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Abstract

In this prospective, observational study we describe the incidence and characteristics of out of hospital cardiac arrest
(OHCA) cases who received mechanical CPR, after the implementation of a mechanical CPR device (LUCAS 2; Physio
Control, Redmond, WA, USA) in a physician staffed helicopter emergency medical service (HEMS) in South Tyrol, Italy.
During the study period (06/2013-04/2016), 525 OHCA cases were registered by the dispatch centre, 271 (51.6%) were
assisted by HEMS. LUCAS 2 was applied in 18 (6.6%) of all HEMS-assisted OHCA patients; ten were treated with LUCAS
2 at the scene only, and eight were transported to hospital with ongoing CPR. Two (11.1%) of the 18 patients survived
long term with full neurologic recovery. In seven of eight patients transferred to hospital with ongoing CPR, CPR was

ceased in the emergency room without further intervention. Retrospectively, all HEMS-assisted OHCA cases were
screened for proposed indication criteria for prolonged CPR. Thirteen patients fulfilled these criteria, but only two of
them were transported to hospital. Based on these results, we propose a standard operating procedure for HEMS-
assisted patients with refractory OHCA in a region without hospitals with ECLS capacity.

Sir,

In this prospective observational study, we report inci-
dence, clinical characteristics and adverse events of out-
of-hospital cardiac arrest (OHCA) patients who receive
mechanical CPR in the emergency medical helicopter sys-
tems (HEMS) operations in South Tyrol, Italy. The study
was approved by the local ethics committee and registered
in ClinicalTrials.gov (NCT01745926). In 2013, all three
helicopters serving the area were equipped with the “Lund
University Cardiac Arrest System 2” device (LUCAS 2;
Physio Control, Redmond, WA, USA). All medical crew
underwent extensive theoretical and practical training in
its use. Due to the lack of evidence base and generally ac-
cepted indication criteria associated with this device, the
decision to deploy LUCAS 2 in OHCA at the scene, or for
ongoing CPR during transport to hospital, was left at the
discretion of the emergency physician on duty. However,
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the following exclusion criteria for hospital transport with
ongoing CPR have been defined: unwitnessed OHCA with
asystole as initial rhythm and no return of spontaneous
circulation (ROSC) after 20 min of ALS [1]; avalanche vic-
tim in asystolic cardiac arrest with obstructed airways and
burial time > 35 min [2]; lethal injuries [3]; totally frozen
body [3] and device application not possible due to ana-
tomical limits.

During the study period (06/2013—04/2016), the following
data were prospectively collected, based on the Utstein-style
[4]: time and presumed cause of cardiac arrest, witnessed
cardiac arrest, initial cardiac rhythm, duration of cardiac
arrest and CPR, ALS interventions (i.e. defibrillation, ad-
vanced airway management, drug administration), timing of
LUCAS 2 application, end-tidal CO, (etCO,) 10-20 min
after LUCAS 2 application, time to hospital arrival, patient
outcome and any technical problems or adverse events en-
countered during LUCAS 2-CPR. At the end of the study
period, we screened all HEMS-assisted OHCA cases for the
indication criteria for hospital transport under continuous
CPR proposed by Ortega-Deballon et al. [5]. These criteria
included: witnessed cardiac arrest of non-traumatic cause,
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no-flow time< 5 min, presence of an initial shockable
rhythm, absence of severe activities-of-daily-living disability
or severe co-morbidities before the cardiac arrest, and age-
range of the patient between 18 and 75 years.

During the study period, a total number of 525 OHCA
cases were recorded by the dispatch centre and in 271
(51.6%) HEMS was involved. In 18 (6.6%) of the HEMS
assisted OHCA cases, LUCAS 2 was applied, in 10 of
them, mechanical CPR was performed on scene only,
whereas 8 patients were transported to hospital with on-
going mechanical CPR (Fig. 1). Patient characteristics
and therapeutic interventions for these 18 patients are
summarised in Table 1. All eight patients transported to
hospital with ongoing CPR were admitted to the Re-
gional Hospital of Bolzano, a tertiary care centre, where
one patient had ROSC in the emergency department
(ED) without further specific treatment, and survived
without neurologic sequelae (cerebral performance cat-
egory 1). In the remaining seven patients, CPR was
ceased in the ED without further invasive in-hospital
intervention. Equally, one of the 10 patients treated with
LUCAS 2 at the scene survived with a good neurologic
outcome. Of the 271 HEMS-assisted OHCA cases, 31
(11.4%) fulfilled the criteria for prolonged CPR proposed
by Ortega-Deballon et al. [5] (Fig. 2). Of these, 18 (6.6%)
patients experienced ROSC after physician provided
ALS already at the scene and 13 (4.8%) remained in re-
fractory OHCA and thus were candidates for prolonged
CPR and hospital transport. Two (15%) of these 13
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patients were actually transported to hospital with on-
going mechanical CPR, in the remaining 11 (85%) pa-
tients, CPR was terminated at scene by the emergency
physician.

During three of the 18 applications of LUCAS 2, a dis-
location of the device was reported. No other technical
problems were recorded.

In this pragmatic observational trial with a high rate
of HEMS assisted OHCA cases, LUCAS 2 was used
in only 6.6% and less than half of these patients were
transported to hospital with ongoing CPR in case of
refractory cardiac arrest. Prolonged resuscitation ef-
forts supported by a mechanical device are useful
only in patients for whom a chance of a neurologic-
ally meaningful survival exists; thus, patient selection
is of utmost importance when implementing mechan-
ical CPR devices. In our study, only 4.8% of all
HEMS-assisted OHCA cases were potential candidates
for prolonged CPR and hospital transport according
to the indication criteria proposed by Ortega-
Deballon et al. [5]. This is slightly lower compared to
recently published studies from urban areas (range 6.
0-10.6%), which used similar screening criteria [6—8].
However, of the potential candidates for prolonged
CPR in our study, only 15% were transported to hos-
pital with ongoing CPR, whereas in 85% CPR was ter-
minated at scene by the emergency physician. The
reason for this finding is unclear, however, similar re-
sults were found in a study by Poppe et al. [8].
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Fig. 1 Flow chart of the study. OHCA Out-of-hospital cardiac arrest; HEMS Helicopter emergency medical system; CPR cardiopulmonary resuscitation
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Table 1 Demographics, patient characteristics, therapeutic interventions and outcome in 18 patients with HEMS assisted OHCA who

received mechanical CPR

Outcome
. Transport to
. Witnessed Site of Bystander No-flow Initial Duration of Manual Prehospital | hospital with
Patient | Age | Sex OHCA OHCA ¥: CPR Suspected cause time (min) rhythm CPR l?efo.re LU(EAS etCo02 ROS'(’: mepchanical
application (min)
CPR
1 53 E Yes Street BLS NR 3 Other 15 25 no Yes Survived
2 51 M Yes NR BLS Cardiac NR Asystolia 10 NR no Yes Died
3 47 M Yes Mountain BLS Cardiac NR Asystolia 20 NR no Yes Died
4 59 M Yes Mountain BLS Avalanche 25 Asystolia 1 NR no Yes Died
5 59 M Yes Street BLS Cardiac NR VF NR NR no Yes Died
6 68 M Yes Mountain None Cardiac NR NR 20 12 no Yes Died
7 52 M Yes Other ALS Cardiac 0 VF 20 30 no Yes Died
8 43 M Yes Street BLS Other 0 PEA 25 NR no Yes Died
9 43 M Yes Other BLS Cardiac 1 VF 3 NR Yes No Survived
10 63 M Yes Home BLS Cardiac 7 VF 25 20 Yes No Died
11 NR M Yes Other BLS Other 10 Asystolia 5 NR No No Died
12 62 F NR NR NR Other NR NR NR NR NR No Died
13 72 M No Other BLS Trauma NR NR 20 NR No No Died
14 72 M No Street None Trauma/hypothermia NR Asystolia NR NR No No Died
15 59 M Yes Mountain BLS Cardiac NR Asystolia 20 NR No No Died
16 58 M Yes Mountain BLS Cardiac 5 VF 20 15 No No Died
17 49 M Yes NR BLS Cardiac NR PEA 10 28 No No Died
18 50 M No NR BLS Avalanche 20 Asystolia 3 35 Yes No Died

Light grey shading: patients transported to hospital with ongoing mechanical CPR. M male; F female; OHCA out-of-hospital cardiac arrest; BLS basic life support;
ALS advanced life support; CPR: cardiopulmonary resuscitation; ROSC return of spontaneous circulation; etCO, end-tidal CO,; NR not reported

In the emergency department, CPR was ceased without
further invasive interventions for all patients, except in
one case with ROSC in the emergency room. This finding
might be due to the fact that the majority of patients
transported to hospital with ongoing CPR did not fulfil
the criteria associated with a favourable prognosis after
OHCA, or due the absence of a clear in-hospital operating
procedure (i.e. inclusion of cardiac catheterization).

First, these findings underline the need for a standard
operating procedure (SOP) including clear indication
criteria before the adoption of a new technology. Sec-
ond, this study demonstrates that prehospital emergency

medical care should always be linked to, and analysed in,
the context of hospital capabilities.

In the province of South Tyrol, no hospital has extracor-
poreal life support (ECLS) capacity. Yet, a large Danish
study described a 30-day survival rate of 20% after refrac-
tory OHCA with ongoing CPR at hospital arrival without
the use of ECLS, thus encouraging prolonged resuscitation
efforts and transport to hospital in selected patients even
without the use of ECLS [9]. However, internationally, the
trend moves towards the deployment of ECLS in the case
of refractory cardiac arrest (i.e., E-CPR) [10]. Equally, after
the Australian CHEER trial [11], many centres have

» Prehospital ROSC

Refractory OHCA treated on ste

» HEMS assisted OHCA cases not fulfiling the proposed indicaion critera for hospital transport with ongoing CPR
s HEMS assisted OHCA cases fulfiling the proposed indication criteria for hospital transport with ongoing CPR

s Refractory OHCA transported to hospital with ongoing mechanical CPR
Fig. 2 Proportion of HEMS assisted OHCA full filling criteria for hospital transport with ongoing CPR proposed by Ortega-Deballon et al. [5]
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implemented a bundle of care for selected patients with
refractory OHCA, including E-CPR, early coronary reper-
fusion and targeted temperature management. Data from
the Extracorporeal Life Support Organisation (ELSO) re-
port an overall survival of 29% with E-CPR in the manage-
ment of refractory cardiac arrest [10].

The findings of our study have triggered a change in
the prehospital management of patients with refractory
cardiac arrest in South Tyrol. A SOP for HEMS assisted
refractory OHCA cases was developed (Fig. 3), with dis-
tinct inclusion and exclusion criteria for prolonged CPR.
These criteria were established based on the systematic
review of international practices by Ortega-Deballon and
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co-workers [5] and in consultation with a round-table of
experts from Italy, Austria and Switzerland. Further-
more, a collaboration has been established with the
nearest ECLS-centres Innsbruck (Austria) and Treviso
(Italy), both approximately 40 flight minutes from Bol-
zano (capital city of South Tyrol). Kim and co-workers
found a significant increase in mortality with an E-CPR
initiation > 60 min after the cardiac arrest [12]. Based on
this evidence and the long transport duration to the
ECLS centres, we have agreed that ALS measures with
high quality CPR should be performed for a maximum
of 10 min at the scene. In the absence of ROSC, the pa-
tients meeting the inclusion criteria should than be loaded
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Are all the indusion
criteria* fulfilled?

*Inclusion criteria:

Age: 18-55 years

Witnessed OHCA

Presumed cardiac aetiology

no flow time =5 mins

Initial shockable rhythm

No ROSC despite optimal CPR by 20 mins
etCO2 > 10 mmHg after 20 min of CPR

Low flow time (total CPR-time) not exceeding
60 mins

L

**Exclusion criteria:
* Severe activities-of-daily-living disability
+ Severe comorbidities (i.e. terminal

criterion?™* Yes

Yes No
o
Any exclusion Procede with standard ALS

according to loal protocol

ilinesses, malignandes, etc.)

* Non-cardiac causes of amrest such as
severe trauma, uncontrollable bleeding,
irreversible brain damage etc.

Perform ALS on
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Post-ROSC
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transport
i
No
¥
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centre, load patient |- > under continuous
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Fig. 3 Proposed standard operating procedure for HEMS-assisted patients with refractory OHCA in a region without hospitals with ECLS capacity.
OHCA out-of-hospital cardiac arrest; ALS advanced life support; ROSC return of spontaneous circulation; ECLS extracorporeal life support; etCO,
end-tidal CO,
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into the helicopter and transported to the closest ECLS
centre under ongoing mechanical CPR, in order to keep
the potential low-flow time as short as possible. Education
of the HEMS crews before the implementation of this
SOP is of paramount importance in order to guarantee a
smooth course of actions and a timely pre-announcement
of the patient in the ECLS centre. We assume that this
SOP could be applicable and transferrable to other rural
areas with low population density, functioning HEMS but
without extracorporeal life support facilities.

Abbreviations

CPR: Cardiopulmonary resuscitation; ECLS: Extracorporeal life support; E-

CPR: Extracorporeal cardiopulmonary resuscitation; HEMS: Helicopter
emergency medical system; OHCA: Out-of-hospital cardiac arrest;

ROSC: Return of spontaneous circulation; SOP: Standard operating procedure

Acknowledgements

The authors thank Rachel Turner for linguistic revision.

The authors thank the Department of Innovation, Research and University of
the Autonomous Province of Bozen/Bolzano for covering the Open Access
publication costs.

Funding
This study was funded by the Autonomous Province of South Tyrol, Italy.

Availability of data materials
The dataset analysed during the current study is available from the
corresponding author on reasonable request.

Authors’ contributions

All'authors have made substantial contribution to the conception and
design of the study, the acquisition, analysis and interpretation of data as
well as drafting and revising the manuscript. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
The study was approved by the ethics committee of the province of South
Tyrol, Italy.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

YInstitute of Mountain Emergency Medicine, EURAC Research, Viale Druso 1,
39100 Bolzano, Italy. “Department of Anaesthesiology, University Hospital,
LMU Munich, 80337 Munich, Germany. *Department of Sport Science,
Medical Section, University of Innsbruck, 6020 Innsbruck, Austria.
“Department of Emergency Medicine, Inselspital, Bern University Hospital,
Freiburgstrasse 16C, 3010 Bern, Switzerland. 5Department of Prehospital
Emergency Medicine (118), Via Lorenz Bohler 3, 39100 Bolzano, Italy.
®Department of Anaesthesiology and Intensive Care Medicine, Bressanone
Hospital, Via Dante 51, 39042 Bressanone, Italy. 7Department of
Anaesthesiology, Bolzano Central Hospital, Via Lorenz-Bohler 5, 39100
Bolzano, Italy. ®Department of Anaesthesiology and Intensive Care Medicine,
Treviso Hospital, Piazzale Ospedale 1, 31100 Treviso, Italy. *Department of
Anaesthesiology, Intensive Care Medicine and Emergency Medicine,
Kantonsspital St. Gallen, Rorschacherstrale 95, 9007 St. Gallen, Switzerland.
'°Department of Anaesthesiology and Intensive Care Medicine, Innsbruck
Medical University Hospital, Anichstral8e 35, 6020 Innsbruck, Austria.

Received: 10 April 2018 Accepted: 20 April 2018
Published online: 28 April 2018

References

1.

Bossaert LL, Perkins GD, Askitopoulou H, Raffay VI, Greif R, Haywood KL,
Mentzelopoulos SD, Nolan JP, Van de Voorde P, Xanthos TT, et al. European
Resuscitation Council Guidelines for Resuscitation 2015: Section 11. The
ethics of resuscitation and end-of-life decisions. Resuscitation. 2015;95:302—
11.

Truhlar A, Deakin CD, Soar J, Khalifa GEA, Alfonzo A, Bierens J, Brattebeh, G,
Brugger H, Dunningj J, et al. European Resuscitation Council Guidelines for
Resuscitation 2015 Section 4. Cardiac arrest in special circumstances.
Resuscitation. 2015.

Paal P, Milani M, Brown D, Boyd J, Ellerton J. Termination of
Cardiopulmonary Resuscitation in Mountain Rescue. High Altitude Medicine
& Biology. 2012;13(3):200-8.

Idris AH, Becker LB, Ornato JP, Hedges JR, Bircher NG, Chandra NC,
Cummins RO, Dick W, Ebmeyer U, Halperin HR, Hazinski MF, Kerber RE, Kern
KB, Safar P, Steen PA, Swindle M.M, Tsitlik JE, von Planta |, von Planta M,
Wears RL, Weil MH. Utstein-style guidelines for uniform reporting of
laboratory CPR research. Resuscitation. 1996;33(1):69-84.

Ortega-Deballon I, Hornby L, Shemie SD, Bhanji F, Guadagno E.
Extracorporeal resuscitation for refractory out-of-hospital cardiac arrest in
adults: A systematic review of international practices and outcomes.
Resuscitation. 2016;101:12-20.

Choi D-H, Kim Y-J, Ryoo SM, Sohn CH, Ahn S, Seo D-W, Lim JY, Kim WY.
Extracorporeal cardiopulmonary resuscitation among patients with out-of-
hospital cardiac arrest. Clinical and Experimental Emergency Medicine. 2016;
3(3):132-138.

Grunau B, Scheuermeyer FX, Stub D, Boone RH, Finkler J, Pennington S,
Carriere SA, Cheung A, MacRedmond R, Bashir J, Christenson J. Potential
Candidates for a Structured Canadian ECPR Program for Out-of-Hospital
Cardiac Arrest. CJEM. 2016;18(6):453-60.

Poppe M, Weiser C, Holzer M, Sulzgruber P, Datler P, Keferbock M, Zeiner S,
Lobmeyr E, van Tulder R, Ziegler A, et al. The incidence of "load&go" out-of-
hospital cardiac arrest candidates for emergency department utilization of
emergency extracorporeal life support: A one-year review. Resuscitation.
2015,91:131-136.

H. Soeholm JK;, Lippert F.K, Thomsen J.H, Kober L, Wanscher M, Hassager C.
Refractory out-of-hospital cardiac arrest with ongoing cardiopulmonary
resuscitation at hospital arrival - survival and neurological outcome after
conservative post-resuscitation care. European Heart Journal. 2015;36:1-161.
Richardson ASC, Schmidt M, Bailey M, Pellegrino VA, Rycus PT, Pilcher DV.
ECMO Cardio-Pulmonary Resuscitation (ECPR), trends in survival from an
international multicentre cohort study over 12-years. Resuscitation. 2017;112:
34-40.

Stub D, Bernard S, Pellegrino V, Smith K, Walker T, Sheldrake J, Hockings L,
Shaw J, Duffy SJ, Burrell A, Cameron P, Smit DV, Kaye DM. Refractory cardiac
arrest treated with mechanical CPR, hypothermia, ECMO and early
reperfusion (the CHEER trial). Resuscitation. 2015;86:88-94.

Kim DH, Kim JB, Jung S-H, Choo SJ, Chung CH, Lee JW. Extracorporeal
Cardiopulmonary Resuscitation: Predictors of Survival. The Korean Journal of
Thoracic and Cardiovascular Surgery. 2016:49(4):273-9.

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Abbreviations
	Funding
	Availability of data materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

