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Abstract

Background: Extracorporeal cardiopulmonary resuscitation (ECPR) is an emerging

concept in cardiac arrest and cardiopulmonary resuscitation. Recent research has

documented a significant improvement in favorable outcomes, notable survival to

discharge, and neurologically intact survival.

Objectives:The present study undertakes a scoping review to summarize the available

evidence by assessing the use of ECPR, compared with no ECPR or the standard of

care, for adult patients who sustain cardiac arrest in any setting, in studies which

record survival and neurologic outcomes.

Methods: This review followed the PRISMA extension for scoping reviews (PRISMA-

ScR) guidelines. Four online databases were used to identify papers published from

database inception to July 12, 2020. We selected 23 observational studies from Asia,

Europe, and North America that used survival to discharge or neurologically intact

survival as a primary or secondary endpoint variable in patients with cardiac arrest

refractory to standard treatment.

Results: Twenty-three observational studies were included in the review. Eleven stud-

ies were of out-of-hospital cardiac arrest, 7 studies were of in-hospital cardiac arrest,

and 5 studies included mixed populations. Ten studies reported long-term favorable

neurological outcomes (ie, Cerebral Performance Category score of 1 – 2 at 3 months

[n= 3], 6 months [n= 3], and 1 year [n= 4]), of which only 4 had statistical significance

at 5% significance levels. Current knowledge ismostly drawn fromsingle-center obser-

vations, with most of the evidence coming from case series and cohort studies, hence

is prone to publication bias. No randomized control trials were included.

Conclusions: This scoping review highlights the need for high-quality studies to

increase the level of evidence and reduce knowledge gaps to change the paradigm of

care for patients with shock-refractory cardiac arrest.
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1 INTRODUCTION

Cardiac arrest has been traditionally treatedwith advanced cardiovas-

cular life support, includinghigh-quality cardiopulmonary resuscitation

(CPR), rapid defibrillation (class IIa, LOEC), standard-dose epinephrine

(1 mg every 3–5 min) (class IIb, LOE B-R), and antiarrhythmic medica-

tion to facilitate successful defibrillation, increase the return of sponta-

neous circulation (ROSC), andmaintain a stable hemodynamic state.1,2

Despite efforts to improve outcomes in cardiac arrest patients the

rates of survival to discharge and neurologically intact survival have

improved only minimally over the past decade in the United States

(US).3

There is a subset of cardiac arrest patients who develop refractory

cardiac arrest, requiring prolonged resuscitation efforts.4 Prolonged

CPR is associated with severe metabolic disturbances with uncertain

consequences on organ injury and neurological outcomes. A number of

interventions, including mechanical CPR provided by properly trained

personnel (class IIb, LOE B-R), use of an impedance threshold device

(class IIb, LOE C-LD), and extracorporeal cardiopulmonary resuscita-

tion (ECPR) (class IIb, LOEC-LD), have been increasingly used as rescue

bridges to support further treatment in patients that do not respond to

the standard of care.1,2

ECPR refers to the initiation of cardiopulmonary support, while

bypassing the heart and lungs during resuscitation to support patients

with refractory cardiac arrest.5 This involves the cannulation of a large

vein and artery and initiation of veno–arterial extracorporeal mem-

brane oxygenation (VA-ECMO). By bypassing the entire cardiopul-

monary system, the heart is allowed time to recover from an insult

while systemicmechanical circulatory support and simultaneous extra-

corporeal gas exchange to the whole body are maintained.5 Efforts to

treat patients with refractory cardiac arrest have led to the implemen-

tation of VA-ECMO used as ECPR to facilitate return of perfusion and

mitigate multiorgan dysfunction, as the probability of achieving ROSC

decreases when the duration of CPR exceeds 30minutes.6

Multiple cohort studies have shown that such an approach has been

associated with an increased rate of survival to discharge and neuro-

logically intact survival compared with no ECPR or the standard of

care, that is, conventional CPR.6–12 However, only lowquality evidence

support the notion that this expensive and resource intensive strategy

increases long-term neurologically intact survival after refractory car-

diac arrest.

2 OBJECTIVES

The aim of this scoping review was to summarize the available evi-

dence by assessing the use of ECPR, compared with no ECPR or the

standard of care, for adult patients who sustain cardiac arrest in any

setting (out-of-hospital or in-hospital), in those studies that record

survival and neurologic outcomes, as well as to identify gaps in the

literature that may require further research. A further objective was

to summarize the effect estimate among those studies reporting

long-term neurologically intact survival, defined as a Cerebral Perfor-

mance Category (CPC) score of 1 – 2.

3 MATERIALS AND METHODS

We followed the PRISMA-ScR (Preferred Reporting Items for Sys-

tematic Reviews and Meta Analyses Extension for Scoping Reviews)

guidelines,13 the scoping review guidance document developed by

the Joanna Briggs Institute14 (updated in 2017),15 and the method-

ological framework developed by Arksey and O’Malley.16 Our scop-

ing review protocol was drafted and registered with Open Science

Framework.

3.1 Stage 1: Identify the research question

We follow the patient/population, intervention, comparison and out-

comes process (or framework) to frame and answer the review

question. Question: Among adults (≥16 years) resuscitated from

cardiac arrest in any setting (out-of-hospital or in-hospital) (pop-

ulation) and treated with ECPR (intervention), compared to no

ECPR or the standard of care (comparator), what is the num-

ber of studies reporting long-term neurologically intact survival

and what is their point estimate at the individual study level

(outcomes)?

3.2 Stage 2: Identify relevant studies

3.2.1 Databases

The following bibliographic databases were searched: The Cochrane

Central Register of Controlled Trials (CENTRAL), MEDLINE (Ovid

interface), and Embase (Ovid interface). We used the Science Citation

Index (Web of Science) to identify additional citations. The databases

were searched from their inception to July 12, 2020. We repeated the

search on August 14, 2020, to identify additional relevant studies. The

search strategy was initially created inMEDLINE and then adapted for

each database using a combination of keywords, subject headings, and

Boolean operators. We also searched ongoing trial databases includ-

ing controlledtrials.com and clinicaltrials.gov. The reference lists of rel-

evant studies were screened to identify further studies of interest. All

clinical studies published in English as full-text articles on indexed jour-

nals were considered. The search strategy for MEDLINE can be found

in Appendix A.

3.2.2 Searching other resources

We searched the reference lists of the International Liaison Com-

mittee on Resuscitation (ILCOR) evidence worksheets. We searched
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conference proceedings of important meetings and abstracts, includ-

ing those of the American Heart Association (AHA) and the European

Resuscitation Council (ERC). The search was completed on August 14,

2020.

3.3 Stage 3: Study selection

3.3.1 Study eligibility and selection criteria

We included randomized and quasi-randomized controlled trials,

and observational analytic studies (cross sectional-studies, cohort

studies, case-control studies). Studies were deemed relevant to

our review if they met the following criteria: (1) documented car-

diac arrest in any setting (out-of-hospital or in-hospital) in adults

(≥16 years); (2) used ECPR as the intervention; (3) had CPR as

comparator only, defined as either basic life support or advanced

cardiovascular life support protocols; and (4) reported survival or

neurologically intact survival outcomes within the following time

frames: short-term (hospital discharge, 30 days, and 1 month) and

long-term (3 months, 6 months, 1 year, and up to 2 years). Studies

conducted on mixed populations were considered for inclusion if

data from the out-of-hospital cardiac arrest subpopulation could be

extracted and computed separately or if the out-of-hospital cardiac

arrest subpopulation was >50% of the total population. Studies

that assessed only the use of ECPR techniques (including ECMO

or cardiopulmonary bypass) in the context of cardiogenic shock or

respiratory failure were not included. We excluded patients with

an etiology of cardiac arrest from trauma, known terminal-stage

malignancies, or known pregnancy, as well as studies involving

infants, children, and adolescents (ie, those younger than 16 years of

age).

We used EndNote X9 software to identify and remove dupli-

cate citations. Two authors independently assessed all the titles

and abstracts for potentially eligible studies. We subsequently

reviewed the full text of potentially eligible studies and indepen-

dently assessed them for compliance with the inclusion criteria. We

resolved any disagreement by discussion or by involving a third review

author.

3.4 Stage 4: Chart the data

A data-charting form was jointly developed by the 2 authors, and we

utilized double data extraction. The 2 authors independently extracted

all relevant data from eligible studies using a pre-defined standardized

data-charting form. The2 authors then independently charted the data

and continuously updated the data-charting form.Microsoft Excel was

used for this stage. Any study discarded during the charting process

was approved by the 2 authors before the analysis was completed.We

resolved any disagreement by discussion or by involving a third review

author.

3.5 Stage 5: Summarize and report the results

We grouped all studies reporting survival and neurological outcomes

by type of study design (randomized and quasi-randomized controlled

trials, or observational analytic studies [cross-sectional studies, cohort

studies, case-control studies]), research setting, participant demo-

graphics, inclusion and exclusion criteria, resuscitative parameters,

intervention, exposure, comparator, and key findings. A narrative syn-

thesis was undertaken to describe the articles included in terms of

the type of study design, and results were prioritized based on rele-

vance to the research question. We planned to present the point esti-

mate at the individual study level if data permitted, that is, the effect

estimate (ie, odds ratios) and 95% confidence interval for each study

reporting long-term neurologically intact survival. Studies reporting

long-term neurologically intact survival were grouped by time frames

(ie, 3months, 6months, and 1-year) and analyzed according to the type

of setting, that is, in-hospital or out-of-hospital, along with the effect

estimate at the individual study level. Missing statistical parameters

were calculated using Review Manager version 5.3 (Nordic Cochrane

Centre, The Cochrane Collaboration, Copenhagen 2014).17 Aggregate

data and narrative synthesis are presented in the results section.

4 RESULTS

4.1 Study selection

Searches of bibliographic databases and other sources yielded 4807

citations. Once duplicates were removed, 3485 citations remained.

One hundred and thirty-eight recordswere eligible for full-text review,

of which 23 were eligible for inclusion. We included 23 studies for

analysis and a total of 55,125 adult patients, 2116 of whom received

ECPR.18–40 These included 23 observational studies, some of which

used logistic regression analysis and some ofwhich performed propen-

sity scorematching. One of them performed a post hoc analysis of data

from a prospective, observational cohort, including propensity score

matching.21 A PRISMA flow chart of the search and the study selection

process is presented in Figure 1. We excluded many studies without a

control group with a thorough study design that showed considerable

results following ECPR but which were not relevant to this analysis.41

No randomized clinical trials were identified, although several are reg-

istered on the International Clinical Trials Registry Platform (Clinical-

Trails.gov identifiers: NCT03101787, NCT03880565, NCT03065647,

NCT01511666, NCT02527031, andNCT03700125).

4.2 Study characteristics

Studies included adult patients resuscitated from in-hospital or

out-of-hospital cardiac arrest; some included mixed populations.

Eleven studies were of out-of-hospital cardiac arrest,18–28 7 studies

were of in-hospital cardiac arrest,29–35 and 5 studies included mixed
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Non-English language (n = 2)
No relevant  outcomes (n = 12)
No pre-specified outcome  (n = 3)

Studies included in 
qualitative synthesis

(n = 23)

PRISMA Flow Diagram

F IGURE 1 Preferred reporting items for systematic reviews andmeta-analyses flow diagram for the scoping review process—clinical search
strategy. From:Moher D, Liberati A, Tetzlaff J, AltmanDG, The PRISMAGroup. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA Statement. PLoSMed 2009;6:e1000097

populations.36–40 All of the studies were published between 2008 and

2020. Most studies were conducted at single centers located in East

Asia (n = 14), for example, Japan, the Republic of Korea, and Taiwan,

followed by Europe (n = 6), for example, France, Italy, Germany, and

Scandinavian countries, and North America (n = 3). The inclusion

criteria for ECPR differed among the included studies. We identified

that the majority of patients receiving ECPR in these studies tended

to be younger than 75 years, with more witnessed arrests, with more

bystander CPR, and with potentially reversible conditions. The most

consistent criterion for inclusionwas refractory cardiac arrest. In most

studies, age, usually <75 years (low end: 10 years; high end: no upper

age), rhythm at the time of CPR (shockable rhythms [ventricular fibril-

lation/pulseless ventricular tachycardia]), no-flow time of ≤5 minutes

(up to<15minutes),witnessedcardiac arrest, andcardiac arrest of pre-

sumed cardiac etiologywere generally themost cited inclusion criteria.

An overview of possible decision criteria for use of ECPR for shock-

refractory cardiac arrest is provided in Table 1. Data for bystander

CPR, the exact no-flow time and low-flow times, and number of electri-

cal defibrillations delivered were infrequently reported. Therapeutic

decisionmaking and ethological base therapy such as, coronary angiog-

raphy, coronary artery bypass graft, and percutaneous coronary inter-

vention (PCI) were reported in 18 of 23 studies. However, several stud-

ies did not report any form of ethological base therapy. Therapeutic

hypothermia (TH) was used in 13 of 23 studies. The TH protocols used

targets ranging between 32◦Cand 36◦C. Several studies did not report

their specific hypothermia targets and others did not report the use of

TH.Most of the studies reported short-term outcomes (ie, hospital dis-

charge, 30 days, and 1 month), including survival to discharge (n = 19)

and neurologically intact survival (n = 14). Eleven studies reported

long-term outcomes, including long-term survival and long-term
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TABLE 1 Possible decision criteria for use of extracorporeal pulmonary circulation with regard to shock-refractory cardiac arrest

Inclusion criteria Exclusion criteria

• 18–75 years of age •Unable to provide high-quality CPRa

•Cardiac arrest of presumed cardiac etiology • ROSCwith sustained hemodynamic recovery≤3 standard

defibrillation shocks

• Early bystander CPR •Known terminal illness

• Initial presenting rhythm of VF/VT •Comorbidities with reduced life expectancy

•Reversible causes of cardiac arrest • Past/present clinical signs of neurological damage or expected poor

prognosis

• Persistent shockable rhythm after received 3

standard defibrillation/AED-shocks

• Terminal heart failure (NYHA III or IV)

• Persistent shockable rhythm after received 300mg IV/IO bolus of

amiodarone

• Severe pulmonary disease (COPDGIII of GIV)

• Transfer time from the field to the receiving facility<30min •Nursing home/long-term care facility residents

•Medical facility able to performCAG, PCI, and TTM • Pregnant

• Trauma: Revised Trauma Score<11 or Injury Severity Score>15

• Threatening hemorrhage

• Presence of legal documentsb

•Any reason to contact medical control to do not attempt resuscitation

Notes: Performing extracorporeal pulmonary circulation is thewrong focus in systems that are not optimized eitherwith telecommunicator CPR/dispatcher-

assistedCPRand are unable to dispatchmultiple advanced emergencymedical service units or that do not have the infrastructure and resource requirements

to implement programs with strict patient selection criteria, or to perform effective high-performance CPR or mechanical CPR in the field and during trans-

port with a dedicated operating protocol for refractory cardiac arrest that includes reducing the scene time to a minimum (ie, 10–12 minutes), and provide

early transport (ie, estimated transfer time from the scene of<30minutes) to receiving facilities able to performCAG, PCI, and TTM.

Abbreviations: AED, automated external defibrillator; CAG, coronary angiography; COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary

resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation; IO, intraosseous; IV, intravenous;NYHA,NewYorkHeartAssociation; PCI, percutaneous

coronary intervention; ROSC, return of spontaneous circulation; TTM, targeted temperature management; VF, ventricular fibrillation; VT, ventricular tachy-

cardia.
aEnd-tidal carbon dioxide, arterial partial pressure of oxygen or oxygen saturation, and lactic acid before initiation of ECPRmay represent important criteria

for resuscitation continuation decisions that should be further investigated.
bRefer to physician order for life sustaining treatment, advanced directives, living wills, do not resuscitate/do not intubate.

neurologically intact survival. Shin et al (2013) reported2-year survival

and neurological outcome, though this study included the same patient

population as his previous study (2011), but reported different out-

comes. This study defined favorable neurological outcome as a Modi-

fied GlasgowOutcome Score ≥4. As the authors compiled the data for

Table 2, this article was removed from the analysis. This discarded arti-

cle was approved by the authors before the analysis was completed.

The rest of the studies defined favorable neurological outcome as a

CPC score of 1 – 2. An overview of each included study is provided in

Table 3 and 4.

4.3 Long-term neurologically intact survival

Forest plot of long-term neurologically intact survival is presented

in Figure 2. Of the studies reporting long-term neurologically intact

survival comparing ECPRwith no ECPR or standard CPR, 7 performed

propensity score matching and 3 performed multivariate logistic

regression analysis. All studies that reported long-term neurologically

intact survival reported a greater likelihood of short-term neurologi-

cally intact survival in the ECPR group (compared with neurologically

intact survival in the conventional CPR group) and improved long-term

neurologically intact survival at 3months, 6months, and 1-year follow-

up with the use of ECPR, but not all reported statistical significance at

the study level. Of the 3 studies that reported a 3-month neurologically

intact survival,20,21,39 1 had statistical significance at 5% significance

levels.20 Of the 3 studies that reported 6-month neurologically

intact survival,18,19,32 2 had statistical significance at 5% significance

levels.18,32 Of the 4 studies that reported 1-year neurologically intact

survival,30,31,33,36 only 1 had statistical significance at 5% significance

levels.36 All studies reporting long-term neurologically intact survival

defined favorable neurological outcome as a CPC score of 1–2. An

overview of studies reporting long-term neurologically intact survival

along with the effect estimates at the individual study level is provided

in Table 2.

5 LIMITATIONS

This scoping review should be interpreted in the context of certain

limitations. The primary limitation of the scoping review is that risk of

bias and methodological quality are generally not appraised. Second,



6 of 19 MIRAGLIA ET AL.

TABLE 2 Effect estimates—long-term neurologically intact survival

Authors,

year, country Enrollment, y

OHCA vs

IHCA

No. of

participants

Outcome/

follow-upa ECPRNo. (%)

CCPRNo.

(%) Point estimateb

Blumenstein et al33

Germany

4 IHCA 104 1 y 10/52 (19) 6/52 (12) 1.82 (0.61–5.46)c

Chen et al30

Taiwan

2 IHCA 92 1 y 9/46 (20) 5/46 (11) 1.99 (0.61–6.49)c

Kim et al20

Korea

7.5 OHCA 104 3mo 8/52 (15) 1/52 (2) 9.27 (1.12–77.07)c

Lin et al31

Taiwan

2 IHCA 54 1 y 5/27 (19) 3/27 (11) 1.82 (0.39–8.51)c

Maekawa et al21

Japan

4.5 OHCA 48 3mo 7/24 (29) 2/24 (8) 4.53 (0.83–24.65)c

Patricio et al39

Belgium

5 OHCA 99 3mo 12/49 (24) 8/50 (16) 1.70 (0.63–4.12)c

Sakamoto et al18

Japan

3 OHCA 451 6mo 29/258 (11) 5/193 (3) 4.76 (1.81–12.54)

Schober et al19

Austria

10 OHCA 239 6mo 1/7 (14) 13/232 (6) 2.82 (0.31–25.08)

Shin et al32

Korea

6.5 IHCA 120 6mo 14/60 (23) 3/60 (5) 5.78 (1.57–21.35)c

Siao et al36

Taiwan

2 OHCA 60 1 y 8/20 (40) 3/40 (8) 8.22 (1.88–36.05)

Abbreviations: CCPR, conventional cardiopulmonary resuscitation; CPC, cerebral performance category; ECPR, extracorporeal cardiopulmonary resuscita-

tion; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest.

Notes: Kim et al,20 Maekawa et al,21 Patricio et al,39 Shin et al,32 Blumenstein et al,33 Chen et al,30 and Lin et al31 performed propensity score matched

analysis. Sakamoto et al,18 Schober et al,19 and Siao et al36 performed logistic regression analysis. Of these studies, Sakamoto et al,18 was a non-randomized,

multicenter, prospective cohort design. The studies by Shin et al32,35 included the same patient population, but reported different outcomes; only data from

Shin et al32 is presented in the above table.
aRefers to long-term neurologically intact survival, defined as a CPC score of 1 – 2.
bEffect estimates represent odds ratios (OR) with a 95% confidence interval (CI) at the individual study level.
cRefers to adjusted results (OR [95%CI]) at the individual study level.

F IGURE 2 Forest plot of long-term neurologically intact survival in adult in-hospital and out-of-hospital cardiac arrest. Squares indicate
study-specific odds ratios. Horizontal lines indicate 95% confidence intervals of the estimate. Squares to the right of the solid vertical line favor the
intervention group, but this is conventionally significant (P< 0.05) only if the horizontal line does not overlap the solid line. The studies are ordered
by alphabetical order within each outcome. Kim et al,20 Maekawa et al,21 and Patricio et al39 reported 3months neurologically intact survival.
Sakamoto et al,18 Schober et al,19 and Shin et al32 reported 6months neurologically intact survival. Blumenstein et al,33 Chen et al,30 Lin et al31

and Siao et al36 reported 1 year neurologically intact survival
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TABLE 4 Clinical characteristics and outcomes of the extracorporeal cardiopulmonary resuscitation group and the conventional
cardiopulmonary resuscitation group of included studies

Authors,

year,

country

Low-flow

time (mean

[SD]/median

[IQR], min)

Initial

shockable

rhythm

VF/VT (%)

Cardiac

etiology

(%)

Bystander

CPR (%)

Witnessed

(%)

TTM

(%)

Reperfusion

therapy

(PCI/CABG)

(%)

Survival to

discharge/

1-month

(%)

CPC 1–2 at

discharge/

1-month

(%)

Survival at

3-month1,

6-month2,

and 1-year3

(%)

CPC 1–2

at

3-month1,

6-month2,

and

1-year3

(%)

Blumenstein

et al33

Germany

ECPR: 33

(19–47)

CCPR: 37

(30–45)

ECPR: 4

CCPR: 2

ECPR:

100

CCPR:

100

ECPR: N/A

CCPR: N/A

ECPR: 100

CCPR: 100

ECPR:

14

CCPR:

4

ECPR: 17

CCPR: 33

ECPR: 14/52

(27)

CCPR:

9/52 (17)

ECPR:

11/52 (21)

CCPR: 7/52

(13)

ECPR: 12/

52 (23)3

CCPR: 7/52

(14)3

ECPR:

10/52

(19)3

CCPR:

6/52

(12)3

Bougouin et

al22

France

ECPR: NR

CCPR: NR

ECPR: 68

CCPR: 24

ECPR: NR

CCPR:

NR

ECPR: 79

CCPR: 47

ECPR: 97

CCPR: 75

ECPR:

100

CCPR:

NR

ECPR: 31

CCPR: 5

ECPR:

44/523 (8)

CCPR: 1061/

12396 (9)

ECPR:

32/523

(6)a

CCPR:

878/12396

(7)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Cesana et al37

Italy

ECPR: 56±

24

CCPR: 19±

19

ECPR: 64

CCPR: 72

ECPR:

100

CCPR:

100

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR:

91

CCPR:

61

ECPR: 100

CCPR: 100

ECPR: 13/63

(21)

CCPR:

49/85 (58)

ECPR: NR

CCPR: NR

ECPR: 12/63

(19)3

CCPR:

48/85

(56)3

ECPR: NR

CCPR: NR

Chen et al30

Taiwan

ECPR: NR

CCPR: NR

ECPR: 46

CCPR: 41

ECPR:

100

CCPR:

100

ECPR: N/A

CCPR: N/A

ECPR: 100

CCPR: 100

ECPR: 0

CCPR:

0

ECPR: 44

CCPR: 6

ECPR: 15/46

(33)

CCPR: 8/46

(17)

ECPR: 14/46

(30)

CCPR: 7/46

(15)

ECPR: 9/46

(20)3

CCPR: 6/46

(13)3

ECPR:

9/46

(20)3

CCPR:

5/46

(11)3

Cho et al29

Korea

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR:

NR

ECPR: N/A

CCPR: N/A

ECPR: NR

CCPR: NR

ECPR:

NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR: No

specifiedb

CCPR: No

specified

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Choi et al23

Korea

ECPR: 14±

10c

CCPR: 19±

8c

ECPR: 30

CCPR: 26

ECPR: 80

CCPR: 58

ECPR: 80

CCPR: 82

ECPR: 100

CCPR: 100

ECPR:

67

CCPR:

67

ECPR: 56

CCPR: 13

ECPR: 3/10

(30)

CCPR: 4/50

(8)

ECPR: 3/10

(30)

CCPR: 2/50

(4)

ECPR:

NRCCPR:

NR

ECPR: NR

CCPR: NR

Choi et al24

Korea

ECPR: NR

CCPR: NR

ECPR: 29

CCPR: 28

ECPR: 90

CCPR: 58

ECPR: 30

CCPR: 32

ECPR: 71

CCPR: 73

ECPR:

30

CCPR:

11

ECPR: 9

CCPR: 30

ECPR:

57/320

(18)

CCPR:

52/320

(16)

ECPR:

29/320 (9)

CCPR:

19/320 (6)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Chou et al34

Taiwan

ECPR: 54±

27

CCPR: 37±

20

ECPR: 60

CCPR: 39

ECPR:

100

CCPR:

100

ECPR: N/A

CCPR: N/A

ECPR: NR

CCPR: NR

ECPR: 0

CCPR:

0

ECPR: 86

CCPR: 35

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: 15/43

(35)3

CCPR; 5/23

(22)3

ECPR: NR

CCPR: NR

Kim et al20

Korea

ECPR: 1.5

(0.6–6.4)

CCPR: NR

ECPR: 60

CCPR: 56

ECPR: 94

CCPR: 94

ECPR: 42

CCPR: 31

ECPR: 81

CCPR: 81

ECPR:

27

CCPR:

23

ECPR: 75

CCPR: 21

ECPR: 9/52

(17)

CCPR: 11/52

(21)

ECPR: 8/52

(15)

CCPR: 1/52

(2)

ECPR: 5/52

(15)1

CCPR: 4/52

(8)1

ECPR:

5/52

(15)1

CCPR:

1/52

(2)1

Lee et al38

Korea

ECPR: NR

CCPR: NR

ECPR: 42

CCPR: 15

ECPR: NR

CCPR:

NR

ECPR: 100

CCPR: NR

ECPR: 100

CCPR: NR

ECPR:

NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR: 18/81

(22)

CCPR:

120/874

(14)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

(Continues)
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TABLE 4 (Continued)

Authors,

year,

country

Low-flow

time (mean

[SD]/median

[IQR], min)

Initial

shockable

rhythm

VF/VT (%)

Cardiac

etiology

(%)

Bystander

CPR (%)

Witnessed

(%)

TTM

(%)

Reperfusion

therapy

(PCI/CABG)

(%)

Survival to

discharge/

1-month

(%)

CPC 1–2 at

discharge/

1-month

(%)

Survival at

3-month1,

6-month2,

and 1-year3

(%)

CPC 1–2

at

3-month1,

6-month2,

and

1-year3

(%)

Lin et al31

Taiwan

ECPR: 49±

27

CCPR: 31±

17

ECPR: 51

CCPR: 41

ECPR: 93

CCPR: 89

ECPR: N/A

CCPR: N/A

ECPR: 100

CCPR: 100

ECPR:

NR

CCPR:

NR

ECPR: 41

CCPR: 11

ECPR: 19/55

(35)

CCPR: 17/66

(27)

ECPR: 13/55

(24)

CCPR: 12/66

(19)

ECPR: 11/55

(20)3

CCPR:

11/66

(18)3

ECPR:

8/55

(16)3

CCPR:

10/66

(17)3

Maekawa et

al21

Japan

ECPR: NR

CCPR: NR

ECPR: 54

CCPR: 58

ECPR: NR

CCPR:

NR

ECPR: 54

CCPR: 58

ECPR: NR

CCPR: NR

ECPR:

38

CCPR:

29

ECPR: 21

CCPR: 25

ECPR: 9/24

(38)

CCPR: 3/24

(13)

ECPR: NR

CCPR: NR

ECPR: 9/24

(38)1

CCPR: 2/24

(8)1

ECPR:

7/24

(29)1

CCPR:

2/24

(8)1

Matsuoka et

al25

Japan

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR:

NR

ECPR: 48

CCPR: 46

ECPR: 77

CCPR: 76

ECPR:

NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR:

87/188

(46)

CCPR:

67/330

(20)

ECPR:

43/188

(23)

CCPR:

28/330 (9)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Patricio et

al39

Belgium

ECPR: 54±

20

CCPR: 54±

22

ECPR: 30

CCPR: 28

ECPR: 72

CCPR: 42

ECPR: 74

CCPR: 71

ECPR: 88

CCPR: 85

ECPR:

88

CCPR:

31

ECPR: 24

CCPR: 15

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR:

12/49

(24)1

CCPR:

8/50

(16)1

Poppe et al26

Austria

ECPR: 100

CCPR: 100

ECPR: 100

CCPR: 100

ECPR: NR

CCPR:

NR

ECPR: 100

CCPR: 100

ECPR: 100

CCPR: 100

ECPR:

NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR: 2/12

(17)

CCPR: 8/84

(10)

ECPR: 1/12

(8)

CCPR: 4/84

(5)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Sakamoto et

al18

Japan

ECPR: NR

CCPR: NR

ECPR: 100

CCPR: 100

ECPR: 87

CCPR: 77

ECPR: 49

CCPR: 46

ECPR: 72

CCPR: 78

ECPR:

92

CCPR:

54

ECPR: 89

CCPR: 68

ECPR:

69/260

(27)

CCPR:

12/193 (6)

ECPR:

32/260

(12)

CCPR: 3/193

(2)

ECPR:

56/260

(22)2

CCPR:

8/192 (4)2

ECPR:

29/258

(11)2

CCPR:

5/192

(3)2

Schober et

al17

Austria

ECPR: NRd

CCPR: NR

ECPR: 57

CCPR: 58

ECPR:

100

CCPR:

100

ECPR: 28

CCPR: 31

ECPR: 86

CCPR: 88

ECPR:

43

CCPR:

21

ECPR: 28

CCPR: 5

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: 1/7

(14)2

CCPR:

13/232

(6)2

Shin et al32

Korea

ECPR: NR

CCPR: NR

ECPR: 29

CCPR: 23

ECPR: 92

CCPR: 81

ECPR: N/A

CCPR: N/A

ECPR: 100

CCPR: 100

ECPR:

NR

CCPR:

NR

ECPR: 21

CCPR: 3

ECPR: 29/85

(34)

CCPR:

39/321

(12)

ECPR: 24/85

(28)

CCPR:

25/321 (8)

ECPR: 26/85

(31)2

CCPR:

35/321

(11)2

ECPR:

24/85

(28)2

CCPR:

24/321

(8)2

Shin et al35

Korea

ECPR: NR

CCPR: NR

ECPR: 29

CCPR: 3

ECPR: 74

CCPR: 57

ECPR: N/A

CCPR: N/A

ECPR: 100

CCPR: 100

ECPR:

NR

CCPR:

NR

ECPR: 22

CCPR: 22

ECPR: 19/60

(32)

CCPR: 6/60

(10)

ECPR: 14/60

(23)

CCPR: 3/60

(5)

ECPR: 12/60

(20)f

CCPR: 3/60

(5)f

ECPR:

12/60

(20)f

CCPR:

3/60

(5)f

(Continues)
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TABLE 4 (Continued)

Authors,

year,

country

Low-flow

time (mean

[SD]/median

[IQR], min)

Initial

shockable

rhythm

VF/VT (%)

Cardiac

etiology

(%)

Bystander

CPR (%)

Witnessed

(%)

TTM

(%)

Reperfusion

therapy

(PCI/CABG)

(%)

Survival to

discharge/

1-month

(%)

CPC 1–2 at

discharge/

1-month

(%)

Survival at

3-month1,

6-month2,

and 1-year3

(%)

CPC 1–2

at

3-month1,

6-month2,

and

1-year3

(%)

Siao et al36

Taiwan

ECPR: 49±

44

CCPR: NR

ECPR: 100

CCPR: 100

ECPR: 80

CCPR: 53

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR:

45

CCPR:

23

ECPR: 60

CCPR: 40

ECPR: 12/20

(50)

CCPR: 11/60

(28)

ECPR: 8/20

(40)

CCPR: 3/40

(8)

ECPR: 12/20

(50)3

CCPR:

10/40

(25)3

ECPR:

8/20

(40)3

CCPR:

3/40

(8)3

Venturini et

al40

United States

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR:

NR

CCPR:

NR

ECPR: NR

CCPR: NR

ECPR: 3/14

(21)

CCPR: 3/17

(18)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Yannopolous

et al27

United States

ECPR: NRe

CCPR: NR

ECPR: 100

CCPR: NR

ECPR:

100

CCPR:

100

ECPR: 66

CCPR: 61

ECPR: 61

CCPR: NR

ECPR:

100

CCPR:

NR

ECPR: 67

CCPR: NR

ECPR: 10/18

(53)

CCPR: NR

ECPR: 9/18

(50)

CCPR:

14/170 (8)

ECPR: NR

CCPR: NR

ECPR: NR

CCPR: NR

Yannopolous

et al28

United States

ECPR: 64±

13

CCPR: NR

ECPR: 100

CCPR: NR

ECPR:

100

CCPR:

100

ECPR: 84

CCPR: 75

ECPR: 80

CCPR: 77

ECPR:

100

CCPR:

NR

ECPR: 84

CCPR: NR

ECPR: 28/62

(45)

CCPR: NR

ECPR: 26/62

(42)

CCPR:

26/170

(15)

ECPR: 26/62

(42)2

CCPR: NR

ECPR:

26/62

(42)2

CCPR: NR

Abbreviations: CABG, coronary artery bypass grafting; CCL, cardiac catheterization laboratory; CCPR, conventional cardiopulmonary resuscitation; CPC,

cerebral performance category; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation; PCI, percutaneous coronary

intervention; TTM, targeted temperaturemanagement; VF, ventricular fibrillation; VT, ventricular tachycardia.

Notes: Proportions – No. (%) of studies performing propensity score matching refers to the matched pre-arrest and post-arrest clinical characteristics and

outcomes. For studies including a mixed population, results refer to OHCA subpopulation. The superscript numbers refer to post-hospital discharge/follow-

up survival and CPC score of 1–2 at 3-month, 6-month, and 1-year.
a Of the 525 patients in the extracorporeal-CPR group, 44 (8%) were discharged alive. Of the survivors, 32/38 (84%, and 6 patients with missing data) had a

favorable neurological outcome at hospital discharge comparedwith 878/916 (96%, 145 patients withmissing data) of the CCPR survivors (P= 0.001).
b This studywas included because it reviewed cardiac arrest in the unique setting of acutemassive pulmonary thromboembolism (PTE). A total of 20 patients

(11%) who experienced cardiac arrest at initial presentation or after diagnosis of PTE were included in this study. Percutaneous cardiopulmonary support

(PCPS) was performed in 12 patients (60%, PCPS group), which involved the use of ECMO, to assist with CPR, or stabilize patients after recovery of sponta-

neous circulation.Thirteen patients survived to discharge, and the overall in-hospital mortality was 35%. All patients with CPR duration of 15minutes or less

were dischargedwithout significant disability.
cRefers to prehospital low-flow time (min).
dTime from cardiac arrest to admission (min) in the ECPR groupwas 38 (27–66) and 56 (40–72) in the CCPR group. The time from admission to ECPR/ROSC

(min) in the ECPR groupwas 55 (45–68) and 17 (8–27) in the CCPR group.
eTime from 911 call to delivery to the CCLwas 60.1± 11. Time to CCL arrival on extracorporeal membrane oxygenation was 6.3± 2.
fRefers to outcomes after 2 years of follow-up.Minimal neurological impairment was defined as aModified GlasgowOutcome Score≥4.

in terms of methodology, this review was limited to 4 databases and

articles published in English, which may have led to selection bias.

It is possible that some studies were missed due to the selection of

databases and search terms. Third, current scientific evidence rests

principally on observational analytic studies, for example, cohort stud-

ies and observational descriptive studies, and case-series studies, with

their potential for confounding selection bias, rather than randomized

clinical trials. As a result, the ability to draw any conclusions from cur-

rent studies is severely limited by the quality of the primary evidence.

Furthermore, the majority of the evidence comes from Asia, meaning

it is unlikely to reflect systems of care in other regions of the world;

outcomes reported among comparator groups are also relatively low

compared to those in other developed countries. All of these plus the

variability of inclusion and exclusion criteria, indication, and poten-

tial risk of confounding bias, make their validity, comparability, and

generalizability questionable, and could explain some of the inconsis-

tencies in outcomes between studies. It is also important to note that

there might be considerable differences in emergency medical ser-

vices’ transport strategies (ie, scoop and run, stay and treat), bypassing

the nearest ECPR-incapable facilities and transporting patients to a

PCI- and ECPR-capable facility, and variations in medical protocol and

therapy bundles among studies.

Since completing this review, in August 2020, we searched for

recent studies on the topic (results are not included in Tables 3
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and 4). These either provide additional evidence for ECPR outcomes

in a cardiac arrest population, or evidence supporting our review.

The Advanced Reperfusion Strategies for Refractory Cardiac Arrest

(ARREST) trial (ClinicalTrials.gov identifier: NCT03880565), funded

by the National Heart, Lung, and Blood Institute (NHLBI), part of

the National Institutes of Health was recently published.42 Patients

with refractory ventricular fibrillation/ventricular tachycardia out-

of-hospital cardiac arrest were randomized to ECMO (n = 15) versus

standard advanced cardiac life support (ACLS) (n = 15). This ran-

domized trial showed early initiation ECMO-facilitated resuscitation

resulted in an impressive 43% survival to hospital discharge. Because

of this notable improvement in survival of patients receiving this

programof care, the trial was terminated early on June 2020 byNHLBI

after recommendation from the Data and Safety Monitoring Board.42

Given the patient population of interest is so small and rarely encoun-

tered and the health economics required to justify the large resource

requirement surrounding ECPR, these trials will never randomized

very large numbers of patients. Further randomized studies are being

carried out and the results of these ongoing studies should provide a

bigger evidence base to inform best practice.

6 DISCUSSION

The primary objective of our scoping review was simply to follow a

systematic approach and to map evidence for the use of ECPR com-

pared to no ECPR or the standard of care in adult patients who have

sustained cardiac arrest in any setting, as well as to identify knowl-

edge gaps in the literature thatmay require further research. A further

objective was to summarize the effect estimate at the individual study

level among those studies reporting long-term neurologically intact

survival, rather than inferring recommendations on meaningful clini-

cal significance from our gathered data, which was beyond the scope

of this paper. In this review of 23 observational studies, we identified

10 studies that have reported long-term neurologically intact survival,

of which 5 were of adult out-of-hospital cardiac arrest, 4 were of adult

in-hospital cardiac arrest, and 1 was conducted on mixed populations.

Despite the unmatched, unadjusted subgroup revealing an improve-

ment in favorable long-term neurological outcomes in patients treated

with ECPR, outcomes for the propensity-matched cohorts were not

significantly different. These studies suggest that the intervention is

likely better than the comparator group, though at the study level only

4 of 10 studies that reported long-term favorable outcome show long-

term neurologically intact survival that is statistically significant at 5%

significance levels.18,20,32,36 Although there are design limitations and

thedata remains preliminary, it is noteworthy that in every single study,

therewere a higher percentage of neurologically intact survivors in the

ECPR group as compared to the standard CPR group.

The 2018 ILCOR systematic review evaluated the use of ECPR tech-

niques (including ECMO or cardiopulmonary bypass) compared with

manual CPR or mechanical CPR.43 Individual studies were all at very

serious risk of bias, primarily due to confounding. ILCORrecommended

the use of ECPR for selected patients with cardiac arrest refractory to

the standardof care in settingswhereECPRcanbe implemented (weak

recommendation, very low certainty of evidence).43 Currently, there is

no clear evidence for either ECPR or no ECPR or the standard of care,

but current evidence ismore in favor of the intervention group (ECPR),

with a number of lower-quality studies suggesting improved survival

with good neurological outcome for select patients. In the absence

of randomized controlled trials, neither the guidelines of the AHA

nor the guidelines of the ERC on CPR recommend the routine use of

ECPR for patients with cardiac arrest (Class 2b; LOE C-LD).1,2 Patient-

centeredoutcomes suchas short- and long-termsurvival andneurolog-

ically intact survival have vary widely in published studies, principally

drawn from non-US cohorts. However, ECPR has been associated with

favorable outcomes in patients who would otherwise have died, with

impressive resuscitation results almost never before reported in the

literature;27,28,44,45 but we need to recognize that best results require

considerable resources and a program designed to provide superb out-

of-hospital transport for rapid implementationof ECPR, PCI, andmulti-

disciplinary postcardiac arrest critical care, which the majority of local

or statewide health care system do not have, making the implementa-

tionofVA-ECMOusedasECPRsuitableonly in countrieswith themost

well-developed health care systems.

The findings from these studies highlight a therapy and an area of

emerging research on cardiac arrest and CPR that may contribute to

the quality of life of selected individualswith refractory ventricular fib-

rillation/ventricular tachycardia, which is increasingly adding up to a

paradigm change in resuscitative medicine that may mitigate the mor-

bidity and mortality associated with shock-refractory cardiac arrest.1

One of the major gaps in the literature that requires further research

is the lack of randomized control trials, which would increase the level

(quality) of evidence and reduce knowledge gaps, as the current knowl-

edge ismostly drawn from single-center observations, withmost of the

evidence coming from case series and cohort studies, hence it is prone

to publication bias.1 This is followed by the variability of inclusion and

exclusion criteria, the groups of patients that would benefit the most

from the intervention, the optimal timing to implement the interven-

tion, the optimal ECPR strategy, the prognostic factors associatedwith

favorable outcomes, resource utilization (including cost per patient

and cost per life saved), the consideration of organ donation among

non-eligible/non-survivors, the best bundle of therapies and treatment

options rather than an isolated view of this therapy, and the optimal

post-cardiac arrest care strategy for ECPR survivors. Currently, selec-

tion criteria and procedure techniques differ across ECMO initiation

hospitals and standardized protocols are lacking.46 Furthermore, stud-

ies should evaluate this intervention in comparison to the current stan-

dard of care with stringent patient selection criteria and a uniform and

clearly established protocol.27 We advocate for the use of ECPR in

patients <75 years of age with refractory cardiac arrest of presumed

cardiac origin with an initial shockable rhythm, and an anticipated time

from the 9-1-1 call is received inferior or equal to 60 minutes before

to the initiation of ECPR. Emerging from the data are some important

predictors of survival; end-tidal carbon dioxide (EtCO2) >10 mm Hg,

arterial partial pressure of oxygen (PaO2) ≤50 mmHg or oxygen satu-

ration (SaO2)≤85%, lactic acid≥18mmol/L, and any episodes of ROSC
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during the resuscitation are all positive signs predictive of survival.47,48

EtCO2, PaO2 or SaO2, and lactic acid before initiation of ECPR may

represent important criteria for resuscitation continuation decisions

that should be further investigated.46,47 More importantly, neurolog-

ical prognostication and neurological outcome measures of at least 30

days post-cardiac arrest should be adopted as the minimal timing for

measuring neurological outcome in these patients, and where possible

there should be long-term assessment of health-related quality of life

as well, according to the best scientific evidence and ethical principles,

to provide the highest level of evidence to support the undertaking of

such treatment.49–52

7 CONCLUSIONS

The findings of this scoping review suggest that current knowledge

is mostly drawn from single-center observational studies, highlight-

ing the need for high-quality studies to increase the level of evi-

dence and reduce knowledge gaps to change the paradigm of care for

patientswith refractory cardiac arrest.We further conclude that ongo-

ing research will change current clinical practice and help in designing

the next steps of clinical research, reinforcing the need for high-quality

studies.
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SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.
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