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Rehabilitation Characteristics of Acute-stage COVID-19
Survivors Managed with Extracorporeal Membrane
Oxygenation in the Intensive Care Unit

Tomoko Sakai, MD, PhD ? Chisato Hoshino, MD, PhD * Megumi Nakano, MD ? Yu Fujiwara, MD ?

and Atsushi Okawa, MD, PhD P

Objectives: This study aimed to describe the rehabilitation characteristics of patients with acute
stage coronavirus disease managed with extracorporeal membrane oxygenation (ECMO) in the
intensive care unit. Methods: This retrospective study enrolled coronavirus disease patients
who underwent rehabilitation following ECMO between April 21, 2020, and August 20, 2021.
The following patient data were evaluated: age, sex, weaning, peak C-reactive protein, lowest
albumin level, white blood cell count, use of steroids and muscle relaxants, duration of respiratory
management, ECMO management and rehabilitation, Medical Research Council (MRC) score,
and Barthel index after sedation and at discharge. Results: ECMO was performed in 20 patients,
and 16 were weaned successfully. The median durations of ECMO and respiratory management
in survivors were 14.5 and 38 days, respectively. The median MRC scores after sedation and after
rehabilitation therapy were 18 and 45, respectively. The median rehabilitation duration after seda-
tion was 14 days. The MRC score after sedation showed significant correlations with the durations
of ECMO and intubation. The median Barthel index values after sedation and at discharge were 0
and 30, respectively. Conclusions: Rehabilitation was important for patients with severe corona-
virus disease because muscle weakness advanced in proportion with the durations of ECMO and
ventilation management in the intensive care unit.

Key Words: COVID-19; extracorporeal membrane oxygenation; ICU-acquired weakness; Medical
Research Council score; rehabilitation

INTRODUCTION

Patients with acute respiratory distress syndrome (ARDS)
caused by coronavirus disease (COVID-19) require respira-
tory management, including lung recruitment, proning,
neuromuscular blockade, and sedation. Extracorporeal
membrane oxygenation (ECMO) is considered in COVID-19
patients when standard respiratory support does not improve
respiratory function. For patients with severe COVID-19, the
ventilator is managed at low-pressure settings to allow lung
rest as per the “Extracorporeal Life Support Organization:
COVID-19 interim guidelines” which recommends pro-

longed ECMO use in these patients.” Sedation and analgesia
are resumed depending on the patient’s level of anxiety and
discomfort, although sedation should be minimal. More-
over, the most important thing for the ECMO management,
venous blood drainage of ECMO equipment must not be
limited by the reason that the patient is anxious, moving,
or coughing, and blood flow should be adequate to support
systemic perfusion or gas exchange. Sufficient sedation is
important to avoid an increase in the basal metabolism, and
neuromuscular blockade with muscle relaxants and cooling
may be necessary if venous drainage cannot be achieved.
Patients with severe COVID-19 are susceptible to sev-
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eral potential complications, including intensive care unit-
acquired weakness (ICU-AW).? ICU-AW commonly occurs
during treatment in the ICU, and its well-recognized risk
factors, independent of the etiology of ICU admission, are
sepsis, multiorgan system failure, severe inflammatory re-
sponse syndrome, prolonged sedation, prolonged mechanical
ventilation, immobility, hyperglycemia, and use of glucocor-
ticoids or neuromuscular blocking agents.? The acquisition
of neuromuscular dysfunction during critical illness is
associated with increased morbidity in adults, prolonged
ICU stay and hospitalization, increased days of mechanical
ventilation, and poor overall function and quality of life after
discharge from hospital.*~® ICU-AW is also associated with
increased mortality in critically ill adults.”)

Literature studies of ECMO in COVID-19 patients re-
port long median durations of ECMO of 13.9-20 days.”'?
Moreover, successful native lung recovery has been reported
after prolonged veno-venous (V-V) ECMO support (>28
days).!” Based on these results, active rehabilitation should
be performed in ECMO survivors when weaning from
ECMO and during extubation of the ventilator to overcome
post-intensive care syndrome (PICS). To date, there are few
reports on rehabilitation in ICU patients, especially those on
ECMO support, despite such patients reportedly being at risk
of ICU-AW because of prolonged ECMO.'*!>) Therefore, this
study aimed to describe the rehabilitation characteristics of
patients with severe COVID-19 who were managed with
ECMO in the ICU and to determine whether these survivors
could successfully resume social life.

MATERIALS AND METHODS

Study Design and Setting

This was a single-center, retrospective, observational
study. The Tokyo Medical and Dental University is a gen-
eral acute care hospital with 814 beds located in Tokyo.
For patients with a confirmed diagnosis of COVID-19, the
hospital provided two dedicated general wards and an ICU.
Patients in the COVID-19 ICU required oxygen therapy (>5
L/min) and underwent either intubation or treatment with
respiratory management, including ECMO, according to
the “Extracorporeal Life Support Organization: COVID-19
interim guidelines.” Treatments also included medication
for COVID-19 (remdesivir, dexamethasone, or baricitinib)
and intensive care for ARDS, such as prone positioning,
continuous renal replacement therapy (CRRT), and nitric
oxide treatment. Patients were admitted to the COVID-19
ICU from the emergency center or were transported from

other hospitals or from the in-house COVID-19 general
wards. For patients with hypercoagulability, anticoagulants
(internal use of rivaroxaban or intravenous administration of
heparin) were provided according to the patients’ D-dimer
and C-reactive protein levels.

We formed a COVID-19 rehabilitation team consisting of
one rehabilitation doctor and several physical therapists. From
the time of admission to the COVID-19 ICU, rehabilitation
therapy was prescribed by the rehabilitation doctor. Every
morning, the rehabilitation doctor and physical therapists
evaluated each patient’s general status together with ICU
doctors in a multidisciplinary approach, and rehabilitation
was initiated depending on the patient’s condition. To avoid
hospital-acquired infections, doctors and physical therapists
wore complete personal protective equipment (PPE) dur-
ing rehabilitation therapy. The PPE included a disposable
fluid-resistant long-sleeved gown, N95 mask, goggles or face
shield, cap, and double gloves. Although donning and doffing
complete PPE takes substantial time and effort, it is necessary
to prevent disease transmission. Staff members were trained
in the correct methods of wearing, removing, and disposing
of PPE, including checking the fit of the N95 mask. During
ECMO management with sedation, joint mobilization was
performed with consideration for the safety of blood access
or ECMO venous blood drainage. Electric muscle stimula-
tion was attempted, avoiding blood access points and ECMO
venous blood drainage in each thigh; however, because of
the use of muscle relaxants and sedatives, muscle contraction
was usually not obtained.

Immediately after patients emerged from sedation after
ECMO support and respiratory condition improved with
the mode of respirator getting lower, muscle facilitation and
muscle training were initiated along with the evaluation of
muscle strength. Safe mobilization was attempted consider-
ing muscle strength and respiratory function to avoid the de-
velopment of life-threatening hypoxia or reintubation. Early
mobilization or sitting on the side of the bed was attempted
gradually to avoid increases in oxygen demand and was per-
formed with control of oxygen saturation and monitoring of
patient fatigue. Occasionally, a cycle ergometer with an au-
tomated mechanism was used to control the oxygen demand
when even sit on bed was not available. The cycle ergometer
was used passively (no effort by the patient) and actively.

Survivors were transferred from the ICU to the general
ward immediately after their respiratory condition improved
following extubation or ECMO treatment. In some cases,
after extubation and when intensive care was completed,
patients were returned to the hospital where they were previ-
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ously admitted without active rehabilitation before departure.

Patients

To evaluate rehabilitation in patients with COVID-19
treated with ECMO, we retrospectively analyzed the data
of all consecutive patients with COVID-19 admitted to the
COVID-19 ICU who received ECMO management in our
hospital together with rehabilitation between April 21, 2020,
and August 20, 2021. COVID-19 was diagnosed based on
a positive polymerase chain reaction test result for severe
acute respiratory syndrome-coronavirus-2.

We recorded the following patient data: sex, age, body
mass index (BMI), outcome (weaning), lowest albumin level,
peak C-reactive protein (CRP) level, white blood cell (WBC)
count from admission to the end of ECMO management, and
the use of steroids and muscle relaxants. The outcome was
weaning from ECMO. For the ECMO survivors (patients
who were alive at the end of the study period after being
weaned from ECMO), we investigated the duration of intu-
bation, ECMO management, and rehabilitation, as well as
the Medical Research Council (MRC) score and Barthel
index after sedation. The MRC score was determined after
terminating sedative drugs when the Richmond Agitation-
Sedation Scale score ranged from —2 to 0. For patients
transferred to rehabilitation hospitals from our hospital, the
MRC score or Barthel index at discharge from our hospital
was recorded. The Barthel index at 3 months after the end of
ECMO management was determined at the outpatient facil-
ity or from medical charts.

Ethical Considerations

This study was approved by the Research Ethics Commit-
tee of Tokyo Medical and Dental University (M2018-073)
and was conducted in accordance with the World Medical
Association Declaration of Helsinki. The decision-making
ability of some patients at the time of admission was com-
promised because they were intubated and sedated, and
some were immediately intubated on admission because of
low oxygen saturation. Patients identified a family member
to provide consent on their behalf because written consent
from COVID-19 patients was not directly obtained due to
the risk of virus transmission. Written informed consent was
obtained by mail from a family member who was selected
as the key person or guardian (conservator) because visitors
were not allowed to visit our hospital during the pandemic.
In Japan, digital signatures are not considered to be legally
binding.

Statistical Analysis

A minimum sample size of 29 patients was calculated
based on a power of 80%, an a error of 5%, and an effect size
of 0.5. The correlations between the MRC scores of ECMO
survivors after sedation and other factors were assessed us-
ing Pearson’s correlation coefficient. The analyzed factors
were age, intubation duration, ECMO duration, maximum
WBC count, maximum CRP level, lowest albumin level,
and BMI. All statistical analyses were performed using Bell
Curve for Excel 2016 (Social Survey Research Information,
Tokyo, Japan). Statistical significance was set at P <0.05.

RESULTS

In total, 132 COVID-19 patients were admitted to the ICU,
and ECMO was performed in 20 of them (16 men, 4 women;
mean age: 55.7 years) (Table 1). Among these 20 patients, 16
were successfully weaned from ECMO. The 16 successfully
weaned patients had a median age of 56 years, a median peak
WBC count 0f20.45 x 103 cells/dL, a median lowest albumin
level of 2.5 g/dL, and a median peak CRP level of 25.5 mg/
mL. The comorbidities in survivors included hypertension in
four patients, hyperlipidemia in two patients, diabetes mel-
litus in one patient, heart disease in one patient, and chronic
renal dysfunction in one patient. The comorbidities in non-
survivors included hyperlipidemia in two patients, diabetes
mellitus in two patients, heart disease in one patient, malig-
nant disease in one patient, and cerebrovascular disease in
one patient.

The median duration of ECMO management in ECMO
survivors was 14.5 days, and that of respiratory manage-
ment was 38 days. The median MRC score after sedation in
ECMO survivors was 18. In five cases, the MRC score after
sedation was 0, and no muscle contraction was observed.

The median MRC score at discharge was 45, ranging from
6 to 54. Rehabilitation was performed for a median duration
of 14 days, and eight patients were discharged from our ICU
directly to other hospitals for further treatment after inten-
sive care and rehabilitation.

The MRC score after sedation showed significant negative
correlations with ECMO duration (P=0.0023) and intubation
duration (P <0.001) (Fig. 1, Table 2). There was no sig-
nificant correlation between MRC score after sedation and
age, maximum WBC count, maximum CRP level, lowest
albumin level, or BMI. Steroid pulse treatment and muscle
relaxants were used in all cases. After sedation, the median
initial Barthel index was 0 and that on discharge was 30.
The median final Barthel index, which was obtained from
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Fig. 1. Correlations between MRC score after sedation and
ECMO duration (a) and intubation duration (b).

the patients’ medical charts or via telephone interview with
eight patients, was 100.

DISCUSSION

This study examined the rehabilitation characteristics of
16 patients with severe COVID-19 who were managed with
ECMO in the ICU. Our results show that the median MRC
score after sedation was 18. In 5 of the 16 cases, the MRC
score after sedation was 0, and no muscle contraction was
observed. The MRC score after sedation showed significant
correlations with the duration of ECMO and duration of

intubation.

Sixteen of 20 patients with severe COVID-19 were weaned
from ECMO management in the ICU; the mortality rate was
20% in the present study. According to pre-pandemic his-
torical data from the ELSO registry, V-V ECMO results in a
mortality rate of approximately 40%, whereas veno-arterial
(V-A) ECMO and extracorporeal cardiopulmonary resusci-
tation have mortality rates of 55% and 71%, respectively.'?
Our mortality rate was lower than that reported in previous
studies, although our indication of ECMO was consistent
with the guidelines. This result might depend on the patients’
conditions and other treatments, such as CRRT or steroid
pulse treatment.

The median duration of ECMO management was 14.5
days, which is almost the same as that reported in previous
studies on ECMO in COVID-19."” For each patient, the
duration depends on the recovery of the PaO,/FiO, ratio; the
longest duration of ECMO with successful weaning was 28
days.

In the present study, severe muscle weakness occurred
after ECMO management in COVID-19 patients. The me-
dian MRC score after sedation after surviving ECMO was
18, and five patients had the lowest score of 0. After the
interruption of sedation in these patients, it was difficult to
assess the recovery of consciousness because they could not
move their body. Initially, some patients could not close or
open their eyes, nor could they move their eyebrows at will,
even if they had a clear level of consciousness. In such cases,
several days were required to determine whether the patient
had a clear level of consciousness, which was determined
by the patient’s attempts to answer questions by moving
their eyelids or eyebrows on request. For patients that were
unable to move, we ruled out akinetic mutism based on the
patients’ attempts to respond to questions through changes in
their facial expressions. Extreme muscle weakness in ECMO
patients immediately after the termination of sedation should
be taken into consideration for intubated patients after the
interruption of sedation.

ICU-AW is reported to originate from critical illness poly-
neuropathy (CIP), critical illness myopathy (CIM), or criti-
cal illness polyneuromyopathy (CIPM).!® In a study of the

Table 2. Relationship between MRC score after sedation and factors in patients with severe COVID-19 requiring ECMO

ECMO Intubation Peak level Peak level of Lowest level
Age period duration of CRP WBC of albumin BMI
Correlation coefficient  0.0813 —-0.3219 —0.5446 0.4309 0.2911 0.6597 —-0.3899
P 0.0949 0.0023* <0.001* 0.761 0.372 0.363 0.628

* P <0.05

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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neurophysiological characterization of muscular weakness
in patients with severe COVID-19 in the ICU, CIP, CIM,
and CIPM were the most frequently encountered neuro-
logical disorders based on the clinical or neurophysiological
evaluation (4/6; 66%).” To diagnose ICU-AW, evaluation of
electroneuromyography is recommended. However, we did
not evaluate this parameter in our COVID-19 ICU because
of noise in the electronic equipment in the ICU. Therefore,
our ICU-AW cases were diagnosed by clinical means and not
through a neurophysiological test.

In the current study, the only factors related to ICU-AW
under ECMO support in COVID-19 patients were ECMO
duration and intubation duration. The MRC score after seda-
tion correlated with ECMO duration and intubation duration
but not with other factors such as the peak WBC count, peak
CRP, or lowest albumin level. The peak WBC count and peak
CRP level were similarly very high. Elevated interleukin-6
levels at admission may be a predictive biomarker of ICU-
AW in COVID-19 patients,? although it was not measured
in our hospital. Almost all patients underwent steroid pulse
treatment or neuromuscular blockage, and we could not in-
vestigate the correlation between steroid pulse treatment or
neuromuscular blockage and the MRC score after sedation.
The lowest albumin level was considered to be an indicator
of nutritional status; however, the MRC score after sedation
and the lowest albumin level were not correlated. This might
be because albumin was always supplemented when it was
low for the management of blood pressure or continuous
hemodialysis during ECMO management; therefore, the
albumin value was not an accurate indicator of nutritional
status. Prealbumin levels were not checked during ECMO
management.

The COVID-19 cases that involved longer ECMO duration
were more severe than the others, and immobilization might
not have been the main reason for the low MRC score after
sedation. Although the severity of sepsis or other morbidi-
ties could be related to immobilization, early mobilization
was impossible during ECMO management or sedation.
We could not identify the factors directly related to muscle
weakness in ECMO management; nevertheless, the patients
who underwent longer durations of ECMO and intubation re-
quired rehabilitation because of muscle weakness. In recent
reports on ICU treatment, to reduce the incidence of PICS,
early mobilization in the ICU has been recommended as part
of the ABCDEF bundle: awakening, breathing coordination,
delirium monitoring and management, early mobilization,
and family engagement and empowerment.!”'” Early mo-
bilization includes activities such as sitting, standing, am-

bulation, passive range-of-motion exercises, and ergometry.
However, in ECMO patients, early mobilization cannot be
performed because of the circumstances of lung rest, seda-
tion, and the use of forcible ventilation during ECMO, as
shown in the guidelines."

The median rehabilitation duration in our hospital was
14 days. Despite the short duration of rehabilitation, recov-
ery was achieved to some extent. The patients recovered
gradually from muscle weakness; the median MRC score
on discharge from our hospital was 45, whereas the median
MRC score after sedation was 18. In patients where the MRC
score after sedation was 0, MRC scores recovered to 6—48 on
discharge. The median Barthel index increased from 0 after
sedation to 30 on discharge. In eight early-stage cases, the fi-
nal Barthel index was determined during outpatient visits or
from medical charts at 3 months. The median Barthel index
of these patients was 100. Survivors complained of muscle
weakness, impaired handgrip, and nerve pain at 6 months
after discharge,’” although eight of our patients showed
relatively good recovery. The recovery from axon damage
in ICU-AW may be worse than that of myelin sheath injury
in neuropathy.

ECMO was performed on patients with the most severe
COVID-19 disease, and the survivors successfully recovered
with comprehensive intensive care treatment. The range of
muscle weakness varied, with some showing 0 in the MRC
test, although some of these patients showed a maximum
Barthel index within 3 months. However, it is uncertain
whether patients can always recover from this muscle weak-
ness, and the time that it takes to recover is unclear. Follow-
up is necessary to determine the characteristics of PICS
associated with COVID-19. Nevertheless, rehabilitation in
patients with severe COVID-19 in the ICU is very important
immediately after sedation is removed.

This study has several limitations. First, this was a single-
center, retrospective, observational study of the character-
istics of rehabilitation in patients with severe COVID-19.
The sample size of this study was smaller than that required
(n=29). We could not perform regression or subgroup analy-
sis to evaluate the factors affecting the outcome of the MRC
score in COVID-19 patients on ECMO because this was
a pilot study with a small sample size. Therefore, a larger
multicenter cohort study should be performed for a longer
duration to validate the efficacy and validity of rehabilita-
tion in COVID-19 cases from multiple viewpoints. Although
relatively few patients were included in the current analysis,
we believe that the present study is clinically meaningful
because it provides information on the characteristics of
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patients with COVID-19. The urgent need for rehabilitation
should be emphasized to gain the good outcome in compre-
hensive COVID-19 treatment. Second, COVID-19 data vary
by country, region, and governmental policy. The findings of
this study may be peculiar to Japan or regions with similar
governmental policies. Further long-term investigation is
necessary to statistically identify the cause of ICU-AW in
COVID-19 patients and to determine the outcomes of reha-
bilitation in ECMO survivors.

In conclusion, for 16 survivors of ECMO treatment in our
COVID-19 ICU, the median ECMO duration was 14.5 days
and the median MRC score after sedation was 18. To address
ICU-AW and serious muscle weakness caused by long-term
ECMO and intubation, intensive rehabilitation for ECMO
survivors should start immediately after sedation. A further
multicenter investigation with a relatively large sample size
could help clarify the effect of rehabilitation in patients with
COVID-19-related ARDS managed by ECMO.

ACKNOWLEDGMENTS

We sincerely thank all the doctors, physical therapists, and
our colleagues in the Department of Rehabilitation Medicine,
Tokyo Medical and Dental University, for their dedicated ef-
forts in treating patients with COVID-19.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

REFERENCES

1. Extracorporeal Life Support Organization: COVID-19
interim guidelines: a consensus document from an
international group of interdisciplinary ECMO provid-
ers.  https://www.elso.org/Portals/0/Files/pdf/guide-
lines%20els0%20covid%20for%20web_Final.pdf.
Accessed 31 Aug 2021.

2. Bax F, Lettieri C, Marini A, Pellitteri G, Surci-
nelli A, Valente M, Budai R, Patruno V, Gigli GL:
Clinical and neurophysiological characterization of
muscular weakness in severe COVID-19. Neurol Sci
2021;42:2173-2178. DOI:10.1007/s10072-021-05110-8,
PMID:33755815

3. Kress JP, Hall JB: ICU-acquired weakness and recov-
ery from critical illness. N Engl J Med 2014;370:1626—
1635. DOI:10.1056/NEJMral1209390, PMID:24758618

. Iwashyna TJ, Ely EW, Smith DM, Langa KM:

Long-term cognitive impairment and functional
disability among survivors of severe sepsis. JAMA
2010;304:1787-1794. DOI:10.1001/jama.2010.1553,
PMID:20978258

. Fletcher SN, Kennedy DD, Ghosh IR, Misra VP,

Kiff K, Coakley JH, Hinds CJ: Persistent neuro-
muscular and neurophysiologic abnormalities in
long-term survivors of prolonged critical illness.
Crit Care Med 2003;31:1012-1016. DOI:10.1097/01.
CCM.0000053651.38421.D9, PMID:12682465

. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn

A, Diaz-Granados N, Al-Saidi F, Cooper AB, Guest
CB, Mazer CD, Mehta S, Stewart TE, Barr A, Cook D,
Slutsky AS, Canadian Critical Care Trials Group: One-
year outcomes in survivors of the acute respiratory
distress syndrome. N Engl J Med 2003;348:683—-693.
DOI:10.1056/NEJM0a022450, PMID:12594312

. Semmler A, Okulla T, Kaiser M, Seifert B, Heneka

MT: Long-term neuromuscular sequelae of critical ill-
ness. J Neurol 2013;260:151-157. DOI:10.1007/s00415-
012-6605-4, PMID:22820684

. Sharshar T, Bastuji-Garin S, Stevens RD, Durand

MC, Malissin I, Rodriguez P, Cerf C, Outin H, De
Jonghe B: Presence and severity of intensive care unit-
acquired paresis at time of awakening are associated
with increased intensive care unit and hospital mortal-
ity. Crit Care Med 2009;37:3047-3053. DOI:10.1097/
CCM.0b013e3181b027e9, PMID:19770751

. Barbaro RP, MacLaren G, Boonstra PS, Iwashyna

TJ, Slutsky AS, Fan E, Bartlett RH, Tonna JE, Hys-
lop R, Fanning JJ, Rycus PT, Hyer SJ, Anders MM,
Agerstrand CL, Hryniewicz K, Diaz R, Lorusso R,
Combes A, Brodie D, Extracorporeal Life Support
Organization: Extracorporeal membrane oxygenation
support in COVID-19: an international cohort study
of the Extracorporeal Life Support Organization reg-
istry. Lancet 2020;396:1071-1078. DOI:10.1016/S0140-
6736(20)32008-0, PMID:32987008

Copyright © 2022 The Japanese Association of Rehabilitation Medicine


https://www.elso.org/Portals/0/Files/pdf/guidelines%20elso%20covid%20for%20web_Final.pdf
https://www.elso.org/Portals/0/Files/pdf/guidelines%20elso%20covid%20for%20web_Final.pdf
https://doi.org/10.1007/s10072-021-05110-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33755815?dopt=Abstract
https://doi.org/10.1056/NEJMra1209390
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24758618?dopt=Abstract
https://doi.org/10.1001/jama.2010.1553
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20978258?dopt=Abstract
https://doi.org/10.1097/01.CCM.0000053651.38421.D9
https://doi.org/10.1097/01.CCM.0000053651.38421.D9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12682465?dopt=Abstract
https://doi.org/10.1056/NEJMoa022450
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12594312?dopt=Abstract
https://doi.org/10.1007/s00415-012-6605-4
https://doi.org/10.1007/s00415-012-6605-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22820684?dopt=Abstract
https://doi.org/10.1097/CCM.0b013e3181b027e9
https://doi.org/10.1097/CCM.0b013e3181b027e9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19770751&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)32008-0
https://doi.org/10.1016/S0140-6736(20)32008-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32987008?dopt=Abstract

Sakai T, et al: ICU-AW of COVID-19 Survivors with ECMO Support

10.

11.

12.

13.

14.

Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot
G, Levy D, Baron E, Beurton A, Chommeloux J, Meng
P, Nemlaghi S, Bay P, Leprince P, Demoule A, Guidet
B, Constantin JM, Fartoukh M, Dres M, Combes A,
Groupe de Recherche Clinique en REanimation et
Soins intensifs du Patient en Insuffisance Respiratoire
aiguE (GRC-RESPIRE) Sorbonne Université, Paris-
Sorbonne ECMO-COVID investigators: Extracorpo-
real membrane oxygenation for severe acute respira-
tory distress syndrome associated with COVID-19:
a retrospective cohort study. Lancet Respir Med
2020;8:1121-1131. DOI:10.1016/S2213-2600(20)30328-
3, PMID:32798468

Lorusso R, Combes A, Lo Coco V, De Piero ME,
Belohlavek J, EuroECMO COVID-19 Working-
Group, Euro-ELSO Steering Committee: ECMO for
COVID-19 patients in Europe and Israel. Intensive
Care Med 2021;47:344-348. DOI:10.1007/s00134-020-
06272-3, PMID:33420797

Badulak J, Antonini MV, Stead CM, Shekerdemian L,
Raman L, Paden ML, Agerstrand C, Bartlett RH, Bar-
rett N, Combes A, Lorusso R, Mueller T, Ogino MT,
Peck G, Pellegrino V, Rabie AA, Salazar L, Schmidt
M, Shekar K, MacLaren G, Brodie D, ELSO CO-
VID-19 Working Group Members: Extracorporeal
membrane oxygenation for COVID-19: updated 2021
guidelines from the extracorporeal life support orga-
nization. ASAIO J 2021;67:485-495. DOI:10.1097/
MAT.0000000000001422, PMID:33657573

Dreier E, Malfertheiner MV, Dienemann T, Fisser C,
Foltan M, Geismann F, Graf B, Lunz D, Maier LS,
Miiller T, Offner R, Peterhoff D, Philipp A, Salzberger
B, Schmidt B, Sinner B, Lubnow M: ECMO in CO-
VID-19—prolonged therapy needed? A retrospective
analysis of outcome and prognostic factors. Perfusion
2021;36:582-591. DOI:10.1177/0267659121995997,
PMID:33612020

Goodwin VA, Allan L, Bethel A, Cowley A, Cross
JL, Day J, Drummond A, Hall AJ, Howard M, Morley
N, Thompson Coon J, Lamb SE: Rehabilitation to
enable recovery from COVID-19: a rapid systematic
review. Physiotherapy 2021;111:4-22. DOI:10.1016/j.
physio.2021.01.007, PMID:33637294

15.

16.

17.

18.

19.

20.

Wiertz CM, Vints WA, Maas GJ, Rasquin SM, van
Horn YY, Dremmen MP, Hemmen B, Verbunt JA:
COVID-19: patient characteristics in the first phase of
postintensive care rehabilitation. Arch Rehabil Res Clin
Transl 2021;3:100108. DOI:10.1016/j.arrct.2021.100108,
PMID:33558860
Vanhorebeek 1,
G: ICU-acquired weakness. Intensive Care Med
2020;46:637-653.  DOI:10.1007/s00134-020-05944-4,
PMID:32076765

Vasilevskis EE, Ely EW, Speroff T, Pun BT, Boehm L,
Dittus RS: Reducing iatrogenic risks: ICU-acquired

Latronico N, Van den Berghe

delirium and weakness—crossing the quality chasm.
Chest2010;138:1224-1233. DOI:10.1378/chest.10-0466,
PMID:21051398

Balas MC, Vasilevskis EE, Olsen KM, Schmid KK,
Shostrom V, Cohen MZ, Peitz G, Gannon DE, Sisson
J, Sullivan J, Stothert JC, Lazure J, Nuss SL, Jawa RS,
Freihaut F, Ely EW, Burke WJ: Effectiveness and safety
of the awakening and breathing coordination, delirium
monitoring/management, and early exercise/mobility
bundle. Crit Care Med 2014;42:1024-1036. DOI:10.1097/
CCM.0000000000000129, PMID:24394627

Miller MA, Govindan S, Watson SR, Hyzy RC,
Iwashyna TJ: ABCDE, but in that order? A cross-
sectional survey of Michigan intensive care unit
sedation, delirium, and early mobility practices. Ann
Am Thorac Soc 2015;12:1066—-1071. DOI:10.1513/
AnnalsATS.201501-0660C, PMID:25970737

Sidiras G, Patsaki I, Karatzanos E, Dakoutrou M,
Kouvarakos A, Mitsiou G, Routsi C, Stranjalis G,
Nanas S, Gerovasili V: Long term follow-up of qual-
ity of life and functional ability in patients with ICU
acquired weakness—a post hoc analysis. J Crit Care
2019;53:223-230. DOI:10.1016/j.jcrc.2019.06.022,
PMID:31277049

Copyright © 2022 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1016/S2213-2600(20)30328-3
https://doi.org/10.1016/S2213-2600(20)30328-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32798468?dopt=Abstract
https://doi.org/10.1007/s00134-020-06272-3
https://doi.org/10.1007/s00134-020-06272-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33420797?dopt=Abstract
https://doi.org/10.1097/MAT.0000000000001422
https://doi.org/10.1097/MAT.0000000000001422
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33657573?dopt=Abstract
https://doi.org/10.1177/0267659121995997
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33612020?dopt=Abstract
https://doi.org/10.1016/j.physio.2021.01.007
https://doi.org/10.1016/j.physio.2021.01.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33637294?dopt=Abstract
https://doi.org/10.1016/j.arrct.2021.100108
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33558860?dopt=Abstract
https://doi.org/10.1007/s00134-020-05944-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32076765&dopt=Abstract
https://doi.org/10.1378/chest.10-0466
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21051398?dopt=Abstract
https://doi.org/10.1097/CCM.0000000000000129
https://doi.org/10.1097/CCM.0000000000000129
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24394627?dopt=Abstract
https://doi.org/10.1513/AnnalsATS.201501-066OC
https://doi.org/10.1513/AnnalsATS.201501-066OC
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25970737?dopt=Abstract
https://doi.org/10.1016/j.jcrc.2019.06.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31277049?dopt=Abstract

