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Abstract

Background Increasing mountain activity and decreasing participant preparedness, as well as climate change,
suggest needs to tailor mountain rescue. In Sweden, previous medical research of these services are lacking. The aim
of the study is to describe Swedish mountain rescue missions as a basis for future studies, public education, resource
allocation, and rescuer training.

Methods Retrospective analysis of all mission reports in the national Swedish Police Registry on Mountain Rescue
2018-2022 (n=1543). Outcome measures were frequencies and characteristics of missions, casualties, fatalities,
traumatic injuries, medical conditions, and incident mechanisms.

Results Jdmtland county had the highest proportion of missions (38%), followed by Norrbotten county (36%).

2% of missions involved >4 casualties, and 44% involved >4 mountain rescuers. Helicopter use was recorded in
59% of missions. Non-Swedish citizens were rescued in 12% of missions. 37% of casualties were females. 14% of
casualties were > 66 or <12 years of age. Of a total 39 fatalities, cardiac event (n=14) was the most frequent cause
of death, followed by trauma (n=10) and drowning (n=8). There was one avalanche fatality. 8 fatalities were related
to snowmobiling, and of the total 1543 missions, 309 (20%) were addressing snowmobiling incidents. Of non-fatal
casualties, 431 involved a medical condition, of which 90 (21%) suffered hypothermia and 73 (17%) cardiovascular
illness.

Conclusions These baseline data suggest snowmobiling, cardiac events, drownings, multi-casualty incidents, and
backcountry internal medicine merit future study and intervention.
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Background

The International Commission for Alpine Rescue (ICAR)
assesses that mountain tourism is attracting larger num-
bers of unprepared adepts, leading to a rise in accidents
[1]. In Italy, Canada and Scotland, the number of moun-
tain search and rescue (SAR) operations has grown [2—-4],
and in French mountain SAR, more than 10% are rescued
in an event involving>4 victims [5]. Males and elderly
persons have been described as having an elevated risk,
and predominant causes of death are trauma, hypother-
mia, cardiac death, and avalanches [6-8]. A national
park in Taiwan has a fatality incidence per 100 000 visi-
tors of 0.24 [9], and the UK suffered 550 fatal incidents in
6814 mountain rescue missions 2002—2006 [10]. Climate
change must also be factored in, as in the 2022 Marmo-
lada glacier collapse in Italy, with eleven fatalities and
SAR hampered by thunderstorms [11].

The Scandes mountain range forms the border between
Norway and Sweden, stretches into Finland, and is a core
region of Sdpmi, the traditional land of the Indigenous
Sdmi [12]. Human activities in the Scandes include rein-
deer-herding, mining, power production, forestry, hunt-
ing and fishing, and tourism. In medical literature related
to these activities, a substantial body of studies exists for
Norwegian mountain rescue, but few previous studies
have addressed Swedish mountain incidents. Yet, in 2022,
88% of major Swedish mountain tourism executives
stated an increase in inexperienced visitors, and 60% a
decrease in visitor risk awareness [13]. In view of worry-
ing trends internationally, a need for study of mountain
emergencies also on the Swedish side is indicated, where
some Norwegian results may not be fully applicable due
to differences in e.g. methods [14] and topography — even
though anecdotal information suggests frequent assis-
tance in Sweden by Norwegian mountain SAR helicopter
services. Mountain SAR in Sweden is the responsibility of
its police, aided by the Swedish Mountain Rescue volun-
teer corps, trained and equipped by the police and work-
ing under a police rescue leader [15]. Every mountain
rescue mission generates a report saved in a police reg-
istry, providing an opportunity for explorative research.
The aim of the current study is to describe Swedish
mountain rescue police registry data, as a baseline for
future studies, public education, resource allocation, and
rescuer training.

Methods
Research design
Descriptive register study.

Outcome measurements

The primary outcome measurements were frequencies
and characteristics of missions. Secondary outcome mea-
surements were number and demographic characteristics
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of casualties; frequencies of traumatic injuries, medical
conditions, and fatalities; and incident mechanisms. No
prespecified hypotheses were stated.

Subjects

All data recorded in the Swedish Police Registry on
Mountain Rescue (Swedish: Polisens Fjdllrdddnings
Uppdragsstatistik) 2018-2022 were extracted, yielding
mountain rescue mission statistics from the four counties
(geographic subdivisions of Sweden) through which the
Swedish Scandes mainly run: Norrbotten, Visterbotten,
Jamtland, and Dalarna. The time period from 2018 and
onwards was chosen in dialogue with the Police, since the
data recording was methodologically improved from that
year. We investigated data from previous years (1999-
2017) and could confirm marked quality improvements
from 2018, e.g. comprehensive data from all four coun-
ties. Prior to 2018, we found possible but unconfirmed
cases in available raw data (#=1619: Dalarna 210 cases,
Jamtland 728 cases, Norrbotten 565 cases, Visterbot-
ten 116 cases) lacking an individual report with a police
reference number, and containing no information. All of
these possible but unconfirmed cases were between the
years 2000—-2006. The year 2007 had no reports recorded
in raw data made available to us. The study was approved
in advance by the Swedish Ethical Review Authority (dnr
2022-03164-01).

Data management and statistics

Data were extracted in electronic spreadsheet format
per year and county, each mission report designated by
a police reference number, and a database for analysis
was created in which raw data was preserved. No imputa-
tions were applied (four reports stating "group of people”
were conservatively assessed as three persons per group)
and no inferential statistics were calculated. The binary
sex categorization by the police was used since no gen-
der (socially constructed roles) data were available to us.
The STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) checklist was used as far
as applicable [16].

Results

Mission characteristics

A total 1543 recorded missions 2018-2022 were distrib-
uted as follows: Jamtland 586 missions (38%), Norrbotten
553 missions (36%), Dalarna 220 missions (14%), Vister-
botten 184 missions (12%). 1229 missions (80%) were
recorded as rescue, and 314 (20%) as search missions.
Helicopter use was recorded for 913 (59%) missions, of
which 113 (7% of total) involved multiple helicopters and
800 (52%) a singular helicopter. Types of helicopter were
distributed as follows: 434 (28%) ambulance helicopter,
313 (20%) police helicopter, 225 (15%) civilian helicopter,
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Table 1 Stated causes of death for fatalities in the Swedish
Police Registry on Mountain Rescue 2018-2022 (n=39)
% of fatalities

Cause of death Number of fatalities

Cardiac event 14 36
Trauma 10 26
Drowning 8 21
Avalanche 1 3
Suicide 1 3
Sudden infant death 1 3
syndrome

Not stated 4 10
TOTAL: 39 100

Table 2 Anatomical location of non-fatal traumatic injuries

recorded in the Swedish Police Registry on Mountain Rescue
2018-2022 (h=771)
Anatomical location

Number of injuries

Lower limb 425
Upper limb 139
Head/Neck 113
Back 67
Chest/Abdomen/Pelvis 27
Total: 771

51 (3%) Norwegian helicopter (of any type), and 16 (1%)
Swedish maritime SAR helicopter. Of all missions, 771
(50%) were carried out November through April. The
most afflicted month was August with 268 (17%) mis-
sions and the least afflicted month was November with
7 (0.5%) missions. Time of day was found to be recorded
in only 234 (15%) cases, and was not analysed. A total 37
missions (2%) involved >4 casualties, and a total 682 mis-
sions (44%) involved >4 mountain rescuers. Non-Swedish
citizens were rescued in 181 (12%) missions, the most
frequent foreign nationalities being Norwegian (51 mis-
sions; 3%) and German (28 missions; 2%). A total 23 for-
eign nationalities were found among the rescued.

Casualties and fatalities

A total 1857 persons could be confirmed as found dead
or alive, with sex recorded for 1476 casualties; 923 males
(63%) and 553 females (37%). Age was reported for
1484 persons of which 51 (3%) were <12 years of age,
and 160 (11%) were =66 years of age. A total 39 fatali-
ties were recorded, with cardiac event (14 persons; 36%
of fatalities) recorded as the most frequent cause of death
(Table 1). All 8 drownings (21% of fatalities) occurred
March-July; one was a skiing and one was a snowmobil-
ing incident, and the other six where categorized as hik-
ing, boating or canoeing.

Non-fatal medical conditions and traumatic injuries

Of non-fatal casualties, 431 involved a medical condition,
with the seven most common ranked by frequency as fol-
lows: Hypothermia (90 persons; 21%), Cardiovascular (73
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persons; 17%), Exhaustion (68 persons; 16%), Neurologic
(60 persons; 14%), Gastrointestinal (56 persons; 13%),
Respiratory (16 persons; 4%), Endocrine (13 persons; 3%).
Several of these had a concurrent trauma registered, e.g.
hypothermia and lower limb injury. Anatomical location
of traumatic injuries could be identified for 771 injuries
(Table 2). A total 6 non-fatal casualties were recorded as
burn injuries, and 4 as gunshot wounds.

Incident mechanisms

Of the total 1543 missions, 737 (48%) addressed incidents
related to hiking; 393 (25%) to skiing; and 309 (20%) to
snowmobiling. Of a total 39 fatalities, 8 (21%) were
related to snowmobiling. 48 (3% of total number) mis-
sions were avalanche SAR, including proactive searches
resulting in no persons found or missing. Of these 48
avalanches, 28 (58%) were related to skiing and 5 (10%)
to snowmobiling, and 33 (69%) occurred in Jamtland.
One avalanche victim died. Free-text data indicated that
a majority of the 8 drownings were in ice-free conditions.

Discussion

The two main findings of this study are the high frequen-
cies of snowmobile incidents and of drownings. While
no prespecified hypotheses were stated for this explor-
ative baseline study, the Swedish results were expected to
be more similar to international predecessors than they
turned out to be. In e.g. Japan, cardiac mountain deaths
are not as prominent as in our material and drownings
constitute only 3.3% of Japanese mountain fatalities [8].
The proportion of females was higher (37% of casualties
with recorded sex) than for many international materials;
the corresponding number for France is 17% females [5].
Even though our comparatively small sample size must
be considered, it cannot be ruled out that Sweden has
outlier tendencies, to be further explored.

One such outlier tendency could be the enormous
popularity of snowmobiling in Sweden. Its>150 snow-
mobile clubs maintain 28 000 km of snowmobile trails,
equalling 70% of the Earth’s circumference [17]. A recent
survey found that 70% of Swedish snowmobile riders who
drive in avalanche terrain do so without avalanche equip-
ment [18]. In Utah, snowmobiling accounted for 47% of
avalanche fatalities 2006—-2018 [19], and given the survey
result indicating avalanche risk negligence among Swed-
ish snowmobilers, a substantial number of snowmobiling
avalanche fatalities could have been expected in Swe-
den, but this was not the case. Again, our comparatively
small sample size must be considered. 10% of all ava-
lanche cases were related to snowmobiling. Finding that
snowmobiling generates 20% of the need for rescue in
the "pristine” Swedish Scandes, we asked the Mountain
Safety Council of Sweden for comment, and were sug-
gested that there may in fact be an even higher frequency
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of snowmobile incidents, since some may be classified
as traffic and not recorded in the mountain rescue reg-
istry. Systematic study of comprehensive current data for
snowmobile incidents in Sweden is suggested, but a call
for action may be warranted already from these baseline
results. Setting higher standards for driver training and
certification could aid in reducing risks [20], and discus-
sions with the industry may be of value, perhaps tied to
the electric transition: A smart snowmobile could pos-
sibly warn its rider before an incident, and call for help
(including transceiver technologies) if there is one.

Even though substantially more people drown in
Swedish mountains than die in avalanches (the herein
described ratio is 8—1), the Swedish Mountain Rescue
volunteer corps are not trained or equipped for water
rescue. Knowledge transfer from its maritime volunteer
corps equivalent, the Swedish Sea Rescue Society, could
be of value. An in-depth study of autopsies and records
from pre- and intrahospital sources is suggested to char-
acterize mechanisms and provide data for improvements
in prevention and rescue. The Swedish Scandes contain
a superfluity of water bodies that climate change may
alter seasonal characteristics of, possibly jeopardizing e.g.
trail bridges. Off-piste skiers are asked to train and equip
(beacon, shovel, probe, airbag) themselves for avalanche
- a corresponding drowning risk preparedness could be
asked of certain mountain visitor subpopulations.

It must be noted that in the present material, 36% of
fatalities were a cardiac event. The substantial cardiovas-
cular proportion in the nontraumatic illness distribution
appears to validate that a high proportion of fatalities in
Swedish mountains are cardiac events. From the police
data, we could not satisfactorily determine explanatory
risk factors, but suggest cardiovascular incidents for
prioritized future study, not at least since several well-
known and well-studied interventions might be trans-
ferable to this environment, such as increased bystander
cardiopulmonary resuscitation skills and increased avail-
ability of (e.g. drone-delivered) automated defibrillators.
Future training and equipping of mountain rescue vol-
unteers may benefit from an increased cardiovascular
preparedness.

In its guidelines for mountain multi-casualty incidents
(MClIs), ICAR notes that, compared with an urban envi-
ronment, a lower number of casualties may be considered
an MCI because resources are more limited [21]. What
number of victims would overwhelm Swedish mountain
SAR, pushing a mountain incident out of control? If the
answer is >4 casualties, then there was a potential for 37
MClIs 2018-2022, i.e. seven per year. It seems advisable
to explore disaster preparedness in this context, espe-
cially in view of there being evidence-based guidelines.

The fact that 14% of casualties were =66 or <12 years
of age raises questions about vulnerability, and factoring
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in a postulated general decrease in preparedness for the
mountain environment is worrying. There was one case
of sudden infant death syndrome. The heterogeneity of
victim nationalities raises questions about preparedness
for Scandinavian conditions [22].

The frequency (90 cases) of hypothermia is unreli-
able since it is based on medical layperson descriptions,
lacking objective data on body temperature. None of
the fatalities had hypothermia as stated cause of death,
whereas in Japan 14.7% of mountain fatalities died due
to hypothermia [8]. Does Sweden have unexpectedly low
incidence or poor diagnostics? As for the related (pos-
sibly overlapping) issue of drownings, an in-depth study
of autopsies and records from pre- and intrahospital
sources is suggested. Yet, already herein described cases
of hypothermia, if seen in view of a general decrease in
preparedness combined with a high proportion of vul-
nerable populations, may warrant public education mea-
sures as well as resource planning [23]. In the anatomical
distribution of non-fatal injuries, the injuries to the head-
neck-complex may merit particular future investigation,
having prevention (armour) and rescue (stabilization)
implications.

Limitations

Limitations of this study include unknown validity and
reliability of the registry used and a lack of medical
records.

Conclusions

These baseline data suggest snowmobiling incidents,
cardiac events, drownings, multi-casualty incidents,
and backcountry internal medicine for future study; the
results for snowmobiling and drownings are perhaps
already strong enough to suggest action. Experiences of
rescuers and survivors are implicated for future study
from our findings of complex cases in challenging envi-
ronments. Future climate instability may cause incident
mechanisms and conditions for medical evacuation to
deviate from herein described baselines, suggesting need
for proactive study and intervention.

Abbreviations

ICAR International Commission for Alpine Rescue

SAR Search and Rescue

STROBE  Strengthening the Reporting of Observational Studies in
Epidemiology

MCl Multi-Casualty Incident
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