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Death, be not proud, though some have called thee; 
Mighty and dreadful, for thou art not so; 

John Donne, Sonnet X, Holy Sonnets
 
In 2016, in the USA, more than 350,000 and 209,000 
peoples suffered, respectively, out-of-hospital cardiac arrest 
(OHCA) and in-hospital cardiac arrest (IHCA), with a 
survival rate of 12% and 24.9% (1). The percentage of 
survival is near zero when cardiac arrest is refractory to 
conventional cardiopulmonary resuscitation (CPR). The 
dismal prognosis of this pathological state prompted the 
scientific community to extend the increased knowledge 
in mechanical circulatory support (MCS) in resuscitating 
patients in refractory cardiac arrest. Indeed, the term 
‘refractory’ applies to failure of obtaining ROSC in a setting 
where extracorporeal CPR (ECPR) is contemplated. 

Even if the first application of extracorporeal circulation 
to treat cardiac arrest was in 1976 (2), it is only recently that 
this technique has gained a wider application in USA and 
Europe. 

ECPR can be defined as the implantation of veno-arterial 
extracorporeal membrane oxygenation (VA-ECMO) in a 
patient who experienced a sudden and unexpected pulseless 
condition attributable to cessation of cardiac mechanical 
activity (1,3). ECPR is now recognized in Extracorporeal 
Life Support Organization (ELSO) (4) and American Heart 
Association (AHA) (5) guidelines as a technique that can be 
considered in selected patients in cardiac arrest.

Many prospective or retrospective studies showed a 
superiority of ECPR on conventional CPR in increasing the 

odd of survival and of a good neurologic outcome (6-11). A 
recent article (12) offers the opportunity for a deep thought 
about ECPR. 

The work by Richardson et al. describes the outcomes, 
over a period of 12 years, of 1,796 patients receiving ECPR, 
extracting data from the ELSO registry (12).

This article is a unique insight into the field, because 
of the large number of patients and the long period 
considered.

The authors showed a remarkable increase of the number 
of ECPR performed during the study period, without any 
significant change in odds of survival. Overall hospital 
discharge rate was 29%. The authors identified Hispanic 
race, pulse pressure less than 20 mmHg before ECMO 
implantation and device-related complications as negative 
prognostic factors. As expected, age and comorbidity of the 
patients increased along with the wider application of the 
therapy, but without a significant association with mortality. 

On the basis of ELSO registry a 10-fold increase of ECPR 
procedures has been registered in the last 10 years (13).  
Furthermore, this therapy is considered in the most recent 
guidelines on cardiac arrest in the context of an acute 
coronary syndrome (ACS) (14,15). 

However, many areas of uncertainty still exist, and the 
role and the application of ECPR are today greatly debated. 

We have identified some hot points of controversy: the 
lack of a clear and univocal definition of ECPR; the selection 
of patients to be treated with ECPR; the management of the 
post cardiac arrest phase; the possibility to treat the cause of 
cardiac arrest; the definition of outcomes.
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To define ECPR is not a straightforward task: indeed, 
ECPR is more than ECMO implantation on a cardiac arrest 
patient. 

From our standpoint ,  ECPR has  two common 
trademarks: the abrupt presentation of a patient on cardiac 
arrest, whether IHCA or OHCA, to the ECMO team and 
the absolute uncertainty about its cause. 

In the case of IHCA, further specifications are needed: 
cardiac arrest may happen as an unexpected event in 
patients admitted to the hospital for other causes, but could 
also be the natural evolution of an acute critical illness, in 
which ECPR could be interpreted as a late intervention 
for a moribund patient, possibly candidate to an earlier 
circulatory support system. Excluding patients in the 
intensive care unit (ICU) takes out of the scene the question 
about the ‘abrupt presentation’, these are patients who 
would have received ECMO earlier in an ideal setting.

The connotative aspect of sudden presentation implies 
that a centre providing ECPR should have available 24/7 
a team experienced in emergent ECMO implantation 
on a patient in cardiac arrest during continuous chest 
compressions.

The uncertainty in the preliminary diagnosis drives the 
uncertainty in eligibility criteria.

AHA guidelines state that ECPR may be considered for 
selected patients when the suspected aetiology of cardiac 
arrest is potentially reversible during a limited period of 
mechanical cardiorespiratory support (5). This definition is 
conceptually correct, but in the real world applies on a very 
limited group of patients: those who received a diagnosis 
of myocardial infarction before or after the admission to 
hospital. In the majority of cases, mostly in OHCA, but in a 
remarkable percentage also in IHCA, the clinician has not, or 
at least confusing, data to decide whether cannulate or not. 

On these premises, two main paths can be taken. The 
first possibility is the application at the moment of triage 
of different scores validated for MCS implantation for 
cardiogenic shock, but burdened by a low proportion of 
ECPR in the derivation or validation cohort (16-18). We 
strongly believe that the application of scores outside the 
original setting is not the right choice to decide the fate of a 
cardiac arrest patient. 

Moreover, as the study of Richardson et al. has pointed 
out, even the patients with the higher risk scores have not a 
negligible survival (12).

The second way could be a strict application of 
prognostic criteria validated from studies on cardiac arrest, 
including or not ECPR: witnessed arrest, bystander ECPR, 

end-tidal CO2, no-flow time, low-flow time, shockable 
rhythm, quality of CPR (19-22). 

In our experience, no one of these parameters may be 
considered reliable in the few minutes in which a team is 
forced to draw a conclusion about the eligibility of a patient. 

We are aware that a strict application of exclusion criteria 
might lead to better outcomes (23), but one must recognize 
that such criteria are today not univocal and many patients 
who could possibly take advantage from this procedure 
would be irremediably lost. As a direct consequence, one 
can conclude that contraindications to ECPR, like aortic 
disease, can be often identified only after cannulation. 

Given the above, the unreliability of current prognostic 
factors should push the team to cannulate, unless cardiac 
arrest did not represent the evolution of a chronic incurable 
disease or accompanied by lesions incompatible to survival. 

In evaluating the outcome of ECPR, another issue 
should be raised: it is our opinion that a correct analysis of 
the results, at this preliminary stage, should include only 
ECPR correctly performed. 

In other words, should we validate the failure of 
cannulation or a cannulation time taking more than 10 min 
a negative outcome of ECPR, or rather a not-performed 
ECPR? 

In this stage, ECPR deserves a per se evaluation. Once 
ECMO has been implanted, the patient usually reaches a 
hemodynamic stabilisation. However, the patient who has 
suffered cardiac arrest with prolonged CPR experiences 
a global derangement of organ function, encompassed 
in the term of post cardiac arrest syndrome (24,25), 
including brain injury, myocardial dysfunction and systemic 
inflammatory response.

Hallmark of this pathological state is the ischemia-
reperfusion syndrome. During cardiac arrest, the reduced 
oxygen delivery to peripheral tissues determines the onset 
of an oxygen debt, that is a powerful stimulus to endothelial 
activation, systemic inflammatory syndrome and uncontrolled 
coagulation activation (24). The entity of oxygen debt is 
predictive of subsequent multiple organ failure. 

The stabilisation of haemodynamics is mostly secondary 
to the regulation of ECMO flow.

In the paper of Richardson et al. (12), median values of 
ECMO flow increased from 3 litres per minute (LPM) in 
2002 to 3.6 LPM in 2014. 

This finding may account for an increased awareness 
about the role of full ECMO support in the immediate post 
cardiac arrest phase, but these values are still well above the 
normal cardiac output of a normotype patient.
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The regulation of ECMO flow is a two-front war. From 
one side, the need for restoration of systemic perfusion 
pushes toward higher flows but, on the other, the risk of 
left ventricular (LV) distension, endoventricular stasis and 
pulmonary oedema frightens the clinician (26,27). To the 
best of our knowledge, even if no studies have compared 
different strategies of ECMO flow regulation after cardiac 
arrest (hyperflow, normal flow, partial assistance), we strongly 
advise that the opportunity of setting the pump flow to values 
allowing for a rapid lactate clearance, restoration of urine 
output, resolution of metabolic acidosis should be carefully 
considered (28). The existence of effective systems of 
percutaneous LV venting should give the response to the case 
of profound cardiac depression and LV distension by a high, 
ECMO-dependent, afterload (29-31). 

Lastly, the possibility to deliver a specific therapy for 
cardiogenic causes of cardiac arrest, like massive pulmonary 
embolism or myocardial infarction is a topic greatly 
debated.

The role for interventions is not straightforward. Rushing 
and transport the patient to cath lab or radiology without 
prior stabilisation is cumbersome and harmful. Moreover, 
when a coronary cause of cardiac arrest is identified, the 
risk of bleeding associated to unavoidable antiplatelet and 
anticoagulant therapy might be too high (32,33). 

Even if European Society of Cardiology (ESC) and 
AHA guidelines support myocardial revascularization 
in patients in cardiogenic shock or acute heart failure 
secondary to acute myocardial infarction (AMI) (14,15), these 
recommendations are not specifically referred to the patient 
resuscitated from cardiac arrest with ECPR. Similarly, 
guidelines on pulmonary embolism recommend systemic 
fibrinolysis or surgical embolectomy in shocked patients (34).  
On top of that, the intra-hospital transport of a patient 
immediately after ECMO implantation is carried out with a 
considerable harm. 

Recently, Kuroki et al. (35) reported the outcomes of 
119 ECPR patients, in which the group of patients with 
a probable cardiogenic cause of CA underwent coronary 
angiography and, if indicated, percutaneous coronary 
revascularisation. The group of patients with shorter cardiac 
arrest to ECMO time and cardiac arrest to cath-lab time 
had an increased odd of survival with a good neurological 
outcome. In this regard, we have two objections. The first 
argument is the reliability of diagnosis of CA secondary to 
ACS in OHCA setting: in the real world, an ECG before 
OHCA is not always available and is not sufficient to make 

a diagnosis of AMI. Excluding IHCA patients who undergo 
CA during a coronary procedure, the diagnosis is otherwise 
presumptive, and the decision to perform a high-risk 
procedure on these patients should be weighted. 

Finally,  considering the global derangement of 
coagulation system after CA and the high risk of bleeding 
invariably associated to ECMO (33,36), how is the balance 
of risks and benefits regarding the need for fibrinolysis for 
PE or anticoagulation after coronary stenting?

Last but not least, what are we doing all this work for? 
In this scenario, ethical problems should be addressed (37) 
and, as often happens, the technical progress went faster 
and surprised us ethically unprepared to deal with this 
issue, acknowledging the value of life and that our thoughts 
should be kept to a minimum when the clock is faster than 
our mind.

Traditionally, the considered outcomes of ECPR are 
death, neurological damage and multiorgan failure despite 
successful resuscitation. From our standpoint, other possible 
scenarios can be depicted. The first one is that patients 
after ECPR evolve to brain death, and the end-organs 
perfusion ensured by ECMO can make these patients 
suitable for organ donation (11), when cardiac death 
without extracorporeal support does not lead for candidacy. 
The second question is that a patient neurologically intact, 
in whom cardiac recovery does not take place, may become 
candidate to heart transplantation (HTx) or durable MCS, 
like LV assist device (LVAD) or total artificial heart (TAH). 

Therefore, the possibility of the consideration of a 
composite outcome (38) should be evaluated: survival, 
survival with a good neurological performance, organ 
donation, bridge to durable MCS or HTx.

In conclusion, ECPR has demonstrated in many 
retrospective studies its superiority on conventional CPR in 
the treatment of refractory cardiac arrest. Further studies 
probably will increase our knowledge but we doubt that 
randomised controlled trials (RCT) will straighten the 
question out.

This situation is analogue to MCS use in cardiogenic 
shock, where the organisation of a RCT on a life-saving 
technique is ethically unacceptable, beyond the well-
known statistical obstacles in the attainment of a sample 
size sufficient to infer on mortality (39). Therefore, from 
our point of view, an increase of our knowledge could be 
obtained only through a clear definition of ECPR and 
related questions, allowing for a correct interpretation of 
our present and future data. 
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