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ABSTRACT

INTRODUCTION: The survival rate of patients after in-hospital cardiac arrest (IHCA) is poor. The implemen-
tation of novel technologies to conventional cardio-pulmonary resuscitation (CPR) may improve clinical 
outcomes. 

AIM: To evaluate efficacy of extended CPR (ECPR) performed by physicians in the simulated scenario of IHCA.

MATERIAL AND METHODS: High-fidelity simulations were performed in a simulation room equipped with 
a full spectrum of emergency devices. Earlier, the physicians (n = 60, five courses) participated in a three-
day training in the use of extracorporeal techniques. Eventually, 12 participants were divided into 4-member 
teams that were involved in three stages (assessed in terms of duration and quality) of scenario such as 
1. Advanced Life Support (ALS) activities; 2. preparation of the extracorporeal membrane oxygenation device 
(ECMO); 3. cannulation and activation of ECMO.

RESULTS: All teams completed successfully scenario within recommended time of 60 minutes (ranged from 
33 min. 55 sec. to 37 min.) after IHCA. In details, decision to activate ECMO team was taken between 8 min. 
45 sec. and 14 min. 15 sec of scenario, ECMO device prepared within 10 min. 5 sec. to 15 min. 30 sec. 
whereas peripheral vessels cannulated in 4 min. 14 sec. to 6 min. 10 sec. Of note, all evaluated times were 
the shortest for teams with decisive leaders.

CONCLUSIONS: Implementation of ECPR procedure is possible within recommended time after IHCA. It has 
also been shown that training with application of high-fidelity simulation techniques is of paramount impor-
tance in achievement and maintenance of ECPR skills, not only manual but also in effective communication.

KEY WORDS: in-hospital cardiac arrest, cardio-pulmonary resuscitation, extended cardio-pulmonary 
resuscitation, simulation, education
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INTRODUCTION
Management of patients after in-hospital cardiac 
arrest episodes (IHCA) is still a real challenge for 
medical staff all over the world. For years, personnel 
have been attempting to reduce their frequency, 
implement effective therapy of sudden cardiac ar-
rest (SCA) as well as appropriate resuscitation care. 
These actions are to ensure the highest possible 
survival rate for hospital discharge. The reported 
incidence of IHCA has ranged between 1 to 6 pa-
tients per 1 000 hospital admissions [1–3]. Gen-
erally, they are elderly people with many concomi-
tant diseases who usually manifest symptoms at the 
time of hospital admission. The IHCA case analysis 
showed that the most common initial rhythm of 
SCA was asystole/PEA (79.3–84.3%) but not VF/VT 
(15.7–20.7%) [2, 4]. These results correlate strongly 
with a poor survival rate of about 10 to 20% of 
IHCA patients, where only half of them survived 
with good neurological outcomes [3–5]. Despite 
the enormous progress in medical technology, and 
although many detailed analyses have been carried 
out and standards of management and treatment of 
IHCA subjects have been changed, a poor progres-
sion has not changed markedly for many years. Only 
single reports noted slight increase in survival rate to 
22.4%, and decrease in the neurological disability 
index from 32.9% to 28.1% [4]. 

The development of technology and the im-
plementation of procedures that complement the 
conventional techniques used in IHCA are aimed at 
improving survival. One of these is a sophisticated 
procedure of the extended cardio-pulmonary resus-
citation (ECPR). It has been shown that ECPR, com-
pared with the conventional CPR, increased coronary 
perfusion pressure, improved the effectiveness of 
defibrillation and the likelihood of return of spon-
taneous circulation (ROSC) [6, 7]. This procedure 
requires a lot of commitment at every stage of its 
implementation, and the subsequent stages must 
be closely related to each other. At the time of SCA, 
it is important to continue additional activities from 
a preparation of the ECMO device at the beginning, 
cannulation and starting perfusion at the end [8–10]. 

While analyzing the cases of OHCA and IHCA in 
terms of ECPR procedure implementation, a number 
of discrepancies can be found. The mean age of 
OHCA patients is usually lower than that of IHCA 
subjects [11]. They are random ones with a poor 
medical history. It is important, but not always pos-
sible, to determine exactly the time of SCA iden-

tification by witnesses of the event as well as CPR 
activities undertaken by them while assessing the 
potential no-flow time. On the other hand, IHCA 
patients are more likely to be burdened with co-
morbidities such as, lung diseases, hypertension, 
diabetes, chronic kidney disease, dyslipidemia and 
cancer. However, they are often monitored and stay 
in rooms with other patients, so early identification 
of SCA is more likely [10–12]. Thus, the time of pro-
viding assistance will be incomparably shorter than 
in OHCA, and in the case of the monitored patients 
it may be 1–2 minutes [13]. These data indicate 
that SCA patients during hospitalization are more 
optimal candidates for ECPR. Early SCA diagnosis, 
short no-flow times, and easy access to a specialized 
team and equipment may be associated with good 
survival rates after IHCA.

Aim
The aim of this study was to analyze and evaluate the 
ECPR performed by physicians of various specialties 
in the simulated scenario of IHCA. The critical points 
collected on the checklist were assessed in relation 
to the proposed ECPR for IHCA procedure (Figure 1).

MATERIAL AND METHODS
Simulation mannequin
The SimMan 3G mannequin (Laerdal Medical, Sta-
vanger, Norway) was used for the implementation of 
the high-fidelity scenario with silicone tubes creating 
loops to simulate pressured blood vessels. [14, 15].

Simulated scenario preparation 
The scenario was carried out in real time with the use 
of tools used to conduct advanced ALS activities and 
cannulation of vessels with the ECMO device. The 
teams implementing the scenario were physician 
of various specialties such as cardiology, anesthe-
siology, cardiac or thoracic surgery and emergency 
medicine — they never worked with or known each 
other before. Earlier, the physicians participated in 
a three-day training in the use of extracorporeal 
medical technologies in the life-threatening condi-
tions due to acute respiratory and circulatory failure 
after exhausting conventional therapy. During the 
classes, ECMO veno-venous (V-V), veno-arterial (V-A) 
ECPR protocols were implemented with the use of 
dedicated equipment. The training did not concern 
ALS procedures. The analyzed simulation scenario 
was the final one, summarizing the entire training 
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course. Before commencing the simulation, the par-
ticipants were randomly divided into 3 four-member 
teams, regardless of the participants specialty. All 
study groups followed one identical scenario that 
was divided into three stages: I — ALS activities,  
II — preparation and priming of the ECMO,  
III — cannulation and activation of extracorporeal 
circulation. The scenario end time was set at 60 min-
utes in accordance with the assumptions adopted 
for the ECPR procedures. Each team individually 
performed its task in close cooperation with the oth-

ers. Each stage of the scenario was assessed accord-
ing to the previously prepared checklist (Table 1).  
Implementation of ALS was assessed in accord-
ance with the adopted algorithm for defibrillating 
rhythms according to 2015 valid guidelines of ERC 
(European Resuscitation Council).

Simulation case scenario 
In the scenario, SCA occurred in a 52-year-old male 
in the emergency room. While driving with his son, 
the father felt unwell and experienced shortness of 

fIgURE 1. Proposed ECPR IHCA procedure

Indications for ECPR:

- 5H and 5T

- Treatment resistant VF/VT

- Myocarditis

- Pulmonary trauma

- Cardiomyopathy

- Congestive heart failure

- Acuta anaphylaxis and sepsis

- Massive hemoptysis/pulmonary
hemorrhage

- Cardiogenic shock

- Cardiac or major vessel trauma

- Bridge to other                            
mechanical cardiac support

- Post-cardiac surgery patients

 

 

Contraindications for ECPR:

- Severe peripheral vascular diseases

- Severe aortic valve regurgitation

- Unwitnessed arrest > 5min.

- Witnessed CPR > 60 min. — the absence
of ROSC

- Acute aortic dissection

- Current intracranial hemorrhage

- Advanced chronic liver disease

Malignant tumor with survival < 1 year

- Chronic respiratory failure

- Renal failure on hemodialysis /
peritoneal dialysis with acute
cardiovascular collapse

- Age > 65 years/weight > 140 kg

SCA 
CPR by a witness and 
ac�va�on of MET and ALS 

MET 

ALS protocol, ACC, 

ETCO2 > 15mm Hg, 

Intuba�on, Quick 
combo 

No ROSC 

ECPR decision in 15–20 min. 

Ac�va�on of ECMO Team 

 ECMO TEAM 

Preparing ECMO  
and priming              

< 15 min. 

Cannula�on and ac�va�on 
of extracorporeal circula�on 

in < 20 min.  

ECMO start < 60 min. 

Examina�on or Mechanical Cardiac 
Support  

(Coronarography/PCI, Pulmonary 
angiography, Aortography, Computed 

Tomography) 
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Table 1. IHCA scenario checklist

SCENARIO CHECKLIST

1. Time from touching the patient to diagnosis 
of SCA

Time

2. Initial rhythm recognition — time to first 
shock

Time

3. Advanced airway management +/-

4. Maintaining high-quality chest compression 
and ventilation

+/-

5. Decision on drug therapy (1 dose of 
adrenaline and 1 dose of amiodarone)

+/-

6. Quick Combo decision +/-

7. Time of use of ACC Time

8. Analysis Time of each CPR cycle Time

9. Decision on qualification for ECPR and ECMO 
therapy

+/-

10. Intubation time +/-

11. ETCO2 monitoring +/-

12. Taking into account the reversible causes of 
H and T

+/-

13. Assessment during resuscitation +/-

14. Priming — total filling time Time

15. Time of puncture of blood vessels from the 
femoral access; Cannula I, Cannula II

Time

16. Time to introduce the arterial and venous 
cannula

Time

17. Removal of clamps Time

18. Time to start ECMO Time

19. Time to stop ACC Time

Table 2. Medical staff/teams involved and 
equipment used in simulation of the ECPR scenario

Teams and equipment involved in the ECPR simulation 
scenario

Teams

Emergency staff 1

MET 4

Perfusion ECMO Teams 4 (cannulation), 4 (priming)

Equipment

SimMan patient simulator (Laerdal Medical, Stavargen, 
Norway) with the ability of generating ECG rhythms, 

intubation, chest compression

Handmade femoral vascular loop filled under pressure with 
red liquids, reproducing a system of vessels and implanted 
in the groin of the mannequin covered with subcutaneous 

tissue and artificial skin

Advanced airway kit

Cardiomonitor with electrotherapy capabilities

1 x device for automated chest compression LUCAS (Lund 
University Cardiac Arrest System, Physio-Control Inc./Jolife 

AB, Lund, Sweden)

Set of oxygenator and drains system

Surgical set-up in the operating room for cannulation

ECMO — CARDIOHELP with heater-cooler (Maquet, Rastatt, 
Germany)

breath and pain in his chest. This prompted the de-
cision to drive to the hospital. During medical inter-
view, the patient lost consciousness in the presence 
of witnesses. The Medical Emergency Team (MET) 
operating on the premises of the hospital was im-
mediately activated. On arrival, the MET recognized 
SCA, implemented advanced ALS [including applica-
tion of automatic chest compression device (ACCD)] 
and then informed the ECMO team. After arriving at 
the site, the latter one — without interrupting ALS 
— undertook preparations for vessel cannulation 
and began setting-up the device for extracorporeal 
circulation. The scenario end-point was the moment 
of starting the ECMO device and turning off the 
ACCD (ECMO Start/ ACCD Stop) (Table 2).

Data presentation
Due to a small number of performed scenarios 
(n = 5), the majority of continuous variables are 

presented as medians with range (minimal–max-
imal values) as they do not meet criteria of nor-
mal distribution. The only exceptions were some 
parameters of chest compression such as depth 
and rate that are presented as the means with 
standard deviations (SD). In a consequence of lim-
ited data, we did not to perform any statistical 
analysis to compare any data or to find any asso-
ciation between teams’ composition (with respect 
to medical specialty) and results (i.e., quality of ALS 
actions, times of crucial points’ completion, com-
plications/mistakes).

RESULTS
Five ECPR for IHCA high-fidelity scenarios were car-
ried out between October 2019 and October 2020.

Basic life support actions 
The analysis showed that the median (range) time 
from the diagnosis of SCA to the final conclusion of 
the patient’s initial rhythm was 31 seconds (range 
9–50). It resulted in a significant extension of the 
time to the first shock where the median was 40 sec-
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onds (range 6–91). Only in one case was it within 
the recommended period of time.

The mean depth of chest compressions was 
4.5 ± 0.5 cm and the rate of compressions was 
85 ±10 per minute. Each team used ACC and de-
cision time to this device application varied from 
2 min 10 sec. to 3 min. 46 sec. The time from defi-
brillation to the rhythm analysis ranged in individual 
loops from 2 min. 1 sec. to 5 min. All teams used 
Quick Combo electrodes and an ETCO2 evaluation 
device. 

Extended cardio-pulmonary resuscitation 
techniques
An important element of the scenario was the deci-
sion to activate the ECMO team. Such decision was 
taken within the wide range from 8 min. 45 sec. to 
14 min. 15 sec. after the beginning of cardio-pul-
monary resuscitation. The teams responsible for 
preparing ECMO assembled the kit and primed it 
within 10 min. 5 sec. to 15 min. 30 sec. In the 
meantime, the other participants were involved in 
puncture of the vessel (femoral artery and vein) 
followed by insertion of the cannulas necessary for 
effective support. The cannulation was completed 
in 4 min. 14 sec. to 6 min. 10 sec. After connecting 
the arterial and venous cannulas, the teams activat-
ed the extracorporeal support that was considered 
as achievement of the end-point of simulation. All 
teams completed successfully complex high-fideli-
ty simulation scenario. The time from first contact 
with the patient by the MET team to a valid flow of 
4.5 L/min on circuit with ECMO device in V-A con-
figuration ranged from 33 min. 55 sec. to 37 min. 
30 sec. Of note, this period was the shortest if team 
leader was obvious and decisive. 

The consequence of the implemented and 
analyzed in details high-fidelity simulation scenar-
io was the preparation of a ready-made matrix of 
the high-fidelity scenario provided by the authors  
(Supplementary files).

DISCUSSION
In-hospital cardiac arrest is not uncommon. For ex-
ample, in the United States alone, 292,000 adult 
patients are treated annually for IHCA with a rela-
tively low survival rate of approximately 20%–30% 
[16–18]. The departments with the highest number 
of IHCA cases are intensive care, thoracic/cardiovas-
cular and internal surgery [18]. The time from ad-

mission to hospital to the onset of IHCA was found 
to affect the survival rate that was markedly higher 
if IHCA occurred within the first 3 days than after 
7 days of hospitalization [19]. The etiology of car-
diac arrest also has influence on long-term survival. 
An analysis by Schluep et al. showed that the annual 
survival of cardiac-related IHCA patients was 39.3% 
whereas for non-cardiac patients it was only 10.7% 
[3]. The effectiveness of IHCA activities may also de-
pend on the hospital profile. Mono-profile centers, 
limited by the number of cardiovascular specialists, 
are usually characterized by a higher mortality rate. 

Many hospitals have established MET teams in 
their facilities, whose task is to quickly response to 
the deteriorating condition of the patient in order to 
prevent the occurrence of IHCA and to improve the  
treatment outcomes of patients in cardiac arrest.  
The exemplary critical vital parameters for activating the  
MET team include: heart rate > 150 or < 30 beats 
per minute, respiratory rate > 35 or < 8 breaths 
per minute, systolic blood pressure < 80 mm Hg, 
and blood oxygen saturation < 80% [20]. The role 
of such teams is of paramount importance since it 
had been found that in some patients clinical de-
terioration lasted several hours before the onset of 
IHCA. In one report, 40.0% of patients developed at 
least one serious abnormality 1 hour earlier, 31.1% 
at least 2 hours before cardiac arrest, and 13.4% 
of patients at least 4 hours prior to IHCA [20]. In 
another study, in almost 80% of patients with IHCA, 
vital parameters had already deteriorated 8 hours 
before SCA [21]. To improve the functioning and 
effectiveness of MET teams, their interdisciplinarity 
with a detailed division of roles, clear communi-
cation and training based on in situ high-fidelity 
simulations [22] are essential. In our study, a major 
problem at the stage of ALS activity was the lack of 
compliance with the time regimen in the algorithm 
for dealing with SCA in a defibrillating rhythm. It 
extended the time from defibrillation to analysis up 
to 5 minutes, as well as the time for drug delivery 
loops. The solution of such very likely problem may 
be the concept of a dynamic resuscitation team, 
where each team member is assigned to the specific 
role/s, and all actions are supervised by a leader. The 
role of a specialized team leader is to ensure that 
all activities are optimally coordinated and carried 
out on time. During ALS, there are always 6 man-
datory roles/tasks to perform, such as 1. leader, 
2. compressing chest, 3. caring of the respiratory 
tract (including ventilation), 4. monitoring, 5. drugs 
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Supplementary files. Proposed high-fidelity scenario for ECPR IHCA

Main Medical Issue Extended CPR, V-A ECMO Implantation — application of ECPR

Educational aims 1. Identification of potential IHCA candidates
2. Knowledge of the guidelines for ECPR and DCD
3. Ability to operate ACC
4. Communication skills and teamwork with other ECMO team members
5. Ability of rapid venous-arterial cannulation of the patient from the peripheral-femoral approach 

during resuscitation using the mechanical chest compression device — ACC
6. Ability to rapidly prepare the ECMO device and to implant VA ECMO during CPR in a cardiac arrest 

patient on ACC

Brief case overview A 52-year-old male, weight 94 kg, height 180 cm, transported to the emergency department by his 
son. While driving, the father felt unwell and began experiencing dyspnea and chest pain. They decided 
to go to the hospital where the patient was registered and referred for observation. While interviewing 
and monitoring vitals was attempted, the patient lost consciousness. The paramedic who was with the 
patient immediately called the MET team and began CPR

Participants in the 
scenario

Medical Simulation Centre (MSC) staff 
Perfusionist, clinician, CSM employees  
(1 mannequin operation, 1 paramedic)

Target group — training:
MET team 2–4 persons 
ECMO Team: cannulation 2–4 people, priming 2–4 people

Location Emergency department 

Mannequin  
— clothes and props

• Mannequin dressed in shirt, pants, underwear, socks and shoes 
• Mannequin with the possibility for intubation, monitoring, defibrillation
• Assembled system simulating the patient’s vascular system placed (hidden) inside the mannequin 

with high pressure of artificial blood
• Injection kit, drugs, fluids
• Intubation kit, self-inflating bag
• Defibrillator 
• ACC — mechanical automated chest compression device
• Cardiohelp pump
• Linear clamps — at least 4
• ECMO therapy kit compatible with Cardiohelp pump (head, drains, oxygenator)
• 1 venous cannula for femoral cannulation with introducer
• 1 arterial cannula for femoral cannulation with introducer
• Sterile operation drape set

Preliminary 
information for 
students (what 
they will see on the 
screen before the 
start of the scenario)

A monitored patient laying on the bed while a paramedic performs chest compressions
The monitored rhythm — VF

Initial vital signs of 
the mannequin

BP — not measurable 
No palpable pulse in large arteries
No visible chest movement
Cyanotic 
Pupils wide without reacting to light 

Initial ventilator 
parameters

Not applicable

Initial pump 
parameters

None

Initial monitor 
parameters for the 
measurement of 
saturation in the 
ECMO circuit

None

managing and 6. recording/documenting. However, 
in case of limited availability of medical personnel, 

some persons must play more than one role or be 
responsible for more than one task [19]. 
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In-hospital cardiac arrest differs significantly from 
OHCA in term of both patient population and availa-
bility of new technologies [23]. Patients with IHCA are 
usually worse candidates for CPR/ECPR than OHCA 
patients. It was found that initial defibrillation rhythm 
among IHCA individuals was diagnosed more rarely 
than in those with OHCA (38% vs. 59%). If SCA occurs 

in hospital wards, it is highly possible that monitoring 
devices will be used, starting with ETCO2, through 
cardiomonitors, and ending with peripheral arterial 
and central venous catheters [24]. The use of the latter 
ones makes it possible to control cardiac output and 
index, the parameters that can predict early ROSC [24]. 
In the recent years, the availability of bedside echo-

Supplementary files. Proposed high-fidelity scenario for ECPR IHCA

Main Medical Issue Extended CPR, V-A ECMO Implantation — application of ECPR

Initial laboratory 
values: 

Arterial blood gas: Electrolytes:

pH — 7.18
pO2 — 81 mmHg
pCO2 — 63 mmHg
Sat — 77%

Na — 151 mmol/l
Ca — 1.22 mmol/l
Cl — 105 mmol/l
K — 5.1 mmol/l

Metabolites: Acid-base balance:

Lac — 9 mmol/l
Glu — 410 mg/dl

HCO3- — 16 mmol/l
BE — 19 mmol/l

Other tests: Not applicable

Situation 
description, 
evolution of vital 
parameters of 
mannequin and 
parameters of ECMO 
apparatus 

A 52-year-old male, weight 94 kg, height 180 cm, transported to the emergency department by his 
son. While driving, the father felt unwell and began experiencing dyspnea and chest pain; hence, 
they decided to go to the hospital. The patient was registered and referred for observation. While 
interviewing and monitoring was attempted, the patient lost consciousness. The paramedic who was 
with the patient immediately called the MET team of which he is a member himself, and began CPR.
MET:
During this time the MET team should prepare for ALS activities. Divide roles among team members 
to implement ALS SCA algorithm in VF. During ALS with refractory VF, the MET team should consider 
launching the ECMO team — min. 15 minutes without ROSC.
The VF rhythm is maintained throughout the course of the scenario.
If the patient is intubated and ETCO2 is connected, the value should be:
• manual chest compressions, ETCO2 approx. 10 mmHg
• in the case of ACC ETCO2 > 15 mmHg
ECMO TEAM:
PRIMING
• assembling, filling, preparing the ECMO device
CANNULATION
• selection and preparation of equipment for the appropriate cannulation method including 

preparation of equipment and drugs for ECMO implantation 
• preservation of sterility

Scenario ending 
versions 

1. POSITIVE ENDING:
Proper ALS carried out in accordance with ERC/AHA, using ETCO2, ACC
During ALS, the MET team encountering resistant VF makes the decision within 15–20 minutes to 
activate the ECMO team
ECMO Team: 
Correctly prepares and primes ECMO device within 15 minutes 
Chooses the femoral cannulation method as the fastest access to VA ECMO implantation, prepares 
the appropriate cannula (femoral vein and femoral artery) and drugs for implantation (heparin, local 
lidocaine — arterial spasm) within 20 minutes
If, from SCA through ALS, the initiation of the VA ECMO procedure, including cannulation of vessels, 
preparation of the ECMO apparatus, connection with cannulas and starting the VA ECMO within 60 
minutes — the scenario ends positively
2. NEGATIVE ENDING
If, from SCA through ALS, VA ECMO initiation, vessel cannulation, ECMO apparatus preparation, 
connection with cannulas and start of VA ECMO is longer than 60 minutes — the scenario ends 
negatively
3. Consider the DCD protocol
4. Conduct CPR with ETCO2, ACC 
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Table 4. Notes from the Analysis of Individual Areas of the Simulation Scenario

Stage of ECPR Problems/comments Countermeasures

ALS Late identification of the initial rhythm Assessment of vital signs while assessing the rhythm on the 
monitor

Delay in delivery of first shock Charging the defibrillator to complete the shockable rhythm 
recognition procedure

Instrumental opening of the airways 
(intubation) — no confirmation

Auscultation of the chest as the end of the intubation 
procedure

Relatively poor quality of chest 
compressions and ventilation

BLS training, periodically repeated with the use of quality 
control mannequins

Extended length of time to run ACC 
device

Training for doctors of various specializations on the use  
of ACC devices

Exceeding the time for resuscitation 
loops

Division of roles in the team, the role of the leader, role of 
the recorder — documenting the time of individual activities

ECPR Activation Within 15–20 minutes Increasing awareness of the possibility of using the extended 
CPR
When to go
When not to go

Preparing the device for 
extracorporeal circulation

Difficulty assembling the 
extracorporeal perfusion device

Practical and manual training

Priming Assessed:
- preparation time
- completeness of the apparatus
Maximum priming time of 15 minutes

Practical and manual training: early filling of the device

Cannulation and 
activating extracorporeal 
circulation

Maintaining asepsis
Heparin administration,
Maximum time of 20 minutes

Practical and manual training

Table 3. Indications/contraindications and place of the ECPR procedure

Indications for ECPR Contraindications for ECPR

Reversible causes of SCA: coronary artery obstruction, pulmonary embolism Severe peripheral vascular disease

VF/VT refractory to treatment Severe aortic valve regurgitation

Myocarditis Unwitnessed arrest > 5min

Pulmonary trauma Witnessed CPR > 60 min. — the absence of ROSC

Cardiomyopathy Acute aortic dissection

Congestive heart failure Current intracranial hemorrhage

Acute anaphylaxis Advanced chronic liver disease

Massive hemoptysis/pulmonary hemorrhage Active malignancy with estimated survival < 1 year

Poisoning Chronic respiratory failure

Sepsis End-stage renal disease on hemodialysis or 
peritoneal dialysis with acute cardiovascular collapse

Cardiogenic shock age > 75 year 

Cardiac or major vessel trauma weight > 140kg

ECMO Site

Bridge to another extracorporeal left ventricular assist device Mobile team 

Patients before or after cardiac surgery (transplant) Cardiac surgery intensive care units

Patients before or after cardiac surgery Heart catheterization laboratory

Cardiac surgery intensive care units

Operating theatre



Disaster anD emergency meDicine Journal 2021, Vol. 6, No. 1

18 www.journals.viamedica.pl

cardiography that can be used during cardiac arrest 
has also increased. It enables detection of reversible 
causes of SCA (cardiac tamponade) or identification 
of spontaneous movements of the heart muscle [25]. 

In some cases, if conventional CPR techniques are 
ineffective, ECPR may be a solution. In recent years 
and months (SARS-CoV-2 pandemic), the availability 
of ECMO devices in hospitals has increased signifi-
cantly. The findings in the previous publications favor 
ECPR in terms of mortality over conventional CPR 
[26, 27]. Wang et al. showed survival to hospital dis-
charge at the level over 30% [28]. A Brussels study re-
vealed favorable neurological outcomes at 3 months, 
in 21% of SCA patients following ECPR vs. only 11% 
after conventional CPR. The long-term survival data 
after SCA also favors ECPR over conventional CPR 
[29]. ECPR activation seems to be more efficient in 
IHCA than in OHCA. Previous report stressed that 
availability of equipment and the ECMO team in 
hospitals enables earlier initiation of extracorporeal 
support in IHCA than OHCA conditions [11]. 

Without any doubts, ECPR is a complex proce-
dure and multidisciplinary team must be involved. It 
is a safe and clinically relevant method if it is applied 
within appropriate time. A fast decision to start the 
ECPR procedure is of crucial importance. According 
to the recommendations, it should be activated in 
the absence of ROSC within 15 minutes from SCA 
occurrence. In our study all teams managed to ini-
tiate ECPR within recommended period of time. Of 
note, low-flow time (defined as between start of CPR 
to ECPR activation) strongly correlates with survival, 
and probability of hospital discharge is higher when 
a shorter CPR duration [29, 30]. Kim et al. showed 
that every 10-minute increase in the duration of low-
flow increases mortality by 5% [5, 31]. Moreover, it 
was proven previously that ECPR is effective in revers-
ible SCA if activated within 60 minutes. All our teams 
in the simulated scenario were able to connect man-
nequins to ECMO device in less than 40 minutes after 
SCA, which should be considered as perfect result. Of 
note, all physicians involved in ECPR were soon after 
ECMO course with simulation as a crucial form of 
education method to gain experience in extraordinary 
complex and sophisticated medical technology. Al-
though it was not a subject of our study, it should be 
mentioned that age of ECPR candidates matters. Hirl-
ekar et al. demonstrated in their study that the 30-day 
survival rate decreased dramatically with each decade 
over 70 years of life [32]. Therefore, ECPR is indicated 
for a selected group of SCA patients. However, there 

are no specific criteria for indications and methods of 
patient selection, and consequently they may different 
depending on the hospital [31] (Table 3).

Limitation
The major limitation of our study is a relatively small 
number of scenarios. Due to obvious pandemic re-
strictions only five scenarios were implemented as 
a pilot study. The authors plan to complete between 
15 to 20 scenarios in total. Thus, in a title of our 
study we did point that it was an initial experience. 
Although, center for medical simulation is very useful 
for achieving practical skills it does not reflect com-
pletely natural circumstances, particularly in emergent 
situations. The idealized conditions of IHCA are asso-
ciated with the availability of an interdisciplinary MET, 
constant readiness of the team and equipment, prop-
er organization and constant preparation of the de-
vice for extracorporeal circulation (Table 4). This fact 
could have impacted on perfect results of examined 
teams, in terms of time to make a decision to connect 
ECMO (low-flow one) and to ECPR activation.

CONCLUSIONS
Implementation of ECPR procedure is possible within 
recommended time after IHCA. In order to improve 
the survival rate of SCA patients, regular training for 
medical personnel is necessary. This should include 
BLS/ALS, extracorporeal perfusion setup and can-
nulation skills. It has also been shown that training 
with application of high-fidelity simulation tech-
niques is of paramount importance for achieving 
and maintaining ECPR skills, not only manual but 
also in effective communication. 

ABBREvIATIONS
IHCA — in-hospital cardiac arrest
OHCA — out-of-hospital cardiac arrest
CPR — cardiopulmonary resuscitation
ECPR — extended cardiopulmonary resuscitation
ALS — advanced life support
ECMO — extracorporeal membrane oxygenation
SCA — sudden cardiac arrest
ROSC — return of spontaneous circulation
MET — medical emergency teams
ETCO2 — end tidal carbon dioxide
ACC — automated chest compression
DCD — donation after circulatory death
BLS — basic life support
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