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Abstract

Introduction Sweden is facing a surge of gun violence that mandates optimized prehospital transport approaches,
and a survey of current practice is fundamental for such optimization. Management of severe, penetrating trauma

is time sensitive, and there may be a survival benefit in limiting prehospital interventions. An important aspect

is unregulated transportation by police or private vehicles to the hospital, which may decrease time but may also be
associated with adverse outcomes. It is not known whether transport of patients with penetrating trauma occurs
outside the emergency medical services (EMS) in Sweden and whether it affects outcome.

Method This was a retrospective, descriptive nationwide study of all patients with penetrating trauma and injury
severity scores (ISSs) > 15 registered in the Swedish national trauma registry (SweTrau) between June 13,2011,

and December 31, 2019. We hypothesized that transport by police and private vehicles occurred and that it affected
mortality.

Result A total of 657 patients were included. EMS transported 612 patients (93.2%), police 10 patients (1.5%), and pri-
vate vehicles 27 patients (4.1%). Gunshot wounds (GSWSs) were more common in police transport, 80% (n=8), com-
pared with private vehicles, 59% (n=16), and EMS, 32% (n=198). The Glasgow coma scale score (GCS) in the emer-
gency department (ED) was lower for patients transported by police, 11.5 (interquartile range [IQR] 3, 15), in relation
to EMS, 15 (IQR 14, 15) and private vehicles 15 (IQR 12.5, 15). The 30-day mortality for EMS was 30% (n=184), 50%
(n=5) for police transport, and 22% (n=6) for private vehicles. Transport by private vehicle, odds ratio (OR) 0.65,
(confidence interval [Cl] 0.24, 1.55, p=0.4) and police OR 2.28 (Cl 0.63, 8.3, p=0.2) were not associated with increased
mortality in relation to EMS.

Conclusion Non-EMS transports did occur, however with a low incidence and did not affect mortality. GSWs were
more common in police transport, and victims had lower GCS scorescores when arriving at the ED, which warrants
further investigations of the operational management of shooting victims in Sweden.
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Introduction

Gun homicide increased in Sweden during the past
decade, in contrast to a decreasing incidence in the
majority of European countries [1]. Transitioning from
a society with relatively few shootings, first responders
on scene now face a new reality. It is known that the
outcome of severe penetrating trauma is time sensitive
[2—4]. There may be a survival benefit from limiting
prehospital interventions in severely injured patients
in favor of urgent transport in urban settings, although
optimal prehospital management is debated [5-9].
Some of the deaths may be preventable depending on
prehospital care, and “scoop and run” may be prefer-
able to “stay and play” in select cases [10, 11]. The ulti-
mate “scoop and run” approach is immediate transport
of the victim to the hospital by police. The police are
often first on scene, which may decrease the time from
injury to arrival at definitive care.[12-15] However,
these transports provide only a bare minimum of medi-
cal intervention. The first organized police transport
approach was established in Philadelphia in 1996 [12].
By 2016, more than 50% of the penetrating trauma in
Philadelphia was transported by police to medical facil-
ities [16]. These patients presented with a higher injury
severity score (ISS), lower Glasgow coma scale score
(GCS), and a higher frequency of gunshot wounds
(GSWs) than those transported by EMS [8, 16-19],
and it is still debated whether a survival benefit can be
deducted. Initial reports showed an increase in mor-
tality for police transport compared with emergency
medical services (EMS), although adjusted compari-
sons indicated no difference [8, 16—19] and one report
indicated a survival benefit [15]. The picture was fur-
ther complicated by the fact that transport by private
vehicles decreased the adjusted mortality in relation to
EMS [20]. It is not known whether transport of patients
with penetrating trauma occurs outside of the EMS
in Sweden or whether it affects outcome. Sweden is a
relatively large country compared to its population, and
level one trauma centers are located only in urban areas
[21]. Therefore, data from the US cannot be extrapo-
lated to Sweden. Moreover, prehospital care cannot be
compared directly, as organizations, operative com-
petence, and mandates differ substantially between
countries [22—24]. Sweden is facing a surge of gun vio-
lence that mandates optimized prehospital transport
approaches, and an understanding of current practice
is fundamental for such optimization. Therefore, we
used the Swedish National Trauma Registry (SweTrau)
to investigate prehospital transportation modalities of
severe, penetrating trauma in Sweden during 2011-
2019. We hypothesized that transport by police and
private vehicles occurred and that it affected mortality.
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Methods

Study population

This was a retrospective, descriptive nationwide study of
all patients with penetrating trauma and ISS>15 regis-
tered in SweTrau between its establishment on June 13,
2011, and December 31, 2019. The population in Swe-
den was 9,415,570 people in 2011 and 10,327,589 peo-
ple in 2019. Patients of all ages and sexes were included.
The study was approved by the Swedish Ethical Review
Authority (no 2019-02842) and by the SweTrau steering

group.

Swedish trauma registry

Data were extracted from the national trauma registry
in Sweden, SweTrau, which was established in 2011. In
2019, 92% of all hospitals in Sweden with trauma capa-
bilities (anesthesia, surgery and radiology competence
available at all times) were associated with SweTrau, and
86% of hospitals in the registry reported actively [25].
SweTrau follows “the revised Utstein Trauma Template
for Uniform Reporting of Data following Major Trauma,
2009, a uniform template for reporting variables and out-
comes in trauma allowing comparison of trauma systems
in Europe [26]. SweTrau estimates its coverage by com-
paring registry entries of trauma requiring intensive care
with data in The Swedish Intensive Care registry (SIR) of
admissions with the diagnosis “Trauma” and injury diag-
noses SA01-TA04 and TA09-TA13. SweTrau’s coverage
was estimated at 72.6% in 2019 [25]. To be included in
SweTrau, patients needed to fulfill at least one of the fol-
lowing criteria: exposure to a traumatic event with sub-
sequent trauma team activation at the receiving hospital,
ISS>15 without trauma team activation, ISS>15 and
transferred to a participating hospital within 7 days of the
trauma. The exclusion criteria for registration in SweTrau
were trauma team activation without a precipitating
trauma and patients where the only injury was a chronic
subdural hematoma.

Definitions and missing data

Penetrating trauma was defined as injuries caused by
sharp objects. Transport by EMS was defined as ground
ambulance. Airborne EMS and transports between hos-
pitals were excluded. Scene time was defined as the reg-
istered time from EMS arrival to the scene of trauma
until departure, and transport time was defined as the
registered time from EMS departure from the scene of
trauma to arrival at the receiving hospital. Prehospital
time was defined as scene time combined with transport
time. Missing data are presented with their respective
categories in tables when applicable. Patients arriving on
foot were excluded from Tables 2 and 3 due to isolated
patients.
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Statistical analyses

Data are presented as mean with interquartile range
(IQR) for continuous variables. Descriptive statistics of
patient characteristics are presented as numbers and per-
centages. Data analysis was performed with R (v. 4.0.3).
Logistic regression models for dichotomous outcomes
were used with restricted cubic splines and three knots
placed at their respective quantiles. P <0.05 was consid-
ered statistically significant.

Results

In total, 657 patients were included in the study (Fig. 1).
The EMS transported 612 patients (93.2%), the police
transported 10 patients (1.5%), private vehicle trans-
ported 27 patients (4.1%), and 8 patients (1.2%) arrived
at the emergency department (ED) by foot (Table 1). The
median age was 30 years (IQR 22, 45) for patients trans-
ported by EMS, 23 (IQR 20.5, 29) for police transport and
26 (IQR 22, 28.5) for private vehicles. The median ISS was
25 in patients transported by both EMS (IQR 17, 29) and
police (IQR 24.25, 28.25) and 20 (IQR 16, 34.5) for private
vehicles. A histogram visualizing ISS for patients trans-
ported by EMS and police is displayed in Fig. 2. GSW was
more common in patients transported by police (80%,
n=38) than in those transported by private vehicles (59%,
n=16) and EMS (32%, n=198). The GCS score in the ED

Penetrating trauma
SweTrau 2011-2019
(n=4965)
Exluded patients
ISS <15
(n=4149)
ISS 215
(n=816)
HEMS
] (n=79)
_ Transports
(n=80)
Included patients
(n=657)
v v v v
EMS Police transport | | Private vehicle Walking
(n=612) (n=10) (n=27) (n=8)
Mortality Mortality Mortality] Mortality
30 % 50 % 22 % 0%

Fig. 1 Flowchart of patient inclusion. EMS emergency medical
service, HEMS helicopter emergency medical service, ISS injury
severity score, SweTrau Swedish national trauma registry
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was lower for patients transported by police, 11.5 (IQR 3,
15), in relation to EMS, 15 (IQR 14, 15) and private vehi-
cles 15 (IQR 12.5, 15). The median blood pressure was
110 mmHg (IQR 40, 146) for patients with police trans-
port, 120 mmHg (IQR 90, 140) for EMS and 124 mmHg
(IQR 94, 139) for private vehicles. The median scene time
for EMS was 12 min (IQR 8, 19), and the median transit
time was 12 min (IQR 7, 19). Patients’ injuries are pre-
sented in Table 2.

Outcomes and airway management

The 30-day mortality for patients transported by EMS
was 30% (n=184), 50% (n=5) for police transport, 22%
(n=6) for private vehicles, and all patients (n=8) who
arrived at the ED by foot survived (Table 3). Private vehi-
cles, odds ratio (OR) 0.65 (confidence interval [CI] 0.24,
1.55, p=0.4), and police transport, OR 2.28 (CI 0.63, 8.3,
p=0.2), were not associated with increased mortality in
relation to EMS. The Glasgow outcome scale score was
generally higher for patients transported by private vehi-
cles and patients who arrived at the ED by foot compared
with EMS and police transport. In total, 199 (32.5%)
patients transported by EMS were intubated in the ED,
compared with 6 (60%) patients transported by police
and 12 (44.4%) patients transported by private vehicles.
The mortality rates associated with transit time, scene
time, and combined scene and transit time for EMS are
presented in Fig. 3. Short transit times were significantly
associated with increased mortality, but no other associa-
tion was significant (Fig. 3). The ISS in relation to trans-
port times for EMS is presented in Fig. 4.

Discussion

In this study, we showed that non-EMS transport of
severe penetrating trauma occurred in 5.6% of cases.
The mortality for police transport was 50% (n=>5) and
22% (n=6) for private vehicles, and there was no mor-
tality difference between EMS and police transport (OR
2.28 [CI 0.63, 8.3]) or private vehicles (OR 0.65 [CI 0.24,
1.55]). Adjusted mortality analysis of police transport and
private vehicles was ceded due to limited sample size. The
police transported 1.5% of the patients, who presented
with lower GCS scores and a higher incidence of GSWs
compared with EMS, in concurrence with earlier reports
[8, 16, 17, 19, 20]. The combination of GSW and low
GCS score may have signaled an urgency that prompted
police to transport the victim instead of waiting for the
EMS, although the specific reasons in these cases could
not be deduced. In contrast to previous observations, ISS
did not differ between patients transported by the police
and EMS [8, 16, 18, 19]. Further analysis of ISS in rela-
tion to mode of transport showed that police transported
patients with a lower ISS to a lesser extent than EMS,
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Table 1 Baseline characteristics
Characteristic EMS,N=6122 Police, N=10° Private vehicle, N =272 Walking, N=8°
Age (years) 30 (22,45) 23 (20.5, 29) 26 (22,28.5) 25.5(23,29)
(Missing) 1 0 0 0
Sex
Female 62/612 (10%) 0/10 (0%) 1/27 (3.7%) 0/8 (0%)
Male 550/612 (90%) 10/10 (100%) 26/27 (96%) 8/8 (100%)
Unknown 0/612 (0%) 0/10 (0%) 0/27 (0%) 0/8 (0%)
Injury severity score 25(17,29) 25 (24.25,28.25) 20 (16, 34.5) 18(17,19.5)
Injury mechanism
GSW 198/612 (32%) 8/10 (80%) 16/27 (59%) 2/8 (25%)
SW 369/612 (60%) 2/10 (20%) 11/27 (41%) 5/8 (62%)
Other 45/612 (7.4%) 0/10 (0%) 0/27 (0%) 1/8 (12%)
ED GCS score 15(14,15) 115(3,15) 15(12.5,15) 15 (14.75, 15)
First ED blood pressure (mmHg) 120 (90, 140) 110 (40, 146) 124 (94, 139) 1445 (131.25,160.25)
(Missing) 118 3 6 0
First ED blood pressure (RTS)
No carotid 71/101 (70%) 1/2 (50%) 5/6 (83%) 0/0 (NA%)
Only carotid 8/101 (7.9%) 1/2 (50%) 0/6 (0%) 0/0 (NA%)
Femoral 4/101 (4.0%) 0/2 (0%) 1/6 (17%) 0/0 (NA%)
Weak radial 7/101 (6.9%) 0/2 (0%) 0/6 (0%) 0/0 (NA%)
Clear radial 11/101 (11%) 0/2 (0%) 0/6 (0%) 0/0 (NA%)
(Missing) 494 7 21 8
Time spent at scene (mins) 12(8,19) NA (NA, NA) NA (NA, NA) NA (NA, NA)
(Missing) 0 10 24 8
Time spent in transit from scene to hos- 12 (7, 19) NA (NA, NA) NA (NA, NA) NA (NA, NA)
pital (mins)
(Missing) 4 10 27 8
First respiratory rate (/min)
0 56/426 (13%) 3/9 (33%) 5/21 (24%) 0/8 (0%)
1-9 3/426 (0.7%) 0/9 (0%, 0/21 (0%) 0/8 (0%)
10-29 307/426 (72%) 6/9 (67%) 15/21 (71%) 8/8 (100%)
> 29 60/426 (14%) 0/9 (0%) 1/21 (4.8%) 0/8 (0%)
(Missing) 186 1 6 0

2 Median (IQR); n/N (%)

ED emergency department, EMS emergency medical service, GCS Glasgow coma scale, GSWs gunshot wounds, SWs stab wounds

although the median ISS did not differ. The police trans-
ported more severely injured patients (median ISS 25)
compared with earlier reports (mean ISS 14.2 and mean
ISS 15.5) [8, 18], which is likely reflected in the increased
mortality (50%) in relation to those reports (17.7% and
14.8%) [8, 18]. Private vehicles transported 4.1% of all
cases, compared with previous observations of 12.6%
and 20.5% [27, 28]. Patients transported by private vehi-
cles had lower ISS, similar systolic blood pressure, and
comparable GCS scores in relation to EMS, in concur-
rence with earlier reports [14, 27]. Private vehicles more
frequently transported patients with GSW compared
with EMS, which contrasts with a report from Wandling
et al [20]. The median ISS 20 for patients transported by

private vehicles was elevated in relation to earlier reports
(median ISS 2 and 84% with mean ISS<15), which likely
influenced the increased mortality (22%) compared with
those reports (2.2% and 2.1%) [20, 27].

We detected a median scene time of 12 min for EMS.
A nonsignificant trend of increased mortality with
increased scene times was noted. Prehospital interven-
tions may increase scene time and possible harm [3],
and increased scene times have been associated with
increased mortality [4, 29]. Advanced interventions
enroute could lower the time on scene [30, 31]. Addi-
tionally, transport by non-EMS could decrease prehos-
pital times [13, 15] and limit medical interventions. We
found no association between ISS and transport time.
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Fig. 2 Histogram visualizing ISS in patients transported by EMS and police. The police transported patients with lower ISS to a lesser extent
compared with EMS. EMS emergency medical service, ISS injury severity scale

Table 2 Patient injuries

Table 3 Outcomes

Characteristic EMS,N=6122 Police, N=10° Private
vehicle,
N=27°
Head 167 (27%) 3(30%) 4 (15%)
Face 145 (24%) 2 (20%) 5(19%)
Neck 95 (16%) 0 (0%) 3(11%)
Thorax 406 (66%) 5(50%) 17 (63%)
Abdomen 253 (41%) 4 (40%) 14 (52%)
Spine 84 (14%) 2 (20%) 3(11%)
Upper extremity 245 (40%) 1 (10%) 9 (33%)
Lower extremity 194 (32%) 3(30%) 10 (37%)

@ Median (IQR); n/N (%). EMS emergency medical service

In other studies, severely injured penetrating trauma
patients were associated with shorter transport times
[2], and shorter transport times increased mortal-
ity unrelated to injury severity [29]. These results may
reflect an urgency in severely injured patients not nec-
essarily mirrored in the present classification of injury
severity.

The incidence of gun homicide in Philadelphia was
146 per million inhabitants in 2016. Several cities in the
US have a similar incidence of gun homicide as Phila-
delphia without an established practice of police trans-
ports [18, 36], indicating additional contributing factors
to the practice of non-EMS transport besides the inci-
dence of gun homicide alone. In comparison, gun
homicides occur at a rate of 4 per million inhabitants

Characteristic = EMS,N=612* Police, N=10% Private vehicle,
N=27°
Ventilator days 1(1,3) 1(1,1) 2(1,5)
(Missing) 334 5 14
30-day survival
Dead 184/612 (30%) 5/10 (50%) 6/27 (22%)
Alive 420/612 (69%)  5/10 (50%) 21/27 (78%)
Unknown 8/612 (1.3%) 0/10 (0%) 0/27 (0%)
Glasgow outcome scale score
184/611 (30%)  5/10 (50%) 5/27 (19%)
2 5/611 (0.8%) 0 (0%) 1/27 (3.7%)
3 83/611 (14%) 1/10 (10%) 5/27 (19%)
4 200/611 (33%)  2/10 (20%) 4/27 (15%)
5 133/611 (22%) 2/10 (20%) 12/27 (44%)
Unknown 6/611 (1.0%) 0/10 (0%) 0/27 (0%)
(Missing) 1 0 0

@ Median (IQR); n/N (%)

in Sweden and 1.6 per million inhabitants in Europe [1,
37]. Philadelphia has eight adult and pediatric trauma
centers in proximity to shooting incidents, which is
why conditions may be favorable for short transpor-
tation times by non-EMS [8, 28]. We have previously
shown that the incidence of severe penetrating trauma
was highest in the three largest metropolitan regions
in Sweden [21]. These areas provide relatively short
transportation times. Unsurprisingly, increased dis-
tance between the scene of violence and hospitals may
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increase mortality [32], and access to trauma centers in
Sweden varies considerably depending on geographic
location.[33] The availability of trauma centers within
different healthcare organizations likely influences the
challenges posed by prehospital triage. Accurate pre-
hospital triage of trauma patients is challenging, and
undertriage of undifferentiated trauma patients has
been associated with increased mortality [34], with
possible subsequent harm from interhospital transfers.
[34, 35] Considering triage challenges by health care
professionals, mistriage by non-EMS is likely elevated
compared with EMS, with potential harmful effects on
patients and health care resources.

The increased shooting incidence in Sweden also
risks increasing the number of casualties in areas with
ongoing violence, and anecdotal stories of police trans-
port were discussed in Swedish media [38]. Here, we
show that although transport by police and private
vehicles occurred, the incidence was low. Nevertheless,
in 2018, health and police authorities in the Stockholm
region established an agreement that regulates the
authorities’ cooperation concerning the management of
severely injured patients around scenes of violence [39].
The agreement stated that EMS should always perform
the transports unless time restraints or safety concerns
dictate otherwise; in these circumstances, police may
evacuate patients with a subsequent transfer to EMS at
a safe location. Police transport to the hospital should
be restricted to exceptional cases. Areas outside of
Stockholm are still unregulated. Therefore, increased
medical training of police officers may increase lifesav-
ing interventions in either situation [40].

This study has some limitations that need to be
acknowledged. First, this was an observational study
with inherent limitations regarding association and
causality. Second, prehospital deaths were not included
in SweTrau, which may be a source of selection bias.
Third, the number of non-EMS transports was small,
which limited the analysis and decreased the obser-
vation confidence. Fourth, the coverage of SweTrau
increased during the study period, which could affect
outcomes, although we did not analyze trends.

Conclusion

Non-EMS transport did occur, however with a low inci-
dence and did not affect mortality. GSWs were more
common in police transport, and victims had lower
GCS scores when arriving at the ED, which warrants
further investigations of the operational management
of shooting victims in Sweden.
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