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inhabitants.3 The overall survival rate in OHCA 
is only 2% to 11% and is characterized by region‑
al variability.4 In the best case scenario, in wit‑
nessed sudden cardiac arrest (SCA) with an ini‑
tial shockable rhythm followed by early defibril‑
lation and effective cardiopulmonary resuscita‑
tion (CPR), the return of spontaneous circulation 
(ROSC) may be achieved even in up to 30% or 
40% of cases.5,6 Additionally, the use of an auto‑
mated external defibrillator (AED) has a marked 

INTRODUCTION  According to the Statistics 
Poland, out of approximately 388 000 deaths in 
2016 (202 000 men [52.1%] and 186 000 women 
[47.9%]), 43.7% were due to cardiovascular rea‑
sons, mainly heart diseases (60.6%) followed by 
cerebrovascular diseases (17.3%).1,2

In Europe, out‑of‑hospital cardiac arrest 
(OHCA) has the incidence of 350 000 to 700 000 
(mean 500 000) events per year, which gives 
an average of 55 to 113 events per 100 000 
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ABSTRACT
BACKGROUND  Immediate initiation of cardiopulmonary resuscitation (CPR) increases chances of restoring 
spontaneous circulation and survival after out‑of‑hospital cardiac arrest (OHCA). For some refractory 
cases, extended cardiopulmonary resuscitation (ECPR) may be a promising option.
AIMS  The aim of the study was to estimate the possibility of implementation of ECPR procedure to 
improve current early outcomes of patients after OHCA.
METHODS  The medical charts of the Province Emergency Station in Poznań from a 12‑month period were 
assessed retrospectively. All OHCA cases were identified and the following potential inclusion criteria for 
ECPR were analyzed: initial defibrillation rhythm, age between 18 and 65 years, CPR conducted by 
bystanders, and time to hospital arrival less than 40 minutes.
RESULTS  In 576 (46.7%) of 1233 identified OHCA cases, CPR was initiated by bystanders and automated 
external defibrillator was applied only 17 times. An initial defibrillation rhythm was noted in 138 individuals 
(11.2%). Out of 65 patients who met the ECPR age criterion, 55 underwent CPR by bystanders which lead 
to a no‑flow time that did not exceed 10 minutes. The additional 9 of them would be excluded due to time 
to hospital arrival. This means that ECPR would be applicable in 46 patients after OHCA.
CONCLUSIONS  Our analysis showed that in some patients after sudden cardiac arrest, it would have 
been possible to implement ECPR as a crucial part of the Regional Out-of-Hospital Cardiac Arrest (OHCA) 
Program, and in consequence, probably to improve early outcomes of patients with refractory and 
potentially reversible cardiac arrest.
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CPR on the site of emergency and was admitted 
alive to the emergency department of the near‑
est hospital.

Stratification of potential candidates for 
extended cardiopulmonary resuscitation  
The ECPR procedure designed previously by 
the team from the regional ECMO for Greater 
Poland program was adopted as a starting point 
for further considerations.14,15 Inclusion criteria 
for the potential ECPR were established accord‑
ing to the recommendations of the Extracorpo‑
real Life Support Organization, based on the pre‑
vious experience of the European Extracorpore‑
al Life Support Organization Centers of Excel‑
lence.16,17 The analysis included the SCA reports 
of individuals whose initial heart rhythm, de‑
termined by EMS paramedics, was either ven‑
tricular fibrillation (VF) or pulseless ventricu‑
lar tachycardia (pVT). Furthermore, patients 
younger than 18 and older than 65 years were 
excluded from the selected group, followed by 
those who were not resuscitated by bystanders 
for 10 minutes after SCA. Eventually, we esti‑
mated the transport time from the site of SCA 
to the Clinical Hospital of Lord’s Transfigura‑
tion in Poznan, the referential place for imple‑
mentation of the extracorporeal membrane oxy‑
genation (ECMO) system, which is prepared for 
a full spectrum of emergent intravascular car‑
diac interventions. The tool used to determine 
the above mentioned data was the Google Maps 
application and was based on the shortest route 
and the average daily transport time.

Summarizing, the inclusion criteria in adher‑
ence to the ECPR protocol (with Ulstein protocol 
points provided in brackets) were as follows: 1) 
initial rhythm VF / pVT (first monitored rhythm, 
shockable); 2) age older than 18 and younger 
than 65 years (age, estimated); 3) bystanders 
CPR or less than 10 minutes to EMS (location of 
arrest, out of hospital + arrest witnessed + CPR 
before EMS arrival); transportation time to re‑
ferral center less than 40 minutes (N/A).

Statistical analysis  Data from the reports 
were uploaded to spreadsheets in Excel (Excel 
version 2016, by Microsoft Office). First, the Sha‑
piro–Wilk test was used to assess whether vari‑
ables (for example, transport time to site, the es‑
timated time to the center of reference) satis‑
fied the criteria for normal distribution. Data 
with normal distribution are presented as mean 
(SD) and others as median with range (mini‑
mum value–maximum value). Statistical anal‑
ysis was performed using the Statistica 7.0 soft‑
ware package (Stat Soft Inc., Tulsa, Oklahoma, 
United States).

Ethical statement  According to the rules of 
the local bioethical committee of Poznań Univer‑
sity of Medical Sciences, the statement of ethics 

positive impact on ROSC rate, particularly if it is 
applied within the first minutes of CPR.7,8

In patients after OHCA refractory to high
‑quality CPR, extended cardiopulmonary re‑
suscitation (ECPR) may be considered. It was 
demonstrated to improve blood flow and oxy‑
genation, thus preventing irreversible damage 
to organs and cerebral ischemia during SCA.9 
A favorable impact of ECPR is evident if extra‑
corporeal techniques are applied quickly (ide‑
ally within 1 hour of SCA) and when cardiac ar‑
rest results from potentially reversible causes.10 
In these cases, ECPR gives time for and enables 
cardiovascular interventions such as percutane‑
ous coronary angioplasty (in acute coronary syn‑
drome) or thrombectomy (in acute pulmonary 
embolism).3 The proper use of ECPR in OHCA 
resistant to standard resuscitation techniques 
significantly increases the chances of patients’ 
survival and even up to 1/4 of those patients can 
be discharged with good neurological status.11

The aim of this study was to estimate the pos‑
sibility of implementation of ECRP procedure 
with extracorporeal life support techniques as 
a potential background for the implementation 
of the pioneer Poznan Out‑of‑Hospital Cardiac 
Arrest Program (POHCA)12,13 to improve early 
outcomes of patients after OHCA.

METHODS  Analysis of the current situation  
The medical charts of the Province Emergen‑
cy Station in Poznań including all cases of SCA 
between March 1, 2018 and February 28, 2019 
were analyzed. The dispatcher reports filled by 
the chief medical dispatcher after each inci‑
dent of SCA were verified. Each report includ‑
ed data from the patient emergency card, that 
is, information obtained by the receiving dis‑
patcher from the requesting person. The second 
part of the reports were clinical details collect‑
ed by emergency medical service (EMS) para‑
medics who were at the site of every emergen‑
cy. Data were collected using forms compatible 
with an international standard (Utstein), filled 
in by EMS teams immediately after the resus‑
citation or transfer to the hospital. Return of 
spontaneous circulation was defined in cases 
when a given patient with OHCA had successful 

WHAT’S NEW?
Support of critically ill patients with underlying potentially reversible causes 
by means of extracorporeal membrane oxygenation (ECMO) has recently 
gained increased recognition. Poor early outcomes of patients after out‑of

‑hospital cardiac arrest (OHCA) and our current experience in ECMO application 
encouraged us to implement ECMO in that cohort and to design the first study 
in Poland. Thus, the purpose of the present study was to estimate retrospectively 
the potential for extended cardiopulmonary resuscitation (ECPR) with ECMO 
on the base of the current outcomes of patients after OHCA. We found the ECPR 
would be applicable in 46 of them in the Wielkopolska Province in Poland.
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Site of notification  The median (range) EMS 
arrival time to the site of emergency was 7 (2–24) 
minutes. Bystanders initiated CPR in 576  cas‑
es (46.7%) and AEDs were applied in only 17 out 
of those cases (1.3%). AEDs were used 14 times 
by the firefighters of the Polish State Fire Ser‑
vice and the Volunteer Fire Department, 1 time 
in a hotel, 1 time a court building, and 1 time 
by the ambulance team during a sporting event.

Out of 1233 patients with OHCA, asystole or 
pulseless electrical activity (PEA) was diagnosed 
as the initial rhythm in 1095 individuals (88.8%), 
whereas VF / pVT was diagnosed in the remain‑
ing 138 (11.2%). In 564 patients (45.7%), para‑
medics decided to continue or initiate advanced 
life support (ALS) (VF / pVT in 138 [24.5%] out 
of 564 on‑site CPR cases). In 67 cases (11.9% of 
on‑site EMS resuscitations), ROSC was obtained. 
Out of those patients, 61 had VF / pVT and 6 had 
PEA at the time of EMS team arrival. Out of all 
patients with OHCA, 93 (7.5%) were transport‑
ed to the hospital, including 67 with ROSC and 
another 26 with ongoing CPR. The latter experi‑
enced recurrence of SCA (with ROSC noted dur‑
ing ALS; temporary ROSC) and were transported 
to the hospital with the support of a mechanical 
automated chest compression (MACC) device.

Presumptive candidates for extended cardio-
pulmonary resuscitation  The adopted age cri‑
terion (18–65 years) for presumptive ECPR was 
met by only 65 patients, including 55 men (85%) 
and 10 women (15%). Bystanders performed CPR 
in 55 out of 65 individuals before the arrival of 
the EMS team, or if they did not perform CPD, 
the arrival time of paramedics did not exceed 
10 minutes.

Potential transporting of patients with out­
‑of‑hospital cardiac arrest to the hospital  
Currently, the presumptive ECPR referential hos‑
pital is not the first choice for emergency cases, 
thus, only the minority of those cases were re‑
ferred to that institution. The potential median 
(range) transport time from the site of the emer‑
gency to the referential hospital was estimated 
to be 13 (5–40) minutes. Applying this criteri‑
on of ECPR applicability, another 9 cases should 
have been excluded.

The fate of potential patients with out‑of­
‑hospital cardiac arrest for extended car-
diopulmonary resuscitation  A total of 46 
patients with OHCA (3.7% of the total number 
and 8.2% of the ALS group) met the inclusion 
criteria as described above and were potential 
candidates for ECPR.

The consecutive inclusion criteria in adher‑
ence to ECPR protocol (with the number of pa‑
tients with OHCA included in the parentheses) 
are as follows: 1) initial rhythm VF / pVT (138); 
2) age older than 18 and younger than 65 years 

approval is not required for a retrospective data 
analysis of blinded patient documentation.

RESULTS  In the 12‑month period, EMS teams 
in the Poznań Metropolitan region were sent out 
73 100 times, including 1233 (1.7%) cases quali‑
fied as OHCA (120 SCA per 100 000 inhabitants). 
Most often, the remarks of the witnesses regard‑
ing patients status were as follows: “unconscious 
but breathing,” “unconscious but breathing heav‑
ily,” or “shortness of breath.” In this group of 
1233 cases, 455 reporting persons (36.9%) did 
not recognize the cessation of basic vital func‑
tions and thus did not initiate any aspect of CPR 
(FIGURE 1). Only in 152 cases (12.3%), the EMS dis‑
patcher gave the instructions on how to perform 
basic life support (BLS).

The EMS notification patient status was “car‑
diac arrest” in 63.1% (confirmed by EMS) and 

“other” in 36.9% of all OHCA cases. In the lat‑
ter subgroup (n = 455), OHCA was diagnosed 
by the paramedics, including 65 with SCA af‑
ter paramedics arrival the site of the emergency.

Combined total events 
n = 73 101

OHCA
n = 1233

Use of AED
n = 17

Potential 
candidate for ECPR

n = 46

Transport to 
the hospital

n = 93

CPR by bystander / arrival 
time of EMS <10 min 

n = 55

Asystole / PEA
n = 1095
(88.8%)

CPR terminated 
during transport

n = 10

Transport to the hospital
<40 min
n = 46

VF / pVT
n = 138
(11.2%)

Transport to the 
hospital during CPR

n = 3

ROSC
n = 33

Age 18–65 y
n = 65

�FIGURE 1  Stages of exclusion: from all included patients to potential candidates for extended 
cardiopulmonary resuscitation (ECPR)
�Abbreviations: AED, automated external defibrillation; CPR, cardiopulmonary resuscitation; 
ECPR, extended cardiopulmonary resuscitation; EMS, emergency medical service; 
OHCA, outof‑hospital cardiac arrest; PEA, pulseless electrical activity; ROSC, return of spontaneous 
circulation; VF / pVT, ventricular fibrillation / pulseless ventricular tachycardia
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arrival.5 Moreover, such a small number of dis‑
patcher instructions could be the reason that 
in our group of OHCA cases, the first shockable 
rhythms were noted less frequently than previ‑
ously published.20,21 Our observations support 
earlier reports regarding the high rate of inap‑
propriate SCA identification in the Polish pop‑
ulation. Even students of nonmedical faculties 
were previously found to present inadequate 
knowledge and skills in BLS.2 2

The Public Access to Defibrillation (PAD) pro‑
gram was launched many years ago to increase 
chances of survival of OHCA.2 3 Its goal was to 
place AEDs in the areas where SCA had occurred 
at least once in the last 2 years or where a rescue 
team could not arrive within 5 minutes.24 This 
initiative was absolutely right as the studies have 
shown the importance of the time between SCA 
and the correct use of an AED. If the time does 
not exceed 3 minutes, OHCA survival can be in‑
creased by up to 70%.3 A significant increase in 
the survival rate of OHCA was confirmed after 
effective implementation of the PAD program 
in some countries.24 Unfortunately, in our re‑
gion, despite the increasing number of AEDs 
(26 registered in 2018), our study showed a dra‑
matically low rate (roughly only 1%) of their use. 
Again, the reason for this is lack of knowledge.25 
Keeping in mind the fact that the rhythm ini‑
tiating cardiac arrest is usually a defibrillation 
one (VF / pVT),11 and that every minute of delay 
in initiating CPR rapidly decreases the chances 
for ROSC, BLS education of the Polish society 
should be a priority for healthcare providers.

The presence of an initial VF / pVT rhythm (de‑
tected by the paramedics at the time of arrival) 
in 94% of patients confirms a no‑flow time of 
less than 10 minutes.26 Asystole / PEA as an ini‑
tial rhythm is regarded as a negative prognos‑
tic factor. Although PEA may occur as an etiolo‑
gy of the reversible causes of cardiac arrest, pa‑
tients in asystole / PEA are not assumed to be 
candidates for ECPR.27,28 The latter statement 
was supported in a study by Nakashima et al29 in 
which the best 30‑day survival rate was shown 
after VF / pVT with ECPR (40%), followed by 
PEA / asystole with ECPR (16%), VF / pVT with 
conventional CPR (10%), and asystole / PEA with 
conventional CPR (only 4%).17,18,29

Extended cardiopulmonary resuscitation as 
an invasive and expensive method is not one 
for all patients even in the wealthiest countries. 
A significant correlation between age, proba‑
bility of survival, and good neurological out‑
come was found. It was noted that the success 
rate of ECMO is significantly reduced in pa‑
tients over 65 years of age.30 However, active 
ECMO centers that successfully implemented 
ECPR programs accept a wide age range of pa‑
tients, with a lower limit of 18 and an upper of 
65 (Melbourne, Prague), 70 (Paris), and even 75 
years of age (Taipei, Minneapolis).17,31‑33 In our 

(65); 3) bystanders CPR or less than 10 minutes 
to EMS arrival (55); 4) transportation time to 
referral center less than 40 minutes (46).

In reality, CPR had to be terminated in 10 
cases prior to hospital admission. However, if 
the ECPR procedure had been available, these 
patients would probably have been referred 
as potential candidates and transported to 
the hospital.

The remaining 36 patients with OHCA were 
successfully transported to the hospital. Data for 
10 of them are missing. Cardiac causes of SCA 
were noted in 22 of them, 17 underwent cardi‑
ac catheterization, and 14 had successful percu‑
taneous coronary intervention with stent im‑
plantation. In another 3, pulmonary embolism 
was diagnosed. In the rest of the patients, de‑
compensated congestive heart failure with se‑
verely impaired left ventricular systolic perfor‑
mance was detected. Probably life‑threatening 
ventricular arrhythmias caused OHCA. Out of 
36 patients after OHCA, 15 survived and were 
discharged but only 5 presented good neurolog‑
ical condition.

DISCUSSION  The concept of the Poznan Out
‑of‑Hospital Cardiac Arrest (POHCA) program 
came as a continuation of the ECMO for Great‑
er Poland, a regional program established in 
2016.13,18 The premise for initiating the program 
in Poland is the widespread implementation of 
ECMO devices as mechanical circulatory and re‑
spiratory support in potentially reversible crit‑
ical conditions. Although there are known cas‑
es of ECPR implementation as a therapeutic op‑
tion for patients with in‑hospital cardiac arrest 
in Poland, there are no reports dealing with pos‑
sible ECMO application in patients after OHCA.

The analysis of the EMS data revealed that 
the strategy of OHCA treatment in our region 
needed marked improvement. The first weak 
point of the current management with SCA was 
lack of fundamental knowledge of SCA and BLS 
maneuvers in the society. It needs to be empha‑
sized that BLS is not reserved for medical pro‑
fessionals since the majority of OHCA witness‑
es (usually more than three‑fourth) are usual‑
ly bystanders.19 According to the available EMS 
charts analyzed by our team, more than half of 
OHCA witnesses did not undertake any resus‑
citative actions before the paramedics’ arriv‑
al because they failed to identify SCA. In near‑
ly 37% of cases, the bystanders did not report 
life‑threatening symptoms to the chief medi‑
cal dispatcher which obviously resulted in a sig‑
nificant delay in EMS reaction but also in a very 
low rate (approximately 12%) of information 
provided to OHCA witnesses by EMS staff on 
how to perform CPR. This rate is markedly low‑
er than in the earlier studies and it could have 
an impact on resuscitation prior to ambulance 
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10 to 30 minutes of CPR / ALS (country‑related 
variability), after which the decision to imple‑
ment ECPR is made.7,31,36 Taking into account 
the results of available studies, to reach the op‑
timal outcome, the duration of CPR should be 
up to 10 minutes to identify persistent OHCA, 
and the time from the site of SCA to the hospi‑
tal door should not exceed 40 minutes. Intro‑
duction of an ECMO device usually takes 15 to 
20 minutes, thus, a total OHCA‑to‑ECMO start 
time should be up to 60 minutes.

Based on the experience of our ECMO Team 
of the ECMO for Greater Poland project, we es‑
timate that 20 minutes are enough to prepare 
a catheterization laboratory with an angiograph, 
to complete priming of the ECMO device, and to 
perform percutaneous cannulation of peripher‑
al vessels (with the Seldinger technique). The in‑
tervening cardiologists play a crucial role and 
their skills are helpful during cannulation and 
are mandatory to carry out the cause‑directed 
therapeutic procedures during extracorporeal 
support. We proposed an algorithm for the pi‑
lot ECPR program in Poznan (Poznan Out-of-
Hospital Cardiac Arrest, POHCA) and prepared 
it for implementation (FIGURE 2).14

The principal conditions for the effectiveness 
of ECPR and optimal survival rate after OHCA 
are high‑quality chest compressions and ventila‑
tion with minimal breaks.33,37 A sensible alterna‑
tive to manual chest compressions is the MACC 
device.38 It can be used at the site of emergen‑
cy, during transfer to the hospital, but also in 
catheterization laboratories during prepara‑
tion for ECMO implantation. It was possible to 
transport 26 patients with recurrence of SCA 
after ROSC noted during ALS (nonpermanent 
ROSC) to the hospital thanks to a MACC device.

Paramedics or SCA witnesses should fol‑
low the valid recommendations to minimize, 
if necessary, breaks in CPR including for ven‑
tilation, defibrillation, or other life‑saving ma‑
neuvers. Chest compression fraction, defined as 
the time actually spent on chest compressions 
during CPR, aims to minimize these breaks.11 
Achieving a chest compression fraction of at least 
60% and striving for 80% significantly improves 
chances of survival.39,40 Another device for as‑
sessing chest compression quality is also avail‑
able. Continuous monitoring of CO2 in exhaled 
air (ETCO2) provides information not only on 
the quality of chest compressions but also con‑
firms proper airway management and ventila‑
tion, and thus allows to estimate the potential 
for ROSC.41 The amount of CO2 in the exhaled air 
is determined by the cardiac output and main‑
taining an ETCO2 value of more than 15 mm Hg 
is associated with significantly higher probabil‑
ity of ROSC.41 Of note, most of EMS ambulanc‑
es, particularly in larger Polish agglomerations, 
are equipped with MACC device and capnogra‑
phy to assess ETCO2.

analysis, we adopted a range of 18 to 65 years 
which appears to be the optimal for the initia‑
tion phase of ECPR procedure implementation 
in the Poznań region.

The survival rate following ECPR is also deter‑
mined by the time between the onset of resus‑
citation measures and the initiation of ECMO 
support, which is defined as no‑flow time. Dur‑
ing this period, perfusion of organs is impaired 
which can lead to multiorgan failure and cere‑
bral ischemia.34 This is confirmed by data from 
in‑hospital cardiac arrest cases, where the sur‑
vival rate was 50% at low‑flow time of less than 
30 minutes, 30% between 30 to 60 minutes, and 
only 18% when it exceeded 1 hour.35 OHCA is 
usually considered as refractory to CPR after 

ECPR PROTOCOL

999/112

Bystander BLS
<5–10 min
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criteria

BLS guided

ECPR protocol
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�FIGURE 2  The algorithm for the Pilot POHCA (Poznan Out‑of‑Hospital Cardiac Arrest) Program
�Abbreviations: MACC, mechanical automated chest compression; AG, angiography; ALS / ACLS, 
advanced life support / advanced cardiovascular life support; AoG, aortography; BLS, basic life 
support; CA, cardiac arrest; CT, computed tomography; ECMO, extracorporeal membrane 
oxygenation; ECPR, extended cardiopulmonary resuscitation; ETCO2, end-tidal carbon dioxide; 
MET, medical emergency team; PCI, percutaneous coronary intervention; SAD, supraglottic 
airway devices; ROSC, return of spontaneous circulation
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Limitations  This retrospective study has 
some substantial limitations. The main limita‑
tion is that mainly the medical charts of EMS 
were analyzed, thus confining the study pre‑
dominantly to the pre‑hospital part of man‑
agement of patients with OHCA. Our assess‑
ment of further outcomes is based on the in‑
complete in‑hospital clinical data and may be 
associated with marked bias. However, in spite 
of these obvious limitation, our study demon‑
strated the weakest points in the management 
of patients with OHCA as well as lend support 
to the implementation of ECPR as a part of a pi‑
oneer Polish regional OHCA Program. We can‑
not exclude that substantial improvement in 
the education of Polish society with respect to 
SCA and BLS may increase the number of pa‑
tients surviving OHCA and potential candidates 
for ECMO support prior to the life‑saving car‑
diovascular interventions.

Conclusions  Our analysis showed that in some 
patients after OHCA (due to potentially revers‑
ible causes), it would have been possible to im‑
plement ECPR as a crucial part of the OHCA Pro‑
gram, and as a result, probably to improve early 
outcomes of these patients.
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