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Abstract: Extracorporeal life support (ECLS) is used for patients in isolated or combined cardiopulmonary 

failures. The use of ECLS to rescue patients with cardiac arrest that is refractory to conventional cardiopulmonary 

resuscitation has been shown to improve survival in many patient populations. Increasing recognition of the survival 

benefit associated with extracorporeal cardiopulmonary resuscitation (ECPR) has led to increased use of ECPR 

during the past decade. This review provides an overview of ECPR utilization; population-based clinical outcomes, 

resource utilization and costs associated this advanced form of life support therapy.
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Each year approximately 350,000 people experience cardiac 
arrest in the United States (1). Even though cardiac arrest 
occurs less frequently in children than adults, approximately 
16,000 American children experience out-of-hospital 
cardiac arrest annually (2) and 1–2% of pediatric hospital 
admissions result in cardiopulmonary resuscitation (CPR) 
(3,4). Overall survival for children who experience out-of-
hospital cardiac arrest is less than 10%, whereas in-hospital 
cardiac arrest survival is >40% in this population (5). In 
comparison, the survival rate for adults who experience in-
hospital cardiac arrest remains only 22% despite modest 
improvement during the past two decades (6,7). American 
Heart Association guidelines recommend prompt initiation 
of conventional CPR to provide effective end-organ oxygen 
delivery, especially the heart and brain (5,8). 

Extracorporeal life support (ECLS) is a now widely 
available form of advanced mechanical therapy that provides 
cardiovascular support for patients with refractory, life-
threatening cardiopulmonary failure. The Extracorporeal 
Life Support Organization (ELSO) international registry 
contains clinical data from over 82,000 patients who 
have received ECLS during the past three decades (9). 

Overall ECLS survival has remained relatively stable 
at approximately 60% but is much higher in unique 
patient populations such as neonates (74% survival). 
Survival in patients who receive ECLS for cardiac arrest 
that is refractory to conventional CPR [extracorporeal 
cardiopulmonary resuscitation (ECPR)] is lower than 
overall ECLS survival, with only 29% of adults and 41% 
of neonates and children surviving ECPR (9). Overall 
survival for neonates receiving ECPR is similar to older 
pediatric patients but decreases with lower gestational age 
and weight. Despite this, many low-birth weight neonates 
survive to hospital discharge (10). 

Since initial reports in the 1990’s describing of the 
successful application of ECLS to provide life-saving 
circulatory support for patients in refractory cardiac arrest 
(11-13), many centers have adopted ECPR as a clinically 
accepted approach to supporting patients with refractory 
cardiac arrest. The number of ECPR patients increased by 
greater than ten-fold since 2004 (565 patients) and there are 
now more than 7,000 ECPR patients in the ELSO registry 
(9,14). Moreover, the proportion patients who received 
ECLS for cardiac arrest has increased slightly during the 
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past decade, with ECPR patients now represent nearly 
9% of ELSO registry data (15,16). Although a prospective 
randomize study has not been performed to evaluate 
the true clinical impact of ECPR on patient survival, 
propensity-score based analyses and multiple center-based 
reports suggest that incorporation of ECLS into standard 
resuscitation protocols has likely saved the life of thousands 
of patients who have experienced life-threatening refractory 
cardiac arrest (9). The beneficial impact of ECPR on 
survival was highlighted in two recent meta-analyses of 
studies that compared ECPR to conventional CPR in adults 
(17,18). Although little difference in out-of-hospital cardiac 
arrest survival was observed, improved overall survival and 
neurologic outcome at 3–6 months in patients who received 
ECPR for in-hospital cardiac arrest. Broad evidence for 
improved survival following ECPR led to the American 
Heart Association’s recommended in 2015 that consideration 
be given for ECPR in potentially reversible cardiac 
arrest in adults if extracorporeal support can be rapidly  
implemented (5). Furthermore, consideration should be 
given to ECPR for pediatric patients with an underlying 
cardiac diagnosis who experience in-hospital cardiac arrest 
when ECLS expertise is available (5,8). Data from the 
ELSO registry indicates that 41% overall ECPR survival 
in neonates and children and 30% overall ECPR in adult 
patients (15,16). While it is increasingly clear that ECPR 
is associated with improved survival following refractory 
cardiac arrest, adequate pre-ECPR resuscitation, efficient 
implementation of extracorporeal support, and appropriate 
patient selection are undoubtedly the most important 
determinants of survival. Several modifiable and non-
modifiable factors are believed to impact ECPR outcomes.

Location

However, studies comparing outcomes in out-of-hospital 
vs. in-hospital cardiac arrest suggest that survival is better 
in patients who experience in-hospital cardiac arrest (19). 
The previously discussed meta-analysis failed to identify 
a clear survival benefit in patents who experienced out-
of-hospital cardiac arrest, whereas a survival benefit was 
observed in hospitalized patients who experienced cardiac 
arrest (18). A detailed analysis by Jaski et al. showed that 
ECPR performed in the catheterization laboratory was 
associated with significantly better survival than in other 
hospital locations (50% vs. 15% long-term survival, 
P≤0.001) (20). Immediate availability of ECLS equipment 
and skilled personnel in the catheterization laboratory may 

play a role in the improved survival rate observed in these 
patients. Survival has been reported to decrease by 5% with 
each elapsed minute of CPR (3). Clinical reports of ECPR 
for out-of-hospital cardiac arrest typically describe longer 
ECLS initiation time and extended periods of inadequate 
cerebral and myocardial oxygen delivery (21). 

Duration of pre-ECPR resuscitation

Early implementation of appropriately performed CPR is 
associated with improved survival (22). There is currently 
no consensus regarding the impact of CPR duration on 
ECPR survival. Duration of CPR was not identified as an 
independent risk factor for mortality in retrospective review 
of the American Heart Association National Registry of 
CPR (23). However, duration of CPR was identified as 
is a strong predictor of survival in a recent large, single-
center study (15 min survivors vs. 40 min non-survivors, 
P=0.009), in which children who required ≥30 min of CPR 
had 79% reduced odds of hospital survival (24). Several 
single-center published reports do not identify duration 
of CPR as a predictor of ECPR survival but the difference 
in median duration of CPR between survivors and non-
survivors was generally small (<5 min) (25-27). In contrast, 
pre-ECLS resuscitation >30 minutes has been identified as 
a significant independent risk factor of mortality in adults 
who experience out-of-hospital cardiac arrest (28). Results 
of a large observational-based propensity analysis indicate 
that ECPR survival declines with increased duration of pre-
ECPR resuscitation (29). Despite this finding, a survival 
benefit of ECPR was observed even after prolonged (>60 
min) CPR, with 18% ECPR vs. 0% conventional CPR 
patients in this category surviving to hospital discharge. 
Currently available data do not support the use of duration 
of pre-ECLS resuscitation as a contraindication to ECPR 
but suggest that the shorter duration (≤30 min) of ECLS 
resuscitation is associated with better survival (24,30).

In programs that provide ECPR, quality improvement 
programs should focus on adequacy of conventional pre-
ECLS resuscitation and hospital resources should be 
allocated in ways that reduce unnecessary delays in initiation 
of ECLS. 

Etiology of cardiac arrest

Several studies have examined the impact of underlying 
cause of cardiac arrest on ECPR survival. Some centers 
have reported approximately four-fold better survival in 
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patients who experience cardiac arrest due to primarily 
cardiac failure than those with an underlying non-cardiac 
abnormality (31,32). Although these studies were not 
designed to identify reasons for etiology-based differences 
in ECPR outcomes, one might speculate that patients with 
a primarily cardiac cause of failure are more likely to have 
single (cardiovascular) system pathology that may exhibit 
recovery or is amenable to corrective intervention, whereas 
patients with non-cardiac causes of cardiac arrest are at 
greater risk of having or developing multi-organ pathology 
that is less amenable to recovery during ECLS. An analysis 
of 682 pediatric ECPR patients in the ELSO registry 
found that underlying cardiac diagnosis is an independent 
predictor of improved survival (15). Similarly, a study of 295 
adult ECPR patients in the ELSO registry demonstrated 
superior survival among patients with underlying cardiac 
pathology vs. a non-cardiac reason for cardiac arrest (16). 
An underlying diagnosis of acute myocarditis was associated 
with greatest survival in the logistic regression analysis. 
Overall survival was 27%, with brain death occurring in 
28% of non-survivors.

Life-threatening septicemia, once considered a 
contraindication to ECLS, is now increasingly being 
managed with ECLS, with neonatal sepsis ECLS survival 
as high as 72% (9). The American College of Critical Care 
Medicine guidelines now included ECLS in the treatment 
algorithm for refractory shock in neonatal and pediatric 
sepsis (33). In a review of children managed with ECLS 
for refractory septic shock with multi-organ failure, 40% 
of patients progressed to cardiac arrest and required CPR 
before ECLS (34). Overall survival in this series was 47%, 
highlighting the potential benefit of ECPR in patients who 
experience hemodynamic instability and cardiac arrest due 
to overwhelming sepsis.

ECLS has been used in the management of victims 
of accidental severe hypothermia and drowning, which 
may lead to life-threatening dysrhythmia and cardiac 
arrests. In a study from Denmark, ECLS was used to 
successfully rescued all members of a group of cold 
water drowning accident victims who experienced 
deep hypothermic cardiac arrest (35). An analysis of 
12 pediatric victims of accidental hypothermia and 
cardiac arrests also reports long-term survivors, albeit 
with a number of survivors experiencing long-term 
neurological sequelae from hypoxic brain injury (36).  
Another report describes 33% survival in a group of 15 
adult victims of hypothermia-induced cardiac arrest (37). 
Despite prolonged cardiac arrest and ECPR, all but one 

of the seven survivors was neurologically intact at long-
term follow-up. Data from the ELSO registry indicates 
that survival in patients who undergo ECPR for drowning-
related cardiac arrest is 23.4%, which is lower than the 
survival rate observed in patients who experienced cardiac 
arrest but achieved return of spontaneous circulation prior 
to ECLS (57%) (38).

Mechanical cardiopulmonary support may also be used 
in patients who experience cardiopulmonary failure due to 
ingestion of cardiotoxic chemicals or pharmaceutical agents. 
Commonly ingested and agents included beta-blockers, 
calcium-channel blockers, tricyclic antidepressants (39). 
ECLS may be used to provide cardiopulmonary support 
until the clinical effects of the intoxicating agent have 
resolved or until effective pharmacologic treatment. In a 
report of ten patients with refractory and prolonged drug-
induced cardiac arrest, 86% of patients who received ECPR 
survived, compared to 48% survival in the conventionally-
managed group (40).

Therapeutic hypothermia during ECPR

Patients who require ECPR are at risk for brain injury. 
Preliminary reports from clinical trials published in 
2002 suggested that moderate therapeutic hypothermia 
may provide some neurologic protection for comatose 
adults following out-of-hospital cardiac arrest (41,42). 
Therapeutic hypothermia has also been shown to improve 
neonatal hypoxic ischemic encephalopathy in several clinical  
reports (43). However, results from a recently published 
prospective clinical trial of therapeutic hypothermia 
after out-of-hospital cardiac arrest in children found 
that therapeutic hypothermia did not confer a significant 
benefit in survival with a good functional outcome at  
1 year (44). Although there is currently no strong 
evidence for or consensus related to the use of therapeutic 
hypothermia during ECPR, current guidelines from ELSO 
emphasize the importance of central nervous system 
protection in ECPR patients based on expert opinion (45). 
Recommendations include topic cerebral cooling with ice 
during CPR and for 48–72 hours after initiation of ECLS 
cannulation. Fever has been identified as an important 
risk factor for poor neurological recovery in children who 
experience cardiac arrest (46). Integrated heat exchangers 
enable targeted and accurate systemic temperature control 
during ECLS. Targeted temperature regulation to avoid 
hyperthermia following cardiac arrest should be considered 
in ECPR patients.
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ECPR program organization

Urgent initiation of ECLS for cardiac arrest that is 
refractory to conventional CPR has been successfully 
performed in centers with little ECLS experience and in 
remote locations (47). An increasing number of hospital 
systems are allocating resources to incorporate ECPR 
into existing resuscitation programs. Ultimately, the goal 
of these programs is to reduce barriers to appropriate and 
expedient initiation of mechanical cardiopulmonary support. 
The organizational structure of a hospital-based ECPR 
program must be based on available assets, personnel, 
and ECLS experience. Although ECPR programs must 
ultimately be designed to complement a hospital’s unique 
clinical environment, a number of programmatic factors 
are common to most highly functioning ECPR programs. 
In general, decision-making related to utilization of ECLS 
should be anticipatory, with a pre-designated individual 
(e.g., CPR Code Team Leader) who is authorized to request 
ECPR. Universal ECPR inclusion and exclusion criteria do 
not exist but there is general agreement that patients with 
certain clinical conditions, such as uncontrolled hemorrhage, 
recent cerebral hemorrhage, and end-stage terminal illness, 
are poor candidates for ECPR. The availability of rapidly 
deployable ECLS equipment and personnel is essential to 
prevent unnecessary delays in establishing extracorporeal 
suppor t .  ECPR equ ipment  i s  no t  s t andard i zed 
and varies according to hospital environment (48).  
Many hospitals maintain much of the necessary ECPR 
circuitry and components as part of a cardiac surgery 
program, whereas ECLS equipment may need to be 
purchased in facilities that do not perform cardiac surgery. 
Portable vascular ultrasound is an invaluable aid during 
vascular cannulation for ECPR (49). In-house ECPR teams 
are commonly utilized but not always necessary. Centers 
have reported successful ECPR programs that utilize off-
site personnel (50). The ECPR team typically includes 
surgeon, perfusionists or ECLS specialist technicians, 
intensive care specialists, and specialized nurses. Intensive 
care specialists experienced with ECLS cannulation perform 
percutaneous ECPR cannulation in some centres. A recent 
survey of US centers that perform emergency room ECLS 
suggested that 15% of emergency department-based ECLS 
programs do not utilize cardiothoracic surgeons (51). 

Cost

The cost for salvage ECLS in pediatric heart disease has 

been estimated at USD$24,386 per quality-adjusted life 
years, with a median post-arrest hospitalization cost of 
USD$156,324 per patient (52). By comparison, the cost 
of maintenance renal dialysis is USD$50,000 per quality-
adjusted life year and the cost of heart transplantation 
is estimated to be USD$49,697 per quality-adjusted life 
year (53). The cost of providing ECLS care is highly 
variable (54) and directly related to many factors, including 
advanced ECLS equipment, broad multi-disciplinary team 
involvement, and increased acuity and length of care. 
Decision making related to developing or maintaining an 
ECPR program must weigh hospital economics, societal 
and cultural beliefs, and local sociopolitical factors. In 
some cases, prolonged ECLS following cardiac arrest may 
be determined to be futile, which may raise ethical issues 
among care providers and patient family members. It is 
important to regularly review therapeutic goals and clinical 
progress and to maintain open between the care team 
and the patient/family to facilitate well-informed medical 
decisions (55).

Greater appreciation of the survival benefit of ECPR 
for refractory cardiac arrest is encouraging more centers 
to develop and maintain an ECPR program. Clinical 
experience and large registry data support the use of ECPR 
in many patient populations and age groups. The observed 
survival benefit is compelling enough that a randomized, 
prospective study comparing ECPR vs. conventional CPR 
is not likely to be performed. Clinical data from ECPR 
patients should reported to the ELSO registry to facilitate 
future studies designed to improve patient selection and 
identify potentially modifiable risk factors poor ECPR 
outcome.
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