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Abstract

Purpose of Review: Extracorporeal cardiopulmonary resuscitation (ECPR) is a contemporary 

resuscitation approach that employs veno-arterial extracorporeal membrane oxygenation (VA-

ECMO). This approach is increasingly used worldwide to mitigate the widespread hemodynamic 

and multi-organ dysfunction that accompanies cardiac arrest.

Recent Findings: In this review, the physiology of VA-ECMO and ECPR, the role of ECPR in 

contemporary resuscitation care, the complications associated with ECPR and VA-ECMO usage, 

and intensive care considerations for this population are discussed.

Summary: ECPR offers a promising mechanism to mitigate multi-organ injury and allow time 

for the institution of supportive interventions required to effectively treat cardiac arrest. More 

prospective data in the context of extensive pre-hospital and hospital collaboration is needed to 

promote its successful use.

Keywords

Extracorporeal CPR; ECPR; Extracorporeal Membrane Oxygenation

Introduction

Cardiac arrest is a state of systemic hypoperfusion that can lead to devastating multi-organ 

injury and death if left unmitigated. The central physiologic aberration is the lack of 

perfusion to the vital organs. Advanced cardiac life support (ACLS) protocols employ the 

combination of early and high-quality chest compressions, rapid defibrillation, and 

vasoactive medications to maintain perfusion of the heart and brain while the etiology of the 

cardiac arrest is diagnosed and reversed. Despite widespread implementation of these ACLS 
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protocols and considerable public health efforts, the rates of neurologically favorable 

survival in North America have improved only minimally over the past two decades.1

More recently, the usage of veno-arterial extracorporeal membrane oxygenation (VA-

ECMO) in association with cardiopulmonary resuscitation, together termed extracorporeal 

cardiopulmonary resuscitation (ECPR), has been associated with promising improvements in 

the rate of neurologically intact survival compared to traditional ACLS-based approaches.2 

In this review, we detail the physiologic principles of VA-ECMO and ECPR, the role of VA-

ECMO in clinical care, potential complications associated with the use of ECPR in the adult 

population, and intensive care considerations for this patient population.

Physiology of VA-ECMO and ECPR

Cardiac arrest induces systemic circulatory and cardiac pump dysfunction.3 Chest 

compressions provide one-fourth of the normal cardiac output.4–6 Together, the 

hypoperfusion caused by cardiac arrest and the suboptimal replacement provided by chest 

compressions lead to ongoing hypoperfusion throughout the course of CPR. Lactic acid 

production increases resulting in acidemia which worsens vasodilation and cardiac 

dysfunction.7–11 The central role of veno-arterial extracorporeal membrane oxygenation 

(VA-ECMO) systems is to provide circulatory and ventilatory support to replace native 

cardiorespiratory function.

Blood is retrieved from the systemic venous circulation, pumped through the VA-ECMO 

oxygenator for oxygenation and carbon dioxide extraction, and then returned to a central 

artery, much like cardiopulmonary bypass.12 However, unlike conventional cardiopulmonary 

bypass which requires a midline sternotomy and direct cannulation of the great vessels, 

modern VA-ECMO support can be rapidly instituted in the cardiac catheterization 

laboratory, at the patient’s bedside, or in the field via percutaneous cannulation of peripheral 

vessels.13 The cardiac catheterization laboratory offers the advantage of direct visualization 

with fluoroscopy and ultrasound, thus minimizing cannulation-related complications. 

Further, many patients have an ischemic etiology to their cardiac arrest, particularly in 

ventricular fibrillation, where coronary artery disease has been implicated in up to 85% of 

cases.14 Therefore, cannulation in the cardiac catheterization laboratory also offers rapid 

access for urgent coronary angiography. Cannulation is typically performed under sterile 

conditions with the insertion of large cannulae via the common femoral artery and vein. The 

tip of the venous cannula typically lies in the superior vena cava or right atrium and the tip 

of the arterial cannula typically lies in the descending aorta or common iliac artery. Blood is 

removed through the venous cannula by the centrifugal pump which then pushes the blood 

through the oxygenator. After oxygenation, the blood is returned back through the arterial 

cannula to perfuse the arterial tree in retrograde fashion. The degree of oxygenation 

provided to the blood is determined by the fraction of oxygen provided in the sweep gas 

which flows through the oxygenator. Carbon dioxide removal is simultaneously performed 

by the rate of sweep gas flowing through the oxygenator. These two processes are similar to 

FiO2 and minute ventilation provided by ventilators. Therefore, the key measures of therapy 

intensity are the circuit flow (measured in liters per minute), fraction of oxygen delivery 

(percentage), and the carbon dioxide removal sweep (measured in liters per minute).
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Once a patient has been cannulated, oxygenated blood is infused retrogradely via the arterial 

cannula into the aorta. The blood is then circulated around the body using the power 

generated by the VA-ECMO pump until it reaches the vena cava. It is expected that the 

retrograde blood flow from the VA-ECMO arterial cannula may collide with antegrade 

blood flow from the native cardiac function. However, in many cases, the native cardiac 

function is unable to produce enough antegrade blood flow to produce any significant 

hemodynamic effects.

The Role of ECPR in Clinical Care

The use of ECPR as part of OHCA treatment was described as early as the 1980s.15 ECPR 

was largely employed in the post-operative setting until percutaneous VA-ECMO emerged in 

the last decade. This increased the portability and rapidity with which ECPR could be 

instituted in the acute setting. ECPR strategies are now most commonly employed for 

patients that do not have sustained return of spontaneous circulation (ROSC) after initial 

ACLS efforts.16 A recently published population-based registry from Europe noted that 4% 

of out-of-hospital cardiac arrests of presumed cardiac etiology with attempted resuscitation 

were treated with ECPR between May 2011 and January 2018.17 There were no differences 

in survival between the subjects treated with ECPR and conventional CPR. Lunz et al noted 

that the use of ECPR for refractory cardiac arrest at five expert European centers was 

associated with a 19% rate of favorable neurologic outcomes among allcomers at three 

months. The authors noted the potential for a greater prevalence of favorable neurologic 

outcomes when more strict inclusion criteria for ECPR criteria are employed.18 Multiple 

other centers have published observational data describing formal ECPR protocols and 

outcomes for patients in whom ECPR has been deployed.19–23 To date, there are no 

published randomized controlled trials comparing ECPR to conventional ACLS approaches. 

However, multiple randomized trials are presently underway,24–27 the majority of which 

have more strict inclusion criteria than the aforementioned registry data.17 The inclusion 

criteria for the Minnesota Resuscitation Consortium’s ECPR protocol and the four ongoing 

clinical trials are outlined in Table 1.25,28

In contemporary practice, ECPR has been employed for patients suffering from the spectrum 

of cardiac arrest. Reported data have evaluated outcomes after both in-hospital and out-of-

hospital cardiac arrest with both ventricular tachycardia/ventricular fibrillation (VT/VF; 

together termed ‘shockable rhythms’) and pulseless electrical activity/asystole (together 

termed ‘non-shockable rhythms’). Improved survival outcomes have been reported in 

patients with shockable rhythms who were treated with ECPR compared to patients with 

non-shockable rhythms.2 The duration of arrest preceding initiation of ECPR is directly 

related to the severity of metabolic insult that can be expected in a patient with cardiac 

arrest.29 ECPR offers a platform for stabilization of the patient’s hemodynamic and 

respiratory status such that the metabolic derangement can be treated appropriately and 

reversed. This has been associated with significantly increased neurologically intact survival 

when compared to standard ACLS approaches.

VA-ECMO alone is not sufficient for a patient’s survival. Once a patient is cannulated with 

VA-ECMO, a large multi-disciplinary team is responsible for the care of the patient. This 
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team typically involves physicians from cardiology, cardiac surgery, critical care, and 

neurology collaborating with nurses, perfusionists, and therapists. The focus of the VA-

ECMO therapy is to provide continuous hemodynamic and respiratory support while the 

underlying causes for the index cardiac arrest are addressed. The vast and resource-intensive 

nature of this multi-disciplinary effort suggests that patients may be best served in expert 

tertiary care centers.30 In the state of Minnesota, the need for a tertiary center has led to the 

creation of the Minnesota Resuscitation Consortium (MRC), which is a collaboration 

between emergency medical services and the hospital systems. In 2012, the MRC developed 

a protocol for all patients from the Minneapolis-St. Paul metro area with ROSC after VT/VF 

arrest to proceed to the cardiac catheterization for coronary evaluation and hemodynamic 

support as needed. This was associated with improvements in neurologically intact survival.
28 In 2015, the MRC began a protocol for patients with refractory VT/VF OHCA. These 

patients were rapidly transported from the scene of arrest with ongoing CPR to the 

University of Minnesota where ECPR was initiated in the cardiac catheterization laboratory.
19 Coronary angiography was then performed demonstrating a high level of complex 

coronary artery disease; PCI was performed as needed. This protocolized strategy involving 

ECPR and coronary angiography has markedly improved both survival and neurological 

outcomes.

More recently, the concept of mobile ECPR has evolved to allow for more rapid ECPR 

initiation.30 With this approach, the Minnesota Mobile Resuscitation Consortium has 

developed a team and protocol for the decentralization of ECPR with VA-ECMO initiation 

in centers closer to the patient followed by transport to a resuscitation center with 

centralization of the complicated critical care and VA-ECMO management. The 

participating health care systems use a common team of physicians and flight crew medics/

nurses with extensive training in the initiation of VA ECMO and resuscitation of these 

patients. The team operates 24/7 using a hub and spoke model. EMS personnel activate the 

team immediately upon identifying a potential patient in the field. The MRC mobile ECMO 

resuscitation team rendezvous with the EMS personnel at the closest participating 

emergency department. Upon arrival to the emergency department, patients that need ECPR 

are directly cannulated for VA-ECMO by the specialized team. Patients are subsequently 

taken to the local hospital’s cardiac catheterization laboratory and, after coronary 

angiography/PCI, are transported to the Resuscitation Center/VA-ECMO center for further 

management and care. This approach has been employed to minimize the time where ACLS 

is the primary method of perfusion, since the odds of a favorable neurologic outcome decline 

rapidly with prolonged out-of-hospital resuscitation.

Discontinuation of VA-ECMO Therapy

The patient’s goals of care are critically important in planning discontinuation of VA-

ECMO. For most patients receiving ECPR, the goals of care cannot be assessed adequately 

prior to initiation. Patients with DNR status are typically excluded from ECPR; however, the 

variations in goals for patients who are otherwise characterized as ‘full code’ make these 

discussions very important. In cases of ECPR, these discussions are often had with family 

members as soon as possible after resuscitation. However, family members are often unable 

to discuss the topic fully while grappling with the shock of the days events. Therefore, 
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repeated empathic discussions are had to explore the wishes of the patient as the surrogate 

medical decision makers are able.

In most cases of ECPR, VA-ECMO is considered a bridge to recovery. However, treatment 

with VA-ECMO may also be a bridge to durable mechanical support or transplantation in 

other settings. These options will depend on the wishes of the patient as articulated by the 

surrogate decision makers. When possible, if durable mechanical support or transplant 

would be necessary, the patient is allowed to recover as fully as possible to participate in the 

discussion where possible. Patients may be extubated while on ECMO to facilitate these 

discussions, though this is not always possible. The destination options available should 

determine the strategy employed and criteria required before VA ECMO can be 

decannulated.

Decannulation from VA-ECMO is necessary to allow progression of clinical care and limit 

the complications associated with the invasive VA-ECMO therapy. Discontinuation of VA-

ECMO therapy requires a complex interplay of decisions that are guided by a combination 

of clinical, hemodynamic, and imaging data. Fundamental to this process is addressing the 

underlying etiology of the cardiac arrest wherever possible. This is important in an effort to 

improve hemodynamic recovery while also preventing future re-arrest.3 In patients with 

refractory VT/VF OHCA, significant coronary artery disease has been previously 

demonstrated as the inciting factor for these cardiac arrest in the majority of patients.14 

Thus, cardiac recovery is often the central criterion which facilitates decannulation from VA-

ECMO.14

In the MRC protocol, cardiorespiratory recovery is systematically evaluated through the use 

of VA-ECMO turndown examinations. These examinations are done to evaluate the 

cardiorespiratory response to progressive decreases in VA-ECMO circuit flow. Patients 

generally have their VA-ECMO flow decreased by 0.5 L/min every three minutes while their 

hemodynamic response is evaluated through clinical and echocardiographic parameters. The 

hemodynamic response is judged by evaluation of heart rate, mean arterial pressure, arterial 

oxygen saturation, and mixed venous oxygen saturation at each level of circuit flow. The 

echocardiographic examination evaluates left ventricular function, right ventricular function, 

left ventricular end-diastolic diameter, and left ventricular end-systolic diameter at each level 

of circuit flow. The patient is deemed to be suitable for decannulation is they are tolerating 

≤2 L/minute of circuit flow and the following three criteria: 1) LVEF >25% with low-

moderate levels of inotropic support 2) mean arterial pressure >55 mmHg, and 3) arterial 

oxygen saturation was >92% with <10 mmHg of positive end-expiratory pressure and <50% 

fraction of inspired oxygen concentration on the patient’s ventilator.

The physical removal of the VA-ECMO cannulae and closure of the vascular access sites 

may be done percutaneously or via open surgical repair.31 Percutaneous closure currently 

involves removal of the cannulae with manual pressure. Surgical closure is usually done via 

a traditional cut-down approach in the operating room using direct surgical visualization and 

repair of the vessels. In the MRC protocol, decannulation is uniformly sought in the 

operating room. Operative repair provides rapid and durable vascular repair and the potential 
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for rapid reinstitution of VA-ECMO support in the event that the patient becomes 

hemodynamically unstable.

Complications of ECPR Therapy

While ECPR offers a promising approach to contemporary cardiac arrest management, its 

use may also be associated with significant morbidity. The complications can be broadly 

divided into access site complications, bleeding complications, thrombotic complications, 

and the North-South syndrome (Figure 1).

Access site complications are the most common reported complication of ECPR and may 

emerge from the need for urgent institution of large-bore peripheral arterial and venous 

access. The spectrum of access site complications may include soft tissue/muscular 

hematomas, retroperitoneal hematomas, pseudoaneurysms, vessel perforation, vessel 

dissection, and acute limb ischemia from embolism and/or thrombosis. Access site 

complications have been reported to occur in up to 20% of patients from small observational 

series.32–34 Prior data suggests a higher incidence of access site complications in patients 

with the peripheral artery disease and diabetic vasculopathy.32 Avoidance of access site and 

vascular complications is vital in this population since vascular complications have been 

associated with increased mortality in patients cannulated for ECPR.34 Ultrasound guided 

vascular access in the cardiac catheterization laboratory offers a technique for precise and 

rapid visualization of vessels during cannula placement, and thus potentially limits access 

site complications.19 The prophylactic use of a distal limb reperfusion catheter in the limb 

with the femoral arterial cannula may additionally limit the incidence of acute limb 

ischemia.34,35 Frequent monitoring of the cannulated limb with near infrared spectroscopy 

might facilitate the early diagnosis and reversal of ischemia.36

In addition to access site bleeding complications, there is an inherent risk of systemic 

bleeding complications with ECPR due to the need for systemic anticoagulation. Moreover, 

ECPR patients have been reported to have increased consumption of the intrinsic 

coagulation factors as well as constant activation of the fibrinolytic system.37 Bartos et al 
have previously reported an incidence of 5–10% of major bleeding complications in the 

refractory VT/VF population that was treated with ECPR.38 The reported complications 

include spontaneous bleeding as well as CPR-induced bleeding. Examples include 

spontaneous upper and lower gastrointestinal bleeding, hemothorax, hemopericardium, 

intraperitoneal bleeding, retroperitoneal bleeding, and intracranial hemorrhage. All patients 

in this cohort received non-contrast CT scans of the head, chest, abdomen, and pelvis on 

admission to assess for bleeding complications. While anticoagulation is required to 

maintain the efficacy of the VA ECMO circuit and reduce thrombotic complications, 

coagulation status must be frequently assessed and tightly controlled to balance the risks of 

bleeding and thrombosis. Various laboratory tests are used at different centers including 

activated clotting time, PTT, heparin anti-Xa level.

Thrombotic complications are also commonly encountered among patients being treated 

with VA-ECMO. Systemic and pump thromboses may occur due to the contact of blood and 

non-endothelialized surfaces in the VA-ECMO circuit. In addition, patients may be pro-
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coagulable due to the activation of the inflammatory system in their critically ill state.39 

Anticoagulation therapy, primarily with heparin or bivalirudin, is therefore, employed 

routinely in patients on VA-ECMO to prevent these thromboses. Pump thrombosis may 

occur at the pump head. This is a rare, but often catastrophic, event that may lead to 

significant hemolysis or loss of hemodynamic support and death. Any thrombosis on the 

arterial side of the circuit may also lead to systemic thromboembolism. The discovery of 

arterial clot may require replacement of the affected circuit component.

North-south syndrome is a complication unique to peripheral VA-ECMO therapy.40 This 

syndrome requires both native cardiac function and severely impaired lung function. In this 

case, poorly oxygenated blood from significant volumes of native antegrade cardiac 

contractile flow is pumped forward to the point where it meets the retrograde peripheral VA 

ECMO flow. Any organs perfused by the antegrade blood are at risk of poor oxygenation. 

The highest risk is present for the coronary arteries and tissue perfused by the 

brachiocephalic artery including the right brain; however, all great vessels can be perfused 

with the antegrade blood if cardiac function is sufficient. North-south syndrome typically 

occurs in the setting of retrograde blood flow from the VA-ECMO circuit when native 

cardiac contractility is improving. The oxygen saturation should be monitored closely with 

either pulse oximetry or arterial blood gas measurement from the territory perfused by the 

brachiocephalic artery, such as the right hand, arm, or face. In most cases, North-South 

syndrome is remedied by adjusting the ventilator to enhance oxygenation of the antegrade 

blood. If this is not possible, a separate venous perfusion cannula may be added to create a 

veno-arterio-venous ECMO circuit where oxygenated blood is perfused in both the pre-

existing femoral arterial cannula and also into the right internal jugular venous perfusion 

cannula. This oxygenates blood in the right atrium thereby limiting the need for lung 

function.

Intensive Care Considerations in ECPR Patients

Although rapid ECPR initiation is of the utmost importance, the majority of patients develop 

multi-organ failure requiring prolonged intensive care unit (ICU) stays. Competing 

pathophysiologic therapeutic targets such as bleeding, traumatic injuries, and ischemic vital 

organ manifestations make the management of these patients extremely complex (Figure 2). 

These issues, combined with the management of significant neurological injury, call for 

complex team collaborations and social support structures that are currently very limited.41 

In the MRC experience, patients who survived to discharge typically received VA-ECMO 

support for a mean of 3.5 days.38 They were extubated at a mean time of 7 days with 16 

days in the ICU and 21 days before hospital discharge.

The lengthy hospitalization course of ECPR patients is due to the multitude of critical 

illnesses that result from the index cardiac arrest (Figure 2). Anoxic brain injury and brain 

death are the leading causes of death in patients that die during the index admission.38 

Approximately 30–40% of patients suffer acute kidney injury and accompanying 

hyperglycemia, metabolic, and electrolyte derangements. Thus, ~15% of patients require 

hemodialysis during the course of the hospitalization.38,42 Culture-positive infections occur 

in ~50% of patients during their ICU stay. The most common etiologies are pneumonias 
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related to aspiration during the initial phases of CPR; however, urinary tract infections and 

bacteremias also occur.38 Transfusions are required in >70% of ECPR patients. A significant 

amount of left ventricular recovery occurs during the first two weeks. Around 30% of 

survivors will have an indication for implantable cardioverter-defibrillator placement.38

Conclusion

In summary, ECPR offers a promising mechanism to mitigate multi-organ injury and allow 

time for the institution of supportive interventions required to effectively treat cardiac arrest. 

The current experience supports the notion that extensive prehospital and hospital 

collaboration is necessary for successful implementation of ECPR programs. While VA 

ECMO is a critical aspect of any ECPR program, the post-ECMO care is also critical and 

complex. Multi-disciplinary teams are necessary within the structure of a resuscitation center 

to provide the complex care to the patients and their families. Prospective randomized trials 

are currently comparing ECPR to conventional ACLS protocols for the management of 

cardiac arrest.
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Key Points

• ECPR provides significant hemodynamic support for the systemic circulatory 

derangement and cardiac pump dysfunction induced by cardiac arrest.

• Identifying and addressing the underlying cause of cardiac arrest is of 

paramount importance in deciding when to decannulate from VA-ECMO 

support – in many cases, this is significant coronary artery disease.

• ECPR patients may suffer from access site complications, systemic bleeding, 

thrombotic complications, or North-South syndrome as a result of ECPR 

treatment.

• Patients that are treated with ECPR often have significant multi-organ 

dysfunction that requires a highly coordinated multi-disciplinary intensive 

care approach to address their comorbidities.
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Figure 1: Complications of ECPR Therapy Specific to VA-ECMO.
CPR: cardiopulmonary resuscitation, ECPR: extracorporeal-assisted cardiopulmonary 

resuscitation, VA-ECMO: veno-arterial extracorporeal membrane oxygenation.
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Figure 2: Critical Care Associated with ECPR.
ECPR: extracorporeal-assisted cardiopulmonary resuscitation, ICD: implantable 

cardioverter-defibrillators.
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Table 1.

Eligibility Criteria for ECPR in the Ongoing Clinical Trials.

Inclusion Criteria Exclusion Criteria

Minnesota Resuscitation Protocol28/ARREST Trial25

• VT/VF as first presenting rhythm

• 18–75 years of age

• Three EMS-delivered direct current shocks 
without achieving ROSC

• Body morphology able to accommodate a Lund 
University Cardiac Arrest System automated 
CPR device

• Estimated transfer time to the scene of the 
cardiac catheterization laboratory <30 minutes

• Efficient CPR (end-tidal carbon dioxide <10 
mmHg, PaO2 <50 mmHg, lactate <18 mmol/l)

• Non-shockable rhythm (asystole or pulseless electrical 
activity)

• Cardiac arrest of non-cardiac etiology

• Contraindications to mechanical CPR

• Known pregnancy

• Known prisoners

• Nursing home residents

• Valid do not resuscitate/do not intubate orders

• Known terminal illness

• Absolute contraindication to angiographic contrast media

• Active gastrointestinal or internal bleeding

EROCA Trial26

• OHCA of presumed non-traumatic etiology 
requiring CPR

• Predicted arrival time at ECPR-capable hospital 
within timeframe specified

• Witnessed arrest or initial shockable rhythm 
(VT/VF)

• Persistent cardiac arrest after initial cardiac 
rhythm analysis and shock (if shock is indicated)

• Sustained ROSC

• Advanced directive indicating do not resuscitate/do not 
intubate orders

• Pre-existing evidence of opting out of study

• Prisoner

• Pregnant (obvious or known)

• ECPR capable emergency department is not at the destination 
hospital as determined by emergency medical services

• Legally authorized representative refuses study participation 
at the scene

INCEPTION Trial24

• Age 18–70 years

• Witnessed OHCA

• Initial rhythm of VT/VF or AED-shock 
administered

• Bystander BLS

• No ROSC within 15 minutes

• ROSC with sustained hemodynamic recovery within 15 
minutes

• Terminal heart failure (New York Heart Association III or IV)

• Severe pulmonary disease

• Oncological disease

• Pregnancy

• Bilateral femoral vessel bypass surgery

• Pre-arrest cerebral performance category score of 3 or 4

• Mutiple trauma

• Advanced health care directive

• Expected initiation of cannulation >60 minutes after arrest

SUB30 Trial27

• Witnessed OHCA

• Presumed cardiac etiology

• Bystander compression within 3 minutes

• Known or visible pregnancy

• No signs of life (physical movement) AND evidence of 
ineffective chest compressions suggested by: absence of 
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Inclusion Criteria Exclusion Criteria

• Remain in cardiac arrest for 20 minutes 
following the call to emergency services or 
failure to sustain ROSC in the pre-hospital 
setting

electrical activity at 20 minutes out or end tidal carbon 
dioxide of less than 1.3 kPa (10 mmHg)

• Evidence from others present at the scene or patient 
examination that ECMO unlikely to benefit patient

CPR: Cardiopulmonary resuscitation; OHCA: Out-of-Hospital Cardiac Arrest; ROSC: Return of Spontaneous Circulation; VT/VF: Ventricular 
Tachycardia/Ventricular Fibrillation.
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