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Background: In the past two decades, extracorporeal resuscitation (ECPR) has
been increasingly used in the management of refractory cardiac arrest (CA)
patients. Decision algorithms have been used to guide the care such patients,
but the effectiveness of such decision-making tools is not well described. The
aim of this study was to compare the rate of survival with a good neurologic
outcome of patients treated with ECPR meeting all criteria of a clinical
decision-making tool for the initiation of ECPR to those for whom ECPR was
implemented outside of the algorithm.

Methods: All patients who underwent E-CPR between January 2014 and
December 2021 at the Montreal Heart Institute were included in this
retrospective analysis. We dichotomized the cohort according to adherence or
non-adherence with the ECPR decision-making tool, which included the
following criteria: age <65 years, initial shockable rhythm, no-flow time <5 min,
serum lactate <13 mmol/L. Patients were included in the “IN" group when they
met all criteria of the decision-making tool and in the "OUT" group when at
least one criterion was not met.

Main outcomes and measures: The primary outcome was survival with intact
neurological status at 30 days, defined by a Cerebral Performance Category
(CPC) Scale 1 and 2.

Results: A total of 41 patients (IN group, n = 11; OUT group, n = 30) were included.
A total of 4 (36%) patients met the primary outcome in the IN group and 7 (23%) in
the OUT group [odds ratio (OR): 1.88 (95% Cl, 0.42-8.34); P = 0.45]. However,
survival with a favorable outcome decreased steadily with 2 or more deviations
from the decision-making tool [2 deviations: 1 (11%); 3 deviations: 0 (0%)].
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Conclusion and relevance: Most patients supported with ECPR fell outside of the
criteria encompassed in a clinical decision-making tool, which highlights the
challenge of optimal selection of ECPR candidates. Survival rate with a good
neurologic outcome did not differ between the IN and OUT groups. However,
survival with favorable outcome decreased steadily after one deviation from the
decision-making tool. More studies are needed to help select proper candidates
with refractory CA patients for ECPR.

KEYWORDS

ECPR, cardiac arrest, extracorporeal circulation, cardiopulmonary resuscitation, cardiac

intensive care

Introduction

Cardiac arrest (CA) is a leading cause of mortality and affects
approximately 550,000 patients in North America annually (1). In-
hospital cardiac arrest (IHCA) treated with conventional cardio-
pulmonary resuscitation (CPR) typically has a survival rate of
15%-17%, while out-of-hospital cardiac arrest (OHCA) survival
is lower at 8%-10% (2, 3). Significant gains in survival rate have
been reported in the past decades, attributable in part to early
arrest recognition, bystander resuscitative efforts, early
defibrillation, timely revascularization as well as advances of
post-arrest care (4). However, despite adequate resuscitation
maneuvers, 40%-60% of patients are unable to achieve return of
spontaneous circulation (ROSC) and remain in a refractory CA
state (usually defined as CPR duration of more than 20-30 min)
(5, 6). The probability of survival with conventional CPR in such
case is less than 5% (7).

In the

membrane

past two decades, veno-arterial extracorporeal
(VA-ECMO) CPR, or

extracorporeal resuscitation (ECPR), has been increasingly used

oxygenation during
in the management of refractory CA (8, 9). Extracorporeal
resuscitation maintains organ perfusion while the underlying
etiology of CA is determined and treated. ECPR use is growing
rapidly with a reported annual rate from 247 cases in 2012 to
more than 1,200 cases recorded in 2021 worldwide (10, 11).
More recently, the Extracorporeal Life Support Organization
(ELSO) Registry Report (April 2022) recorded a total of 11,761
cases of CA adults supported by ECPR with a 30% survival to
hospital discharge (11). However, mortality varies significantly
between centers, and many factors appear to critically determine
ECPR success, notably patient selection (12). The 2021 ELSO
consensus statement for ECPR also highlights that robust data to
identify patients who may benefit from ECPR is lacking (13).
Decision algorithms have been used to guide the care of
patients requiring emergent treatment suffering from a variety of
conditions. These decision-making tools could allow team
members to optimize the selection process for ECPR so that the
best candidates can be cannulated as quickly as possible. As the
initiation of ECPR ultimately relies on the decision of a
multidisciplinary team, some patients are inevitably going to be
cannulated outside of the criteria specified in such decision
algorithms, either because of lacking information at the time of
cannulation or because of the team clinical judgement. Different
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decision-making tools have been described in the literature (14),
with different inclusion and exclusion clinical criteria. Such tools
are being developed to improve decision-making effectiveness
during refractory CA and to select patients with anticipated best
chance of survival with ECPR. However, the effectiveness of such
decision-making tools to appropriately select patients for ECPR
has not been well described.

Our main objective was to compare the rate of survival with a
good neurologic outcome of patients treated with ECPR meeting all
criteria of a clinical decision-making tool for the initiation of ECPR
to those for whom ECPR was implemented outside of the
algorithm. Our secondary objectives were to explore the
association between the number of deviations from the decision-
making tool and outcomes of patients treated with ECPR and to
describe the diagnostic value of each criterion of the decision-
making tool.

Materials and methods
Study design and setting

This retrospective observational study was conducted using
medical records of patients treated between January 2014 and
December 2021 at the Montreal Heart Institute (MHI) in
Montreal, Canada. The Institutional Review Board approved the
study as posing minimal risk to patients, and it was therefore
performed under a waiver of informed consent. The investigation
conforms with the principles outlined in the World Medical
Association Declaration of Helsinki.

The MHI is a tertiary academic center that offers cardiac
interventional and surgical care with a 30-bed cardiosurgical
Critical Care Unit. All options from temporary mechanical
circulatory support to long-term ventricular assist devices and
heart transplantation are available on-site. The Cardiohelp©
device (Maquet Getinge Group, Wayne, NJ, USA) has been
used for ECPR. In 2014, a decision-making tool was developed
for refractory CA patients based on the current available
literature, aiming to improve CA patients’ outcomes. The
tool was developed in collaboration with the institution’s
resuscitation committee.

In the case of a refractory arrest, the ECMO team (made of a
cardiovascular surgeon, an interventional cardiologist and an

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1315548
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Demers et al.

intensivist) is activated through telephone notification. At the
bedside, the team decides whether or not the patients is an
appropriate candidate for ECPR based on the available cardiac
arrest information and clinical variables. After getting the team’s
consensus, cannulation occurs through peripheral femoral
cannulation on the site of arrest. For example, for an OHCA
arriving in the emergency room (ER), cannulation occurs in the
ER’s
catheterization laboratory, cannulation occurs while perfoming

resuscitation room. If the arrest occurs in the
PCIL. Cannulation’s guidance is provided by transoesphageal
echocardiography and fluoroscopy, when available. For all cases,
a mechanical compression device (LUCAS) was used during
CPR. Upon cannulation, blood flows are set at 3.5-5.0 L/min in
order to reach stable hemodynamics and regular aortic valve
opening. Post-arrest targeted temperature management (TTM
33-36 C) was used in all patients.

In the case of left ventricular distension and loss of pulsatile
flow, an algorithm for LV venting was used, aiming to help
improve patients’ outcomes as suggested by recent reports (15, 16).
Optimal anticoagulation was achieved with unfractionated

heparin. ECMO weaning was standardized for all patients (17).

Study population

Adult patients (>18 years old) who underwent ECPR during
the 8-years study period were included in the present study. We
dichotomized the patient cohort according to adherence or non-
adherence with the ECPR decision-making tool, which included
the following criteria: age <65 years, initial shockable rhythm,
no-flow time <5 min, serum lactate <13 mmol/L. Patients were
included in the “IN” group when they met all criteria of the
ECPR decision-making tool and in the “OUT” group when at
least one criterion was not met. We did not study patients who
experienced CA outside of ECPR cannulation team availability
and patients with an underlying medical condition of poor
COPD on home oxygen,
hemodialysis) or with an unwitnessed CA. These patients are

prognosis  (end-staged

cancer,

systematically excluded for ECPR eligibility at our institution.

Data collection

Data collection was conducted in a non-blinded fashion in
adherence to recommended chart review methodology (18). The
web-based Research Electronic Data Capture (REDCap) software
was used for collecting our variables of interest. After extraction,
the data was subsequently anonymized.

Baseline demographic and clinical characteristics, comorbidities,
and CA etiologies were collected. If the CA was caused by an ischemic
cardiac event, it was labeled as acute coronary syndrome. If no
ischemic cause was found, the CA etiology was labeled as non-
ischemic. Regarding the initial rhythm, we first analyzed this
variable as dichotomic (shockable vs. non-shockable) but also
performed analyses using it as an ordinal variable [shockable vs.
electrical activity (PEA) vs.

pulseless asystole]. For the
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pre-cannulation serum lactate, the worst value before ECPR
initiation was collected. Neurologic outcomes were also ascertained
through chart review.

Outcome measures

The primary outcome measure was survival with favorable
neurological status, defined as a Cerebral Performance Category
(CPC) score of 1-2. The CPC score ranges from 1 (defined as
conscious, alert, able to work), 2 (conscious, sufficient cerebral
function for independent activities of daily life, able to work in
sheltered environment), 3 (conscious, dependent on others for
daily support), 4 (comatose, vegetative state) to 5 (brain death) (19).
This variable was measured at 30 days or at hospital discharge
if it occurred after 30 days of hospitalization, to ensure that all
patients who were classified as having a favorable outcome
survived their hospitalization.

Statistical analysis

The entire eligible population was wused. Descriptive
statistics for the included cohort are presented using continuous
variables as means with standard deviations or median with
Q1-Q3, as appropriate, and categorical variables as frequencies
with percentages. Comparisons between groups were performed
using Mann-Whitney U-tests or Pearson’s y tests, as appropriate.

For the primary objective, the rate of survival with favorable
neurological status was compared between both groups (IN and
OUT) using a Fisher exact test. The number of patients meeting
our primary outcome criteria was expected to be too low to
perform adjusted analyses.

For the secondary objectives, we compared the rate of survival
with favorable neurological status of patients treated with ECPR
according to the number of deviations from the clinical decision-
making tool also using a Fisher exact test, using pairwise
comparisons. We then calculated the diagnostic value (sensitivity,
specificity, positive and negative likelihood ratios) of each
criterion of the clinical decision-making tool. Finally, we
explored how our clinical decision-making tool could be
optimized to differentiate patients with and without a favorable
neurologic outcome.

All statistical analyses were performed using SPSS Statistics for
Windows version 27.0 (IBM Corp, Armonk, NY, USA). The alpha

level was fixed at 0.05.
Results
Baseline characteristics
ECPR was performed on 41 patients between January 2014
and December 2021 at the MHI and were included in this

study. Eleven (27%) patients received ECPR with adherence to
all clinical variables in the ECPR decision-making tool (IN
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Patients treated with ECPR
(n=41)

Age <65 years
Initial shockable rhythm
No-flow time < 5 min
Serum lactate <13 mmol/L

IN group : all criteria are met
OUT group : at least one criteria is missing

A

y

IN group
(n=11)
Survival with a favorable
neurological status (CPC 1-2) : 36%

OUT group
(n=30)
Survival with a favorable neurological
status (CPC 1-2) : 23%

FIGURE 1
Study flow-chart; ECPR, extracorporeal resuscitation.

group) while 30 (73%) had at least one deviation from the local
ECPR algorithm before cannulation (OUT group) (Figure 1).
Nineteen (63%) patients had one deviation, 9 (30%) patients
had 2 deviations and 2 (7%) patients had 3 deviations variables
from the decision-making tool. The baseline demographic and
clinical characteristics of all included patients are presented in
Table 1. The most frequent variables of non-adherence were:
serum lactate >13 mmol/L (17%, 57%), initial non-shockable
rhythm (PEA: 11%, 37%; Asystole: 3%, 10%), age >65 years old
(7%, 23%) and no-flow >5 min (3%, 10%). One patient did not
have blood lactate measured before ECPR initiation but was
classified in the IN group as he experience an IHCA in the
catheterization laboratory and ECPR was implemented very
rapidly (low-flow time =20 min). As such, his lactates were
measured only as ECPR was initiated, and were under
13 mmol/L. Baseline characteristics were relatively similar
between both groups, apart from those who were used to
classify patients, which were either statistically significant
[Serum lactates <13 mmol/L: 10 (100%) vs. 13 (43%), P =0.002;
Initial shockable rhythm: 11 (100%) vs. 16 (53%), P =0.005] or
not statistically different [Age <65 years: 11 (100%) vs. 23
(77%), P=0.16]. The most common arrest etiology in both
groups was acute coronary syndrome [n=29 (71%)], followed
[n=10 (24%)]. ECPR was

by non-ischemic used more
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commonly in patients with IHCA (27%, 66%) than from
OHCA (14%, 34%). The average ECMO run duration for the
overall population was 5+5 days. Six patients (15%) had
withdrawal of life support within the first 24 h of cannulation.

Main results

A total of 4 (36%) patients met the primary outcome in the IN
group and 7 (23%) in the OUT group (Figure 2). There was no
statistical difference in the rate of survival with a favorable
neurologic outcome between both groups [odds ratio (OR): 1.88
(95% CI, 0.42-8.34); P =0.45]. There were not enough events to
perform a multivariable analysis.

The rate of survival with a favorable outcome according to the
number of deviations from the clinical decision-making tool are
presented in Figure 2. There was no statistical difference in the
rate of survival with a favorable neurologic outcome between
patients with 0 or 1 deviation from the clinical decision-making
tool [4 (36%) vs. 6 (32%), P=1.00]. Survival with a favorable
outcome decreased with subsequent deviations [2 deviations: 1
(11%); 3 deviations: 0 (0%)] however, the difference between
patients with 0 or 1 deviation as compared to those with 2 or
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TABLE 1 Baseline characteristics of patients, grouped according to the
adherence to the decision-making tool.

patients

(n=41) (n=11) (n=30)
Age, years 54 (11.0) 53 (10) 55 (12) 0.31
Age <65 years 34 (83) 11 (100) 23 (77) 0.16
Male 33 (80) 10 (91) | 22 (73) 031
Body mass index 27.8 (5.3) 28.7 (4.6) | 27.4 (5.6) 0.51
Comorbidities

Diabetes mellitus 9 (22) 109 8 (27) 0.23

Hypertension 23 (56) 6 (55) 17 (57) 0.90

Dyslipidemia 21 (51) 6 (55) 15 (50) 0.80

Congestive heart failure 5(12) 1(9) 4 (13) 0.71

Coronary artery disease 16 (39) 5 (45) 11 (37) 0.61

Smoking 16 (39) 4 (36) 12 (40) 0.83

Chronic obstructive 2 (5) 1(9) 1(3) 0.45
pulmonary disease

Chronic kidney disease 2 (5) 0 (0) 2 (6) 0.38
Location of arrest 0.64
Out-of-hospital cardiac arrest 14 (34) 5 (45) 9 (30)
In-hospital cardiac arrest 27 (66) 6 (55) 21 (70)

Arrest etiology 0.80
Acute coronary syndrome 29 (71) 9 (82) 20 (66)
Non ischemic cardiomyopathy 10 (24) 2 (18) 8 (27)

Myocarditis 8 (20) 1(9) 7 (23)

Acute on chronic heart failure 2 (4) 1(9) 1(3)
Pulmonary embolism 1(2) 0 (0) 1(3)
Intoxication 1(2) 0 (0) 1(3)

Initial rhythm 0.015
Shockable rhythm 27 (66) 11 (100) 16 (53)

Pulseless electrical activity 11 (27) 0 (0) 11 (37)

Asystole 3(7) 0 (0) 3 (10)

Initial shockable rhythm 27 (66) 11 (100) 16 (53) 0.007
Bystander cardiopulmonary 41 (100) 11 (100) 30 (100) -
resuscitation

Immediate cardiopulmonary 38 (93) 11 (100) 27 (90) 0.85
resuscitation

No flow <5 min 38 (93) 11 (100) 27 (90) 0.79
Time to cannulation, minutes 60 (40) 45 (25) 60 (43) 0.27
Low-flow <45 min 13 (32) 6 (55) 7 (23) 0.073
Pre-ECMO serum lactates, 11.4 (4.5) 9.6 (2.5) | 13.4 (4.7) 0.19
mmol/L

Pre-ECMO serum lactates 24 (59) 10 (100) 13 (43) 0.002
<13 mmol/L

Location of ECMO cannulation 0.84
Emergency department 7 (17) 3(27) 4 (27)
Catheterization laboratory 26 (63) 8 (73) 18 (60)

Intensive care unit 5(12) 0 (0) 5 (16)

Operating room 3(7) 0 (0) 3 (10)

SAVE score at admission, —5.6 (4.1) | —=3.9 (4.6) | —6.6 (3.7) 0.90

median (IQR)

ECMO, extracorporeal membrane oxygenation; SAVE, survival after veno-arterial
ECMO score.

Values are presented as median (interquartile range) or N (%); Clinical variables
included in the decision-making tool are bolded.

more deviations [10 (33%) vs. 1 (9%), P=0.23] was not
statistically significant.

Table 2 illustrates the sensitivity and specificity of each
individual variable of the decision-making tool. Notably, all
patients with initial asystole (n=3) and with a no-flow time of
>5 (n=5) minutes died (Sensitivity =100%). Sixty-four percent
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(n=7) of survivors had an initial shockable rhythm [Sensitivity
64%, specificity 33%, LR+0.95 (0.57-1.60)]. The presence
of a low-flow time of 4in or less was
[OR = 7.00

associated with
favorable neurologic outcomes (95% confidence
interval 1.53-32.00), P =0.12].

Considering these results, we performed an analysis in which
we considered the initial rhythm as an ordinal criterion
(Table 3). As such, the presence of an initial PEA added one
deviation while an initial asystole added two deviations. In this
analysis, the presence of a no-flow time >5 min also added two
deviations and patients who had a low-flow time of 45 min or
less were considered to have one less deviation (if they had one
to begin with). The rates of survival with a favorable outcome
according to the number of deviations from this modified
decision-making tool are presented in Figure 3. Patients with 0
and 1 deviation were more likely to survive with a favorable
neurologic outcome as compared to those with 2 deviations or

more [11 (37%) vs. 0 (0%), P=0.02].

Discussion

In this cohort study of cardiac arrests patients receiving ECPR,
we observed that survival with a good neurologic outcome did not
differ significantly between patients selected within and outside the
variables of a decision-making tool. However, patients’ survival
seemed to decrease rapidly when more than one deviation from
the tool were present. We therefore modified our clinical
decision-making tool to adequately discriminate between patients
with and without good outcomes. Indeed, such decision-making
tools are designed to guide the care of CA patients in identifying
those optimal for ECPR implantation (20, 21). The criteria
included in our clinical decision tool had, individually, a
relatively poor predictive accuracy to identify patients with a
good neurologic outcome. However, we observed that bundling
individual criteria could help discriminate patients with a higher
chance of survival, as demonstrated by the improved survival
with good neurological outcome in our modified decision-
making tool. These results reflect the complex interaction
between individual factors and the clinical condition, suggesting
they should be analyzed as a whole before ECPR implementation.

Regarding the cardiac rhythm at ECMO initiation, our finding
partly contrasts with previously published studies, which showed
that patients with a shockable rhythm had a 5-15 higher
likelihood of survival compared to patients with non-shockable
rhythms (22-24). A recent observational study by Pozzi et al.
(25) also showed that adding sustained shockable rhythm as a
strict criterion for ECMO implementation improved the survival
to discharge with CPC 1-2 from 4% to 24% in their cohort.
However, in a retrospective study, Yoshida et al. (26) observed
that ECPR can be implemented in OHCA with non-shockable
rhythms with a fair overall survival (23%) in carefully selected
patients with a short low-flow time. Similarly, patients in our
cohort implanted with non-shockable rhythms did not have other
deviation from protocol, while patients with a shockable rhythm
had more frequently other deviations from protocol. Nevertheless,
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FIGURE 2

decision-making tool.

Probabilities of favorable neurological status of patients treated with extracorporeal resuscitation according to the number of deviations from the

11% (h=1)

0%

the presence of asystole in our cohort universally identified patients
with bad outcomes, suggesting that the presence or not of a
shockable rhythm should be considered alongside the other
clinical variables for ECPR candidacy selection.

The presence of a no-flow time of 5min or more always
identified patients who had worse outcomes, while a low-flow
time of 45 min or less showed the best positive likelihood for
good outcomes. These results are in line with several small
studies (20, 27, 28) which have shown a rapid decline in survival
with increased resuscitation duration. Indeed, no-flow duration

over 5min confers a dismal prognosis in cardiac arrest patients
(29, 30). Low-flow duration should obviously be as short as
possible and Otani et al. (27) suggested that 58 min was possibly
the cut-off for optimal survival and Chen et al. (31) showed a
significant increase in survival (OR, 9.8) with CPR duration of
less than 60 min when compared to those above 1h. This is
obviously explained by patients with the shortest no- and low-
flow duration having reduced time of hypoperfusion and ensuing
suffering for the brain and the body. This emphasizes the
importance of early ECMO-team activation in CA patients.

TABLE 2 Sensitivity, specificity, positive likelihood ratio and negative likelihood ratio of each criterion of the decision-making tool to identify patients

who survived with a favorable neurologic outcome.

Death
(n=30)

Survival with a
favorable

Variable OR (95% Cl)

neurologic
outcome (n=11)

P-value

Positive
likelihood
ratio (95% Cl)

Sensitivity
(95% Cl)

Specificity
(95% CI)

Negative
likelihood
ratio (95% Cl)

Age <65 years old 10 (91%) 24 (80%) | 2.50 (0.27-23.53) 0.42 91% (57%-100%) | 20% (8%-39%) | 1.14 (0.87-1.47) 0.45 (0.05-3.83)
No-flow time 11 (100%) 25 (83%) NA NA 100% (68%-100%) | 17% (6%-35%) 1.20 (1.02-1.41) 0 (0-NA)
<5 min
Initial shockable 7 (64%) 20 (67%) | 0.88 (0.21-3.71) 0.86 64% (32%-88%) | 33% (18%-53%) | 0.95 (0.57-1.60) 1.09 (0.44-2.72)
rhythm
Initial lactate <13 8 (73%) 15 (52%)7 | 2.49 (0.55-11.31) 0.24 73% (39%-93%) | 48% (30%-67%) | 1.40 (0.85-2.32) 0.56 (0.20-1.59)
mmol/L
Initial rhythm # 11 (100%) 27 (90%) NA NA 100% (68%-100%) | 10% (3%-28%) | 1.11 (0.99-1.25) 0 (0-NA)
asystole
Low-flow time 7 (64%) 6 (20%) | 7.00 (1.53-32.00) 0.012 64% (31%-89%) 80 (61%-92%) 3.18 (1.37-7.40) 0.45 (0.20-1.01)
<45 min

95% ClI, 95% confidence interval.

21 patient with a missing value.
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TABLE 3 Modified decision-making tool for ECPR patients’ selection.

Clinical variables Deviation points

Initial rhythm

Asystole 2
PEA 1
No flow time >5 min 2

Low flow time <45 min -1
Total

0 point

Survival
40%
33%

0%

1 point

>2 points

The presence of a lactate less than 13 mmol/L had an average
sensitivity but a poor specificity to identify patients at good
outcomes following ECPR. Different lactate thresholds (32-34)
have been used for ECPR selection. In a retrospective nationwide
OHCA study, Gregers et al. (33) observed that admission lactate
lower than 13.2 mmol/L was associated with improved outcomes
in patients treated with ECPR. Likewise, Halenarova and colleges
(34) showed that pre-ECMO lactate values above 13.5 mmol/L in
IHCA and above 16 mmol/L in OHCA were associated with
worse prognosis, reflecting the greater metabolic derangement in
these patients. Moreover, lactate clearance in the first hours after
ECPR, and not only the initial absolute value, could help identify
patients with a favorable prognosis (35). Therefore, although
absolute lactate thresholds vary in the literature, limiting the

10.3389/fcvm.2023.1315548

degree of tissue hypoxia and hypoperfusion before ECPR
implantation can help improve outcomes in this population.

Patient’s age of less than 65 years had a good sensitivity but a
poor specificity to identify patients at good outcomes following
ECPR. Age has been reported as an unfavorable prognostic
factor in ECPR patients, and different cut-offs have been
proposed in the literature (36, 37). In a small retrospective
study, Axtell et al. (38) observed that young age was the most
important predictor of good neurological function, with a
threshold at 60 years old. Other studies (39, 40) have shown
that less than 3% of patients above 75 years old that received
ECPR have a good neurologic outcome. Elderly patients have a
lower cardiovascular and respiratory physiological reserve than
youngers, which can explain their inability to withstand
prolonged CA and ECPR.

From our results, we derived a modified clinical decision tool
that improve discrimination between patients with and without
good outcomes. In this algorithm, patients were still considered
eligible with one deviation (or even two deviations if they had a
low-flow time of less 45 min). As such, we probably need to have
flexibility when implementing ECPR to ensure that we do not
miss out on patients with a fair chance of good outcome. A
should prospectively modified
algorithm and investigate how it can be combined with other

future study evaluate our

clinical markers of cerebral blood flow, such as the presence of
signs of life during resuscitation (41).

100%

75%

50%
40% (n=4)
33% [n=7)

25%

0%

0%

FIGURE 3

modified decision-making tool.

Probabilities of favorable neurological status of patients treated with extracorporeal resuscitation according to the number of deviations from the
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Limitations

Our retrospective observational design comes with inherent
limitations. Patients for whom ECPR was initiated outside of the
clinical decision tool might have had some unmeasured
characteristics which made them at better prognosis. However,
we captured most known determinants of survival following
ECPR and these were accounted for in our interpretations of the
results. Our small sample size limit our ability to perform
multivariable analyses and to assess complex interactions with
confounders, which is a common issue in this particular field of
study. Finally, our results might not be generalizable to other
regions, as ECPR performance or CA patients’ characteristics
could differ. However, our observed overall outcomes (survival
with good neurological outcome=27%) are consistent with
previous reports showing a survival rate between 23%-43%,

which hints at similar patients and treatments (13-20, 21-42).

Conclusion

Most patients supported with ECPR at our institution fell outside
of the criteria encompassed in our clinical decision-making tool, but
they did not differ in their survival rate with a good neurologic
outcome of those who met all criteria. However, survival with
favorable outcome decreased steadily after one deviation from the
original decision-making tool. Using a modified algorithm, no
patients with 2 or more deviations exhibited survival with favorable
neurological status. Our results emphasize the need to improve
selection when considering all patients with a fair chance of survival,
for better outcomes while avoiding futility.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institut de
cardiologie de Montréal. The studies were conducted in accordance

References

1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS,
et al. Heart disease and stroke statistics-2022 update: a report from the
American heart association. Circulation. (2022) 145(8):e153-639. doi: 10.1161/
CIR.0000000000001052

2. Peberdy MA, Kaye W, Ornato JP, Larkin GL, Nadkarni V, Mancini ME, et al.
Cardiopulmonary resuscitation of adults in the hospital: a report of 14,720 cardiac
arrests from the national registry of catdiopulmonary resuscitation. Resuscitation.
(2003) 58(3):297-308. doi: 10.1016/S0300-9572(03)00215-6

3. McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, et al. Out-
of-hospital cardiac arrest surveillance-cardiac arrest registry to enhance survival
(CARES). MMWR Surveill Summ. (2011) 60(8):1-19.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1315548

with the local legislation and institutional requirements. The ethics
commiittee/institutional review board waived the requirement of
written informed consent for participation from the participants or
the participants’ legal guardians/next of kin because Retrospective
chart review study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

S-PD: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Software,
Writing — original draft, Writing — review & editing. AC: Formal
Analysis, Supervision, Writing - original draft, Writing — review
& editing. OD: Writing - review & editing. P-EN: Writing —
review & editing. AD: Writing — review & editing. HL: Writing -
review & editing. MA: Writing — review & editing. KS: Writing -
review & editing. YC: Writing - review & editing. WB: Writing -
review & editing. YL: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

4. Chan PS, McNally B, Tang F, Kellermann A, CARES Surveillance Group.
Recent trends in survival from out-of-hospital cardiac arrest in the United
States. Circulation. (2014) 130(21):1876-82. doi: 10.1161/CIRCULATIONAHA.
114.009711

5. Cheskes S, Schmicker RH, Rea T. Chest compression fraction: a time dependent
variable of survival in shockable out-of-hospital cardiac arrest. Resuscitation. (2015)
97:129-35. doi: 10.1016/j.resuscitation.2015.07.003

6. Grunau B, Reynolds JC, Scheuermeyer FX, Stenstrom R, Pennington S, Cheung C,
et al. Comparing the prognosis of those with initial shockable and nonshockable
rhythms with increasing durations of CPR: informing minimum durations of
resuscitation. Resuscitation. (2016) 101:50-6. doi: 10.1016/j.resuscitation.2016.01.021

frontiersin.org


https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1016/S0300-9572(03)00215-6
https://doi.org/10.1161/CIRCULATIONAHA.114.009711
https://doi.org/10.1161/CIRCULATIONAHA.114.009711
https://doi.org/10.1016/j.resuscitation.2015.07.003
https://doi.org/10.1016/j.resuscitation.2016.01.021
https://doi.org/10.3389/fcvm.2023.1315548
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Demers et al.

7. Goto Y, Funada A, Goto Y. Relationship between the duration of
cardiopulmonary resuscitation and favorable neurological outcomes after out-of-
hospital cardiac arrest: a prospective, nationwide, population-based cohort study.
] Am Heart Assoc. (2016) 5(3):e002819. doi: 10.1161/JAHA.115.002819

8. Fagnoul D, Taccone FS, Belhaj A, Rondelet B, Argacha JF, Vincent JL, et al.
Extracorporeal life support associated with hypothermia and normoxemia in
refractory cardiac arrest. Resuscitation. (2013) 84(11):1519-24. doi: 10.1016/j.
resuscitation.2013.06.016

9. Lazzeri C, Bernardo P, Sori A, Innocenti L, Stefano P, Peris A, et al. Venous-
arterial extracorporeal membrane oxygenation for refractory cardiac arrest: a clinical
challenge. Eur Heart ] Acute Cardiovasc Care. (2013) 2(2):118-26. doi: 10.1177/
2048872613484687

10. Sauer CM, Yuh DD, Bonde P. Extracorporeal membrane oxygenation use has
increased by 433% in adults in the United States from 2006 to 2011. ASAIO J.
(2015) 61(1):31-6. doi: 10.1097/MAT.0000000000000160

11. Extracorporeal Life Support Organization (ELSO). Online ECLS registy report.
International summary, (2022).

12. Fagnoul D, Combes A, De Backer D. Extracorporeal cardiopulmonary resuscitation.
Curr Opin Crit Care. (2014) 20(3):259-65. doi: 10.1097/MCC.0000000000000098

13. Richardson ASC, Tonna JE, Nanjayya V, Nixon P, Abrams DC, Raman L, et al.
Extracorporeal cardiopulmonary resuscitation in adults. Interim guideline consensus
statement from the extracorporeal life support organization. ASAIO J. (2021) 67
(3):221-8. doi: 10.1097/MAT.0000000000001344

14. Koen ‘], Nathanaél T, Philippe D. A systematic review of current ECPR
protocols. A step towards standardisation. Resusc Plus. (2020) 3:100018. doi: 10.
1016/j.resplu.2020.100018

15. Ricarte Bratti JP, Cavayas YA, Noly PE, Serri K, Lamarche Y. Modalities of left
ventricle decompression during VA-ECMO therapy. Membranes. (2021) 11(3):209.
doi: 10.3390/membranes11030209

16. Thevathasan T, Kenny MA, Krause FJ, Paul J, Wurster T, Boie SD, et al. Left-
ventricular unloading in extracorporeal cardiopulmonary resuscitation due to acute
myocardial infarction - a multicenter study. Resuscitation. (2023) 186:109775.
doi: 10.1016/j.resuscitation.2023.109775

17. Serri K, Noly PE, Cavayas YA, Fernandes A, Lamarche Y. Technigal
considerations during pump controlled retrograde trial off with the cardiohelp™
system. Perfusion. (2022) 37(4):432-3. doi: 10.1177/02676591211000575

18. Sarkar S, Seshadri D. Conducting record review studies in clinical practice. J Clin
Diagn Res. (2014) 8(9):JG01-4. doi: 10.7860/JCDR/2014/8301.4806

19. Safar P. Resuscitation After Brain Ischemia, Brain Failure and Resuscitation.
New York: Churchill Livinstone (1981). 155-84.

20. Bartos JA, Grunau B, Carlson C, Duval S, Ripeckyj A, Kalra R, et al. Improved
survival with extracorporeal cardiopulmonary resuscitation despite progressive
metabolic derangement associated with prolonged resuscitation. Circulation. (2020)
141(11):877-86. doi: 10.1161/CIRCULATIONAHA.119.042173

21. Yannopoulos D, Kalra R, Kosmopoulos M, Walser E, Bartos JA, Murray TA,
et al. Rationale and methods of the advanced R(2)Eperfusion STrategies for
refractory cardiac arrest (ARREST) trial. Am Heart ]. (2020) 229:29-39. doi: 10.
1016/j.ah;j.2020.07.006

22. Zive DM, Schmicker R, Daya M, Kudenchuk P, Nichol G, Rittenberger JC, et al.
Survival and variability over time from out of hospital cardiac arrest across large
geographically diverse communities participating in the resuscitation outcomes
consortium. Resuscitation. (2018) 131:74-82. doi: 10.1016/j.resuscitation.2018.07.023

23. Rea TD, Cook AJ, Stiell IG, Powell ], Bigham B, Callaway CW, et al. Predicting
survival after out-of-hospital cardiac arrest: role of the utstein data elements. Ann
Emerg Med. (2010) 55(3):249-57. doi: 10.1016/j.annemergmed.2009.09.018

24. Reynolds JC, Rittenberger JC, Toma C, Callaway CW. Post cardiac arrest service.
Risk-adjusted outcome prediction with initial postcardiac arrest illness severity:
implications for cardiac arrest survivors being considered for early invasive strategy.
Resuscitation. (2014) 85(9):1232-9. doi: 10.1016/j.resuscitation.2014.05.037

25. Pozzi M, Grinberg D, Armoiry X, Flagiello M, Hayek A, Ferraris A, et al. Impact
of a modified institutional protocol on outcomes after extracorporeal cardiopulmonary
resuscitation for refractory out-of-hospital cardiac arrest. J Cardiothorac Vasc Anesth.
(2022) 36(6):1670-7. doi: 10.1053/j.jvca.2021.05.034

26. Yoshida T, Fujitani S, Wakatake H, Kitano Y, Yoshida M, Tsutsumi K, et al.
Exploratory observational study of extracorporeal cardiopulmonary resuscitation for
nonshockable out-of hospital cardiac arrest occurring after an emergency medical
services arrival: SOS-KANTO 2012 study report. ] Emerg Med. (2020) 58(3):375-84.
doi: 10.1016/j.jemermed.2019.12.004

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2023.1315548

27. Otani T, Sawano H, Natsukawa T, Nakashima T, Oku H, Gon C, et al. Low-flow
time is associated with a favorable neurological outcome in out-of-hospital cardiac
arrest patients resuscitated with extracorporeal cardiopulmonary resuscitation. J Crit
Care. (2018) 48:15-20. doi: 10.1016/j.jcrc.2018.08.006

28. Lunz D, Calabro L, Belliato M, Contri E, Broman LM, Scandroglio AM, et al.
Extracorporeal membrane oxygenation for refractory cardiac arrest: a retrospective
multicenter study. Intensive Care Med. (2020) 46(5):973-82. doi: 10.1007/s00134-
020-05926-6

29. Peigh G, Cavarocchi N, Hirose H. Saving life and brain with extracorporeal
cardiopulmonary resuscitation: a single-center analysis of in-hospital cardiac
arrests. | Thorac Cardiovasc Surg. (2015) 150(5):1344-9. doi: 10.1016/j.jtcvs.
2015.07.061

30. Murakami N, Kokubu N, Nagano N, Nishida ], Nishikawa R, Nakata J, et al.
Prognostic impact of no-flow time on 30-day neurological outcomes in patients
with out-of-hospital cardiac arrest who received extracorporeal cardiopulmonary
resuscitation. Circ J. (2020) 84(7):1097-104. doi: 10.1253/circj.CJ-19-1177

31. Chen YS, Yu HY, Huang SC, Lin JW, Chi NH, Wang CH, et al. Extracorporeal
membrane oxygenation support can extend the duration of cardiopulmonary
resuscitation. Crit Care Med. (2008) 36(9):2529-35. doi: 10.1097/CCM.
0b013e318183f491

32. Debaty G, Babaz V, Durand M, Gaide-Chevronnay L, Fournel E, Blancher M,
et al. Prognostic factors for extracorporeal cardiopulmonary resuscitation
recipients following out-of-hospital refractory cardiac arrest. A systematic review
and meta-analysis. Resuscitation. (2017) 112:1-10. doi: 10.1016/j.resuscitation.
2016.12.011

33. Gregers E, Mork SR, Linde L, Andreasen JB, Smerup M, Kjeergaard J, et al.
Extracorporeal cardiopulmonary resuscitation: a national study on the association
between favourable neurological status and biomarkers of hypoperfusion,
inflammation, and organ injury. Eur Heart ] Acute Cardiovasc Care. (2022) 11
(11):808-17. doi: 10.1093/ehjacc/zuac135

34. Halenarova K, Belliato M, Lunz D, Peluso L, Broman LM, Malfertheiner MV,
et al. Predictors of poor outcome after extra-corporeal membrane oxygenation for
refractory cardiac arrest (ECPR): a post hoc analysis of a multicenter database.
Resuscitation. (2022) 170:71-8. doi: 10.1016/j.resuscitation.2021.11.015

35. Mizutani T, Umemoto N, Taniguchi T, Ishii H, Hiramatsu Y, Arata K, et al. The
lactate clearance calculated using serum lactate level 6 h after is an important
prognostic predictor after extracorporeal cardiopulmonary resuscitation: a single-
center retrospective observational study. J Intensive Care. (2018) 6:33. doi: 10.1186/
540560-018-0302-z

36. Goto T, Morita S, Kitamura T, Natsukawa T, Sawano H, Hayashi Y, et al. Impact
of extracorporeal cardiopulmonary resuscitation on outcomes of elderly patients who
had out-of-hospital cardiac arrests: a singlecentre retrospective analysis. BMJ Open.
(2018) 8(5):e019811. doi: 10.1136/bmjopen-2017-019811

37. Yu HY, Wang CH, Chi NH, Huang SC, Chou HW, Chou NK, et al. Effect of
interplay between age and low-flow duration on neurologic outcomes of
extracorporeal cardiopulmonary resuscitation. Intensive Care Med. (2019) 45
(1):44-54. doi: 10.1007/s00134-018-5496-y

38. Axtell AL, Funamoto M, Legassey AG, Moonsamy P, Shelton K, D'Alessandro
DA, et al. Predictors of neurologic recovery in patients who undergo extracorporeal
membrane oxygenation for refractory cardiac arrest. | Cardiothorac Vasc Anesth.
(2020) 34(2):356-62. doi: 10.1053/j.jvca.2019.08.003

39. Okada Y, Kiguchi T, Irisawa T, Yamada T, Yoshiya K, Park C, et al.
Development and validation of a clinical score to predict neurological outcomes in
patients with  out-of-hospital ~cardiac arrest treated with extracorporeal
cardiopulmonary resuscitation. JAMA Network Open. (2020) 3(11):2022920.
doi: 10.1001/jamanetworkopen.2020.22920

40. Miyamoto Y, Matsuyama T, Goto T, Ohbe H, Kitamura T, Yasunaga H, et al.
Association between age and neurological outcomes in out-of-hospital cardiac arrest
patients resuscitated with extracorporeal cardiopulmonary resuscitation: a
nationwide multicentre observational study. Eur Heart ] Acute Cardiovasc Care.
(2022) 11(1):35-42. doi: 10.1093/ehjacc/zuab021

41. Debaty G, Lamhaut L, Aubert R, Nicol M, Sanchez C, Chavanon O, et al.
Prognostic value of signs of life throughout cardiopulmonary resuscitation for
refractory out-of-hospital cardiac arrest. Resuscitation. (2021) 162:163-70. doi: 10.
1016/j.resuscitation.2021.02.022

42. Stub D, Bernard S, Pellegrino V, Smith K, Walker T, Sheldrake J, et al. Refractory
cardiac arrest treated with mechanical CPR, hypothermia, ECMO and early
reperfusion (the CHEER trial). Resuscitation. (2015) 86:88-94. doi: 10.1016/j.
resuscitation.2014.09.010

frontiersin.org


https://doi.org/10.1161/JAHA.115.002819
https://doi.org/10.1016/j.resuscitation.2013.06.016
https://doi.org/10.1016/j.resuscitation.2013.06.016
https://doi.org/10.1177/2048872613484687
https://doi.org/10.1177/2048872613484687
https://doi.org/10.1097/MAT.0000000000000160
https://doi.org/10.1097/MCC.0000000000000098
https://doi.org/10.1097/MAT.0000000000001344
https://doi.org/10.1016/j.resplu.2020.100018
https://doi.org/10.1016/j.resplu.2020.100018
https://doi.org/10.3390/membranes11030209
https://doi.org/10.1016/j.resuscitation.2023.109775
https://doi.org/10.1177/02676591211000575
https://doi.org/10.7860/JCDR/2014/8301.4806
https://doi.org/10.1161/CIRCULATIONAHA.119.042173
https://doi.org/10.1016/j.ahj.2020.07.006
https://doi.org/10.1016/j.ahj.2020.07.006
https://doi.org/10.1016/j.resuscitation.2018.07.023
https://doi.org/10.1016/j.annemergmed.2009.09.018
https://doi.org/10.1016/j.resuscitation.2014.05.037
https://doi.org/10.1053/j.jvca.2021.05.034
https://doi.org/10.1016/j.jemermed.2019.12.004
https://doi.org/10.1016/j.jcrc.2018.08.006
https://doi.org/10.1007/s00134-020-05926-6
https://doi.org/10.1007/s00134-020-05926-6
https://doi.org/10.1016/j.jtcvs.2015.07.061
https://doi.org/10.1016/j.jtcvs.2015.07.061
https://doi.org/10.1253/circj.CJ-19-1177
https://doi.org/10.1097/CCM.0b013e318183f491
https://doi.org/10.1097/CCM.0b013e318183f491
https://doi.org/10.1016/j.resuscitation.2016.12.011
https://doi.org/10.1016/j.resuscitation.2016.12.011
https://doi.org/10.1093/ehjacc/zuac135
https://doi.org/10.1016/j.resuscitation.2021.11.015
https://doi.org/10.1186/s40560-018-0302-z
https://doi.org/10.1186/s40560-018-0302-z
https://doi.org/10.1136/bmjopen-2017-019811
https://doi.org/10.1007/s00134-018-5496-y
https://doi.org/10.1053/j.jvca.2019.08.003
https://doi.org/10.1001/jamanetworkopen.2020.22920
https://doi.org/10.1093/ehjacc/zuab021
https://doi.org/10.1016/j.resuscitation.2021.02.022
https://doi.org/10.1016/j.resuscitation.2021.02.022
https://doi.org/10.1016/j.resuscitation.2014.09.010
https://doi.org/10.1016/j.resuscitation.2014.09.010
https://doi.org/10.3389/fcvm.2023.1315548
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Impact of clinical variables on outcomes in refractory cardiac arrest patients undergoing extracorporeal cardiopulmonary resuscitation
	Introduction
	Materials and methods
	Study design and setting
	Study population
	Data collection
	Outcome measures
	Statistical analysis

	Results
	Baseline characteristics
	Main results

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


