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Abstract 

Background: ECMO is a particularly scarce resource during the COVID-19 pandemic. Its allocation involves ethical 
considerations that may be different to usual times. There is limited pre-pandemic literature on the ethical factors that 
ECMO physicians consider during ECMO allocation. During the pandemic, there has been relatively little professional 
guidance specifically relating to ethics and ECMO allocation; although there has been active ethical debate about 
allocation of other critical care resources. We report the results of a small international exploratory survey of ECMO 
clinicians’ views on different patient factors in ECMO decision-making prior to and during the COVID-19 pandemic. We 
then outline current ethical decision procedures and recommendations for rationing life-sustaining treatment during 
the COVID-19 pandemic, and examine the extent to which current guidelines for ECMO allocation (and reported prac-
tice) adhere to these ethical guidelines and recommendations.

Methods: An online survey was performed with responses recorded between mid May and mid August 2020. Par-
ticipants (n = 48) were sourced from the ECMOCard study group—an international group of experts (n = 120) taking 
part in a prospective international study of ECMO and intensive care for patients during the COVID-19 pandemic. The 
survey compared the extent to which certain ethical factors involved in ECMO resource allocation were considered 
prior to and during the pandemic.

Results: When initiating ECMO during the pandemic, compared to usual times, participants reported giving more 
ethical weight to the benefit of ECMO to other patients not yet admitted as opposed to those already receiving 
ECMO, (p < 0.001). If a full unit were referred a good candidate for ECMO, participants were more likely during the 
pandemic to consider discontinuing ECMO from a current patient with low chance of survival (53% during pandemic 
vs. 33% prior p = 0.002). If the clinical team recommends that ECMO should cease, but family do not agree, the major-
ity of participants indicated that they would continue treatment, both in usual circumstances (67%) and during the 
pandemic (56%).

Conclusions: We found differences during the COVID-19 pandemic in prioritisation of several ethical factors in the 
context of ECMO allocation. The ethical principles prioritised by survey participants were largely consistent with 
ECMO allocation guidelines, current ethical decision procedures and recommendations for allocation of life-sustaining 
treatment during the COVID-19 pandemic.
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Background
Extracorporeal membrane oxygenation (ECMO) is an 
advanced medical technique that provides support for 
patients with severe cardiac or respiratory failure, refrac-
tory to standard measures. ECMO has been used for 
patients suffering from COVID-19 with severe acute 

Open Access

*Correspondence:  dominic.wilkinson@philosophy.ox.ac.uk
1 Oxford Uehiro Centre for Practical Ethics, Faculty of Philosophy, 
University of Oxford, Suite 8, Littlegate House, St Ebbes St, Oxford OX1 
1PT, UK
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12910-021-00638-y&domain=pdf


Page 2 of 12Dao et al. BMC Med Ethics           (2021) 22:70 

respiratory distress syndrome (ARDS), and/or haemo-
dynamic compromise [1–5]. However, ECMO requires 
multi-disciplinary specialist care in an intensive care unit 
(ICU), and is resource-intensive even in ordinary times. 
It is a scarce resource during the COVID-19 pandemic, 
the allocation of which involves ethical considerations 
that may be different from usual times.

Prior to the pandemic, there have been several sur-
veys of physician perspectives relating to ECMO [6–13], 
although few specifically focus on patient factors that 
influence ECMO allocation [6, 8, 12]. A 2019 study found 
that ECMO physicians making decisions about initiation 
of VV-ECMO for patients with severe respiratory failure, 
considered older patient age (46.9%), additional organ 
failures (37.7%), and prolonged mechanical ventilation 
(35.1%). Withdrawal of ECMO decisions were reported 
to be influenced by patient comorbidities (70.5%), 
patient’s wishes (56.0%), and etiology of respiratory fail-
ure (37.7%) [6]. Two surveys of ECMO directors on selec-
tion criteria for neonatal and paediatric patients, found 
significant variability in the selection criteria for ECMO 
in practice, although quality of life and neurological sta-
tus were commonly used [8, 12].

During the pandemic, there has been limited interna-
tional professional guidance regarding which ethical fac-
tors should be taken into consideration when allocating 
ECMO. Notably, the Extracorporeal Life Support Organi-
zation (ELSO) released a guidance document in May 
2020 with general ethical recommendations for ECMO 
allocation during the COVID-19 pandemic (i.e. pri-
oritise the young first, those with lowest co-morbidities 
first, healthcare workers first) [2]. There have also been 
numerous clinical interim guidelines released by the 
ELSO [2], the Society of Critical Care Medicine [14], and 
the World Health Organization (WHO) [1], among oth-
ers [15]. These guidelines support referral for ECMO in 
adult and paediatric patients with ARDS from suspected 
COVID-19 who have refractory hypoxaemia despite lung 
protective ventilation strategy. However, they do not 
address ethical considerations or resource allocation.

There has also been active ethical debate about alloca-
tion of scarce critical care resources in general—(e.g. ven-
tilators and intensive care beds)—during the COVID-19 
pandemic. This literature has largely taken the form of 
ethical frameworks and recommendations published in 
medical journals [16–29], and ethical guidelines across 
different health organisations internationally [30–33]. 
For the most part, the recommendations arising from 
this literature have converged on the broad ethical prin-
ciple of maximising medical benefit (conceived of as sav-
ing the most lives and life years)—which in practice calls 
for a consideration of factors such as patient age, comor-
bidities and functional status, which act as a proxy for 

their likelihood of recovery to an acceptable outcome 
so as to in turn reduce overall morbidity and mortality. 
Many have suggested that it would be ethical to with-
draw treatment from one patient in favour of another 
patient with better prognosis, if doing so is necessary to 
maximise overall medical utility [16–19, 21, 23, 25, 26, 
28, 32, 33], though this has been disputed [34]. Other 
common ethical themes have included allocation based 
on desert-based grounds (such as healthcare workers 
who contracted COVID-19 in the course of their work, 
or younger patients who have lived fewer years), patient 
autonomy, and equality of opportunity.

In this paper, we will examine first what factors 
appeared to influence ECMO decision-making in the 
first phase of the COVID-19 pandemic. We report the 
results of a small international exploratory survey of 
ECMO clinicians’ views on different patient factors in 
ECMO decision-making prior to and during the COVID-
19 pandemic. We will then outline some current ethical 
algorithms and recommendations for rationing life-sus-
taining treatment during the COVID-19 pandemic, and 
examine the extent to which current guidelines for 
ECMO allocation (and reported practice) adhere to these 
ethical algorithms and recommendations.

Survey
The aims of the survey were to assess what factors are 
considered for starting ECMO and for withdrawing 
ECMO during the COVID-19 pandemic; and whether 
these are any different from prior to the pandemic.

Methods
An online survey (see Additional file 1: Appendix A for 
full survey) was created on Qualtrics—an online platform 
used to create and host surveys [35]. The survey included 
basic demographics, and information about the partici-
pants’ ECMO units, followed by four sections relating to 
the ethical factors involved in ECMO resource allocation 
in the units in which participants worked. The survey 
was based on an initial brief pilot survey that we had dis-
tributed to the same group of participants in April 2020 
(Additional file 2: see Appendix B).

The survey included several questions designed to 
ascertain participants’ inclinations towards an egalitarian 
versus utilitarian approach to ECMO allocation in their 
units, with responses mapped onto a 7-point Likert scale; 
as well as their inclination towards an individualistic vs. 
collectivist approach to ECMO allocation before vs. dur-
ing the COVID-19 pandemic, with responses mapped 
onto a 100-point scale.

Participants were asked to qualitatively indicate the 
frequency with which certain patient-related factors 
were considered when initiating ECMO, before versus 
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during the pandemic. Participants were also asked their 
lower cutoff for patient probability of survival for initiat-
ing ECMO; their upper limit of age for initiating ECMO; 
whether they thought it would be ethical to give extra 
priority for ECMO to a healthcare worker who had con-
tacted COVID-19 whilst working; whether their criteria 
for starting ECMO had changed during the COVID-19 
pandemic; and whether the number of available beds for 
ECMO had changed during the COVID-19 pandemic. 
Participants were asked to indicate the extent to which 
they agree or disagree with several statements on why 
age is included in decisions about ECMO.

The survey concluded with a section about the patient 
factors involved in withdrawing ECMO, before vs. dur-
ing the pandemic. Participants were asked the extent to 
which they consider the benefit to the individual being 
referred versus the potential benefit of ECMO to other 
patients. Participants were asked what probability of 
survival (%) with ECMO would be too low to continue 
ECMO, and the maximum number of days of ECMO 
they would consider reasonable, prior to vs. during the 
pandemic. Participants were asked whether they would 
consider discontinuing ECMO for a current patient 
(who has a low, but non-zero chance of survival) in order 
to provide ECMO to a good candidate referred patient. 
Finally, participants were asked if family do not agree 
with a recommendation to discontinue ECMO, if they 
would continue treatment, and if so for how many days, 
in usual circumstances versus during the pandemic.

Participants
Participants were sourced primarily from the ECMOCard 
study group [36]. This is an international group of experts 
(at the time n = 120) taking part in a prospective inter-
national study of intensive care management of patients, 
including ECMO, during the early stages of the COVID-
19 pandemic. Members of the ECMOCard group were 
emailed a link to the survey, and the study link was also 
distributed via a newsletter of ELSO. The survey was 
completed between May and August 2020.

Inclusion criteria for the survey included participants 
who work in a unit with ECMO, and who are aware of 
how decisions regarding ECMO are made in their unit. 
Some participants commenced but did not complete the 
survey. Responses that included at least questions relat-
ing to patient factors during and prior to the pandemic 
were analysed.

Statistical analysis
Statistical analysis was conducted with IBM SPSS Sta-
tistics version 23 for Mac, using survey data imported as 
an SPSS file from Qualtrics. Descriptive and frequency 
statistics were used to describe the data. Paired samples 

t-tests were used to perform comparative analyses on 
responses across different questions. A p value of < 0.05 
was considered statistically significant. Findings that 
achieved significance at only the p = 0.1 level were also 
reported, although the level of significance was always 
clarified with an accompanying statement.

Results
Participants
There were fifty-eight responses to the pilot survey. 
Forty-eight eligible responses to the formal survey were 
received (44 complete responses). Thirty-two of the par-
ticipants were intensivists/ICU doctors, 9 were nurses, 
2 were ECMO coordinators, 2 were cardiothoracic sur-
geons, 2 were perfusionists, and 1 was an administrator. 
Twenty-three (48%) had > 10 years of ECMO experience, 
19 had 5–10 years of experience, and 6 had 1–5 years of 
experience. Survey responses were received from 19 dif-
ferent countries including 10 from the United States, 
7 from Qatar, 6 from China, 6 from Singapore, 5 from 
Australia and a further 14 responses from 12 countries in 
Europe, Asia, South America and Africa.

Unit characteristics and experience
Individual units were able to support a median of 8 
ECMO patients at one time, (range 1–25). Thirty-seven 
units provided support for adult patients, 1 supported 
only paediatric/neonatal patients, and 10 units provided 
ECMO to both children and adults.

Forty-five participants reported that their ECMO unit 
had treated one or more patients with COVID-19. One 
of the 3 participants who had not had any COVID-19 
patients, had been referred patients who were subse-
quently declined by their unit.

In a usual month (prior to the pandemic), 25 partici-
pants indicated that < 20% of their available maximum 
ECMO capacity was in use, 16 indicated 20–50%, five 
50–80%, and two > 80%. In the past month (during the 
pandemic), 19 participants indicated < 20% of their avail-
able ECMO beds were occupied, 18 indicated 20–50%, 3 
indicated 50–80%, and 8 indicated > 80%.

Ethical principles.
Most survey participants agreed that the most impor-

tant ethical principle for ECMO decision-making was 
doing the most good overall, a majority disagreed that it 
was most important to give every patient an equal chance 
of treatment (Fig. 1).

Prior to the pandemic, participants indicated that 
they tended to give more ethical weight to the benefit 
to individual patients, compared to the benefit to other 
patients (M = 44.63; SD = 31.25), when initiating ECMO. 
However, during the pandemic, participants were more 
likely to give more ethical weight to the benefit of ECMO 
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to other patients, when initiating ECMO (M = 60.77; 
SD = 27.37), t(47) =  − 4.04, p < 0.001 (Fig. 2).

Patient factors in decisions
Four factors were cited by almost all participants as 
always or often being included in decisions about ECMO: 
Probability of survival if treated, Pre-existing disability, 
Functional status, and patient Age (Fig.  3). Predicted 
length and quality of survival post ECMO were always 
considered by 20 (42%) participants and often considered 
by a further 16–18 (33–38%) participants. The number of 
ECMO beds already occupied and the expected duration 
of ECMO treatment was considered at least sometimes 
by 79% and 71% of participants respectively. In contrast, 
a majority of participants reported never considering the 
patient’s positive or negative social value in decisions 

Fig. 1 Agreement with ethical values relating to decisions about ECMO in their unit

Fig. 2 Consideration of the benefit to the individual patient being 
referred versus the potential benefit to other patients when making 
decisions about starting ECMO prior to versus during the pandemic

Fig. 3 Frequency with which specified factors are included in decisions about starting ECMO in participants’ units, in usual circumstances (prior to 
the pandemic)
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(54–58%). There were similar responses in the pilot sur-
vey (Additional file 2: Appendix B).

Participants gave a median survival threshold (a prob-
ability of survival below which ECMO would not be 
started), of 25% (M = 29.77%; IQR = 18%).

Forty of 48 participants reported an upper age limit for 
ECMO in usual circumstances, with a median of 65 years 
(range 60–80; 65 was also the most common response, 
cited by 16 participants).

When asked about why age is relevant to decisions, 
most participants cited chance of survival, agreeing that 
older patients would not survive or would have a lower 
chance of survival than younger patients (Fig.  4). The 
majority of participants also indicated that age is rele-
vant for decisions because a younger patient will poten-
tially survive for longer. They did not generally endorse 
the idea that age should be considered because an older 
patient has already had more years of life.

Decisions starting ECMO—pandemic
Twenty-nine of 45 participants stated that their criteria 
for starting ECMO had changed during the COVID-
19 pandemic. Those respondents cited lower age limits, 
decreased ECMO machine availability, and stricter inclu-
sion criteria.

Forty of 45 participants reported an upper age limit for 
ECMO during the pandemic, with a median of 65 years 
(range 50–80; 65 was also the most common response, 
cited by 15 participants).

Seventeen of 44 participants indicated that the num-
ber of available beds for ECMO had changed during the 
COVID-19 pandemic; almost all of these indicated that 
ECMO capacity increased.

Participants were somewhat more likely to report that 
expected duration of ECMO was always or often con-
sidered during the pandemic compared to prior to the 
pandemic (54% vs. 38%) (M = 2.44, SD = 1.009; M = 2.79, 

SD = 1.110), t(47) = 3.13, p = 0.003 (Fig.  5). Participants 
were slightly less likely to report that probability of sur-
vival was always or often considered during the pan-
demic (88% vs. 94%) (M = 1.56, SD = 0.769; M = 1.35, 
SD = 0.668), t(47) =  − 2.87, p = 0.006. None of the other 
factors assessed reached statistical significance at the 
p = 0.05 level.

Thirty-four participants (71%) indicated that since 
the start of the pandemic, they have—or would theo-
retically—consider whether the patient is a healthcare 
worker, when making decisions about starting ECMO in 
their units. Of these, 81% agreed that it would be ethi-
cal to give extra priority to a healthcare worker who had 
contacted COVID-19 whilst working. Furthermore, 21 
participants stated that they would consider treating a 
healthcare worker with COVID-19 above their usual age 
limit, while the remaining 11 participants stated that they 
would not.

Decisions about stopping ECMO
In decisions about stopping ECMO, participants 
reported giving most consideration to the benefit to the 
individual patient (rather than considering which patient 
would benefit most) (M = 41.79, SD = 27.10) (Fig. 6).

Participants reported a median survival threshold for 
discontinuing ECMO of 20% (below this chance, ECMO 
would potentially not be continued) (M = 21%; IQR 20%). 
The maximum duration of ECMO considered reasonable 
was similar prior to and during the pandemic, at a median 
of 30  days in both contexts (IQR = 69, M = 145.26, 
SD = 278.27 prior to pandemic; IQR = 46, M = 109.42, 
SD = 249.70 during pandemic) (Fig. 7). However, partici-
pants were significantly more likely during the pandemic 
(M = 1.47, SD = 0.505) when compared to prior to the 
pandemic (M = 1.67, SD = 0.474), t(42) = 3.33, p = 0.002 
to consider discontinuing ECMO from a current patient 
with low chance of survival if all of the ECMO circuits/

Fig. 4 Responses for extent to which participants agree or disagree with several statements relating to why age is included in decisions about 
ECMO
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machines were in use and a good candidate patient were 
referred for ECMO (53% during pandemic vs. 33% prior) 
(Fig. 8).

If the clinical team recommends that ECMO should 
cease, but family do not agree, the majority of partici-
pants indicated that they would continue treatment, both 
in usual circumstances (67%) and during the pandemic 
(56%); participants were a little less likely to continue 
treatment during the pandemic (M = 1.44, SD = 0.502) 
when compared to in usual circumstances (M = 1.33, 
SD = 0.474), t(42) =  − 1.703, p = 0.096, though this was 
not statistically significant (Fig. 9). When asked for how 

many days they would continue treatment, the par-
ticipants who responded ‘yes’ to continuing treatment 
largely cited ‘a few days (2–3)’, ‘7  days’, ‘until the family 
accepts’, and ‘until ethics approval’.

Discussion
Principal findings
This international survey explored the experience and 
views of ECMO practitioners during the pandemic from 
17 different countries. The survey assessed which factors 
would be included in decisions, the potential ethical jus-
tification for different decisions, and any differences in 
practice associated with the special circumstances of the 
pandemic.

In general, most of those taking part in the survey 
reported that when thinking about how decisions are 
made about ECMO in their unit, the most important 
thing is to do the most good overall, even if that means 
not giving every patient an equal chance. Factors relevant 
to maximising the benefit of ECMO treatment were fre-
quently considered, including chance of survival, dura-
tion of survival, age and quality of life.

Most participants stated that their criteria for starting 
ECMO had changed during the COVID-19 pandemic, 
with lower age limits, decreased ECMO machine avail-
ability, and stricter inclusion criteria.

In the context of the pandemic, participants were 
more likely to consider the potential benefit of ECMO 
to other patients. Interestingly, most indicated that 
since the start of the pandemic, they have—or would—
consider whether the patient is a healthcare worker. A 
majority agreed that it would be ethical to give extra 

Fig. 5 Frequency with which specified factors are included in decisions about starting ECMO in participants’ units, since the start of the pandemic

Fig. 6 Responses for extent to which participants ‘consider the 
benefit to the individual being referred versus the potential benefit 
of ECMO to other patients’ when making decisions about stopping 
ECMO
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priority for ECMO to a healthcare worker who had 
contacted COVID-19 whilst working.

Decisions about stopping ECMO were generally 
focused on the benefit of treatment to the individual 
patient rather than to other patients needing it. How-
ever, during the pandemic more participants were will-
ing to consider discontinuing ECMO, from a current 
patient who has a low, but non-zero chance of survival, 
in order to provide ECMO to a good candidate patient 
referred for ECMO. Global differences in legal frame-
works underpinning healthcare infrastructure (e.g. in 
the US) may have affected willingness to discontinue 
ECMO, however we had insufficient data to extract 
meaningful conclusions from stratifying responses 
by geographic region. We were unable to assess how 

decision-making might have been affected by other 
changes related to the pandemic (for example, difficulty 
in arranging face-to-face meetings with families).

During the pandemic, the vast majority of partici-
pants in our study who noted any change in the number 
of available ECMO beds indicated that it had actually 
increased. Participants also reported that a higher pro-
portion of their available ECMO beds were occupied 
during the pandemic. It should be noted that provision 
of ECMO entails a resource demand that is typically 
higher than that of mechanical ventilators—particu-
larly with respect to ICU staffing. When demand for 
ICU staffing surpasses available resources, limitation or 
cessation of ECMO provision may result in more non-
ECMO patients being treated [37], and Supady et al. [38] 
argue that a decision to curtail or continue ECMO in this 
context should be ethically deliberate and consistently 
applied with use of triage guidelines. Although we did 
not further characterise the change in ECMO bed avail-
ability in participants’ units as it was outside the scope 
of our study, it is an ethically important topic that would 
benefit from further research.

Most participants indicated that they would continue 
ECMO treatment if it was no longer clinically indicated, 
but family did not agree with withdrawing ECMO, in 
both usual circumstances and during the pandemic. 
Notably, the ethico-legal factors underpinning this sce-
nario were recently demonstrated in the Court of Protec-
tion (UK) in a case where a patient with COVID-related 
severe pulmonary fibrosis, pulmonary embolisms and 
cardiac arrest was placed on ECMO for 15 weeks at the 
wishes of his family and despite strong recommendations 
from the medical treating team that further ECMO treat-
ment was futile and constituted mere prolongation of 
pain and distress to the patient [39]. Our survey did not 
attempt to further delineate the reasons that participants 
would continue ECMO if it were not clinically indicated 
but family wished to continue ECMO.

Limitations
This survey was hampered by a relatively low response 
rate (potentially influenced by high clinical workload 
in intensive care units during the pandemic). Because 
of the small sample size (n = 48), it is not possible to 
generalise about the experience or practice of ECMO 
professionals in normal times or during the COVID-
19 pandemic. Decision-making may have changed 
over the course of the pandemic (including as more 
information was known about the course of COVID-
19). However, the wide international background of 
participants potentially provides some insights into 
global ECMO allocation decisions and indicates some 
potential hypotheses about how clinicians approach 

Fig. 7 Days of ECMO considered reasonable before recommending 
that it stop, in usual circumstances (prior to the pandemic) versus 
during the pandemic
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decisions. We had similar responses in the short pilot 
survey with a slightly higher response rate (n = 58) 
(Additional file 2: Appendix B).

We will use the results of this survey as a start-
ing point for a discussion of the ethical factors that 
are and/or should be relevant when making decisions 
about allocation of resources in acutely severe periods 
of shortage.

Ethical discussion
One crucial ethical consideration, during a pandemic, is 
the need to allocate scarce medical treatment. ECMO is 
a paradigm scarce resource, and is potentially rationed 
even in ordinary times, provided only to some patients 
with refractory respiratory or circulatory failure with 
pre-determined criteria based on likelihood of sur-
vival. During the COVID pandemic, resource allocation 

Fig. 8 Percentage of participants that would consider discontinuing ECMO for one of the current patients (who has a low, but non-zero change 
of survival) in order to provide ECMO to the referred patient, if all of the ECMO circuits/machines were in use and a good candidate patient were 
referred for ECMO, in usual circumstances versus during the pandemic

Fig. 9 Percentage of participants that would continue treatment, if their clinical team recommends that ECMO should cease, but family do not 
agree, in usual circumstances versus during the pandemic
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becomes even more relevant to ECMO decision-making 
because of the increased number of patients with respira-
tory failure and the shortage of intensive care capacity at 
some time points.

There are two types of guidance that ECMO practition-
ers might draw on to inform their decision-making in 
the difficult circumstances of the pandemic. Professional 
guidance from national or international organisations 
might provide updated clinical criteria for allocating 
treatment. Alternatively, or additionally, guidance from 
medical ethicists might be used as the ethical basis for 
locally developed policy or procedures.

We will compare some key features of pandemic-spe-
cific ECMO allocation guidelines with the conclusions 
of two papers published during the first wave of the pan-
demic [16, 18] and our survey participants’ responses.

Professional guidance
The international organisation ELSO (Extracorporeal Life 
Support Organization) released a guidance document 
in May 2020 with general recommendations for ethical 
considerations in ECMO allocation during the COVID-
19 pandemic. The guidance emphasised that ECMO 
had a potential role in the treatment of patients with 
COVID-19 when conventional management has failed. It 
may not be able to be provided if hospital resources are 
overwhelmed and required for other patients. According 
to the guidance, when resources are limited, the young-
est patients with low or no co-morbidities should be the 
highest priority, while health care workers are also a high 
priority. Age “should be considered” in allocation because 
of its relationship with prognosis [2]. Patients with 
“Severe central nervous damage” or “significant co-mor-
bidities” were suggested to be excluded. While the docu-
ment discusses termination of ECMO treatment that is 
futile (e.g. after 21  days), there is no discussion of real-
location of treatment in a situation where newly arriving 
patients need treatment and cannot be accommodated.

Ethical guidance
The ethical principles underlying the ELSO guidance 
were not explicit. Early in the course of the pandemic, 
an influential paper in the New England journal of medi-
cine by Emanuel et al. outlined six recommendations for 
allocating medical resources in the COVID-19 pandemic 
[16]. Relevant to ECMO decision-making these included 
maximising benefits (i.e. saving more lives and more years 
of life, even if that means removing a patient from a ven-
tilator or an ICU bed to provide it to others in need); pri-
oritising healthcare workers (for their instrumental value 
in the pandemic response); avoiding allocating on a first-
come, first-served basis; and applying the same principles 
to all COVID-19 and non-COVID-19 patients.

We (JS and DW) have published an algorithm for 
rationing life-sustaining treatment (such as ECMO, ven-
tilators, ICU, and organs) during the COVID-19 pan-
demic, using what we took to be several essential ethical 
principles that ought to guide resource allocation in any 
country or setting, with optional ethical elements that 
would vary depending on the weight given to certain 
ethical values across different countries [18]. The rele-
vant principles included upholding patient autonomy in 
the context of competently requesting or refusing treat-
ment; ‘equal treatment for equal need’ e.g. ‘first come first 
served’ if sufficient resources are available; and forego-
ing ‘first come first served’ for ‘save the most lives’ (i.e. 
utilitarianism, and/or contractualism), in the interests 
of ‘temporal neutrality’, if insufficient resources are avail-
able. The latter explicitly endorsed the principle of real-
locating treatment if required.

In the event of insufficient resources despite follow-
ing the above principles, optional ethical principles 
to be considered include ‘lottery’ (or ‘first come first 
served’); ‘predicted length and quality of life’ e.g. quality-
adjusted life-years (QALYs); ‘priority’ on either utilitar-
ian or desert-based grounds (e.g. younger patients having 
lived less years, or healthcare workers who contracted 
COVID-19 at work); and ‘trial of treatment’ in the spirit 
of ‘equality of opportunity’.

Comparison
Table  1 compares the professional and ethical guidance 
with the evidence from our survey of factors that may 
be considered internationally by ECMO professionals. 
Here we highlight three interesting areas of overlap and 
difference.

The three guidelines would support prioritisation of 
younger patients. In the ELSO guidance, this is linked 
to prognosis (i.e. chance of survival); however, in the 
ethical guidelines it is related to both chance and dura-
tion of survival (number of life years saved) [16, 18]. All 
of the participants to our survey indicated that age was 
included in ECMO decision-making. Many units used 
an age cut-off for ECMO, and some indicated that this 
had been lowered in the setting of the pandemic. This is 
clearly a highly important, though controversial factor 
in the setting of COVID-19. The greatest morbidity and 
mortality from the pandemic has been in older patients. 
However, there has been ethical controversy about sug-
gestions of rationing intensive care treatment on the 
basis of age, and proposals to do so in Italy at the height 
of the initial wave of the pandemic attracted consider-
able ethical criticism [40, 41]. One important question 
is whether simple age-based cut-offs can be justified for 
ECMO allocation. While such cut-offs are procedurally 
simple to apply, they are inevitably arbitrary and would 
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potentially discriminate against some older patients who 
may be physically fit and have better prognosis than other 
younger patients. It would be better for decisions to be 
explicitly linked to predictions of probability and dura-
tion of survival.

Participants in our survey were divided about dis-
continuation of ECMO treatment in order to provide 
treatment to another patient with better prognosis (a 
higher proportion supported this in the setting of the 
pandemic). Interestingly, this was not mentioned in the 
ELSO pandemic guidance. However, it does feature in 
ethical recommendations. Both Savulescu et al. and Ema-
nuel et al. argue that a ‘first come first served approach’ 
to life-sustaining medical treatment is ethically flawed, 
and that consideration should be given to re-allocation of 
treatment if necessary [34]. The ELSO guidance indicates 
that treatment may be regarded as futile and discontin-
ued after 21 days. However, it is clear that longer runs of 
ECMO can in some circumstances lead to survival and 
are not obviously futile. The key ethical reason to avoid 
such long treatment runs is that this would potentially 
mean that fewer patients can benefit from ECMO. In the 
setting of a pandemic, it would be justified to recommend 
much shorter cut-off lengths for discontinuing ECMO. 
Professional guidelines should consider recommending 
reduced duration trials of treatment during a pandemic.

Finally, all sources of guidance indicated potential sup-
port for giving priority to healthcare workers. This is 

highly relevant for COVID-19 because of the relatively 
large number of healthcare workers who have developed 
severe life-threatening illness as a consequence of expo-
sure to the virus in the course of their work [42–44]. It 
appears that exposure to high viral load (particularly in 
association with aerosol generating procedures) may 
be a risk factor for more severe illness [45] Our survey 
participants were somewhat more divided about con-
sideration of this factor—perhaps because it is a depar-
ture from normal practice. In ordinary circumstances, 
ethical guidelines would not direct special treatment for 
health professionals who become unwell—that would 
be potentially regarded as unjust favouritism by the 
wider community. However, the specific circumstances 
of the pandemic may change that. The ethical argument 
in favour of prioritising healthcare workers is not typi-
cally utilitarian. (It is not that such patients have a bet-
ter prognosis, and unlikely those who are sick enough 
to need ECMO will be able to return to the front line 
soon). Rather, it is based on a notion of desert and (per-
haps) compensation for the sacrifices/risks borne by 
such workers. However, no existing guidance indicates 
what degree of priority for healthcare workers would 
be justified. If there are multiple patients competing for 
ECMO treatment, and a healthcare worker with worse 
prognosis is prioritised, that may reduce overall num-
bers of patients surviving. To avoid an undue effect on 
patient access to treatment, if ECMO is commenced for 

Table 1 Comparison between survey participants’ responses, current ECMO allocation guidelines (ELSO), and current ethical 
algorithms and recommendations for rationing life-sustaining treatment during the COVID-19 pandemic

Ethical factors prioritised in ECMO allocation during COVID-19 pandemic (i.e. resource scarcity)

Save the most 
lives

Younger 
patients

Equality of 
opportunity

Healthcare 
workers

Do not allocate 
on first-come-
first-served 
basis

Participants 
of COVID-19 
clinical trials

Reallocate ECMO 
if required to 
maximise overall 
benefit

Survey partici-
pants

✓ ✓
Older patients 

less likely to 
survive ECMO

X ✓ X N/A X
Largely neutral

ECMO allocation 
guidelines 
(ELSO)

✓
Lowest co-

morbidities

✓ X ✓ X N/A N/A

Ethical algorithm 
(Savulescu 
et al.)

✓
Predicted length 

and quality of 
life (QALY)

✓
Save the most 

lives; and 
desert-based

✓ ✓
Desert-based 

(i.e. contracted 
COVID-19 at 
work)

✓
Temporal neu-

trality

N/A ✓

Ethical recom-
mendations 
(Emanuel et al.)

✓
Save more lives, 
and more years 
of life

✓
Prioritise young, 

severely ill 
patients (more 
likely to recover 
with treat-
ment)

✓
Apply the same 

principles to 
COVID-19 and 
non-COVID-19 
patients

✓
Desert-based (for 

ventilators), 
and instrumen-
tal value (for 
testing/PPE/
ICU beds)

✓ ✓
Instrumental 

value; and 
desert-
based

✓
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a healthcare worker with severe COVID-19, that should 
potentially be discontinued on the same basis and at the 
same time point as for other patients.

Conclusion
During the COVID-19 pandemic, intense pressure on 
existing resources has impacted on delivery of the highly 
specialised treatment ECMO. Our survey suggests that 
this pressure may have affected practice in some centres. 
Most salient of these were greater consideration of the 
potential benefit of ECMO to other patients; considera-
tion of priority to healthcare workers; more willingness 
to consider reallocation of ECMO; and less willingness 
to continue treatment during the pandemic if a family do 
not agree with recommendations to cease ECMO.

A comparison of the ethical factors prioritised by prac-
titioners, with ECMO allocation guidelines, and current 
ethical algorithms and recommendations, found some 
overlap, but also some differences. Ethical guidance for 
ECMO in subsequent waves of the pandemic should 
clarify recommendations on age/survival duration, real-
location of treatment/treatment trials, and the relative 
priority of healthcare workers.

Abbreviations
ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease 
2019; ECMO: Extracorporeal membrane oxygenation; ECMOCard: ECMO 
coronavirus acute respiratory disease; ELSO: Extracorporeal life support 
organization; ICU: Intensive care unit; VV-ECMO: Veno-venous extracorporeal 
membrane oxygenation; WHO: World Health Organization.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12910- 021- 00638-y.

Additional file 1. Appendix A: Survey.

Additional file 2. Appendix B: Pilot survey.

Acknowledgements
We acknowledge the important role of the International Severe Acute 
Respiratory and Emerging Infection Consortium and SPRINT-SARI (the Short 
PeRiod IncideNce sTudy of Severe Acute Respiratory Infection) in setting 
up ECMOCARD. We would like to extend our gratitude to the ELSO and 
ECMOCard group for support in disseminating the survey (particularly Chris-
tine Stead and Lakshmi Raman), encouraging responses and offering up their 
valuable time to participate.

Authors’ contributions
BD co-drafted the survey, analysed the data and wrote the initial manuscript. 
JSa had the original idea for the survey, edited the survey and the manuscript. 
JSu and JF contributed to the survey development, and provided input into 
the manuscript. DW edited the survey, helped in analysis of the data, wrote 
parts of the manuscript and edited it. All authors read and approved the final 
manuscript.

Funding
DW and JS were supported for this work by a grant from the Wellcome trust 
203132/Z/16/Z and by the UKRI/ AHRC funded UK Ethics Accelerator project, 
grant number AH/V013947/1. JSu and JF were supported by The Prince 

Charles Hospital Foundation. The funders had no role in the preparation of this 
manuscript or the decision to submit for publication.

Availability of data and materials
All data analysed during this study are included in this published article and its 
supplementary information files.

Declarations

Ethics approval and consent to participate
Ethics approval was granted from the Social Sciences & Humanities Inter-
Divisional Research Ethics Committee (IDREC) of the University of Oxford 
(R69730/RE001). Participants were presented with a preamble and informed 
consent taken at the beginning of the survey. All methods were carried out in 
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Oxford Uehiro Centre for Practical Ethics, Faculty of Philosophy, University 
of Oxford, Suite 8, Littlegate House, St Ebbes St, Oxford OX1 1PT, UK. 2 John 
Radcliffe Hospital, Oxford, UK. 3 Murdoch Children’s Research Institute, Mel-
bourne, Australia. 4 Critical Care Research Group, The Prince Charles Hospital, 
Brisbane, Australia. 5 Faculty of Medicine, The University of Queensland, 
Brisbane, Australia. 

Received: 20 March 2021   Accepted: 24 May 2021

References
 1. World Health Organization (WHO). Clinical management of severe acute 

respiratory infection (SARI) when COVID-19 disease is suspected: Interim 
guidance 13 March 2020 2020 https:// www. who. int/ docs/ defau lt- source/ 
coron aviru se/ clini cal- manag ement- of- novel- cov. pdf.

 2. Bartlett RH, Ogino MT, Brodie D, McMullan DM, Lorusso R, MacLaren G, 
et al. Initial ELSO guidance document: ECMO for COVID-19 patients with 
severe cardiopulmonary failure. ASAIO J. 2020;66(5):472–4.

 3. Alshahrani MS, Sindi A, Alshamsi F, Al-Omari A, El Tahan M, Alahmadi 
B, et al. Extracorporeal membrane oxygenation for severe Middle East 
respiratory syndrome coronavirus. Ann Intensive Care. 2018;8(1):3.

 4. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, et al. 
Extracorporeal membrane oxygenation for severe acute respiratory 
distress syndrome. N Engl J Med. 2018;378(21):1965–75.

 5. Goligher EC, Tomlinson G, Hajage D, Wijeysundera DN, Fan E, Jüni P, 
et al. Extracorporeal membrane oxygenation for severe acute respira-
tory distress syndrome and posterior probability of mortality benefit 
in a post hoc Bayesian analysis of a randomized clinical trial. JAMA. 
2018;320(21):2251–9.

 6. Abrams D, Pham T, Burns KE, Combes A, Curtis JR, Mueller T, et al. Practice 
patterns and ethical considerations in the management of venovenous 
extracorporeal membrane oxygenation patients: an international survey. 
Crit Care Med. 2019;47(10):1346–55.

 7. Braus N, Jaramillo C, Curtis S, Wilson M, DeMartino E, Schears G, et al. 
Multidisciplinary Perspectives on the Withdrawal of ECMO in Anticipation 
of Death: A Qualitative Study. C25 CRITICAL CARE: PATIENT AND FAMILY 
ENGAGEMENT, ETHICS, AND PALLIATIVE CARE: American Thoracic Society; 
2018. p. A4583-A.

 8. Chapman R, Peterec S, Bizzarro M, Mercurio M. Patient selection for neo-
natal extracorporeal membrane oxygenation: beyond severity of illness. J 
Perinatol. 2009;29(9):606–11.

 9. Courtwright AM, Robinson EM, Feins K, Carr-Loveland J, Donahue V, Roy 
N, et al. Ethics committee consultation and extracorporeal membrane 
oxygenation. Ann Am Thorac Soc. 2016;13(9):1553–8.

https://doi.org/10.1186/s12910-021-00638-y
https://doi.org/10.1186/s12910-021-00638-y
https://www.who.int/docs/default-source/coronaviruse/clinical-management-of-novel-cov.pdf
https://www.who.int/docs/default-source/coronaviruse/clinical-management-of-novel-cov.pdf


Page 12 of 12Dao et al. BMC Med Ethics           (2021) 22:70 

 10. DeMartino ES, Braus NA, Sulmasy DP, Bohman JK, Stulak JM, Guru PK, 
et al., eds. Decisions to withdraw extracorporeal membrane oxygenation 
support: patient characteristics and ethical considerations. In: Mayo clinic 
proceedings; 2019. Elsevier.

 11. Hastings S, Pellegrino V, Preovolos A, Salamonsen R. Survey of adult extra-
corporeal membrane oxygenation (ECMO) practice and attitudes among 
Australian and New Zealand intensivists. Crit Care Resusc J Aust Acad Crit 
Care Med. 2008;10(1):46.

 12. Kuo KW, Barbaro RP, Gadepalli SK, Davis MM, Bartlett RH, Odetola FO. 
Should extracorporeal membrane oxygenation be offered? An interna-
tional survey. J Pediatr. 2017;182:107–13.

 13. Meltzer EC, Ivascu NS, Stark M, Orfanos AV, Acres CA, Christos PJ, et al. A 
survey of physician attitudes toward decision-making authority for initiat-
ing and withdrawing VA-ECMO: results and ethical implications for shared 
decision-making. J Clin Ethics. 2016;27(4):281.

 14. Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Surviv-
ing Sepsis Campaign: guidelines on the management of critically ill 
adults with Coronavirus Disease 2019 (COVID-19). Intensive Care Med. 
2020;46:1–34.

 15. Prekker ME, Brunsvold ME, Bohman JK, Fischer G, Gram KL, Litell JM, et al. 
Regional planning for extracorporeal membrane oxygenation allocation 
during COVID-19. Chest; 2020;158:603–7.

 16. Emanuel EJ, Persad G, Upshur R, Thome B, Parker M, Glickman A, et al. 
Fair allocation of scarce medical resources in the time of Covid-19. Mass 
Medical Soc; 2020;382:2049–55.

 17. White DB, Lo B. A framework for rationing ventilators and critical care 
beds during the COVID-19 pandemic. JAMA. 2020;323(18):1773–4.

 18. Savulescu J, Vergano M, Craxì L, Wilkinson D. An ethical algorithm for 
rationing life sustaining treatment during the COVID-19 pandemic. Br J 
Anaesth; 2020;125:253–58.

 19. Truog RD, Mitchell C, Daley GQ. The toughest triage—allocating ventila-
tors in a pandemic. N Engl J Med. 2020;382(21):1973–5.

 20. Joebges S, Biller-Andorno N. Ethics guidelines on COVID-19 triage—an 
emerging international consensus. Springer; 2020.

 21. Robert R, Kentish-Barnes N, Boyer A, Laurent A, Azoulay E, Reignier J. 
Ethical dilemmas due to the Covid-19 pandemic. Ann Intensive Care. 
2020;10(1):1–9.

 22. Vergano M, Bertolini G, Giannini A, Gristina GR, Livigni S, Mistraletti G, 
et al. Clinical ethics recommendations for the allocation of intensive care 
treatments in exceptional, resource-limited circumstances: the Italian 
perspective during the COVID-19 epidemic. Springer; 2020.

 23. Raluca D, Veronica C, Oana MC, Alexandra E. An ethical dilemma in SARS-
Cov-2 pandemic: who gets the ventilator? Eur Sci J; 2020;16:24–30.

 24. Satomi E, Souza PMRd, Thomé BdC, Reingenheim C, Werebe E, Troster 
EJ, et al. Fair allocation of scarce medical resources during COVID-19 
pandemic: ethical considerations. Einstein (São Paulo). 2020;18:1–5.

 25. Martin-Fumadó C, Gómez-Durán EL, Morlans-Molina M. Medico-legal and 
ethical considerations on resource limitation and clinical decisions during 
the COVID-19 pandemic. Span J Legal Med; 2020;46:119–26.

 26. Maves RC, Downar J, Dichter JR, Hick JL, Devereaux A, Geiling JA, et al. 
Triage of scarce critical care resources in COVID-19: an implementation 
guide for regional allocation An expert panel report of the Task Force for 
Mass Critical Care and the American College of Chest Physicians. Chest; 
2020;158:212–225.

 27. Laventhal N, Basak R, Dell ML, Diekema D, Elster N, Geis G, et al. The ethics 
of creating a resource allocation strategy during the COVID-19 pandemic. 
Pediatrics. 2020;146(1):1–11.

 28. Kirkpatrick JN, Hull SC, Fedson S, Mullen B, Goodlin SJ. Scarce-resource 
allocation and patient triage during the COVID-19 pandemic: JACC 
Review Topic of the Week. J Am Coll Cardiol. 2020;76(1):85–92.

 29. Leclerc T, Donat N, Donat A, Pasquier P, Nicolas L, Schaeffer E, et al. Prioriti-
sation of ICU treatments for critically ill patients in a COVID-19 pandemic 
with scarce resources. Anaesth Crit Care Pain Med. 2020;39:333–9.

 30. Vergano M, Bertolini G, Giannini A, Gristina GR, Livigni S, Mistraletti G, 
et al. SIAARTI recommendations for the allocation of intensive care 
treatments in exceptional, resource-limited circumstances. Minerva 
Anestesiol. 2020;86:1–8.

 31. NICE (National Institute for Health and Care Excellence) (UK). COVID-19 
rapid guideline: critical care in adults. 2020. https:// www. nice. org. uk/ 
guida nce/ ng159/ resou rces/ covid 19- rapid- guide line- criti cal- care- pdf- 
66141 84868 1413.

 32. British Medical Association. COVID-19—ethical issues. A guidance note. 
2020. https:// www. bma. org. uk/ media/ 2360/ bma- covid- 19- ethics- guida 
nce- april- 2020. pdf.

 33. Warrillow S, Austin D, Cheung WY, Close E, Holley A, Horgan B, et al. 
ANZICS guiding principles for complex decision making during the 
COVID-19 pandemic. 2020.

 34. Cameron J, Savulescu J, Wilkinson D. Is withdrawing treatment really 
more problematic than withholding treatment? J Med Ethics; 2020.

 35. Qualtrics. Qualtrics Survey Software. 2020. https:// www. qualt rics. com/ au/ 
core- xm/ survey- softw are/.

 36. ELSO (Extracorporeal Life Support Organization). COVID-19 Critical Care 
Consortium: ECMOCARD. 2020. https:// www. elso. org/ COVID 19/ ECMOC 
ARD. aspx.

 37. Abrams D, Lorusso R, Vincent J-L, Brodie D. ECMO during the COVID-19 
pandemic: when is it unjustified? BioMed Central; 2020;24:507.

 38. Supady A, Badulak J, Evans L, Curtis JR, Brodie D. Should we ration 
extracorporeal membrane oxygenation during the COVID-19 pandemic? 
Lancet Respir Med. 2021;9(4):326–8.

 39. Kitzinger J. Twitter thread: Twitter. 2021. https:// twitt er. com/ Jenny Kitzi 
nger/ status/ 13918 56441 48985 8561.

 40. Cesari M, Proietti M. COVID-19 in Italy: ageism and decision making in a 
pandemic. J Am Med Dir Assoc. 2020;21(5):576–7.

 41. Merodio G, Ramis-Salas M, Valero D, Aubert A. How much is one life 
worth? The right to equity healthcare for improving older patients’ health 
infected by COVID-19. Sustainability. 2020;12(17):6848.

 42. Chou R, Dana T, Buckley DI, Selph S, Fu R, Totten AM. Epidemiology of and 
risk factors for coronavirus infection in health care workers: a living rapid 
review. Ann. Intern Med; 2020;173:120–36.

 43. Gómez-Ochoa SA, Franco OH, Rojas LZ, Raguindin PF, Roa-Díaz ZM, 
Wyssmann BM, et al. COVID-19 in Healthcare workers: a living systematic 
review and meta-analysis of prevalence, risk factors, clinical characteris-
tics, and outcomes. Am J Epidemiol; 2020;190:161–75.

 44. World Health Organization. Coronavirus disease (COVID-19): Weekly 
Epidemiological Update (12 October 2020). 2020. https:// www. who. int/ 
docs/ defau lt- source/ coron aviru se/ situa tion- repor ts/ 20201 012- weekly- 
epi- update- 9. pdf.

 45. Ross KA, Almuzam S, Britton PN, Howard‐Jones AR, Isaacs D, Kesson A, 
et al. What risk do aerosol‐generating procedures pose to health‐care 
workers? J Paediatr. Child Health; 2020;56:1639–40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.nice.org.uk/guidance/ng159/resources/covid19-rapid-guideline-critical-care-pdf-66141848681413
https://www.nice.org.uk/guidance/ng159/resources/covid19-rapid-guideline-critical-care-pdf-66141848681413
https://www.nice.org.uk/guidance/ng159/resources/covid19-rapid-guideline-critical-care-pdf-66141848681413
https://www.bma.org.uk/media/2360/bma-covid-19-ethics-guidance-april-2020.pdf
https://www.bma.org.uk/media/2360/bma-covid-19-ethics-guidance-april-2020.pdf
https://www.qualtrics.com/au/core-xm/survey-software/
https://www.qualtrics.com/au/core-xm/survey-software/
https://www.elso.org/COVID19/ECMOCARD.aspx
https://www.elso.org/COVID19/ECMOCARD.aspx
https://twitter.com/JennyKitzinger/status/1391856441489858561
https://twitter.com/JennyKitzinger/status/1391856441489858561
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20201012-weekly-epi-update-9.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20201012-weekly-epi-update-9.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20201012-weekly-epi-update-9.pdf

	Ethical factors determining ECMO allocation during the COVID-19 pandemic
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Survey
	Methods
	Participants
	Statistical analysis

	Results
	Participants
	Unit characteristics and experience
	Patient factors in decisions
	Decisions starting ECMO—pandemic
	Decisions about stopping ECMO

	Discussion
	Principal findings
	Limitations
	Ethical discussion
	Professional guidance
	Ethical guidance
	Comparison


	Conclusion
	Acknowledgements
	References


