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ABSTRACT

Aim Extracorporeal cardiopulmonary resuscitation
(ECPR) has been shown to have survival benefit in
patients who had in-hospital cardiac arrest (IHCA).
However, limited data are available on the role of
extracorporeal membrane oxygenation (ECMO) for out-
of-hospital cardiac arrest (OHCA). Therefore, we aimed
to investigate clinical outcomes and predictors of in-
hospital mortality in patients who had OHCA and who
underwent ECPR.

Methods From January 2004 to December 2013, 235
patients who received ECPR were enrolled in a
retrospective, single-centre, observational registry.
Among those, we studied 35 adult patients who had
OHCA. The primary outcome was in-hospital mortality.
Results Among 35 patients with a median age of

55 years (IQR 45-64), 29 (82.9%) of whom were male,
ECMO implantation was successful in all and 10 patients
(28.6%) lived to be discharged from the hospital. In 18
cases (51.4%), first monitored rhythms were identified
as ventricular tachycardia/ventricular fibrillation, that is,
shockable rhythm. There were no differences between in-
hospital survivors and non-survivors regarding median
time of arrest to cardiopulmonary resuscitation (CPR)
(survivors: 23.5 min (IQR 18.8-27.3) vs non-survivors:
20.0 min (IQR 15.0-24.5); p=0.41) and median time of
CPR to ECMO pump-on (survivors: 61.0 min (IQR 39.8—
77.8) vs non-survivors 50.0 min (IQR 44.0-72.5);
p=0.50). In 23 cases (65.7%), ischaemic heart disease
was diagnosed and successful revascularisation was
achieved in a significantly higher proportion of the
survivor group (8/10 (80.0%)) than the non-survivor
group (8/25 (32.0%)) (p=0.02). Witnessed arrest
(HR=3.96; 95% Cl 1.38 to 11.41; p=0.01), bystander
CPR (HR=4.05; 95% C| 1.56 to 10.42; p=0.004) and
successful revascularisation (HR=2.90; 95% Cl 1.23 to
6.86; p=0.02) were independent predictors of survival-
to-discharge in patients who had OHCA in univariate
Cox regression analysis.

Conclusion Survival rate for ECPR in the setting of
OHCA remains poor. Our findings suggest that ECMO
implantation should be very carefully considered in
highly selected patients who had OHCA with little no-
flow time and a reversible cause.

INTRODUCTION

Cardiopulmonary resuscitation (CPR) of patients
who had out-of-hospital cardiac arrest (OHCA)
remains a critical situation with high immediate
mortality despite the improvement in resuscitation
methods and the spread of automatic defibrillator.
Recent studies have shown that survival rates after

What is already known on this subject?

» Survival rates after out-of-hospital cardiac
arrest have remained unchanged or improved
only slightly over the past few decades.

» Extracorporeal cardiopulmonary resuscitation
should be considered for in-hospital patients in
cardiac arrest.

What might this study add?

» Survival rate for extracorporeal cardiopulmonary
resuscitation in the setting of out-of-hospital
cardiac arrest is poor.

Predictors of survival to discharge in patients
with out-of-hospital cardiac arrest were
witnessed arrest, prehospital bystander
cardiopulmonary resuscitation and successful
revascularization.

v

OHCA have remained unchanged or improved
only slightly over the past few decades.'™
Extracorporeal membrane oxygenation (ECMO) in
the setting of CPR, sometimes called extracorporeal
CPR (ECPR), has been suggested as a therapeutic
option in refractory cardiac arrest. ECMO can
achieve normal oxygen delivery by providing suffi-
cient perfusion of vital organs during treatment of
the cause of cardiac arrest, thereby effectively redu-
cing the ‘no-flow time’.> The American Heart
Association proposed that ECPR should be consid-
ered for in-hospital patients in cardiac arrest when
the duration of no-flow arrest is brief and the con-
ditions leading to the cardiac arrest are reversible
or amenable to heart transplantation or revasculari-
sation.® Recent studies reported that early applica-
tion of ECMO improved the prognosis of
prolonged cardiac arrest in the context of
in-hospital cardiac arrest (IHCA) compared with
conventional CPR alone.” However, limited data
are available on the role of ECMO for OHCA.
Therefore, we investigated clinical outcomes and
predictors of survival-to-discharge of patients who
had OHCA and who underwent ECPR.

METHODS

Study population

We retrospectively analysed our ECMO data regis-
try of 35 patients treated with ECMO for
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refractory OHCA among 696 patients treated with ECMO life
support at Samsung Medical Center (a 1960-bed,
university-affiliated, tertiary hospital in 10.36 million residents
city Seoul, Korea) from January 2004 to December 2013.
Exclusion criteria were as follows: IHCA, unrelated CPR, age
<18 years, terminal malignancies or expected lifespan of
<1lyear and veno-veno-type ECMO. This study received
Institutional Review Board approval and informed consent was
waived. Clinical, laboratory and outcome data were collected by
a trained study coordinator using a standardised case report
form. All cardiac arrest-related data, including location of arrest,
first monitored arrest rhythm, resuscitation time and use of a
defibrillator, were collected from the emergency medical ser-
vices. Similarly, past medical history, onset time and/or elapsed
time of cardiac arrest, circumstances of cardiac arrest and infor-
mation on bystander CPR were collected through interview
with members of the family and witnesses to the arrest. Initially,
all patients were treated by emergency room physicians without
interruption of treatment until ECMO implantation.

Definition and outcomes

The use of ECMO was considered for patients who underwent
prolonged CPR (>10 min) without sustained return of spontan-
eous circulation (ROSC). Definition of sustained ROSC was
continuous maintenance of spontaneous circulation for
>20 min. ECPR was defined as intention-to-treat with haemo-
dynamic ECMO support during cardiac massage regardless of
interim ROSC.® Successful revascularisation was defined as final
residual stenosis of <20% of the vessel diameter with thromb-
olysis in myocardial infarction flow grade of >2 after revascular-
isation as assessed by visual estimation of the angiograms.’
Cerebral performance category (CPC) scores were obtained
from medical records and scored on the day of discharge from
the hospital. Good neurological status was defined as a CPC
score of 1 or 2. The primary outcome was survival-to-discharge
and the secondary outcome was a CPC score of 1 or 2.

ECMO system and management

Percutaneous cannulation of the femoral vein and artery was
performed mostly using Seldinger technique by the attending
staff interventional cardiologist or cardiovascular surgeon,
without interruption of chest compression. Femoral cut-down
procedures were performed when it was difficult to puncture
the femoral artery percutaneously, such as patients with periph-
eral artery disease or severe obesity. The Capiox Emergency
Bypass System (Terumo, Tokyo, Japan) was used in all cases.
Vascular cannula size was 14-18 Fr for artery and 21-28 Fr for
vein. Anticoagulation was accomplished by bolus injection of
unfractionated heparin, followed by continuous intravenous
infusion of heparin to maintain an activated clotting time
between 150 and 200s. After ECMO initiation, pump blood
flow rate was set above 2.2 L/min/body surface area (m?) initially
and was adjusted subsequently to maintain a mean arterial pres-
sure (MAP) of above 65 mm Hg. BP was monitored continu-
ously through an arterial catheter and ABG analysis was
performed in the artery of the right arm to estimate cerebral
oxygenation. Additional fluids, blood transfusion and/or cate-
cholamines (norepinephrine, epinephrine or dobutamine) were
supplied to maintain intravascular volume and/or to achieve a
MAP of >65 mm Hg, if necessary. If hypoperfusion of the leg
was suspected, as noted on physical examination and Doppler
ultrasound of the femoral artery, an additional 7-9 Fr percutan-
eous catheter distal to the ECMO arterial cannula was placed
into the superficial femoral artery.

Statistical analysis

Results are reported as medians and quartiles (IQRs) or percen-
tages. Continuous variables were compared using the
Mann-Whitney U test and categorical data were analysed using
x> test or Fisher’s exact test as appropriate. Univariate Cox
regression analysis was used to determine independent predic-
tors of in-hospital mortality. Multivariate Cox regression ana-
lysis was inappropriate due to the small sample size. Survival
curves were constructed using Kaplan-Meier estimates and com-
pared with the log-rank test. All tests were two-tailed and a
p value <0.05 was considered statistically significant. Statistical
tests were performed using SPSS software (V.18.0; SPSS,
Chicago, Illinois, USA) for Windows.

RESULTS

Baseline and arrest characteristics

Between January 2004 and December 2013, a total of 235
patients received ECPR for cardiac arrest, including 200 patients
who had THCA and 35 patients who had OHCA. Figure 1 sum-
marises the patient flow in this study. Baseline characteristics of
our study populations are summarised in table 1. There were no
significant differences in baseline characteristics between survi-
vors and non-survivors. All survivors were male and younger
than 65 years. Arrest and resuscitation characteristics of patients
are shown in table 2. The most common cause of OHCA was car-
diogenic origin. Of the 10 OHCA survivors, 7 had a shockable
rhythm (ventricular fibrillation and /or ventricular tachycardia)
on the initial ECG and 29 patients who had OHCA were wit-
nessed arrest (82.9%). Bystander CPR were performed in nine
(90.0%) of the survivors compared with six (24.0%) of the non-
survivors (p=0.001). There was no significant difference in
arrest-to-hospital arrival time (survivors: 23.5 min (IQR 18.8-
27.3) vs non-survivors 20.0 min (IQR 15.0-24.5); p=0.41) and
hospital ~arrival-to-ECMO implantation time (survivors:
61.0 min (IQR 39.8-77.8) vs non-survivors 50.0 min (IQR
44.0-72.5); p=0.50) between the two groups. However, survi-
vors had a high prevalence of successful revascularisation as com-
pared with non-survivors (8(80.0%) vs 8(32.0%), p=0.02). All
patients in the survivor group (100%) and three patients in the

ECMO life support
Jan. 2004 ~ Dec. 2013
(n=696) Exclusion

Unrelated to CPR (n =173)
Age <18 yrs (n=94)
Malignant, expected lifespan < 1yr (n = 61)
Veno-Veno ECMO (n = 68)

with ECPR ition (n = 54)
Insufficient medical records (n = 11)

Cardiac arrest rescued by ECPR
(n=235)

In hospital Out-of-hospital
(n =200) (n=35)

|
] 1

Survivors Non-survivors
(n=10) (n=25)
CPC1 CPC2 CPC3 CPC 4

n=8) (m=1) (n=0) m=1)

Figure 1  Flow chart showing patient selection. CPC: cerebral
performance category; CPR, cardiopulmonary resuscitation; ECMO,
extracorporeal membrane oxygenation; ECPR, extracorporeal
cardiopulmonary resuscitation.
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non-survivor group (12.0%) were successfully weaned from
ECMO (p<0.001). Bleeding complications at the cannulation
site of ECMO developed in 13 patients (37.1%) and limb ischae-
mia occurred in one patient (2.8%) in the survivor group. No dif-
ferences in proportion of patients requiring either continuous
renal replacement treatment or intra-aortic balloon pump coun-
terpulsation were found between the two groups (p=1.00 and
p=0.32, respectively).

Table 1 Baseline clinical characteristics of the patients
Non-survivors Survivors
Variables (n=25) (n=10) p Value
Age >65 (years) 7 (28.0%) 0 (0%) 0.08F
Gender (male) 19 (76.0%) 10 (100%) 0.15F
Comorbidities
Diabetes 4 (16.0%) 2 (16.0%) 1.00F
Hypertension 8 (32.0%) 1 (10.0%) 0.24F
Dyslipidaemia 5 (20.0%) 1 (10.0%) 0.65F
Current smoker 7 (28.0%) 4 (40.0%) 0.98F
Previous myocardial 5 (20.0%) 2 (20.0%) 1.00F
infarction
Previous PCI 3 (12.0%) 2 (20.0%) 0.61F
Previous stroke 2 (8.0%) 0 (0%) 1.00F
Previous CKD 1 (4.0%) 0 (0%) 1.00F
CKD, chronic kidney disease; F, Fisher's exact test; PCl, percutaneous coronary

intervention.

Table 2 Arrest and resuscitation characteristics of the patients

Clinical outcomes and predictors of survival-to-discharge

Of the 13 of 35 patients (37.1%) who were successfully weaned
from ECMO, 10 (76.9%) lived to be discharged from the hos-
pital. The CPC scores of patients at discharge were as following:
eight patients (80.0%) were discharged with a CPC score of 1,
one patient (10.0%) had a CPC score of 2 (moderate disability)
and one patient (10.0%) was in a vegetative state (CPC score of
4) (p<0.001) (figure 1). Cox regression analysis was performed
to determine predictors of survival-to-discharge (table 3).
Significant univariate predictors of survival-to-discharge were
witnessed arrest (HR=3.96; 95% CI 1.38 to 11.41; p=0.01),
bystander CPR (HR=4.05; 95% CI 1.56 to 10.42; p=0.004)
and successful revascularisation (HR=2.90; 95% CI 1.23 to
6.86; p=0.02). Kaplan-Meier curves also showed favourable
survival for those patients who received prehospital bystander
CPR (p<0.001) and those in whom successful revascularisation
was achieved (p=0.004) (figure 2).

DISCUSSION

In the present study, we investigated clinical outcomes and
predictors of survival-to-discharge in patients who had OHCA
and who underwent ECPR as a rescue procedure. survival-
to-discharge was observed in 10 patients (28.6%) and the
neurological course of in-hospital survivors was relatively good.
Predictors of survival-to-discharge in this patient population
were witnessed arrest, prehospital bystander CPR and successful
revascularisation.

Variables Non-survivors (n=25) Survivors (n=10) p Value
Arrest cause 0.38F

Cardiogenic shock 16 (64.0%) 10 (100%)

Septic shock 1 (4.0%) 0 (0%)

Hypovolemic shock 1 (4.0%) 0 (0%)

Respiratory deterioration 0 (0%) 0 (0%)

Neurogenic shock 2 (8.0%) 0 (0%)

Unknown 5 (20.0%) 0 (0%)
First monitored arrest rhythm 0.34F

Asystole 8 (32.0%) 1 (10.0%)

Pulseless electrical activity 6 (24.0%) 2 (20.0%)

VF/pulseless VT 11 (44.0%) 7 (70.0%)
Witnessed arrest 19 (76.0%) 10 (100%) 0.15F
Bystander CPR 6 (24.0%) 9 (90.0%) 0.001F
Time limits, median (IQR)

Arrest to hospital time (min) 20.0 (15.0-24.5) 23.5 (18.8-27.3) 0.41

Hospital to ECMO (min) 50.0 (44.0-72.5) 61.0 (39.8-77.8) 0.50

Arrest to ECMO (min) 72.0 (57.0-91.5) 82.0 (65.3-104.8) 0.61
ROSC before ECMO pump-on 13 (52.0%) 8 (80.0%) 0.25F
Fluoroscopic guidance 8 (32.0%) 6 (60.0%) 0.15F
Successful revascularisation 8 (32.0%) 8 (80.0%) 0.02F
ECMO-related complications

Bleeding at the cannulation site 8 (32.0%) 5 (50.0%) 0.44F

Limb ischaemia 0 (0%) 1 (10.0%) 0.29F
Use of CVVH 7 (28.0%) 3 (30.0%) 1.00F
IABP 3 (12.0%) 3 (30.0%) 0.32F
ECMO weaning success 3 (12.0%) 10 (100%) <0.001F
ICU stay (days) 13.0+52.8 25.8+41.9 0.52
ECMO duration time, hours (IQR) 35.0 (4.5-94.3) 52.0 (37.8-58.3) 0.07

Data are shown as n (%) or median (IQR).

CPR, cardiopulmonary resuscitation; CVVH, continuous veno-venous hemofiltration; ECMO, extracorporeal membrane oxygenation; F, Fisher's exact test; IABP, intra-aortic balloon pump;
ICU, intensive care unit; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Table 3  Predictors of survival-to-discharge in patients who had
OHCA and who underwent ECPR

Univariate analysis

Variables Unadjusted HR (95% ClI) p Value
Age (compared with <65 years) 1.72 (0.71 to 4.12) 0.23
Witnessed arrest 3.96 (1.38 to 11.41) 0.01
Bystander CPR 4.05 (1.56 to 10.42) 0.004
ROSC bhefore ECMO 2.24 (1.00 to 5.02) 0.05
Pre-arrest rhythm (compared with asystole)

PEA 0.95 (0.33 to 2.75) 0.93

VT/VF 0.57 (0.23 to 1.43) 0.23
Fluoroscopic guidance 2.25 (0.95 t0 5.29) 0.06
Successful revascularisation 2.90 (1.23 to 6.86) 0.02

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation;
ECPR, extracorporeal cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac
arrest; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VF,
ventricular fibrillation; VT, ventricular tachycardia.

Encouraging survival rates in patients with refractory cardiac
arrest illustrates the usefulness of ECMO.'°? The ECMO
pump can immediately generate sufficient blood flow in adult
patients after cannulation of the artificial circuit, while conven-
tional chest compression results in a cardiac output of only
25%-30% of normal, even when performed under optimal con-
ditions."® Thus, rapid ECMO initiation in refractory cardiac
arrest supports organ, cerebral and myocardial perfusion, oxy-
genation and improves metabolic state after circulatory arrest.'*
Consequently, restoration of cerebral and coronary circulation
by mechanical haemodynamic support could stabilise haemo-
dynamic status and increase the chance of survival. However, to
date, most studies on the benefits of ECMO have been per-
formed in patients who had THCA; the few studies conducted
on patients who had OHCA have reported various survival rates
ranging between 4% and 36%, with most reported rates lower
than those documented for patients who had IHCA.” 15 ©
Therefore, we investigated clinical outcomes in patients who
had OHCA and who underwent ECPR and the rate of

100
No successful revascularisation
| — Successful revascularisation
=
=
z
H
3
=
kE}
=
E P =0.004
=
&)
0 T T T T T
0 5 10 15 20 25 30
Days
No at risk
No successful revascularisation
19 5 1 1 1 1 1
Successful revascularisation
16 12 11 10 10 10 10

survival-to-discharge of patients who had OHCA and who were
rescued with ECPR was 28.6%.

Recent studies have reported better survival rates with
reduced time delay to ECMO implantation.’® 7~ Leick et al®
showed that door-to-ECMO implantation time was an inde-
pendent predictor of 30-day mortality in patients who had
OHCA. However, in our study, the median time of arrest to
ECMO was not significantly different between survivors and
non-survivors. Hollenberg et al' reported that witnessed arrest
cases and a shockable rhythm were significant predictors of
increased survival. However, neither witnessed arrest nor shock-
able rhythm were significant determinants of survival in patients
who had OHCA following ECMO. It is uncertain why there
were differences in predictors between previous studies and our
study; this may be due to a lack of statistical power owing to
small sample size in our study as well as previous studies.

In the present study, significant predictors of in-hospital mor-
tality in patients who had OHCA were bystander CPR and suc-
cessful revascularisation. Avalli et al® showed that no-flow and
low-flow times were higher in patients who had OHCA than in
patients who had THCA and could therefore be a major deter-
minant of the difference in survival between survivors and non-
survivors. In a recent study by Wissenberg et al,*° bystander
CPR was the only factor associated with a good outcome.
Consequently, bystander CPR can reduce no-flow time, which
has great potential for decreasing the mortality rate of patients
who had OHCA. The current American Heart Association pro-
posed that ECPR for patients should be considered when the
duration of the no-flow is brief.® Therefore, we propose that
ECPR should be actively considered for patients who had
OHCA with bystander CPR. In addition, Mollmann et a/*'
investigated whether early coronary angiography in resuscitated
patients with an unknown underlying cause of cardiac arrest
could reduce mortality rates. They reported favourable long-
term outcomes and suggested that early invasive therapy after
CPR, irrespective of the underlying cause of cardiac arrest,
reduced mortality and improved prognosis. Similarly, our study
showed that successful revascularisation is another important
determinant of survival-to-discharge in patients who had
OHCA; actually, the survival-to-discharge rate of patients who

oo No bystander CPR
— Bystander CPR
=
2z
z
H
3
2
g P <0.001
=
g
El
&)
20
0 T T T
0 5 10 15 20 25 30
Days
No at risk
No bystander CPR
20 5 2 1 1 1 1
Bystander CPR
15 11 9 9 9 9 9

Figure 2 Kaplan-Meier survival curves of patients who had out-of-hospital cardiac arrest and who underwent extracorporeal cardiopulmonary
resuscitation. (A) Kaplan-Meier curves of no bystander cardiopulmonary resuscitation (CPR) (dashed line) versus bystander CPR groups (solid line).
(B) Kaplan-Meier curves of the non-revascularised group (dashed line) versus the successful revascularisation by percutaneous coronary intervention

after extracorporeal membrane oxygenation group (solid line).
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received emergency revascularisation was 50.0%, which is com-
parable with that of recent studies, which reported acceptable
survival rates of 55%-67%.%% =3

In our recent study, which is about developing a risk predic-
tion model for survival-to-discharge in patients who had THCA
and who had undergone ECMO, age less than 66 years is con-
sidered a good risk predictor for survival-to-discharge of
patients who had IHCA and who underwent ECPR.** In add-
ition, Schmidt et al** demonstrated that age less than 63 years is
identified as pre-ECMO prognosis factors of in-hospital sur-
vival. Similarly, in the present study, all patients aged 65 years
and more belong to non-survival group. Therefore, a younger
age patient who had OHCA might be one of the factors to be
considered active to receive ECPR.

Our study had several limitations. First, we investigated a
small number of patients from a single centre; thus, the patient
cohort was heterogeneous. Furthermore, it was a non-
randomised observational study and had a retrospective study
design. In particular, the outcome in patients who had OHCA
and who underwent ECPR was not compared with OHCA with
conventional care. The survival-to-discharge (28.6%) in our
study is higher compared with those of patients who had
OHCA with conventional care ranging from 7.6% to 10.8% in
previous studies.® '* 2° There is possible confounding by indica-
tion in the analysis of the association between the ECPR and
survival. When the ethical aspects of CPR are considered,
however, randomised trial of resuscitation strategy is very diffi-
cult in clinical practice. However, all consecutive patients who
had OHCA treated with ECMO were prospectively included in
a single-centre registry and continuing data collection will
improve the generalisability of our findings. Second, in our
centre, therapeutic hypothermia was not applied in all patients
who had OHCA and who underwent ECPR and we did not
investigate the additive or synergistic effect of hypothermia in
the setting of higher tissue perfusion with mechanical haemo-
dynamic support. Third, an important limitation of this study is
the lack of data on the quality of bystander CPR. However,
evaluating the quality of CPR before emergency department
arrival is not feasible. Fourth, we did not evaluate laboratory
parameters during ECMO support to confirm haemodynamic
improvement. Finally, our sample size is too small to build a
robust multiple Cox model, adjusting for all other covariates.
Although the sample size is small, this study is based on
10 years of experience with our patients’ cohort data.
Therefore, our results should be interpreted as suggestive and
not conclusive that ECPR is definitely more effective than con-
ventional CPR, which require further study.

CONCLUSION

Survival rate of patients who had OHCA and who underwent
ECPR was poor. Witnessed arrest, bystander CPR and successful
revascularisation were predictors of survival-to-discharge in
patients who had OHCA and who underwent ECPR. These
findings suggest that ECMO implantation should be very care-
fully considered in highly selected patients who had OHCA
with little no-flow time and a reversible cause.
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