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Abstract Out-of-hospital cardiac arrest (OHCA) is
a major healthcare problem, with approximately 200
weekly cases in the Netherlands. Its critical, time-de-
pendent nature makes it a unique medical situation,
of which outcomes strongly rely on infrastructural
factors and on-scene care by emergency medical ser-
vices (EMS). Survival to hospital discharge is poor,
although it has substantially improved, to roughly
25% over the last years. Recognised key factors, such
as bystander resuscitation and automated external
defibrillator use at the scene, have been markedly
optimised with the introduction of technological in-
novations. In an era with ubiquitous smartphone use,
the Dutch digital text message alert platform Hart-
slagNu (www.hartslagnu.nl) increasingly contributes
to timely care for OHCA victims. Guidelines empha-
sise the role of cardiac arrest recognition and early
high-quality bystander resuscitation, which calls for
education and improved registration at HartslagNu.
As for EMS care, new technological developments
with future potential are the selective use of mechan-
ical chest compression devices and extracorporeal
life support. As a future innovation, ‘smart’ defibril-
lators are under investigation, guiding resuscitative
interventions based on ventricular fibrillation wave-
form characteristics. Taken together, optimisation of
available prehospital technologies is crucial to further
improve OHCA outcomes, with particular focus on
more available trained volunteers in the first phase
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and additional research on advanced EMS care in the
second phase.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a major
healthcare issue, with 100–200 treated cases each
week in the Netherlands [1, 2]. Survival to hospital
discharge has increased to about 25%, which is rel-
atively favourable when compared with the reported
10% worldwide [3]. Technical innovations in the pre-
hospital infrastructure have played a key role in this
process.

The so-called ‘Chain of Survival’ defines the critical
series of actions in the treatment of OHCA (Fig. 1).
Crucial prehospital factors include cardiac arrest
recognition by a witness, initiation of basic life sup-
port (BLS), activation of the emergency response
system, access to an automated external defibrilla-
tor (AED) and advanced life support by emergency
medical services (EMS).

In this article, we provide an update on technical
innovations that have contributed to the optimisation
of recognised prognostic factors. In addition, we high-
light the most promising future techniques to further
improve prehospital OHCA management.

Bystander care

Cardiac arrest recognition

Over the years, the impact of civilians in terms of
cardiac arrest recognition and adequate initiation of
BLS has been increasingly recognised. Early recog-
nition of typical and atypical signs of cardiac arrest
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Fig. 1 Schematic illustration of the Chain of Survival, based
on the figure presented in the 2020 American Heart Associ-
ation (AHA) guidelines for cardiopulmonary resuscitation [34].
Important links in the prehospital phase include activation of
emergency medical services (EMS) by (lay) responders, high-

quality basic life support including cardiopulmonary resuscita-
tion (CPR), availability and attachment of automated external
defibrillators to provide quick defibrillation, and advanced life
support by healthcare professionals

(e.g. gasping, uncontrolled movements) is key, in
combination with early EMS activation and bystander
cardiopulmonary resuscitation (CPR) until ambulance
arrival.[4, 5] Educational programmes have been set
up worldwide because of their potential to increase
survival by higher rates of timely bystander CPR [6].
Innovative technologies such as virtual reality (VR)
applications have evolved, which can present OHCA
victims more realistically than standard manikins,
thereby potentially improving cardiac arrest recogni-
tion. Moreover, VR training has the potential to reach
a much larger target population at home and schools.
Such low-cost, incomprehensible modalities have the
advantage that they can be (repeatedly) used where
and whenever it is convenient [7].

Basic life support

Besides facilitation of CPR training, technical inno-
vations also have an important role in the optimisa-
tion of some of the key factors of survival: the rate
of bystander CPR and the time to first defibrillation
[8]. In an era where smartphones are ubiquitous,
mobile applications have arisen to alert trained in-
dividuals to a nearby OHCA victim [8, 9]. To follow
up on promising data on postal code-based applica-
tions, GPS-based systems have been developed to di-
rect some volunteers immediately to the victim, while
others are directed to the scene via the nearest reg-
istered AED [10]. To further improve the potential
of this system, the Dutch Heart Foundation stimu-
lates civilians to attend BLS training and actively reg-
ister as a volunteer (HartslagNu, www.hartslagnu.nl),
to achieve its goal that every future OHCA victim is
reached within 6min. The introduction of this digi-
tal platform has markedly facilitated CPR initiation by
volunteers (Fig. 2).

To improve bystander CPR quality, guidelines now
recommend witnesses to use their mobile device’s
speaker function when calling the emergency tele-
phone number [11]. This provides a unique oppor-
tunity of direct contact with dispatchers, to get real-

time instructions to check for breathing, perform CPR
and provide them with the precise arrest location.
A future challenge appears to be developing innova-
tive solutions to recognise unwitnessed cardiac arrest,
a topic for which the Dutch Heart Foundation recently
launched a project call.

Defibrillation

Appreciating the importance of time to first defibril-
lation in patients with a shockable rhythm, the in-
troduction of AEDs has significantly contributed to
reduced treatment delays and improved survival.[12,
13] Over the past years, studies have been undertaken
to develop and optimise shock advisory algorithms
to ensure accurate, fast detection of ventricular ar-
rhythmias [14]. Notification of the police was one of
the first initiatives, which resulted in faster response
times than alerting the EMS[15], but civilians may ar-
rive even earlier with an AED [10].

Although AED availability in public buildings and
areas has increased, accessibility during out-of-office
hours can be improved and registration at HartslagNu
is still suboptimal. Recently, the Dutch Heart Foun-
dation has started a programme for AED placement
in ‘optimal’ locations, with the intention of building
a national AED network (www.hartstichting.nl/aed).
In the city of Nijmegen, the Netherlands, an initiative
of Radboud university medical centre, the municipal-
ity and volunteers has resulted in the placement of
AEDs outside buildings. A novel initiative, especially
in rural or remote areas, is AED delivery through drone
networks [16].

EMS care and advanced life support

Medication

To facilitate administration of medication and/or flu-
ids, devices have been developed for intraosseous
infusion, but their effectivity is currently questioned
[17]. Despite its use since the 1960s, it was not un-
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Fig. 2 Percentage of out-
of-hospital cardiac arrest
cases in which initial car-
diopulmonary resuscita-
tion (CPR) was delivered
by a trained volunteer, who
arrived at the scene af-
ter receiving a message
from the Dutch national
text message alert system
(HartslagNu). Data from all
25 Safety Regions in the
Netherlands, a in 2018 and
b in 2020. Source: Hart-
slagNu. Graphic design:
Contented (Apeldoorn, the
Netherlands)

til the PARAMEDIC-2 trial that a randomised trial
demonstrated a survival benefit of epinephrine in
cardiac arrest; yet, its use should be restricted to
guideline-endorsed protocols [18]. Notably, ancillary
analyses in this trial suggested worse neurological
outcome among survivors. With available databases
worldwide, big-data analyses on this topic seem war-
ranted.

Airway management

Over the years, a variety of innovative ventilation
techniques have been developed, but their exact role
needs to be further established. Insertion of supra-
glottic airway devices is associated with shorter chest
compression interruptions than conventional endo-
tracheal intubation, although a randomised trial did
not demonstrate favourable outcomes [19]. As for
laryngeal tube devices, improved 72-hour survival
was reported compared with endotracheal intubation
[20].

See-through defibrillation

The EMS defibrillator has developed from a plain
shock device to a ‘smart’ defibrillator. Although ev-
idence on survival benefit is lacking, real-time feed-
back on CPR quality has shown to optimise chest
compression rate and depth and to minimise hands-
off times. A development with future potential may
be ‘see-through’ defibrillation [21]. With the use of
innovative filter techniques, rescuers are able to see
and analyse rhythm registrations during chest com-
pressions, aiming to further reduce hands-off times
related to pauses needed for rhythm analysis.

Ventricular fibrillation waveform analysis

The introduction of automated analysis of the defibril-
lator-ECG has made it possible to quantitatively char-

acterise ventricular fibrillation (VF). While short-dura-
tion VF is known for its high frequency and high am-
plitude, VF of longer duration typically has low-ampli-
tude, low-frequency characteristics. Importantly, de-
livery of CPR can improve VF waveform characteris-
tics. The key VF characteristic in this context is the
amplitude spectrum area (AMSA), which has been as-
sociated with myocardial energy levels and chances of
successful defibrillation [22, 23].

In an ongoing randomised trial, defibrillation suc-
cess is currently being compared between the prevail-
ing resuscitation protocol and a VF waveform-guided
protocol (ClinicalTrials.gov: NCT03237910). This new
protocol directs prompt defibrillation in case of a high
AMSA, while continued chest compressions are in-
dicated in case of low AMSA values. In contrast to
the first study on VF waveform-guided defibrillation,
which showed a negative outcome,[24] this study uses
a derived and validated, publicly available algorithm
based on 1617 patients [23]. Notably, AMSA has also
been proven to be associated with favourable neuro-
logical survival.[25] As such, it is a very early marker
that may contribute to timely triage and treatment.

Mechanical chest compressions

With the availability of mechanical chest compres-
sion devices, it has become possible to deliver long-
term, sustained high-quality CPR as a safe alternative
to manual chest compressions [26, 27]. Mechanical
delivery of chest compressions results in higher-qual-
ity CPR in a driving vehicle, as compared with man-
ual CPR [28]. However, its routine use does not re-
sult in superior outcomes, andmechanical chest com-
pression delivery should therefore be tailored to spe-
cific cases and situations [27]. In particular, mechan-
ical chest compressions may pave the way to hospital
transportation for treatment of the underlying cause,
e.g. by percutaneous intervention.
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Extracorporeal life support

Although the first small, randomised trial with ex-
tracorporeal membrane oxygenation (ECMO) showed
promising results in patients with refractory VF [29],
randomised trials such as the Dutch INCEPTION
study (ClinicalTrials.gov: NCT03101787) are eagerly
awaited. Infrastructure and experience are key ele-
ments, and time to initiation is crucial.[30] With on-
going technical developments, some research groups
are now able to provide prehospital treatment with
portable extracorporeal CPR devices. Further identifi-
cation of groups that may derive particular benefit is
warranted [30, 31].

Future directions: Optimise what we have,
develop what we need

The development of new resuscitative options raises
the question whether OHCA treatment should be-
come more patient-tailored. In general, all OHCA
patients are treated the same, regardless of the clini-
cal scenario or underlying cause.

The conventional ‘stay and play’ strategy—on-
scene CPR until return of spontaneous circulation is
achieved—may need refinement, with conversion to
a ‘scoop and run’ strategy in well-defined situations.
Especially in case of VF refractory to standard in-
field treatment, early transportation with mechani-
cal chest compressions and timely ECMO may be of
value. The first initiatives of routine early transport
to the catheterisation lab in case of refractory VF
reported high rates of underlying coronary substrate
and promising clinical outcomes [29]. The recent
COACT trial showed that routine coronary angiog-
raphy does not improve survival in VF patients with
return of spontaneous circulation and no signs of ST-
elevation myocardial infarction (STEMI) [32]. Hence,
the actual challenge seems to be identifying patients
with an acute coronary occlusion in the prehospital
setting.

At present, detection of STEMI is restricted to those
who regain organised rhythm, which is a subgroup of
patients who are often in a later phase of the arrest.
One of the potential new technologies that may result
in early identification of patients with a myocardial
infarction is VF waveform analysis. In experimental
work, the first in-human study has suggested that this
technique may not only predict defibrillation success
and survival but also underlying infarction [33]. Fu-
ture clinical studies on this topic are warranted.

Conclusion

Technical innovations have played a role in the posi-
tive survival trend for OHCA in the Netherlands, with
current survival rates of roughly 25%. With the grow-
ing accessibility of smartphones, performance of by-
stander CPR and availability of AEDs at the scene

have substantially improved. Registration of AEDs and
trained volunteers registered on national text message
alert platforms are crucial to reach the full potential of
this lifesaving, mobile network. For EMS care, devel-
opments such as mechanical chest compression de-
vices and ECMO and the future potential of ‘smart’
defibrillators may pave the way towards more indi-
vidualised treatment approaches for cardiac arrest.

Acknowledgements We would like to thank Aart Bosmans
(HartslagNu),DavidSmeekes andAmandavander Pijl (Dutch
Heart Foundation) for providing the data on trained civilians
and registered AEDs. Moreover, we would like to express our
thanks Contented (Apeldoorn, theNetherlands) for their help
with the design of Fig. 2.

Conflict of interest N. vanRoyenhas received researchgrants
from Abbott, Biotronik, AstraZeneca and Philips, and profes-
sional fees fromAbbottandMedtronic. J. Thannhauser, J.Nas,
R.A. Waalewijn, J.L. Bonnes, M.A. Brouwer and M.J. de Boer
declare that they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pijls RWM, Nelemans PJ, Rahel BM, Gorgels APM. Charac-
teristics of anovel citizen rescue systemfor out-of-hospital
cardiac arrest in theDutchprovinceof Limburg: relation to
incidenceandsurvival. NethHeartJ.2019;27:100–7.

2. ZijlstraJA,RadstokA,PijlsRW,etal. Chapter1: Survivalafter
out-of-hospital resuscitation: comparisonbetween results
of 6 Dutch regions. In: Reanimatie in Nederland. The
Hague:DutchHeartFoundation;2016. pp. 9–24.

3. Kiguchi T, Okubo M, Nishiyama C, et al. Out-of-hospital
cardiac arrest across the World: First report from the
InternationalLiaisonCommitteeonResuscitation(ILCOR).
Resuscitation. 2020;152:39–49.

4. Stiell IG,WellsGA,DeMaioVJ,etal. Modifiablefactorsasso-
ciatedwithimprovedcardiacarrestsurvivalinamulticenter
basiclifesupport/defibrillationsystem:OPALSStudyPhase
I results. Ontario Prehospital Advanced Life Support. Ann
EmergMed. 1999;33:44–50.

5. Panhuyzen-GoedkoopNM,WellensHJ,PiekJJ.Early recog-
nition of sudden cardiac arrest in athletes during sports
activity. NethHeartJ.2018;26:21–5.

6. Böttiger BW, Van Aken H. Kids save lives—Training school
children in cardiopulmonary resuscitation worldwide is
now endorsed by the World Health Organization (WHO).
Resuscitation. 2015;94:A5–A7.

7. Nas J, Thannhauser J, Vart P, et al. Effect of face-to-face
vs virtual reality training on cardiopulmonary resuscita-

348 Towards individualised treatment of out-of-hospital cardiacarrest patients

http://creativecommons.org/licenses/by/4.0/


Point of View

tion quality: a randomized clinical trial. JAMA Cardiol.
2019;5:328–35.

8. RinghM, RosenqvistM, Hollenberg J, et al. Mobile-phone
dispatch of laypersons for CPR in out-of-hospital cardiac
arrest. NEngl JMed. 2015;372:2316–25.

9. PijlsRW,NelemansPJ,RahelBM,GorgelsAP.Atextmessage
alert system for trained volunteers improves out-of-hospi-
talcardiacarrestsurvival. Resuscitation. 2016;105:182–7.

10. ZijlstraJA,StieglisR,RiedijkF,SmeekesM,vanderWorpWE,
Koster RW. Local lay rescuers with AEDs, alerted by text
messages, contribute to early defibrillation in aDutch out-
of-hospital cardiac arrest dispatch system. Resuscitation.
2014;85:1444–9.

11. Olasveengen TM, Semeraro F, Ristagno G, et al. European
resuscitation council guidelines 2021: basic life support.
Resuscitation. 2021;161:98–114.

12. Blom MT, Beesems SG, Homma PCM, et al. Survival
after out-of-hospital cardiac arrest and use of automated
externaldefibrillators. Circulation. 2014;130:1868–75.

13. Nas J, Thannhauser J, Herrmann J, et al. Changes in
automatedexternal defibrillator useandsurvival after out-
of-hospitalcardiacarrestintheNijmegenarea.NethHeartJ.
2018;26:600–5.

14. FigueraC,IrustaU,MorgadoE,etal.Machinelearningtech-
niquesforthedetectionofshockablerhythmsinautomated
externaldefibrillators. PLoSONE. 2016;11:e159654.

15. WaalewijnRA, deVosR,Koster RW.Out-of-hospital cardiac
arrests in Amsterdam and its surrounding areas: results
from the Amsterdam resuscitation study (ARREST) in ‘Ut-
stein’style. Resuscitation. 1998;38:157–67.

16. Claesson A, Bäckman A, Ringh M, et al. Time to delivery
of an automated external defibrillator using a drone for
simulated out-of-hospital cardiac arrests vs emergency
medicalservices. JAMA. 2017;317:2332–4.

17. Granfeldt A, Avis SR, Lind PC, et al. Intravenous vs.
intraosseousadministrationofdrugsduringcardiacarrest:
asystematicreview. Resuscitation. 2020;149:150–7.

18. Perkins GD, Ji C, Deakin CD, et al. A randomized trial of
epinephrine inout-of-hospital cardiacarrest.NEngl JMed.
2018;379:711–21.

19. Benger JR, Kirby K, Black S, et al. Effect of a strategy
of a supraglottic airway device vs tracheal intubation
during out-of-hospital cardiac arrest on functional out-
come: the AIRWAYS-2 randomized clinical trial. JAMA.
2018;320:779–91.

20. WangHE,SchmickerRH,DayaMR,etal. Effectof a strategy
of initial laryngeal tube insertion vs endotracheal Intu-
bation on 72-hour survival in adults with out-of-hospi-
tal cardiac arrest: a randomized clinical trial. JAMA.
2018;320:769–78.

21. Affatato R, Li Y, Ristagno G. See through ECG technology
during cardiopulmonary resuscitation to analyze rhythm
and predict defibrillation outcome. Curr Opin Crit Care.
2016;22:199–205.

22. Salcido DD, Menegazzi JJ, Suffoletto BP, Logue ES, Sher-
man LD. Association of intramyocardial high energy phos-

phate concentrations with quantitative measures of the
ventricular fibrillation electrocardiogram waveform. Re-
suscitation. 2009;80:946–50.

23. Ristagno G, Mauri T, Cesana G, et al. Amplitude spectrum
area to guide defibrillation: a validation on 1617 patients
withventricularfibrillation. Circulation. 2015;131:478–87.

24. Freese JP, Jorgenson DB, Liu P, et al. Waveform analysis-
guided treatmentversusastandardshock-firstprotocol for
thetreatmentofout-of-hospitalcardiacarrestpresentingin
ventricular fibrillation: results of an international random-
ized,controlledtrial. Circulation. 2013;128:995–1002.

25. IndikJH,ConoverZ,McGovernM,etal. Amplitude-spectral
areaandchestcompressionreleasevelocity independently
predict hospital discharge andgoodneurological outcome
in ventricular fibrillation out-of-hospital cardiac arrest.
Resuscitation. 2015;92:122–8.

26. Koster RW, Beenen LF, van der Boom EB, et al. Safety
of mechanical chest compression devices AutoPulse and
LUCAS incardiacarrest: arandomizedclinical trial fornon-
inferiority. EurHeartJ.2017;38:3006–13.

27. Bonnes JL, Brouwer MA, Navarese EP, et al. Manual
cardiopulmonaryresuscitationversusCPRincludingame-
chanical chest compression device in out-of-hospital car-
diac arrest: a comprehensive meta-analysis from ran-
domized and observational studies. Ann Emerg Med.
2016;67:349–360.e3.

28. Magliocca A, Olivari D, De Giorgio D, et al. LUCAS versus
manual chest compressionduring ambulance transport: a
hemodynamic study in a porcine model of cardiac arrest.
JAmHeartAssoc. 2019;8:e11189.

29. Yannopoulos D, Bartos J, Raveendran G, et al. Advanced
reperfusionstrategies forpatientswithout-of-hospital car-
diac arrest and refractory ventricular fibrillation (ARREST):
aphase2, singlecentre, open-label, randomisedcontrolled
trial. Lancet. 2020;396:1807–16.

30. Bougouin W, Dumas F, Lamhaut L, et al. Extracorporeal
cardiopulmonary resuscitation in out-of-hospital cardiac
arrest: aregistrystudy. EurHeartJ.2020;41:1961–71.

31. Bartos JA, Frascone RJ, Conterato M, et al. TheMinnesota
mobileextracorporealcardiopulmonaryresuscitationcon-
sortiumfor treatmentofout-of-hospital refractoryventric-
ular fibrillation: program description, performance, and
outcomes. EClinicalMedicine. 2020;29–30:100632.

32. Lemkes JS, Janssens GN, van der Hoeven NW, et al. Coro-
nary angiography after cardiac arrest without ST-segment
elevation.NEngl JMed. 2019;380:1397–407.

33. Thannhauser J, Nas J, Rebergen DJ, et al. Computerized
analysis of the ventricular fibrillation waveform allows
identificationofmyocardial infarction: aproof-of-concept
study for smart defibrillator applications in cardiac arrest.
JAmHeartAssoc. 2020;9:e16727.

34. Panchal AR, Bartos JA, Cabañas JG, et al. Part 3: adult
basic and advanced life support: 2020 American Heart
Association guidelines for cardiopulmonary resuscita-
tion and emergency cardiovascular care. Circulation.
2020;142(16_suppl_2):366–468.

Towards individualised treatment of out-of-hospital cardiacarrest patients 349


	Towards individualised treatment of out-of-hospital cardiac arrest patients: an update on technical innovations in the prehospital chain of survival
	Abstract
	Introduction
	Bystander care
	Cardiac arrest recognition
	Basic life support
	Defibrillation

	EMS care and advanced life support
	Medication
	Airway management
	See-through defibrillation
	Ventricular fibrillation waveform analysis
	Mechanical chest compressions
	Extracorporeal life support

	Future directions: Optimise what we have, develop what we need
	Conclusion
	References


