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Impact of icing weather conditions on the
patients in helicopter emergency medical
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Abstract

Background: A high number of denied or cancelled HEMS missions are caused by poor weather conditions especially
during winter season. Furthermore, many helicopter manufacturers have denied their helicopters to be operated in
known icing conditions. Icing is a widely known phenomenon in aviation, but there is a lack of evidence about its
influence on HEMS operations and patients.

Methods: A prospective observational study of HEMS missions in Northern Finland was conducted over a 1-year
period in 2017. A patient was included in the study when the use of helicopter was denied or cancelled due to icing
weather conditions. Patients were categorised into two groups based on whether definitive treatment was delayed or
not according to previously defined end-points.

Results: During the study period the Finnish northernmost HEMS unit received 1940 missions. A total of 391 missions
(20%) could not be operated by helicopter because of poor weather conditions. In 142 of these missions (36%) icing
was one of the limiting weather factors. The year-round incidence of icing was 7.3/100 missions. A total of 57 patients
were included in the analysis. Icing weather conditions, resulting in denied helicopter flights, caused a delay in
definitive treatment for 21 patients (37%). Definitive treatment was more often delayed in trauma and internal
medicine patients than in neurological patients. Nevertheless, the patients whose definitive treatment was
delayed were located closer to the hospital. The estimated time that would have been saved by helicopter
transport was more than 60 min for 10 patients with delayed treatment.

Conclusions: In this study the incidence of icing weather conditions was substantial compared to all HEMS
missions in year 2017. The delay in definitive treatment was accentuated among trauma and internal medicine
patients. During the 1-year study period many patients whose definitive treatment was delayed would have had
a notable (> 60 min) time saved by helicopter transport. A helicopter equipped with an adequate ice protection
system for the weather conditions in Northern Finland would have shortened the delay in patients’ definitive
treatment significantly.
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Background
It has been shown that air medical transport improves
survival of many patients with medical and trauma
emergencies [1], yet overall more than one third of all
helicopter emergency medical service (HEMS) missions
are denied or cancelled [1–3]. A significant percentage
of denied or cancelled HEMS missions is caused by poor
weather conditions [1, 3, 4]. Nevertheless, the role of
icing weather conditions is unknown within denied or
cancelled HEMS missions.
Many helicopter manufacturers have denied their heli-

copters to be operated in known icing conditions and
have instructed pilots to avoid icing environment due to
significant safety risks and negative effects on helicopter
performance. However, modern helicopters are widely
used in HEMS operations that require flying in instru-
ment meteorological conditions (IMC) and in marginal
visual meteorological conditions (VMC). These factors
increase the danger of inflight icing if entering visible
moisture conditions at low temperatures [5, 6].
The Finnish HEMS system is managed by a national

administrative company FinnHEMS Ltd. and there are
six HEMS units available 24/7. Five HEMS units are
physician-staffed and the northernmost unit is manned
with advanced-level paramedics. Three southern bases
use Airbus H135 and three northern bases use Airbus
H145 helicopters. Both helicopter types are certificated
for non-icing meteorological conditions only [7, 8]. A
rapid response car (RRC) is available in every base for
short-range missions and for poor weather conditions.
The HEMS units in Finland are dispatched via Finnish
Emergency Response Centre (112 Finland).
This study was performed in Northern Finland (Finnish

Lapland) where the northernmost HEMS unit FinnHEMS
51 (FH51) operates. The Finnish Lapland accounts for al-
most 30% of the country’s area. The region is remote and
sparsely habited, covering only 3% of the Finnish popula-
tion [9]. There are 5 airfields in the area that are equipped
for instrument flight rules (IFR) operations. FH51 is based
at Rovaniemi airport where air-traffic control services are
available 24/7. Other airfields have limited availability for
those services, which currently reduces the possibilities
for IFR missions. The Emergency Medical Services (EMS)
in the area is a three-level system with first response units,
basic-level and advanced-level ambulances. The para-
medics of FH51 are equipped to give more treatments
than the personnel of advanced-level ambulances.
Physician-staffed HEMS unit (FH50) is located within the
Oulu University Hospital and offers consultation services
24/7.
The main hospital in the region is Lapland Central

Hospital in the city of Rovaniemi. The longest air dis-
tance to the hospital from the northernmost borderline
is 411 km. In Central Hospital percutaneous coronary

intervention (PCI) is immediately available during office
hours. During night time and weekends the availability
of PCI is limited. Computed tomography and acute is-
chaemic stroke thrombolysis are available 24/7 [10]. The
nearest university hospital is located in the city of Oulu,
166 km (air distance) south from the Lapland Central
Hospital. Oulu University Hospital is a tertiary level
teaching hospital that currently provides treatment for
people in Northern Finland in general. Round-the-clock
exacting special health care is centralized to this univer-
sity hospital, including PCI treatment, thrombectomy,
neurosurgery, cardiothoracic surgery, vascular surgery,
hand surgery, paediatric and neonatal intensive care and
the treatment of multi-trauma patients [11].
Because of long distances, challenging weather condi-

tions and centralized exacting special health care in the
area, the year-round use of helicopter is important for
the patients. The aim of this study was to describe the
incidence of icing weather conditions and the subse-
quent delays in patients’ definitive treatment in North-
ern Finland HEMS missions. Considering how these
factors and other weather-related flight restrictions affect
the patients, we also assessed the usefulness of a HEMS
helicopter with a de-icing system.

Methods
Study design
In this observational prospective study, we included all
patients from requested FH51 missions where helicopter
could not be used due to icing weather conditions be-
tween 1st of January and 31st of December 2017. Rapid
response car missions were included if the reason to use
a RRC was icing weather conditions. Missions were ex-
cluded from the study when a patient died at the scene,
was treated at the scene by the local Ground Emergency
Medical Service (GEMS) unit without hospital transport
or was transported to the regional health care facility.
Secondary transfers of the already included patients were
excluded. In addition, missions in which weather was
below minima or air-traffic control services were not
available at the time of dispatch were excluded.
Delay in definitive treatment was defined by the fol-

lowing four end-points: 1) patient died within 24 h, 2)
patient was transported to university hospital within 24
h, 3) the time frame for stroke treatments (thrombolysis
4.5 h or thrombectomy 6 h) was missed, or 4) patient
was transferred immediately after emergency department
(ED) admission to the ICU, PCI treatment or operating
theatre.
The end-points were defined based on evidence of

morbidity and mortality about critical patients and ac-
cording to Finnish Current Care Guidelines. It has been
shown that survival from severe traumatic haemorrhage
and traumatic brain injury is poor and considerable
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proportion of those patients dies within 24 h [12]. The time
frame for stroke treatments is defined by Finnish Current
Care Guidelines [13]. Increased prehospital delays before
arriving to percutaneous coronary intervention-capable
hospital is associated with higher mortality and morbidity
[14]. Among internal medicine patient’s, the number of
sepsis deaths is rising due to increasing incidence [15]. The
EMS personnel plays key roles in improving survival of
sepsis patients with early prehospital recognition, initial re-
suscitative therapy and rapid transport to nearest appropri-
ate receiving hospital [15, 16].
The study was approved by the administration of

Lapland Hospital District (TUT 40/2016, 27th Oct 2016)
and the local ethics committee (Eettmk §337/14th Nov
2016).

Study setting
We used a structured questionnaire for data collection.
When icing was the reason to deny or cancel a helicop-
ter mission, the HEMS paramedic on duty made a phone
call to the local GEMS unit at the scene and registered
the patient’s social security number and destination for
the GEMS transport. On missions responded with RRC
by the FH51 medical crew, patient’s social security num-
ber was collected from the EMS documents. Patient data
were retrieved later from the hospital electronic patient
record system, EMS database (Codea database version
1.33) and EMS documents using social security num-
bers. Icing weather conditions were registered in Finn-
HEMS database that was developed further for the study
purposes.
After a helicopter flight was denied due to icing wea-

ther, the pilots on duty re-reviewed the actual and fore-
casted aviation weather covering the region needed for
the mission. The meteorological data of the Finnish Me-
teorological Institute was used for the weather review.
Based on the available weather information, the pilots
assessed the feasibility of performing the mission by heli-
copter if all the icing conditions in the weather data
were ignored. Other weather limitations than icing, as
well as the availability of air-traffic control services at
the region, were considered as they were issued. Pilots
also estimated different possibilities to execute the flight
according to the flight planning weather minima
described in the Operations Manual of the airline com-
pany (Babcock Scandinavian Air Ambulance), with the
icing conditions excluded from the weather data. Flights
were classified into three categories based on estimated
flight procedures: 1) totally visual flight rules (VFR)
flight, 2) partly VFR and partly IFR flight (e.g. IFR de-
parture from the base and VFR landing at the scene) or
3) totally IFR flight (airport to airport).
Demographic data included the patient’s age, gender

and the American Society of Anesthesiologists (ASA)

physical status classification. Based on the reason for the
HEMS mission, the patients were classified into three
categories: internal medicine, neurology and trauma.
The ICD-10 codes of the treatment period at issue were
recorded. Mission date, dispatch time, address, begin-
ning of GEMS transport time, GEMS arrival time at the
hospital, actual transport time (from the beginning of
patient transport on scene to arrival at destination hos-
pital), priority of transport and the transport code were
collected. Use of RRC or other aircraft was recorded.
The distance from scene to destination hospital was reg-
istered by road and by air using a map software (Reitti-
kartta Suomi version 2.3.0). The estimated transport
time by helicopter from the scene to the destination
hospital was calculated by using airspeed 135 knots (250
km/h).

Statistical analysis
We designed this study to be descriptive and observa-
tional. Based on the number of denied and cancelled
missions due to poor weather conditions (mean, 357/
year) during 2012–2016, we considered 1-year data
collection to provide a sufficient number of missions.
The data were checked twice by two persons to avoid
human error. Results are expressed as counts, inci-
dences (with 95% confidence intervals [CIs]), means
and standard deviations or percentages, depending on
the variables. The chi-square test and Fisher exact
test were used for categorical data. The continuous
data was analysed using the independent samples t
test. Data were analysed with SPSS (IBM SPSS statis-
tics version 24). A p value of < 0.05 was considered
statistically significant.

Results
During the study period FH51 received 1940 missions. A
total of 391 missions (20%) could not be operated by
helicopter because of poor weather conditions. Of these,
in 142 (36%) missions icing was one of the limiting wea-
ther factors. The year-round incidence of icing was 7.3/
100 missions (95% CI 6.2–8.5), which was 1.46 times
(95% CI 1.25–1.72) more than the incidence of icing in
all three northern HEMS bases (5.0/100 missions, 95%
CI 4.5–5.5). Icing weather conditions were accentuated
in the winter months (January, February and December);
there were in total 157 missions not flown due to poor
weather conditions during this three-month period, and
91 (58%) of these were helicopter flights denied due to
icing weather (Fig. 1).
We received 136 filled study forms during the study

period. Six study forms (4.2%) were missing. A total of
57 patients were included in the analysis and 79 patients
were excluded based on the exclusion criteria. According
to the predefined end-points, definitive treatment was
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Fig. 1 FinnHEMS 51 missions not flown with helicopter due to weather conditions in 2017: missions cancelled due to icing weather conditions
or other weather conditions and RRC missions due to icing weather conditions

Fig. 2 Flowchart
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delayed in 21 patients (37%). Of those, 8 patients were
transferred immediately after central hospital ED admis-
sion to ICU and 3 patients for PCI treatment. Two of
the ICU patients were operated after stabilization of vital
functions. Eight patients were transported to the univer-
sity hospital. Of those, 3 patients were transported
straight from the scene, 2 patients by another helicopter
and 1 patient by GEMS. Two patients died within 24 h
in the central hospital (Fig. 2, Table 1).
Sixty-seven percent of missions were dispatched in the

daytime (from 8 a.m. to 8 p.m.). Forty-eight percent of
the missions in which the patient’s definitive treatment
was delayed were dispatched during the night time (from
8 p.m. to 8 a.m.), but the difference was not statistically
significant (p = 0.14). In 65 missions the RRC was used
as a substitute for helicopter because of icing weather,
but 38 of those missions (58%) were cancelled during
the drive to the scene. In the remaining 27 missions the
patient was encountered by the FH51 medical crew with
RRC and accompanied by the HEMS paramedic with
local GEMS unit to the hospital. In 14 of those missions
(52%) the patient’s definitive treatment was delayed.
Seven (12%) of the included 57 missions were operated
partly by using a helicopter. During the study period
four patients were transported by a Finnish Border
Guard helicopter, one patient by a Finnish Defence
Forces helicopter and one patient by another HEMS
helicopter. One mission was operated with the HEMS
unit’s own helicopter after the sunrise when there was
enough daylight for a VFR flight. The use of RRC and
the use of another helicopter were more frequent with
patients with delay in definitive treatment (p = 0.005).
Twenty-eight patients (49%) were transported with high-
est priority and 18 (64%) of those patients were esti-
mated to suffer a delay in definitive treatment according
to the (pre-defined) end-points (p < 0.001) (Table 2).
The patients’ mean age was 57.0 years and 51% of the

patients were in the age group of 18–65 years. The big-
gest patient group consisted of neurological patients
(39%), but a delay in definitive treatment was most fre-
quent in trauma and internal medicine patients (86% of
all patients with delayed definitive treatment, p = 0.016)
(Table 3).

Subgroup analysis of ground unit missions
Missions where no helicopter was able to fly were ana-
lysed in their own subgroup. This subgroup included 50
missions (88%) with GEMS or GEMS and RRC together.
In this subgroup the patients whose definitive treat-

ment was delayed were located closer to hospital com-
pared with patients whose definitive treatment was not
delayed, 157 vs. 200 km by road (p = 0.028) and they
achieved hospital earlier, 101 vs. 128 min (p = 0.032),
respectively. The average transport time by GEMS to

hospital was almost 2 h (119 min). The estimated average
transport time by HEMS was 36min in this subgroup.
The estimated average HEMS transport time would have
been 82 min shorter than the actual average GEMS
transport time was. For 74% of the patients the esti-
mated time saved would have been more than 60min if
they had been transported by the HEMS unit. Of those,
10 patients’ (59%) definitive treatment was estimated to
be delayed. There was no significant difference between
the groups (p = 0.17) (Table 4).
Most (82%) of the included 50 missions in this sub-

group could have been operated either completely by
VFR flights or partly by VFR and partly by IFR flights.
Also, the majority of missions (88%) in which the pa-
tient’s definitive treatment was delayed could have been
performed with VFR flights or with partly VFR/partly
IFR flights. Only 9 missions (18%) could have been com-
pleted only by IFR flights. In 8 of those, the closest IFR
airport would have been the same one, located at a mean
distance of 34 km by road from the scenes (Table 4).

Discussion
There are four main results to be presented in our study.
First, the incidence of icing weather conditions in HEMS
operations in Northern Finland was high. Second, icing
weather caused a delay in definitive treatment more
often for trauma and internal medicine patients than for
neurological patients. Third, even though the patients
whose definitive treatment was delayed (59%) were lo-
cated closer to hospital than the patients whose defini-
tive treatment was not delayed, the estimated time that
would have been saved with helicopter transport was
more than 60 min. Finally, the FH51 medical crew’s ad-
vanced care with RRC was necessary to patients whose
definitive treatment was delayed, but the delay in defini-
tive treatment was notable when using RRC compared
to helicopter.
Poor weather conditions have been reported to fre-

quently cause denied or cancelled HEMS and search and
rescue (SAR) missions [1–4, 17]. Studies have reported
that 5.1–9.7% of all requested HEMS missions are de-
nied or cancelled yearly due to poor weather conditions
with the rotor wing aircraft [1, 2]. In our study, on aver-
age 20% of missions were not flown due to poor weather
conditions, and during winter time the percentage of
missions not flown was up to 40%. Previous studies in
areas with similar seasons have reported parallel findings
[1, 2, 4]. A Norwegian study of three HEMS bases re-
ported that the proportion of missions that were denied
or cancelled due to poor weather conditions increased
from 5.1 to 8.4% during the winter months, making it
1.6 times greater than the annual average of missions de-
nied or cancelled due to weather conditions [2]. A previ-
ous study from South East England also showed that the

Pulkkinen et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2019) 27:13 Page 5 of 10



Ta
b
le

1
Re
po

rt
of

21
pa
tie
nt
s
w
ith

es
tim

at
ed

de
la
y
in

de
fin
iti
ve

tr
ea
tm

en
t

Pa
tie
nt

A
ge

(y
ea
rs
)

G
en

de
r

A
SA

Ty
pe

of
m
is
si
on

Ty
pe

of
tr
an
sp
or
t

Ro
ad

di
st
an
ce

to
ho

sp
ita
l(
km

)
A
ct
ua
lt
ra
ns
po

rt
tim

e
(m

in
)

Es
tim

at
ed

sa
vi
ng

of
tim

e
by

he
lic
op

te
r
tr
an
sp
or
t
(m

in
)

Es
tim

at
ed

(o
r
ac
tu
al
)

fli
gh

t
pr
oc
ed

ur
e

D
ia
gn

os
is

Im
m
ed

ia
te

m
ov
e
to

IC
U
,P
C
Io

r
su
rg
ic
al
op

er
at
io
n

#1
45

Fe
m
al
e

1
Sn
ow

m
ob

ile
ac
ci
de

nt
BG

he
lic
op

te
r

17
9

50
Tr
an
sp
or
te
d
by

he
lic
op

te
r

A
ct
ua
lV

FR
an
d
IF
R

Su
ba
ra
ch
no

id
ha
em

or
rh
ag
e
an
d

pu
lm

on
ar
y
co
nt
us
io
n

#2
80

M
al
e

3
U
nc
on

sc
io
us
ne

ss
A
m
bu

la
nc
e
an
d
RR
C

15
3

80
48

VF
R

U
nc
on

sc
io
us
ne

ss
of

oc
cl
us
io
n

an
d
ac
id
os
is

#3
64

M
al
e

2
C
he

st
pa
in

A
m
bu

la
nc
e
an
d
RR
C

13
5

63
42

VF
R

ST
EM

I,
pr
im

ar
y
PC

I

#4
40

Fe
m
al
e

2
D
ow

nh
ill
sk
iin
g

ac
ci
de

nt
A
m
bu

la
nc
e
an
d
RR
C

17
4

12
1

85
VF
R
an
d
IF
R

Ki
dn

ey
in
ju
ry

#5
75

M
al
e

3
D
ys
pn

oe
a

A
m
bu

la
nc
e
an
d
RC

C
16
7

11
5

84
VF
R
an
d
IF
R

Pn
eu
m
on

ia
w
ith

RS
-v
iru

s

#6
77

M
al
e

3
C
he

st
pa
in

A
m
bu

la
nc
e
an
d
ow

n
H
EM

S
un

it
33
0

22
9

Tr
an
sp
or
te
d
pa
rt
ly
by

he
lic
op

te
r

A
ct
ua
lV

FR
ST
EM

I,
re
sc
ue

PC
I

#7
68

M
al
e

3
U
nc
on

sc
io
us
ne

ss
A
m
bu

la
nc
e
an
d
RR
C

15
4

12
1

89
IF
R

Ba
si
la
r
ar
te
ry

th
ro
m
bo

si
s
an
d

br
ai
ns
te
m

st
ro
ke

#8
73

Fe
m
al
e

2
C
he

st
pa
in

A
m
bu

la
nc
e
an
d
RR
C

11
8

72
49

VF
R

ST
EM

I,
pr
im

ar
y
PC

I

#9
78

Fe
m
al
e

2
C
ar
di
ac

ar
re
st

A
m
bu

la
nc
e
an
d
RR
C

10
5

71
50

VF
R
an
d
IF
R

C
ar
di
ac

ar
re
st
,R
O
SC

in
20

m
in

#1
0

81
M
al
e

3
St
ro
ke

A
m
bu

la
nc
e

26
0

15
1

97
VF
R
an
d
IF
R

In
tr
ac
er
eb

ra
lh

ae
m
or
rh
ag
e

#1
1

78
M
al
e

2
C
he

st
pa
in

A
m
bu

la
nc
e
an
d
RR
C

17
2

10
8

72
IF
R

Re
cu
rr
en

t
ve
nt
ric
ul
ar

ta
ch
yc
ar
di
a

Tr
an
sf
er

to
un

iv
er
si
ty

ho
sp
ita
lw

ith
in

24
h

#1
2

18
M
al
e

1
Sn
ow

m
ob

ile
ac
ci
de

nt
BG

he
lic
op

te
r

36
0

77
Tr
an
sp
or
te
d
by

he
lic
op

te
r
to

U
H

A
ct
ua
lV

FR
an
d
IF
R

Pa
ra
pa
re
si
s

#1
3

61
M
al
e

3
Em

er
ge

nc
y
tr
an
sf
er

to
U
H

A
m
bu

la
nc
e

22
6

11
7

77
VF
R
an
d
IF
R

C
ar
di
ac

ta
m
po

na
de

,i
m
m
ed

ia
te

th
or
ac
ot
om

y
at

U
H

#1
4

29
M
al
e

1
Tr
af
fic

ac
ci
de

nt
A
m
bu

la
nc
e
an
d

an
ot
he

r
H
EM

S
un

it
47
3

20
0

Tr
an
sp
or
te
d
pa
rt
ly
by

he
lic
op

te
r

to
U
H

A
ct
ua
lV

FR
Pe
lv
ic
an
d
th
ig
h
co
nt
us
io
n

#1
5

74
Fe
m
al
e

2
C
he

st
pa
in

an
d

un
co
ns
ci
ou

sn
es
s

A
m
bu

la
nc
e
an
d
RR
C

10
2

77
56

VF
R
an
d
IF
R

A
or
tic

di
ss
ec
tio

n,
ty
pe

A

#1
6

64
M
al
e

2
Tr
ac
to
r
ac
ci
de

nt
A
m
bu

la
nc
e
an
d
RR
C

28
24

20
VF
R
an
d
IF
R

C
rit
ic
al
ha
nd

in
ju
ry

#1
7

17
Fe
m
al
e

1
Sn
ow

m
ob

ile
ac
ci
de

nt
A
m
bu

la
nc
e
an
d
RR
C

22
7

17
2

12
8

VF
R
an
d
IF
R

M
ul
ti-
tr
au
m
a
pa
tie
nt

#1
8

75
Fe
m
al
e

2
Tr
af
fic

ac
ci
de

nt
A
m
bu

la
nc
e
an
d
RR
C

14
6

93
69

VF
R
an
d
IF
R

M
ul
ti-
tr
au
m
a
pa
tie
nt

#1
9

15
M
al
e

1
Sn
ow

m
ob

ile
ac
ci
de

nt
A
m
bu

la
nc
e

22
8

12
0
(t
o
U
H
)

78
VF
R
an
d
IF
R

A
m
pu

ta
tio

n
of

ha
nd

D
ea
d
w
ith

in
24

h

#2
0

55
Fe
m
al
e

3
C
ar
di
ac

ar
re
st

A
m
bu

la
nc
e
an
d
RR
C

13
3

75
49

VF
R
an
d
IF
R

C
ar
di
ac

ar
re
st
,R
O
SC

in
17

m
in

#2
1

81
Fe
m
al
e

3
U
nc
on

sc
io
us
ne

ss
A
m
bu

la
nc
e
an
d
RR
C

13
4

13
4

10
8

VF
R
an
d
IF
R

Su
ba
ra
ch
no

id
ha
em

or
rh
ag
e

A
SA

A
m
er
ic
an

So
ci
et
y
of

A
ne

st
he

si
ol
og

is
ts

ph
ys
ic
al

st
at
us

cl
as
s,
BG

Bo
rd
er

G
ua

rd
,I
CU

in
te
ns
iv
e
ca
re

un
it,

IF
R
in
st
ru
m
en

t
fli
gh

t
ru
le
s,
PC

Ip
er
cu
ta
ne

ou
s
co
ro
na

ry
in
te
rv
en

tio
n,

RO
SC

re
tu
rn

of
sp
on

ta
ne

ou
s

ci
rc
ul
at
io
n,

RR
C
ra
pi
d
re
sp
on

se
ca
r,
ST
EM

IS
T-
el
ev
at
io
n
m
yo

ca
rd
ia
li
nf
ar
ct
io
n,

U
H
un

iv
er
si
ty

ho
sp
ita

l,
VF
R
vi
su
al

fli
gh

t
ru
le
s

Pulkkinen et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2019) 27:13 Page 6 of 10



number of night-time HEMS missions that were denied
because of poor weather conditions increased during the
winter months [4].
Although icing is a widely known phenomenon in avi-

ation, there is a lack of evidence about its influence on
HEMS operations. The incidence of icing weather condi-
tions was notably higher in the northernmost HEMS
base compared with two other northern HEMS bases in
Finland. According to our results, most of the missions
could have been operated completely by VFR or by a
combination of VFR/IFR flights by a helicopter equipped
with an adequate ice protection system for the weather
conditions in Northern Finland. These results are rein-
forced by the few helicopter missions that were operated
by the Finnish Border Guard helicopter and the Finnish
Defence Forces helicopter. The Defence Forces helicop-
ters (NH90) have an ice protection system on board, and
both organizations have lower weather minima than
commercial helicopter providers such as HEMS
operators.
In our study, the delay in definitive treatment was

most frequent among trauma and internal medicine

patients. One explanation for this finding could be the
centralization of multi-trauma and traumatic brain in-
jury treatments to the university hospital. Internation-
ally, seriously injured patients seem to have a higher
mortality in rural and sparsely habited areas than in
urban areas [18, 19]. In Western Australia the death rate
among patients with major trauma in rural areas has
been reported to be over four times the rate in major cit-
ies. However, in those patients in rural areas who survive
to be retrieved to a tertiary hospital by air transport the
mortality outcomes are equivalent to the metropolitan
area in Western Australia [19]. Several studies suggest
that air transport improves the chance of survival in cer-
tain trauma patients when the patient is treated by the
HEMS crew and transported to the final destination
hospital by helicopter [20–23].
In our study population, three patients with ST-elevated

myocardial infarction (STEMI) were transferred directly to
a medical facility for PCI treatment. One of these patients
was transferred for rescue PCI treatment because of inef-
fective thrombolysis treatment. Lapland Central Hospital
was able to activate a PCI team for every cardiac patient in

Table 2 Data on dispatch time and patient transport

Characteristic All patients (n = 57) Definitive treatment not delayed (n = 36) Definitive treatment delayed (n = 21) p value

Dispatch time, n (%) 0.14a

8 a.m. – 8 p.m. 38 (67) 27 (75) 11 (52)

8 p.m. – 8 a.m. 19 (33) 9 (25) 10 (48)

Type of transport, n (%) 0.005b

Ambulance 23 (40) 20 (56) 3 (14)

Ambulance and RRC 27 (47) 13 (36) 14 (67)

Ambulance and helicopter 7 (12) 3 (8) 4 (19)

Code of transport, n (%) 0.10b

Stroke 14 (25) 13 (36) 1 (5)

Motor vehicle accident

Traffic 4 (7) 2 (6) 2 (10)

Off-road 6 (11) 3 (8) 3 (14)

Mechanical injury 5 (9) 2 (6) 3 (14)

Chest pain 7 (12) 4 (11) 3 (14)

Unconsciousness 4 (7) 1 (3) 3 (14)

Cardiac arrest 3 (5) 1 (3) 2 (10)

Other medical symptoms 9 (16) 6 (17) 3 (14)

Transfer to tertiary care 5 (9) 4 (11) 1 (5)

Priority of transport, n (%) < 0.001b

A (highest) 28 (49) 10 (28) 18 (86)

B 25 (44) 22 (61) 3 (14)

C 4 (7) 4 (11) 0

D (lowest) 0

RRC rapid response car
a Chi-square test, b Fisher exact test

Pulkkinen et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2019) 27:13 Page 7 of 10



our study, and no patients were transferred to university
hospital for PCI treatment. In Canberra region in Australia
a pre-hospital diagnosis of STEMI and direct transfer to
PCI capable hospital for coronary angiography reduced
total ischaemic time by almost an hour and significantly re-
duced mortality following primary PCI treatment [14]. In
rural areas the use of helicopter transport may improve car-
diac patients’ access to primary PCI treatment.

During the study period no acute stroke treatment was
missed even though the biggest patient group in the
study population consisted of neurological patients. A
previous study in two hospital districts in Northern
Finland showed that in the light of results from a risk as-
sessment with National Early Warning Score (NEWS)
there is a significant overtriage in two of the highest
dispatch priorities assessed by the Finnish Emergency

Table 3 Demographic data, ASA classification and patient classification categorised according to delay in definitive treatment

Characteristic All patients (n = 57) Definitive treatment not delayed (n = 36) Definitive treatment delayed (n = 21) p value

Age, mean (SD) 57.0 (21.9) 55.5 (21.5) 59.4 (22.8) 0.52a

Age group, n (%) 0.36b

< 18 yrs 4 (7) 2 (6) 2 (10)

18–65 yrs 29 (51) 21 (58) 8 (38)

> 65 yrs 24 (42) 13 (36) 11 (52)

Gender (male), n (%) 30 (53) 18 (50) 12 (57) 0.78c

ASA classification, n (%) 0.89b

ASA I 15 (26) 10 (28) 5 (24)

ASA II 18 (32) 10 (28) 8 (38)

ASA III 23 (40) 15 (42) 8 (38)

ASA IV 1 (2) 1 (3) 0

Patient classification, n (%) 0.016c

Internal medicine 20 (35) 10 (28) 10 (48)

Neurology 22 (39) 19 (53) 3 (14)

Trauma 15 (26) 7 (19) 8 (38)
a Independent samples t test, b Fisher exact test, c Chi-square test

Table 4 Distance, transport time and estimated flight procedure. Those missions in which the patient was transported partly by
helicopter (n = 7) were excluded from the table

Characteristic All patients
(n = 50)

Definitive treatment not delayed
(n = 33)

Definitive treatment delayed
(n = 17)

p value

Distance to hospital (km), mean (SD)

By road 186 (68) 200 (69) 157 (57) 0.028a

By air 152 (55) 165 (55) 126 (48) 0.017a

Transport time (min),mean (SD)

GEMS (actual) 118 (43) 128 (43) 101 (36) 0.032a

HEMS (estimated) 36 (13) 40 (13) 30 (12) 0.017a

Difference GEMS vs. HEMS 82 (33) 88 (34) 71 (27) 0.067a

Estimated saving of time by HEMS, n (%) 0.17b

< 60 min 13 (26) 6 (18) 7 (41)

60–90min 22 (44) 15 (46) 7 (41)

> 90 min 15 (30) 12 (36) 3 (18)

Estimated flight procedure, n (%) 0.63b

VFR completely 9 (18) 5 (15) 4 (23)

Partly VFR and partly IFR 32 (64) 21 (64) 11 (65)

IFR completely 9 (18) 7 (21) 2 (12)

GEMS ground emergency medical service, HEMS helicopter emergency medical service, IFR instrument flight rules, VFR visual flight rules
a Independent samples t test, b Fisher exact test
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Response Centre [24]. The overtriage may partly explain
our finding that definitive treatment was less often
delayed among neurological patients than in the other
patient groups. Nevertheless, helicopter transport is im-
portant for some patients with acute neurological disor-
ders in Northern Finland because of the long distances
in this area; reaching available necessary care, such as
acute ischaemic stroke thrombolysis treatment, within a
critical time window may be possible only with air med-
ical transport. Indeed, in the United States the HEMS
providers have been proven to increase patients’ timely
access to definitive stroke care in rural and super-rural
areas [25].
In our results, the majority of patients whose definitive

treatment was delayed were located closer to the receiv-
ing hospital than the patients whose definitive treatment
was not delayed. One explanation for this could be that
the density of population is higher within a radius of
approximately 100 km from Rovaniemi city area. An-
other explanation could be that there are a few popular
tourism villages and ski resorts located approximately
170 km north of the FH51 base. Nevertheless, the esti-
mated time saved by helicopter transport was significant
for the patients whose definitive treatment was delayed.
In Oklahoma, United States, more than 80% of injured
patients were transported by a helicopter to the receiv-
ing level I or level II trauma centre when the distance
from the scene was more than 56,3 km. After the deci-
sion to transport a trauma patient directly from the
scene to a trauma care centre, the distance was the main
factor in deciding whether to use a ground unit or a
helicopter [21]. In those of our study patients whose de-
finitive treatment was delayed the mean air distance
from the scene to the receiving hospital was more than
two times longer (126 km) than that in the study from
Oklahoma. In rural areas the ability to fly a helicopter in
different weather conditions may have a higher role in
patient survival than in urban areas. Furthermore, sparse
population, long distances and prolonged ground trans-
port to the hospital are common reasons to use air
transport for patients [26].
The use of RRC was well adapted to its purpose as a

substitute for helicopter in case of poor weather condi-
tions especially in the winter months. The patients ac-
companied by a HEMS paramedic to the hospital were
more often critically ill or injured than those patients
who were transported by GEMS alone, and the use of
RRC advanced the beginning of definitive prehospital
care. In a Norwegian study on the use of RRC as a sup-
plement to ambulance helicopter, 224 of the 605 diag-
nosed patients (37%) received advanced-level medical
treatment that was not generally available in the prehos-
pital setting of that area [3]. This finding is in accord-
ance with our results. In our study, 58% of RRC

missions as a substitute for helicopter were cancelled.
Long distances in a sparsely habited area and the pos-
sible overtriage in HEMS dispatches may explain the
high rate of cancellations. Despite the advanced level of
care by FH51 medical crew with RRC in the not-flown
missions, the benefits of time saved by helicopter trans-
port still would have been substantial and in some cases
crucial.
There are some limitations to this study. First, we can-

not guarantee that all denied or cancelled missions due
to icing weather conditions were registered in the Finn-
HEMS Database; thus, more than six study forms could
be missing. Second, the study was carried out at only
one HEMS base with a limited and sparsely habited area.
Third, the sample size was limited because of the prede-
fined 1-year data collection. Fourth, since this was an
observational study the results can only indicate possible
associations, not causal relationships.

Conclusion
In this study the incidence of icing weather conditions
was 7.3/100 HEMS missions. Icing weather conditions
caused delay of definitive treatment more often for trauma
and internal medicine patients than for neurological pa-
tients. For 10 patients whose definitive treatment was de-
layed during this 1-year study period the time saving with
air medical transport would have been more than 60min
if icing conditions had not limited the use of a helicopter.
A helicopter equipped with an adequate ice protection
system for weather conditions in Northern Finland would
have decreased the delay in patients’ definitive treatment
significantly.
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