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The severe acute respiratory syndrome (SARS)-CoV-2 is an 
emerging viral pathogen responsible for the global coronavirus 
disease 2019 (COVID)-19 pandemic resulting in significant 
human morbidity and mortality. Based on preliminary clinical 
reports, hypoxic respiratory failure complicated by acute respi-
ratory distress syndrome is the leading cause of death. Further, 
septic shock, late-onset cardiac dysfunction, and multiorgan 
system failure are also described as contributors to overall mor-
tality. Although extracorporeal membrane oxygenation and 
other modalities of mechanical cardiopulmonary support are 
increasingly being utilized in the treatment of respiratory and 
circulatory failure refractory to conventional management, their 
role and efficacy as support modalities in the present pandemic 
are unclear. We review the rapidly changing epidemiology, 
pathophysiology, emerging therapy, and clinical outcomes of 
COVID-19; and based on these data and previous experience 

with artificial cardiopulmonary support strategies, particularly 
in the setting of infectious diseases, provide consensus recom-
mendations from ASAIO. Of note, this is a “living document,” 
which will be updated periodically, as additional information 
and understanding emerges. ASAIO Journal 2020; 66:588–598.

Key Words:  COVID-19, coronavirus, mechanical ventilation, 
extracorporeal membrane oxygenation, mechanical circula-
tory support, ARDS

The human environment is surrounded by a myriad of viruses, 
the number, and type increasingly being defined.1 Many viral 
species result in serious, if not fatal infections, e.g., Mar-
burg, Hanta, Ebola, although typically remaining contained 
to specific hosts, circumstances of infections, or geographies, 
limiting modes, and extent of spread.2–4 Of viral species, res-
piratory viruses, in particular, have periodically presented with 
widespread distribution of virus resulting in pandemics, with 
often overwhelming morbidity and mortality.3,5 We presently 
face such a situation with the emergence of the severe acute 
respiratory syndrome (SARS)-CoV-2 virus.6–8 The major viral 
pandemics of the last century, including those involving 1918 
H1N1 and 2009 H1N1 influenza and 2003 SARS-CoV and 
2012 middle east respiratory syndrome (MERS)-CoV corona-
virus, predominantly manifested as respiratory system illnesses 
with possible secondary cardiovascular and other end-organ 
system effects.9 Although many patients develop a mild to 
moderate illness, a significant subset of patients develop se-
vere progressive respiratory and occasionally cardiac failure, 
refractory to conventional therapies, including advanced venti-
lator management strategies. For these patients, the only plau-
sible treatment strategy is artificial lung or circulatory support. 
From the initial clinical experience in China and in Italy, it is 
clear that SARS-CoV-2 infection, also termed coronavirus di-
sease 2019, that is COVID-19, has a disease natural history 
that results in severe respiratory and circulatory compromise 
for a significant portion of those infected. It is the specific goal 
of the present paper to provide a resource document to the 
clinical community regarding evolving best practice strategies 
for advanced pulmonary and cardiac support in patients with 
severe progressive COVID-19. Overall, the philosophy of the 
present paper is to be a living document—one gathering best 
practice information of the moment, which will be rapidly and 
continuously updated as improved strategies emerge. We first 
provide a brief background on the biology and pathophysi-
ology of COVID-19 infection, evolving modes of diagnosis, 
and valuable laboratory parameters to follow. We provide 
evolving information on medical therapies. We then focus on 
management of the severely compromised patient warranting 
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artificial lung or circulatory support. Recommendations are 
offered for patient selection and details of appropriate thera-
peutic pulmonary or cardiac support.

COVID-19 Infection: Background and Molecular Biology

COVID-19 is the result of infection with SARS-CoV-2, a novel 
coronavirus, causing severe acute respiratory syndrome.6,10,11 
COVID-19 is considered a zoonotic infection, with a natural 
reservoir most likely in bats, and with a potential intermediate 
species before the onset of human infection.12,13 At the time of 
this writing, it is unclear how human transfer occurred. More-
over, if or when mutations have occurred in SARS-CoV-2, it is 
unknown whether these may have occurred within nonhuman 
animal reservoirs, or following human transfer. Recent studies, 
however, now point to pangolin species as a natural reservoir 
of SARS-CoV-2-like CoVs.14

SARS-CoV-2 is a single (+) stranded RNA virus whose repli-
cation is catalyzed by an RNA-dependent RNA polymerase.15 
However, genomic single-stranded RNA also has messenger 
RNA function, such that it may be translated on ribosomes into 
a peptide sequence. Similar to the original SARS virus, also a 
coronavirus, SARS-CoV-2 is capable of binding cell surface-
bound angiotensin-converting enzyme 2 (ACE2), which is richly 
expressed on pneumocytes, as well as endothelial cells.11,16 This 
interaction facilitates viral intracellular entry. In addition, the 
viral spike protein has a polybasic cleavage site at a location be-
tween the spike subunits, which may be proteolytically cleaved; 
this is thought to enhance viral entry and infectivity.17,18

Clinical Pathophysiology and Outcomes

Infection with SARS-CoV-2 results in the development of 
acute pneumonia, with patchy ground-glass opacities.19 The 
distribution of this infiltrate appears to be more dominant in 
lung bases, and is eccentric, with an emerging pattern.20 This 
pattern may be appreciated via  direct example shared on 
line.21 This is a near-universal (>99%) finding in hospitalized 
patients with COVID-19, based upon data from the original 
patient cohorts in Wuhan, China. However, clinical manifes-
tations may be quite variable. Fever is a near-universal find-
ing. However, although dyspnea is a common finding both 
in intensive care unit (ICU)-hospitalized as well as non-ICU-
hospitalized patients, it is unsurprisingly significantly and 
substantially more common in ICU patients. In addition, con-
stitutional symptoms such as anorexia are more common in 
ICU patients.22

Acute hypoxemic respiratory failure of varying severity is the 
norm in ICU patients. A median PaO2/FIO2 ratio of <150 was 
identified in ICU-hospitalized patients, and ratios were worse 
in non-survivors in comparison to survivors.23 The documented 
incidence of acute respiratory distress syndrome (ARDS) was 
≈20%. Biochemical evidence of myocardial injury was present 
in ≈15% of patients; further, overt shock was evident in <10% of 
patients.24 As expected, ARDS and shock were more common 
in ICU-hospitalized patients. Systemic arterial blood pressure 
did not appear to relate to survival; however, inotrope/vasocon-
strictor usage was substantially higher in ICU-hospitalized and 
non-survivor patients.25 Moreover, the hemodynamic profiles of 
shock in these patients are unclear. Finally, as is common in 
other etiologies of shock and respiratory failure, dysfunction of 

other end-organs, such as the kidney and the liver, was found 
to be more common and more severe in ICU-hospitalized and 
non-survivor patient groups. In particular, acute kidney injury 
and its severity were highly correlated with poorer outcomes.

Laboratory data consistent with higher-risk COVID-19 sub-
groups were identified as well.26 ICU-hospitalized patients 
and non-survivors tended to have overall leukocytosis yet with 
lymphopenia, coagulation profiles consistent with dissemi-
nated intravascular coagulation (elevated prothrombin time 
and D-dimer), elevated blood urea nitrogen and creatinine, 
elevated serum transaminase levels, and elevated procalci-
tonin.27,28 These findings are broadly consistent with those of 
high-risk subsets of sepsis.

Many fail to appreciate the degree of isolation and care that 
Chinese medical institutions provided their early patients. They 
were experienced with the SARS epidemic and applied that ex-
perience early in the spread of the disease. Likewise, the med-
ical sophistication of Italy appears underappreciated in the lay 
press. The Italian setup mostly focused on large hospitals with 
ICU preparedness, lacking a comprehensive plan on commu-
nity medicine and small healthcare institutions.29 Indeed, the 
first patient was diagnosed in a small city, Codogno. Following 
this, a “Red Zone,” with total limitation of social mobility, was 
instituted for containment of infectious spread. The case was 
particularly challenging since this patient was a young healthy 
athlete without any medical or epidemiological (travel to China 
or contact) risk factors. The first case immediately prompted the 
development of a task force for managing and limiting the out-
break on a Regional level.30 The United States is early in its expe-
rience with COVID-19, but has per capita fatality rates that are, 
along with Germany, the lowest of those countries afflicted with 
a large burden of infected patients. The early German public 
health experience with COVID-19 is particularly noteworthy 
for the lowest mortality outcomes within the group of infected 
patients, but the reasons for this are unclear at this time. Unpub-
lished communications suggest that this may be due, at least in 
part, to a younger COVID-19-infected population.

COVID-19 Diagnostic Strategies and Monitoring

COVID-19 infection manifests with symptoms typically asso-
ciated with other respiratory infections, that is, fever, cough, and 
shortness of breath, which are sensitive but highly non specific. 
To this end, a basic diagnostic algorithm for “fever clinics,” given 
the high sensitivity of fever as a sign of COVID-19, has been 
developed.31 High-fidelity, sensitive, specific, and predictive di-
agnostic strategies are needed. It should be noted that current 
Center for Disease Control (CDC) recommendations reiterate 
that “clinicians are strongly encouraged to test for other causes 
of respiratory illness” as appropriate. Conversely, COVID testing 
should be employed for those with a high index of suspicion and 
for those at increased risk.32 A hierarchy of “priorities of testing” 
is provided by the CDC. Current diagnostic strategies include 
obtaining samples for viral testing from the upper (nasopharyn-
geal or oropharyngeal swab or wash) or lower (induced sputum, 
endotracheal aspirates, bronchoalveolar lavage) respiratory tract 
samples for via nucleic acid amplification tests, such as reverse 
transcriptase-polymerase chain reaction; as well as for bacterial 
or fungal cultures as is appropriate.33,34 Confirmation of SARS-
CoV-2 may be made via follow on nucleic acid sequencing, 
via detection of the specific N, E, S, and RdRP viral genes. For 
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in-hospital patients, we recommend sending two specimens on 
two different days to ensure adequate specimen collection. A 
computed tomography scan of the chest revealing ground-glass 
opacities or consolidation consistent with the disease increases 
the clinical suspicion of disease.19,20 Basic monitoring includes 
pulse oximetry and telemetry for stable patients outside the in-
tensive care unit, and more invasive monitoring with systemic 
arterial and central venous/pulmonary arterial (PA) catheters in 
the intensive care unit. Of note, for inpatients, continued viral 
detection and shedding has been reported which may also be 
monitored via blood and stool sampling.35,36

A baseline transthoracic echocardiogram (see following) can 
be performed if the patient presents with systemic arterial hy-
potension or overt shock. PA catheter placement may be use-
ful in patients with shock as well (see following). We do not 
recommend routine endomyocardial biopsies, due to risks of 
cardiac structural injury (iatrogenic ventricular septal defect, 
right ventricular [RV] free wall rupture and cardiac tamponade, 
and tricuspid valve injury with regurgitation). In patients who 
have evidence of focal/regional cardiac injury, via electrocar-
diography or echocardiography, diagnostic left-sided cardiac 
catheterization with coronary angiography is reasonable.

Ultimately it will be important to monitor if a given patient 
mounts an immune response and develops protective immu-
nity. While the COVID pandemic is just evolving, it is im-
portant to mention this here as well. As such, with an eye to 
the future, early reports examining the serologic response of 
patients in China reveal that COVID patients generally mount 
a typical serologic response to viral infection. Specifically, uti-
lizing ELISA, IgM has been detected by day 3 with IgG levels 
rising subsequently as IgM begins to decline.37

Pharmacotherapy

There are currently no specific therapeutics approved by 
the Food and Drug Administration to treat this patient popu-
lation. The only randomized-controlled trial done to date was 
an open-label trial comparing Rotinavir/Lotanavir combination 
therapy to standard of care in patients with confirmed COVID-
19 illness.38 This study included 199 hospitalized patients with 
treatment with the study drug failing to show difference in time 
to clinical improvement or mortality. There was a trend towards 
better outcomes in patients started on the study drug less than 
13 days after symptom-onset and met the study’s secondary 
outcome. The number of severely ill patients needing invasive 
mechanical ventilation was low in this particular trial. Further 
studies are required to determine if this drug is efficacious in 
patients with severe hypoxemic respiratory failure. Remdesivir, 
an inhibitor of RNA synthesis, developed by Gilead Sciences 
Inc., is currently enrolling patients for three clinical trials on 
the basis of their previous data which showed promise in an-
imal models for treating MERS and SARS which are also caused 
by coronaviruses.39 Favipiravir is a similar antiviral agent under 
investigation in Asia.40 Hydroxychloroquine/chloroquine, re-
ported to inhibit SARS-CoV-2 in vitro, is postulated to help 
with inhibition of viral entry and reduce viral infectivity. Al-
though this has been currently universally recommended given 
absence of strong data for any other drugs, there is currently no 
randomized-controlled trial that has proven its efficacy.41

With respect to therapies that are not directly antiviral, corti-
costeroids have been studied in a subset of patients from Wuhan 

with positive results (HR 0.38, CI, 0.20–072), in a retrospective 
study cohort of 201 patients.42 Further prospective randomized-
controlled trials are needed to study this further. Tocilizumab, an 
anti-interleukin (IL)-6 receptor blocking monoclonal antibody, is 
being studied for patients with cytokine release syndrome. There 
is limited evidence at present time for this drug. Similarly, other 
anti-inflammatory agents inhibiting IL-1 receptor signaling, such 
as anakinra (soluble IL-1 receptor antagonist) and canakinumab 
(anti-IL-1β monoclonal antibody), are under evaluation. Adop-
tive transfer of sera from recovered COVID-19 patients also is 
being undertaken in COVID-19.43,44 This approach was utilized 
with some success in Ebola, SARS, and MERS, with enhanced ef-
ficacy if utilized early in the disease natural history.45,46 Concep-
tually, this technique is logically predicated upon (1) adequate 
anti-coronavirus antibody titers and (2) that these antibodies are 
disproportionately neutralizing in character.

From an immunological perspective, solid organ transplant 
recipients are a group warranting particular attention and care-
ful therapeutic consideration. Consensus presently does not 
exist as to how to best manage immunosuppressive regimens in 
the setting of COVID-19 infection. It may be reasonable to use 
lower levels of immunosuppression in the setting of COVID-19 
infection, as is often employed when transplant recipients de-
velop other infections, waged from the perspective of favoring 
innate immune augmentation. However, as some mortality and 
morbidity in COVID-19-infected patients may be due to hyper-
activation of adaptive or innate components of the immune 
system, it may be reasonably hypothesized that maintained or 
even increased levels of immunosuppression may be benefi-
cial in the setting of COVID-19 infection. As such, we urge 
caution and careful consideration on an individual patient in 
addressing this issue. Clarity for this issue will emerge as we 
progress further in the COVID pandemic.

Pharmacotherapies for the cardiopulmonary physiologic 
effects of COVID-19 are under investigation. Anticoagulation is 
strongly recommended in patients with persistent D-dimer ele-
vation, due to suspicions of an as-yet-to-be-defined prothrom-
botic milieu in these patients. The role of inhaled pulmonary 
vasodilators is unclear in the setting of COVID-19 with refrac-
tory acute hypoxemic respiratory failure but is being studied. 
There is no current available guidance regarding the merits of 
utilizing inhaled nitric oxide, although it could be postulated 
that this could be helpful in normal compliance ARDS by re-
ducing hypoxic pulmonary vasoconstriction and improving 
ventilation-perfusion (V/Q) matching, reducing RV afterload.

Last, with respect to prophylaxis and protection, anti-
COVID-19 vaccines are under development by several 
groups.47 These include standard peptide/protein-based strate-
gies, as well as RNA-based strategies. Plans for rapid testing 
are underway.

Mechanical Pulmonary or Cardiac Support and COVID-19: 
ASAIO Recommendations

The need for pulmonary or cardiac support strategies, and 
the extent of support required, is inversely proportional to the 
quality of native pulmonary or cardiac function. In addition, 
the availability of particular types of support equipment is in-
versely proportional to their invasiveness, complexity, and ex-
tent of support required. The broad recommendations below 
are in line with these concepts. What is proposed as first-line 
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therapeutic strategies generally provide lesser degrees of gas 
exchange or hemodynamic function support, but are clearly 
more widely available, and are less complex and less invasive 
(and thus, less dependent upon operator expertise). However, 
escalation to second- or third-line therapeutic strategies should 
not be delayed in favor of prolonged trials of first-line support. 
Decisive determination of whether a strategy is succeeding or 
failing is essential to achieving optimal outcomes. Tables 1 and 2  
provide a simple reference guide.

Pulmonary Support

COVID-19 results in acute hypoxemic respiratory failure, 
with severe V/Q mismatch and overt intrapulmonary shunt-
ing.48,49 The recommendations below are based on previous 
experience with the management of ARDS, especially the 
2009 H1N1 influenza pandemic experience.50–52

Mechanical ventilation: noninvasive and invasive.   
Noninvasive mechanical ventilation (MV) strategies, such as con-
tinuous positive airway pressure (CPAP) and bilevel positive air-
way pressure (BiPAP), may be appropriate for short durations in 
patients with hypoxemia suboptimally treated by high-flow sup-
plemental O2 systems alone. As either a noninvasive or invasive 
mode of MV, CPAP increases basal (throughout the respiratory 
cycle, and thus evident even at end-expiration, the invasive ana-
log being positive end-expiratory pressure [PEEP]) intra-alveolar 
pressure, and thus, lung volume. Globally, this may manifest as 
an improvement from lower-normal to higher lung volumes in 
the setting of normal overall lung compliance, or in the setting of 
low overall lung compliance, from lower- to normal-higher lung 
volumes. MV recruits under- or non-ventilated alveoli that are 
otherwise yet perfused, and thus improves O2 transfer of blood 
flowing past these alveoli, and the overall V/Q ratio. BiPAP, 
which is analogous to pressure-support invasive MV, provides 
CPAP plus additional input airway pressure during inspiration. 
This not only increases mean alveolar pressure and volume, but 
does so by augmenting the inspiratory flow rate, and for a fixed 
inspiratory time, the tidal volume. Noninvasive ventilation (NIV) 
is a reasonable initial strategy in patients with COVID-19-related 
respiratory failure, provided that hypoxemia is not profound, and 

the anticipated duration of NIV support is not long. The issue with 
NIV is the need for patient cooperation. There is current concern 
that CPAP and BIPAP modes may potentiate aerosolization of 
the respiratory viral particles. Some institutional guidelines limit 
high-flow nasal cannula to <30 L/min, and avoid NIV, due to risk 
of staff infection, and further suggest that early intubation should 
be attempted.53 The timing of such transition from NIV to invasive 
MV presently remains patient specific.

A variety of invasive MV modes are available to treat acute 
hypoxemic respiratory failure. Volume-controlled, pressure-
controlled, pressure-support, and mixed invasive MV modes 
may be best suited for individual patients. Based upon data 
principally best expressed in the ARDSNet studies, it is well es-
tablished that excess pressure and volume each may contribute 
to pulmonary injury (barotrauma and “volu”-trauma, respec-
tively).50,54 Consequently, whether either volume-controlled or 
pressure-controlled modes of invasive MV are chosen, lung-
protective mechanical ventilation should be used in patients 
with COVID-19-related acute hypoxemic respiratory failure. 
This consists in: tidal volumes of <6 mL/kg ideal body weight, 
plateau airway pressures of <30 cm H2O, and FIO2 titrated in 
order to achieve adequate systemic arterial O2 saturations. In 
some patients, paralytic agents may be required.55,56

Importantly, individual centers, depending upon availability 
of invasive and even noninvasive MV, need to make often dif-
ficult decisions about resource utilization in the context of po-
tentially more than one individual patient condition. Factors in 
these considerations include severity of gas exchange derange-
ment, individual patient comorbidities, anticipated survivability 
of the COVID-19 infection, and availability of resources, all 
must be considered in determination of MV allocation to an in-
dividual patient. These issues are even more acute with respect 
to advanced lung support strategies, as are discussed below.

Prone position mechanical ventilation.  Prone positioning is 
now the standard of care in ARDS and should be considered in 
patients with COVID-19 as this would potentially improve lung 
aeration at the bases of the lung.57 A prospective multicenter 
randomized control trial has shown that in patients with PaO2/
FIO2 ratio less than 150 mmHg, with an FIO2 ≥0.6, and a PEEP 
≥5 cm H2O, early application of prolonged prone positioning 

Table 1.  Management of COVID-19-Related Respiratory Failure Before Considerations of Escalation

Pharmacologic Strategies Ventilatory Strategies When to Escalate

Monitor systemic arterial oxygen 
saturation with pulse oximeter

Early intubation with rapid sequence intubation 
with minimal bagging

If ECMO needed at a hub-hospital: Transport 
patient early when PaO2/FIO2 ratio >150 and 
concern for deterioration

If hypoxemic, consider 
hydroxychloroquine (limited evidence)

Sedation and paralytics as needed to limit 
ventilator dys-synchrony.

If ECMO available on-site: PaO2/FIO2 ratio 
<100 with maximal therapies as noted here 
(ELSO guidelines)

Consider enrollment in clinical trial for 
Remdesivir or other experimental 
drug

Lung-protective ventilation starting at PEEP 
8–10 cm H2O

In resource-scarce areas, ECMO should be 
utilized extremely rarely

Target systemic arterial oxygen saturation 
>92%–96%

Plateau pressure goal <30cm H2O
Early transition to invasive mechanical 

ventilation from noninvasive 
mechanical ventilation to prevent 
aerosolization.

Conservative fluid management after 
hemodynamics stabilize

 

If PaO2/FIO2 ratio still <100, consider early proning 
(PROSEVA trial)

Consider inhaled nitric oxide if worsening 
hypoxemia despite maximal recruitment strategy

COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; ELSO, Extracorporeal Life Support Organization; 
PEEP, positive end-expiratory pressure.
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sessions significantly decreased the 28-day and 90-day mortal-
ity (16% vs. 32.8%, 28-day mortality; 23.6% vs. 41%, 90-day 
mortality).58 We recommend that whenever feasible, all patients 
with severe hypoxemic respiratory failure with COVID-19 ARDS 
should undergo either manual or artificial prone positioning, de-
pending upon the resources available. There is a concern that 
the man-power needed to prone these patients could potentially 
expose a large majority of staff members to the virus, and this 
should be taken into consideration before proning.

Other observations and unique considerations with respect 
to conventional management.  Regarding the preliminary ex-
perience with COVID-19 which highlighted the discrepancy 
between gas exchange and lung mechanics (severe hypoxe-
mia with normal compliance) some relevant physiologic and 

clinical points are noteworthy. First, several groups have (un-
published data) suggested that COVID-19 is associated with 
microvascular thrombosis in several tissue beds: pulmonary, 
coronary, and renal. Indeed, high D-dimer is associated with 
increased severity and mortality of COVID-19, which is indic-
ative of microthrombosis in these arterial/arteriolar/capillary 
beds.26 This may a contributory mechanism with respect to 
why severe hypoxemia is observed in the setting of normal or 
high lung compliance, since capillary endothelium and alve-
olar epithelium both may be involved. In addition to hypox-
emia, pulmonary vascular microthrombi, when severe, may 
also contribute to shock.59 Second, because of refractory hy-
poxemia, most clinicians increase PEEP. However, high PEEP 
may result in alveolar overdistension in the setting of normal 

Table 2.  Management of COVID-19-Related Respiratory Failure Via Artificial Cardiopulmonary Support Strategies

Isolated Respiratory Failure Cardiopulmonary—RV Support Cardiopulmonary—LV or BiV Support

V-V ECMO Single cannula-based RVAD (e.g. Protek 
Duo) with gas exchanger

V-A ECMO in highly selected cases with clear evidence of LV 
dysfunction  Peripheral cannulation

  Consider bi-femoral strategy 
to limit exposure near the 
endotracheal tube

V-V ECMO plus catheter-mounted RVAD 
(e.g. Impella RP)

Similar high threshold for catheter-mounted, percutaneously 
cannulated paracorporeal, and surgical LVAD support, 
with or without gas exchanger (“modular” V-A ECMO if gas 
exchanger)

If volumetric flow rates low, in highly 
selected cases, consider surgical RVAD 
plus gas exchanger

In selected case, V-A ECMO (See Right 
Column; some issues typically not 
relevant when used for RV dysfunction)

  Need to be able to achieve high volumetric flow rates
  Relative advantages of peripheral cannulation are less, but 

yet easier
  LV distension complicating V-A ECMO: LV venting (catheter-

mounted LVAD such as Impella is easiest)
  Differential hypoxemia complicating V-A ECMO: hybrid V-V/

V-A ECMO with (or Impella addition may help with mixing)

BiV, biventricular; COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; LV, left ventricle; LVAD, left ven-
tricular assist device; RV, right ventricle; RVAD, right ventricular assist device.

Figure 1. Algorithm for supportive care for ARDS secondary to COVID-19 infection. ARDS, acute respiratory distress syndrome; ECMO, 
extracorporeal membrane oxygenation. 
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or high compliance. High PEEP also can augment pulmonary 
vascular impedance (creation of West Zone 1 lung; although if 
this incidentally happened to occur in unventilated lung zones 
and pulmonary blood flow were better redistributed to better-
ventilated lung zones, this might ameliorate hypoxemia), and 
reduce systemic venous return, both of which reduce RV stroke 
volume and cardiac output (CO). Conversely, decreased oscil-
latory lung loading via low tidal volume and distending pres-
sure “lung-protective” ventilation may cause or exacerbate hy-
percapnia, permissive or otherwise.

Extracorporeal gas exchange: extracorporeal membrane 
oxygenation.  If invasive MV fails, a decision needs to be made 
quickly as to whether extracorporeal gas exchange is appropri-
ate. Since COVID-19-associated respiratory failure is hypox-
emic in nature, extracorporeal membrane oxygenation (ECMO) 
is almost certainly the most appropriate extracorporeal strategy 
(in contrast to extracorporeal carbon dioxide removal). The de-
cision to utilize ECMO, similar to that for MV above, relates 
to (1) anticipated benefit (failure of MV to achieve adequate 
oxygenation, or requirement of traumatic MV settings in order 
to achieve adequate oxygenation) in the background of organ 
systems not directly supported or treated by ECMO, (2) risks 
(most notably, local cannulation-related complications, and 
active or biochemical coagulopathy), and (3) ECMO supply 
availability and other institutional infrastructure, and (4) prac-
titioner expertise. In the case of COVID-19, in particular, but 
in ECMO deployment in general as well, dysfunction of organ 
systems other than those that are ECMO-supported (e.g., he-
matological/immune, renal, hepatic) decreases the anticipated 
benefit and may even increase the risks of therapy.60,61 ECMO 
support has well-recognized local cannulation site vascular 
risks—that is, both ischemic and bleeding. Preexisting coagu-
lopathy increases the risks of local bleeding complications but 
also increases systemic bleeding complications—most omi-
nously, intracranial hemorrhage. Additionally, practical con-
siderations, while non-ideal, are real factors that influence the 
decision to implement ECMO.

With respect to recently published literature, ECMO utili-
zation in the setting of COVID-19 respiratory failure has been 
associated with poor outcomes (hospital survival well below 
50%), although the number of cases has been too small to 
draw definitive conclusions. Most patients reported in the pop-
ulation from China died.62 More recent data available to us, as 
yet unpublished, seem more encouraging, although we do not 
have data on survival to hospital discharge. Overall, we be-
lieve that in a high mortality scenario such COVID-19, ECMO 
would not significantly impact on the global outcome figures, 
rather should be discussed on a patient-specific individual 
basis. Our suggestion is that the decision to implement ECMO 
should follow a clear failure of invasive MV, paralytic agents, 
and prone positioning; however, this assessment should be 
rapid. The latter of these is to avoid dysfunction or failure of 
other organ systems, and we further recommend that in light of 
the pandemic status of COVID-19 and the generalized poorer 
outcomes of ECMO support when other organ system dysfunc-
tion occurs, that ECMO implementation generally should be 
restricted to those with isolated single organ system (pulmo-
nary) dysfunction who are invasively mechanically ventilated 
≤7 days. Each institution’s experience and resources differ, as 
do the local and regional epidemiology of COVID-19; con-
sequently, ECMO implementation in the setting of renal 

or hepatic failure must be assessed on a case-by-case basis 
(further discussion regarding institution in the setting of car-
diac failure follows later in this document). We also mention 
emerging early experience to combine ECMO with means of 
modulating or removing cytokines, as yet a further extension 
of modalities for the sickest of patients with cytokine storm and 
severe cardiopulmonary compromise.63

We now turn to the specific “tactical” aspects of ECMO, 
focusing on cannulation approaches, since the cannulation 
approach is one of the few important variables that can be 
not only controlled, but altered to optimize gas exchange. We 
initially focus on “right-sided” ECMO used for pulmonary sup-
port, that is, ECMO in which the right side of the circulation 
is exclusively accessed (the most common form of which is 
veno-venous [V-V] ECMO). Tables 1 and 2 provide a summary.
Central versus peripheral.  Central cannulation, that is, of the 
great vessels and generally via an open surgical approach, 
has the advantage of providing large cannula, with low resist-
ance and high maximal volumetric flow rates. However, it is 
invasive and has greater periprocedural (not necessarily lon-
ger-term, though) bleeding risks. Moreover, central cannula-
tion requires cardiothoracic surgeons to perform it. Peripheral 
cannulation generally cannot achieve the fluid mechanics of 
central cannulation. However, peripheral cannulation is most 
commonly percutaneous and has lower periprocedural bleed-
ing risks. Finally, practitioners of a variety of specialties can 
be trained to perform peripheral cannulation procedures—i.e. 
cardiothoracic surgeons, interventional cardiologists, critical 
care anesthesiologists, and ICU physicians. Although central 
cannulation is hemodynamically advantageous (with respect 
to higher flow rates; hemodynamic support is not relevant in 
pure V-V ECMO), in light of its invasiveness, bleeding risks, 
and specialized training required, it is more reasonable to pro-
pose peripheral cannulation as the initial approach of choice 
for COVID-19-related respiratory failure.
Percutaneous: single versus two cannula.  For right-sided 
ECMO, either single cannula (dual-lumen) or dual cannula 
approaches exist. Advantages of the single cannula approach 
include reduced risks of local bleeding complications and the 
potential to ambulate. In the case of right atrial/ventricular in-
flow and pulmonary arterial outflow, lesser degrees of recircu-
lation are present. This latter single cannula approach also pro-
vides RV mechanical circulatory support (MCS) (see below). 
However, overall volumetric flow rates may be lower, and im-
age guidance during cannulation is necessary. In contrast, the 
two-cannula approach requires two venous cannulation sites 
and typically precludes the ability to ambulate. Moreover, re-
circulation is common, although it may occur with the sin-
gle cannula approach if both inflow and outflow are in the 
systemic venous compartment. However, higher flow rates are 
achievable with the two-cannula approach, and image guid-
ance—which often is not present under emergent circumstanc-
es—usually is not needed. The lack of need for image guidance 
means that unlike the single cannula approach, cannulation 
using the two-cannula technique does not require operating 
room or catheterization laboratory environments, and poten-
tial COVID-19 exposure of these vital spaces and their ancil-
lary staff. Thus, we suggest that the two-cannula technique 
should be preferred for most institutions and circumstances. 
Bi-femoral approaches are particularly advantageous in terms 
of rapidity of deployment, avoidance of cannulating surgeons 
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and physicians being positioned near the patient’s oropharynx 
and endotracheal tube, and ease of subsequent prone posi-
tioning. However, under the current circumstances, we recom-
mend each team use whatever cannulation technique is most 
familiar and comfortable, to minimize complications.

Cardiac and Mixed Cardiac/Pulmonary Support

Some patients with COVID-19 develop shock.59,64 The he-
modynamic profile of shock (cardiogenic versus distributive 
versus hypovolemic), and its coexistence or lack of coexist-
ence with respiratory failure is unclear based upon the avail-
able published literature. It is possible that, in highly selected 
and limited cases, MCS with or without pulmonary support 
may be appropriate.65–67 In particular, decision-making re-
garding implementation of left ventricular (LV) support is com-
plex (see below). These strategic and tactical issues related to 
MCS in COVID-19-infected patients are reviewed.

When (if at all) should MCS be used in the setting of shock 
in COVID-19.  Based upon the existing data, it is unclear 
whether shock occurs in a subset of hospitalized COVID-19-
infected patients with respiratory failure, or whether it may 
occur independent of respiratory failure. Unpublished com-
munications to us suggest that shock occurs in a small but note-
worthy (due to their dire clinical status) subset of COVID-19 
patients with respiratory failure requiring at least mechanical 
ventilation. Because outcomes are clearly poorer when more 
organ systems are dysfunctional, we suggest that MCS ought to 
be highly selectively implemented in COVID-19-infected pa-
tients. Yet, some patients, particularly those who are relatively 
younger, with fewer underlying comorbid conditions and good 
overall short- and long-term life expectancy, may be appropri-
ate candidates for MCS. Given the range of clinical profiles in 
patients with COVID-19, we recommend early adoption of an 
interdisciplinary approach, incorporating advanced heart fail-
ure specialists, a lesson learned from ongoing efforts in the 
arena of complex cardiogenic shock.68,69

The immediate discussion is restricted to the left-sided circu-
lation because decision-making here is even more complex. It 
is first important to determine whether left-sided cardiac dys-
function is present. In patients with shock, echocardiography 
(see following discussion) is particularly useful, and pulmo-
nary arterial catheters are helpful as well, both for blood flow 
measurements as well blood gas measurements from different 
circulatory compartments. Underlying congenital or acquired 
structural or coronary arterial disease is assumed to be ab-
sent for the purposes of this discussion. If the systemic arterial 
blood pressure (mean arterial pressure [MAP] <60 mmHg) is 
decreased, or high doses of inotropic and vasoactive agents 
are required to achieve a normal-range systemic arterial blood 
pressure, then echocardiography should be undertaken. If the 
LV ejection fraction (LVEF) is at least moderately reduced (LVEF 
<40%), this is clearly abnormal, and in the acute setting, with 
a non-dilated LV and normal-range LV end-diastolic volume 
(LVEDV), stroke volume would be substantially reduced. In 
addition, invasive hemodynamic monitoring assessments, such 
as those provided by pulmonary arterial catheters, often are 
helpful in discerning whether intrinsic LV dysfunction is pre-
sent (LV stroke work may be calculated; see discussion below).

However, it is important to note that the LVEF is not a good 
index of intrinsic LV systolic function or true LV contractility 

because it is inversely proportional to afterload; indices such 
as PRSW are superior, but generally are not feasible to obtain 
in the clinical setting.70 The LVEF may be reduced if the imped-
ance of the systemic circulation is increased, without decreased 
LV contractility; however, the systemic arterial blood pressure 
most commonly is normal-range or increased in such patients 
(calculations of LV stroke work or power would be required in 
order to formally assess this), which is not the case in shock. 
Regardless of whether systemic arterial hypotension is thought 
to be cardiogenic with LV failure, distributive, or mixed, the 
LVEF generally is a useful index to use in order to determine 
whether MCS is reasonable. If LVEF is high or even normal 
in the setting of systemic arterial hypotension, and the LVEDV 
and heart rate are normal, then the CO is normal or elevated, 
and MCS would have to be able (with native output) exceed 
that in order to have a hemodynamic benefit. In contrast, if 
the LVEF is low, then for a normal LVEDV and heart rate, the 
CO is reduced despite optimal LV preload, and MCS may be 
reasonable. If the LVEF is reduced, and high doses of inotro-
pes are required to treat systemic arterial hypotension, MCS 
for the LV may be appropriate in highly selected COVID-19 
patients. However, with rare exception, shock with a normal 
LVEF (predominantly distributive) should not be treated with 
MCS, unless volumetric flow rates well in excess of the native 
CO can be achieved.

As discussed, although invasive hemodynamic assessment 
may not be feasible in a timely fashion in patients with COVID-
19 whose clinical status is rapidly deteriorating, invasive 
assessment is the gold standard. If PA catheters can be placed 
expeditiously in patients with shock, they are recommended 
for the purposes of definitive diagnostics; from PA catheters, 
the CO and index, LV power/cardiac power output (CPO), as 
well as PA pulsatility index,69 may be obtained. As stated ear-
lier, PRSW or stroke work index70 is the gold-standard index 
for the assessment of LV systolic function, being superior to 
systolic ventricular elastance measures.69,71 Determination of 
PRSW requires a range of LVEDVs to be studied, but for a given 
LVEDV, a particular SW may be used as an isolated data point. 
LV power (CPO) is the closest clinical correlate to SW (being 
LV work per unit time) and is clinically calculated as MAP mul-
tiplied by CO.71 This is analogous to electrical power, which 
for a simple circuit with a single battery and resistor is equal 
to current (flow) multiplied by voltage (pressure difference), or 
the square of the current (flow) multiplied by resistance (sys-
temic vascular resistance). An important caveat in using CPO 
is that it is not a per beat assessment, in that heart rate is incor-
porated. Tachycardia commonly observed in the majority of 
shock may limit decreases in CPO, even when per LV dysfunc-
tion is evident on a per beat basis.

Modalities for support: veno-arterial ECMO, short-term 
ventricular assist devices.  V-A ECMO: central or periph-
eral.  The relative advantages of central versus peripheral can-
nulation have been discussed above. However, unlike right-sid-
ed ECMO, systemic arterial cannulation is employed. Ischemic 
extremity complications are far more common with peripheral 
arterial cannulation than central cannulation, which reduces 
the relative advantages of central cannulation. Perhaps more 
importantly, lower extremity arterial cannulation may result in 
differential hypoxemia when hypoxemic respiratory failure is 
present, wherein the LV ejects hypoxemic pulmonary venous 
return into the aortic root/coronary arteries/proximal aortic 
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arch, whereas the lower body is perfused with normoxemic 
or hyperoxemic postgas exchanger blood flow. Consequently, 
decision-making with respect to central versus peripheral can-
nulation for V-A ECMO is more complex than for V-V ECMO 
alone. Hybrid V-V/V-A ECMO approaches may be reasonable 
under such circumstances. However, hybrid configurations 
are more complex and resource-intensive, typically requir-
ing continuous bedside attendance by a perfusionist or ECMO 
specialist.
Short-term paracorporeal left ventricular assist devices with 
either central or peripheral cannulation; short-term catheter-
mounted left ventricular assist devices (Impella).  The principal 
advantages of left ventricular assist devices (LVADs) over V-A 
ECMO in shock are direct LV unloading, and more homoge-
neous distribution of blood flow through the systemic arterial 
circulation. Direct (inflow cannula within the left side of the 
heart, and particularly the LV) LV unloading is more effective 
in reduction of LVEDV,71 and consequently, LV diastolic and 
systolic pressures (reduction of systolic pressures being a man-
ifestation of the Frank-Starling mechanism); this may be ad-
vantageous relative to indirect (inflow cannula proximal to/
upstream of the left side of the heart) unloading (e.g., via V-A 

ECMO) vis-à-vis greater reduction of pathologic load-induced 
signals and resultant mechanotransduction.

It should be noted that the effectiveness of V-A ECMO in 
unloading the left side of the heart is an area of some contro-
versy. Modeling studies suggest that V-A ECMO should con-
sistently result in augmentation of the LVEDV and LVEDP.72 
However, this is demonstrably not so based upon clinical 
experience in which LV distension and even subclinical LV 
volume overload only occur in a minority of cases73,74 as well 
as recent and even classical controlled animal model stud-
ies of V-A ECMO support in acute LV systolic dysfunction.75–77 
Even when LV distension does occur, drainage through a right-
sided PA vent catheter78 can decompress the LV, which runs 
counter to the aforementioned modeling studies. What is less 
controversial and clearer, based upon a review of physiologic 
concepts and the literature regarding LV distension in V-A 
ECMO, is that MCS approaches which employ left-sided cir-
cuit inflow (“direct” unloading) generally are more effective in 
achieving LV unloading than those which employ right-sided 
circuit inflow.71 Consequently, in some patients, LVAD-based 
approaches may be superior to V-A ECMO.

In addition, when gas exchangers are used in concert, this 
“modular” approach permits isolated treatment (as well as 
de-escalation) of cardiac and pulmonary failure. However, 
these approaches are more technically demanding and require 
a high level of practitioner and institutional expertise. As is the 
case for V-A ECMO, we recommend that only highly selected 
patients with COVID-19 be considered for short-term LVAD 
support. Because the Impella catheter-mounted micro-axial 
VADs are substantially different from other pump mechanisms 
insofar as the pump mechanisms themselves are intracorpo-
real and miniaturized, we briefly mention two salient features. 
First, percutaneous transfemoral placement may be performed 
at the bedside under echocardiographic guidance, rather 
in than in a cardiac catheterization laboratory. In pandemic 
conditions, this may be useful. Second, placement via an ax-
illary artery approach, using the newest iteration of introducer 
sheaths and securing devices, results in secure pump position, 

which may facilitate safer prone positioning. With further refer-
ence to the range of Impella devices, a wide range of delivered 
volumetric flow rates may be achieved. The original Impella 
2.5 device generally may not provide adequate flow for the 
severely compromised shock patient for which robust LV MCS 
is required. The Impella CP device is better with a peak flow of 
4.3 L/m. The Impella 5.0 and 5.5 devices, each of which may 
be introduced via side-grafts on the axillary artery, are capable 
of providing flows of 5.0 and 5.5 L/m, respectively, that is, lev-
els of flow close to those achievable with surgically implanted 
LVADs, all via a minimally invasive platform. Finally, secure 
pump positioning achieved with devices inserted via axillary 
artery side-grafts has the advantage of longer-term MCS, in 
patients with slow recovery of LV function. Experience with 
Impella in combination with ECMO, that is, “ECPELLA,” to en-
hance unloading and boost support is just beginning to emerge 
in severly compromised COVID patients.79

Right ventricular support.  Respiratory failure commonly 
causes an increase in the pulmonary vascular impedance, in-
creasing RV afterload. In some cases, this can occur to such an 
extent (“afterload mismatch”) that even in the setting of nor-
mal intrinsic RV contractility, the RVEF and output may de-
crease substantially (cor pulmonale). In such patients in the 
acute setting, attempting to treat the underlying etiology of 
impaired gas exchange using V-V ECMO alone may not be 
sufficient. This is because V-V ECMO recirculation is exacer-
bated by reduced RVEF and tricuspid regurgitation. In cases of 
cor pulmonale with COVID-19-related respiratory failure, we 
suggest that strategies to support the RV are appropriate. For 
patients who may require proning, percutaneous RVADs using  
femoro-femoral approaches, can be used with an oxygenator. 
The single cannula (e.g., Protek Duo) approach to this offers 
the advantages of peripheral cannulation via one site, and with 
minimal recirculation. Central approaches may be reasona-
ble in patients in whom high-flow rates cannot be achieved. If 
high-flow rates are thought not to be achievable with a single 
cannula approach, then V-V ECMO plus a device such as the 
Impella RP may be reasonable.80

Guidance From the Extracorporeal Life Support 
Organization With Respect to ECMO

Our ASAIO recommendations are meant to complement 
those of the Extracorporeal Life Support Organization (ELSO). 
The potential role of ECMO, in particular, in COVID-19 is dis-
cussed in an overview in Lancet Respiratory Medicine.81 The 
ELSO Guidance Document: “ECMO for COVID-19 Patients 
with Severe Cardiopulmonary Failure” describes usage of 
ECMO in COVID-19 patients intended for experienced ECMO 
centers. Although the published small number of patients from 
China who underwent ECMO had poor outcomes, currently 
unpublished data from Japan and South Korea, with ECMO 
support in 50+ COVID-19 cases, is communicated at ≈50% 
recovery and survival; however, other locations have commu-
nicated equivalent or worse outcomes.

Accepted ECMO indications, access, and management, are 
described in the ELSO Guidance for Adult Respiratory and 
Cardiac Failure on the ELSO web site (elso.org). In general, 
ECMO is warranted when metrics indicate a high (80%) risk 
of mortality with conventional management. These notably 
include PaO2/FIO2 ratio below 100, despite available optimal 
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care. ECMO used at the time when patients meet indications 
(not days later) has better outcomes. As mentioned in a recent 
article by ELSO leaders in JAMA, for inexperienced centers, 
“ECMO is not a therapy to be rushed to the front lines when all 
resources are stretched during a pandemic.”82 To supplement 
general ECMO guidelines a COVID-specific ELSO ECMO 
Guidance Document has just been published online.83 A list 
of experienced ECMO centers is provided on the ELSO web 
site.84 The recommendations below are summarized from the 
ELSO report. During the COVID-19 surge, we propose con-
centrating the sickest young patients in hospitals where experi-
enced ECMO teams are available.

Because the use of ECMO for COVID-19 is occurring in the 
midst of a pandemic which can overwhelm hospital resources, 
important unique strategic issues/questions/considerations 
for ECMO resource allocation in COVID-19 patients are as 
follows:

Should ECMO be considered for COVID-19 patients?  This 
is largely a local (hospital and regional) decision based on over-
all patient load, other events, and policies in the hospital. If the 
hospital must commit all resources to other patients, then ECMO 
should not be considered until the resources stabilize. If the hos-
pital feels that ECMO can be safely provided, then it should be 
offered to patients based on risk/benefit analyses. Understanding 
hospital resource limitations as above, standard ECMO should 
continue when that is possible related to overall hospital re-
sources. Patients without comorbid conditions under age 50 
are the highest priority while resources are limited. Health care 
workers are high priority. Standard contraindications apply: ter-
minal disease or otherwise highly limited life expectancy at base-
line, active biochemical or clinical coagulopathy (particularly 
that which is unable to be treated or has failed treatment), major 
CNS damage, do not resuscitate (DNR status), and the absence of 
consent. Exclusions for COVID-19 during limited resources are 
hospital-specific. Because prognosis is worse, patients with major 
comorbid conditions (of particular note is immunosuppression—
either due to disease or iatrogenically), age >70, and mechanical 
ventilation greater than 7 days, could be reasonably excluded. 
Anecdotally, renal failure is not an exclusion; however, general 
outcomes with COVID-19 patients with renal failure is exceed-
ingly poor in the published Chinese experience.

Should ECMO during CPR (E-CPR) be considered for 
COVID-19 patients?  Due to the complexity and extensive 
team training associated with doing E-CPR, centers who do not 
currently provide these services, should not initiate programs 
during times of limited resources. In ECMO centers, consid-
eration should be given to whether to continue developmen-
tal programs such as out of hospital E-CPR or off-site cannu-
lation during resource-limited times. If an E-CPR program is 
also structured for organ donation and shares these personnel, 
strict cooperation with the transplant allocation system should 
be maintained, as COVID-19 status has eventually to be thor-
oughly assessed and evaluated.

What protective measures for the team should be used?   
Standard COVID-19 precautions as recommended by WHO 
and national health organizations (e.g., Centers for Disease 
Control) should be used. There are not special precautions for 
blood contact. Eventually, health care workers who are im-
mune to COVID-19 (post-convalescent, or vaccinated) may 
not need protection for themselves (although they could be 
carriers).

Does V-V ECMO replace the need for mechanical ven-
tilation?  It has come to our attention that some groups are 
considering early adoption of ECMO as a potential alternative 
to mechanical ventilation. We emphasize that V-V ECMO is 
NOT an alternative to mechanical ventilation or proning. On 
a physiologic level utilizing active, appropriate pressure and 
volume lung inflation, avoiding barotrauma, with low-level 
PEEP, is vital to maintain pulmonary alveolar inflation, re-
duce fluid transudation and attempt to maintain a modicum 
of innate lung physiology, with an aim towards recovery. V-V 
ECMO should only be considered when mechanical ventila-
tion is failing. Further, from a resource utilization and relative 
risk perspective, moving to ECMO is a resource-intensive and 
resource-consuming procedure that should be utilized with 
careful consideration. To date, survival on ECMO for cardiores-
piratory failure is highly variable in COVID patients and signifi-
cantly less than the previously reported 40% at most centers.84

How to approach therapeutic futility for termination?  During 
times of limited resources observing no lung or cardiac recovery 
after 14 days on ECMO can largely be considered futile, and the 
patient can be returned to conventional management. Of course, 
individual patient decisions must be guided by the overall con-
sensus related to a given patient, in a given clinical context, by 
the treatment team involved. Of note, the “SAVE”—Survival 
After Veno-Arterial ECMO, scoring system has been developed 
by ELSO and the Department of Intensive Care at the Alfred 
Hospital in Melbourne, to provide estimates of survival for adults 
undergoing V-A ECMO.85 However, we caution that this was de-
veloped based solely on consideration of patients with refrac-
tory cardiogenic shock. As of this writing, no data exists as to its 
translatable utility in compromised COVID patients on ECMO. 
Further, the bulk of compromised patients with COVID in need 
ECMO, with pulmonary dominant needs, will require VV, rather 
than V-A ECMO, to which SAVE does not apply.

Conclusions

The COVID-19 pandemic poses major and possibly unique 
challenges to physicians and medical institutions. Although 
a limited number of patients may need artificial lung and/
or heart support, these patients are among the most complex 
and resource-intensive. Consequently, it is important to de-
velop pathways for their optimal care. This document is offered 
by ASAIO as a starting point of guidance in order to help our 
community approach these critically ill patients. This document 
will evolve as our collective experience grows, and as treatment 
approaches reveal efficacy versus limited success. We refer all 
readers to the ASAIO website “COVID-19 active portal” (in red), 
to the input tab of “therapeutic and diagnostic suggestion/com-
ments” to provide in the field practical feedback and insight. 
As our collective experience of what is working vs. what is not 
evolves, this living document will be rapidly updated. Thank you 
for your participation to improve care for COVID-19 patients, 
over the spectrum of illness, including the most gravely ill.
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