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Evidence check 20 March 2020

Rapid evidence checks are based on a simplified review method and may not be entirely exhaustive,
but aim to provide a balanced assessment of what is already known about a specific problem or issue.
This brief has not been peer-reviewed and should not be a substitute for individual clinical judgement,
nor is it an endorsed position of NSW Health.

ECMO and COVID-19

Rapid review question

Question 1: What evidence and expert advice is emerging regarding the use of ECMO for COVID-19
patients?

Question 2: What evidence is available about the use of ECMO in the context of emerging respiratory
disease outbreaks?

In brief

o The World Health Organization currently recommends for patients with acute respiratory
distress syndrome (ARDS), in settings with access to expertise in extracorporeal membrane
oxygenation (ECMO), referral of patients who have refractory hypoxemia despite lung protective
ventilation should be considered (WHO, 2020) (1)

e Data emerging from China show that among the 28 patients who received ECMO, there was a
50% case mortality, (14 died, 5 weaned successfully, and 9 were still on ECMO at the time of
publication (2 March 2020)) (Xie et al, 2020) (2)

e We lack knowledge about incidence of complications, viral persistence or prognoses in different
subsets of patients. If the mechanism of death in COVID-19 is shown to be septic shock or
refractory multi-organ failure then ECMO is unlikely to be appropriate (Maclaren et al, 2020) (3)
3)

e There is some emerging evidence about factors associated with poorer outcomes which could
be considered alongside established ECMO selection criteria (see ACI, 2020). These include
older age and comorbidities (hypertension, diabetes or ischaemic heart disease) (Xie et al,
2020); lymphopaenia (Henry, 2020)(4)

o There is little evidence from previous ARDS / respiratory disease outbreaks that ECMO is
beneficial.

Definitions

In late 2019, a novel coronavirus, now designated SARS-CoV-2, was identified as the cause of an
outbreak of acute respiratory illness in Wuhan, China. the World Health Organization (WHO)
designated the disease COVID-19 In February 2020; and characterised the outbreak as a pandemic in
March 2020.
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Background

A range of clinical syndromes are associated with COVID-19 (Appendix 1). Descriptive case series
account of the COVID-19 pandemic are emerging from China (Wang, et al 2020; Wu et al, 2020) (5)
and ltaly (Grasselli et al, 2020) (6).

Acute respiratory distress syndrome (ARDS) is a major complication in patients with severe disease. In
a study of 138 patients, ARDS developed in 20% after a median of eight days, and mechanical
ventilation was implemented in 12.3% (Wang et al, 2020). Another study of 201 hospitalised patients
with COVID-19 in Wuhan, 41% developed ARDS; Risk factors were age greater than 65 years,
diabetes mellitus, and hypertension (Wu et al, 2020).(7)

While mortality among all infected patients is thought to be in the range of 0.5% to 4%, preliminary
estimates are that among patients who require hospitalisation, mortality is between 5% and 15%; and
for those who become critically ill, between 22% and 62% (Chen et al, 2020; Yang et al, 2020)(8, 9).
The exact cause of death is unclear, with progressive hypoxia and multiorgan dysfunction being the
presumed causes (Murthy et al 2020)(10). If the cause of death is refractory multi-organ failure then
ECMO is of limited use (Maclaren et al, 2020)(3).

Methods

PubMed was search to identify the peer reviewed literature using the following search strings.

((Extracorporeal Membrane Oxygenation[Mesh] OR "Extracorporeal Membrane Oxygenation”[tiab] OR
ECMO(tiab] OR "Extracorporeal Life Support"[tiab] OR ECLSJtiab]))

AND (((("pandemics"[MeSH Terms]) OR (pandemic[Title/Abstract])) AND (respiratory[Title/Abstract]))
OR ((2019-nCoVT[title/abstract] or nCoV[title/abstract] or covid-19[title/abstract] or covid19][title/abstract]
or "covid 19"[title/abstract] OR "coronavirus"[MeSH Terms] OR "coronavirus"[title/abstract])))

Supplementary searches in Google used the search string: ECMO and COVID-19
Inclusion criteria:

e ECMO in patients with COVID-19
¢ ECMO in pandemic
e Observation studies

Exclusion criteria:

e ECMO in non- pandemic / outbreak contexts
e No ECMO described
e Opinion papers

Results

Question 1: What evidence and expert advice is emerging regarding the use of ECMO for COVID-19
patients?

There is limited evidence about the use of ECMO in COVID-19 patients. According to WHO, patients
with acute respiratory distress syndrome (ARDS), can be considered as candidates for ECMO (WHO,
2020). The CDC advises prompt implementation of recommended infection prevention and control
measures and supportive management of complications, including advanced organ support if indicated.
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Many experts counsel caution in instituting ECMO in the context of the COVID-19 pandemic (Maclaren
et al, 2020(3)).

There is some emerging evidence about patient characteristics and outcomes from ECMO in the
COVID-19 cohort (Table 1). However, there is insufficient evidence to formulate robust indication

criteria.

Table 1: Studies and publications discussing ECMO and COVID-19, (search conducted 20 March

2020)

Study

Study design

Results

Xie et al
2020

Case series,
China

Analysed data from 135 patients who died before Jan 30, 2019, in Wuhan city.
Older age and male were common in non-surviving patients. More than 70%
patients had one or more comorbidities. Hypertension (48.2%) was the most
common comorbidity in non-surviving patients, followed by diabetes (26.7%) and
ischemic heart disease (17.0%), similar to data reported by others.

The study reported high mortality among patients who received ECMO: of 28
patients who received ECMO up to the present, 14 died, 5 weaned successfully,
and 9 were still on ECMO at the time of publication (2 March 2020) . Lack of
ventilators, fear of becoming infected during the intubation procedure, and unclear
need for intubation were the main reasons for delaying invasive ventilation.

Wang et
al, 2020

Retrospective
observational
study, China

Of 138 hospitalized patients with COVID-19, the median age was 56 years
(interquartile range, 42-68; range, 22-92 years) and 75 (54.3%) were men. Thirty-
six patients (26.1%) were transferred to the intensive care unit (ICU) because of
complications, including acute respiratory distress syndrome (22 [61.1%]),
arrhythmia (16 [44.4%]), and shock (11 [30.6%]). Of the 36 cases in the ICU, 4
(11.1%) received high-flow oxygen therapy, 15 (41.7%) received noninvasive
ventilation, and 17 (47.2%) received invasive ventilation (4 were switched to
extracorporeal membrane oxygenation). As of February 3, 47 patients (34.1%)
were discharged and 6 died (overall mortality, 4.3%), but the remaining patients
are still hospitalized. Among those discharged alive (n =47), the median hospital
stay was 10 days (IQR, 7.0-14.0).

Zhou et
al, 2020

Multicentre
cohort study,
China

191 patients (135 from Jinyintan Hospital and 56 from Wuhan Pulmonary Hospital)
were included in this study, of whom 137 were discharged and 54 died in hospital.
Three patients received ECMO, all died.

Yang et
al, 2020

Retrospective,
observational
study, China

Of 710 patients with SARS-CoV-2 pneumonia, 52 critically ill adult patients were
included. 32 (61-5%) had died at 28 days. Compared with survivors, non-survivors
were more likely to receive mechanical ventilation (30 [94%)] patients vs 7 [35%)]
patients), either invasively or non-invasively.

Maclaren
et al,
2020

Viewpoint

The role of ECMO in the management of COVID-19 is unclear at this point. It has
been used in some patients in China but detailed information is unavailable. ECMO
is not a therapy to be rushed to the frontline when all resources are stretched in a
pandemic.

Murthy et
al, 2020

Viewpoint

Management of severe COVID-19 is not different from management of most viral
pneumonia causing respiratory failure. The principal feature of patients with severe
disease is the development of ARDS: a syndrome characterized by acute onset of
hypoxemic respiratory failure with bilateral infiltrates. Evidence-based treatment
guidelines for ARDS should be followed, including conservative fluid strategies for
patients without shock following initial resuscitation, empirical early antibiotics for
suspected bacterial co-infection until a specific diagnosis is made, lung-protective
ventilation, prone positioning, and consideration of extracorporeal membrane
oxygenation for refractory hypoxemia.

Henry,
2020

Letter

Patients who died from COVID-19 are reported to have had significantly lower
lymphocyte counts than survivors. The immunological status of patients should be
considered when selecting candidates for ECMO.

During ECMO, substantial decreases in the number and function of some
populations of lymphocytes is commonplace .The repletion of lymphocytes could
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be key to recovery from COVID-19, and lymphocyte count should be closely
monitored in these patients receiving ECMO.

Question 2: What evidence is available about the use of ECMO in the context of emerging respiratory
disease outbreaks?

A systematic review of the effect of ECMO on survival in adults with acute respiratory failure associated
with HIN1 found insufficient evidence to provide a recommendation (Mitchell et al, 2010).

During the HIN1 pandemic in the spring of 2009, contraindications to ECMO included preexisting
comorbidities, weight > 120 kg, pulmonary hypertension, and cardiac arrest (NSW Health; Réseau
Européen de Recherche en Ventilation Atrtificielle) (Combes and Pellegrino, 2011)(11).

There is mixed evidence from previous ARDS / respiratory disease outbreaks that ECMO is beneficial
for a select group of patients (Table 2). None of the papers described changes to eligibility criteria.

Table 2: Evidence on the role of ECMO in non-COVID-19 pandemics

Study Study design | Results

Mitchell et | Systematic Investigated the effect of ECMO on survival in adults with acute respiratory

al 2010 review (of failure to help inform institutional decisions about implementing an extracorporeal

(12) H1N1) membrane oxygenation program or transferring patients to experienced
extracorporeal membrane oxygenation centres during the HIN1 influenza
pandemic. There was insufficient evidence to provide a recommendation.

Table 3: Studies of the use of ECMO in emerging respiratory disease outbreaks.

Organism Setting Number of Mortality ref
patients (ECMO
and comparator)
Middle East Saudi Arabia: 5 17 (ECMO) and 65% (ECMO) and | Alshaharani et al
respiratory ICUs 18 (conventional) | 100% 2018 (13)
syndrome ) (conventional)
(MERS) April 2014 to
December 2015
Influenza A HIN1 | Australia and 68 (ECMO) 29% (ECMO) (Davies et al
New Zealand: 15 2009 (14)
ICUs
June 1 and )
August 31, 2009. Sidebotham,
2011 (15)
Influenza A HIN1 | France 123 (ECMO) No difference Pham et al, 2013
(matched cohort )
114 ICUs study) (Before matching: | (16)
ECMO 36% and
2009-11 non-ECMO 34%
After matching:
ECMO 50% and
non-ECMO 40%)
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Organism Setting Number of Mortality ref
patients (ECMO
and comparator)
Influenza A HIN1 | ELSO Registry 256 (ECMO) 34% (ECMO) Combes and
Pellegrino, 2011
(11)
Influenza A HIN1 | Sweden 13 (ECMO) 8% (ECMO) Holzgraefe et al,
2010
17)
July 2009 —
January 2010
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Appendix 1: Clinical syndromes associated with COVID-19 (WHO, 2020)

Clinical management of severe acute respiratory infection (SART) when DOVID-19 disease is suspected: Interim guidancs

Table 2. Clinical syndromes associated with COVID-19

. Pafients uncomphcated weper respiratory tract viral infection may have non-specific symptoms such as fever,
Mild ilineas fatigue, cough (with o withowt sputum production), anorexia, malase, miscle pain, sore throat, dysensa,

nasal congestion, or headache. Rarely, pafents may also present with diarhoea, nausea, and vomiting
{3, 11-43).

The ekdery and immunosuepressed may present with atypical symptoms. Symplomes due to physiclogic adaptations of

pregrancy of adverse pregnancy events. such as dysprea, fever, Gl-sympitoms or fabigue, may overlap wad COVID-

1% sympioms.

Adult with pneumoria but no signs of severe preumonia and no need fior supelemental axygen

Child with non-severs pneumaoria who has cough or difficuly breathing + fast breathing: fast keeathing (in
breahs/min):
< 2 mondhs: 2 B0; 2-11 months: 2 50; 1-3 years: 2 40, and no signs of severe preumonia.

Severs Adoleacent or adult: fever or suspected respiratory infiection, plus one of the following: respiratory Fate > 30
breaths/min; severe respiratory distress; or Spls = 93% on room air (adapied from 14).

Child with cough or difficulty in breathing, plus at least one of the following: central cyanosis or Spilz < 80%; severe
respiratoey distress (2.3, grunting, very severe chest indrawing); sigrs of preumonia with a general danger sign:
mabiity io breastized or dink, lethargy o unconsciousness, or convalsions (13). Cher signs of preumonia may be
present chest indrawing, fast breathing (in breathsimin): = 2 months: 2 80; 2-11 months: 2 50; 1-5 years: 2 40 (16).
While the diagnaosis is made on clinical grounds; chest imaging may identify or exclude some pumonary
comphcations.
Acuts Owresat: within 1 week of a lnown clinical insult or new or worsening respiratory symgdoms.
raspiratony Chest imaging [radicgraph, CT scam, or lung uitrasound): bilateral opacities. not fully explained by volume
distreas overioad, lobar or lumg collapse, or nodules.
syndroms Origin of pulmonary infiltrates: respiratory failure not fuly explained by cardiac failure or fluid overload. Need
{ARDS) [17- okgective assessment (2.3, echocardiography) to exclude hydrostabic cause of infilrabes/oedema if no Ask
19} fachor present.
Ooygenation impairmsant in adults (17, 13}
Mid ARDS: 200 mmHg = PaOyFi0= = 300 mmHg (with PEEF or CPAP 2 5 cmH20, ormon-ventilated)
Moderate ARDIS: 100 mmHg < Pa0zFide = 200 mmHg (with PEEP = 5 cmHz0, or non-vendlated)
Severe ARDS: PaCuFid = 100 mmHg |with PEEF = § cmH:0, ornon-ventilabed)
When Palk: i not available, Sp02Fi0: = 315 suggests ARDS (including in non-ventilatedpabents).
Omyganation impairment in children: rote O1 = Coygenation Index and 051 = Oxygenation Index using Splz.
Use PaDz-based metic when avaiable. If Palz not available, wean FiCe to maintain Sp0z < 87% to
caleuate 5] or SpleFidz raficc
» Bilevel NIV or CPAP] 2 5 cmHa0 via full face mask: Pallz/FiQz = 300 mmHg or Sp02Fid: < 264
* Mild ARDS (rvasively ventilated): 4 = 0l <8 or 5= 051 <75
» Moderate ARDS (Fvasively vendiated): B= 0l < 16 or 7.5 = 081 =12.3
Severe ARDS (imvasively ventilated): Ol = 16 or 051 2123,

SGepaia (3 8 Aguits: [ife-threatening organ dysfunciion caused by a dysregulated host response to suspected or proven infecion ®
Sigrs of organ dysfunciion inciude: aliered mental status, difficult or fast breathing, low cxygen saturation,
reduced uine owput (5. 20), fast heart rate, weak pulse, cold extremities or low Blood pressure, skin
muoitiing, or laleoratory evidence of coagulopathy, thrombocylopenia, acidosis, high lactade, or
hyperiirubinemia.

Children: suspected or proven irfection and 2 2 age- based systemic inflammatory response syndrome criteria, of
whiich one must be aonormal temperabure or white lood cell count.
Gaptic shock Aduits: persising hypotension despite volume resuscitation, requifing vasopressoes o mairtain MAP MAF = 65
(5. 6} mmHg and serum lactate level = 2 mmolil

Children: any hypotension (SBP < Sth centile or > 2 5D below nomal for age) or two or three of the: following: atered
mental stabe; tachycardia or bradycardia (HR < 90 kem or = 1860 bpm in infants and HR = 70 kpm or > 150 bpm in
children); prolonged capillary refill (> 2 sec) or feckle puise; tachypnoea; motfed or cool skin or petechial or purpunc
rash; increased lactate; cliguria; hyperthermia or hypothermia (21).

s aititude is higher than 1000 m, Ten comection factor should De calculaied a5 filows: Pa,Fidk X Darsmelic pressureT60.

= Thie SOFA 500°E rANGES fom 0 12 24 and indudes points reiaied 1o S organ SySiemes: respiratony (MypoXemia defined by low Fa0Fil:); coaguiaton (ow platsiets); iver (high

bllirubiny; cardiovascuiar (ypetension]; central nenous sysiem (low level of consciousness defined by Glasgow Coma Scaie); and renal (iow urine culput or high creatinine).

Sersis 15 defined Dy an increase in the sepsisrelated SOFA scoe o 2 2 points. Assume e baseline score s 0 f data ar not availabie (22)

Anioeeviations: AR acute respiratony infecion; BF iood pressune; bpm beats'minute; CPAP continuous posiive ainay pressure; Filk fraction of inspined oxygen; MAP mean

arterial peessure; NIV nan-invasive ventlatien; O Oxygenation Index; OS51 Coygenation Index using Spo; Pals partial pressune of axygen; PEEP positive end-axpiratony

pressure; SBP systolic Biood pressure; S0 Standand devision; SIS sysiemic FRammalony Fesponse SyTANMe; SOFA SEqUENtal orsn Failine assessment, Sp0-; caygen

sahuration.
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200301-sitrep-41-

covid-19.pdf?sfvrsn=6768306d 2
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