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Abstract

Background Finnmark County is the northernmost

county in Norway. For several decades, the rate of mor-

tality after injury in this sparsely inhabited region has

remained above the national average. Following docu-

mentation of this discrepancy for the period 1991–1995,

improvements to the trauma system were implemented.

The present study aims to assess whether trauma-related

mortality rates have subsequently improved.

Methods All injury-associated fatalities in Finnmark from

1995–2004 were identified retrospectively from the

National Registry of Death and reviewed. Low-energy

trauma in elderly individuals and poisonings were

excluded.

Results A total of 453 cases of trauma-related death

occurred during the study period, and 327 of those met the

inclusion criteria. Information was retrievable for 266

cases. The majority of deaths (86%) occurred in the pre-

hospital phase. The main causes of death were suicide

(33%) and road traffic accidents (21%). Drowning and

snowmobile injuries accounted for an unexpectedly high

proportion (12 and 8%, respectively). The time of death did

not show trimodal distribution. Compared to the previous

study period, there was a significant overall decline in

injury-related mortality, yet there was no change in place

of death, mechanism of injury, or time from injury until

death.

Conclusions Changes in injury-related mortality cannot

be linked to improvements in the trauma system. There was

no change in the epidemiological patterns of injury. The

high rate of on-scene mortality indicates that any major

improvement in the number of injury-related deaths lies in

targeted prevention.

Introduction

Trauma is a major cause of death worldwide [1]. Analysis

of the time and place of deaths due to injury is a useful tool

in the planning of a trauma system, as well as in identifying

areas that might benefit from additional research.

Finnmark County is the northernmost county in Norway.

This rural county (48,000 km2) is comparable in size to

Belgium but with a population of 72,500 [2]. Rural areas

have a higher rate of injury-related deaths than urban areas

[3–6], which has been attributed to longer travel distances,

delayed surgical care, fewer personnel trained in advanced

life support techniques, and behavioral patterns among the

populace [7–11]. Finnmark has had an injury-related death

rate well above the national average for decades (Fig. 1).

We previously reported the mechanism of injury, place

of death, and duration of time from injury to death in

Finnmark for the time period 1991–1995 [12]. Since then,

trauma care has improved in the region. Ambulance ser-

vices are now tied to the hospitals rather than to local

owners, and their equipment has been expanded and stan-

dardized. For prehospital personnel, educational require-

ments have been heightened and standard operating

procedures developed. A training program in trauma care

(The BEST Foundation: better and systematic trauma care),

comprising both in-hospital and out-of-hospital services

has been implemented [13]. Additionally, a national
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suicide prevention program was launched in the autumn of

1994, which aimed to increase knowledge about suicide

and suicide prevention among both health care personnel

and the public through information and training. The

regional center encompassing Finnmark County was

established in 1996 [14, 15]. Psychiatric health care in the

region was further strengthened through the national

development of community psychiatry services in all

counties beginning in 1999 [16].

Despite these steps, injury-related mortality seems to

remain above the national average in Finnmark County. A

recent study from Stavanger, a city on the western coast of

Norway, described the contemporary patterns of trauma

epidemiology in an urban area [17]. This study showed an

increase in in-hospital deaths and in older victims com-

pared to previous data. The aims of the present study was

therefore to describe fatal injuries in a well-defined rural

region and to assess possible changes after developments in

trauma care.

Materials and methods

The Norwegian National Registry of Death routinely

records all deaths in Norway based on death certificates.

We obtained information for all deaths from injury and

poisoning (ICD-10 V01-Y89) occurring in Finnmark

County in the period January 1, 1995, through December

31, 2004. We also included those cases of injuries occur-

ring in Finnmark in which death occurred after transfer to

an out-of-county hospital. We excluded from the study

deaths from isolated, simple fractures after a fall at ground

level occurring in persons over age 64 years, and all

poisonings (Fig. 2). The criteria used were the same as

those of the previous study [12]. For each case, we

reviewed ambulance and hospital records and police and

autopsy reports (where available). Information on cause of

injury, time and place of death, and demographic data were

recorded in a standard form. To investigate changes over

time, we divided our material into two periods, 1996–1999

and 2000–2004, and used the material from our previous

study to compare the period 1991–1995.

The county studied covers 48,000 km and has 72,500

inhabitants. The population mostly consists of Norwegians,

Sami (an indigenous people of northern Norway, Sweden,

Finland, and the Kola Peninsula), and Kvens (an ethnic

minority descending from Finish immigrants). As ethnicity

is not recorded during censuses, the exact composition of

the population is not known. In 1972 an estimated 15,000

Sami lived in Finnmark, representing 20% of the popula-

tion. The Sami have a history of oppression and assimila-

tion from Norwegian authorities, but as of today are

entitled to special protection and rights [18, 19].

Life expectancy in Sami areas is somewhat shorter than

that of the country in general. The Sami alcohol con-

sumption does not exceed that of the non-Sami populace,

and Sami use psychiatric health care at a comparable rate

to Norwegians. Finnmark County has a lower level of

education than the country in general; 55% have a high

school education as the highest degree and 21% have

education from college or university [18–21]. In 1995,

Finnmark had the second highest alcohol consumption

among Norwegian counties, surpassed only by the county

of Oslo; each inhabitant consumed an average of 6.44 l of

alcohol per year [22].

Fig. 1 Annual mortality rate from injury and poisonings in the

Norwegian county of Finnmark compared to the national Norwegian

average (ICD-10 V01-Y89)

Fig. 2 Process of inclusion and exclusion of data
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SPSS version 17.0 was used for statistical analysis.

Student’s t-test or analysis of variance (ANOVA) was used

to compare continuous variables, and the chi-square test

was used for categorical data. The Norwegian Directorate

for Health and Social Affairs (07/4817), the Norwegian

Data Inspectorate (07/01595-3/clu), the Privacy Ombuds-

man for Research (17430/2/LT), the Norwegian Director of

Public Prosecutions (Ra 07-526 IFO/mw 639.2), and the

Regional Committee for Medical and Health Research

Ethics (200702984-3/IAY/400) approved this study.

Results

During the 10-year period, 453 deaths from injury and

poisoning were recorded in Finnmark County, yielding an

annual mortality rate of 61 per 100,000 inhabitants. This

rate is significantly higher (p \ 0.001) than that of the

country as a whole, at 54 injury- and poisoning deaths per

100,000 inhabitants. A total of 327 cases met the inclusion

criteria, and hospital, autopsy, or police records we iden-

tified for 266 of these. Not all cases had complete

information.

Median age was 41.5 years, and 49% of those who died

were under the age of 40. Eighty-three percent were male.

Autopsy was performed in 144 of the cases (44%). Forty-

two percent of deaths occurred on Saturdays and Sundays

(chi-square for difference, p \ 0.001), with the remaining

deaths distributed evenly throughout the week (chi-square

for difference, p = 0.920). There was no variation accord-

ing to season (p = 0.892) or month (p = 0.377). None of

the major cause-of-death subgroups displayed seasonal

variation, with the exception of suicide, which varied

according to month (p = 0.007). Most suicides occurred in

the months of May (17%), December (16%), and September

(13%).

The leading cause of death was suicide, which accoun-

ted for 33%. Among these, two-thirds were hangings and

one-third were shootings. Road traffic accidents were the

second most common cause of death, accounting for 21%.

Drowning accounted for 12%, and injuries caused by

snowmobiles and all-terrain vehicles (ATV) for 8%. The

remaining deaths were due to fires (7%), falls (6%),

homicide (5%), and machinery (3%). Five percent of the

cases did not fall into any of these categories.

Table 1 gives the places of death. Death occurred in the

prehospital phase for 86% (228/266), and 72% (191/266)

died prior to the arrival of medical personnel. We deter-

mined the time from injury to death in 181 of the 266 cases

(Table 2). For the remaining 85 cases (32%), information

was not sufficient to determine time from injury until

death, but most (n = 82) of these occurred in the prehos-

pital phase and are likely to have died within an hour of

injury. Figure 3 illustrates mortality after injury in relation

to time.

In Fig. 3, we compare our time distribution to Trunkey’s

original findings, the trimodal distribution taught by text-

books [23], as well as to results from a recent Norwegian

study [17], after our data were made compatible by

exclusion of deaths from hanging, drowning, and burns.

Finnmark is shown to have a higher share of deaths

occurring within an hour from injury than its urban coun-

terparts. No other stratification of data yielded a trimodal

distribution. When excluding all those who died prior to

arrival of healthcare personnel, 32% died within 1 h, 12%

within the next hour, and thereafter 1–3% continuously

Table 1 Place of death for 266 patients according to mechanism of injury

Mechanism of

injury

Number Place of death

At site of injury

priora
At site of injury

aftera
In

transfer

Emergency

room

During

admission

Later Missing

Suicide 87 (33%) 80 (92%) 6 (7%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 0 (0%)

RTA 56 (21%) 29 (52%) 9 (16%) 4 (7%) 1 (2%) 12 (21%) 0 (0%) 1 (2%)

Drowning 32 (12%) 30 (94%) 2 (6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

ATV/snowmobile 20 (8%) 16 (80%) 1 (5%) 0 (0%) 1 (5%) 1 (5%) 0 (0%) 1 (5%)

Fire 19 (7%) 12 (63%) 3 (16%) 0 (0%) 1 (5%) 3 (16%) 0 (0%) 0 (0%)

Fall 16 (6%) 6 (38%) 1 (6%) 1 (6%) 0 (0%) 5 (31%) 3 (19%) 0 (0%)

Homicide 14 (5%) 6 (43%) 3 (21%) 2 (14%) 0 (0%) 3 (21%) 0 (0%) 0 (0%)

Machinery 7 (3%) 3 (43%) 3 (43%) 0 (0%) 0 (0%) 1 (14%) 0 (0%) 0 (0%)

Hypothermia 6 (2%) 4 (67%) 0 (0%) 2 (33%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Other 9 (3%) 5 (56%) 1 (11%) 0 (0%) 0 (0%) 2 (22%) 0 (0%) 1 (11%)

Total 266 (100%) 191 (72%) 29 (11%) 9 (3%) 3 (1%) 28 (11%) 3 (1%) 3 (1%)

ATV all terrain vehicle, RTA road traffic accident
a Site of Injury has been divided into deaths prior to and after the arrival of health personnel

World J Surg (2011) 35:1615–1620 1617

123



each hour until the seventh hour from injury, whereafter

deaths occurred more sporadically.

In 40% of the cases the deceased was under the influ-

ence of an intoxicating substance, most commonly alcohol

(71%). For the subgroups homicide and ATV/snowmobile

this share was higher at 79% and 65%, respectively. The

rate of intoxicating substance was lower for machinery

(0%) and road traffic accidents (30%).

We found no significant difference between the three

defined time periods with respect to mechanism of injury,

place of death, and time from injury until death (p =

0.326, p = 0.95, and p = 0.661, respectively; Fig. 4), nor

did we find any difference in age (p = 0.789). There were

no differences between time periods after exclusion of

drowning, suicide, and fire, all of which represent causes of

death that are usually beyond the aid of any trauma system.

When looking for changes over time in the major sub-

groups, deaths from drowning showed a declining rate, but

this change was not significant (p = 0.054). Still, as Fig. 1

shows, there has been a significant (p = 0.02) decline in

the mortality rate from external causes from the beginning

of the 1990s, and Finnmark is now approaching the

national mean.

Discussion

This study shows that the northernmost and most deprived

county in Norway still has a high rate of injury-related

death. We found no apparent change in the epidemiological

pattern of injury, contrary to a recent study from urban

Norway [17]. Thus we were unable to detect any effects of

strengthened ambulance services, training of trauma teams,

increased awareness against suicide, or other attempts to

reduce injury-related mortality.

The majority of deaths (86%) still occur in the prehos-

pital phase. Likewise the distribution of time from injury to

death, in which first-hour deaths comprise 77%, remains

unchanged. The proportion of prehospital and first-hour

Table 2 Distribution of time from injury until death for 266 patients according to mechanism of injury

Mechanism of injury Number Time from injury until death

\1 h 1–4 h [4 h Unknown

Suicide 87 (33%) 59 (68%) 0 (0%) 1 (1%) 27 (31%)

RTA 56 (21%) 31 (55%) 5 (9%) 11 (20%) 9 (16%)

Drowning 32 (12%) 10 (31%) 1 (3%) 0 (0%) 21 (66%)

ATV/snowmobile 20 (8%) 9 (45%) 0 (0%) 3 (15%) 8 (40%)

Fire 19 (7%) 13 (68%) 1 (5%) 3 (16%) 2 (11%)

Fall 16 (6%) 2 (13%) 1 (6%) 8 (50%) 5 (31%)

Homicide 14 (5%) 6 (43%) 1 (7%) 3 (21%) 4 (29%)

Machinery 7 (3%) 5 (71%) 0 (0%) 1 (14%) 1 (14%)

Hypothermia 6 (2%) 0 (0%) 1 (17%) 0 (0%) 5 (83%)

Other 9 (3%) 4 (44%) 1 (11%) 1 (11%) 3 (33%)

Total 266 (100%) 139 (52%) 11 (4%) 31 (12%) 85 (32%)

Fig. 3 Comparison of time from injury until death in three data sets

after adjusting our data to fit the inclusion criteria for the Stavanger

[20] and San Francisco [2] studies (i.e., excluding deaths from

hanging, drowning, burns, and hypothermia)

Fig. 4 Comparison of the distribution of time from injury until death

among three time periods
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category death is high compared to urban studies [17, 24,

25], and in that context the proportion of suicide in the

present study seems striking. The suicide rate appears high

in comparison to the Stavanger study [17], which in turn

could explain the high share of early deaths. This is how-

ever only true if one does not take into account that

hangings and drowning were omitted from that study; if the

same omission is made in our material, the suicide rates are

congruous, and the first-hour death category remains

comparatively high in Finnmark, as can be seen from

Fig. 3. However, this is in line with contemporary rural and

mixed urban/rural studies [10, 26–28]. The Stavanger study

reported an increasing proportion of in-hospital deaths, as

well as a simultaneous increase in age of trauma patients.

Fatal injury in older patients is associated with decreased

injury severity [17, 29], and as we do not see the same

increase in age in the trauma population of Finnmark, this

might explain that difference. The Stavanger study does not

report a decrease in Injury Severity Score as would be

expected.

For the years 2002–2004 the mean length of an ambu-

lance assignment in the region was 96 km [2]. The high

rate of prehospital deaths and deaths within one hour are

likely the result from long travel distances and hence

prolonged response and transport times. Late discovery

may play a role in typically unwitnessed accidents such as

drownings and snowmobile injuries. The high rate of pre-

hospital death in Finnmark may explain why we do not see

a shift toward an increase in-hospital deaths, as there are

fewer patients likely to benefit from changes to the trauma

care system. The lack of increase in age could be attributed

to more work-related deaths (drowning and machinery), a

lower share of falls (associated with increased age [6, 30,

31]), and a higher share of road traffic injuries (associated

with young age [6, 32]) in Finnmark.

Our analysis did not yield the trimodal distribution

reported by Trunkey and taught in textbooks, even when

excluding suicide, drownings, and fire, which represent

incidents that in most cases will be beyond any help the

trauma system can provide. The applicability of this model

both for rural settings and urban areas with a modern

trauma system has been questioned in several other studies

[12, 17, 25–28, 33–35].

In an assessment of changes over time, the mortality rate

for Finnmark dropped significantly during the early 1990s

(Fig. 1), a finding that coincides with developments in

trauma care. Yet, if these developments were the cause of

the reduced mortality rate, one would expect some changes

in the pattern of time and place of death, such as a relative

rise in the share of prehospital deaths, as the in-hospital

deaths are more likely to be reduced by developments of

trauma care. Also, one would expect changes in the pat-

terns of injury, with a larger share of deaths being caused

by suicide and drowning, as these groups are often not

aided by trauma care. Because such changes are not seen, it

is unlikely that the reduction in trauma-related death rate is

attributable to trauma care developments alone. The

aforementioned steps in suicide prevention were not

implemented in the county until the late 1990s, and the

drop in mortality occurs too early for these developments

to be the root cause. In fact, it is reasonable to expect

several years to pass before an effect is seen; thus it is not

surprising that we found no difference in suicide rate

between the time periods. The decline in deaths from

drowning, though not quite significant, does coincide with

a notable and continuous reduction in persons employed in

fishing during the last 30 years [36].

It is probable that the decline is the result of several

cumulative factors, such as those mentioned above, and

that the population at risk is too small for statistical

detection of the effects independently. In Fig. 1 we might

find a different explanation for the lack of change in the

epidemiological pattern compared to urban Norway. As

can be seen from Fig. 1, there was a drop in nationwide

mortality rates approximately 10 years prior to the decline

in the rate for Finnmark. It is plausible that there is a

corresponding delay in epidemiological distribution and

that the change in age and place of death will be seen in

Finnmark in future years.

This study has several limitations. In this part of Nor-

way, autopsies are not routinely performed due to lack of

funding for the police. This is in contrast to the study from

urban Western Norway [17] in which more than 95% of

victims underwent autopsy. The low autopsy rate in our

study rendered Injury Severity Scoring and assessment of

injury survivability impossible. For 61 cases, we found no

records either in the hospital or police archives. This lack is

attributable to the retrospective nature of the study, with

cases dating back as far as 13 years at the time of data

collection, with the restructuring of organizations and

archive procedures. Some deaths may have occurred in

nursing homes, with no subsequent hospitalization or

police investigation.

As shown, the identified time and cause of death in

Finnmark seem to be mostly in line with what can be

expected for a rural area, with a high prehospital death rate,

no trimodal distribution, and a high rate of motor vehicle

accidents and suicide. We do not see the change in epi-

demiological pattern described for urban Norway. Whether

this is attributable to fundamental differences between

urban and rural trauma, or if similar changes in distribution

can be expected to occur in rural areas in the future remains

to be determined. Another question that remains is why

Finnmark has a higher injury-related death rate than the

rest of Norway. This may be explained by the high rate of

drowning and ATV-related deaths. To determine this
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unequivocally, however, a thorough comparison to other

Norwegian counties would be necessary. Although the

death rate now approaches the national average, we nev-

ertheless should continue searching for methods to further

reduce the injury-related death rate. The high rate of on-

scene mortality indicates that any major impact on the

number of injury-related deaths will come from directing

efforts at prevention.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.
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