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Abstract
Background: Helicopter emergency medical services (HEMS) play a fundamental role in prehospital care. However, the impact of HEMS on sur-

vival of patients with out-of-hospital cardiac arrest (OHCA) is widely unknown. Therefore, the purpose of this study was to assess demographics,

treatment, and outcome of patients with OHCA attended by physician-staffed helicopters.

Methods: Retrospective cohort study enrolling OHCA patients treated by HEMS during a ten-year period (2010–2019) in Austria. Patients were

identified using electronic mission records of 13 HEMS bases run by the Austrian Automobile, Motorcycle and Touring Club (OEAMTC), and sub-

sequently matched with the national register of deaths to determine 30-day and one-year survival rates. Results are reported according to the 2015

Utstein Style. Multivariable logistic regression analysis was used to identify factors associated with patient outcome.

Results: In total, 9344 presumed OHCA missions were identified. Cardiopulmonary resuscitation was attempted or continued by HEMS in 3889

cases. Approximately 32.2% of patients achieved return of spontaneous circulation (ROSC) and 22.5% sustained ROSC until arrival at the emer-

gency department. Thirty-day and one-year survival rates were 14.0% and 12.4% respectively. HEMS response time, on-scene time, age, patho-

genesis, arrest location, witness-status, first monitored rhythm, bystander automated external defibrillator (AED) use, airway type and administration

of adrenaline were independent predictors of 30-day survival.

Conclusions: This study provides an extensive insight into the management of OHCA in an almost nationwide HEMS sample. Thirty-day and one-

year survival rates are high, indicating high-quality care and systematic selection of patients with favorable prognosis.
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Introduction

With an approximate incidence of 30.0–97.1 per 100,000 popula-

tion,1 out-of-hospital cardiac arrests (OHCAs) account for a signifi-

cant number of emergency medical service (EMS) calls every

day.2 Since the 1960s, helicopters have been integrated into EMS

systems to cover remote areas3 and shorten transport times.4–6

They provide specialized medical personnel and equipment to the

emergency scene and are crucial for maintaining a high standard

of care.3,7 In Europe, Luxembourg, Switzerland and Austria are the

countries with the highest density of rescue helicopters per popula-

tion and area.8
While the impact of helicopters emergency medical services

(HEMS) on the outcome of trauma patients has been studied exten-

sively,9 only few investigations have examined their influence on

OHCA patients. Data from a Polish study10 suggests that HEMS

respond to a distinct OHCA population, characterized by a high rate

of return of spontaneous circulation (ROSC). Research on medi-

cal,11,12 traumatic13,14 or pediatric15,16 cardiac arrests treated by

HEMS has provided inconsistent results, frequently lacking informa-

tion on long-term outcome. We therefore set out to further explore

the characteristics, treatment and long-term outcome of OHCA

patients attended by HEMS and identify factors contributing to the

survival of this particular population.
ns.
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Methods

Study design

A retrospective cohort study was conducted on OHCA patients trea-

ted directly by a team of the Austrian Automobile, Motorcycle and

Touring Club (OEAMTC) HEMS in Austria from January 1st, 2010,

to December 31st, 2019. Mission data was matched with the national

register of deaths by Statistics Austria to determine 30-day and one-

year survival rates. The study design is based on the 2015 Utstein

Recommendations for OHCA,17 and follows the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)18

guidelines.

Study setting

Austria is a mountainous country, covering an area of 83,871 km2

with a population of approximately 8.9 million people (2019).19 As

in many European countries,20 EMS are provided by a two-tiered

system. Ambulance units are staffed with emergency medical techni-

cians (EMTs) or paramedics and provide general emergency treat-

ment. Physician response units (ground- or helicopter-based) are

dispatched additionally for critical emergencies. They consist of an

emergency physician, a paramedic and, if applicable, a pilot.

Whether a ground- or helicopter-based unit is dispatched, depends

on its availability, the accessibility and the estimated time needed

to reach the emergency scene. In general, the type of unit that is

expected to reach the destination quickest will be dispatched.

Most of the Austria’s HEMS stations are run by OEAMTC, a pri-

vate organization contractually bound to provide nationwide air-

rescue services. Additionally, 6 smaller companies21 provide mostly

seasonal helicopter rescue services in alpine regions during the win-

tertime. OEAMTC HEMS currently operates 19 helicopters serving

all parts of the federal territory. Aspiring helicopter physicians (mostly

anesthesiologists) must undergo supplementary training and present

sufficient experience on ground-based units before being certified.

HEMS missions are generally carried out from dawn to dusk; only

one base provided services 24 h a day during the study period. Med-

ical records and flight information are documented electronically

using a proprietary documentation system (LeonardoTM).

Inclusion and exclusion criteria

The mission records database was screened for patients categorized

by the National Advisory Committee for Aeronautics (NACA) Score22

as 6 (resuscitation) or 7 (death), and additionally for cases with doc-

umented chest compressions or defibrillation, regardless of NACA

score. We excluded all records of inter-facility transfers and stand-

downs as well as cases in which the patient had not suffered an

OHCA. To accurately measure the impact of HEMS on OHCA out-

come, patients (partially) treated by different emergency physicians

(e.g. from ground-based units) were excluded. Ultimately, we

assessed whether CPR had been initiated or continued by a HEMS

team. If this was not the case or unknown, the datasets were omitted

(Fig. 1).

Data definitions

Variables were defined to match the 2015 Utstein Style.17 Where

necessary, definitions were modified slightly to better fit the docu-

mentation system used. A complete list of data definitions and mod-

ifications is provided in the supplementary materials (Supplementary

Table S1).
Additional variables were added to evaluate mission time inter-

vals. Response time was estimated by adding a standardized 3-

minute interval to the flight time to account for helicopter preparation

and crew boarding. On-scene time was defined as the time between

landing at and taking off from the emergency scene. Transport time

was decided to be equal to the flight time to the hospital.

Data collection

Out of the 18 HEMS bases (Fig. 2), three (Vienna, Salzburg and

Nenzing) are run in cooperation with local EMS organizations and

could therefore not provide data due to data protection regulations.

Two bases (St. Michael and Zurndorf) had not yet started operations

by the end of the study period. Thus, the authors were provided with

mission records from the remaining 13 HEMS bases. Only relevant

sections of the mission records were transmitted by OEAMTC (Sup-

plementary Table S2), strictly complying with data minimization

requirements.

For variables with matching fields on the mission records, values

were taken directly from the latter. In all other cases, the authors

extracted information manually from the records, in accordance with

the data definitions. If data was documented multiple times in a con-

tradictory way, the value in main text field was assumed to be the

correct one.

As mission records are not linked to hospital records, the Austrian

register of deaths was decided to be most appropriate for determin-

ing long-term survival status. A patient was classified as alive if no

entry in the register was found and the personal data (name, sex,

date of birth) was complete. If a patient was explicitly classified as

deceased in the mission record, they were also classified as

deceased in this study, regardless of register query.

Statistical analysis

Categorical variables are presented as frequencies and percent-

ages. For continuous variables median and interquartile range

(IQR) are reported. Multivariable logistic regression analysis was

used to identify factors associated with the endpoints “ROSC on arri-

val at emergency department (ED)”, “30-day survival” and “one-year

survival”. All variables marked in Table 1 were tested individually for

significant influence on the endpoints. Significant factors were added

as covariates to a multivariable model, for which adjusted odds ratios

(aOR) and 95% confidence intervals (CI) were calculated. A p-value

of less than 0.05 (two-sided) was considered statistically significant.

Missing data is reported for all descriptive analyses. Regression

analyses were calculated based on complete datasets. All analyses

were performed with IBM SPSS Statistics, Version 29.0 (IBM Corpo-

ration, Armonk, NY, USA).

Ethical approval

This study was approved by the Ethics Committee for the Federal

State of Lower Austria (GS4-EK-4/703-2020).

Results

During the study period, OEAMTC HEMS responded to 9,344 poten-

tial OHCA missions, which equals 6.9% of the total workload

(N = 135,969). After applying exclusion criteria, 3,889 cases (2.9%

of all missions) with confirmed OHCA and treatment by HEMS were

included in the analysis (Fig. 2).



Fig. 1 – Flow chart of the study population. OHCA indicates out-of-hospital cardiac arrest; CPR, cardiopulmonary

resuscitation; HEMS, helicopter emergency medical services; and ROSC, return of spontaneous circulation.

Fig. 2 – Distribution of OEAMTC HEMS bases in Austria. ITH indicates intensive care transfer helicopter.
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OHCA missions were most frequently performed during the after-

noon (47.3%, Supplementary Fig. S1). Median (IQR) response time

was 12 min (9–14), on-scene time was 40 min (30–51) and time air-

lifting the patient to the hospital was 8 min (5–11). The HEMS team

confirmed the preliminary dispatch diagnosis in 78.5%.

Patient characteristics

The majority of patients were male (72.7%). Median age was lower in

men compared to women (67 vs. 74 years). A medical cause of

OHCA was presumed in 85.0% of patients. Traumatic OHCA consti-

tuted 9.0% of the population. Home was the most reported arrest

location, accounting for 48.7%, followed by sports/recreation events

(10.8%). Although 53.0% OHCAs were bystander-, and 7.3% EMS-
witnessed, the number of OHCA patients with an initial shockable

rhythm was low (21.3%).

Prehospital treatment

The dispatcher provided CPR instructions in 3.8%, and bystander

AED use was documented in 1.0% of all cases. At public arrest loca-

tions (i.e., sports/recreation, public building, street, workplace and

other), bystander AED rate was 1.9%. Endotracheal intubation

(ETI) was the primary strategy for airway management in 72.6% of

patients. Bag-valve-mask (BVM) ventilation was the second most

common approach (10.7%). In approximately 8.5% of patients, air-

way devices were changed at least once (i.e. laryngeal mask fol-

lowed by endotracheal intubation). For drug administration,



Table 1 – Summary characteristics. EMS indicates emergency medical services; AED, automated external
defibrillator; VF, ventricular fibrillation; PEA, pulseless electrical activity; VT, ventricular tachycardia; CPR,
cardiopulmonary resuscitation; IV, intravenous; and IO, intraosseous.

System and patient characteristics Value Missing

Time of day* Morning; n (%) 1634 (42.0) 0

Afternoon; n (%) 1838 (47.3)

Evening; n (%) 409 (10.5)

Night; n (%) 8 (0.2)

Time intervals Response time; median (IQR)* 12 (9–14) 2

On-scene time; median (IQR) * 40 (30–51) 225

Transport time; median (IQR) 8 (5–11) 2591

Dispatch information Accurate; n (%) 3052 (78.5) 559

Not accurate; n (%) 278 (7.1)

Sex* Male; n (%) 2829 (72.7) 2

Female; n (%) 1058 (27.2)

Age* Age; median (IQR) 69 (56–78) 4

Arrest characteristics Value Missing

Pathogenesis* Medical; n (%) 3306 (85.0) 0

Traumatic cause; n (%) 351 (9.0)

Asphyxial; n (%) 143 (3.7)

Drowning; n (%) 65 (1.7)

Poisoning; n (%) 18 (0.5)

Electrocution; n (%) 6 (0.2)

Arrest location* Home/residence; n (%) 1893 (48.7) 343

Sports/recreation event; n (%) 421 (10.8)

Other; n (%)† 415 (10.7)

Street/highway; n (%) 341 (8.8)

Industrial/workplace; n (%) 283 (7.3)

Public building; n (%) 117 (3.0)

Transport; n (%) 40 (1.0)

Assisted living/nursing home; n (%) 36 (0.9)

Witness status* Bystander witnessed; n (%) 2062 (53.0) 321

EMS witnessed; n (%) 285 (7.3)

Unwitnessed; n (%) 1221 (31.4)

First monitored rhythm* AED used, shock delivered; n (%) 40 (1.0) 578

AED used, no shock delivered; n (%) 83 (2.1)

Asystole; n (%) 1800 (46.3)

VF; n (%) 755 (19.4)

PEA; n (%) 589 (15.1)

Pulseless VT; n (%) 32 (0.8)

Bradycardia; n (%) 12 (0.3)

Bystander response Bystander CPR; n (%)* 2432 (62.5) 1457�

Dispatcher provided CPR instructions; n (%) 147 (3.8) 3742�

Bystander AED use; n (%)* 39 (1.0) 3850�

Treatment characteristics Value Missing

Airway control (type) * Endotracheal tube; n (%) 2822 (72.6) 77

Supraglottic airway; n (%) 203 (5.2)

Surgical airway; n (%) 6 (0.2)

Bag valve mask; n (%) 418 (10.7)

Multiple; n (%) 331 (8.5)

None; n (%) 32 (0.8)

Vascular access (type) * Peripheral IV; n (%) 2969 (76.3) 551

IO; n (%) 258 (6.6)

Central line; n (%) 108 (2.8)

Endotracheal; n (%) 1 (0.0)

None; n (%) 2 (0.1)

Drugs given* Adrenaline; n (%) 3062 (78.7) 827�
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Table 1 (continued)

System and patient characteristics Value Missing

Amiodarone; n (%) 814 (20.9) 3075�

Vasopressin; n (%) 101 (2.6) 3788�

Chest compressions (type) * Mechanical CPR; n (%) 53 (1.4) 3836�

* Variable in univariate regression analysis.
† Includes unspecified public areas
� Includes cases in which the intervention was not performed, not excluded from regression analysis.
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peripheral intravenous access was used in 76.3%, followed by

intraosseous access in 6.6%. The establishment of a central line

was reported in 2.8%. The majority of patients received adrenaline

(78.7%). Amiodarone was given to 20.9% whereas vasopressin

was only used in 2.6%. HEMS made use of a mechanical CPR

device in 1.4%. Full details on patient and treatment characteristics

are presented in Table 1.

Outcome

Out of 3,889 patients, 32.2% achieved ROSC during the resuscita-

tion attempt. ROSC was sustained until arrival at the emergency

department in 22.5%. In total, 546 (14.0%) patients were alive

30 days after the event. This number decreased to 483 (12.4%) after

12 months.

Patients with shockable bystander-witnessed OHCA (Utstein

comparator group, n = 570) had the highest outcome rates of the

subgroups studied. In this group, 56.1% achieved ROSC and

44.7% were admitted to the hospital alive. The corresponding 30-

day survival rate was 34.4% whereas the one-year survival rate

was 31.2%. A complete overview of outcome is provided in Table 2.

Factors affecting survival

Regarding 30-day survival, 12 (out of 18) parameters were included

in multivariable regression after individual analysis. Response time

and on-scene time were negatively correlated with outcome, with

aORs of 0.93 (95% CI 0.90–0.96) and 0.97 (95%CI 0.96–0.98)

respectively. Likewise, age was a significant predictor of survival

(aOR 0.97, 95% CI 0.96–0.97). OHCA pathogenesis affected the

outcome considerably: Trauma had lower odds of survival compared

to a medical pathogenesis (aOR 0.41, 95% CI 0.22–0.76). In con-

trast, drowning (aOR 2.95, 95% CI 1.32–6.60), and poisoning
Table 2 – Overview of survival rates. ROSC indicates retu
department; CPR, cardiopulmonary resuscitation; and EM

Population Amount Any ROSC (%)

Yes Unclear

Total 3889 1253

(32.2)

483

(12.4)

Shockable bystander-witnessed; n

(%)

570 320 (56.1) 13 (2.3)

Shockable bystander CPR; n (%)* 555 293 (52.8) 18 (3.2)

Non-shockable bystander CPR; n

(%)*

1565 371 (23.7) 78 (5.0)

* EMS witnessed cases excluded.
(aOR 5.75, 95% CI 1.67–19.86) had higher odds of survival. Regard-

ing arrest location, public buildings (aOR 2.11, 95% CI 1.19–3.76),

and sports/recreation events (aOR 2.19, 95% CI 1.49–3.22) were

associated with higher odds of survival when compared with home.

Being witnessed by a bystander was linked to a higher chance of sur-

vival (aOR 2.93, 95% CI 2.04–4.22). The odds increased to 8.19

(95% CI 4.77–14.06) for EMS-witnessed cases. Similarly, bystander

AED use led to higher odds of survival (aOR 2.78, 95% CI 1.01–

7.59). Concerning first monitored rhythm, patients with pulseless

ventricular tachycardia (VT) had the highest aOR of 7.43 (95% CI

3.02–18.29), followed by patients with ventricular fibrillation (aOR

7.02, 95% CI 4.89–10.06). BVM ventilation was negatively correlated

with 30-day outcome when compared to ETI (aOR 0.25, 95% CI

0.13–0.51). The administration of adrenaline halved the odds of sur-

vival (aOR 0.54, 95% CI 0.37–0.78). Full results of regression anal-

yses are reported in Table 3.

Discussion

With a population of 3,889 patients, this study provides the most

comprehensive insight into OHCA treatment in HEMS to our knowl-

edge. Moreover, it is the first to explore prehospital resuscitation data

from most major states of the republic of Austria.

OHCA missions accounted for 6.6% of the total number of HEMS

calls during the study period, which is lower than previously reported

(10.1%).11 From 9,018 missions dispatched for cardiac arrest, 14.7%

were excluded because treatment was initiated or managed by

another physician from ground EMS, suggesting that HEMS was pri-

marily dispatched to shorten transport times. In 34.3% of all OHCAs,

resuscitation efforts were neither initiated nor continued by HEMS,
rn of spontaneous circulation; ED, emergency
S, emergency medical services.

ROSC on arrival at

ED (%)

30-day survival

(%)

1-year survival

(%)

Yes Unclear Yes Yes

875

(22.5)

207

(5.3)

546 (14.0) 483 (12.4)

255

(44.7)

28 (4.9) 196 (34.4) 178 (31.2)

230

(41.4)

27 (4.9) 175 (31.5) 160 (28.8)

265

(16.9)

32 (2.0) 103 (6.6) 91 (5.8)



Table 3 – Results of multivariable regression. ROSC indicates return of spontaneous circulation; ED, emergency
department; EMS, emergency medical services; AED, automated external defibrillator; VF, ventricular fibrillation;
PEA, pulseless electrical activity; VT, ventricular tachycardia; IV, intravenous; and IO, intraosseous.

Parameter ROSC on arrival at ED 30-day survival 1-year survival

adjusted OR 95% CI adjusted

OR

95% CI adjusted

OR

95% CI

Response time 0.94 (0.92–0.97) 0.93 (0.90–0.96) 0.93 (0.90–0.97)

On-scene time not included 0.97 (0.96–0.98) 0.97 (0.96–0.98)

Age 0.99 (0.98–0.99) 0.97 (0.96–0.97) 0.97 (0.96–0.97)

Sex Female not included 1.24 (0.92–1.68) 1.22 (0.88–1.69)

Pathogenesis Medical 1.00

(reference)

Traumatic cause 0.82 (0.52–1.29) 0.41 (0.22–0.76) 0.49 (0.26–0.94)

Asphyxial 4.28 (2.64–6.92) 1.41 (0.69–2.87) 1.09 (0.46–2.59)

Drowning 3.65 (1.80–7.38) 2.95 (1.32–6.60) 2.81 (1.12–7.04)

Poisoning 5.06 (1.62–

15.76)

5.75 (1.67–

19.86)

7.34 (2.04–

26.48)

Electrocution 0.66 (0.10–4.14) 0.61 (0.09–4.19) 0.68 (0.10–4.70)

Arrest location Home/residence 1.00

(reference)

Sports/recreation event 0.86 (0.62–1.20) 2.19 (1.49–3.22) 2.29 (1.53–3.44)

Other* 1.37 (1.01–1.85) 2.11 (1.45–3.08) 2.03 (1.35–3.05)

Street/highway 1.08 (0.74–1.60) 1.07 (0.64–1.79) 1.04 (0.60–1.79)

Industrial/workplace 0.83 (0.55–1.24) 1.50 (0.93–2.43) 1.55 (0.92–2.58)

Public building 0.98 (0.59–1.65) 2.11 (1.19–3.76) 1.90 (1.01–3.57)

Transport 0.72 (0.29–1.80) 0.84 (0.30–2.41) 0.81 (0.26–2.55)

Assisted living/nursing

home

2.31 (0.89–6.00) 1.62 (0.44–5.95) 3.15 (0.82–

12.05)

Witness status Unwitnessed 1.00

(reference)

Bystander witnessed 3.08 (2.38–4.00) 2.93 (2.04–4.22) 3.32 (2.19–5.03)

EMS witnessed 4.95 (3.25–7.54) 8.19 (4.77–

14.06)

9.36 (5.23–

16.73)

First monitored

rhythm

Asystole 1.00

(reference)

AED used, shock delivered 3.65 (1.56–8.54) 4.05 (1.52–

10.82)

3.27 (1.11–9.64)

AED used, no shock

delivered

3.22 (1.50–6.88) 3.65 (1.40–9.56) 2.38 (0.75–7.52)

VF 2.54 (1.94–3.35) 7.02 (4.89–

10.06)

5.79 (3.93–8.53)

PEA 1.75 (1.35–2.28) 2.30 (1.57–3.36) 2.13 (1.42–3.21)

Pulseless VT 7.00 (2.89–

16.93)

7.43 (3.02–

18.29)

4.11 (1.59–

10.65)

Bradycardia 2.94 (0.64–

13.40)

3.97 (0.74–

21.40)

3.67 (0.66–

20.33)

Bystander AED use 1.09 (0.42–2.83) 2.78 (1.01–7.59) 2.94 (1.05–8.29)

Airway control (type) Endotracheal tube 1.00

(reference)

Supraglottic airway 0.80 (0.46–1.38) 0.74 (0.35–1.56) 0.84 (0.36–1.95)

Surgical airway 0.00 – 0.00 – 0.00 –

Bag valve mask 0.34 (0.18–0.64) 0.25 (0.13–0.51) 0.61 (0.28–1.34)

None 1.04 (0.07–

15.37)

0.49 (0.09–2.76) 1.96 (0.10–

39.02)

Multiple 0.97 (0.69–1.36) 1.08 (0.69–1.69) 0.79 (0.47–1.33)

Vascular access

(type)

Peripheral IV 1.00

(reference)

not

included

IO 0.62 (0.42–0.91) 0.61 (0.34–1.11)

Central line 0.64 (0.35–1.16) 0.48 (0.19–1.24)

Endotracheal 0.00 – 0.00 –

None 0.00 – 0.00 –

Adrenaline 0.42 (0.29–0.59) 0.54 (0.37–0.78) 0.37 (0.24–0.56)

Amiodarone 1.33 (1.03–1.72) 1.11 (0.80–1.54) 1.24 (0.88–1.74)
* Includes unspecified public areas.
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predominantly because the patient was considered dead on arrival

(92.9%). This may be explained by the limited capabilities of EMTs/

paramedics in Austria to withhold or terminate resuscitation treat-

ment in futile situations. The subsequent arrival of a HEMS physician

then leads to a higher share of OHCAs without CPR compared to

countries with more extensive EMS training.10,16 Adaption of the

legal framework and training could help decrease the need for emer-

gency physicians in these situations and improve system efficiency.

The median HEMS response time was 12 min, which is consider-

ably shorter than in other European countries (15–23 min).10,11,13

This could be attributed to the high density of rescue helicopters in

Austria,8 decreasing the average distance from HEMS base to emer-

gency scene. Short response times were associated with higher

chances of survival (aOR 0.93–0.94), emphasizing the importance

of early advanced life support (ALS) in OHCA patients.23,24 HEMS

teams spent approximately 40 min on-scene, which is longer than

in a polish study (26 min).10 Longer on-scene times were also asso-

ciated with lower long-term survival rates. However, due to a lack of

data, the severity of injuries and comorbidities were not accounted

for in our analysis. Correcting for these factors might have mitigated

this effect, as previously demonstrated in trauma patients.25

As most OEAMTC HEMS bases do not operate at night, the

majority of OHCAs were attended during the daytime (89.3%). Sev-

eral registry studies26,27 have suggested that the incidence of OHCA

is indeed lowest at night. Interestingly, nighttime patients tend to

have lower survival compared to daytime.26–28 This can contribute

to selection bias when studying EMS systems that primarily operate

in the daytime. Time of day was not a significant predictor of outcome

in this study; however, nighttime sample size was exceedingly small.

Approximately 48.7% of OHCAs occurred at home. Another

study11 on HEMS patients found a comparable percentage whereas

registries29,30 containing patients from ground-based EMS report

much higher shares. In contrast, 40.6% of events occurred at a pub-

lic location. Concerning arrest pathogenesis, trauma (9.0%) was

more than twice as frequent in this study than in a European registry

(3.9%).29 Altogether, this indicates that HEMS cohorts might differ

from ground-based OHCA cohorts, possibly affecting the chance of

survival.31–33 Moreover, Austria is a popular destination among out-

door sports enthusiasts, which might contribute to this observation.

In recent years, substantial efforts34 have been made to improve

AED access in public areas, as these devices significantly improve

outcome after OHCA.35,36 We encountered a remarkably low rate

of bystander AED use in Austria (1.0%), which was only marginally

higher (1.9%) at public arrest locations. HEMS regularly operate in

rural regions where AED availability is poor, partially explaining the

difference between our rates and those reported for the city of

Vienna (19.2%).37 As neighboring countries38–40 also report higher

bystander AED use rates, it must be questioned whether all cases

were actually recorded. Adapting the documentation system might

help improve data quality in this area for future studies.

ETI remained the most popular airway control strategy (72.6%),

analogous to what is seen in other countries with physician-based

EMS.40,41 Correspondingly, the amount of supraglottic airway appli-

cations was low (5.2%). Identifying the optimal airway management

strategy for OHCA has been an ongoing challenge, with numerous

studies42–44 providing inconsistent results. ETI was associated with

a slight benefit over BVM in this study, most likely caused by cases

in which BVM was chosen because of imminent termination of resus-

citation. Any other device or multiple devices did not influence patient

outcome, in line with current guidelines on ALS.45
In our study, the share of patients with any ROSC (32.2%) is sig-

nificantly smaller than the one reported by Rzońca et al. (54.9%).10

ROSC is generally associated with favorable long-term outcome.46,47

However, it remains unclear whether this was actually observed in

the Polish cohort as no follow-up survival data was provided. Two

other studies on medical OHCA in HEMS patients reported high

any ROSC (39.1%)11 or event survival rates (31.9%).12 Yet, survival

to discharge (6.3–11.7%)11,12 remained lower than 30-day survival in

this study. Interestingly, HEMS studies10–12 frequently include

patients with ROSC prior to helicopter arrival, disguising the direct

effect of HEMS on the resuscitation process.

A comparison with the German Resuscitation Registry (GRR,

2007–2018)41 reveals that, in our cohort, fewer patients achieved

ROSC (32.2 vs. 45.2% in GRR) and were admitted to the hospital

alive (22.5 vs 38.1% in GRR). On the contrary, 30-day survival is

slightly better (14.0 vs. 12.9% in GRR). This also applies when com-

paring our results with the European Registry of Cardiac Arrest

(EuReCa) TWO study.29 Eventually, 12.4% of OHCA patients sur-

vived for 12 months or longer, comparable to what was found by

Yan et al. (12.3%)48 during the same period. Long-term survivors

tend to be in favorable neurological condition,49 making this percent-

age an estimate of the share of patients with favorable outcome in a

setting where this could not be determined.

We observed a ROSC rate of 56.1% in the Utstein comparator

group, comparable to the EuReCA trials.29,50 However, the share

of patients surviving 30 days or longer in this subgroup is greater

in our study (34.4% vs. 28–29.7% in EuReCa), indicating that HEMS

could positively impact long-term survival of OHCA patients. This

might be attributed to the quality of care provided by highly trained

specialists as well as selection bias, resulting in a high share of day-

time and public OHCAs in HEMS cohorts. To further evaluate these

findings, a direct comparison of HEMS data with data from ground-

based EMS should be carried out, taking into account the difference

in patient characteristics. For Austria, this was not feasible due to a

lack of ground-based data. We therefore strongly encourage the

implementation of a nationwide resuscitation registry to facilitate

future research.

Limitations

Like all retrospective trials, this study has several limitations. First,

the authors needed to interpret mission records that were not com-

patible with the current Utstein definitions,17 leading to missing infor-

mation as well as possible misinterpretation. Underreporting may be

present in all variables not explicitly mentioned on the data collection

form. Second, due to limited resources and availability, no data on

in-hospital treatment and neurological status was obtained. Third,

outcome was determined in two different ways, possibly leading to

a discrepancy between ROSC rates and long-term survival rates.

Long-term survival was determined by the death register, which only

provides data for Austrian residents. This may have led to false pos-

itive results when HEMS operated outside the federal border, which

is frequently the case at the Christophorus Europa 3 base. Last,

three HEMS bases that cover important urban regions, including

Vienna and Salzburg, with a population of 2.7 million people19 were

not included in the analysis. Assuming equal OHCA incidences

among HEMS bases, an estimated 2500 OHCA cases were there-

fore not considered. This reduces the generalizability of the study

by predominantly depicting a rural population. Whether our findings

can be translated to urban areas has to be determined in future

studies.
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Conclusions

This study provides an extensive insight into the management of

OHCA in the Austrian HEMS system. HEMS populations seem to

have distinct characteristics and above-average long-term outcome.

Whether these findings are a direct consequence of high-quality

patient care or primarily caused by systematic selection remains

uncertain.
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