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Long-term recovery of survivors of coronavirus disease

‘ '.) Check for updates

(COVID-19) treated with extracorporeal membrane

oxygenation: The next imperative
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The novel pathogen severe acute respiratory syndrome co-
ronavirus 2 triggering coronavirus disease 2019 (COVID-
19) leads to invasive mechanical ventilation in an estimated
20% of hospitalized patients with an associated mortality as
high as 80%." According to the international Extracorpo-
real Life Support Organization (ELSO), more than 2200 pa-
tients with COVID-19-associated acute respiratory distress
syndrome (ARDS) have been treated with extracorporeal
membrane oxygenation (ECMO).” ELSO members report
a 55% survival rate for patients with COVID-19 treated
with ECMO, and factors affecting survival are being inves-
tigated at several centers.” As the clinical response to
COVID-19 evolves, cardiothoracic surgeons and the critical
care community have a responsibility to understand the re-
covery trajectory of patients with COVID-19 who were
treated with ECMO (Figure 1). The authors have formed
the Outcomes and Recovery After COVID-19 Leading to
ECMO (ORACLE) Group, a broadly multidisciplinary
collaboration between 5 academic medical centers who
incorporate protocolized outpatient postintensive care unit
(post-ICU) follow-up of survivors of COVID-19-associated
ARDS who were supported with ECMO (Figure 2). The
goal of this collaborative is to characterize the recovery of
these patients and target future investigations aimed at opti-
mizing their survivorship.
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CENTRAL MESSAGE

This review introduces a multi-
center initiative to track the long-
term physical, cognitive, and
emotional recovery of survivors
of COVID-19 treated with ECMO.

PERSPECTIVE

Survivors of COVID-19 treated with ECMO are at
risk for long-term physical, cognitive, and
emotional deficits related to their critical illness.
Multicenter, protocolized, outpatient, post-ICU
follow-up of these patients aims to characterize
their survivorship and target subsequent investi-
gations at optimizing their recovery.

See Commentaries on pages 169 and 171.

COVID-19 CRITICAL ILLNESS, ECMO, AND
POSTINTENSIVE CARE SYNDROME (PICS)

PICS is a term used to describe the collective impair-
ments in physical function, mental health, and cognition
observed in survivors of the ICU. Follow-up of ARDS sur-
vivors, including those who had influenza A subtype HIN1
or severe acute respiratory syndrome, shows these deficits
can persist for years and negatively impact meaningful re-
covery.” ' For example, at 1 year from hospitalization,
one-third of previously employed survivors of the ICU
remain jobless.'> Thousands of survivors of COVID-19—
associated ARDS, including those treated with ECMO,
are at risk for long-lasting sequelae of their critical
illness.'*'?
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Abbreviations and Acronyms 2 COVID-19 &x

ARDS = acute respiratory distress syndrome u%_
COVID-19 = coronavirus disease 2019 g
ECMO = extracorporeal membrane E=S

oxygenation §’
ELSO = Extracoporeal Life Support =

Organization %
ICU = intensive care unit T

ORACLE = Outcomes and Recovery After
COVID-19 Leading to ECMO

= postintensive care syndrome

= post-traumatic stress disorder

PICS
PTSD

Specific physical impairments of survivors of the ICU
include neuromuscular weakness, ICU-acquired weakness,
and musculoskeletal pain.'“? Nearly 56% of patients
recovering from COVID-19 at rehabilitation centers in Italy
are unable to walk in the very early stage of recovery.”' Pa-
tients repeatedly alternating between prone and supine po-
sitions may experience brachial plexus or upper-extremity
sequelae. In the setting of COVID-19, infection precautions
have essentially eliminated early rehabilitation interven-
tions in the ICU, further increasing the risk of long-term
physical impairments.

Regarding emotional health, one-quarter to one-third of
survivors of the ICU are reported to experience depression,
anxiety, and post-traumatic stress disorder (PTSD), with a
large percentage experiencing multiple mental health con-
ditions.”””> The morbidity of this burden can persist for
several years." Patients in the ICU with COVID-19 may
be at additional risk for impaired emotional health due to
social isolation, limited family visitation, intense (often
confusing) media coverage during the pandemic, fear of
spreading the disease to close contacts, death of close fam-
ily members, and stigma due to contracting or spreading the
virus.”®*’

Cognitive impairments in survivors of the ICU include
deficits in language, memory, attention, and visual—spatial
abilities.”””® At 1-year follow-up of patients with ARDS,
one-third of survivors demonstrated cognitive impairment
with neuropsychological test scores consistent with moder-
ate traumatic brain injury.'* ICU delirium can contribute to
long-term cognitive dysfunction.”” At 1-month follow-up of
survivors of COVID-19 critical illness, 42% who experi-
enced delirium during hospitalization have ongoing impair-
ments in cognitive function.’” Stroke also increases the risk
of long-term cognitive deficits, and the risk of stroke is
increased in patients with COVID-19 and in patients treated
with ECMO.""**

In comparison with the extensive literature on PICS after
critical illness from ARDS, there are limited data on the
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Baseline —» ICU ———>» Post-ICU Recovery
FIGURE 1. Survivors of COVID-19 treated with ECMO are at risk for
long-term physical, cognitive, and emotional deficits related to their critical
illness. The illustration depicts 3 potential post-ICU recovery trajectories:
back to baseline health, cognition, and physical function (green, solid line);
survival with some deficits (blue, long dashed line); and survival with sig-
nificant disability (red, short dashed line). COVID-19, Coronavirus disease
2019; ECMO, extracorporeal membrane oxygenation; /CU, intensive care
unit.

specific long-term outcomes of ECMO survivors. Other
than the 6-month follow-up in the United Kingdom-based
multicenter CESAR (Conventional ventilatory support vs
ECMO for severe adult respiratory failure) trial, conclu-
sions are largely limited to single-center investigations,
small numbers of patients, and incomplete follow-up.™ Sur-
vivors of ECMO have been reported to experience
decreased return to usual activity and worse chronic pain,
in addition to depression, anxiety, and PTSD that can persist
up to 3 years after hospitalization.””***> A single-center
study from France reported 2-year follow-up demonstrating
no difference in cognitive function, anxiety, depression, and
PTSD between patients with ARDS treated with ECMO
compared with those who were not.™

Although evidence-based critical care interventions can
optimize survival and survivorship of critically ill patients,
including those requiring ECMO, infection control precau-
tions during the COVID-19 pandemic have disrupted these
best practices, with a yet-unknown impact on the recovery
of survivors of the ICU. Reducing sedation and paralytic
requirements and encouraging early mobilization and
cognitive exercises while in the ICU have been shown to
improve physical function and reduce cognitive impairment
and PTSD.””** Unfortunately, in the setting of COVID-19
precautions, a fully masked, gowned, and gloved critical
care nurse is the only provider going in and out of an isola-
tion room in the ICU. Family and familiar visitors are not
allowed or severely restricted, and at best, similarly covered
beyond recognition. Patients in isolation are not ambulating
around the ICU extubated on ECMO as previously encour-
aged. Although decreasing sedation requirements for pa-
tients receiving ECMO may reduce their risk of physical
and cognitive deficits, accidental ECMO decannulation
can be lethal and cause unintended viral exposure of
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FIGURE 2. The Outcomes and Recovery After COVID-19 Leading to ECMO (ORACLE) Group is a broadly multidisciplinary collaboration between 5
academic medical centers who incorporate protocolized post-ICU follow up of patients with COVID-19-associated ARDS who were treated with ECMO.

The ORACLE study cohort includes survivors of COVID-19 ARDS includin,

¢ those supported with ECMO. Follow-up includes collection of quantitative

measurements of physical, emotional, and cognitive function including a 6-minute walk test, spirometry, dyspnea score, the EQ-5D general health ques-
tionnaire, PHQ-9 depression screen, IES PTSD screen, GAD-7 screen, and the MOCA. Data analysis will use a regression model to evaluate the effect

of ECMO and other variables on the long-term outcomes of this cohort. ELSO.

, Extracoporeal Life Support Organization; ECMO, extracorporeal membrane
oxygenation; COVID-19, coronavirus disease 2019; ICU, intensive care unit;

ARDS, acute respiratory distress syndrome; EQ-5D, EuroQol 5-Dimension;

PHQ-9, Patient Health Questionnaire-9; /ES, Impact of Event Scale; PTSD, post-traumatic stress disorder; GAD-7, Generalized Anxiety Disorder 7-item;

MOCA, Montreal Cognitive Assessment.

caregivers. Unintended self-extubation of a patient with
COVID-19 would require a subsequent reintubation,
creating an additional high-risk exposure. Only follow-up
of these patients with COVID-19-associated ARDS treated
with ECMO will determine the long-term impact of these
disrupted critical care practices.

COVID-19 AND ECMO RECOVERY

Since the majority of survivors are at high risk for more
than 1 impairment in cognitive, physical, or emotional
health, protocolized follow-up is our best mechanism to
define the needs and optimize the recovery of survivors of
COVID-19-associated ARDS treated with ECMO.">* In
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the last several years, the number of ICU recovery clinics
has been increasing. The COVID-19 pandemic has only
accelerated this trend due to an unprecedented spike in
the incidence of ARDS and critical illness. ICU recovery
clinics consist of a multidisciplinary team of providers
who identify deficits associated with PICS. Intensivists,
pharmacists, and rehabilitation specialists, including phys-
ical and occupational therapists, speech language patholo-
gists, psychologists, and physiatrists, assess and tailor
care to individual critical illness survivors.***’ In patients
who followed up in the Vanderbilt ICU Recovery clinic,
there was a high prevalence of problems warranting
intervention, from cognitive impairment, anxiety, and
depression to physical debility and medication-related
problems.*” These clinics provide (1) timely access and lon-
gitudinal treatment for the multifaceted recovery of criti-
cally ill patients with COVID-19-associated ARDS and
(2) an opportunity to characterize the unique recovery needs
of patients with COVID-19-associated ARDS who were
supported with ECMO.

The ORACLE Group is a broadly multidisciplinary and
multisite collaboration of providers with mutual interest in
studying long-term outcomes in patients with COVID-19—
associated ARDS treated with ECMO (Figure 2). Require-
ments for participating sites include (1) use of ELSO recom-
mendations for ECMO support in patients with COVID-19
as a guideline for when and which patients to support with
ECMO, (2) a specialized team for the management of
ECMO patients, and (3) an established multidisciplinary
post-ICU recovery clinic. ORACLE is evaluating survivors
of COVID-19-related ARDS who required mechanical
ventilation, including those who were supported with
ECMO. The institutional review board waived the need for
Informed Written Consent (University of Colorado and all
other sites [COMIRB#20-0731], approved April 4, 2020).

Deidentified demographic, clinical, and laboratory data
associated with the inpatient stay and ECMO course are be-
ing collected. All patients are referred for post-ICU recov-
ery clinic follow-up during which period additional data
collection includes objective quantitative measures of
neuropsychiatric changes with the EuroQol 5-Dimension
health questionnaire, anxiety, depression and PTSD
screening, cognitive impairment with the Montreal Cogni-
tive Assessment, and physical function with a 6-minute
walk test, spirometry, and dyspnea score. These metrics
were guided by the Core ICU Outcome Measurement Set
for evaluating patients who recover from acute respiratory
failure by an International Modified Delphi Consensus
Study.”” A regression model will evaluate the effect of
ECMO and other chosen variables on long-term outcomes
at specific time points. To the best of our knowledge, no pre-
vious study has looked at the association between ECMO
and PICS-related outcomes in patients with COVID-19.
While we recognize there are likely inherent differences
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(eg, age and severity of illness) between patients who
receive ECMO and those who do not, it is well known
that PICS occurs in all types of patients in the ICU across
the spectrum of disease severity. Further, the hallmark fea-
tures of PICS were described in cohorts of patients with
ARDS, the primary disease process observed in patients
with COVID-19 and respiratory failure.” Based on the
previous literature around ICU survivorship, it is likely
that patients surviving ECMO experience some, if not all,
of the deficits observed in non-ECMO respiratory failure
survivors.

Although there are analyses supporting the cost-
effectiveness of ECMO in select populations, as well as
data showing multidisciplinary post-ICU recovery clinic in-
terventions reduce rehospitalizations, there are not yet any
data on the cost-effectiveness of combined critical care in-
terventions with post-ICU recovery care.”””' ™ Although
characterizing the recovery needs of post-ICU ECMO sur-
vivors can expand our existing paradigm of evaluating
cost-effectiveness of ECMO based on survival alone, cost
analysis in this particular case is limited by the fact that
the circumstances of the COVID-19 pandemic are substan-
tially different from the circumstances used to generate the
cost-effectiveness data in CESAR.” The demands on the
health care system generated by the pandemic, particularly
acute at the outset, were unanticipated and unbudgeted and
thus health care systems were understaffed, underspaced,
and underequipped—all exceptions to usual cost-based
modeling. Post-ICU recovery clinics across the United
States have opened out of necessity to treat the rapid in-
crease in critical illness survivors suffering from diagnoses
related to PICS. These clinics remain under-resourced.
Furthermore, the sudden rapid increase in virtual health
visits in combination with in-person clinic visits has a
cost-funding structure that continues to evolve.

In the span of several months, there are suddenly thou-
sands of critical illness survivors of COVID-19, including
hundreds recovering from ECMO. Understanding risk fac-
tors for short- and long-term outcomes unique to COVID-
19-associated respiratory failure, and ECMO survivors in
particular, is of paramount importance. In addition, charac-
terizing the recovery needs of these post-ICU survivors
expands our existing paradigm of evaluating cost-
effectiveness of ECMO based on survival alone. The press-
ing needs of this growing population require a multisite and
multidisciplinary collaboration to provide timely investiga-
tion and inform subsequent studies aimed at improving
the recovery of survivors of this unprecedented global
pandemic.

Conflict of Interest Statement
The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to
disclose conflicts of interest and to decline handling or



Mayer et al

Thoracic: Mechanical Circulatory Support: Expert Review

reviewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

References

1.

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,
Davidson KW, the Northwell COVID-19 Research Consortium. Presenting
characteristics, comorbidities, and outcomes among 5700 patients hospi-
talized with COVID-19 in the New York City area. JAMA. 2020;323:
2052-9.

. Wunsch H. Mechanical ventilation in COVID-19: interpreting the current epide-

miology. Am J Respir Crit Care Med. 2020;202:1-4.

. Extracorporeal Life Support Organization. ECMO in COVID-19. Available at:

https://www.elso.org/COVID19.aspx. Accessed August 18, 2020.

. Hopkins RO, Weaver LK, Collingridge D, Parkinson RB, Chan KJ, Orme JF Jr.

Two-year cognitive, emotional, and quality-of-life outcomes in acute respiratory
distress syndrome. Am J Respir Crit Care Med. 2005;171:340-7.

. Herridge MS, Moss M, Hough CL, Hopkins RO, Rice TW, Bienvenu OJ, et al.

Recovery and outcomes after the acute respiratory distress syndrome (ARDS)
in patients and their family caregivers. Intensive Care Med. 2016;42:725-38.

. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A,

et al. Functional disability 5 years after acute respiratory distress syndrome. N
Engl J Med. 2011:364:1293-304.

. Mikkelsen ME, Shull WH, Biester RC, Taichman DB, Lynch S, Demissie E, et al.

Cognitive, mood and quality of life impairments in a select population of ARDS
survivors. Respirology. 2009;14:76-82.

. Sanfilippo F, Ippolito M, Santonocito C, Martucci G, Carollo T, Bertani A, et al.

Long-term functional and psychological recovery in a population of acute respi-
ratory distress syndrome patients treated with VV-ECMO and in their caregivers.
Minerva Anestesiol. 2019;85:971-80.

. Roll MA, Kuys S, Walsh JR, Tronstad O, Ziegenfuss MD, Mullany DV. Long-

term survival and health-related quality of life in adults after extra corporeal
membrane oxygenation. Heart Lung Circ. 2019;28:1090-8.

Needham DM, Davidson J, Cohen H, Hopkins RO, Weinert C, Wunsch H, et al.
Improving long-term outcomes after discharge from intensive care unit: report
from a stakeholders’ conference. Crit Care Med. 2012;40:502-9.

Triplett KE, Ford A, Anstey M. Psychiatric symptoms post intensive care unit
admission. BMJ Case Rep. 2019;12.

. Bienvenu OJ, Williams JB, Yang A, Hopkins RO, Needham DM. Posttraumatic

stress disorder in survivors of acute lung injury: evaluating the impact of event
scale-revised. Chest. 2013;144:24-31.

Kamdar BB, Suri R, Suchyta MR, Digrande KF, Sherwood KD, Colantuoni E,
et al. Return to work after critical illness: a systematic review and meta-analysis.
Thorax. 2020;75:17-27.

Hosey MM, Needham DM. Survivorship after COVID-19 ICU stay. Nat Rev Dis
Primers. 2020;6:60.

. Prescott HC, Girard TD. Recovery from severe COVID-19: leveraging the les-

sons of survival from sepsis. JAMA. 2020;324:739-40.

FanE, Cheek F, Chlan L, Gosselink R, Hart N, Herridge MS, et al. An official Amer-
ican Thoracic Society clinical practice guideline: the diagnosis of intensive care
unit-acquired weakness in adults. Am J Respir Crit Care Med. 2014;190:1437-46.
Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N
Engl J Med. 2014;371:287-8.

Jolley SE, Bunnell AE, Hough CL. ICU-acquired weakness. Chest. 2016;150:
1129-40.

Latronico N, Bolton CF. Critical illness polyneuropathy and myopathy: a major
cause of muscle weakness and paralysis. Lancet Neurol. 2011;10:931-41.
Ohtake PJ, Lee AC, Scott JC, Hinman RS, Ali NA, Hinkson CR, et al. Physical
impairments associated with post—intensive care syndrome: systematic review
based on the World Health Organization’s international classification of func-
tioning, disability and health framework. Phys Ther. 2018;98:631-45.

Curci C, Pisano F, Bonacci E, Camozzi DM, Ceravolo C, Bergonzi R, et al. Early
rehabilitation in post-acute COVID-19 patients: data from an Italian COVID-19
rehabilitation unit and proposal of a treatment protocol. A cross-sectional study.
Eur J Phys Rehabil Med. 2020;56:633-41.

Davidson JE, Harvey MA, Bemis-Dougherty A, Smith JM, Hopkins RO. Imple-
mentation of the pain, agitation, and delirium clinical practice guidelines and
promoting patient mobility to prevent post-intensive care syndrome. Crit Care
Med. 2013;41:S136-45.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Parker AM, Sricharoenchai T, Raparla S, Schneck KW, Bienvenu OJ,
Needham DM. Posttraumatic stress disorder in critical illness survivors: a meta-
analysis. Crit Care Med. 2015;43:1121-9.

Nikayin S, Rabiee A, Hashem MD, Huang M, Bienvenu OJ, Turnbull AE, et al.
Anxiety symptoms in survivors of critical illness: a systematic review and meta-
analysis. Gen Hosp Psychiatry. 2016;43:23-9.

Rabiee A, Nikayin S, Hashem MD, Huang M, Dinglas VD, Bienvenu OJ, et al.
Depressive symptoms after critical illness: a systematic review and meta-anal-
ysis. Crit Care Med. 2016;44:1744-53.

Reynolds DL, Garay JR, Deamond SL, Moran MK, Gold W, Styra R. Under-
standing, compliance and psychological impact of the SARS quarantine experi-
ence. Epidemiol Infect. 2008;136:997-1007.

Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al.
The psychological impact of quarantine and how to reduce it: rapid review of the
evidence. Lancet. 2020;395:912-20.

Wolters AE, Slooter AJC, van der Kooi AW, van Dijk D. Cognitive impairment
after intensive care unit admission: a systematic review. Intensive Care Med.
2013;39:376-86.

Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT,
et al. Long-term cognitive impairment after critical illness. N Engl J Med.
2013;369:1306-16.

Mcloughlin BC, Miles A, Webb TE, Knopp P, Eyres C, Fabbri A, et al. Functional
and cognitive outcomes after COVID-19 delirium. Eur Geriatr Med. 2020;11:
857-62.

Herman C, Mayer K, Sarwal A. Scoping review of prevalence of neurologic co-
morbidities in patients hospitalized for COVID-19. Neurology. 2020;95:77-84.
Heneka MT, Golenbock D, Latz E, Morgan D, Brown R. Immediate and long-
term consequences of COVID-19 infections for the development of neurological
disease. Alzheimers Res Ther. 2020;12:69.

Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM, et al.
Efficacy and economic assessment of conventional ventilatory support versus
extracorporeal membrane oxygenation for severe adult respiratory failure (CE-
SAR): a multicentre randomised controlled trial. Lancet. 2009;374:1351-63.
Stoll C, Haller M, Briegel J, Meier M, Manert W, Hummel T, et al. Health-related
quality of life. Long-term survival in patients with ARDS following extracorpo-
real membrane oxygenation (ECMO). Anaesthesist. 1998;47:24-9 [in German].
Harley O, Reynolds C, Nair P, Buscher H. Long-term survival, posttraumatic
stress, and quality of life post extracorporeal membrane oxygenation. ASAIO
J. 2020;66:909-14.

Sylvestre A, Adda M, Maltese F, Lannelongue A, Daviet F, Parzy G, et al. Long-
term neurocognitive outcome is not worsened by of the use of venovenous
ECMO in severe ARDS patients. Ann Intensive Care. 2019;9:82.

Abrams D, Javidfar J, Farrand E, Mongero LB, Agerstrand CL, Ryan P, et al.
Early mobilization of patients receiving extracorporeal membrane oxygenation:
a retrospective cohort study. Crit Care. 2014;18:R38.

Rehder KJ, Turner DA, Hartwig MG, Williford WL, Bonadonna D,
Walczak RJ Jr, et al. Active rehabilitation during extracorporeal membrane
oxygenation as a bridge to lung transplantation. Respir Care. 2013;58:1291-8.
KoY, Cho YH, Park YH, Lee H, Suh GY, Yang JH, et al. Feasibility and safety of
early physical therapy and active mobilization for patients on extracorporeal
membrane oxygenation. ASAIO J. 2015;61:564-8.

Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ, Esbrook CL,
et al. Early physical and occupational therapy in mechanically ventilated, criti-
cally ill patients: a randomised controlled trial. Lancet. 2009;373:1874-82.
Balas MC, Devlin JW, Verceles AC, Morris P, Ely EW. Adapting the ABCDEF
bundle to meet the needs of patients requiring prolonged mechanical ventilation
in the long-term acute care hospital setting: historical perspectives and practical
implications. Semin Respir Crit Care Med. 2016;37:119-35.

Barr J, Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al. Clinical practice
guidelines for the management of pain, agitation, and delirium in adult patients in
the intensive care unit. Crit Care Med. 2013;41:263-306.

Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC, Pandharipande PP,
et al. Clinical practice guidelines for the prevention and management of pain,
agitation/sedation, delirium, immobility, and sleep disruption in adult patients
in the ICU. Crit Care Med. 2018;46:¢825-73.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J, et al.
Caring for critically ill patients with the ABCDEF bundle: results of the ICU
liberation collaborative in over 15,000 adults. Crit Care Med. 2019;47:3-14.
Marra A, Pandharipande PP, Girard TD, Patel MB, Hughes CG, Jackson JC, et al.
Co-occurrence of post-intensive care syndrome problems among 406 survivors of
critical illness*. Cri Care Med. 2018;46:1393-401.

JTCVS Open ¢ Volume 5, Number C 167


http://refhub.elsevier.com/S2666-2736(20)30144-3/sref1
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref1
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref1
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref1
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref1
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref2
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref2
https://www.elso.org/COVID19.aspx
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref4
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref4
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref4
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref5
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref5
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref5
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref6
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref6
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref6
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref6
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref7
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref7
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref7
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref8
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref8
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref8
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref8
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref9
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref9
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref9
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref10
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref10
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref10
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref11
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref11
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref12
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref12
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref12
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref13
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref13
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref13
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref14
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref14
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref15
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref15
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref16
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref16
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref16
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref17
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref17
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref18
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref18
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref19
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref19
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref20
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref20
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref20
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref20
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref21
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref21
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref21
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref21
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref22
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref22
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref22
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref22
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref23
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref23
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref23
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref24
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref24
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref24
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref25
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref25
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref25
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref26
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref26
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref26
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref27
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref27
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref27
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref28
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref28
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref28
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref29
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref29
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref29
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref30
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref30
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref30
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref31
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref31
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref32
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref32
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref32
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref33
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref33
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref33
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref33
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref34
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref34
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref34
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref35
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref35
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref35
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref36
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref36
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref36
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref37
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref37
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref37
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref38
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref38
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref38
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref39
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref39
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref39
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref40
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref40
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref40
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref41
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref41
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref41
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref41
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref42
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref42
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref42
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref42
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref43
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref43
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref43
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref43
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref43
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref44
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref44
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref44
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref45
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref45
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref45

Thoracic: Mechanical Circulatory Support: Expert Review

Mayer et al

46.

47.

48.

49.

50.

168

Bakhru RN, Davidson JF, Bookstaver RE, Kenes MT, Peters SP, Welborn KG,
et al. Implementation of an ICU recovery clinic at a tertiary care academic center.
Crit Care Explor. 2019;1:e0034.

Sevin CM, Bloom SL, Jackson JC, Wang L, Ely EW, Stollings JL. Comprehen-
sive care of ICU survivors: development and implementation of an ICU recovery
center. J Crit Care. 2018;46:141-8.

Khan BA, Lasiter S, Boustani MA. CE: critical care recovery center: an innova-
tive collaborative care model for ICU survivors. Am J Nurs. 2015;115:24-31. quiz
34, 46.

Modrykamien AM. The ICU follow-up clinic: a new paradigm for intensivists.
Respir Care. 2012;57:764-72.

Needham DM, Sepulveda KA, Dinglas VD, Chessare CM, Friedman LA,
Bingham CO III, et al. Core outcome measures for clinical research in acute res-
piratory failure survivors. An international modified Delphi consensus study. Am
J Respir Crit Care Med. 2017;196:1122-30.

JTCVS Open * March 2021

51,

52.

53.

Key Words:

Wang J, Liebel DV, Yu F, Caprio TV, Shang J. Inverse dose-response relationship
between home health care services and rehospitalization in older adults. J Am
Med Dir Assoc. 2019:;20:736-42.

Madigan EA, Gordon NH, Fortinsky RH, Koroukian SM, Pina I, Riggs JS. Re-
hospitalization in a national population of home health care patients with heart
failure. Health Serv Res. 2012:47:2316-38.

Freburger JK, Li D, Fraher EP. Community use of physical and occupational ther-
apy after stroke and risk of hospital readmission. Arch Phys Med Rehabil. 2018;
99:26-34.e5.

extracorporeal membrane oxygenation

(ECMO), acute respiratory distress syndrome (ARDS), co-
ronavirus-19 (COVID-19), post-intensive care syndrome
(PICS), ICU recovery


http://refhub.elsevier.com/S2666-2736(20)30144-3/sref46
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref46
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref46
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref47
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref47
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref47
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref48
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref48
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref48
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref49
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref49
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref50
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref50
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref50
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref50
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref51
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref51
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref51
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref52
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref52
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref52
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref52
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref53
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref53
http://refhub.elsevier.com/S2666-2736(20)30144-3/sref53

	Long-term recovery of survivors of coronavirus disease (COVID-19) treated with extracorporeal membrane oxygenation: The nex ...
	COVID-19 Critical Illness, ECMO, and Postintensive Care Syndrome (PICS)
	COVID-19 and ECMO Recovery
	Conflict of Interest Statement

	References


