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Aim: Each year approximately two to four helicopter emergency medical services (HEMS)
crashes occur in Germany. The aim of the present study was to compare crash rates and fatal
crash rates in Germany to rates in other countries.

Materials and methods: A MEDLINE search from 1970 to 2009 was performed using

CLT3

combinations of the keywords “HEMS”, “rescue helicopter”,

CLRNT3

accident”, “accident rate”,
“crash”, and “crash rate”. The search was supplemented by additional published data. Data were
compared on the basis of 10,000 missions and 100,000 helicopter flying hours. These data were
allocated to specific time frames for analyis.

Results: Eleven relevant studies were identified. Five studies (three from Germany, one from
the US, one from Australia) analyzing HEMS accidents on the basis of 10,000 missions were
identified. Crash rates per 10,000 missions ranged between 0.4 and 3.05 and fatal crash rates
between 0.04 and 2.12. In addition, nine studies (six from the US, two from Germany, one
from Australia) used 100,000 flying hours as a denominator. Here, crash rates ranged between
1.7 and 13.4 and fatal crash rates between 0.91 and 4.7.

Conclusions: Data and accident rates were inhomogeneous and differed significantly. Data
analysis was impeded by publication of mean data, use of different time frames, and differences
in HEMS systems.

Keywords: fatal accident rate, rescue helicopter, fatal crash rate, helicopter emergency medical
system, accident analysis

Introduction

In September 1970 the first German public rescue helicopter “Christoph 1”7 was
established at the Hospital of Munich-Harlaching. Since then, helicopter emergency
medical services (HEMS) have become increasingly important in the German emergency
medical system (EMS). Within one year of starting rescue missions, “Christoph 17
crashed during an approach to an emergency scene in August 1971. Two occupants
were killed, one was severely injured, and the helicopter was totally destroyed. This
was the first aviation accident related to civilian HEMS in Germany.

Whereas the calculated accident rate and fatal accident rate for rescue helicopter
crashes was extremely high in the first years of HEMS, both have steadily decreased
over the past decades. During recent years, aviation safety has additionally been
improved by regulations (eg, Joint Aviation Regulations for Flight Crew Licensing
and Joint Aviation Regulations for Flight Operations) and enhanced aircraft techniques
(eg, newer helicopter types, better aviation instruments, and the global positioning
system). Still, almost every year, two to four HEMS-related accidents/crashes occur
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for the 82 rescue helicopters based in Germany. Some of
these accidents are associated with fatal outcomes for crew
members, patients, or bystanders.

This raises contrary opinions, serious concerns, and fierce
disputes about the benefits for patients,'™ effectiveness,”®
costs,>>7 and especially the safety®!*!7 of the HEMS in
general and compared with the ground EMS. To date,
several studies have analyzed HEMS performance and
HEMS accidents in other countries, but results are difficult
to compare, given that different analyzing methods and
different time frames are used. The aim of the present study
was to compare accident rates and fatal accident rates in
Germany with published rates for other countries using a
time-based approach.

Materials and methods

A MEDLINE search was performed to retrieve published
data on accident rates and fatal accident rates in different
international HEMS systems. To identify relevant studies,
all combinations of the keywords “HEMS”, “rescue heli-

CLINT3

copter”,

CEINT3

accident”,

LRI

accident rate”, “crash”, or “crash rate”
were used (Table 1). Analysis was limited from January 1st
1970 to December 3 1st 2009 to facilitate comparisons and to
analyze only newer and not historical data before introduction
of HEMS in Germany. Original contributions and reviews
as well as letters to the editor, case reports, case series,
and meta-analyses were analyzed. Identified studies were
supplemented with published but not indexed studies.!*!#-2°
Studies dealing with international rescue helicopter systems
and accident analysis were eligible for further data analysis.
Studies not presenting accident rates were excluded from
further analysis.

Table | Seven eligible studies retrieved from MEDLINE on
01 January 2010

Keywords Total number of Eligible studies
eligible studies for analysis

HEMS - 424

Accident 39

Accident rate 14

Crash 2

Crash rate |
Rescue - 404 7 (+4)
helicopter

Accident 126

Accident rate 23

Crash 18

Crash rate 2
Summary - 1.053 1

Note: *Supplemented by four published but not indexed studies.

Data were compared on the basis of 10,000 missions
completed and 100,000 helicopter flying hours. Two
specialists in anesthesiology with expertise in air rescue
categorized the retrieved studies independently as “eligible”
or “not eligible”. Consensus was achieved in three cases of
discrepancy. For further analysis, data from eligible studies
were allocated to the specific timeframes used and presented
as time-based figures.

Results

Overall, 1053 studies were identified. Seven indexed studies
were identified dealing with HEMS accidents on the basis
of 10,000 missions or 100,000 flying hours. These were
supplemented with four more published but nonindexed
studies.!®!320 Therefore, a total of eleven studies were
analyzed. Five studies (three from Germany,'*!*?! one from the
US," and one from Australia)'® analyzing HEMS accidents on
the basis of 10,000 missions were identified (Figure 1). Crash
rates per 10,000 missions ranged between 0.4 (Germany)'® and
3.05 (US)" and fatal crash rates between 0.04 (Germany)'®
and 2.12 (US;" see Figure 2 and Table 2).

In addition, nine studies (six from the US,!0:19-2022-24 two
from Germany,>*!** and one from Australia)"* used 100,000
flying hours as a denominator (Figure 3). Crash rates per
100,000 flying hours ranged from 1.7 (US)* to 13.4 (US)"
and fatal crash rates between 0.91 (Germany)?' and 4.7 (US;*
see Table 3 and Figure 4).

For both accident rates and fatal accident rates on the basis
of 10,000 missions, the published data range was limited
to the years 1973-2004. Published data were limited to the
years 1980-2004 for accident and fatal accident rates on the
basis of 100,000 flying hours.
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Figure | Comparison of accident rates per 10,000 missions in analyzed studies.*
*Year (x-axis), accident rate per 10,000 missions (y-axis). Due to the scale of the
figure, one single data point Low et al;'* accident rate per 10,000 missions (3,05) is

not presented.
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Figure 2 Comparison of fatal accident rates per 10,000 missions in analyzed
studies.*

Note: *Year (x-axis), fatal accident rate per 10,000 missions (y-axis). Due to scale
of figure, one data point Low et al,'* fatal accident rate per 10,000 missions (2,12)
is not presented.

Discussion

Compared with other aviation areas, the risk profile for HEMS
is clearly increased (eg, bad weather, unknown landing site,
and stress).'>*** This explains the higher accident rate found
for HEMS compared with commercial or private aviation.?*?
Unfortunately, the published data are scarce compared with
the growing HEMS services in several other European
countries, eg, Austria, the UK, Norway, Poland, Switzerland,
as well as other countries worldwide.

Data analysis per 10,000 missions

For HEMS missions in Germany, an accident rate of 0.40
to 0.91 versus 0.04 to 0.07 for fatal accidents was found
per 10,000 missions (Table 2, Figure 1).?! These data
show no relevant differences to other recently published
studies'®?* analyzing HEMS accidents between 1973 and
2004. Holland et al'® analyzed a 10-year period with 51,164
missions for HEMS in Australia. They reported a similar
accident rate per 10,000 missions (0.60 versus 0.20 for fatal
accidents). Although both systems and regional structures

Table 2 Comparison of HEMS accidents and fatal accidents per
10,000 missions

Study Country Time Accident Fatal
frame rate per accident rate
10,000 per 10,000
missions  missions
Holland'? Australia 1992-2002  0.60 0.20
Lippay'® Germany  1973-1994 091 NA
Thies'® Germany  1980-2001  0.40% 0.04f
Hinkelbein? ~ Germany  1999-2004  0.54 0.07
Low!'® USA 1991 3.05f 2.12f

Note: "Maximum and minimum data.
Abbreviations: HEMS, helicopter emergency services; NA, not accessible data.

Figure 3 Comparison of accident rates per 100,000 flying hours in analyzed
studies.*
Note: *Year (x-axis), accident rate per 100,000 flying hours (y-axis).

are very different (short-distance rural versus long-distance
desert areas), accident rates and fatal accident rates are
comparable. In contrast, Low et al'> presented relevant dif-
ferences on HEMS accidents in the US (3.05 and 2.12) by
analyzing one single year (Figures 1 and 2). In this study
they showed a strong correlation between the accident rate
and pilot proficiency. Compared with the other data identi-
fied, there was a significant difference with a five-fold higher
accident rate and fatal accident rate in the US than Germany
and Australia. The underlying reason may potentially be a
small sample size within one single year. On the other hand,
these significant differences may be due to different mission
types (eg, mostly secondary flights in the US and mostly
primary flights in Germany), operator-specific procedures,
or different national regulations applied.

Table 3 HEMS accident rates and fatal accident rates per 100,000
flying hours

Study Country Time Accident Fatal
frame rate per accident rate
100,000 per 100,000
flying hours flying hours
Holland'? Australia  1992-2002 4.38 1.46
Hinkelbein? ~ Germany 19992004 10.9 091t
Rhee?* Germany 1982-1987 10.9 4.1
us 19821987 11.7 4.7t
NTSB'" us 1980-1986  13.4t NA
Harris? us 1987-1993 3.1 1.61
Delorenzo® US 1987-1995 7.44 NA
Blumen us 1992-2001 4.83 1.69
Wright? us 1996-1997 1.7 NA
us 20002004 NA 1.8
us 2003-2004 4.8 NA

Note: fMaximum and minimum.
Abbreviations: HEMS, helicopter emergency medical services; NA, not accessible
data.
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Figure 4 Comparison of fatal accident rates per 100,000 flying hours in analyzed
studies.®
Note: *Year (x-axis), fatal accident rate per 100,000 flying hours (y-axis).

For an international comparison, data for accident
rates on the basis of 10,000 missions were comparable for
Australia’® and Germany.'3'®?! In contrast, data for the US'
varied (a fivefold higher rate), for the reasons stated above.
Fatal accident rates on the basis of 10,000 missions showed
the same congruencies for Australia and Germany and
differences for the US.

Data analysis per 100,000 flying hours

On the basis of 100,000 flying hours, accident rates of 10.88
for all accidents and 0.91 for fatal accidents were found
in a study by Hinkelbein et al for Germany (Table 3).2! In
addition, another study by Rhee et al is available, in which
HEMS accidents between 1982 and 1987 were presented.?
Both studies show comparable accident rates for nonfatal
accidents but a nearly five-times higher fatal accident rate
in the earlier study.?'** Rhee et al found a surprisingly high
fatal accident rate in their analysis (a fatality rate of 4.7 per
100,000 hours) from 1982 to 1987.

Even military HEMS data for accident rates was
comparable with civilian data. DeLorenzo et al* state a rate
of 7.44 accidents per 100,000 flying hours, which is nearly
the mean of all other studies identified (Table 3). For an
international comparison, data for accident rates on the basis
0f 100,000 flying hours ranged between 1.7 and 13.4'°% which
includes rate for Australia’® and Germany.?'?* These data are
inhomogeneous and vary significantly.

Limitations

Analysis of aviation accident data is often complicated by
a lack of usable denominator data.?® This also applies to the
analysis of HEMS accidents. On the other hand, both aircraft
accidents as well as HEMS accidents underpin a highly
complex error chain which depends on multiple factors.

Although a time-frame or time-based approach was used to
exclude multiple influences, different pilot qualifications,?
environmental factors, as well as human factors cannot be
evaluated adequately in a retrospective study. Both primary
(emergency) and secondary (interhospital transfer) missions
were analyzed, although there may be some different operat-
ing conditions with potentially different accident rates.

Data on the basis of 10,000 missions or 100,000 flying
hours should be in concordance for each country analyzed.
This point does not apply in the present study. One possible
reason may be differences in the duration of a mission (long
versus short) in different countries. Unfortunately these data
are not published. Using statistical approaches to analyze
different rates in various countries would be beneficial
for data interpretation. Unfortunately, some of the studies
reported only rates but not absolute numbers (eg, number
of missions or flying hours). Therefore, specific statistical
tests were not possible.

Conclusions

Published data for three countries were identified. Data
analysis was impeded by publication of mean data, use of
different time frames, and differences in HEMS systems.
Nevertheless, the data in the present study are essential to
evaluate the accident risk with an HEMS mission. In the future,
publication of accident data and studies analyzing the complete
time-frame of HEMS missions are required. Additionally,
it may be beneficial to record HEMS accident data in detail
in a specific database. Besides relevant denominator data
(eg, number of missions or flying hours), potential confounding
factors (eg, weather conditions, urban versus rural missions,
and aircraft maintenance) are of special interest. This approach
would facilitate detailed and valid analyses of HEMS acci-
dents. If these data remain inaccessible, future studies may
encounter similar interpretation difficulties.
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