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Massive pulmonary embolism (MPE) carries significant 30-day mortality and is
characterized by acute right ventricular failure, hypotension, and hypoxia, leading
to cardiovascular collapse and cardiac arrest. Given the continued high mortality
associated with MPE, there has been ongoing interest in utilizing extracorporeal
membrane oxygenation (ECMO) to provide oxygenation support to improve
hypoxia and offload the right ventricular (RV) pressure in the belief that rapid
reduction of hypoxia and RV pressure will improve outcomes. Two modalities can
be employed: Veno-arterial-ECMO is a reliable process to decrease RV overload
and improve RV function, thus allowing for hemodynamic stability and restoration
of tissue oxygenation. Veno-venous ECMO can support oxygenation but is not
designed to help circulation. Several societal guidelines now suggest using ECMO
in MPE with interventional therapy. There are three strategies for ECMO utilization
in MPE: bridge to definitive interventional therapy, sole therapy, and recovery after
interventional treatment. The use of ECMO in MPE has been associated with
lower mortality in registry reviews, but there has been no significant difference in
outcomes between patients treated with and without ECMO in meta-analyses.
Considerable heterogeneity in studies is a significant weakness of the available
literature. Applying ECMO is also associated with substantial multisystem
morbidity due to a systemic inflammatory response, hemorrhagic stroke, renal
dysfunction, and bleeding, which must be factored into the outcomes. The
application of ECMO in MPE should be combined with an aggressive pulmonary
interventional program and should strictly adhere to the current selection criteria.
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Introduction

The development of pulmonary embolism continues to be a leading cause of preventable

cardiovascular mortality and morbidity (1). Large-volume emboli within the pulmonary

arterial tree result in sudden onset shock and cardiac arrest. This cohort accounts for

approximately 5% of patients diagnosed with acute pulmonary embolism (PE) (2). Overall,

patients who carry a diagnosis of PE have a 30-day mortality of 1%–2% if they remain

hemodynamically stable, but the 30-day mortality increases to 10%–25% for

hemodynamically unstable patients, and in those patients who have a cardiac arrest their 30-

day mortality exceeds 50% (3–7). Deployment of Extra-Corporal Membrane Oxygenation

(ECMO) in these high-risk hemodynamically unstable patients offers an oxygenation

support strategy to improve hypoxia and an offloading strategy for right heart circulation,

both contributing to the shock that develops in massive pulmonary embolism (MPE) (8, 9)

This narrative review examines the current state of ECMO in critically ill patients with MPE.
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Experimental models

Experimental models have shown that no circulatory changes are

observed until the cross-sectional area of the pulmonary vasculature

is reduced by over 50% by pulmonary emboli. In response to

increased pulmonary precapillary resistance, pulmonary arterial

pressure and right ventricular systolic pressures rise. The ensuing

hypoxemia and acute development of pulmonary hypertension

induce the hyperactivation of the sympathetic response within the

pulmonary vasculature, aggravating pulmonary artery spasm and

further reducing pulmonary arterial blood flow induced by the

emboli (10–13). Eventually, the increased pressure leads to the

right ventricle (RV) dilatation with a rise in its end-diastolic

pressure and a decrease in coronary flow. However, in comparison

to the response seen in humans, the left ventricle (LV) in animal

models is generally unaffected (14). Gurewich et al. demonstrated

that the release of biogenic amines from platelets, triggered by

thrombin, plays a significant part in the physiological response to

pulmonary thromboembolism (15). The increase in pulmonary

artery pressure and right ventricular wall tension leads to the

release of B-type natriuretic peptide (BNP), leading to different

degrees of increase in the concentration of BNP (both active BNP

and inactive NT-proBNP) in the blood. When myocardial injury

occurs, cardiac troponin is released. In addition, heart-type fatty

acid binding protein (h-FABP), a soluble protein in the cytoplasm

of cardiomyocytes, is released and quickly enters the blood when

myocardial cells are damaged.

The degree of pulmonary occlusion rate is directly related to D-

dimer and inversely associated with fibrinogen levels. In a canine

model, pericardial constraint has been shown to contribute to

hemodynamic deterioration during acute right ventricular pressure

loading (16). In models of PE, there are significant changes in lung

gene expression within 2 h of the index event, with upregulation of

multiple pathways related to inflammation, immune disease,

pulmonary disease, and cardiovascular disease. There is elevated

expression of the chemokine genes CXCL1, CXCL2, CXCL3, and

CCL2 (17). The increase in inflammatory genes allows new

inflammatory markers to be reported: neutrophil–lymphocyte ratio

(NLR), platelet–lymphocyte ratio (PLR), and lymphocyte–monocyte

ratio (LMR). A PE also induces significant changes in microparticle

characteristics, which develop a prothrombotic phenotype, further

exacerbating the veno-occlusive process within the pulmonary

vasculature (18). While, these changes in inflammatory and

coagulation responses will allow for recovery of the pulmonary

vasculature and parenchyma over time but the presence of an

ECMO circuit results in additional inflammatory cascades that

exacerbates the effects of the PE.

Using a rat model of veno-arterial (VA) and veno-venous (VV)

ECMO, Cho et al. (19) reported that granulocytes are initially

activated in both ECMO modalities, and this phenomenon does

not normalize until three days after decannulation. VA-ECMO

induces an initial reduction in monocyte and natural killer cells,

and their levels were restored within three days of decannulation.

The authors noted a significant decrease in B-lymphocytes,

helper T-lymphocytes, and cytotoxic T-cells in VA-ECMO, but

these cellular changes were not observed in VV-ECMO.
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Kjærgaard et al. developed a porcine model of MPE (20) where

the investigators injected numerous thrombi into the

right atrium of 18 pigs, which traveled into the pulmonary

vasculature to simulate MPE, and the pigs were placed on full

cardiopulmonary support. Once the MPE was induced and the

animals were supported on the pump, one of three interventions

was performed: normothermia, hypothermia, or tissue–

plasminogen activator therapy. The study found that VA-ECMO

can rescue pigs with MPE by allowing time for physiological

compensation without a significant change in clot burden

detected. This study offers experimental support for the use of

VA-ECMO in MPE.
Pathophysiology

The presence of an acute pulmonary embolus leads to

detrimental changes in hemodynamic parameters within the

pulmonary circulation, interferes with pulmonary gas exchange,

and changes lung mechanical capacity (8, 21–23). Sixty-three

percent of patients present with severe hypoxemia (PaO2 < 70 mm

Hg) as a result of acute disruption of pulmonary physiology and

consequent changes in gas exchange (21). While hypoxia

contributes to the pathophysiology of pulmonary embolism, most

early deaths result from acute RV pressure overload and

subsequent RV failure (24). The shock seen in PE results from a

rapid increase in pulmonary vascular resistance due to emboli

entering and obstructing the pulmonary arterial vascular bed. Once

lodged in the vascular bed, embolic material creates a mechanical

obstruction. It induces an indirect increase in resistance through

hypoxic and acidotic-induced vasoconstriction and triggers the

release of vasoactive mediators from pulmonary artery endothelial

and smooth muscle cells. This abrupt increase in pulmonary

vascular resistance increases RV afterload, which produces RV

dilation and myocardial dysfunction. The dysfunctional and dilated

RV additionally impacts LV filling and significantly decreases LV

preload, manifesting in decreased cardiac output, systemic

hypotension, and, ultimately, cardiogenic shock.
Classification

The American Heart Association (AHA) provided the original

classification of three distinct pulmonary embolism events based

on their respective anatomic and physiological findings: “Minor” to

“Sub-massive” to “Massive” PE (25). This concept has been

advanced by a classification system adopted by the European

Society of Cardiology (ESC), which focuses on the associated risk

of mortality associated with an acute PE event: “high,”

“intermediate,” and “low” (26). Hemodynamic instability is defined

as a systolic blood pressure <90 mmHg, hypotension requiring

vasopressor support, or a decrement of the systolic blood

pressure >40 mmHg for >15 min, or requiring inotropic support),

pulselessness, or persistent profound bradycardia (25, 27, 28).

Patients with MPE present with cardiac arrest, obstructive shock,

or persistent hypotension (Table 1).
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TABLE 1 Classification of massive pulmonary embolism.

Society Category Criteria
American Heart
Association

Massive Hemodynamic instability manifested by one of the following

Systolic blood pressure < 90 mmHg for >15 min

Requirement of inotropes

Signs of shock

Decrease from baseline Systolic blood pressure (BP) > 40 mmHg

Cardiac arrest

Significant symptom manifestation

Hypotension

Tissue hypoperfusion

Hypoxemia.

European Society of
Cardiology

High risk Cardiovascular shock or persistent hypotension manifested by one of the following

Cardiac Arrest with a need for cardiopulmonary resuscitation

Obstructive shock with Systolic BP < 90 mmHg or vasopressors required to achieve a BP ≥90 mmHg despite adequate filling status
and-organ hypoperfusion (altered mental status; cold, clammy skin; oliguria/anuria; increased serum lactate)

Persistent hypotension manifested by Systolic BP < 90 mmHg or systolic BP drop ≥40 mmHg, lasting longer than 15 min and not
caused by new-onset arrhythmia, hypovolaemia, or sepsis
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Current guidelines and ECMO

Both the American College of Chest Physicians (ACCP) and the

European Society of Cardiology (ESC) initially developed evidence-

based guidance and recommendations for the therapy of MPE (26,

29). The recommended therapeutic options for patients with MPE

currently encompass surgical embolectomy (30), systemic

thrombolysis (31), and catheter-based techniques (32). The most

recent 2019 AHA scientific statement on MPE suggests that patients

requiring therapeutic escalation through surgical embolectomy,

catheter-directed thrombolysis, or systemic thrombolysis may be

supported by ECMO, while these therapies are administered (33).

In the same year, an updated set of ESC guidelines recommended

open surgical embolectomy (Class I recommendation, Level C) or

percutaneous catheter-based intervention (Class IIa

recommendation, Level C) in patients with MPE at high risk of

bleeding. The updated guidelines now propose that ECMO may be

considered in conjunction with these interventions in those

suffering refractory cardiogenic shock or cardiac arrest (Class IIb

recommendation, Level C) if it is performed at a center of

excellence with the necessary expertise and resources and the

patient meets criteria for ECMO placement (27). To allow ECMO

care standardization, the Extracorporeal Life Support Organization

(ELSO) in 2021 published interim guidelines on deploying veno-

arterial ECMO in adult patients with cardiovascular collapse (34).
ECMO therapy

Extra-Corporeal Membrane Oxygenation (ECMO) is a form of

partial cardiopulmonary bypass, which can be used for short-term

support of respiratory and cardiac function in critically ill patients

who are in a cardiopulmonary crisis (35). The primary purpose of

ECMO, in all settings, is to successfully exchange oxygen and

carbon dioxide from the blood using mechanic.al means in patients

unable to accomplish this physiologically due to cardiopulmonary

compromise (35). Hill reported the first successful human adult

case of ECMO in 1972 (36), and Davies reported the first
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successful use of ECMO as a temporary support in massive

pulmonary embolism outside the operating room in 1995 (37).

ECMO can be deployed in two circuits: veno-arterial perfusion or

veno-venous perfusion. The veno-arterial ECMO circuits (VA-

ECMO) are intended to take deoxygenated blood from a central

vein or the right atrium, pass it through an oxygenator, and then

return the oxygenated blood into the body by way of a central or a

peripheral artery (35). This form of ECMO partially supports the

cardiac output as the flow through the ECMO circuit is in addition

to the native cardiac output. The altered hemodynamics with VA-

ECMO physiology is the development of the “Harlequin

syndrome,” where opposing blood flows from the heart (antegrade,

poorly oxygenated blood flow) and the peripheral ECMO

cannulation (retrograde, highly oxygenated blood flow) results in

lower oxygen levels in the upper body and normal or elevated

oxygen levels in the lower body. In contrast, veno-venous ECMO

(VV-ECMO) removes deoxygenated blood from a large vein and

returns oxygenated blood into the body via a second large vein.

Veno-venous ECMO supports oxygenation but is not designed to

support circulation (35).

Modifications of the VA-ECMO circuit are often needed to

protect the LV and pulmonary circulation. A third configuration

often employed in longer-term VA-ECMO is veno-arterial venous-

ECMO (VAV-ECMO), often used in patients with differential

hypoxia. In VAV-ECMO, an additional cannula is introduced into

the jugular (or subclavian) vein to deliver oxygenated blood to the

pulmonary circulation. A fourth configuration described in

the setting of RV failure is veno-arterial-venous-pulmonary

artery-ECMO (VAVPa ECMO). In VAVPa ECMO, a venous

catheter is advanced into the pulmonary artery (PA) to provide

oxygenated and decarboxylated blood into the systemic and

pulmonary circulation. VA ECMO increases LV afterload, which

can lead to LV dysfunction. With prolonged VA-ECMO, LV

unloading can also be achieved percutaneously using several

techniques: converting to a VAVPA ECMO configuration or trans-

femoral placement of trans-aortic catheter across the aortic valve

to drain the LV and drain the LV into the venous arm of the

ECMO circuit (38).
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ECMO indications and
contraindications

The primary indication for ECMO is the treatment of MPE-

induced cardiogenic shock and witnessed cardiac arrest. In

cardiogenic shock, the patient should not have known aortic

valve incompetence and should not have significant

comorbidities such as end-stage heart failure, severe chronic

obstructive pulmonary disease (COPD), liver failure, end-stage

renal failure (ESRD), or any terminal irreversible illness which

would impact longterm survival. In cardiac arrest due to MPE,

the patient should be less than 70 years old and have had a

witnessed arrest with an interval from cardiopulmonary arrest to

first Cardiopulmonary Resuscitation (CPR) of less than 5 min.

The observed initial rhythm should be identified as Ventricular

Fibrillation (VF), paroxysmal ventricular tachycardia, or pulseless

electrical activity, and the patient should not have experienced

recurrent VF or intermittent return of spontaneous circulation

(39, 40).

The goals of ECMO in MPE are to stabilize the patient by

restoring circulation, offloading the right ventricle, and restoring

end-organ oxygenation. VA-ECMO provides both pulmonary and

cardiac support. It is one of the most reliable and expeditious

ways to decrease RV overload, and to improve RV function, thus

allowing for hemodynamic stability and restoration of tissue

oxygenation. VV-ECMO is used for respiratory support in those

unresponsive to mechanical ventilation due to acute, potentially

reversible respiratory failure. In this regard, there are three

strategies for ECMO utilization in MPE: bridge to definitive

therapy, sole therapy, and recovery after treatment. The first

strategy provides pre-operative and peri-operative support for

open surgical embolectomy or percutaneous thrombectomy. The

second strategy is supporting the patient with anticoagulation or

systemic thrombolysis without open or percutaneous intervention.

The third strategy is to support the patient after intervention to

allow for end-organ recovery after the thrombus burden has been

removed. Given the significant progress that has been made in

the medical response to MPE with improved diagnostic

algorithms, the aggressive use of systemic thrombolytics, the rapid
TABLE 2A Sequential organ failure assessment (SOFA) score.

Variable 0 1 2
PaO2/FiO2, mmHg ≥400 300–399 200–299

Platelets, ×103/µl ≥150 100–149 50–99

Glasgow Coma Scale 15 13–14 10–12

Bilirubin, mg/dl (μmol/L) <1.2 (<20) 1.2–1.9 (20–
32)

2.0–5.9 (33–10

Mean arterial pressure (MAP) OR
administration of vasoactive agents
required (listed doses are in units of
mcg/kg/min)

No
hypotension

MAP
<70 mmHg

Dopamine ≤5
Dobutamine (a
dose)

Creatinine, mg/dl (μmol/L) or urine
output (UOP)

<1.2 (<110) 1.2–1.9
(110–170)

2.0–3.4 (171–2
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deployment of catheter-directed thrombolysis, and percutaneous

thrombectomy therapies, ECMO as a bridge to intervention and

recovery after treatment has become the commonest utilization

reported in the literature.
Risk stratification

Using predictive algorithms to understand the potential

mortality and morbidity of an intervention is a valuable adjunct

to clinical decision-making. Despite a high sensitivity and

negative predictive value, the Pulmonary Embolism Severity

Index (PESI) and simplified Pulmonary Embolism Severity Index

(sPESI) lack specificity to predict early mortality because they

rely heavily on demographic and co-morbid conditions rather

than the severity of the acute PE event. They are not helpful in

patients with MPE placed on ECMO. Two predictive scoring

systems have been refined to specifically evaluate patients with

MPE in whom ECMO is being considered or has been placed

emergently—Sequential Organ Failure Assessment-Right

Ventricle (SOFARV) and Survival after VA ECMO (SAVE).

The SOFA instrument assesses the extent of organ dysfunction

using six different patient criteria.- neurologic, blood, liver, kidney,

and blood pressure/hemodynamics and assigns a score within each

category (41) (Table 2A). As the SOFA score increases, the

likelihood of mortality increases. In the case of ECMO, it is

recommended that after a baseline SOFA score is obtained, serial

SOFA evaluations are performed over the next 48 h of ECMO,

therapy and an increase in SOFA score after 48 h with the

presence of hyperlactatemia is significantly associated with

subsequent hospital mortality (42). A recent modification of

SOFA with the addition of an echocardiographic assessment of

the right ventricle has improved the prognostic performance of

the original SOFA score in VA-ECMO and is now termed

SOFA-Right ventricle (RV)—SOFARV (43). In the original paper,

SOFARV outperformed the original SAVE in predicting mortality

in patients on VA-ECMO. A SOFARV score less than five is

associated with a morality less than 20%, while a score greater

than fourteen is associated with a mortality of 95%.
Points

2 3 4
≤199 and NOT
mechanically
ventilated

100–199 and mechanically
ventilated

<100 and mechanically
ventilated

20–49 <20

6–9 <6

1) 6.0–11.9 (102–204) ≥12.0 (>204)

or
ny

Dopamine >5,
Epinephrine ≤0.1, or
Norepinephrine ≤0.1

Dopamine >15,
Epinephrine >0.1, or
Norepinephrine >0.1

99) 3.5–4.9 (300–440) or UOP
<500 ml/day)

≥5.0 (>440) or UOP
<200 ml/day

frontiersin.org

https://doi.org/10.3389/fcvm.2023.1298686
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


TABLE 2B Modified survival after VA ECMO (SAVE) score.

Points
Age (years) 18–38 7

39–52 4

53–62 3

≥63 0

Weight <143 lbs (<65 kg) 1

143–196 lbs (65–89 kg) 2

>196 lbs (>89 kg) 0

Etiology of
cardiogenic shock

Myocarditis No 0

Yes 3

Refractory VT/VF No 0

Yes 2

Post heart or lung transplantation No 0

Yes 3

Congenital heart disease No 0

Yes −3

Davies and Hart 10.3389/fcvm.2023.1298686
The SAVE score is a survival prediction score derived from pre-

ECMO assessment data extracted from the ELSO registry (44). The

original SAVE score utilized age, weight, Central Nervous system

(CNS) dysfunction, etiology of the cardiogenic shock, renal

function, metabolic acidosis, respiratory and cardiac parameters,

and end-organ failure to classify patients into five mortality

categories ranging from 18% to 75%. A serum lactate level has

been added to the score in more recent iterations to improve

prognostic accuracy and demonstrated excellent discrimination

when lactate and SAVE scores are combined (45) (Table 2B).

A SAVE score ≤−10 is associated with a mortality of less than

20%, while a score >5 is associated with a 75% mortality.

A valid criticism of both SOFARV and SAVE is that they do not

provide the practitioner with a tool to decide on the initiation of

ECMO but rather an instrument to assist in determining the

value of continuation of the ECMO therapy.

Renal Acute renal failure No 0

Yes −3
Chronic renal failure No 0

Yes −6
Metabolic Acidosis HCO₃ before ECMO ≤15 mmol/L

(91.5 mg/dl)
No 0

Yes −3
Respiratory Duration of intubation prior to initiation

of ECMO, h
≤10 0

11–
29

−2

≥30 −4
Peak inspiratory pressure ≤20 cm H₂O
(≤2.0 kPa)

No 0

Yes 3
Complications of ECMO

The deployment of ECMO is associated with a significant

systemic inflammatory response and a series of complications

that can impact the patient’s ability to survive and require

additional resources to address the issues as they arise (46).

Understanding and mitigating these complications enhances

immediate patient care and improves early survival.

Cardiac Pre-ECMO cardiac arrest No 0

Yes −2
Diastolic blood pressure within 6 h before
ECMO cannulation ≥40 mmHg

No 0

Yes 3

Pulse pressure within 6 h before ECMO
cannulation ≤20 mmHg

No 0

Yes −2
Other organ failures
pre-ECMO

Liver failure No 0

Yes −3
CNS dysfunction No 0

Yes −3
Lactate <75 mg/dl No 0

Yes 15
Inflammatory complications

The initiation of ECMO leads to the rapid activation of the

coagulation cascade, complement systems, endothelial cells,

leukocytes, and platelets. Platelet and leukocyte activation then

releases multiple proinflammatory cytokines (TNF-α, IL-1, IL-6,

IL-8), promotes microcirculatory dysfunction, and induces aseptic

parenchymal inflammation and injury in multiple organs. Systemic

inflammation and activated coagulation cascade lead to macro-

and micro-circulation endothelial activation and dysfunction

coupled with microcirculatory thrombosis. Patients on ECMO also

develop a dysfunctional gastrointestinal barrier, leading to bacterial

translocation and endotoxin release into the bloodstream, which

acts as an additional promotor of systemic inflammation.
Coagulation complications

Bleeding and thrombosis are the most common coagulation

complications associated with ECMO. In a systematic review, Sy

et al. (47) reported a prevalence of significant bleeding events of

27%, with cannula site and intracranial sites the most commonly

reported issues. Bleeding results from the consequences of

systemic anticoagulation and ECMO-acquired coagulopathy

(thrombocytopenia, platelet dysfunction, Acquired von

Willebrand syndrome, hemolysis, and enhanced fibrinolysis). A

recent meta-analysis has confirmed that low-dose anticoagulation

is a feasible and safe strategy compared to standard-dose
Frontiers in Cardiovascular Medicine 05
anticoagulation in patients supported by ECMO (48). ELSO has

issued a guideline on using anticoagulation during ECMO (49).
Intracranial complications

ECMO-associated brain injury comprises a spectrum from

intracranial hemorrhage (ICH), acute ischemic stroke (AIS),

new onset seizure activity, cerebral edema, intracranial

hypertension, and hypoxic-ischemic encephalopathy (HIE).

Neurologic injuries are reported more frequently with VA-

ECMO than with VV-ECMO. In a recent systematic review

(50), the median incidence of acute neurologic complications

was 13%, ranging from 1% to 78%. Of the 13%, 5% are ICH,

5% AIS, 2% are seizures, and 1% are attributed to other causes.

The median mortality across 44 studies was 96% for ICH, 84%

for AIS, and 40% for new-onset seizure activity. If HIE and

brain death were excluded, the median mortality in patients
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with ECMO-associated brain injury (83%) would be higher than

in patients without ECMO (42%).
Renal complications

Acute kidney injury (AKI) is prevalent in patients placed on

ECMO and has been associated with poor outcomes (51). No

significant differences in AKI risk have been identified between

VV-ECMO and VA-ECMO, but the presence of AKI during VA-

ECMO is strongly associated with subsequent mortality (52).

More than 75% of the patients placed on ECMO will develop

AKI, and the need for dialysis occurs in more than half of these

patients. Adult patients who develop severe AKI on ECMO are

older, have diabetes mellitus, have higher APACHE II and SOFA

scores, and have a prolonged duration of ECMO support (53).

The development of AKI on ECMO contributes to the worsening

of multi-organ dysfunction due to the accumulation of increased

extravascular water that leads to interstitial overload, impairment

of oxygen transport in organs, and impairment in pulmonary O2

transport.
Pulmonary complications

VA-ECMO can induce pulmonary injury and congestion

related to left ventricle pressure overload. Lung function is

adversely affected by parenchymal injury from ECMO-induced

systemic inflammatory response, ECMO-induced hemodynamic

changes inducing parenchymal ischemia, ECMO-induced lung

congestion due to altered ventricular filling, and ischemia-

reperfusion injury during ECMO and after decannulation. As a

result of these acute changes in VA-ECMO, the lungs develop

protein-rich edema, alveolar hemorrhages, tissue necrosis, and

fibrosis.
Limb complications

Acute limb ischemia occurs in 10%–15% of patients on VA

ECMO and has been associated with worse outcomes (54–59).

Acute limb ischemia is more common in patients who are female,

are younger, have pre-existing peripheral vascular disease, and with

the use of larger arterial cannulas (>20 Fr) (60–62). The

development of acute limb ischemia has been directly associated

with the SOFA score calculated at the initiation of ECMO (63).

Current guidelines recommend ultrasound-guided access during

intial cannulation if percutaneous access is to be used so that the

Profunda Femoris artery is identified and its ostium protected,

thus preserving collateral flow (64, 65). There is significant

variation in the indications for placement of a distal perfusion

arterial cannula (DPC), the type of cannula inserted, and the

technique of cannula placement (66), Systematic reviews, and

meta-analyses have shown that the placement of a functioning

DPC can result in an average 16% reduction in the incidence of

limb ischemia without a change in overall mortality during VA
Frontiers in Cardiovascular Medicine 06
ECMO (55). The placement of large-size cannulas in the jugular or

femoral veins has also been identified as a predisposing factor for

deep venous thrombosis (DVT) in those veins (67).
Outcomes

In 2015, Yusuff and Associates (68) conducted a systematic

literature review on ECMO in 78 patients with MPE and

reviewed over 20 years of case reports on the topic and found an

overall survival of 70.1%. Survival with ECMO was equivalent,

irrespective of the adjuvant intervention used to remove

pulmonary clots: thrombolysis, catheter-based embolectomy, or

surgical embolectomy. Those who had ECMO initiated, while in

cardiac arrest, had an overall higher mortality than those who

had never experienced such an event. In 2020, Baldetti

performed an updated systematic review and pooled analysis of

all published experiences of ECMO support in MPE and

identified 21 studies with 635 patients. In this combined study

population, ECMO was indicated for cardiac arrest in 62.3%, and

immediate ECMO support was pursued in 61.9% of patients.

57.0% of patients underwent adjunctive reperfusion therapies.

Early all-cause mortality was 41.1%, and in meta-regression

analyses, no covariates affected mortality. In 2021, Harwood

Scott et al. published a narrower systematic literature review on

the outcomes of managing 301 patients experiencing MPE-

related cardiac arrest (69). Only Sixty-one percent of patients

presenting with cardiac arrest due to MPE survived to discharge.

Patients who received systemic thrombolysis for MPE before

ECMO cannulation had similar survival compared with patients

who had ECMO cannulation without exposure to systemic

thrombolysis. There was no significant difference in risk of death

if ECMO cannulation occurred in the emergency department or

other hospital locations. In an associated multivariate analysis,

the authors demonstrated a three-fold increase in the risk of

death for patients over 65 years old and a six-fold increase if

cannulation occurred during cardiopulmonary resuscitation. A

second study in 2021 by Kaso et al. (70) performed a meta-

analysis to compare in-hospital mortality in patients treated for

MPE with and without ECMO. Eleven eligible studies with 791

patients presenting with MPE were included (270 subjects

received ECMO, and 521 subjects did not). The rate of cardiac

arrest in this study population was 64% in the ECMO group.

Mortality in-hospital was not significantly different between

patients treated with and without ECMO. However, these

findings were limited by marked study heterogeneity with

multiple confounding and selection biases and limited

generalizability. There was no evidence of a small study effect.

Regarding the decline effect and early-extreme bias, meta-

regression demonstrated that publication year was not a

significant covariate.

Based on these data sets, it appears that the initiation of ECMO

alone, with or without systemic thrombolysis, will not improve

outcomes over conventional therapy and that ECMO should be

followed by an open or percutaneous thrombectomy to reduce or

eliminate the clot burden and rapidly stabilize cardiovascular status.
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Conclusion

The use of ECMO in MPE continues to evolve and has been

associated with lower mortality in registry review. Most patients on

ECMO also undergo open or interventional PE interventions to

treat the MPE. However, there has been no significant difference

in outcomes between patients treated with and without ECMO in

meta-analyses. Considerable heterogeneity in studies is a significant

weakness of the available literature. The application of ECMO in

MPE is also associated with substantial multisystem morbidity due

to bio-injury, hemorrhagic stroke, renal dysfunction, and bleeding,

which must be factored into the outcomes. The application of

ECMO in MPE now has a place in current guidelines

recommendations but should be combined with an aggressive PE

interventional program and strictly adhere to the current selection

criteria for ECMO to achieve optimal outcomes.
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