: a 10-year trauma registry comparison... 589

Table 1 Patient characteristics HTR (N=934) TR-DGU (N=25 448)
Mean (SD) Median Mean (SD) Median
Age (years) 44.1 (19.5) 43 48.3 (19.9) 48
ISS 30.4 (11.6) 29 31.5(12.7) 29
NISS 35.9 (12.9) 34 36.7 (14.4) 34
HTR (N=934) TR-DGU (N=25 448)
% (n) % (n)
Age> 60 years 24.4 (228) 29.9 (7598)
Male % 74.6 (697) 75.1 (19 031)

Pre-injury ASA=3 or 4

6.2 (58)° 13.1 (2414)*

All patients (including transferred in and early out)

HTR Helsinki Trauma Registry, TR-
Injury Severity Score

%This information was available from

Table 2 Mechanism of injury

HTR (N=934) TR-DGU (N =25 448)

% n % n

Traffic: MVA (cars) 27.4 (256) 31.8 (8085)
Traffic: motorcycle 15.4 (144) 16.8 (4274)
Traffic: bicycle 6.0 (56) 7.0 (1775)
Traffic: pedestrian 6.7 (63) 7.5 (1902)
Traffic: other 2221 1.3 (319)
All traffic 57.7 (540) 64.3 (16,355)
High fall 30.2 (282) 21.1 (5375)
Low fall 4.2 (39) 8.8 (2250)
Other 7.6 (71) 2.8 (721)
Unknown 0.2(2) 2.9 (747)

HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®,
MVA motor vehicle accident

Treatment in hospital

(First outcome analysis: TR-DGU 22,576 pts., HTR 781
pts.)

Primary admitted patients were intubated less frequently
during emergency room (ER) treatment in HTR than in TR-
DGU (Table 5).

Total LOS, ICU LOS, and ventilation days are shown in
Table 6. The mean length of both ICU treatment and hospital
treatment was shorter in HTR than in TR-DGU (9 days vs.
13 days and 14 days vs. 25 days, respectively). The ventila-
tion duration was on average 3 days shorter in Finland (HTR,
8 days; TR-DGU, 11 days); the median was the same in both
registries (6 days; Table 6). Fewer patients were discharged
home or to a rehabilitation facility in HTR (21%) than in
TR-DGU (69%). In HTR, 57% of patients were discharged
to a step-down hospital but only 11% in TR-DGU.

DGU TraumaRegister DGU®, ISS Injury Severity Score, NISS New

734 patients in HTR and from 18 470 patients in TR-DGU

Depending on the discharge destination in German
hospitals, the LOS was shortest (mean 23 days) when
discharged to another hospital and longest (mean 35 days)
when discharged to a rehabilitation centre. In HTR, the
shortest LOS was 12 days when discharged home and
longest (mean 38 days) when discharged to a rehabili-
tation centre (all of these 25 patients had a spinal cord
injury and were sent to a special centre for spinal cord
injury rehabilitation). Detailed information on the cor-
relation between LOS and discharge destination is shown
in Table 7.

In-hospital mortality and RISC Il analysis

(Final outcome analysis: RISC II. TR-DGU 22,418 pts.,
HTR 759 pts.)

The observed in-hospital mortality was 14.8% (HTR) and
18.5% (TR-DGU). The expected mortality was 14.6% (HTR)
and 19.1% (TR-DGU) (Fig. 3).

The SMR was comparable in both registries (HTR, 1.01,
95% CI 0.84-1.18; TR-DGU, 0.97 95% CI 0.94-1.00).

Discussion

In this study, we showed that the profile of patients (age,
gender, NISS, and ISS) with serious thoracic injury was
nearly similar in southern Finland (HTR) and in German
(TR-DGU) registries. However, in Germany, more resources
were utilised for treatment, namely, nearly twice as many
pre-hospital intubations and thoracostomies. In addition,
emergency physicians accompanied patients to hospital
in 97% of cases in Germany compared to 61% in south-
ern Finland. Helicopters were used 22 times more often in
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Fig.2 Injury distribution

Table 3 Most common thorax
diagnoses in both trauma
registries

Germany. Of note, both intensive care and primary hospi-
tal LOS were notably longer in Germany than in southern
Finland. Despite these differences in treatment, SMR was
not statistically significantly different (HTR, 1.01; TR-DGU,

0.97).
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45

53

100 100
37 30
45
30 26
36 37
HTR TR-DGU

Helsinki Trauma Registry (HTR) left, TraumaRegister DGU® (TR-DGU) right. Numbers
represent the percentage of registry patients with injuries (AIS >2) in head, upper
extremities, abdomen, whole spine, pelvis and lower extremities.

HTR
AIS code n Explanation
1 450203.3 668 >3 rib fractures without flail, unilateral or bilateral
2 442202.2 255 Pneumothorax
3 442205.3 199 Haemopneumothorax
4 4414124 125 Lung contusion—bilateral major
5 450804.2 119 Sternum fracture
TR-DGU
AIS code n Explanation
1 450203.3 9197 >3 rib fractures without flail, unilateral or bilateral
2 4414113 6093 Lung contusion—bilateral minor
3 442202.2 3966 Pneumothorax
4 442205.3 2989 Haemopneumothorax
5 4414124 2623 Lung contusion—bilateral major

HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®, AIS Abbreviated Injury Scale

Trauma registries are an important data source in evalu-
ating severe injuries and those seriously injured. These
data can also be used to compare different treatment
options within one hospital over time, between one hos-
pital and another or even between different countries and
trauma systems [5, 6, 12—-14]. International comparison
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Table 4 Pre-hospital information, primary admitted cases only
HTR DGU-TR
n % n %
Transport method n* =774 n*=21,861
> With physician 471 60.9 21,261 97.3
> With paramedic 303 39.1 600 2.7
> Helicopter 15 1.9 9149 419
> Ground 759 98.1 12,712 58.1
HTR DGU-TR
n* Mean (SD) Median n* Mean (SD) Median
Timings in minutes
Total pre-hospital time 722 70.7 (30.5) 64 17,793 69.8 (28.6) 65
> Paramedics 270 67.9 (28.0) 62 459 61.8 (34.4) 55
> Physician 452 72.4 (31.8) 66 17,334 70.0 (28.4) 65
On-scene time 586 32.2 (15.0) 29 10519 33.4(18.6) 30
> Paramedics 223 28.6 (12.5) 27 250 27.0 (15.8) 25
> Physician 363 34.3 (16.0) 32 10,269 33.5(18.6) 30
Transport time 606 30.5 (21.0) 27 11,074 19.0 (12.4) 17
> Paramedics 229 31.8 (18.9) 28 286 18.6 (17.4) 15
> Physician 377 29.7 (22.1) 25 10,788 19.0 (12.3) 17
HTR DGU-TR
nin* % nin® %
Intubation pre-hospital all 2241722 31.0 11,411/20,943 54.5
Intubation GCS 9-15 39/511 7.6 5062/14,261 355
> Paramedics 0/264 0.0 32/438 7.3
> Physician 39/247 15.8 5030/13,823 36.4
Intubation GCS 3-8 185/211 87.7 6349/6682 95.0
> Paramedics 13/24 542 67/78 85.9
> Physician 172/187 92.0 6282/6604 95.1
Thoracostomy 45/772 5.8 1700/17,292 9.8
HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®, GCS Glasgow Coma Scale
“Number of all patients with that information available
Table 5 Emergency room HTR DGU-TR
treatment. Only primary
admitted cases n (N=781) % n (N=16,962%) %
First intubation in ER 82 10.5 2290° 13.5
Not intubated pre-hospital or in ER 456 58.5 5261* 31.0
First thoracostomy in ER 294 379 4533¢% 26.7

HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®, ER Emergency Room

2Only available from those German hospitals that completed the standard documentation data set, not just

the minimum basic data set

is possible if the collected data are similar or can be
adjusted [15, 16]. An international trauma registry com-
parison provides more options than comparing the results
only within a national system. Accordingly, quality con-
trol and registry comparisons should be an integral part

of trauma patient treatment in modern trauma hospital
organisations [6]. Although HTR data came from one large
trauma center and TR-DGU data for this comparison came
from 102 Level 1 hospitals (that are mostly smaller), the
patients were comparable as shown in a previous study
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Table 6 Descriptive outcome of all patients: length of stay and ventilation days

HTR (n=934) TR-DGU (n=25 448)
Mean (SD) Median Mean (SD) Median
LOS in hospital 13.7 (12.7) 10 24.5 (23.7) 19
ICU LOS 8.8 (8.0) 12.8 (14.3)
Ventilation days* 7.7 (7.1) 10.5 (12.4) 6
HTR (n=934) TR-DGU (n=25 448)
% n % n
Ventilated in ICU 61.4 573 72.8 17 686
HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®, LOS length of stay, ICU intensive care unit
If ventilated
Table 7 Relationshi.p between HTR (n=934) TR-DGU (n=25,448)
length of stay and discharge
destination, hospital mortality % n Mean (SD) Median % n Mean (SD)  Median
Discharge destination
Home 180 168 12.2(7.9) 10 36.6 9308 23.6(23.6) 17
Rehab 2.7 25  382(23.1) 32 327 8326 35.0(23.7) 29
Other hospital 569 531 153127 12 10.5 2665 233(204) 18
Other/unknown 9.0 84  12.3(7.0) 11 2.4 610 29.6(26.2) 25
Death® 135 126 39(5.9) 1 17.8 5421 7.3 (13.0) 2
Early deaths (24 h)° 6.7 63 9.6 2448
Length of Stay, reported as mean/median (Standard deviation)
HTR Helsinki Trauma Registry, TR-DGU TraumaRegister DGU®
%i.e. in-hospital mortality
PThis is also included in “Death”
Fig.3 Mortality and expected
mortality 19.1
2 - —
) 14.6
Q\i 15 T |
> I
IS
T o
o
=
5
14.8 18.5
0
Mortality Expected Mortality Expected
mortality mortality
HTR TR-DGU

[5]. In that study, patient age was similar between the two
registries as was the percentage of patients over 60 years
of age. This is not the case in patients with severe thoracic

HTR: Helsinki Trauma Registry
TR-DGU: TraumaRegister DGU®

TR-DGU).

injury; HTR patients are on average 5 years younger than
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in TR-DGU and the proportion of patients over 60 years
of age is greater in TR-DGU (24% in HTR vs. 30% in
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There were more pre-injury ASA 3 or 4 patients among
TR-DGU patients than in HTR. This could be associated
with the fact that patients were older in the TR-DGU data-
base and, therefore, were more likely to have more co-mor-
bidities than the younger patients in HTR.

The intubation rate was different between the registries.
The overall intubation frequency was twice as high in TR-
DGU as in HTR. When dividing the results between the
patients with GCS 9-15 and GCS 3-8, we could deter-
mine where the difference mostly came from; in the first
group, the intubation frequency was almost six times higher
in TR-DGU, but in unconscious patients, the frequencies
were much closer. In HTR data, the intubation frequency
in unconscious patients rose towards the end of the study
period; in the last 3 years the frequency was 97%, which is
a result of system improvements and improved following
of guidelines. It has been shown that the intubation success
rate among paramedics can be relatively low [17]. In HTR,
no patient with GCS 9-15 was intubated by paramedics; in
TR-DGU, 7.3% of the patients were. We could argue that
this is potentially harmful for patients if performed only
‘just in case’. The reason for the high overall intubation rates
in the German data can be explained at least partly by the
transportation method. Since more than 40% of patients are
transported by helicopter, it might be reasonable to intubate
all those in need and also all those that might need intubation
during transportation, as this procedure is quite difficult or
even impossible to perform in a flying helicopter. We could
also argue that patients in Germany are more likely to be
intubated, because they are older and have more head inju-
ries. There could be a difference in local intubation protocols
between different paramedics and hospital regions.

In the German data, thoracostomy was performed almost
twice as often in the pre-hospital setting when counting all
patients (TR-DGU, 10%; HTR 6%). However, when con-
sidering the cases, where a physician was on scene, the fre-
quency in HTR rose to 8%. The difference in thoracostomy
(performed either in a pre-hospital setting or ER) frequency
disappeared when patients that received thoracostomy in ER
were taken into account (TR-DGU, 27%; HTR, 38%).

Another major difference was noted in hospital LOS and
ICU LOS. In Germany, patients were treated nearly double
the time in the primary treating hospital than in southern
Finland. The reason for this is multifactorial and described
in more detail in the article by Brinck et al. In brief, the
reasons are local policy in Finland to transfer patients to a
step-down hospital, as early as medically possible, and in
Germany, there is usually a well-developed rehabilitation
system within the admitting hospital [5]. A new finding in
the current study was that regardless of the discharge desti-
nation, German hospitals keep these patients on average at
least 23 days in the admitting hospital. In southern Finland,
the shortest LOS was 12 days for those who were discharged

home (in Germany those patients discharged home spent
nearly 24 days in hospital). In addition, the 10% of patients,
which in Germany are transported to another hospital after
primary treatment, spent 23 days in the admitting hospital.
In southern Finland, the patients (57%) that go to another
hospital spent only 15 days in the admitting hospital.

The mean ICU LOS difference was 4 days (HTR, 9 days;
TR-DGU, 13 days). However, when considering median
values, the difference was only 2 days (6 days vs. 8 days).
The same was noted in ventilation days (mean 8 days vs.
11 days); the median was the same (6 days). We can, there-
fore, say that in German hospitals, patients are treated longer
both in ICU and on ventilator. The cause for ICU LOS differ-
ence might be the difference in the size of the hospitals. Hel-
sinki University Hospital Trauma Unit is treating more than
300 patients with ISS over 15 per year, but only a handful
of hospitals in Germany was the same size. Therefore, the
experience in ICU might be different with trauma patients,
especially with severe thoracic injury. In addition, in Hel-
sinki, we lack the ICU beds most of the time, so we need to
transfer the patients to the normal ward as soon as possible,
and this might not be the case in all German hospitals.

The observed mortality in Germany (18.5%) was higher
than in southern Finland (14.8%). This can be explained by
differences in age, ASA classification, and the number of
head injuries (all of these parameters were higher in Ger-
many). The expected mortality by RISC II was also higher in
Germany; the explanation is the same as mentioned above.

The most interesting finding was that even though in
Germany, patients are treated more actively both in the pre-
hospital phase and the in-hospital phase and stayed for a
longer time in hospital, the SMR results are not really better
than in southern Finland, where patients are treated more
conservatively in the pre-hospital phase and spent less time
in the ICU and in hospital overall.

In both registries, the SMR was almost equal to one, which
suggests good treatment both in pre-hospital care and in in-
hospital care. This study shows that despite large differences
in resource allocation between German and southern Finland
trauma systems, there is no statistical difference in results
when considering SMR as main outcome measure. Therefore,
the German system could be considered as less cost effective.
In Finland, the public health-care system is also ‘fighting’ for
more resources from government, but in Germany, it could be
that insurance companies regulate hospital economy.

To our knowledge, there are no previous reports of
resource allocation affecting the outcome of patients with
serious thoracic injuries.

The strength of this study is the large number of patients
in both registries. A similar comparison has been done
before and has also been found to be feasible [5]. The limi-
tations of such a comparison are known from a previous
study [6] and have been acknowledged. The study period
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consisted of 10 years and both registries are accurate and
have good data coverage [7, 18].

The study has some limitations.

First, this was a retrospective register study and we did
not follow up the patients after discharge. We are thus una-
ware of any deaths occurring after discharge. There may be
some differences in mortality explained by the fact that in
Finland, patients leave the hospital on average on day 14
and in Germany on day 25. There could be bias in mortality,
since patients’ deaths after discharge from the admitting hos-
pital are not recorded. We know from the previous TR-DGU
and TARN (Trauma Audit and Research Network, UK) data
that approximately 18% of trauma deaths occur between days
7 and 30 and 4% after day 30 [19]. This means that possibly,
more deaths are not recorded in the HTR, because patients
are discharged 11 days earlier than in TR-DGU.

Second, most of the Level 1 hospitals in Germany are
smaller than the Helsinki University Hospital and treat on
average 57 (median 51) seriously injured patients (defined by
ISS > 15) per year. This might influence the hospitals’ treat-
ment protocols and could lead to, e.g., prolonged treatment.

Third, the data collection method is different in these
compared registries, but we could carefully transform the
data into properly comparable variables. This set of data was
used for the analysis.

Descriptive analysis was performed using mean, median,
and SD for metric variables and percentages for categorical
variables. The additional median value allows estimating
the skewness of the distribution. Formal statistical testing
was avoided here, since the sample size was rather large. In
such a case, clinically relevant differences will also be sta-
tistically significant. On the other hand, with large samples,
even minor differences could become statistically significant
and may lead to misinterpretations. The actual sample size
of 1000 vs. 25 000 cases would allow detecting differences
of 2-3% (for categorical variables) or the tenth part of a SD
(for continuous variables).

Our main outcome was in-hospital mortality and espe-
cially the SMR. Results could have been different if the out-
come had been quality of life.

In the present study, we compared the care of patients
with serious thoracic injuries between the TR-DGU and the
HTR. We discovered some major differences that would not
have been discovered with any other research method. These
differences should be taken into consideration both in Ger-
many and Finland. There might be ways to make treatments
better and more efficient in both countries. We will continue
to evaluate these data also among different subgroups of
patients to determine if similar differences exist.

@ Springer

Conclusions

In Germany, patients with serious thoracic injuries are
treated with more resources than in southern Finland, but
our results suggest that it is possible to achieve nearly as
good results with fewer resources. In southern Finland, the
way of treating similar patients with fewer pre-hospital and
in-hospital resources yields a good adjusted outcome when
measured by SMR. Further studies are needed to evaluate
whether the quality of life is also similar with these differ-
ences in resource allocation when treating severely injured
patients.
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