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Abstract

Introduction Cardiac arrest is the major cause of sudden
death in developed countries. Extracorporeal cardiopul-
monary resuscitation (ECPR) employs extracorporeal
membrane oxygenation (ECMO) in patients without return
of spontaneous circulation (ROSC) by conventional car-
diopulmonary resuscitation (CPR). Aim of the current
study was to assess short- and long-term outcome in
patients treated with ECPR in our tertiary center and to
identify predictors of outcome.

Methods We retrospectively collected data of all patients
treated with ECPR at our institution from 2002 to 2013.
Outcome was assessed according to patient records; good
neurological outcome was defined as cerebral performance
category 1 or 2. Quality of life data was collected using
EQ-5 questionnaire. Uni- and multivariate analysis was
applied to identify predictors of outcome.

Results  One-hundred and seventeen patients were inclu-
ded into the study. Weaning from ECMO was successful in
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61 (52 %) patients. Thirty-day survival endpoint was
achieved by 27 (23 %) patients. Good neurological out-
come was present in 17 (15 %) patients. Multivariate
analysis revealed baseline serum lactate as the strongest
predictor of outcome, whereas age and out-of-hospital CPR
did not predict outcome. The optimal lactate cut-off to
discriminate outcome was determined at 4.6 mmol/l [HR
3.55 (2.29-5.49), p < 0.001, log-rank test].

Conclusion ECPR represents a treatment option in patients
without ROSC after conventional CPR rescuing 15 % of
patients with good neurological outcome. Serum lactate may
play a crucial role in patient selection for ECPR.
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ECPR Extracorporeal cardiopulmonary resuscitation
ECMO  Extracorporeal membrane oxygenation
HRQoL Health related quality of life

IH In-hospital (cardiac arrest)

OH Out-of-hospital (cardiac arrest)

PCI Percutaneous coronary intervention

ROSC  Return of spontaneous circulation conventional
Introduction

Cardiac arrest (CA) is the major cause of sudden death in
developed countries and outcome is often dismal [38].
Despite cardiopulmonary resuscitation (CPR), only the
minority of patients return to their former daily life and
lifestyle [8, 19]. Optimization of CPR has been attempted
using mechanical chest compression devices. However,
several randomized trials evidenced no survival benefit in
comparison to conventional CPR [29]. Extracorporeal CPR
(ECPR) employs extracorporeal membrane oxygenation
(ECMO) in patients without return of spontaneous circula-
tion (ROSC) by conventional CPR [2, 27, 33]. ECMO pro-
vides adequate temporary perfusion and oxygenation to
organs in cardiac arrest patients and therefore increases the
rate of successful defibrillation, prevents re-arrest due to
ischemia-triggered myocardial dysfunction, and—most
importantly—enables subsequent coronary interventions
without limitation of mechanical CPR in patients without
ROSC [6, 21]. Of note, the incidence of acute coronary
syndrome (ACS) has been reported to be high in CA patients,
and it has been noted that the imminent use of percutaneous
coronary intervention (PCI) improves outcome [20, 35].

Kagawa et al. reported data of 86 consecutive patients
with rapid-response ECMO in cases with refractory cardiac
arrest due to ACS [17]. Of note, in 71 % of the cases intra-
arrest PCI was performed and mild hypothermia was
induced in 37 % of the patients. Thirty-day mortality was
29 % in this cohort. In addition, Kagawa and coworkers
could convincingly show that the intra-arrest PCI success,
the time interval from collapse to the initiation of ECMO,
and in-hospital cardiac arrest were associated with superior
30-day survival [17]. No data are available regarding the
long-term prognosis of these patients.

In clinical use the decision to employ ECPR has to be
made quickly. Very limited data are available to select
parameters that guide the clinician to decide whether to
institute ECMO therapy or not. Furthermore, in the acute
situation during CPR only a limited number of variables can
be assessed. Therefore, the first aim of the present study was
to assess the prognostic value of clinical parameters and
laboratory values before ECMO employment. We aimed

especially to identify parameters which can be in most cases
immediately assessed during CPR and may therefore be
useable for decision making under these special circum-
stances. Secondly, another aim was to investigate the long-
term prognosis and quality of life of patients that have been
treated with ECPR in our tertiary referral center.

Methods
Study patients

We retrospectively collected data of all patients treated
with ECPR at our institution from 2002 to 2013. This
included both out-of-hospital (OH) patients and in-hospital
(IH) CA patients. The study was approved by the local
institutional ethics board (University Hospital Jena).
According to local regulations no consent of the patients
was needed in this retrospective registry. All patients that
provided quality of life data gave written informed consent.

Inclusion criteria for ECPR

When CPR was performed, a quick evaluation was con-
ducted to verify eligibility for ECPR by the cardiologist on
duty based on internal standard operation procedures (per
telephone if not in-house). The main criterion for ECPR
was age between 18 and 74 years; however, also older
patients were treated based on individual decisions. The
estimated interval between collapse and start of CPR
should not have been longer than 20 min and the presumed
underlying disease should be of cardiac origin or due to
pulmonary embolism. A failure to achieve ROSC within
20 min of conventional CPR by professional medical per-
sonnel qualified for ECPR. Malignant comorbidities and an
initial pH below 7.0 were defined as exclusion criteria.
However, after retrospective analysis of the data, we
noticed that also patients with exclusion criteria still
underwent ECPR and therefore included them into the data
analysis.

Data collection

Data pertaining to CPR, primary rhythm, comorbidities,
laboratory values, catecholamine doses, weaning from
ECMO including ECMO settings, 30-day survival, and
cerebral outcome were collected from medical records and
patient charts. In addition, data were obtained whether
patients underwent OH-CPR or IH-CPR. Favorable neu-
rological outcome was defined as cerebral performance
category (CPC) of 1 (good performance) and 2 (moderate
disability) on a 5-point scale at the time of hospital dis-
charge [30].
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Follow-up

Patients were contacted to evaluate the current survival
status. Patients alive were asked to complete a standardized
questionnaire to evaluate the health related quality of life
(HRQoL) using the EuroQOL-EQ-5D-5L questionnaire
[31]. Briefly, this questionnaire collects information about
HRQoL in five dimensions: mobility, self-care, usual
activities, pain/discomfort and anxiety/depression. Each of
these dimensions is classified in five levels of severity. In
addition, a visual analogue scale allows the patient to grade
its HRQoL on a scale between 0 and 100.

ECMO system

The ECMO system comprised a centrifugal pump, mem-
brane oxygenator, heat exchanger, and bypass cannulas, as
previously described [11, 16]. Two different systems have
been used: Biocal 370 (Medtronic, Minneapolis, MN) and
Lifebridge (Zoll Lifebridge, Germany).

ECPR management

Cardiologists and cardiopulmonary technicians, as well as
assistance personal were trained to set up and manage the
ECMO systems with a delay minimum. In cases of OH-
CA, the cardiologist receiving the telephone call from the
emergency medical services decided about the indication
for ECPR. Ideally, the patient was directly transferred to
the catheterization laboratory. If the patient arrived before
the personal came in during night or weekend shifts, he was
brought under ongoing resuscitation to the emergency
department and then transferred to the catheterization
laboratory to implement the ECMO system. In case of TH-
CA, patients in whom ROSC could not be achieved after
20 min, patients were transferred to the catheterization
laboratory for initiation of ECMO. The femoral vein (21F)
and artery (19F) were percutaneously cannulated, and
ECMO was started. Heparin was also administered
(100 IU/kg) immediately after cannulation to maintain an
activated clotting time of 160-200 s. Subsequently, coro-
nary angiography was performed including PCI, if neces-
sary. In comatose patients, mild hypothermia was induced
according to the discretion of the intensive care specialist
and the primary rhythm. ECMO sheaths were removed
percutaneously.

Statistical analysis
Since most continuous variables were not normally dis-
tributed for reasons of uniformity medians (with first and

third quartiles) were used for presentation. Categorical
variables are presented as numbers and percentages. The
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Mann-Whitney U test for continuous variables and Chi
square test for dichotomous variables were used as
appropriate to identify risk factors associated with 30-day
survival and to analyze HRQoL. Two logistic regression
models were created, first a model using all relevant factors
in our database and a second one using only variables
available during CPR (short history, physical examination
and laboratory measurements possible in blood gas analy-
sis). Variables with univariable association to 30-day
mortality (p < 0.1) were included in the multivariable
stepwise regression models. Age and OH-CPR were forced
into these models. Statistical analysis was performed with
MedCalc for Windows, version 14.12.0 (MedCalc Soft-
ware, Ostend, Belgium). A p value of <0.05 was consid-
ered statistically significant.

Results

The baseline characteristics of the study population are
presented in Table 1. One-hundred and seventeen patients
were included into the study. Weaning from ECMO sup-
port with restoration of independent circulation was suc-
cessful in 61 (52 %) of the patients. Thirty-day survival
endpoint was achieved by 27 (23 %) of the patients.
However, good neurological outcome (CPC 1 or 2) was
present in only 17 (15 %) patients.

As depicted in Table 1, 34 patients (29 %) were treated
following OH-CA. Thirty-day mortality did not differ
between patients treated with OH-CA and IH-CA (82 vs.
68 %; p = 0.26). Survivors and non-survivors differed
regarding their serum levels of creatinine, lactate and
hemoglobin. There was a trend towards a better survival of
older patients. Regarding the comorbidities, patients with
previously diagnosed arterial hypertension were more fre-
quent in the survivor group. Comparing the groups with
OH-CA and IH-CA distinct differences were evident: The
group with IH-CA was older, had a different body com-
position and more frequently a positive history of diabetes
mellitus. The OH-CA group was younger, presented more
frequently with ventricular fibrillation and had higher lac-
tate levels.

Patients with or without myocardial infarction as cause
of CA had no differences in survival (30-day mortality 78
vs. 76 %; p = 0.91) but patients with CA post-surgery or -
intervention had a lower 30-day mortality than other
patients (63 vs. 82 %; p = 0.04).

More detailed information about the circumstances of
the CPR was available in 66 (56 %) of the patients. The
median duration of resuscitation was 30 (IQR 20-60)
minutes. When grouping patients according to the median
age (61 years), older patients were resuscitated signifi-
cantly shorter [30 (15;44) min vs. 43 (30;68) min;
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p = 0.007). Comparing patients according to their survival
status, surviving patients were resuscitated significantly
shorter [17 (10; 30) min vs. 40 (30;75) min; p < 0.001].
Within the group with IH-CA, 32 patients (38 %) were
treated following procedures such as transcutaneous aortic
valve implantation (n = 21), surgical coronary artery
bypass grafting or surgical valve repair (n = 8), other non-
heart surgery (n = 2) or Mitraclip® implantation (n = 1).

ECMO was initiated with a flow of 4.5 (IQR: 3.5;5.0)
L/min. The therapy with ECMO was maintained for 26

(IQR: 6;83) h. Initial flow rates did not differ between
survivors and non-survivors.

Table 2 shows univariable and multivariable analysis of
parameters predicting 30-day mortality. As presented in
Table 2 only high serum lactate levels (data available in
n = 110 patients) remained in the final model with sig-
nificant association to 30-day mortality. Since in most of
the cases the clinician has limited information available in
the acute setting, another model was constructed with
variables that are acutely available (Table 3). Here, high

Table 2 Univariable and
multivariable analysis of
parameters predicting 30-day
mortality

Table 3 Univariable and
multivariable analysis of usually
immediately available
parameters predicting 30-day
mortality

@ Springer

Univariable Multivariable

OR (95 %CI) p value  OR (95 %CI) p value
Out-of-hospital CPR 2.10 (0.72-6.08)  0.18 1.32 (0.35-5.00) 0.68
Age (per 10 years increase) 0.80 (0.61-1.07) 0.13 1.01 (0.70-1.44) 0.98
Male sex 0.89 (0.35-2.26)  0.80
BMI (per 5 kg/m2 increase) 1.79 (0.98-3.29) 0.06 - -
Weight (per 10 kg increase) 1.41 (1.00-1.98) 0.049 - -
Body surface area (per 0.2 m? increase) 1.43 (0.91-2.27) 0.12
Ventricular fibrillation 1.90 (0.73-4.97) 0.19
Baseline serum creatine (per 100 pmol/L)  2.00 (1.00-3.99)  0.049 - -
Baseline serum lactate (per 5 mmol/L) 2.30 (1.40-3.79)  0.001 2.21 (1.26-3.86) 0.006
Baseline pH (per 0.1) 0.64 (0.48-0.86)  0.004 - -
Baseline C-reactive protein (per 20 mg/L)  1.27 (0.98-1.63)  0.07 - -
Baseline ALAT (per 1 pmol/L*s) 1.23 (0.97-1.57)  0.08 - -
Hemoglobin (per 1 mmol/L) 0.77 (0.60-1.01)  0.055 0.72 (0.52-1.003)  0.052
Arterial Hypertension 0.35 (0.13-0.91) 0.03 0.34 (0.11-1.06) 0.06
Hypercholesterolemia 0.40 (0.15-1.06)  0.07 - -
Diabetes mellitus 0.90 (0.36-2.26) 0.83
Known peripheral artery disease 0.64 (0.18-2.27) 0.49
Known coronary artery disease 0.41 (0.13-1.29) 0.13
Prior CABG 0.67 (0.16-2.81)  0.59
CPR cardiopulmonary resuscitation, BMI body mass index, CABG coronary artery bypass graft

Univariable Multivariable

OR (95 %CI) p value OR (95 %CI) p value
Out-of-hospital CPR 2.10 (0.72-6.08)  0.18 1.26 (0.35-4.58)  0.73
Age (per 10 years increase) 0.80 (0.61-1.07) 0.13 0.88 (0.64-1.20) 0.41
Male sex 0.89 (0.35-2.26)  0.80
BMI (per 5 kg/m2 increase) 1.79 (0.98-3.29) 0.06 - -
Weight (per 10 kg increase) 1.41 (1.00-1.98) 0.049 - -
Body surface area (per 0.2 m? increase) 1.43 (0.91-2.27) 0.12
Ventricular fibrillation 1.90 (0.73-4.97) 0.19
Baseline lactate (per 5 mmol/L increase) 2.30 (1.40-3.79) 0.001 2.14 (1.22-3.72) 0.008
Baseline pH (per 0.1 increase) 0.64 (0.48-0.86) 0.004 - -
Hemoglobin (per 1 mmol/L increase) 0.77 (0.60-1.01) 0.055 0.71 (0.52-0.98) 0.04

CPR cardiopulmonary resuscitation, BMI body mass index
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Fig. 1 Kaplan-Meier plot of the
study population applying a cut-
off value of 4.6 mmol/l which B
has been determined by
Youden-index analysis in ROC-
curves. This allows a mortality
discrimination of 88 versus

44 %, HR 3.55 (2.29-5.49),

p < 0.001 by log-rank test

Mortality (%)

100 = |og-rank-test p<0.001
Hazard ratio 3.53 (95%Cl12.31-5.42)

Serum lactate >4.6 mmol/L

—
Serum lactate <4.6 mmol/L

1 1 1 1 1

Number at risk
Serum lactate>4.6 mmol/L

78 26
Serum lactate<4.6 mmol/L
32 27

10 15 20 25 30
Time in days

22 21 19 18 18

18 15 1 10 9

Table 4 Univariable and multivariable analysis of early follow-up parameters predicting 30-day mortality

Univariable Multivariable

OR (95 %CI) p value OR (95 %CI) p value
Limb complication (bleeding, ischemia, aneurysm) 1.46 (0.45-4.74) 0.53
Creatinine after 6-12 h (per 100 pumol/L increase) 1.82 (0.91-3.65) 0.09 - -
ALAT after 6-12 h (per 5 mmol/L increase) 1.78 (0.76-4.14) 0.18
ASAT after 6-12 h (per 5 mmol/L increase) 1.67 (1.01-2.76) 0.04 - -
Serum lactate after 6-12 h (per 5 mmol/L increase) 2.56 (1.40-4.66) 0.002 2.93 (1.31-6.58) 0.009
Red blood cell packs during first 2 days (per L) 1.09 (0.98-1.22) 0.13
Fresh frozen plasma packs during first 2 days (per L) 1.02 (0.94-1.11) 0.62

serum lactate levels and low hemoglobin levels indepen-
dently predicted unfavorable outcome.

Since lactate was the strongest predictor of outcome, the
optimal cut-off value was calculated using Youden-index
in ROC-analysis. Figure 1 presents outcome applying the
optimal lactate cut-off of 4.6 mmol/L [hazard ratio 3.55
(2.29-5.49), p < 0.001 by log-rank test] revealing a mor-
tality difference of 88 vs. 44 %.

In addition, in Table 4 different parameters were eval-
uated regarding their prognostic relevance under ongoing
therapy. Different laboratory values including creatinine
were evaluated as well as limb complications and the need
of the transfusion of blood products. Again, only lactate
levels remained significant in the multivariate analysis.

As presented, 27 patients survived the 30-day mortality
endpoint. These patients were followed up for a median of
405 days. Two patients (7 %) died within one-year fol-
lowing CPR (Fig. 2). All patients discharged with a good
neurological outcome (followed up for a median of
641 days) were alive one year after CPR. Patients with
good neurological outcome were resuscitated in three cases
as OH (9 % of all OH) and in 14 cases IH (17 % of all IH).
Ten patients with good neurological outcome returned the
HRQoL questionnaire revealing no or minimal impair-
ment: health assessment was in median 80 % (IQR: 70;
95 %), no impairment in the categories mobility, self-care,
daily life, pain and anxiety was detectable (median
assessment 4 or 5).

@ Springer
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Fig. 2 Kaplan-Meier plot of 100 -
long-term prognosis of patients
surviving the first 30 days of |
treatment
80
;.3 60~
g |
£
2 o
20~
0 ‘l“l ]
0 360
Number at risk
27 14
Discussion

The current study provides information about a large
cohort of patients in a tertiary center treated with ECMO-
assisted CPR regarding short and long-term prognosis. In
summary, in patients undergoing CPR with no ROSC after
20 min and therefore a predicted mortality of nearly 100 %
use of ECPR resulted in about a quarter of the patients in a
positive 30-day outcome. Furthermore, patients surviving
the acute phase have excellent prognosis with minimal
persisting abnormalities.

So far, limited data are available regarding the treatment
of patients with ECMO following CA [13, 16]. As recently
summarized [26], the idea of using an extracorporeal pump
to support the failing circulation with oxygenated blood
dates back to 1937 [7]. After transportable, battery-pow-
ered heart-lung machines became available, several pio-
neers used it for IH-CA, reporting 15 long-term survivors
out of 39 patients on emergency bypass in 1976 [25]. The
majority of these patients had pulmonary embolism limit-
ing the comparability of these initial report. Looking at
newer reports, Avalli et al. reported a case series of 42
patients with IH-CA and OH-CA: Discharged from the
intensive care unit were 46 % of IH-CA and 5 % of OH-
CA. Since also long-term prognosis was better in patients
with IH-CA Avalli and coauthors concluded that patients
with witnessed IH-CA benefit more from ECMO treatment
compared to those who experienced an OH-CA [1]. This is
in line with several recent retrospective case series pre-
senting survival rates of 26-39 % for IH-CA [4, 18, 34].
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Expectedly, survival for OH-CA is inferior with a reported
rate of 4-39 % [9, 18, 22-24]. However, Chen et al. and
Shin et al. convincingly reported in matched cohort
propensity analyses, that ECMO-assisted CPR is superior
to conventional CPR [3, 34]. Our short-term outcome data,
the neurological status as well as the long-term results are
at least consistent with these reports. In our patient cohort,
there was no difference for better survival and better neu-
rological outcome in patients treated with IH-CA. Distinct
differences between the groups were evident: patients fol-
lowing IH-CA were older and had more comorbidities but
patients with OH-CA had higher lactate levels indicating
that the comparability of these groups is limited. In par-
allel, also patients post-surgery or post-interventional were
characterized by a worse prognosis, most likely to a
severely ill cohort mainly following TAVI. At this point it
seems relevant that IH-CA patients are much more likely to
have witnessed CA with a shorter duration to advanced
cardiac life support and a shorter time until start of ECPR
and that comorbidities are known to the treating physician
implicating a bias in decision for ECMO implantation.
One major aim of the study was to evaluate potential
parameters possibly guiding the physician before ECMO
institution. Especially parameters that might be immedi-
ately present at the time point of decision making regarding
ECPR were of special interest including parameters avail-
able in the initial blood gas analysis but without knowing
the detailed patients’ history. Different values predicted
outcome in univariate analysis, however, only serum lac-
tate and hemoglobin remained statistically significant in the
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final multivariate model. One should expect that older age
is a potent predictor of impaired outcome in this setting,
too. Surprisingly, there was a trend towards better survival
of older patients in our study. To further analyze this,
patients were grouped according to the mean age revealing
that older patients were significantly shorter resuscitated
than younger patients before ECMO institution. This can
be explained by a possible selection bias. Although cases
that did not receive ECMO support during the study period
were not registered, one could speculate that the physician
on duty might have declined ECMO support in older
patients with long resuscitation time and might have
offered ECMO treatment in younger patients with other-
wise deleterious circumstances. Since age and the cir-
cumstances of IH-CA or OH-CA seem to be crucial
predictors of outcome the multivariable analysis was cor-
respondingly adjusted, revealing insignificant values. The
limited number of cases precludes a separate analysis of
patients with IH-CA and OH-CA which would be other-
wise desirable.

In conclusion, hemoglobin levels, and especially serum
lactate levels predict outcome of ECMO treatment in
patients undergoing CPR. Although these findings are not
surprising, this is to the best of our knowledge the first
comprehensive analysis of potential predictors. The opti-
mal cut-off value has been calculated to 4.6 mmol/L;
however, this needs to be confirmed in future studies. The
only available risk prediction model for patients with
ECMO following CA has recently been published by Park
et al.: In their retrospective study, in multivariate logistic
regression, age <66 years, shockable arrest rhythm, CPR
to ECMO pump-on time <38 min, post-ECMO arterial
pulse pressure >24 mm Hg, and post-ECMO Sequential
Organ Failure Assessment score <14 were independent
predictors for survival to discharge [28]. There are some
distinct differences compared to our study. Park et al.
studied more patients but included parameters before and
after ECMO institution without including laboratory val-
ues. Future studies or multicenter registries are needed to
comprehensively assess prognostic parameters before and
after decision making of EPCR employment to especially
reveal the role of age and duration of CPR as well as other
(laboratory) values in relation to short- and long-term
prognosis [12, 14, 15]. We also provide data regarding
laboratory and other parameters after ECPR implementa-
tion. Of note, the only predictor in multivariate analysis is
serum lactate, again underlining the striking potential of
this parameter as indicator of tissue perfusion.

Another aim of the study was to assess long-term
prognosis of these patients. In the setting of CPR, mortality
rates are high. However, patients surviving the critical
phase of the intensive care unit stay and the first month
following resuscitation have excellent prognosis. Patients

were also asked to return a HRQoL questionnaire.
Although predominantly satisfied patients return such
documents, it is important to note that 9 % of the overall
cohort in patients without ROSC during the first 20 min
presented with good quality of life in long-term follow-up.
To date, this is the first assessment of quality of life in such
a cohort. These data are in line with a study by Johnson
et al. reporting good neurological outcome of 75 % (n = 3)
of patients that survived discharge after 6 months [10, 37].

The field of CPR-assisted with more invasive strategies is
currently investigated regarding different aspects, including
ECMO, hypothermia, mechanical CPR with chest compres-
sion systems and also early reperfusion in the catheterization
laboratory. Of note, Stub and coworkers presented the
CHEER-trial (mechanical CPR, Hypothermia, ECMO and
Early Reperfusion) showing feasibility of such an invasive
protocolin a single center with high survival rates (54 %) [36].
Also the SAVE-J study published by Sakamoto et al. revealed
an improved neurological outcome in patients with OH-CA
with shockable rhythm treated by a treatment bundle includ-
ing ECPR, therapeutic hypothermia and intra-aortic balloon
counterpulsation [32]. Miiller and Lubnow recently summa-
rized [26] that mortality for patients under CPR may be
decreased if all facets of patient care are taken into account
from the onset of collapse until weaning from ECMO: first,
automatic mechanical chest compression device for transport
to the hospital; second, implementation of effective intra-ar-
rest hypothermia with a core temperature of 32.3 °C at ECMO
initiation; third, avoiding hyperoxia and; fourth, early PCI to
treat cardiac ischemia. The feasibility of such a protocol has
been demonstrated by Fagnoul [5], however, larger studies
implementing such strategies are warranted.

Our study has several strengths and limitations. First, we
present data of a comparably large cohort with long-term
data but with retrospective data collection. However, some
data regarding CPR circumstances such as CPR duration
and exact etiology of CA are incomplete. Second, our
database reflects daily routine in an experienced tertiary
center, but we did not register patients who did not receive
ECMO therapy. Third, although there were clear in- and
exclusion criteria regarding patient selection, these criteria
were ignored in several patients on an individual basis.
Fourth, due to the design as a registry, data collection
following ECMO initiation was too heterogeneous to allow
analysis of these parameters. Future studies and registries
need to answer this question.

Conclusions
In conclusion, ECPR represents a treatment option in

patients without ROSC after conventional CPR rescuing
15 % of patients with good neurological outcome.
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Multivariate analysis revealed serum lactate as potent
predictor of outcome. Future (randomized) studies need to
determine the role of ECPR in different settings and mul-
ticenter registries need to explore long-term prognosis and
risk prediction possibilities.
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