Clinical Research in Cardiology
https://doi.org/10.1007/500392-018-1366-4

REVIEW

@ CrossMark

Recommendations for extracorporeal cardiopulmonary resuscitation
(eCPR): consensus statement of DGIIN, DGK, DGTHG, DGfK, DGNI,

DGAI, DIVl and GRC

Guido Michels'?* . Tobias Wengenmayer?23 . Christian Hagl*?** - Christian Dohmen*?2>25 . Bernd W. Béttiger>2627:28..
Johann Bauersachs®?° - Andreas Markewitz”-242¢ . Adrian Bauer®>° . Jan-Thorsten Griasner®?”-2% . Roman Pfister’ -

Alexander Ghanem'? . Hans-Jorg Busch''232628 . ywe Kreimeier'22428 . Andreas Beckmann

13,24

Matthias Fischer'*?” . Clemens Kill'>?7 . Uwe Janssens'6?326 . Stefan Kluge'”?32% . Frank Born>3° .

Hans Martin Hoffmeister'32° . Michael Preusch'® - Udo Boeken?® - Reimer Riessen?'?3 . Holger Thiele

Received: 18 July 2018 / Accepted: 30 August 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

22,29

Extracorporeal cardiopulmonary resuscitation (eCPR) may be considered as a rescue attempt for highly selected patients
with refractory cardiac arrest and potentially reversible aetiology. Currently, there are no randomised, controlled studies on
eCPR. Thus, prospective validated predictors of benefit and outcome are lacking. Currently, selection criteria and procedure
techniques differ across hospitals and standardised algorithms are lacking. Based on expert opinion, the present consensus
statement provides a first standardised treatment algorithm for eCPR.
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Introduction

At least 275,000 patients in Europe suffer an out-of-hospital
cardiac arrest (OHCA) every year [1]. In the US, approxi-
mately 568,500 cardiac arrests occur annually. Of these,
359,400 (63%) occur outside hospital (OHCA) and 209,000
(37%) inside hospital (in-hospital cardiac arrest, [HCA) [2].
With 60%, cardiac aetiology is presumed to be the most com-
mon reason [3, 4]. In approximately 20-30% of cases, the ori-
gin is not cardiac [5, 6]. Even with immediate initiation of
conventional cardiopulmonary resuscitation (CPR), survival
rate with a favourable neurological outcome (mild to moderate
neurological impairment, equivalent to a cerebral performance
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category (CPC) of 1-2) is low, both for IHCA and for OHCA
[5-10% (OHCA) versus 15% (IHCA)] [7-9]. Extracorporeal
cardiopulmonary resuscitation (¢CPR) can be considered a res-
cue attempt for selected patients with refractory cardiac arrest
of potentially reversible cause (e.g. myocardial infarction or
pulmonary embolism) [10-12]. Observational studies suggest
that eCPR can increase survival rate up to 30% in these patients
[4, 13-22]. A meta-analysis showed an absolute increase of
30 day survival of 13% compared with conventional CPR (95%
CI 6-20%; p <0.001; number needed to treat 7.7) [23].
Currently, highly selected patients (see Table 1) receive
venoarterial extracorporeal cardiovascular life support (VA-
ECLS) under conventional or mechanical CPR [mCPR with,
for instance, the LUCAS® (Physio-Control, Inc., Redmond,
WA, USA) or AutoPulse® (ZOLL (Resuscitation Products),
Chelmsford, MA, USA) system]. Selection criteria and pro-
cedures vary across institutions. Venoarterial extracorporeal
membrane oxygenation (VA-ECMO) is commonly defined in
the literature and in this consensus paper as being synonymous
with extracorporeal life support system (ECLS) [24]. The pre-
sent consensus paper offers a proposal for a standardised algo-
rithm for eCPR with the use of an ECLS. The consensus paper
has been written with representatives of the German Society
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of Medical Intensive Care and Emergency Medicine (DGIIN),
the German Cardiac Society (DGK), the German Society of
Thoracic, Cardiac and Vascular Surgery (DGTHG), the Ger-
man Society of Cardiotechnics (DGfK), the German Society
of Neuro-Intensive Care and Emergency Medicine (DGNI),
the German Society of Anaesthesiology and Intensive Care
Medicine (DGAI), the German Interdisciplinary Association
for Intensive Care and Emergency Medicine [DIVI, section
group Neurological Medicine (Studies and Standards in Neu-
rological Medicine), the section group Emergency Medicine
(Resuscitation and Post-Resuscitation Therapy), section group
Ethics], and the German Resuscitation Council (GRC).

Previous guidelines and recommendations

Neither the guidelines of the European Resuscitation Coun-
cil [10] nor the guidelines of the American Heart Associa-
tion [8] on CPR recommend the routine use of eCPR for
patients with cardiac arrest [Class IIb (benefit > risk), evi-
dence level C-LD (limited data)]. A separate guideline on
eCPR from the ‘Extracorporeal Life Support Organisation
(ELSO)’ [26] is limited to general aspects of eCPR only.

Current studies

Randomised controlled trials (RCT) on eCPR are lacking
so far, and there are no prospectively validated criteria for
selecting patients and determining indications for eCPR
[27]. Defining predictors of risk and benefit, which could
help to determine indications for eCPR, remain to be a
major clinical challenge. A meta-analysis by Debaty et al.
[19] investigated the prognostic value of various risk fac-
tors which might help guiding the specialist in acute set-
tings when the question to initiate eCPR or not raises. Pri-
mary outcome was significantly better in the presence of
an initially defibrillatable heart rhythm (OR 2.2, 95% CI
1.30-3.72, p=0.003), a shorter low-flow time (time from
CPR initiation to eCPR, geometric mean ratio 0.90, 95% CI
0.81-0.99, p=0.04), a higher pH (A pH (arterial) 0.12, 95%
CI0.03-0.22, p=0.01) and a low serum lactate concentra-
tion (A —3.52 mmol/L, 95% CI —5.05 to —1.99, p <0.001).

Together with data from other major observational stud-
ies, a defibrillatable heart rhythm appears to be an important
prognostic factor for patients with OHCA [19]. At present,
however, it does not seem justified to deny eCPR categori-
cally for patients without defibrillatable heart rhythms. The
prognostic value of the low-flow time has already been
documented, both for in-hospital and out-of-hospital car-
diac arrest [19, 28]. The time factor seems to play a particu-
larly important part. A Japanese registry study showed that
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strict adherence to the ‘collapse-to-start eCPR’ of <40 min
and the ‘collapse-to-coronary reperfusion’ of <60 min was
accompanied by the best prognostic outcome [29]. However,
even in cities with established eCPR programmes, low-flow
time to ECLS support exceeded 70 min. Analogous to the
treatment of ST-segment elevation myocardial infarction
it will be very important to reduce low-flow time in future
[17, 28]. Current and future studies [e.g. the CAREECMO
study (NCT0335299)] are investigating whether a consider-
ably accelerated CPR algorithm for selected patients, with
the focus on rapid transportation following the ‘load-and-
go’ principle or preclinical ECLS initiation [30] have more
impact on mortality. Moreover, early arrival of the first-aider,
a low serum lactate, a higher etCO, before arrival at the car-
diac catheterisation laboratory and the presence of coronary
heart disease as a reversible cause for collapse are associated
with a significantly higher probability of survival [31].

As biochemical markers, pH and serum lactate have
emerged as ‘the’ prognostic factors at many sites [19]. How-
ever, any prolonged CPR causes deviations of pH and serum
lactate levels, owing to a metabolic imbalance at cellular level.
One-off elevations should therefore be interpreted with cau-
tion, whereas clearance might be more important over time [32,
33]. Comparing both markers, pH seems to predict neurological
outcome better than lactate levels [34]. By the way, venous pH
shows a good correlation with the arterial pH [35]. There are
no well-validated cut-off values, neither for pH nor for serum
lactate. These values of these parameters must be interpreted
in clinical context only. In the past pH values below 6.8 were
supposed to be incompatible with life, according to textbook
opinion [36]. However, some current case reports show a good
neurological outcome with even lower pH values (CPC 1-2)
[37, 38]. Nevertheless, a retrospective analysis of prospective
registry data of OHCA patients showed that a pH < 6.8 was not
associated with a good neurological outcome [39].

Therefore, decision to initiate eCPR should always be
made by a multi-professional ‘eCPR team’ (see Recommen-
dation 2, below), taking into account all available indicators
individually (Table 1). Besides these event-related variables,
general patient-related, variables are also of prognostic sig-
nificance. Obesity is often discussed in this context, as it
might hinder the placement of ECLS cannula. However,
a retrospective observational study showed that the body
mass index (BMI< 18.5 to >30 kg/mz) was not associated
with either an increased mortality or a poorer neurologi-
cal outcome in eCPR patients [40]. A retrospective study
showed that the 1-year survival rate was significantly lower
for patients with malignant disease than for those with non-
malignant disease (1.7% versus 11.4%) [41]. Moreover,
elderly and frail patients with OHCA show a low probability
of survival [42]. Age itself does not seem to have a nega-
tive effect on the survival rate and therefore should not be
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Table 1 Possible decision criteria with regard to eCPR (adapted from Michels et al. [25])

Pro criteria Contra criteria

m Observed cardiac arrest

m Presumed cardiac aetiology, especially
defibrillatable initial heart rhythm

m No-flow time <5 min

m Short low-flow time <60 min

m Consistently high-quality resuscitation responder/s)

measures (effective resuscitation by lay
responder/s)

m Presence of a reversible cause of the
cardiac arrest (4 H’s and HITS). This
includes hypoxia, hypovolaemia, hypo-
and hyperkalaemia (metabolic dysfunc-
tions), accidental hypothermia, pericardial
tamponade, intoxication, thromboembo-
lism (myocardial infarction, pulmonary

embolism) and tension pneumothorax planning)

m Age > 75 years and frailty

m Non-observed cardiac arrest
m No-flow time > 10 min

m Clinical signs of severe irreversible brain damage or expected poor neurological prognosis
m [nadequate resuscitation measures (e.g. absent, doubtful or intermittent resuscitation by lay

m Comorbidities with reduced life expectancy (e.g. underlying oncological condition under pallia-
tive care, terminal heart failure or COPD, advanced dementia)

m Prolonged CPR of >20 min in the case of asystole (exception: accidental hypothermia, intoxica-
tion, near-drowning and suspected pulmonary embolism) or of > 120 min in the case of persis-
tent ventricular fibrillation/ventricular tachycardia

m Low pH (< 6.8) and high lactate (>20 mmol/L)

m Patient’s refusal (advance directive, the presence of emergency sheet regarding advance-care

m Contraindications to full anticoagulation (e.g. active bleeding, severe trauma or haemothorax

after CPR)

As the decision for or against eCPR should not depend solely on ‘one’ indication or ‘one’ contraindication, terms such as absolute or relative
indication or contraindication have been deliberately avoided. No-flow time is defined as the time from the collapse event to the initiation of
CPR; conversely, the low-flow time is defined as the interval from the start of CPR to the return of spontaneous circulation or onset of eCPR

COPD chronic obstructive pulmonary disease, CPR cardiopulmonary resuscitation

listed as an absolute contraindication [22, 43, 44]. In sum-
mary, observational studies have yielded a series of variables
of prognostic significance—none of these markers can be
regarded as a ‘no-go’ decision aid.

Although observational studies showed a survival advan-
tage for eCPR over conventional CPR after IHCA and
OHCA, RCT data are still missing. Some RCTs on this topic
have recently been initiated [e.g. the INCEPTION study
(NCT03101787, scheduled completion 2019), the EROCA
study (NCT03065647, scheduled completion 2019), the
Prague OHCA study (NCT01511666, scheduled completion
2018), and the ACPAR?2 study (NCT02527031, scheduled
completion 2018)], and until these studies are completed it
will not be possible to make any statement about clinical
endpoints.

Besides the medical aspects of eCPR, it is also necessary
to consider the ethical aspects (such as diagnosis of brain
death under ECLS) and the potential psychological burdens
on the treatment team and the family [45-49].

Treatment pathways—current evidence
Out-of-hospital cardiac arrest (OHCA)

No standardised treatment pathway for patients under CPR
has been clarified yet. Even in the case of a favourable

ventricular rthythm event over 60% of the patients display
refractory ventricular fibrillation and rarely achieve a return

of spontaneous circulation (ROSC), or die before hospital
admission [50]. In a prospective study by Yannopoulos et al.
[31], an algorithm was established for selected patients with
refractory ventricular fibrillation (age 18-75 years, trans-
fer time < 30 min to the cardiac catheterisation lab, patients
received at least three defibrillations and 300 mg of ami-
odarone without achieving ROSC). Patients in this specific
group were transported rapidly to a 24-h/7-day/365-day
hospital with readiness for cardiac catheterisation under
mCPR (LUCAS® chest compression system). Placement of
an ECLS was done immediately on arrival in the cardiac
catheterisation laboratory if there were no specific exclusion
criteria (etCO, < 10 mmHg, p,0, <50 mmHg or SO, <85%,
serum lactate > 18 mmol/L). Left-heart catheterisation,
if necessary with coronary intervention was performed
in the same setting. Certain patients were excluded from
this rapid emergency transport: the presence of a cardiac
arrest of non-cardiac aetiology (e.g. trauma, haemorrhage),
contraindications to the placement of a LUCAS® device,
known pregnancy, nursing home patients, the existence of
a ‘Do-Not Resuscitate/Do-Not Intubate’ situation (e.g. an
advance directive), and the presence of a terminal disease
(e.g. cancer or terminal heart or kidney failure). 9% of the
patients experienced ROSC on the way to the cardiac cath-
eterisation laboratory, 91% of the patients (50/55) were can-
nulated for eCPR and 84% received a successful coronary
intervention. Complications associated with ECLS place-
ment were retroperitoneal bleeding (8%) and other vascular
complications (6%). 42.0% of the patients survived with a
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good neurological status (CPC 1-2) versus 15.3% in a his-
torical comparison group. Fluoroscopy-guided cannulation
of the femoral vessels under CPR conditions is safe [51] and
leads to a reduction of complication rates without loss of
time [52]. Up-to-date, there is no randomised controlled or
prospective study comparing fluoroscopically guided with
ultrasonically guided ECLS placement. A small retrospec-
tive single-centre observational study compared the cannula-
tion time for anatomical ‘landmark’ based vessel puncture
plus the use of conventional wires with that of ultrasound
guided vessel puncture using stiff wires [53]. The median
cannulation time was 17 (12-26) min (landmark technique)
versus 8 (6—12) min (ultrasonic technique, p <0.001), which
favours the use of ultrasound and stiff wires. From an inter-
ventional point of view, the ‘stiff-wire’ method generally
is the preferred procedure—irrespective of whether the
landmark or the ultrasonic technique is used. In this study,
cannulation was performed by interventional cardiologists
only. Some answers to the question of the optimum cannu-
lation method are still missing [53]. Given that early coro-
nary angiography in resuscitated patients is accompanied
by lower mortality [54, 55]—and as no other algorithm has
yet been studied—the ‘CPR-cardiac catheterisation pathway’
should be preferred [31]. Direct transportation of selected
patients with OHCA to a cardiac arrest centre with cardiac
catheterisation readiness should be the aim [56, 57]. Hos-
pitals with an ECMO/ECLS programme should be able to
implant an ECLS at various sites in the hospital (e.g. the
trauma room or cardiac catheterisation laboratory) [57]. This
will ensure that an eCPR can be done even with non-cardiac
aetiology (e.g. accidental hypothermia) [58].

In-hospital cardiac arrest (IHCA)

The treatment pathways within hospital departments depend
on the prevailing conditions and resources and therefore vary
widely. In the case of IHCA, it might be appropriate to can-
nulate the patient an ECLS on the spot (e.g. in the intensive-
care ward), to save transport time.

For hospitals without the structural and staffing requirements
for ECLS placement, it is recommended to have predefined
contact persons at the nearest hospital with an ECMO-ECLS
programme. A brief discussion will reveal wether it is more
advisable to rapidly transport the patient under CPR to ECLS
centre or to send an ECLS team to the patient.

Organisational requirements
and recommendations for eCPR
1. Seamless eCPR readiness requires a 24-h/7-day/365-

day availability of the eCPR team with correspond-
ingly short assembly time.
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The multi-professional eCPR team ideally consists of a
doctor who is additionally qualified in emergency med-
icine or a medical specialist who is additionally quali-
fied in intensive care medicine and the ECLS implanta-
tion team. The ECLS implantation team should meet
medical specialist standards from at least two of the
three specialities of cardiology, cardiac surgery and
anaesthesiology and should also include a cardiovascu-
lar perfusionist, or—especially in institutions without a
cardiovascular perfusion unit—a professional care staff
specifically trained in ECLS with the qualifications
listed in the following sentence. The assistants and/or
nurses who are involved with implanting and operating
the ECLS are trained nursing professionals—ideally
with further specialist training in intensive or emer-
gency nursing—and are experienced in the therapy of
patients with ECLS. For further information, please
consult the appropriate European recommendations
[30].

The eCPR programme should ideally be attached to a
hospital with an intensive-care unit and many years of
experience in the care of ECLS patients and also the
option of further treatments (for instance, the implanta-
tion of ventricular support systems or heart transplants)
[30, 59].

Availability of portable ECLS/ECMO systems is not
given all over Germany. For that, the patient should
be admitted to a collaborating hospital with 24-h/7-
day/365-day cardiac catheterisation and ECLS readi-
ness. If mobile extracorporeal support systems are
used, e.g. in patients with massive pulmonary embo-
lism under CPR, please consult the recommendations
for inter-hospital transfer under ECLS [60-62].

A telephone notification call and a shared checklist-
based indication review should be made with the doc-
tor responsible in the ECLS team. Ideally, the review
should be done within the first 15 min of low-flow time
(refractory CPR [20, 30]) und includes age, possible
comorbidities, initial thythm, no-flow time and ROSC
status.

Valid procedural instructions must be implemented
which reliably define the structured handover and the
sites of intervention to improve and maintain commu-
nication between the parties [57].

After the structured handover (including team time-
out), a general clinical examination and immediate
focused ultrasound/echocardiography under mCPR
should be done to rule out or detect any reversible
causes (pneumothorax, signs of right ventricular strain
indicating pulmonary embolism, pericardial tampon-
ade, left ventricular dysfunction and hypovolaemia)
[63-65].
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8.

10.

11.

12.

13.

14.

15.

16.

The final decision about performing an ECLS place-
ment should be made by the ECLS implantation team
after weighing up the pro and contra criteria. Until then
the CPR should be continued uninterruptedly and in
accordance with the guidelines [66—68].

An arterial access should be installed for haemody-
namic monitoring under CPR and to determine the
chemical laboratory prognostic factors (serum lactate,
pH). Ideally, an arterial catheter should be placed in the
common femoral artery for this purpose immediately
on arrival of the patient. Besides the arterial blood gas
analysis and the invasive monitoring of blood pressure
arterial cannulation for the ECLS can be performed at
this site.

A separate intensive care or trauma team, consisting of
a doctor with experience in the critical care of resus-
citated patients (if possible > 1 year) and nursing staff
should be present continuously during ECLS place-
ment and take care of the hemodynamic and respira-
tory support as well monitoring.

A ‘collapse-to-start eCPR interval’ of 60 min [69]
and a ‘door-to-ECLS implantation time’ of less than
30 min should be adhered to depending on local condi-
tions [70].

The ECLS placement via the femoral artery (1519 Fr)
and femoral vein (19-23 Fr) should ideally be done
either in the cardiac catheterisation laboratory under
fluoroscopic guidance (if necessary by vascular ultra-
sound) or in the emergency department/trauma room
under ultrasonic guidance [71, 72].

After ECLS placement a distally oriented catheter
should be inserted for anterograde leg perfusion under
ultrasonic guidance. If placement is unsuccessful and
there are clinical or technical signs of critically low
perfusion (e.g. via near-infrared spectroscopy on the
lower leg) open surgical implantation should be per-
sued. The correct site and functioning of the distally
oriented catheter must be evaluated early by appro-
priate diagnostic methods (e.g. vascular ultrasound or
(CT) angiography).

There should be a low threshold for considering a
whole-body CT scan, depending on the clinical situ-
ation after ECLS placement, to identify undetected
causes of cardiac arrest (especially central processes),
secondary injuries after CPR and complications due to
the ECLS placement [73].

Guideline-compliant temperature management (32—
36 °C constantly for 24 h) should be carried out, taking
into account the current blood coagulation status and
bleeding complications [66, 74].

The additional implantation of a left ventricular micro-
axial pump [Impella® (Abiomed U.S., Danvers, MA,
USA)] can be considered over time if there is no pul-

17.

18.

satility or only minimal left ventricular contractility
consistent with left ventricular unloading in the form
of ‘venting’ [75, 76].

Prognostication in eCPR patients remains difficult. In
particular, the question if and when an eCPR should
be terminated should be decided—given the lack of
scientific evidence to date—within the interdiscipli-
nary intensive care and ECLS team, taking account of
the medical and ethical aspects, as a decision specific
to the patient as an individual. The current guidelines
on resuscitation generally recommend a neurological
prognosis assessment and treatment decision not ear-
lier than 72 h after ROSC [10].

An eCPR process flowchart in the form of a standard-
ised operating procedure (SOP) should be established
in the eCPR team and evaluated at regular intervals
(Fig. 1).

Quality criteria

Besides technical skills, implementing eCPR requires social,
economic and medical—ethical skills [69].

1.

For the care of patients with pre-hospital cardiac arrest,
please consult the quality indicators and structural
requirements for ‘cardiac arrest centres’ [57].
Implementing eCPR demands considerable resources
and requires very good communication and co-opera-
tion between all members and associates of the eCPR
team—similar to regional infarct networks [77]. Espe-
cially, because of the great importance of early notifica-
tion and shared eCPR assessment in the form of a ‘rapid
decision-making’ process management and the focus on
rapid transportation a close dialogue and binding struc-
tural collaboration with the local emergency medical
services is essential.

Under the direction of a qualified mentor, a multi-pro-
fessional training for team-focused eCPR contributes to
quality assurance [78].

At regular meetings, quality criteria/features (e.g. opti-
mising the eCPR-SOP), the current study results and
case reports should be reported and discussed. Participa-
tion in national and international multicentre studies is
desirable.

Since many undesirable events and complications arise
from the complexity of treatment, uncertainty, lack of
team management or misunderstandings between mem-
bers of the eCPR team in the ad hoc emergency situa-
tion, all participants in the eCPR team should receive
the appropriate quality of training and instruction. For
that reason, there should be clearcut rules governing the
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PREHOSPITAL: cardiac arrest — advanced life support (if possible FEEL)
1

Telephone announcement under central telephone number (ECLS team)

Checklist-based evaluation of eCPR indication

TRANSPORTATION: under mechanical CPR

1
l

HOSPITAL: structured handover, clinical examination, focused ultrasound / echocardiography, arterial BGA, laboratory, X-blood

Decision on VA-ECMO placement by ECLS implantation team

,pro and contra criteria“

| Suspected cardiac genesis

¢ =

Suspected non-cardiac genesis

Coronary angiography + PCI I l

ECLS placement f

| Whole-body CT (if necessary)
including TRO-CT

Whole-body CT (if necessary)

secondary injuries?

!

INTENSIVE CARE UNIT

Fig.1 eCPR algorithm. BGA blood gas analysis, CPR cardiopulmo-
nary resuscitation, CT computed tomography, ECMO extracorporeal
membrane oxygenation, ECLS extracorporeal life support system,
eCPR extracorporeal cardiopulmonary resuscitation, FEEL focused
echocardiographic evaluation in life support, PCI percutaneous cor-

allocation of responsibilities with regard to both medi-
cine and logistics, and training sessions should be held
regularly.

6. To achieve the appropriate quality, the requirement is a
caseload of at least 30 ECLS/ECMO placements (elec-
tive plus under CPR) per year and per hospital with an
ECMO/ECLS programme [30, 79].

7. To maintain quality in line with current recommenda-
tions and study data, the aim is to update this present
consensus paper every 5 years.
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