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Abstract

Extracorporeal cardiopulmonary resuscitation (ECPR) is a salvage procedure in which extracorporeal membrane oxy-
genation (ECMO) is initiated emergently on patients who have had cardiac arrest (CA) and on whom the conventional
cardiopulmonary resuscitation (CCPR) has failed. Awareness and usage of ECPR are increasing all over the world.
Significant advancements have taken place in the ECPR initiation techniques, in its device and in its post-procedure
care. ECPR is a team work requiring multidisciplinary experts, highly skilled health care workers and adequate
infrastructure with appropriate devices. Perfect coordination and communication among team members play a vital
role in the outcome of the ECPR patients. Ethical, legal and financial issues need to be considered before initiation of
ECPR and while withdrawing the support when the ECPR is futile. Numerous studies about ECPR are being published
more frequently in the last few years. Hence, keeping updated about the ECPR is very important for proper selection

of cases and its management. This article reviews various aspects of ECPR and relevant literature to date.
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Introduction

If the return of spontaneous circulation (ROSC) is not
possible following cardiac arrest (CA) in spite of adequate
conventional cardiopulmonary resuscitation (CCPR), the
recovery chance is very poor. Over a period of time, var-
ious pharmacological and mechanical methods have been
tried to improve survival. One of the methods is by initi-
ating venoarterial extracorporeal membrane oxygenation
(VA-ECMO) on these patients. VA-ECMO is a mechani-
cal device in which blood is drained from the right atrium
directly or through a cannula in the femoral vein and
returned back to the arterial system of the patient more
commonly through the femoral artery or directly into the
aorta after adequate oxygenation. Initiating VA-ECMO on
patients who were not salvageable by conventional
cardiopulmonary resuscitation (CPR) is termed as extra-
corporeal cardiopulmonary resuscitation (ECPR). The aim
of ECPR is to provide adequate perfusion to the end-
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organs when the potentially “reversible” conditions were
managed. CCPR can provide only 25 to 30% of cardiac
output [1], adequate end-organ perfusion, including brain
perfusion, can be achieved with ECPR and low flow du-
ration can be reduced [2]. ECPR is a resource-intensive
therapy requiring specialized equipment and highly
trained multidisciplinary experts which has usually limit-
ed to large centres with adequate facility [3, 4].

Resuscitating very sick patients using portable cardio-
pulmonary bypass is not new. It was reported as early as
1976 by Mattox et al. [S]. Recent advancements in car-
diopulmonary bypass technology such as portable and
miniaturized extracorporeal machines, preassembled
heparin-coated circuits and percutaneous cannulation
techniques helped in the widespread usage of ECMO in
various clinical situations including CA. It is well known
that as the duration of time since onset of CA increases,
the mortality increases [6, 7]. Success of ECPR depends
on the time of initiation since cardiac arrest, proper equip-
ment, personnel and team work. Ideally, all required
health care providers should be available in the hospital
24/7. 1f that is not possible, there should be a protocol to
get the ECPR team to the bedside as soon as possible.
Even though successes have been recorded with the lon-
ger duration of no ROSC before ECPR initiation, the
shortest possible time is preferable [8].
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Definition

ECPR can be defined as the rapid initiation of VA-ECMO
during CPR in patients who experience a sudden and unex-
pected pulseless condition secondary to cessation of cardiac
mechanical activity [3, 9].

Inclusion and exclusion criteria

ECPR is an emergency procedure. Well-defined criteria to
help in selection of ideal patients for ECPR are mandatory to
save the deserving CA patients and to differentiate from the
patients on whom the ECPR’s outcome is unacceptably low.
Unfortunately, there is no uniform consensus on those criteria
[10-16]. Selection criteria accepted by most of the centres are
given in Table 1.

ECPR procedure

ECPR cannulation should ensure complete mechanical sup-
port to provide adequate circulation and gas exchange. A rou-
tine ECMO cannulation selection criterion applies to ECPR
also. The ECPR team should ensure the availability of various
sizes of the cannulas in the emergency situation. The choice
between percutaneous or surgical approach to the femoral
vessels mostly depends on the skill and preference of the cli-
nician. A percutaneous technique can be done quickly for
which surgical skills are not required, but vessel identification
can be challenging in CA situation with higher failure rates.
Surgical cannulation needs surgical expertise for which appro-
priate instruments and setup are needed but vessels can be

Table 1 Inclusion and exclusion criteria [10-16]

visualized and handled with care. Ultrasound-guided cannula
placement adds to the time but certainly useful in expert
hands. The surgical approach is also the only option for failed
percutaneous cannulation [17]. Cannulation is usually done in
the femoral vessels, because of easy accessibility with ongo-
ing CPR. Alternative approaches include jugulo-femoral,
femoro-subclavian or jugulo-subclavian routes [10]. Central
cannulation outside the operating theatre requires proper plan-
ning with adequate equipment and resources [17].

Pre-primed circuits help to reduce the down time in ECPR.
Primed circuits with only crystalloid (free of protein, glucose
and blood products) have been found to be free of infection for
14 days and can be used up to 30 days [18, 19]. Preassembled
ECMO circuits are available for which setup time is only a
few minutes, reducing the need for pre-primed circuits.

Echocardiography offers advantage of cardiac function as-
sessment. In case of severe left ventricular dysfunction as
evidenced by poor or non-opening aortic valve, left ventricu-
lar decompression is essential to prevent pulmonary oedema,
pulmonary haemorrhage, left ventricular distension and clot
formation. It can be done by placement of the left atrial cath-
eter via blade septectomy or transthoracic direct left atrial or
left ventricular venting [8, 20]. Other mechanical devices are
also used along with VA-ECMO. The most commonly used
device is the intra-aortic balloon pump (IABP). Other devices
include Impella (ABIOMED) or TandemHeart (Cardiac
Assist, Inc.) to decompress the left ventricle which also helps
in cardiac recovery. Further studies are needed to prove their
role [20].

During ECPR, the following parameters guide us to assess
the adequacy of the CPR. Quantitative waveform
capnography and intra-arterial pressure are very useful. If
end-tidal carbon dioxide (EtCO,) is less than 10 mmHg or if

Inclusion criteria

Exclusion criteria

Witnessed CA of cardiac origin or without any obvious cause

No sustained ROSC for the first 10 min (for a few centres, it is 20 min)
of conventional CPR
VF or pVT on initial ECG

Age less than 18 years and more than 75 years
CPR duration less than 10 min

Known severe irreversible brain damage

Terminal malignancy

Traumatic origin with uncontrollable bleeding

Post-cardiotomy shock with inability to wean off cardiopulmonary bypass

Acute aortic dissection

Non-cardiac origin (asphyxia, submersion, primary cerebral disorder)

Irreversible organ failure (like liver failure and late-stage advanced adult re-
spiratory distress syndrome)

Severe sepsis
Poor level of activities of daily living before CA
Core body temperature less than 30 °C

VF ventricular fibrillation, pVT pulseless ventricular tachycardia
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diastolic blood pressure is less than 20 mmHg, then CPR
quality has to be improved (class IIb, LOE C-EO) [21].

Appropriate transport facility should be available to trans-
fer the patients connected to ECMO during ECPR to the in-
tensive care unit (ICU), especially those who had out-of-
hospital cardiac arrest (OHCA).

Post-ECPR management

Post-ECPR management plays a vital role in the outcome of
the patient. Apart from the routine post-ECMO management,
certain precautions are to be taken for ECPR patients.
Targeted temperature management (TTM) influences neuro-
logical outcome. Nagao et al., in 2010, reported 171 patients
who had unsuccessful CCPR. All underwent ECPR with
IABP insertion followed by percutaneous coronary interven-
tion (PCI) if needed. They were maintained on hypothermia of
34 °C for 3 days. Twenty-one patients out of 171 (12.3%) had
a good neurological recovery during hospital discharge.
Neurologically favourable accuracy of 85.4% and 89.5%
was reported in patients with CA to cardiopulmonary bypass
(CPB) interval of 55.5 min and CPB to 34 °C interval of
21.5 min respectively [22]. Generally, patient’s core body
temperature of 33 to 35 °C is maintained for 24-48 h [8].
Therapeutic hypothermia when compared with normothermia
after ECPR is associated with lesser survival with good
neurobehavioural outcome at 1-year follow-up [23].

The guidelines of the American Heart Association (AHA)
recommend the use of physical examination, electrophysio-
logical modalities, imaging modalities and blood markers to
predict neurologic outcomes following CA [24]. Physical ex-
amination (pupil diameter and brain stem reflexes), imaging
(brain computerized tomography (CT), grey white matter ratio
(GWR) and magnetic resonance imaging (MRI), electrophys-
iological studies (electroencephalogram, bispectral index
(BIS) and near-infrared spectroscopy (NIRS)) and laboratory
investigations (arterial pH value and serum lactate levels) help
in the identification of prognosis of those patients undergoing
ECPR [8, 20].

Complications

Most of the complications following ECPR are common to
routine ECMO, even though the incidence of those complica-
tions can be higher and vary from centre to centre. Vascular
injury during cannulation, aberrant placement of the cannula
and unsuccessful cannulation (as high as 51.2%) are remark-
ably higher in ECPR compared with routine ECMO [25, 26].
This may be attributed to time constraint and accessing vessels
in pulseless state. The most common complication after initi-
ation of ECPR is bleeding (8.2% to70%) [25, 27]. Bleeding

can be from the cannulation site, intracranial bleed, gut bleed,
nasal bleed or alveolar haemorrhage [27]. Leg ischaemia can
happen in 3% to 15.4% of the ECPR patients [14, 28].
Maekawa et al. reported infection incidence of 7.7% in 2013
whereas Lee et al. reported 21.7% sepsis incidence in 2016 in
their post-ECPR patients [14, 29]. Incidence of intracerebral
haemorrhage (ICH)/stroke can vary from 2.3 to 17.4% [29,
30].

Results

After ECPR, few factors predict poor outcomes. They are
acidosis, serum lactate, renal failure and liver failure not nor-
malizing in 24 h. Following ECPR in small group of patients,
“myocardial stunning” can be seen in the first few hours of its
initiation. While the exact cause is unknown, the presumed
mechanism is imbalance in the cellular calcium concentration.
Usually, it is self-limiting. Serum ionized calcium should be
normalized. Some patients may need vasodilators to reduce
after load, cardiac pacing and left ventricular decompression
[8]. Severe neurological injury following CPR can be predict-
ed using serial neurospecific enolase after 48 h of CA [31].
Cesana et al. in 2017 compared ECPR and CCPR, and report-
ed total CA time as the independent predictor of survival in
their 148 patients [32].

Holmberg et al., in 2018, in their systematic review of 25
observational studies for the International Liaison Committee
on Resuscitation’s (ILCOR) Advanced Life Support and
Paediatric Task Forces concluded that there is no conclusive
evidence for or against the use of ECPR in in-hospital cardiac
arrest (IHCA) and OHCA. The studies in the systematic re-
view had very low quality of evidence [33].

There are two main mechanisms by which brain injury can
occur following ECPR. The first mechanism is reduced oxy-
gen delivery to the brain because of poor oxygenation of
blood and reduced or no blood flow to the brain. The second
mechanism is due to reperfusion injury after establishing ad-
equate oxygenation and blood flow [34]. According to the
American Heart Association focussed update in 2019, most
of the studies showed improved short-term and long-term
neurological outcomes. However, all the studies analysed
showed increased risk of bias and they were not randomized
[4]. Cesana et al. in 2017 reported cardiac recovery and neu-
rological recovery were similar in ECPR and CCPR groups
[32].

Richardson et al., in 2017, reported 29% survival to hospi-
tal discharge in their study on 1796 ECPR patients. It is an
international multicentre study done comparing ECPR pa-
tient’s outcome between 2003 and 2006 vs 2007 and 2010
vs 2011 and 2014. Risk-adjusted survival in all the three
groups is the same even though the comorbidities are higher
over a period of time and also there are significant
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advancements in ECMO technology [35]. The CHEER trial in
2015 showed a survival 0of 45% and 60% in OHCA and IHCA
respectively following ECPR with reasonable neurological
outcome [36]. In the same year, Siao et al. studied various
factors comparing conventional CPR (40 patients) and
ECPR (20 patients). The overall survival at discharge with
good neurological recovery was 35% and 18.3% in the
ECPR and CCPR groups respectively. The mean duration
was longer in the ECPR group (69.90 +49.6 min) when com-
pared with the CCPR group (34.3 + 17.7 min) with a p value
0f 0.0001. About 95% in the ECPR group had more sustained
ROSC, whereas the CCPR group had sustained ROSC only in
47.5% of their patients (p = 0.0009). Also, good neurological
outcome reported was 40% vs 7.5% in the ECPR vs CCPR
groups (p =0.0067) respectively [16].

Matsuok et al. in their population-based study in 2019 re-
ported an overall survival of 46.3% (87/188) and 20.3% (67/
330) in the ECPR and CCPR groups, respectively, out of 518
patients studied. They also reported a favourable neurological
outcome of 22.9% (43/188) in the ECPR group as against
8.5% (28/330) in the CCPR group [37]. Dalia et al. reported
his single-centre experience in 2020. They reported a hospital
survival of 33.8% in their 71 patients who underwent ECPR.
Another important observation they made is that those patients
requiring renal replacement therapy after ECPR had the
highest mortality with only 5.3% surviving discharge from
the hospital [38]. In the same year, MacLaren et al. compared
outcomes of various ECPR studies. In their comparison, the
survival to hospital discharge of ECPR patients following
OHCA ranged from 8 to 33%. In IHCA, it ranges between
19 and 60% [39]. Various other studies also showed improved
neurological outcome and survival following ECPR com-
pared with CCPR [14, 15, 30, 40]. Gross variation in the
outcomes can be seen between the studies mentioned above.
This may be due to various factors influencing the outcomes
including the patient factors, quality of CCPR, centre’s expe-
rience, type of mechanical device used, resource availability
and the indices used to determine the outcome. As the avail-
able evidences were non-randomized, the outcomes of the
studies should be considered only as an association and should
not be considered as the result of ECPR intervention [4].

ECPR in children

Most of the ECPR managements are similar in paediatric and
adult population. ECPR in the postoperative period following
corrective or palliative surgery for congenital heart disease
(CHD) is the most common indication for ECPR in the pae-
diatric age group. This condition has better prognosis than
other conditions. Cardiac arrhythmias, tamponade, pulmonary
hypertension, hypoxemia due to pulmonary blood flow ob-
struction, myocardial dysfunction and residual lesions are

the frequent causes for cardiac arrest in the postoperative pe-
riod following surgery for CHD. Due to higher risk of neuro-
logical injury, ECPRs following bidirectional Glenn and
Fontan circulations carry poor prognosis. ECPR is also indi-
cated in the complex intervention for CHD in cathlab. Acute
fulminant myocarditis leading to cardiac arrest has a very
good prognosis following ECPR [10].

In the postoperative period following sternotomy, ECPR
cannulation is through the right atrium and aorta. In other
conditions, the right internal jugular vein and carotid artery
are cannulated. Rarely peripheral cannulation is through fem-
oral vessels especially in relatively older children [10].
Outcomes following ECPR in neonatal and paediatric age
groups are better than those in the adult population.
According to the Extracorporeal Life Support Organization
(ELSO) registry, survival to discharge in neonatal and paedi-
atric age group was 42% compared to 29% in adult population
[41].

Our experience

As success of ECMO patients depends on the team effort,
we formed a group called Interdisciplinary Clinical Group
of Extracorporeal Life Support (ICE Group) in 2013. This
group consists of intensivists, cardiothoracic surgeons,
anaesthetists, cardiologists, pulmonologists, nephrologists,
infectious disease specialists, gastroenterologists, vascular
surgeons, interventional radiologists, psychiatrists, perfu-
sionists, dieticians, physiotherapists and nurses. In this
group, cardiothoracic surgeons and intensivists take the
role of ECMO specialists. We work as a team to achieve
results on par with the international standards. We have
dedicated intensive care unit to manage these patients.
We developed an ECPR kit which contains all the essential
materials that can be wheeled into the ECPR site for rapid
ECPR initiation. The ECPR kit contains a preassembled
ECMO circuit, serial dilators, cannulas of various sizes,
antiseptic solutions, surgical drapes, surgical aprons,
gloves, a surgical tray for vascular access, surgical blades,
suture materials and ECMO consent forms. Proper plan-
ning and standard operating protocol (SOP) are very essen-
tial for the improved survival of ECPR patients. As there is
no universally accepted SOP, each centre should have their
own depending on the available resources and expertise.
We have developed a SOP which was devised by our team
(Fig. 1) to reduce the down time of ECPR.

Out of 186 ECMOs done by our team since 2011, 11 were
ECPRs (5.9%). The cause of CA and configuration of ECMO
in these eleven patients are listed in Table 2. All instances
were witnessed [HCA. Six (54.5%) patients were successfully
separated from ECMO and 5 (45.5%) survived to discharge
from the hospital. Our down time ranges from 36 to 84 min
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Fig. 1 Algorithm followed in our
centre for ECPR. CCPR,
conventional CPR; ABG, arterial
blood gas; ROSB, return of
spontaneous beating; LV, left
ventricle. Step 3: ECMO team
arrival in less than 5 min.
Percutaneous vascular access in 5
to 10 min. If not proceed with
surgical vascular access. Step 4:
ECMO initiation is followed by a
distal limb perfusion cannula if
femoral artery is cannulated. Aim
for a down time of less than

45 min from CA. Step 7: LV
decompression by direct LV
venting surgically or through the
right superior pulmonary vein if
ECPR is initiated via central
cannulation

with a mean duration of 52 min. Our cannulation strategy is to
proceed with peripheral VA-ECMO, percutaneously if vascu-
lar access is possible in less than 5 min. If not, we will proceed

Table 2 Diagnosis and ECMO
configuration of our patients

Step:1:

Step:2:

Step:3:

Step:4:

Monitored CCPR

Cardiac arrest. CCPR for >10min

v

ECMO team alerted
Inclusion/Exclusion criteria

A 4

T~

ECMO team arrival and
setup including femoral

Discussion with family
and consent

Cannulation
Initiation of ECMO

v

Establishing ECMO flow

arterial and venous access
catheters
Heparinisation

Step:6: Adequate Aortic

Step:5: Optimising Hemodynamics,
pH, ABG and Electrolytes

ROSB

valve opening

\

No ROSB
Poor Aortic

valve opening

LV decompression

(CCPR: Conventional CPR, ABG: Arterial Blood Gas, ROSB: Return of Spontaneous Beating, LV: Left

Ventricle)

Step:3: ECMO team arrival in less than 5minutes. Percutaneous vascular access in 5 to 10 min. If not

proceed with surgical vascular access.

Step:4: ECMO initiation is followed by distal limb perfusion cannula if femoral artery is cannulated.
Aim for a down time of less than 45min from CA.

Step:7: LV decompression by direct LV venting surgically or through right superior pulmonary vein if

ECPR is initiated via central cannulation.

with the semi-Seldinger technique by exposing the vessels.
All of our patients had peripheral cannulation except three
patients who had central cannulation after emergency

Cause

ECMO configuration

Drug poisoning
Drug poisoning

Drug poisoning

Pneumonia with cardiac arrest

Pneumonia with cardiac arrest

Peripheral VA-ECMO
Peripheral VA-ECMO
Central VA-ECMO
Peripheral VA-ECMO
Central VA-ECMO
Peripheral V-VA-ECMO

—_ = O 0 N AN W kAW N =

— O

Interstitial lung disease with cardiomyopathy
Viral myocarditis

Acute myocardial infarction

Post-coronary angioplasty

Post-coronary angioplasty

Ischemic cardiomyopathy

Central VA-ECMO

Peripheral VA-ECMO
Peripheral VA-ECMO
Peripheral VA-ECMO
Peripheral VA-ECMO
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sternotomy. The emergency sternotomy during ECPR is ex-
peditiously performed when cardiac compressions are with-
held very briefly (only few seconds at a time) to allow
sternotomy. By allowing periods of external cardiac com-
pressions to maintain adequate cerebral perfusion,
sternotomy can be safely performed in the few seconds
when the chest compressions are stopped. One patient had
a high body mass index of 48 kg/m?, necessitating a cen-
tral cannulation for providing adequate flow. The other
two patients had severe spasm of the groin vessels, due
to high vasopressor doses, precluding peripheral cannula-
tion. Hence, central cannulation was done via emergency
sternotomy as described above.

One patient had limb ischaemia despite placing a dis-
tal limb perfusion cannula which was managed success-
fully by fasciotomy. A patient on VA-ECMO had re-
exploration for bleeding. Out of the 5 patients who could
not be saved, one patient was awaiting heart transplan-
tation post-coronary artery bypass grafting (CABG)
(7 years ago) with atheromatous femoral artery dissected
during cannulation. Two patients had irreversible cere-
bral hypoxia. One patient had multiorgan failure with
very poor prognosis for which next of kin opted for
death not to escalate/resuscitate (DNE/DNR). The last
patient had significant irreparable intracerebral bleed.
Of the six patients who were successfully separated from
ECMO, one patient succumbed to sepsis, while the re-
maining five patients were discharged from the hospital.
Our good results can be attributed to the fact that all the
patients had witnessed IHCA. Except for 2 patients, the
remaining 9 patients had IHCA in the ICU where trained
personnel were available to give adequate CPR and well
monitored avoiding low flow state. The two patients who
suffered a CA in the ward had prompt CPR which was
quickly taken over by the medical emergency team
(MET) health care workers within few minutes.

ELSO registry

According to the international summary in ELSO registry up-
dated until January 2020, a total of 15,055 ECPRs were re-
ported all over the world [41]. The survival following ECPR

in neonatal and paediatric population is better than that in the
adult as shown in Table 3.

Financial considerations

ECPR is a labour-intensive and resource-consuming proce-
dure. Hence, the cost of the procedure can be considerably
higher. Financial burden should be considered wisely and ju-
dicially used. Dennis et al. in 2019 reported cost-effectiveness
in ECPR along with the quality of life analysis. In their study,
consecutive 62 ECPR patients were studied. [HCA were 38
(61%) patients with survival of 40% (25 patients) to hospital
discharge. All had cerebral performance category (CPC) of 1
or 2. Their study concluded cost-effectiveness in favour of
ECPR [42]. In the same year, Gravesteijn et al. also showed
ECPR on IHCA patients to be cost-effective using the Markov
model [43]. Financial discussion with the family members
before initiating ECPR is to be done in developing countries
especially when the patients sponsor themselves. This is in
contrast to some developed countries where financial aspects
would be taken care by the government. Due to time con-
straint and ethical consideration, financial discussion before
ECPR is not easy. If possible, every effort should be made to
identify patients prone for cardiac arrest and brief the family
members about the ECPR, including its risks and benefits
along with the approximate cost involved. This will make
the ECPR decision process easier and quicker if CA happens.
However, this is applicable only to the patients in the hospital
showing worsening haemodynamic parameters.

Ethical and legal considerations

ECPR is done as a bridge to recovery or decision-making or to
plan some other modalities like transplantation or assist de-
vices. Decision-making to stop the unsuccessful CCPR is
easy. But that is not the case in ECPR especially when the
patient is “bridged to nowhere”, haemodynamically stable,
neurologically intact but not a candidate for transplant or per-
manent mechanical circulatory support system. Morbidity and
mortality increases with increasing length of ECMO support
[44]. In VA-ECMO, there is no survival benefit after 4 weeks
in patients with primary cardiac failure [45]. It is advisable to

Table 3 ECPR outcomes

Survived ECLS Survived to discharge or transfer

according to the ELSO registry Total runs
Neonatal 2035
Paediatric 4945
Adult 8075

1427 (70%) 861 (42%)
2940 (59%) 2086 (42%)
3363 (41%) 2387 (29%)

ECLS extracorporeal life support
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consider other forms of cardiac support if there is no recovery
in 2-week duration [46].

Steven A. Conrad states that “The basic principles of
autonomy, beneficence, non-maleficence and justice be-
come more complex during extracorporeal resuscitation ef-
forts. These issues influence decisions while initiating or
terminating the support” [17]. Despite daily updates, it is
usually very difficult to convince the patient’s relatives re-
garding futility of care especially when the patient is awake
and stable. Every “precious moment spent on ECMO” is
translated to the love and care towards their loved one. On
the other hand, medical ethics and effective resource man-
agement will not permit the health care workers to prolong
the care indefinitely. There are always three possible out-
comes following ECPR: Patient can die due to complica-
tion, patient may recover or patient may have irreversible
damage of the organ for which the ECMO was initiated. In
the first two, the decision is straightforward. In the last
group, if there is no option of transplantation or permanent
mechanical support, then end-of-life care should be sug-
gested. End of life on ECMO can be the end of the patient’s
biologic life or the end of artificial life support like oxygen-
ator or pump failure. Most often, patients and their relatives
can be counselled for do not resuscitate (DNR)/do not esca-
late (DNE) treatment and wait for end of artificial life sup-
port. This is legally and ethically acceptable in most of the
countries. The patient’s family should be counselled daily
regarding the possible outcomes along with the current sta-
tus of the patient. Explaining everything in detail before
ECPR is a challenge due to time constraint [47]. At the
earliest possible time after the ECPR, detailed counselling
of the family members regarding various aspects of ECPR is
mandatory. This will help the family members to make ap-
propriate decision if the patient reaches a point of no return.
The legal implication for the end-of-life care varies among
different countries. Legal consideration should be given be-
fore the family discussion about the end-of-life support
care.

ECPR and organ donation

Like ECMO, organ transplantation is also a rapidly evolv-
ing field. Organs like the kidney, liver and lungs were
being successfully transplanted from brain-dead (BD) pa-
tients following ECPR. Casadio et al. in a single-centre
observational study reported organ donation following
ECPR. Between 2011 and 2016, 112 patients received
ECPR, out of which 25 patients (22.3%) were declared
as BD patients. The rate of donation in BD patients was
56%, with 39 donated organs: 4 lungs, 12 livers and 23
kidneys. About 89.74% of the transplanted organs
reached an early good functional recovery [48]. This

opens up the possibility of ECPR even in patients with
contraindication for ECPR, for the purpose of organ do-
nation after detailed consideration of ethical and legal
issues.

ECPR in COVID patients

So far, the Extracorporeal Life Support Organization (ELSO)
does not recommend ECPR usage in centres with lesser expe-
rience or in centres which do not have E-CPR program before
this Coronavirus Disease 19 (COVID-19) pandemic. OHCA
ECPR is not recommended due to rising incidence of COVID-
19 patients along with shortage of health care workers. ECPR
in IHCA can be considered in carefully selected group of non-
COVID-19 patients in experienced centres subjected to the
availability of the resources. In COVID-19 patients, ECPR
can be considered only after ensuring stringent measures to
prevent cross-contamination among the health care workers
and also ensure the availability of personal protective equip-
ment (PPE) for various health care providers. CCPR results
are poor in COVID-19 patients. Venovenous ECMO to VA-
ECMO conversion is not advisable due to poor prognosis
[49]. According to the ELSO registry until now, out of a total
of 1447 suspected or confirmed COVID-19 patients, 17 (1%)
patients underwent ECPR [50].

Future

Even though the ECPR practice is several years old, various
unanswered questions need to be answered by structured stud-
ies. Several randomized control trials are currently in progress
to answer some of the questions. At present, Austria is
conducting ECPB4OHCA (Emergency Cardiopulmonary
Bypass for CA) TRIAL (NCT01605409 ClinicalTrials.gov)
to identify the incidence of ROSC in 48 h following CCPR
vs ECPR in a study population of 40 patients. In Netherlands,
the INCEPTION (Early Initiation of Extracorporeal Life
Support in Refractory OHCA) Trial (NCT03101787
ClinicalTrials.gov) is studying the 30-day survival rate with
improved neurological recovery in OHCA between CCPR
and ECPR. A total of 110 patients were planned and the ce-
rebral performance category scale of 1 to 3 indicates good
outcome. The EROCA Study (NCT03065647 ClinicalTrials.
gov) in the USA is looking at the efficiency of emergency
transport to the possible ECPR centre. The sample size of
the study is 30 patients [20]. Further studies need to clarify
patient selection, brain protection strategies, resource
allocation, effectiveness of hypothermia, usage along with
IABP/Impella/TandemHeart, cost-effectiveness and ethical is-
sues [4]. Most of the management issues following ECPR are
handled like patients who were successfully revived by CCPR
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even though adding ECMO to the CPR has its own advan-
tages and disadvantages. This type of management needs
modification after proper trials in the concerned field of inter-
est. In short, further studies are needed to formulate protocols
which will help in the management of patients before, during
and after ECPR procedure [44].

Ethical issues remain to be addressed in countries where
brain death is not recognized especially when brain death
happens after ECPR and circulation can be prolonged with
artificial support [17]. At present, ECPRs are mostly done in
tertiary care centre. It should be made available for a wider
population. Spreading awareness about ECPR is mandatory
for its wider usage. Emergency department doctors should
also be trained to initiate ECPR [51]. Legal and ethical issues
around organ donation following ECPR need more clarifica-
tion. Clear-cut differentiation between ECPR and initiation of
ECMO on dead patients to protect the organs is important for
ethical and legal purposes.

Conclusion

So far, data supporting the routine use of ECPR in cardiac
arrest patients is not sufficient. When CCPR fails, ECPR can
be considered for a selected group of patients when the exper-
tise is available to rapidly initiate ECPR (class2b; level of
evidence C-LD). Further studies are needed to clarify pre-pro-
cedural, intra-procedural and post-procedural management of
ECPR and its outcomes [44]. Ethical, Legal and financial
issues are to be considered in ECPR. A more formalized ap-
proach is needed in ECPR while considering organ donation
[4, 52].
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