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Abstract

Background A severely injured patient needs fast transportation to a hospital that can provide definitive care. In
Norway, approximately 20% of the population live in rural areas. Primary care doctors (PCDs) play an important role
in prehospital trauma care. The aim of this study was to investigate how variations in PCD call-outs to severe trauma
incidents in Norway were associated with rural-urban settings and time factors.

Methods In this study on severe trauma patients admitted to Norwegian hospitals from 2012 to 2018, we linked data
from four official Norwegian registries. Through this, we investigated the call-out responses of PCDs to severe trauma
incidents. In multivariable log-binomial regression models, we investigated whether factors related to rural-urban
settings and time factors were associated with PCD call-outs.

Results There was a significantly higher probability of PCD call-outs to severe trauma incidents in the municipalities
in the four most rural centrality categories compared to the most urban category. The largest difference in adjusted
relative risk (95% confidence interval (Cl)) was 2.08 (1.27-3.41) for centrality category four. PCDs had a significantly
higher proportion of call-outs in the Western (RR=1.46 (1.23-1.73)) and Central Norway (RR=1.30 (1.08-1.58))
Regional Health Authority areas compared to in the South-Eastern area. We observed a large variation (0.47 to

4.71) in call-out rates to severe trauma incidents per 100,000 inhabitants per year across the 16 Emergency Medical
Communication Centre areas in Norway.

Conclusions Centrality affects the proportion of PCD call-outs to severe trauma incidents, and call-out rates were
higher in rural than in urban areas. We found no significant difference in call-out rates according to time factors.
Possible consequences of these findings should be further investigated.
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Background

Norway has 5.4 million inhabitants, with 80% of the pop-
ulation living in urban areas, mainly along the coastline
in Southern Norway [1]. Inhabitants in rural areas may
have long distances to health care services.

Most of the research on prehospital trauma care in
rural areas with long distances to trauma hospitals is
from the USA, Canada and Australia [2—4]. The research
has documented both higher mortality rates and the ben-
efits of a locally adapted inclusive trauma system in rural
areas. Norway is a high-income country with publicly
funded health care and a national trauma care system.
The trauma care system is similar to what is found in the
other Nordic countries, which have comparable trans-
port distances, climate, political systems and demograph-
ics [5].

There have been two main systems of prehospital
trauma care worldwide. One system is based on acute
care performed by paramedics and a “load-and-go”
strategy from the incident scene, where an ambulance
takes the patient to the emergency department at a local
trauma hospital [6—8]. The second system brings the phy-
sician to the incident scene and gives the opportunity to
assess the patient there. In several countries, the physi-
cians involved in prehospital trauma care are usually spe-
cialists in emergency medicine or anaesthesiology.

Unlike the other Nordic countries, Norway and Iceland
use a variant of the second system were the primary care
doctor (PCD) may call out to severe trauma incidents
as the physician in a team together with the ambulance
services. PCDs and the ambulance services have been
described as the backbone of the prehospital emergency
care in Norway [9]. They may, however, be supported
by an anaesthesiologist from the Helicopter Emergency
Medical Services (HEMS).

A severely injured patient needs treatment accord-
ing to the trauma chain of survival, which includes early
first aid, prehospital treatment, advanced treatment at a
trauma hospital and rehabilitation [8—11]. Fast transpor-
tation to a trauma hospital for definitive care should be
given high priority.

In Norway, the provision of prehospital emergency ser-
vices is a shared responsibility between the primary and
secondary healthcare systems. The municipalities hold
the responsibility for emergency primary health care. The
latest regulation from 2015 underlines the requirement
to have PCDs on call 24 h a day, emergency primary care
centres and acute health care provision for all people
in their districts. On-call PCDs must be able to call out
immediately when required. Many emergency primary
care centres therefore have a rapid response vehicle avail-
able [12]. Previously, PCDs in many municipalities called
out together with the ambulance or by taxi, with a risk of
delaying the response. By January 2022, there were 168
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emergency primary care centres in Norway [13]. In 2022,
60% of these centres had their own rapid response vehicle
for PCD call-out. This figure had increased from 36% in
2014, and 19% in 2009 [13].

Secondary health care is organised by the national
Government through four Regional Health Author-
ity areas (South-Eastern Norway (South-East), Western
Norway (West), Central Norway (Central), Northern
Norway (North)), which are responsible for the hospitals,
the ambulance services, the HEMS and the Emergency
Medical Communication Centres (EMCCs) in their area.
By 2021, the secondary health care services operated 520
ambulances and 14 HEMS [14, 15]. Norway is divided
into 16 EMCC areas. Each EMCC is responsible for
emergency medical communication in their local area.

Norway has four level-one trauma centres, one for each
health trust, in addition to 37 district trauma hospitals. A
level-one trauma centre provides trauma care for all inju-
ries and is obliged to have available all relevant speciali-
ties and support functions, trauma meetings and trauma
registers [10, 11].

Norwegian district trauma hospitals are level-two or
level-three trauma centres. They are obliged to have a
trauma team available around the clock, and there are
requirements for competence and joint training. These
hospitals should be able to treat the majority of injured
patients. If the most severely injured patients are not
transported directly to a level-one trauma centre, the
district trauma hospitals must provide the correct ini-
tial treatment and have routines for transfer to level-one
trauma centres when needed.

If anyone experiences a life-threatening injury, they
should call the national emergency number 113 to the
EMCC [12]. If telephone triage concludes with a poten-
tially life-threatening situation, it will be classified as an
“acute response” incident. In accordance with national
guidelines, the EMCC should send an alarm to the on-
call PCD and the ambulance services. The alarm is also
sent to the HEMS, if necessary. With the alarm and pri-
mary message, the EMCC dispatches ambulances. The
on-call PCDs must decide their response. They could stay
at the emergency primary care centre or call out to the
incident scene.

Although there are national guidelines for prehospital
trauma care [10], studies have shown variations regard-
ing PCD involvement and call-outs [9, 16]. In a previous
study, we found that PCDs called out to only 38% of the
severe trauma incidents of which they had been notified
[16]. Increased proportions of PCD call-outs to severe
trauma incidents were significantly associated with lower
age of the PCD, being a GP specialist, lower patient age,
and male patient gender.

The frequency of trauma incidents may vary according
to season, day of the week and time of day. Consequently,
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the emergency health services should be strategically
planned and staffed, to guarantee sufficient resources at
all times, throughout the year, week and day. There might
be variations in PCDs threshold for call-outs and poten-
tial delays during specific periods, such as in the middle
of the night, the winter season, or during peak hours at
the emergency primary care centres.

The present study aimed to investigate how variations
in rural-urban settings and time factors were associ-
ated with PCD call-outs to severe trauma incidents in
Norway. The findings may affect the local organization
of health services, including ensuring adequate staffing
levels, providing support to the PCDs, enhancing compe-
tence development in emergency primary care, organiz-
ing duty schedules, and equipping emergency primary
care centres with necessary tools and equipment for call-
outs to severe trauma incidents.

Methods

This study was based on registry data obtained for all
acute admissions to Norwegian hospitals in the seven-
year period 2012-2018 from the Control and Payment
of Reimbursement to Health Service Providers database
(KUHR), the Norwegian Patient Registry (NPR), the
National Out-Of-Hours Services Registry (NOOHR) and
Statistics Norway. The methods have been described in a
previously published article [16]. In the present study, a
PCD was defined as an on-call doctor, working either as
a general practitioner (GP) or an out-of-hours physician.

Norwegian PCDs submit a claim to the KUHR after
each patient contact. These claims contain patient
information, including the patient’s national identifica-
tion number, the contact date and time, and the type of
contact (clinic consultation, telephone contact or home
visit/call-out). The NPR includes information about the
patient’s national identification number, the date and
time of admission, and the degree of urgency. The phy-
sician at the hospital uses an International Statistical
Classification of Diseases and Related Health Problems
Version 10 (ICD-10) code to register the patient’s diag-
nosis. An injury is registered as Block S-T, or Chap. 19,
which refers to diseases classified as Injuries, Poisoning
and Certain Other Consequences of External Causes.
The NPR also contains Diagnosis-Related Group (DRG)
codes made by the hospital. The DRG code is made by
the ICD-10 code and other patient information. The DRG
code reflects the hospital resource used during the hos-
pital stay and is used by the Government to finance the
hospitals.

To calculate the distance to the nearest hospital, we
found the addresses of the emergency primary care cen-
tres from the NOOHR. For the years 2016 and 2018, the
NOOHR had data on which of the emergency primary
care centres had a rapid response vehicle available for
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immediate call-out. Statistics Norway replaced the per-
sonal identification number with a pseudo-anonymised
identification number in the NPR and the KUHR, which
made it possible to link data from both registries without
revealing patients’ identities.

The research datasets were produced by linking acute
admissions to hospitals in the NPR database with a pre-
vious PCD contact in the KUHR database. We assumed
that a PCD contact less than 24 h before a hospital
admission due to severe trauma was a PCD involvement
in the same incident. Hence, we linked PCD contacts in
the KUHR and the corresponding hospital admissions
in the NPR. A previous study validated this algorithm to
identify PCD referral contacts for acute hospital admis-
sions between acute hospital admissions and PCD con-
sultations less than 24 h before the admission [17, 18].

The PCDs complete the compensation claims to KUHR
when they have time. Therefore, some of the claims in
our study were completed after the admission. All these
patients were admitted for at least 24 h, and it is likely
that the PCDs had carried out the patient treatment
before the admission. The time on the KUHR account
card is registered automatically and will not change back
to the time of the trauma incident. We therefore included
PCD consultations documented either less than 24 h
before or less than 12 h after admission.

We included all patients discharged from all hospi-
tals in Norway during the period 2012-2018 with some
selected severe traumas as their main diagnosis, whereby
a PCD call-out response could be expected. The selected
severe trauma DRG codes were Craniotomy at significant
multi-trauma, Major surgery hip/femur and replantation,
Operations at significant multi-trauma, and Significant
multi-trauma (DRG codes 484—487). It is likely to pre-
sume that these instances of severe trauma prompted
acute alarms to the on-call PCDs and ambulance services.

Statistics Norway uses centrality as one of the criteria
in the classification of municipalities. Each municipality
is given a value reflecting its degree of centrality and is
further assigned to one of six centrality groups. Central-
ity group one is the most urban, and group six is the most
rural. Each group consists of municipalities from all parts
of Norway with the same degree of centrality, except cen-
trality group one, which includes six municipalities bor-
dering the capital.

We recorded three geographic variables indicating
rural-urban settings: centrality group defined by Sta-
tistics Norway (centrality groups 1-6); Regional Health
Authority area (South-East, West, Central, North); and
distance from the emergency primary care centre to the
hospital (<1 km, 1-30 km, >30 km). Further, we recorded
three time-factor variables: time of year in three-month
periods (December—February, March—May, June—
August, September—November); day of week (weekday or
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weekend — weekends did not include holidays); and time
of day (08-16, 16—24, 00-08). We also recorded PCD
age, GP speciality, patient age and patient gender. Finally,
we recorded whether the emergency primary care centre
had a rapid response vehicle for immediate PCD call-out
(available data for the years 2016 and 2018).

As we did not, have access to information directly from
the EMCCs, we allocated the included patients to the
EMCC areas according to the information from the NPR.
We assigned the incidents to their specific local EMCC
areas based on the patients’ home municipalities and
used these incidents to calculate the frequencies of PCD
call-outs for each specific EMCC area. Finally, we used
the number of inhabitants to calculate the rate and the
confidence intervals of PCD call-outs per 100,000 inhab-
itants per year across the 16 EMCC areas. To study the
associations between rural-urban and time characteris-
tics and the likelihood of PCD call-out to severe trauma
incidents, generalised linear models (GLM) were used to
estimate relative risks (RR) with 95% confidence intervals
(CI). Both crude and adjusted models were provided. In
a previous study, lower PCD age, being a GP specialist,
lower patient age and being a male patient were factors
that significantly increased the PCD call-out rate [16].
We performed sensitivity analyses by including each
of the four variables in the adjusted regression model,
one by one. Both PCD age and GP speciality affected
the results significantly and were included in the final
adjusted model in addition to the three geographic and
three time variables.

Based on data from 2016 to 2018, GLM was used to
estimate the association between the availability of a
rapid response vehicle and the likelihood of PCD call-
out. Both crude and adjusted (for rural-urban and time
characteristics, PCD age and GP speciality) estimates are
presented. Finally, to further illustrate the variation, we
calculated the call-out rates per 100,000 inhabitants per
year for the selected severe traumas across the 16 EMCC
areas in Norway.

Statistical significance was set at a=0.05, and the data
was analysed by the statistical program Stata 16.1. (Stata-
Corp. 2019. Stata Statistical Software: Release 16. College
Station, TX: StataCorp LLC.).

Results

During the period from 2012 to 2018, the number of
acute hospital admissions in Norway were 3,864,433.
Among these admissions, 520,098 were related to inju-
ries categorized with ICD-10 codes within Block S-T.
There were 4,342 acute admissions specifically linked to
the four chosen severe trauma DRG codes. PCDs were
involved in 1,683 (39%) of these trauma incidents. There
was no documented PCD involvement in the remaining
2,659 incidents (61%) that were admitted to the hospitals.
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Of the 1,683 severe trauma incidents that involved PCDs,
they called out 644 (38%) times.

Compared to the most urban centrality group (group
one), there were significantly higher proportions of PCD
call-outs to severe trauma incidents in municipalities in
centrality groups three, four, five and six, with RR (95%
CI) 1.70 (1.10-2.31), 1.97 (1.27-3.07), 1.73 (1.09-2.76)
and 2.08 (1.27-3.41), respectively (Table 1). In the
Regional Health Authority areas West and Central, PCDs
had significantly higher proportions of call-outs com-
pared to PCDs in the most urban, South-East area, with
RR 1.46 (1.23-1.73) and 1.30 (1.08-1.58), respectively.

There were no significant differences in the proportions
of PCD call-outs to severe trauma incidents when com-
paring emergency primary care centres with or without
a rapid response vehicle, RR (95% CI) 0.89 (0.71-1.11)
(Table 2).

We were able to identify the corresponding EMCC in
1,677 of the 1,683 included severe trauma incidents. The
PCD call-out rates ranged from 17 to 55% across the
EMCCs, with an average of 38% (Table 3). PCD call-outs
per 100,000 inhabitants per year ranged from 0.47 (0.13—
0.80) to 4.71 (2.25-7.16), with a mean call-out rate of 1.81
(1.44-2.19).

Discussion

The proportion of PCD call-outs to severe trauma inci-
dents was higher in rural than in urban areas. This was
shown directly in the variable centrality group, but also
indirectly in the variables regional Health Authority area
and EMCC area. Compared to the most urban (central-
ity group one), there were significantly higher propor-
tions of PCD call-outs to severe trauma incidents in
more rural municipalities (centrality groups three, four,
five and six). In the regional Health Authority areas West
and Central, PCDs had significantly higher proportions
of call-outs compared to PCDs in the most urban area
South-East. We observed a large variation both in pro-
portions of PCD call-outs to severe trauma incidents and
call-out rates per 100,000 inhabitants per year across the
16 EMCC areas.

Several studies comparing prehospital trauma care in
urban and rural areas have found higher mortality rates
after trauma, fewer emergency medical health personnel
per inhabitant, and longer distances from the incident
scene to the trauma hospital in rural areas [6-8, 19-25].
Some studies also observed that injuries were more
severe in rural than in urban areas [19, 20, 22]. It is likely
that the same challenges apply to rural areas in Norway.
This study is unique as it analysed factors affecting PCD
call-outs to severe trauma based on national data. This
provided insight into the overall frequency of call-outs as
well as rural-urban differences.
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Table 1 Primary care doctor (PCD) call-outs to severe trauma incidents, rural-urban and time factors, Norway, 2012-2018
Variable

Severe Primary care % RRqe! 95% Con- RR, 4’ 95% CP?
trauma doctor (PCD) fidents
call-outs interval
(@

Total* 1,683 644 383
Centrality group

1 (most urban) 143 26 18.2 1.00 1.00

2 293 98 335 1.84 1,25-2.70 148 0.94-2.31

3 445 160 36.0 1.98 1.37-2.86 1.70 1.10-2.63

4 454 210 46.3 2.54 1.77-3.65 1.97 1.27-3.07

5 242 101 417 2.30 1.57-3.35 1.73 1.09-2.76

6 (most rural) 92 45 489 2.69 1.79-4.04 2.08 1.27-341
Regional Health Authority area

South-Eastern 731 208 285 1.00 1.00

Western 441 213 483 1.70 1.46-1.97 1.46 123-1.73

Central 322 140 435 1.53 1.29-1.81 1.30 1.08-1.58

Northern 184 82 44.6 1.57 1.28-1.91 118 0.93-1.50
Distance from emergency primary
care centre to hospital

<1km 653 241 369 1.00 1.00

1-30 km 543 187 344 093 0.80-1.09 1.01 0.85-1.19

>30km 482 215 44.6 1.21 1.05-1.39 1.09 0.94-1.28
Month

Dec - Feb 349 116 332 1.00 1.00

Mar — May 423 168 39.7 1.19 0.99-1.44 112 0.92-1.36

Jun - Aug 466 195 419 1.26 1.05-1.51 .11 092-1.34

Sep - Nov 445 165 37.1 112 0.92-1.35 1.04 0.85-1.27
Day

Weekday 1,204 452 375 1.00 1.00

Weekend excl holidays 479 192 40.1 1.07 0.94-1.22 1.08 0.94-1.25
Time

08-16 712 270 379 1.00 1.00

16-24 756 311 41.1 1.08 0.96-1.23 1.14 0.99-1.30

00-08 210 62 295 0.78 0.62-0.98 0.99 0.76-1.29

'Crude relative risk (RR,,qe) Obtained from generalized linear model (GLM)
2Adjusted relative risk (RR,q)) obtained from GLM adjusted for all the variables included in this table, and the variables PCD age and GP specialty
3Confidence interval *Some of the variables have less observations due to missing data. The variable centrality group has 1669 included incidents and 640 call-outs

The variables Regional Health Authority area, distance to hospital and time have 1678 incidents and 643 call-outs. The other variables have 1683 incidents and 644
call outs

Table 2 Primary care doctor (PCD) call-outs to severe trauma incidents according to rapid response vehicle, Norway

All incidents involving PCDs’ Call-outs
Available rapid response vehicle N n % RRude 95% CI? RR.q° 95% Cl
No 265 104 393 1 1
Yes 269 94 349 0.89 0.71-1.11 0.89 0.71-1.11

'Avaliable data for the years 2016 and 2018
2Confidence interval

3Adjusted relative risk (RR) obtained from generalized linear model adjusted for the variables centrality group, Regional Health Authority area, distance from the
emergency primary care centre to the hospital, time of year, day of week, time of day, PCD age and GP speciality

Due to fewer emergency medical health personnel and  trauma care compared to urban areas [12, 26]. PCDs
longer transport distances to trauma hospitals requir-  working in rural areas are aware of the limited availabil-
ing continuous assessment and urgent measures, PCDs ity of medical resources, including ambulances and the
in rural areas have a more important role in prehospital HEMS. This may partly explain why PCDs in rural areas
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Table 3 Primary care doctor (PCD) call-outs to severe trauma incidents, Emergency Medical Communication Centres, Norway,

2012-2018
EmcC’ Primary care doctor (PCD) call-out to severe trauma incidents, 2012-18

PCD involved PCD call-outs Inhabitants Call-out rate per 100,000

inhabitants per year

N2 n % N rate 95% CI®
Total 1,677 642 383 5,055,195 1.81 144-2.19
Finnmark 31 17 548 77,620 3.13 -0.81-7.06
Ser-Trendelag 99 51 515 324,289 225 0.62-3.88
Haugesund 90 46 51.1 178,571 3.68 0.87-649
Serlandet 197 99 50.3 300,396 4.71 225-7.16
Bergen 148 74 50.0 442,742 2.39 0.95-3.83
Stavanger 142 68 479 360,376 2.70 1.00-4.39
Bodo 40 19 47.5 139,110 1.95 -0.37-427
Nord-Trendelag 89 40 449 147,994 3.86 0.70-7.03
Tromsa 82 34 415 190,625 2.55 0.28-4.81
Forde 57 22 386 111,185 2.83 -0.30-5.95
Mere & Romsdal 136 51 375 257,720 2.83 0.77-4.88
Helgeland 29 10 34.5 77,010 1.86 -1.19-490
Vestre Viken 96 23 24.0 281,336 117 -009-243
Oslo 225 51 22.7 1,563,669 047 0.13-0.80
Vestfold Telemark 113 20 17.7 265,057 1.08 -0.17-2.33
Innlandet 103 17 16.5 337,495 0.72 -0.19-162

"Emergency medical communication centre (EMCC)

2Corresponding EMCC identified in 1,677 out of the 1,683 included severe trauma incidents and 642 out of the 644 call-outs

3Confidence interval

tend to call out to incident scenes more frequently than
PCDs in urban areas. Further, the workloads are often
less intense than in urban emergency primary care cen-
tres, which makes it easier for the rural PCDs to call out.

In rural areas, the PCDs work in the same local com-
munity as they live in, whilst urban GPs often only meet
their patients in the course of their work. Due to relations
to the local population, rural PCDs may have a stronger
sense of loyalty to colleagues, patients and their relatives,
and this may lower the threshold for them to call out to
trauma incidents [26, 27]. As rural PCDs often know the
patient population, a personal assessment with high-con-
text communication at the incident scene may give better
patient care. This could be an additional motivation for
the PCDs to call out [28].

Severe trauma incidents are relatively rare in rural
areas. When such an incident happens, it is common for
the inhabitants of the community to be interested in the
incident and discuss it afterwards. They may be inter-
ested in which personnel from the emergency services
attended, including the PCD. This may lead to increased
expectations of the PCDs regarding the right competence
and participation in emergency care in the event of inci-
dents in the local community [29].

Due to the higher number of patient contacts, Norwe-
gian ambulance personnel working in urban areas are
more experienced than those working in rural areas. Sim-
ilar rural-urban differences have been reported in studies

from other countries [30, 31]. In larger cities, there may
be dedicated ambulances with anaesthetists who can call
out to incidents with severe trauma [15]. With multiple
health care resources available and short transport time
and distance to the nearest trauma hospital, there may be
less need for PCDs to call out to the incident scenes in
urban areas.

In the present study, proportions of PCD call-outs to
severe trauma incidents were significantly lower in the
most urban regional Health Authority area compared to
in two of the other regional Health Authority areas. This
has not previously been investigated across all regional
Health Authority areas in Norway within a single
research study.

A Norwegian study from 2010 found that the GP call-
out proportion when alerted by an emergency medi-
cal alarm from the EMCC ranged from 40 to 47%. The
material was collected from three EMCCs in two differ-
ent regional Health Authority areas [32]. These findings
are comparable with three of the four Regional Health
Authority areas in our study. Norway’s four regional
Health Authority areas have variations in demographics.
In the present study, we have adjusted for centrality and
distance, and could argue that the observed differences
between the four health trusts could also be related to
variations in the organisation and planning of the pre-
hospital trauma care. The PCDs are largely influenced by
decisions made by the specialist health care system, even
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though they work in the primary health care system. The
Regulation on the organisation of emergency services
states that the municipalities and the Health Authority
areas must ensure that the population in need of immedi-
ate help receives appropriate and coordinated emergency
medical services outside hospitals [12].

Interestingly, we did not observe any significant dif-
ferences in the proportions of PCD call-outs to severe
trauma incidents according to time factors. In the
adjusted analyses, neither time of the year, weekday
or time of the day were significantly associated with
PCD call-out. An American study observed no delay in
acute trauma operations for patients admitted at night
[33]. A well-functioning trauma system was suggested
as the likely cause. A German study reported a slightly
increased prehospital time delay for patients admit-
ted at night, although there was no documented clinical
impact. Increased prehospital time was related to time-
consuming procedures and lower staffing levels at night
[34]. PCDs could be expected to call out less frequently in
the winter season when the weather is bad. Three differ-
ent studies found differences in trauma incidents across
seasons, but no differences in mortality [35-37]. The
same studies observed that the use of health resources in
trauma incidents in hospitals varied across seasons.

We found no significant difference in call-out rates
across emergency primary care centres with or without
rapid response vehicles. As we only have registrations
from 2016 to 2018, further studies are needed to better
clarify whether the availability of rapid response vehicles
affects a PCD’s call-out to severe trauma incidents. It is
possible that PCDs prefer to call out with an ambulance
instead of a rapid response vehicle in cases of severe
trauma incidents.

There was a substantial variation in proportions and
rates of PCD call-outs to severe trauma incidents across
the 16 EMCCs in Norway. There are large differences in
demographics across these EMCC areas. We have docu-
mented that the call-out rates were affected by rural-
urban factors. It is likely that differences in rural and
urban EMCC areas could partly explain the variation in
proportions and rates of call-outs. A Norwegian study
from 2005 documented a significant difference, with an
RR of 3.9, when comparing how often two EMCCs noti-
fied the GP in acute situations [27]. It also showed a sig-
nificant difference, with an RR of 3.2, when comparing
how often the GP worked within the geographical areas
of these EMCCs, called out when notified. This variation
was even greater in our study, with a difference in call out
frequencies of more than tenfold across the EMCCs.

We can argue that the organisation of the EMCCs may
have little impact on the work of the PCDs, as EMCCs
and PCDs are organised in different parts of the health
care system. Although PCDs work in the municipalities,
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they are influenced by the decisions of prehospital health
personnel in the specialist health service. If the doctors
are not alerted by the EMCCs about incidents with sus-
pected severe trauma, it is not possible to call out. Future
studies should investigate why there are such variations
across the EMCCs.

This study is based on national registers that include
all acute somatic hospital admissions from 2012 to 2018
[16]. By using this large data set, we avoided selection bias
of sub-groups when we conducted our further analysis.
The registries made it possible for us to investigate how
variations in rural-urban settings and time factors were
associated with PCD call-outs to severe trauma incidents
in Norway. Previous studies have clearly demonstrated
the connection between claims from emergency pri-
mary health care and hospital admissions less than 24 h
later. This supports the design of this study. By using this
method, our registers provide us with the number of call-
outs and the total number of PCD engagements during
the study period. This means that we can calculate with a
high degree of certainty the percentage of call-outs when
the PCDs were involved. Of 4,342 severe trauma inci-
dents, we observed PCD involvement in 1,683 incidents.
For the other 2,659 incidents (61%) we do not have any
documented PCD involvement. It is highly probable that
the PCDs were not involved.

According to the discharge diagnoses, these were cases
of suspected severe trauma. The EMCC guidelines state
that both the ambulance and PCD should be alarmed in
cases of suspected severe trauma, and it would be con-
cerning if many of these incidents were handled without
any kind of alarm being sent to the PCD. A Second pos-
sibility could be that incidents involved a severe trauma
with limited initial symptoms that were handled by a
PCD clinic consultation or a telephone contact prior to
an alarm from the EMCC to the ambulance. We recom-
mend further studies to investigate the degree to which
EMCCs send alarms to PCDs in the event of severe
trauma incidents.

The registries used in our research did not include
information about severely injured patients who died
before admission or in the hospital. The Norwegian
Cause of Death Registry reported 2.7% mortality due
to trauma for the years 2012-2018, and the Norwegian
Trauma Registry found 3.2% mortality 30 days after
trauma for all patients admitted to Norwegian trauma
hospitals for the years 2016—-2018 [38, 39]. Consequently,
deaths account for only a limited proportion of the over-
all trauma incidents. Probably, including dead trauma
patients would have very small impact on the results.

At an early stage of severe trauma, the information in
the primary message from the EMCC to the PCD and the
ambulance is almost identical. It will be difficult to dis-
tinguish an incident where the patient dies later in the
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course from a patient who survives. Therefore, there is
likely an equal frequency of call-outs from the PCD in
both cases.

We used the patients” home municipalities for distribu-
tion across the EMCCs. To ensure a more correct distri-
bution, we should have used the municipalities in which
the incident occurred. As we did not have access to that
information, the actual distribution across the EMCCs
may differ slightly from what we have reported. However,
although the incident may not have happened within the
patient’s own municipality, we think that it may relatively
often have happened within the same geographical area
of the EMCC.

Most injuries with an ICD-10 code in blocks S-T are
due to minor injuries and can be handled within a lower
emergency care level. It was important to ensure that we
did not include minor injuries, which would not have
triggered an acute alarm. We achieved this by including
only significant multitrauma patients with DRG codes
484—487. It is a limitation of the study that injuries with-
out these DRG codes were thereby excluded. A larger
sample would have strengthened the statistical power of
the study.

Conclusions

Centrality affects the proportion of PCD call-outs to
severe trauma incidents, and call-out rates were higher
in rural than in urban areas. We found no significant dif-
ference in call-out rates according to time factors. Pos-
sible consequences of these findings should be further
investigated.
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