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Abstract

Objective: Optimal management of out of hospital circulatory arrest (OHCA) remains challenging, in particular in
patients who do not develop rapid return of spontaneous circulation (ROSC). Extracorporeal cardiopulmonary
resuscitation (eCPR) can be a life-saving bridging procedure. However its requirements and feasibility of
implementation in patients with OHCA, appropriate inclusion criteria and achievable outcomes remain poorly
defined.

Design: Prospective cohort study.
Setting: Tertiary referral university hospital center.

Patients: Here we report on characteristics, course and outcomes on the first consecutive 254 patients admitted
between August 2014 and December 2017.

Intervention: eCPR program for OHCA.

Mesurements and main results: A structured clinical pathway was designed and implemented as 24/7 eCPR
service at the Charité in Berlin. In total, 254 patients were transferred with ongoing CPR, including automated chest
compression, of which 30 showed or developed ROSC after admission. Following hospital admission predefined in-
and exclusion criteria for eCPR were checked; in the remaining 224, 126 were considered as eligible for eCPR.

State of the art postresuscitation therapy was applied and prognostication of neurological outcome was performed
according to a standardized protocol.

Eighteen patients survived, with a good neurological outcome (cerebral performance category (CPC) 1 or 2) in 15
patients. Compared to non-survivors survivors had significantly shorter time between collaps and start of eCPR (58
min (IQR 12-85) vs. 90 min (IQR 74-114), p=0.01), lower lactate levels on admission (95 mg/dL (IQR 44-130) vs. 143
mag/dL (IQR 111-178), p < 0.05), and less severe acidosis on admission (pH 7.2 (IQR 7.15-7.4) vs. 7.0 (IQR6.9-7.2),
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p < 0.05). Binary logistic regression analysis identified latency to eCPR and low pH as independent predictors for

mortality.

Conclusion: An eCPR program can be life-saving for a subset of individuals with refractory circulatory arrest, with
time to initiation of eCPR being a main determinant of survival.

Keywords: eCPR, Refractory cardiac arrest, Extracorporeal life support

Introduction

The prognosis of out of hospital circulatory arrest
(OHCA) remains poor even in countries with well estab-
lished emergency medical service (EMS). However, a
certain proportion of patients is refractory to advanced
cardiac life support (ACLS) and the chances for a return
of circulation (ROSC) decline with resuscitation time
[1]. In such inevitably fatal cases extracorporeal CPR
(eCPR) using veno-arterial exracorporeal membrane
oxygenation (ECMO) can provide life-saving bridging
and enable identification of the course of circulatory ar-
rest and causal therapy. Current guidelines, which fail to
clarify ideal inclusion and exclusion criteria, recommend
the invasive and aggressive approach of eCPR for very
specific cases, and emphasize the necessity of a highly
trained team [2].

In this setting we have implemented an eCPR pathway
at the Circulatory Arrest Center (CAC) of the Charité-
Universititsmedizin Berlin (Campus Virchow Klinikum)
in 2014. After intensive skill training of the staff and es-
tablishment of standardized procedures, the EMS was
offered the opportunity to transfer patients without
ROSC during ongoing CPR to the center for potential
rescue eCPR.

The aim of the current analysis is to describe our ex-
perience and patient outcomes and to identify character-
istics associated with good prognosis in patients started
on eCPR.

Materials and method

We performed a retrospective analysis of the routine
clinical data from 254 patients admitted to our center
during ongoing CPR for eCPR between August 2014 and
December 2017. The local ethics committee has ap-
proved this analysis.

Intensive Care Unit (ICU) setting

The eCPR programm was established at an interdiscip-
linary medical intensive care unit (ICU) with a patient
capacity of 24. After establishment of a CAC, an eCPR
(veno-arterial ECMO) program was implemented. A 24/
7 telephone hotline was established for the EMS to dir-
ectly reach the intensivist on duty in the CAC and to an-
nounce transfer of a patient under CPR. A short
checklist was used to obtain important information from

the EMS (time of ongoing CPR, location, use of a mech-
anical chest compression device for transport, initial
rhythm, patient age (frailty), prior history, bystander
CPR) during the notification call. The final decision
whether or not to transport the patient under ongoing
mechanical chest compression was left to the EMS team
on scene. Within a preparation time of 5-10 min the
eCPR team was ready to accept the patient on the ICU.

eCPR team

The team was availabale 24/7 and comprised at least one
consultant (leader of CPR team), an attending physician
(pump operator, supervisor), an intensivist (responsible
for cannulation) and a physician in ICU training. In
addition three nurses specialized in intensive care were
part of the team. We implemented local standard oper-
ating procedures with detailed workflow for the team
during eCPR. The team had extensive skill training with
a full-scale simulator (manikin) for simulation of admis-
sion, CPR, ultrasound-guided vessel cannulation, and
priming and start of the eCPR pump. Standard operating
procedures also defined the position of each team mem-
ber in the intervention room and his or her personal
tasks and responsibility at any time (Fig. 1).

eCPR procedure

Upon EMS arrival, one team (physician in ICU training
and nurse) was responsible for patient ventilation, ad-
ministration of epinephrine and other drugs, monitoring,
and defibrillation if indicated, all according to current
ACLS guidelines. A focused clinical examination and
transthoracic echocardiography was performed.

Taking the first blood gas analysis, the whole team de-
cided together during a short time-out whether to start
eCPR or to cease CPR according to the exclusion criteria
for eCPR. Patients were excluded from eCPR if cardiac
arrest was not witnessed, no bystander CPR was per-
formed, the patient had active malignant disease or was
frailty, the presumed time to eCPR exceeded 90 min, the
EMS team used no mechanical compression device for
transport, a technical impossibility for cannulation
(diameter of the vessels) or existence of critically bleed-
ing (e.g. esophageal bleeding, see Table 1).

At the time of eCPR decision, the coronary angiog-
raphy team was informed. The ICU specialist and the
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Fig. 1 eCPR - setting and team composition: (A1) consultant in ICU training, leader of CPR; (A2) attending physician, pump operator, supervisor;
(A3) intensivist, responsible for canulation; (A4) physician in ICU training; (P1-P3) nurses specialized in intensive care; ECMO extracorporeal
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other two nurses were responsible for obtaining vascular
access to the femoral vessels under ultrasound guidance.
Cannulation of the femoral vein and artery was per-
formed with 15-17 French (artery) and 23 French (vein)
catheters, respectively. Following cannulation eCPR set-
tings comprised a minimum blood flow of 3 L/min and a
minimum gas flow of 3 L/min. After connection of the
device to the patient, the automated CPR device was re-
moved and eCPR device settings were adjusted. Via
ultrasound guidance, a standard arterial blood pressure
catheter was placed into the right radial artery to meas-
ure pressure generated by the laminar pump flow and to
calculate oxygen extraction.

To reduce the risk of catheter-associated infections
after cannulation, a standardized antibiotic regimen
(carbapenem and glycopetide) was initiated in all
patients.

Table 1 Checklist - Inclusion Criteria for eCPR in our Center
EMS:
Cardiac arrest is witnessed

Bystander CPR

No active malignant disease

No frailty

The presumed time to eCPR less than 90 min

CAVE: Use of mechanical compression device (mandatory for transport)
Additionally after admission in hospital:

Technical possibility for cannulation (diameter of the vessels)

No critically bleeding

Diagnostic procedures
After ECLS initiation, patients with a suspected cardiac
cause of arrest underwent immediate coronary angiog-
raphy and, if needed, rescue percutaneous coronary
intervention (PCI).

If a myocardial infarction was ruled out, a CT scan
was initiated for further examination.

In approximately half the cases a brain CT and trauma
sequence were performed as well to rule out intracranial
hemorrhage (ICH) or severe brain edema.

Postresuscitation care

Postresuscitation management was conducted, including
targeted temperature management at 33 °C for at least
24 h followed by a slow warming with 0.25°C/h in all
patients. Cooling was started as soon as possible after
ECMO-implantation regardless wether patients devel-
oped ROSC or not. Blood temperature was influenced
within the external circuit. A bladder pressure probe was
installed to monitor for abdominal compartment syn-
drome. Patients regaining ROSC were weaned from the
eCPR pump according to our local protocol.

Prognostication of neurological outcome

Neurological prognostication followed a local standard
protocol, in line with current guidelines for prognostica-
tion in post cardiac-arrest patients [3]. In addition we
made a routine CT scan as a part of the neurological
outcome assessment such as determination of the grey —
white matter ratio or other signs of hypoxic brain
damage 72h after arrest at the earliest. Outcome was
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assessed at discharge by using the Pittsburgh Cerebral
Performance Category (CPC). In the subgroup of pa-
tients being discharged, subsequent mortality was
assessed using the online registry of Berlin citizens.

Withdrawal of treatment

In patients with severe brain edema and evidence for
poor neurological outcome eCPR was withdrawn or sub-
sequent intensive management was ceased after discus-
sion with the family.

Statistics

Results are given depending on their scale in proportions
(%), median with 25-75% quartiles (interquartile range
[IQR]), or arithmetic mean with 95% confidence interval
(95% CI). Statistical significance was tested using two-
tailed Student t test, Wilcoxon-Mann-Whitney test, or
Fisher exact test, as appropriate. A p-value of less than
0.05 was considered statistically significant. Binary logis-
tic regression analysis was used to identify independent
predictors for mortality. Kaplan-Meier analysis was used
for the 12-month follow-up. All analyses were performed
with SPSS (IBM° SPSS°® Statistics version 25).

Results

Between August 2014 and December 2017, a total of 254
patients were admitted for eCPR mainly via EMS under
ongoing mechanical CPR. Most patients suffered from
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out of hospital caridac arrest, a minority of 50 patients
had refractory in house hospital cardiac arrest and were
admitted on ICU via the hospital resuscitation team. Of
those 30 patients showed or developed ROSC during the
admission procedure. In 128 of the remaining 224
patients, the decision was made to initiate eCPR,
whereas treatment was withdrawn in 126 patients. In
two patients eCPR could not be initiated due to tech-
nical reasons (Fig. 2).

Patient characteristics of admitted patients

Table 2 shows detailed characteristics of the 224 patients
admitted under ongoing resuscitation who had not de-
veloped ROSC, stratified according to whether a decision
was taken to attempt eCPR (128 patients) or resuscita-
tion was discontinued (96 patients).

Baseline characteristics of eCPR patients

Table 3 shows the baseline characteristics and treatment
parameters of the 126 patients in whom eCPR was initi-
ated stratified by survival to discharge status. Gender
and age were equally distributed between survivors and
non-survivors; the majority of patients had an OHCA
with a shockable first rhythm (Table 3). Detailed analysis
concerning etiology of cardiac arrest depending on initial
rhythm in survivors is given as supplemental table
(Table S 1).

ongoing CPR
n=254

exclusion n= 126 (49%)*

2 technical failure

eCPR
n=126 (49%)
I I
CPC 1-2 CPC 3-4 CPC5
n=15 (12%) n=3 (2%) n=108 (86%)

Fig. 2 Flowchart of cardiac arrest patients. The transfer under CPR was made by using an automated CPR devise (LUCAS® or Autopuls®). *30
spontaneous ROSC during admission. Ninety-six not fullfilling inclusion criteria for eCPR. ROSC return of spontaneous circulation, OHCA out-of-
hospital cardiac arrest, CPR cardiopulmonary resuscitation, ECLS veno-arterial extra corporal membrane oxygenation, CPC cerebral performance
category. VF ventricular fibrillation, PEA pulseless electrical activity, CA cardiac arrest, ACS acute coronary syndrome




Nee et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2020) 28:96 Page 5 of 10
Table 2 Detailed characteristics of included and excluded patients for eCPR intervention
Characteristics of included and excluded patients
Variable All n =224 Inclusion n =128 Exclusion n =96 p-value
Gender (male) 175 (78.1%) 94 (73.4%) 81 (84.4%) ns.
Age (years) 54 (43-64) 52 (42-60.75) 56 (46-69) < 0,05
OHCA 174 (77.7%) 87 (68%) 87 (90.6%) <005
EMS first rhythm (shockable) 6 (42.86%) 64 (50%) 32 (33.3%) ns.
Rhythm on admission (shockable) 52 (23.2%) 33 (25.78% 19 (19.79%) ns.
Epinephrine (mg; total amount) 7 (5-10) 7 (4-10) 8 (5-10) ns.
APACHE (admission) 42 (38-46) 41 (38-45.75) 43 (38-47) n.s.
Collapse to admission (min) 63.5 (50-80) 57 (45-67) 75 (60-90) <0,05
Admission laboratory values
pH 6.93 (6.8-7.14) 7.06 (6.89-7.2) 6.8 (6.7-6.97) < 0,05
Lactate 143 (111.5-185) 137 (105-172) 153.5 (122.25-196.75) < 0,05
Potassium 46 (3.9-5.8) 43 (3.75-5.1) 5.1 (4.23-6.6) <0,05
INR 1.79 (1.49-3.07) 1.81 (149-3.22) 1.79 (1.41-2.74) ns.

Data are given as median (25-75% interquartile range) or absolute numbers

OHCA out-of-hospital cardiac arrest, EMS emergency medical service, APACHE Acute Physiology And Chronic Health Evaluation, INR international normalized ratio

Time intervals in eCPR patients

Survivors had a shorter time from beginning of collapse
to admission (33 min (IQR 13-53) vs. 60 min (IQR 46—
70), p< 0.05) as well as a shorter time from beginning
of collapse to the start of eCPR (58 min (IQR 12-85) vs.
90 min (IQR 74-114), p < 0.05).

Initial laboratory values in eCPR patients
Time-of-admission laboratory testing showed that survi-
vors, compared to non-survivors, had lower lactate levels
(95 mmol/L. (IQR 44-130) vs. 143 mmol/L (IQR 111-
178), p < 0.05) and higher pH levels (7.2 (IQR 7.15-7.4)
vs. 7.0 (IQR6.9-7.2), p < 0.05).

Treatment characteristics in eCPR patients

The need for blood volume resuscitation, erythrocyte
transfusion, and fresh frozen plasma was lower in survi-
vors compared to non-survivors (Table 3). Of all eCPR-
qualifying patients, 82/126 received immediate coronary
angiography (CAG) and 67/126 (53.2%) received PCI;
there was no significant difference concerning frequency
of CAG or PCI between survivors and non-survivors. An
initial brain CT and trauma CT sequence was performed
in 63/126 (50%). Intracranial hemorrhage (ICH) was
found in 5 patients, severe brain edema in 21 patients,
and aortic dissection in 3 patients.

Median duration of ECLS was 89 h (49-154) in survi-
vors and 12 h (5-44) in non-survivors (p < 0.05). As ex-
pected, also the overall ICU treatment was longer in
survivors, as reflected by a longer ventilation time.

Outcome of eCPR patients

15/126 (11.9%) developed a good neurological outcome
(CPC 1-2) and 3 patients (2.4%) were sent to neuroreh-
abilitation with CPC 3-4. 108/126 (85.7%) patients died
during eCPR due to development of a severe post-
resuscitation syndrome including breakdown of the co-
agulation cascade and/or severe abdominal compartment
syndrome (clinical presentation and intra-abdominal
pressure > 20) and/or multi-organ failure. Decision to
stop eCPR was taken in an interdisciplinary manner.
Eighteen patients (14.3%) had no complications during
the treatment, so that we could stop the eCPR therapy
with development of a sufficient spontaneous circulation
(monitored by echocardiography) and they survived
ultimately.

Longer timing to eCPR (p < 0.05) and lower initial pH
(p < 0.05) were identified as significant independent pre-
dictors for mortality in binary logistic regression analysis
(Table 4).

Follow-up of eCPR survivors
Follow-up was attempted at 12 months post-admission
for all survivors (n = 18). Fourteen patients were alive, 2
patients had died within 12 months and 2 were lost to
follow-up.

The Kaplan Meier analysis is given as supplemental
figure (Fig. S 1).

Patients regaining ROSC before / without eCPR

Of the 30 patients who showed ROSC during the admis-
sion procedure, 8 (27%) were discharged with a good
outcome (CPC 1-2). One additional patient, who had
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Baseline characteristics

Variable Alln=126 Non-survivors n = 108 Survivors n =18 p-value
Gender (male) 93 (74%) 79 (73%) 14 (78%) ns.
Age (years) 52 (42-61) 52 (41-59) 59 (46-66) ns.
OHCA 85 (67,5%) 77 (71%) 8 (44%) <0,05
EMS first rhythm (shockable) 64 (51%) 53 (49%) 11 (61%) ns.
Rhythm on admission (shockable) 32 (25%) 24 (22%) 8 (44%) <0,05
Epinephrine (mg; total amount) 7 (4-10) 7 (4-11) 50-7) < 0,05
Suspected cause of arrest
Cardiac 76 (60%) 64 (59%) 12 (67%) n.s.
Non-cardiac 50 (40%) 44 (41%) 6 (33%)
APACHE (admission) 41 (38-46) 42 (38-47) 39 (37-43) ns.
Ventilator time (hours) 25 (6-86) 15 (6-59) 722 (242-1003) <0.05
eCPR related time intervals
Collapse to admission (min) 57 (45-67) 60 (46-70) 33 (13-53) < 0,05
Collapse to eCPR (min) 89 (73-111) 90 (74-114) 58 (12-85) < 0,05
ECPR duration (hours) 20.7 (5.1-63) 12 (5-44.1) 89 (49-153.7) <005
Admission laboratory values
pH 7.1 (6.9-7,2) 7 (69-7.2) 7.2 (7.15-74) < 0.05
Lactate 137 (104-173) 143 (111-178) 95 (44-130) <005
Potassium 43 (3.7-5.1) 44 (3.8-5.2) 4 (3.5-4.5) <0,05
INR 1.8 (1.5-3.2) 2 (15-37) 1.5(1.3-24) < 0,05
Blood and volume treatment during the 1st 24 h
Red cell units 4 (2-10) 55(2-12) 25 (0-4.5) <0,05
FFP (units) 5(0-12) 6 (0-12) 4 (0-10.3) n.s.
Volume first 24 h (liter) 5(2.1-8) 53(23-82) 29 (21-59) ns.
Diagnostic procedures
Coronary angiography 82 (65%) 69 (64%) 13 (72%) ns.
Relevant coronary stenosis 67 (53%) 56 (52%) 11 (61%) ns.
CT (full body scan) 63 (50%) 49 (45%) 14 (78%) <0,05
Normal result 23 (18%) 13 (12%) 10 (56%)
ICH 5 (4%) 4 (4%) 1 (6%)
Brain edema 21 (17%) 20 (19%) 1 (6%)
Pulmonary embolism 7 (6%) 6 (6%) 1 (6%)
Aortic dissection 3 (2%) 3 (3%) 0

Data are given as median (25-75% interquartile range) or absolute numbers

OHCA out-of-hospital cardiac arrest, EMS emergency medical service, CA cardiac arrest, APACHE Acute Physiology And Chronic Health Evaluation, eCPR

extracorporeal cardiopulmonary resuscitation, INR international normalized ratio, EK erythrocyte concentrate, FFP fresh frozen plasma, CT computer tomography,

ICH intracranial hemorrhage

been excluded from eCPR due to failure to fulfil inclu-
sion criteria regained ROSC during admission proce-
dures and experienced a good outcome (CPC 1).

Discussion
This study reports the successful establishment of an
eCPR program in a tertiary care setting. Our main

findings with respect to patient outcomes are 1) survival
and good neurological outcome is significantly related to
timing of intervention, 2) prolonged latency from col-
lapse to initiation of eCPR and lower pH at admission
were independent factors predicting mortality in patients
undergoing eCPR, 3) a relevant number of patients
scheduled for eCPR regained ROSC after long-time CPR
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Table 4 Binary logistic regression analysis with mortality as
dependent variable

Model B Std. Error Wald Sig.t Exp(B)
(Constant) 47570 20.650

Gender 0.696 1.189 0.343 0.558 2.006
Age 0.004 0.041 0.009 0.924 1.004
Cardiac cause -0,143 1.155 0.015 0.902 0.867
Time to eCPR? 0.062 0.025 6414 0.011 1.064
First pH —6.340 2.869 4.883 0.027 0.002
First lactate -0.012 0.011 1125 0.289 0.988
Location® -1.789 1483 1455 0228 0.167

Dependent variable mortality; 2time from collapse to start of eCPR, ° in-
hospital circulatory arrest; eCPR extracorporeal cardiopulmonary resuscitation

before or during hospital admission, and 4) patients sur-
viving eCPR showed low mortality rates during a 12
month follow-up.

Establishment of an eCPR program

We chose to systematically plan the establishment of an
eCPR program including skill training of personnel in-
volved and have built the program in the setting of a
large tertiary care ICU. In our setting we have so far
geared up the program to a frequency of approx. One to
two admissions for eCPR per months. The overall rate
of survival with good neurological outcome (CPC 1-2)
achieved over a 4 year period among those in whom
eCPR was initiated in our center was 12%.

Surprisingly a recent survey among USA ECMO cen-
ters in the Extracorporeal Life Support Organization
(ELSO) registry revealed that almost all centers offering
eCPR were academic (or teaching) hospitals but 60%
perform less than 3 cases per year [4]. A retrospective
analysis from the Vienna registry revealed that eCPR
was performed in only seven patients out of 239 OHCA
that fulfilled inclusion criteria, of whom only one patient
had good neurological outcome [5]. On the other hand
increasing numbers of centers report improved survival
of OHCA patients treated with eCPR [6-8].

Obviously eCPR is not only associated with logistical
but also substantial ethical challenges. Patient prefer-
ences are frequently unknown when CPR is started and
information on medical history is limited. We have built
our program on the opinion that the goal of eCPR
should be to maximize chances for survival with good
neurological outcome (CPC 1 or 2) while minimizing
the chances for survival with poor neurological out-
comes (CPC 3-5) or subsequent short-term mortality.
Two strategies appear essential for achieving this goal: 1)
careful and deliberate decisions to initiate (or not
initiate) eCPR and 2) conducting subsequent ICU ther-
apy (escalation, deescalation, withdrawl) based on
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neurological prognosis. In our views SOPs are helpful
for both aspects.

Inclusion criteria

Recommendations based on robust evidence concerning
indication and inclusion criteria for eCPR are lacking.
Threshold values for age, time interval since collaps and
certain laboratory values are unavoidably arbitrary; sys-
tematic data collection, e.g. in international registries is
urgently needed to establish a growing evidence base. In
individual cases the inclination of teams to deviate from
inclusion criteria and be less restrictive is understand-
able, in particular in the absence of strong evidence.

Surprisingly, many other eCPR centers do not seem
to have formal inclusion and exclusion criteria and
make case-by-case decisions regarding eCPR. As most
studies used retrospective data with no formal inclu-
sion and exclusion criteria, the interpretation of sur-
vival rates and outcome suffers a pre-selection bias
that needs to be taken into account. Nevertheless a
meta-analysis showed lower lactate, higher pH and
shorter low-flow time to be associated with better
outcome, in line with our results [9].

Bartos et al. reported their inclusion criteria for eCPR
as follows:18 to 75 years of age, OHCA of presumed car-
diac origin) initial rhythm of VE/VT, received 3 direct
current shocks for VE/VT without ROSC or shock
resulting in ongoing pulseless electrical activity or
asystole, received amiodarone 300 mg, body habitus ac-
commodating a Lund University Cardiac Arrest System
automated CPR device, and estimated transfer time to
the CCL of < 30 min [8].

In our center we regarded 90 min as the upper timeli-
mit until patients had to be on ECMO wich translates
into a maximum 60 min CPR until arrival at our ICU.
Although the maximum age was higher with 75 years,
they report a higher survival rate. This underlines the
importance of CPR-duration for neurological prognosis
of the patients and argues for a strict attachment to pre-
defined inclusion criteria.

But even though we implemented a list of in- /exclu-
sion criteria at our center as well for EMS-transport to
the hospital with ongoing CPR as for ECMO-
implantation after arrival in the hospital (Table 1), the
final decision allways stays with the team in charge.
Espeacially the EMS-Teams on scene did not always
adhere to our recommendations and transported under
ongoing CPR although inclusion criteria for ECMO-
implantation were not met.

Importance of time to inititation of eCPR

According to our data one of the main determinants of
success is time between collapse and initiation of eCPR.
This is consistent with reports in the literature. There is
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evidence that conventional CPR only achieves a max-
imum of 25% of normal cardiac output [10, 11]. Thus
small retrospective studies and case series that revealed
a survival benefit of eCPR compared to standard treat-
ment demonstrated greater survival with shorter arrest-
to-eCPR time interval [12, 13].

Wengenmaier et al. showed significant differences in
survival between IHCA and OHCA patients; time to
eCPR was significantly shorter in IHCA patients [14].
Other data comparing survival rates after eCPR between
OHCA and IHCA showed no difference in outcome but
higher survival rates were achieved if time to eCPR was
<75min [15]. A current review incorporating available
studies revealed a 50% survival rate in IHCA patients if
eCPR initiation following cardiac arrest was < 30 min,
30% if time to eCPR was 30—60 min, and 18% if it was >
60 min. In OHCA patients, survival rates were 15-20%
even if time from arrest to eCPR was < 60 min [16]. Bar-
tos et al. demonstrated a similar correlation of neuro-
logic intact survival and time to succesful establishment
of extracorporeal circulation in a cohort of 160 OHCA
patients [8]. Our results also emphasize that an overall
time requirement for patient transfer, decision, and
intervention, i.e.start of eCPR <60 min was associated
with higher survival rates. There are basically two strat-
egies to improve the time interval between collaps and
eCPR: 1) early decision to rapidly transfer the patient to
a CAC and 2) performing eCPR pre-clinically in selected
settings. While the former requires a paradigm shift for
EMS teams, the latter has considerable logistical implica-
tions. A recent trial in Paris compared outcomes during
two periods without (period 1) and with (period 2) im-
plementation of a protocol that included pre-clinical
start of eCPR to optimize the timing. Survival rates were
higher during the second period [6]. Survival between
pre- hospital and in-hospital eCPR was similar when im-
plementation occurred within 60 min, as well as when
time to implementation exceeded 60 min. Interestingly
in both groups survival and CPC outcome improved
from period 1 to period 2, indicating that the main effect
may have been due to a more aggressive and protocol-
driven approach rather than a specific mode of
provision. Further analysis of the Paris data revealed
somewhat conflicting results because low-flow duration
greater than 60 min was not significantly associated with
lower survival rates. The authors explain this by a pos-
sible selection bias in favor of in-hospital eCPR [17]. In
addition, more patients in period 2 received coronary
angiography and PCI.

Retrospective data from Australia revealed a high
number of patients with good outcome following initi-
ation of eCPR within 45 min of circulatory arrest in pri-
marily IHCA patients, and pre-ECLS lactate was found
to be predictive for mortality; however, the decision for

(2020) 28:96 Page 8 of 10

eCPR was made individually without standardized inclu-
sion criteria [18].

Current guidelines emphasize starting eCPR in se-
lected patients within 60 min [19].

However, as our data and other results show, this
timeline cannot be achieved in every patient, especially
after OHCA due to many circumstances.

Importance of neurological assessment and
prognostication

Neurological assessment in our program includes repeti-
tive neurological examination, neurophysiological testing
(SSEP, EEQG), circulating concentrations of neuron spe-
cific enolase (NSE; limited by hemolysis due to eCPR
device) and brain imaging (CT with determination of
gray-white matter ratio (GWR)). Results of all tests are
taken into account for the neurological prognosis, which
is not made earlier than 3 days after arrest. It should be
noted, that this assesment is recommended by current
guidelines only for post cardiac arrest patient with initial
ROSC not undergoing eCPR. There is a strong need to
define and validate the optimal neuroprognostication
strategy in the subgroup of eCPR patients.

Late ROSC

Interestingly, a relevant number of patients under on-
going CPR that were transferred to our center for eCPR
were found to have regained ROSC during the admission
procedure and before the start of eCPR (n =31). Nine
patients survived and were discharged with good neuro-
logical outcome. We consider this as a secondary benefit
of implementing a 24/7 eCPR program. Although it re-
mains speculative, we assume that in the majority of
these cases, ACLS would probably have been stopped
earlier at the scene if EMS would not have decided to
transport the patient to our CAC for eCPR.

Strength and limitations

Our analysis has several strength and limitations. The
strength includes a comparatively large sample size of
patients treated in a single center, the coverage of all pa-
tients referred for eCPR and not only those accepted,
the implementation of in- and exclusion criteria, which
reduces interpretation bias and the inclusion of data on
outcomes after hospital discharge.

The limitations include the fact that this is a retro-
spective analysis of clinical routine data, the heterogen-
eity of the patient group with diverse causes of
circulatory arrest and multiple comorbidities (mixed
analyses OHCA and IHCA,Table S 2). Furthermore, data
obtained pre-clinically and reported by the EMS team
may be imprecise, especially with respect to time lines
and time intervals and information regarding sufficient
bystander CPR.
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As background information regarding prior medical
history as well as circumstances of the collapse fre-
quently become uncovered after admission to the hos-
pital unfortunately, some cases were transferred by EMS
for ECMO although clearly not matching local inclusion
criteria.

Conclusion

Establishing an eCPR programm requires careful plan-
ning, skill training, substantial resources and interdiscip-
linary expertise. It can be life-saving for a subset of
individuals with refractory circulatory arrest, with time
to initiation of eCPR being a main determinant of
survival.

In this investigation survivors had a shorter time from
beginning of collapse to admission as well as a shorter
time from beginning of collapse to the start of eCPR.

Longer timing to eCPR and lower initial pH were
identified as significant independent predictors for
mortality.

Future perspectives

Highlighting the complexity of eCPR and the association
of higher patient volume with improved survival, a re-
cent position paper by The International ECMO Net-
work (ECMONet) and ELSO recommend eCPR to be
performed in high volume centers (Comprehensive Care
Centers) with defined eCPR criteria and a structured
post-circulatory arrest pathway [20].

Such centers are recommended to bundle expertise
and improve treatment quality, resulting in a higher pro-
portion of patients with good neurological outcome after
circulatory arres [21, 22].

Along the same lines a current consensus statement of
acute care societies in Germany under the patronage of
the German Resuscitation Council emphasizes the im-
portance of structure and experience and recommends a
minimum case load of 30 patients undergoing eCPR per
year based on an implemented pathway to ensure quality
and experience [19, 20, 23, 24].

There is a strong need to define and validate the opti-
mal neuroprognostication strategy in the subgroup of
eCPR patients.
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1186/513049-020-00787-w.

Additional file 1: Table S1. Detailed information concerning etiology
of cardiac arrest depending of initial rhythm (survivors).

Additional file 2: Figure S1. Kaplane-Meiersurvival analysis, 2 patients
lost of follow up+.

Additional file 3: Table S2. Baseline parameter according (A) location
of arrest and (B) cause of arrest.

(2020) 28:96 Page 9 of 10

Acknowledgments

We greatly appreciate the dedication and support of all staff members at the
ICU and all clinical teams involved in the care of the reported patients, in
particular the members of the cardiology, surgery and neurology service. We
also acknowledge the continuous support of EMS teams and thank the
Berlin Fire Department.

Authors’contributions

JN, CS and JMK designed the study, participated in enrolment and data
acquisition, and headed preparation of the manuscript. RB assisted with
statistical data analyses. RK, DZ, TS, PE, LN, and DH helped with patient
recruitment. CL, CJP, KUE and supervised the preparation of the manuscript.
All authors have reviewed and approved the final version of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Ethics approval and consent to participate
The local ethics committee (Charité — Universitaetsmedizin, Berlin, Germany)
has approved this analysis.

Consent for publication
Not applicable.

Competing interests

C. Storm has received remuneration for presentations, travel costs and partial
technical or material support from Philips, BD BARD, Zoll, Benechill and
Xenios. C. Leithner has received remuneration for presentations and travel
costs from BD BARD. J. Nee received honorarium and travel costs for
presentations from BD BARD and Xenios AG. D. Zickler has received
remuneration for presentations and travel costs from Baxter Healthcare Ltd.
R. Koerner has received remuneration for presentations from Maquet,
Fresenius and Zoll. All other authors have no potential conflicts of interest to
declare.

Author details

'Department of Nephrology and Medical Intensive Care,
Charité-Universitdtsmedizin Berlin, Augustenburger Platz 1, 13353 Berlin,
Germany. “Department of Emergency and Intensive Care Medicine, Emst von
Bergmann Klinikum, Charlottenstrale 72, 14467 Potsdam, Germany.
3Department of Neurology and Experimental Neurology,
Charité-Universitadtsmedizin Berlin, Augustenburger Platz 1, 13353 Berlin,
Germany.

Received: 28 April 2020 Accepted: 10 September 2020
Published online: 23 September 2020

References

1. Wibrandt I, Norsted K, Schmidt H, et al. Predictors for outcome among
cardiac arrest patients: the importance of initial cardiac arrest rhythm versus
time to return of spontaneous circulation, a retrospective cohort study. BMC
Emerg Med. 2015;15:32.

2. Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: adult advanced
cardiovascular life support: 2015 american heart association guidelines
update for cardiopulmonary resuscitation and emergency cardiovascular
care. Circulation. 2015;132:5444-64.

3. Sandroni C, Cariou A, Cavallaro F, et al. Prognostication in comatose
survivors of cardiac arrest: an advisory statement from the European
Resuscitation Council and the European Society of Intensive Care Medicine.
Resuscitation. 2014;85(12):1779-89.

4. Tonna JE, Johnson NJ, Greenwood J, et al. Practice characteristics of
emergency department extracorporeal cardiopulmonary resuscitation (ecpr)
programs in the United States: the current state of the art of emergency
department extracorporeal membrane oxygenation (ed ecmo).
Resuscitation. 2016;107:38-46.


https://doi.org/10.1186/s13049-020-00787-w
https://doi.org/10.1186/s13049-020-00787-w

Nee et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine

5. Schober A, Sterz F, Herkner H, et al. Emergency extracorporeal life support
and ongoing resuscitation: a retrospective comparison for refractory out-of-
hospital cardiac arrest. Emerg Med J. 2017,34:277-81.

6. Lamhaut L, Hutin A, Puymirat E, et al. A pre-hospital extracorporeal cardio
pulmonary resuscitation (ECPR) strategy for treatment of refractory out
hospital cardiac arrest: an observational study and propensity analysis.
Resuscitation. 2017;117:109-17.

7. Stub D, Bernard S, Pellegrino V, et al. Refractory cardiac arrest treated with

mechanical CPR, hypothermia, ECMO and early reperfusion (the CHEER trial).

Resuscitation. 2015;86:88-94.

8. Bartos JA, Grunau B, Carlson C, et al. Improved survival with extracorporeal
cardiopulmonary resuscitation despite progressive metabolic derangement
associated with prolonged resuscitation. Circulation. 2020;141(11):877-86.

9. Debaty G, Babaz V, Durand 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.

10.  Duggal C, Weil MH, Gazmuri RJ, et al. Regional blood flow during closed-
chest cardiac resuscitation in rats. J Appl Physiol (1985). 1993;74(1):147-52.

11, Lurie KG, Mulligan KA, McKnite S, et al. Optimizing standard
cardiopulmonary resuscitation with an inspiratory impedance threshold
valve. Chest. 1998;113(4):1084-90.

12. Chen YS, Lin JW, Yu HY, et al. Cardiopulmonary resuscitation with assisted
extracorporeal life-support versus conventional cardiopulmonary
resuscitation in adults with in-hospital cardiac arrest: an observational study
and propensity analysis. Lancet. 2008;372:554-61.

13. Blumenstein J, Leick J, Liebetrau C, et al. Extracorporeal life support in
cardiovascular patients with observed refractory in-hospital cardiac arrest is
associated with favourable short and long-term outcomes: a propensity-
matched analysis. Eur Heart J Acute Cardiovasc Care. 2016;5:13-22.

4. Wengenmayer T, Rombach S, Ramshorn F, et al. Influence of low-flow time
on survival after extracorporeal cardiopulmonary resuscitation (ecpr). Crit
Care. 2017;21:157.

15. Wang CH, Chou NK, Becker LB, et al. Improved outcome of extracorporeal
cardiopulmonary resuscitation for out-of-hospital cardiac arrest-a

comparison with that for extracorporeal rescue for in-hospital cardiac arrest.

Resuscitation. 2014;85:1219-24.

16.  Fagnoul D, Combes A, De Backer D. Extracorporeal cardiopulmonary
resuscitation. Curr Opin Crit Care. 2014;20:259-65.

17. Legriel S, Bougouin W, Chocron R, et al. Early in-hospital management of
cardiac arrest from neurological cause: Diagnostic pitfalls and treatment
issues. Resuscitation. 2018;132:147-55.

18. Dennis M, McCanny P, D'Souza M, et al. Extracorporeal cardiopulmonary
resuscitation for refractory cardiac arrest: a multicentre experience. Int J
Cardiol. 2017;231:131-6.

19.  Soar J, Nolan JP, Bottiger BW, et al. European resuscitation council
guidelines for resuscitation 2015: section 3. Adult advanced life support.
Resuscitation. 2015;95:100-47.

20. Abrams D, Garan AR, Abdelbary A, et al. Position paper for the organization
of ecmo programs for cardiac failure in adults. Intensive Care Med. 201844
717-29.

21. Storm C, Leithner C, Krannich A, et al. Impact of structured pathways for
postcardiac arrest care: a systematic review and meta-analysis. Crit Care
Med. 2019;47:¢710-6.

22. Scholz KH, Andresen D, Bottiger BW, et al. Quality indicators and structural
requirements for cardiac arrest centers-german resuscitation council (grc).
Anaesthesist. 2017,66:360-2.

23. Barbaro RP, Odetola FO, Kidwell KM, et al. Association of hospital-level
volume of extracorporeal membrane oxygenation cases and mortality.
Analysis of the extracorporeal life support organization registry. Am J Respir
Crit Care Med. 2015;191:894-90120.

24.  Michels G, Wengenmayer T, Hagl C, et al. Recommendations for
extracorporeal cardiopulmonary resuscitation (ecpr) : Consensus statement
of dgiin, dgk, dgthg, dgfk, dgni, dgai, divi and grc. Anaesthesist. 2018,67:
607-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

(2020) 28:96 Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Objective
	Design
	Setting
	Patients
	Intervention
	Mesurements and main results
	Conclusion

	Introduction
	Materials and method
	Intensive Care Unit (ICU) setting
	eCPR team
	eCPR procedure
	Diagnostic procedures
	Postresuscitation care
	Prognostication of neurological outcome
	Withdrawal of treatment
	Statistics

	Results
	Patient characteristics of admitted patients
	Baseline characteristics of eCPR patients
	Time intervals in eCPR patients
	Initial laboratory values in eCPR patients
	Treatment characteristics in eCPR patients
	Outcome of eCPR patients
	Follow-up of eCPR survivors
	Patients regaining ROSC before / without eCPR

	Discussion
	Establishment of an eCPR program
	Inclusion criteria
	Importance of time to inititation of eCPR
	Importance of neurological assessment and prognostication
	Late ROSC
	Strength and limitations

	Conclusion
	Future perspectives

	Supplementary information
	Acknowledgments
	Authors’contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

