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Patients with COVID-19 may develop a range of neuro-
logical disorders. We report here 4 COVID-19 subjects
with intensive care unit-acquired weakness and their
functional outcome. In addition, a scoping review of
COVID-19 literature was performed to investigate this
issue. Of the post-COVID-19 patients admitted to our
Neuro-Rehabilitation Unit, 4 (3 males, 1 female; mean
age 59.2+8.62 years) had intensive care unit-acquired
weakness, diagnosed with electromyography. Muscle
strength and functional evaluation were performed on
all patients with Medical Research Council, Disability
Rating Scale and Functional Independence Measure,
respectively, at admission, discharge and 6-month
follow-up after discharge. Electromyography revealed
that 3 subjects had critical illness polyneuropathy and
1 had critical illness polyneuropathy/critical illness
myopathy. At follow-up, the 3 subjects with critical ill-
ness polyneuropathy reached full recovery. The patient
with critical illness polyneuropathy/critical illness
myopathy showed moderate disability requiring bila-
teral ankle foot-orthosis and support for ambulation.
The scoping review retrieved 11 studies of COVID-19
patients with intensive care unit-acquired weakness,
concerning a total of 80 patients: 23 with critical ill-
ness myopathy (7 probable), 21 with critical illness
polyneuropathy (8 possible), 15 with critical illness
polyneuropathy and myopathy (CIPNM) and 21 with
intensive care unit-acquired weakness. Of 35 patients
who survived, only 3 (8.5%) reached full recovery. All
3 had critical illness myopathy, but 2 of these had a
diagnosis of probable critical iliness myopathy. Inten-
sive care unit-acquired weakness commonly occurred
in subjects with COVID-19. Recovery was variable and
a low percentage reached full recovery. However, the
heterogeneity of studies did not allow definitive con-
clusions to be drawn.
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(LAY ABSTRACT )
Patients with COVID-19 may develop a range of neuro-
logical disorders. We report here 4 cases of COVID-19
patients with intensive care unit-acquired weakness and
their functional outcome. In addition, a scoping review
of the COVID-19 literature was performed to investi-
gate the occurrence of, and recovery from, intensive
care unit-acquired weakness and sub-types (critical ill-
ness polyneuropathy, critical illness myopathy and cri-
tical illness polyneuropathy/critical illness myopathy)
in subjects with COVID-19. Of these 4 patients, the 3
patients with critical illness polyneuropathy reached full
recovery. The patient with critical illness polyneuropat-
hy/critical illness myopathy showed moderate disability,
requiring use of a bilateral device (ankle foot-orthosis).
The scoping review of studies of COVID-19 patients
with intensive care unit-acquired weakness retrieved
a total of 80 patients: 21 with intensive care unit-ac-
quired weakness, 23 with critical illness myopathy, 21
with critical illness polyneuropathy, and 15 with critical
iliness polyneuropathy/critical illness myopathy. Inten-
sive care unit-acquired weakness commonly occurred
in COVID-19 subjects, but the outcome was variable
and a low percentage reached full recovery. COVID-19
subjects can develop long-term consequences and li-
mitations, particularly those with intensive care unit-
acquired weakness, who need more rehabilitation. New
rehabilitative strategies and well-designed studies in-

Qestigating the benefit of rehabilitation are necessary. J

ince the emergence of coronavirus disease COVID-19

(SARS-CoV-2) in China (1), it has spread rapidly to
become a severe worldwide pandemic. To date, epide-
miological data show more than 277 million people have
been infected and more than 5 million have died (2).
COVID-19 is a complex disease that predominantly
affects the lungs, producing characteristic interstitial
pneumonia with respiratory failure and critical condi-
tions, which can require mechanical ventilation (MV)
and admission to the intensive care unit (ICU). The large
number of people requiring hospital or ICU admission
has produced a health “tsunami”, stressing health systems
worldwide and resulting in organizational disciplinary
changes (3). A severe effect of the pandemic is the satura-
tion of intensive care capacity.
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During ICU stay and after discharge critically ill sub-
jects can develop a common neuromuscular compli-
cation, defined as ICU-acquired weakness (ICUAW),
which includes a spectrum of disorders including
critical illness polyneuropathy (CIP), critical illness
myopathy (CIM) and overlapping forms (CIP/CIM
or CIPNM) (4-6). The occurrence of this neurological
complication has been variously detected, with a range
of 45-80% (7-8). The types of ICUAW show charac-
teristic histological and electrophysiological features,
but are clinically indistinguishable, since all forms
produce weakness and bilateral limb paresis with an
absence of tendon reflexes. Although several studies
have been published about the disorders affecting
the central nervous system (CNS) and the peripheral
nervous system (PNS) in patients with COVID-19
(9-11), few reports investigating the occurrence of,
and recovery from, ICUAW types have been reported.

The aim of this study is to describe the case reports
and functional outcomes of 4 COVID-19 patients with
ICUAW admitted to our Neuro-Rehabilitation Unit. In
addition, a systematic review of the COVID-19 litera-
ture was performed to investigate occurrence of, and
recovery from, ICUAW in subjects with COVID-19.

CASE REPORTS OF PATIENTS WITH
COVID-19 AND ICUAW

After approval from the local Ethics Committee (Se-
zione Giovanni Paolo II- IRCCS Casa Sollievo della
Sofferenza) and informed consent, patients admit-
ted to our Neuro-Rehabilitation Unit between June
2020 and February 2021 with post-COVID-19 were
investigated. Ten post-COVID-19 patients (6 males,
4 females) with neuromuscular disorders were found.
Of these, 2 subjects had Guillain-Barré syndrome, 4
had bilateral plexus brachial lesion, and 4 (3 males, 1
female; mean age 59.2 years (standard deviation (SD)
8.62) had ICUAW. All post-COVID-19 patients with
ICUAW were transferred from the ICU, where they

had undergone endotracheal intubation, mechanical
ventilation and, subsequently, tracheostomy. During
the ICU stay, they had received a pharmacological
therapeutic protocol for COVID-19, including anti-
retroviral drugs and steroids. Furthermore, they had
developed infections with multi-drug resistant germs
(MDR), including Klebsiella pneumoniae, Acineto-
bacter baumannii, Pseudomonas aeruginosa, and had
undergone multiple antibiotic therapy. At admission to
our Neuro-Rehabilitation Unit, all subjects were brea-
thing spontaneously, but needed a variable oxygen le-
vel treatment. Furthermore, all had a tracheal tube and
nasal-gastric tube for nutrition. Clinical characteristics
of the post-COVID-19 subjects are reported in Table
I. All subjects were evaluated by electromyography
(EMG) at admission. ICUAW and sub-types were di-
agnosed in the neuro-rehabilitation setting, apart from
1 subject who received a diagnosis of ICUAW by EMG
during the ICU stay, due to severe weakness involving
the upper and lower limbs. Furthermore, quantification
of strength was performed for all subjects by means of
the Medical Research Council (MRC) scale according
to De Jonghe’s method (12). Functional evaluation
was performed through the Disability Rating Scale
(DRS) and the Functional Independence Measure
(FIM). All measurements were performed at admis-
sion, at discharge and at 6 months of follow-up. At
admission, post-COVID-19 subjects with ICUAW
showed variable grades of muscular weakness from
paresis to tetraplegia. One of these (patient #3) had
severe paralysis of the upper and lower limbs and a
global MRC score of 10. No subjects had involvement
of cranial nerves.

Electrophysiological examination

EMG was performed as described previously (13).
Briefly, all patients underwent conventional ortho-
dromic motor and antidromic sensory nerve conduc-
tion studies, performed bilaterally on 8 motor nerves
(median, ulnar, common peroneal and tibial nerves)

Table I. Clinical characteristics of subjects with COVID-19 and intensive care unit-acquired weakness (ICUAW)

Characteristics #1 #2 #3 #4 Mean (SD)
Sex M M M F
Age, years 47 62 64 64 59.2 (8.62)
Comorbidities Hypertension Diabetes mellitus, hypertension, Diabetes mellitus
obesity
SAPS 11 32 35 38 34 34.7 (2.5)
Sepsis + + + +
Corynebacterium Pseudomonas; Klebsiella pneumoniae; Klebsiella pneumoniae; Acinetobacter Pseudomonas

Acinetobacter baumannii; Enterococcus; baumannii; Pseudomonas

Staphylococcus capitis
Tracheal tube + + + +
Nasogastric tube + + + +
ICU stay 40 32 35 28 33.7 (5.05)
Neuro-rehabilitation stay 15 30 105 65 58.7 (34.5)

SAPS II: Simplified Acute Physiology Score 35 (29-40); ICU: intensive care unit; SD: standard deviation.
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and 6 sensory nerves (median, ulnar and sural nerves).
Muscular activity at rest and, when possible, during
contraction, was assessed with concentric needle
electrodes. Sensory nerve action potential (SNAP),
distal motor latencies, F wave, compound muscle
action potential (CMAP) and nerve conduction ve-
locities were recorded. Abnormal CMAP or SNAP
amplitudes were considered significant when found
in at least 2 nerves. Spontaneous activity, recruitment
and interference patterns were detected bilaterally by
needle EMG from deltoid, first dorsal interosseus, tibial
anterior and abductor hallucis muscles. CIP was recog-
nized if electrophysiological results revealed very low
amplitude or absent sensory responses and low motor
amplitudes with normal or mildly reduced conduction
velocities. Patients were diagnosed as having myopa-
thy in the setting of low or normal motor amplitudes,
with relatively normal sensory responses. Overlapping

Table II. Summary of electrophysiological data

COVID-19 patients and ICU-acquired weakness p. 3 of 9
electrophysiological findings of CIP and CIM were
considered as defining the CIP/CIM subtype. Of 4
patients with ICUAW, 3 (patients #1, #2 and #4) had
CIP and 1 (patient #3) had CIP/CIM type. A summary
of EMG data for the study sample is shown in Table II.

Rehabilitation interventions

All post-COVID patients underwent an individualized
and tailored rehabilitation treatment for 3 h per day, 6
days a week. The rehabilitation programme compri-
sed joint mobilization, proprioceptive neuromuscular
facilitation according to neuro-developmental techni-
ques, flexibility and strength exercises. The patients
underwent 2 h of electrical muscular stimulation daily
on the lower limbs, by placing surface electrodes on
the quadriceps and anterior tibial muscles, bilaterally.
Electrical stimuli involved biphasic rectangular square

#1 #2 #3 #4

Nerve A \Y A \Y A \Y A \Y
Upper limb
L ulnar motor
o distal 3.5 4.6 0.8 3.8
e proximal 3 47.1 3.2 46.2 0.7 36.8 3.5 52.2
R ulnar motor
o distal 4.9 4.4 0.9 4,3
e proximal 4.0 49.7 3.8 45.0 0.8 34.7 4.0 50.1
L ulnar sensory 3 44.0 - - - - 5 46.0
R ulnar sensory 4 46.0 2.3 44.0 - - 4 47.0
L median motor
e distal 4.4 4.8 0.8 4.1
e proximal 4.1 45.8 3.7 47.0 0.8 35.4 3.7 47.0
R median motor
o distal 4 4.1 2 3.5
e proximal 3.5 46.0 3 45.0 1.5 36.0 3.0 47.0
R median sensory 4 45.0 - - - - 7 48.0
L median sensory 3 43.0 1.5 43 - - 8 46.0
Lower limb
R peroneal
o distal 2.3 <0.2 <0.2 1.2
e proximal 1.9 39.2 <0.2 35.5 <0.2 32.0 0.9 50.0
L peroneal
o distal 1.5 <0.2 <0.2 0.6
e proximal 1 38.0 <0.2 40.0 <0.2 30.0- 0.5 44.0
R tibialis
o distal 1.0 <0.2 <0.2 1.5
e proximal 0.9 37.0 <0.2 33.0 <0.2 35.3 1.0 40.3
L tibialis
o distal 3.6 <0.2 <0.2 1.3
e proximal 2.4 40.1 <0.2 37.8 <0.2 34.2 0.9 41.2
Sural

right 5.7 37.2 - - - - 8.4 40.0

left 6.3 37.5 - - - - 9.3 52.4

#1 #2 #3 #4

EMG SA 1P SA IP SA 1P SA IP
Upper limb proximal - Submaximal - Submaximal + Poor - Submaximal
Upper limb distal + Poor + Poor + Absent + Poor
Lower limb proximal - Submaximal - Submaximal + Myopathic recruitment + Submaximal
Lower limb distal + Poor ++ Poor ++ Absent ++ Poor

EMG: electromyography; A: amplitude (motor: mV, sensory: mcV); V: velocity (m/s); SA: spontaneous activity (+: rare, ++: moderate); IP: interference

pattern; - no response (absent).

J Rehabil Med 54, 2022



JRM

JRM

JRM

p. 4 of 9 D. Intiso et al.

Table III. Strength and functional measures scores of COVID-19 patients with intensive care unit-acquired weakness (ICUAW) at

admission, discharge and follow-up

MRC MRC MRC follow- DRS DRS DRS FIM tot FIM FIM
Patients EN/EMG admission discharge up admission discharge follow-up admission discharge follow-up
#1 CIP 46 58 60 8 1 0 76 126 126
#2 CIP 26 50 58 10 4 0 48 115 126
#3 CIP/CIM 8 38 48 18 8 8 41 86 105
#4 CIP 40 50 60 12 5 0 62 110 126

CIP: critical illness polyneuropathy; CIM: critical illness myopathy; MRC: Medical Research Council scale; DRS: Disability Rating Scale; FIM: Functional Independence

Measure.

pulses with a 20-ms duration at a rate of 20 Hz every
25 s. Amplitude of pulses was variable and based on
the elicitation of visible muscular contraction (100—100
mA) (14).

Functional outcome

At discharge, only 1 subject (patient #1) had reached
full recovery and ability in activities of daily living.
Two subjects had incomplete recovery with minor
disability (patients #2 and #4). Of these, 1 (patient #2)
showed persistent left foot drop that required applica-
tion of a foot-ankle orthosis, and 1 (patient #4) reported
fatigue and mild weakness involving the lower limbs
that limited performance and endurance in motor
activity. However, she was able to ambulate without
support. Patient #2 reached independent ambulation
after application of the device. All of these subjects
had CIP type according to EMG. Patient #3 showed
CIP/CIM according to EMG. At discharge, he had
moderate disability and motor limitations due to leg
paresis with bilateral foot drop that was reduced with
foot-ankle orthosis. However, he was able to stand up
and to ambulate with bilateral support. At follow-up,
6 months after discharge, 3 subjects (patients #1, #2
and #4) had full recovery and 1 (patient #3) showed
bilateral foot drop still requiring ankle foot-orthosis.
Strength evaluation and functional scale scores of
admission, discharge and follow-up are reported in
Table III.

LITERATURE REVIEW

Methods

To evaluate COVID-19 subjects with ICUAW, a search of the
studies was conducted using MEDLINE/PubMed, CINAHL,
EMBASE, Web of Science, Scopus databases and Google
Scholar. The search was restricted to English language reports
published between 1 December 2019 and 31 March 2021. The
search terms included “COVID-19”, “critically ill patients”,
“intensive care unit acquired weakness”, “ICUAW”, “critical
illness polyneuropathy”, “CIP”, “critical illness myopathy”,
“CIM”, “critical polyneuropathy and myopathy”, “CIPNM”,
“CIP and CIM”; “CIP/CIM”, “acute tetraplegia”, “functional
outcome” and “COVID-19”. The search was made either by
using MeSH terms, keywords or subject headings. Related

medicaljournalssweden.se/jrm

terms were combined using the Boolean operators “OR” and
“AND?”. Search limits included only adults. Abstracts/posters
or articles that were not peer-reviewed were excluded. The lite-
rature search was conducted by 3 independent authors (AMC,
AG, and FDR). Inclusion criteria were: patient age > 18 years;
COVID-19 diagnosis; COVID-19 subjects with ICUAW, or the
following types: CIP, CIM and CIP/CIM.

The research was conducted according to the Preferred Re-
porting Items for Systematic Reviews and the Meta-Analyses
(PRISMA) diagram, depicting the selection of articles searched
for the study (Fig. 1).

Results

The review resulted in 11 studies being included, based on
inclusion criteria (15-25) (Table IV). Studies were widely
heterogeneous. Of these, 2 were case reports describing single
subjects (15-16), 5 were case series with small samples ranging
from 3 to 11 patients (17-11), and 4 cohort studies (22-25).
Of these, 2 studies investigated neurological manifestations
in large cohorts of COVID-19 patients (22-23) and among
these, subjects with CIP or CIM were also detected. One was
a retrospective study that ascertained COVID-19 subjects with
MYV who developed ICUAW (24) and 1 study that, with the use
of a prospective method design, investigated the incidence of
ICUAW in COVID-19 subjects during ICU stay (25).

A total of 80 patients, age range 51-81 years, was reported.
Of these, 23 were diagnosed with CIM (7 probable), 21 with
CIP (8 possible), 15 with CIP/CIM, and 21 with ICUAW.
Twelve (15%) patients died. ICUAW was diagnosed by EMG
in all studies except the study by Van Aerde et al. (24), in which
ICUAW was diagnosed on MRC scale, and the study by Ner-
sesian et al. (22), in which ICUAW diagnosis was performed
clinically. In this study, the authors detected 8 subjects with
possible CIP and only 1 was diagnosed by EMG. Biopsy was
performed in 1 study (20) involving, globally, 3 subjects. Of
these, 1 subject revealed scattered necrotic and regenerative
fibres in the absence of inflammatory infiltrates and 2 subjects
showed non-specific findings, consisting of very occasional
atrophic and regenerative fibres (20).

Five studies did not report the outcome of COVID-19 sub-
jects with ICUAW because they addressed different issues,
such as occurrence (25), electrophysiological parameters (20,
25), neurological manifestations of COVID-19 patients (23),
or described the clinical phenomenon (15, 16). Recovery was
reported in 6 studies (15, 17, 19, 21, 22, 24). Of these, 1 was a
case report, by Bagnato et al. (15), who described a 62-year-old
woman with COVID-19 diagnosed with CIM. After discharge,
she had a mild weakness in the lower limb proximal muscles
and was able to walk without assistance. Of the remaining stu-
dies, 4 were case series (17, 19, 21, 22), with samples ranging
from 3 to 8 subjects, and 1 was a cohort study that investigated
COVID-19 patients with ICUAW compared with no ICUAW
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subjects (24). Globally, the outcome was reported for 42 (52.5%)
subjects: 10 with CIM (6 had probable CIM), 8 with probable
CIP, 4 with CIP/CIM, and 20 with ICUAW. Seven (16.6%)
patients died. In detail, Madia et al. reported 6 subjects with
probable CIM. Of these, 2 patients reached full recovery and
3 (51.2%) showed disability due to CNS lesions (17). Yildiz et
al. described 3 women with COVID-19 with severe weakness
and tetraparesis due to CIM. Of these, 2 subjects died after 60
and 200 days, respectively, during ICU stay and only 1, who
had MV weaning after 57 days from ICU admission, recovered
slowly with intensive physiotherapy. However, the level of
functional outcome was not specified (21). Nasuelli et al. des-
cribed 4 subjects with CIP/CIM. Of these, 3 subjects died after
3 weeks and only 1 had a positive outcome, but showed slow
recovery of motor skills, in particular due to foot flexion deficit
that improved after intensive rehabilitation (19). Nersesjan et al.
described 8 subjects with definite or possible CIP. At discharge,
all patients were tetraparetic and had muscle atrophy and hypo-
reflexia (22). Finally, Van Aerde et al. performed a retrospective,
observational study to detect COVID-19 patients with MV who
developed ICUAW. At discharge, COVID-19 subjects with
ICUAW had significantly poorer functional outcome than those
without ICUAW: Barthel 8 (2.5-11.5) vs 10.5 (8-18), (p=0.040)
for COVID subjects with and without ICUAW, respectively.
Of 35 COVID-19 patients with ICUAW who survived, and
for whom it was possible to detect the outcome, only 3 (8.5%)
subjects reached full recovery. All 3 of these had CIM, although
2 of the 3 subjects had a diagnosis of probable CIM. On the
other hand, the majority of COVID-19 patients with ICUAW
reported a variable disability. No measure was employed to
evaluate functional outcome, except in the study by Nersesjan
et al. (22), which used mRS, and that by Van Aerde et al. (24),
which used the mobility score and the Barthel scale. Muscle
weakness was quantified by the MRC scale in only 2 studies
(16, 18). It was not possible to compare our post-COVID-19
subjects with a matched group of post-COVID-19 patients
published in the literature, due to the heterogeneity of enrolled
samples, including sitting, timing of neuro-muscular disorder
ascertainment, functional measures, demographics (mean age

COVID-19 patients and ICU-acquired weakness p. 5 of 9

73.6+8.7vs 59.2 +8.62 years, respectively, in subjects reported
in the literature and our sample) and rehabilitative treatment.

DISCUSSION

ICUAW is a common neurological complication in CO-
VID-19 subjects during ICU stay and after discharge,
which requires intensive rehabilitation. Recovery was
found to be variable, but, unlike the general ICUAW
population, a low percentage of COVID-19 patients
reached full functional recovery. COVID-19 infection
can result in characteristic interstitial pneumonia with
severe respiratory failure, which may involve multi-
organ systems. An increasing number of studies are
being published on the role and pathophysiological
mechanisms of COVID-19 (9) in producing and favou-
ring neurological manifestations that affect the central
(CNS) and peripheral nervous system (PNS). Among
the disorders of PNS, variable conditions and neuro-
pathies have been described, including Guillain-Barré
syndrome and its variants (26, 27), cranial multifocal
neuropathy, dysautonomia (28) and brachial plexus
lesion (29). Likewise, neuromuscular disorders, such
as myalgia, myositis and, in particular, myasthenia
gravis, have also been described (30). Our experience
and the current review show that ICUAW is also a com-
mon neurological disorder in critically ill COVID-19
subjects who require ICU stay.

Among COVID-19 patients admitted to neuro-
rehabilitation in our department, we detected 4 subjects
with ICUAW. A scoping review of the COVID-19
literature showed that a total of 80 COVID-19 patients

with ICUAW were reported in the litera-
ture between 1 December 2019 and 31

Number of records retrieved for
analysis
(n=159.349) (n=0)

Number of additional records identified
through other sources

March 2021. ICUAW can cause variable
disabling conditions and, consequently,

v .
Number of articles and abstracts screened

an important aspect to consider concerns
rehabilitation interventions in order to
obtain full recovery and a good quality
of life (31, 32). In this respect, despite

(n=4.510) the lack of treatments and the limitations
ooy o el oo of rehabilitative strategies (33), subjects
> e (2;4.129698)% e with ICUAW can achieve recovery with

A4

Number of full test papers assessed for
eligibility
(n=11)

variable functional outcomes. An exten-
sive literature review of the neuromuscu-
lar sequelae of ICU subjects with critical
illness revealed that 68.8% made a com-

A4

Number of articles after duplicates
full papers (n n=0)

plete recovery and regained the ability to

A4

walk independently (31). It was reported

Number of papers included

(n=11)

I) case reports (n=2)
10) case series (n=5)
IIT) cohort studies (n=4)

that the outcome depended on the type
of ICUAW, as confirmed by the fact that

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

diagram depicting the selection of articles for the study.

CIM had an earlier and better functional
outcome than CIP (34, 35). However, the
current review shows that the outcome

J Rehabil Med 54, 2022
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Table IV. Critical illness polyneuropathy and myopathy in subjects with COVID-19; from literature review

Neurological Functional Other measures
Authors Study; Setting CIPNM type features Follow-up measures Outcome
Bagnato S et al.  Case report A 62-year-old woman; Cardiac or 2 months None EMG, At discharge, the patient
(15) 2020 neuro-rehabilitation CIM pulmonary diseases had a mild weakness in
her lower limb proximal
muscles and was able to
walk without assistance
Tankisi A (16) Case report; A 68-year-old man; Severe symmetrical Not reported None MRC (2/5) Not reported
2020 ICU CIM proximal and distal
weakness, diffuse
muscle wasting and
absent deep tendon
reflexes
Madia F et al. (17) Case series; 5M,1F; Acute flaccid 14-20 days None ENG/EMG 2(28.5%) patients gained
2020 ICU ranged from 51 to 72 quadriplegia complete recovery; 3
years (42.8%) patients showed
_ disability due to CNS
CIM = 6 probably lesions; 2 patients died
Bax F et al. (18) Case series; 8 pts (6 with ICUAW): Diffuse weakness None MRC; Not reported
2020 Post-ICU CIp=2 ENG/EMG
CIM=1 (possible)
CIPNM =2
ICUAW* =1
Nasuelli NA et al. Case series; ICU 4pts; 3M, 1F; Tetraplegia with 1 month None EMG 1 patient had positive
(19) 2020 age from 60 to 74 years diffuse hypotonia,  Time in 1CU outcome but slow
CIPNM=4 and hypotrophy >3 weeks recovery of motor skills,
- in particular due to
foot flexion deficit. He
improved after intensive
rehabilitation.
3 (75%) patients died
Cabafies-Martinez Retrospective 12 patients; General weakness n/a None NCS/EMG; biopsy 5 (45.4%) patients died
L etal. (20) 2020 study; clinical 10 M, 2 F; mean age 65 and/or difficulty (3 patients) and 7 were discharged
neurophysiology years (52-75); 11 pts to wean from the fromthe ICU, butoutcome
department; CIM=7 ventilator was not reported
ClP=4
Nersesjan V et al. Cohort study; Total 61 patients; Tetraparesis with 3 months; mRS ENG/EMG; all patients were tetra-
(22) 2020 prospective 63% males, mean age  hyporeflexia and follow-up re-admissions (if ~ Paretic at discharge,
Otbsg"vitil‘jtr“a| 62.7 years; atrophy available any), death after Ead m%sd‘e atzor?hg’ba”d
study; tertiary _ . for 45 discharge, and new- hyporeflexiaand had been
referral centre Cip=8 (pos&blg), alone onset n%_urolo ical admitted to ICU
1 patient was diagnosed rolog ! )
by ENG/EMG and psychiatric 10 (16.3%) patients died
diagnoses
Rifino N et al. (23) Cohort study; 1,760 COVID-19 Not reported n/a None ENG/EMG Not reported
2020 retrospective, patients, 137
observational presented neurological
analysis manifestations;
CIPNM =9 pts;
8 M, 1 F, mean age 60.7
years
Van Aerde N et al. Cohort study; 74 subjects with IMV; Not reported 30 (19-42) Barthel MCR-sum score Handgrip-strength 43%
(24) 2020 retrospective; 20 = ICUAW days scale; (28-59%) vs 64% (36—
observational mobility 80%), (p=0.045), and
study; ICU score Barthel: 8 (2.5-11.5) vs
10.5 (8-18), (p=0.040)
remained lower in
COVID-19 subjects with
ICUAW at discharge
Frithiof R et al. Prospective 11 M; mean age 64 Muscular weakness n/a None ENG/EMG Not reported
(25) 2021 observational years;
intensive care CIM=4
unit cohort study; _
incidence and ES Clp=7
parameters
Yildiz OK et al. Case series; ICU 3 patients; Diffuse muscle 2-16 None ENG/EMG 1 patient recovered slowly
(21) 21 3 F (64, 76 and 81 years Weakness and months with intensive

old, respectively)
CIM=3;

tetraparesis

physiotherapy.
2 subjects died

pts: patients; ICU: intensive care unit; CIP: critical illness polyneuropathy; CIM: critical illness myopathy; CIP/CIM or CIPNM: overlapping CIP and CIM or critical
iliness polyneuropathy and myopathy; ICUAW: intensive care unit acquired weakness; IMV: invasive mechanical ventilation; MRC: Medical Research Council scale;
NCS: nerve conduction study; ENG: electroneurography; EMG: electromyography; n/a: not applicable.
*Clinically evident weakness, but equivocal ENG/EMG findings.
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was described in a low number of COVID-19 subjects,
consisting of 35 (43.7%) survivals, of whom only 3
(8.5%) reached full recovery. This finding is much
lower than that of general critically ill subjects with
ICUAW. On the other hand, the functional outcome
in our COVID-19 subjects with ICUAW was in line
with the findings reported in the literature. Indeed, after
rehabilitation, 2 (50%) subjects reached full recovery
and, after 6 months, only 1 showed mild disability
and limitation of gait. This contrasting finding has
several possible reasons. Almost all studies did not
use proper functional scales to quantify disability, and
the evaluation of functional outcome was based on
the neurological examination or on the improvement
in muscle strength on the MCR scale. Furthermore,
the studies were performed by ICU specialists, who
might have preferentially described this neurological
complication in COVID-19 subjects during the ICU
stay or at discharge and overlooked reporting the re-
covery. Furthermore, our patients underwent intensive
rehabilitative treatment, which might have produced
some benefit and improved the outcome. All 3 subjects
in the current review who reached full recovery had
CIM, but 2 of these had a diagnosis of probable CIM.
However, in considering only COVID-19 patients
with CIM who survived, full recovery was detected
in 22.3% of subjects. Conversely, it was observed
that 3 COVID-19 patients with CIP reached full re-
covery, whereas 1 subject with overlapping CIP/CIM
had disability at 6 months after discharge. Although
some of the studies analysed in the current review
differentiated the ICUAW types, no conclusion can
be drawn regarding recovery from different forms of
ICUAW, due to the lack of data addressing this issue.
Nevertheless, the outcome of COVID-19 subjects with
ICUAW, regardless of type, appeared poorer than that
of subjects with general ICUAW, although on the basis
of the number and quality of published studies, the
level of recovery remains unclear.

Likewise, whether occurrence of ICUAW in ICU
COVID-19 subjects is higher than in the ICU general
population also remains unclear. The occurrence of this
disorder has been variously detected, and a systematic
review reported a median prevalence of 43% (36).
Frithiof et al. investigated the occurrence of ICUAW
in adult subjects with COVID-19 admitted to ICU
between 13 March and 8 June 2020. The ICUAW in-
cidence was higher in COVID-19 patients compared
with a general ICU population treated during 2019
(9.9% vs 3.4%). In particular, CIP was more frequent
in the COVID-19 ICU cohort (50%) than in the non-
COVID-19 ICU cohort (0%, p=0.008) (25). On the
other hand, Cabafies-Martinez et al. described, out of
a total of 225 patients treated in the ICU, 11 patients
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with a clinical and neurophysiological diagnosis of
CIM or CIP, but they stated that it was not possible
to calculate the exact incidence of the presence of
neuropathy or myopathy (20). It is well known that
several risk factors can result in ICUAW in critically
ill patients, including sepsis, ICU length of stay, and
multiple organ failure (7, 8), as well as the use of neu-
romuscular blocking and several drugs. In this respect,
Neresian et al. (22) compared COVID-19 ICU patients
with ICUAW to COVID-19 ICU patients without
neuromuscular complications. Interestingly, those
with ICUAW had a significantly longer stay (median
49.5 vs 23 days, p<0.001), had been admitted to ICU
more frequently (100% vs 40%, p=0.002), were more
often treated with renal replacement therapy (62% vs
14%, p=0.008), and were more often delirious (75%
vs 30%, p=0.02) (22). Likewise, Van Aerde et al.
noticed that COVID-19 subjects with ICUAW had
significantly longer ICU stays (days) (p=0.008), lower
mobility scores at ICU discharge (p< 0.001), compared
with those without ICUAW (24). Therefore, the same
risk factors and the severity of systemic disease itself
might favour the occurrence of ICUAW in COVID-19
subjects. In this respect, Bax et al. suggested a possible
association with the duration of intubation and with
increased IL-6 levels at admission (18).

Another factor to take into account when considering
ICUAW in COVID-19 is the possible direct damage
to nerves and muscles caused by the virus. It has been
reported that some neurological disorders are caused
by the direct action of COVID-19 on the brain tissue,
such as encephalitis and myelitis (37). Even without evi-
dence of viral invasion of the nervous system, immune-
mediated events, through the cytokine or chemokine
pathways, may lead to vascular leakage, demyelination,
activation of complement and organ damage. Indeed, the
dominant characteristics of COVID-19 infection are the
excessive immune response of the host to virus invasion
of the organs, through the production of inflammation
factors, in particular cytokines (38, 39). Therefore, it is
possible that the same underlying pathological condi-
tions in critically ill subjects characterize COVID-19
patients and may represent an environment that favours
neuromuscular disorders (20).

The current study has some limitations. We report
here 4 post-COVID-19 patients with ICUAW among
those with neuromuscular disorders admitted to a
neuro-rehabilitation setting. Therefore, the results
concern a single centre and are not generalizable. The
review of the COVID-19 literature aimed to determine
the occurrence and recovery of ICUAW subjects with
COVID-19, but the cohort studies and case series were
highly heterogeneous. A further limitation concerns the
recovery of subjects with ICUAW types due to the lack
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of functional measurements and of trials focusing on
rehabilitative interventions.

Suggestions and implications for future research

After discharge COVID-19 subjects may have long-
term consequences and limitations. A recent study
showed that, 6 months after acute infection, COVID-19
survivors were mainly affected by fatigue or muscle
weakness, sleep difficulties, and anxiety or depression
(40). Therefore, multi-component rehabilitative inter-
ventions and new approach strategies are being applied
to address the respiratory, muscular, psychological and
affective disorders that can persist in these patients. In
this respect, COVID-19 subjects with ICUAW need
more intensive rehabilitation, but, at present, rehabili-
tative interventions and proper investigations concer-
ning ICUAW recovery are scant. Therefore, there is
a strong need to find new rehabilitative strategies and
plan well-designed studies investigating the efficacy
and the benefit of rehabilitation. Further research is
needed into the following aspects of neurological
manifestations occurring in COVID-19 patients:

» whether the occurrence of ICUAW in COVID-19
subjects is higher than that in the critically ill popula-
tion without COVID;

whether COVID-19 causes direct damage to the
peripheral nerves, or if such damage is due to inflam-
mation factors that favour nerve lesions;

whether COVID-19 subjects with ICUAW may have
a different type of recovery;

rehabilitation interventions and their effect on fun-
ctional outcome and quality of life.

CONCLUSION

This review found that ICUAW is common in CO-
VID-19 patients, producing disabling conditions for
which rehabilitation is required. Recovery is variable,
but a low percentage of COVID-19 patients with
ICUAW gain a full functional outcome. However, the
small size of samples and the heterogeneity of studies
in this review do not permit definitive conclusions to be
drawn. Rehabilitation interventions and further detai-
led studies should be carried out to improve functional
outcome and to answer unsolved questions.

Funding. The authors received no financial support
for the research, authorship, and/or publication of this
article.

The authors have no conflicts of interest to declare.

REFERENCES

1. Kahn N. New virus discovered by Chinese scientists in-
vestigating pneumonia outbreak. Wall Street J. (2020).

medicaljournalssweden.se/jrm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Available from: https://www.wsj.com/articles/new-virus-
discovered-by-chinese-scientists-investigatingpneumonia-
outbreak-11578485668.

. Center for Systems Science and Engineering (CSSE) at Johns

Hopkins University (JHU). Available from: https://coronavi-
rus.jhu.edu/map.html.

. Bartolo M, Intiso D, Lentino C, Sandrini G, Paolucci S, Zam-

polini M; Board of the Italian Society of Neurological Rehabi-
litation (SIRN). Urgent measures for the containment of the
coronavirus (Covid-19) epidemic in the neurorehabilitation/
rehabilitation departments in the phase of maximum expan-
sion of the epidemic. Front Neurol 2020; 11: 423.

. Kress JP, Jesse BA. ICU-acquired weakness and recovery from

critical illness. N Engl J Med 2014; 371: 287-288.

. Latronico N, Bolton CF. Critical illness polyneuropathy and

myopathy: a major cause of muscle weakness and paralysis.
Lancet Neurol 2011; 10: 931-941.

. Piva S, Fagoni N, Latronico N. Intensive care unit-acquired

weakness: unanswered questions and targets for future
research. F1000Res. 2019; 17; 8: F1000 Faculty Rev-508.

. Bednarik J, Vondracek P, Dusek L, Moravcova E, Cundrle I.

Risk factors for critical illness polyneuromyopathy. J Neurol
2005; 252: 343-351.

. Nanas S, Kritikos K, Angelopoulos E, Siafaka A, Tsikriki S,

Poriazi M, et al. Predisposing factors for critical illness po-
lyneuromyopathy in a multidisciplinary intensive care unit.
Acta Neurol Scand 2008; 118: 175-181.

. Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla DE,

Spudich S. Neuropathogenesis and neurologic manifestations
of the coronaviruses in the age of coronavirus disease 2019:
a review. JAMA Neurol 2020; 77: 1018-1027.

Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kum-
merlen C, et al. Neurologic features in severe SARS-CoV-2
infection. N Engl J Med 2020; 382: 2268-2270.

Khatoon F, Prasad K, Kumar V. Neurological manifestations
of COVID-19: available evidences and a new paradigm. J
Neurovirol 2020; 26: 619-630.

De Jonghe B, Sharshar T, Lefaucheur JP, Authier FJ, Durand-
Zaleski I, Boussarsar M, et al. Groupe de Réflexion et d’Etude
des Neuromyopathies en Réanimation Paresis acquired in the
intensive care unit: a prospective multicenter study JAMA
2002; 288: 2859-2867.

Kerbaul F, Brousse M, Collart F, Pellissier JF, Planche D,
Fernandez C, et al. Combination of histopathological and
electromyographic patterns can help to evaluate functional
outcome of critical ill patients with neuromuscular weakness
syndromes. Crit Care 2004; 8: R358-366.

Salmons S, Ashley Z, Sutherland H, Russold MF, Li F, Jarvis
JC. Functional electrical stimulation of denervated muscles:
basic issues. Artif Organs 2005; 29: 199-202.

Bagnato S, Boccagni C, Marino G, Prestandrea C,
D’Agostino T, Rubino F. Critical illness myopathy after
COVID-19. Int J Infect Dis 2020; 99: 276-278.

Tankisi H, Tankisi A, Harbo T, Markvardsen LK, Andersen
H, Pedersen TH. Critical illness myopathy as a conse-
quence of Covid-19 infection. Clin Neurophysiol 2020;
131: 1931-1932.

Madia F, Merico B, Primiano G, Cutuli SL, De Pascale G,
Servidei S. Acute myopathic quadriplegia in patients with
COVID-19 in the intensive care unit. Neurology 2020;
95: 492-494.

Bax F, Lettieri C, Marini A, Pellitteri G, Surcinelli A, Valente
M, et al. Clinical and neurophysiological characterization
of muscular weakness in severe COVID-19. Neurol Sci
2021; 23: 1-6

Nasuelli NA, Pettinaroli R, Godi L, Savoini C, De Marchi F,
Mazzini L, et. Critical illness neuro-myopathy (CINM) and
focal amyotrophy in intensive care unit (ICU) patients
with SARS-CoV-2: a case series. Neurol Sci 2021; 42:
1119-1121.

Cabafes-Martinez L, Villadéniga M, Gonzalez-Rodriguez L,
Araque L, Diaz-Cid A, Ruz-Caracuel I, et al. Neuromus-
cular involvement in COVID-19 critically ill patients. Clin



JRM

JRM

JRM

21.

22.

23.

24.

25.

26.

27.

28.

29.

Neurophysiol 2020; 131: 2809-1816.

Yildiz OK, Yildiz B, Avci O, Hasbek M, Kanat S. Clinical,
neurophysiological and neuroimaging findings of critical ill-
ness myopathy after COVID-19. Cureus 2021; 13: e13807.
Nersesjan V, Amiri M, Lebech AM, Roed C, Mens H, Russell
L, et al. Central and peripheral nervous system complica-
tions of COVID-19: a prospective tertiary center cohort
with 3-month follow-up. J Neurol 2021; 13; 1-19.

Rifino N, Censori B, Agazzi E, Alimonti D, Bonito V, Camera
G, et al. Neurologic manifestations in 1760 COVID-19 pa-
tients admitted to Papa Giovanni XXIII Hospital, Bergamo,
Italy. J Neurol 2020; 7: 1-8.

Van Aerde N, Van den Berghe G, Wilmer A, Gosselink R,
Hermans G; COVID-19 Consortium. Intensive care unit
acquired muscle weakness in COVID-19 patients. Intensive
Care Med 2020; 46: 2083-1085.

Frithiof R, Rostami E, Kumlien E, Virhammar J, Fallmar D,
Hultstrom M, et al. Critical illness polyneuropathy, myopa-
thy and neuronal biomarkers in COVID-19 patients: a pro-
spective study. Clin Neurophysiol 2021; 132: 1733-1740.
Manganotti P, Bellavita G, D’Acunto L, Tommasini V, Fabris
M, Sartori A, et al. Clinical neurophysiology and cerebro-
spinal liquor analysis to detect Guillain-Barré syndrome
and polyneuritis cranialis in COVID-19 patients: a case
series. J Med Virol 2021; 93: 766-774.

Sriwastava S, Kataria S, Tandon M, Patel J, Patel R, Jowkar
A, et al. Guillain Barré Syndrome and its variants as a
manifestation of COVID-19: a systematic review of case
reports and case series. J Neurol Sci 2021; 420: 117263.
Andalib S, Biller 3, Di Napoli M, Moghimi N, McCullough
LD, Rubinos CA, et al. Peripheral nervous system manifes-
tations associated with COVID-19. Curr Neurol Neurosci
Rep 2021; 21: 9.

Miller C, O’Sullivan 1, Jeffrey J, Power D. Brachial plexus
neuropathies during the COVID-19 pandemic: a retrospec-
tive case series of 15 patients in critical care. Phys Ther
2021; 101: pzaal91l.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

COVID-19 patients and ICU-acquired weakness p. 9 of 9
Restivo DA, Centonze D, Alesina A, Marchese-Ragona R.
Myasthenia gravis associated with SARS-CoV-2 infection.
Ann Intern Med 2020; 173: 1027-1028.

Latronico N, Shehu I, Seghelini E. Neuromuscular sequelae
of critical illness. Curr Opin Crit Care 2005; 11: 381-390.
Intiso D. ICU-acquired weakness: should medical so-
vereignty belong to any specialist? Crit Care 2018; 22: 1.
Mehrholz J, Pohl M, Kugler J, Burridge J, Mickel S, Elsner
B. Physical rehabilitation for critical illness myopathy
and neuropathy. Cochrane Database Syst Rev 2015; 3:
CD010942.

Guarneri B, Bertolini G, Latronico N. Long-term outcome
in patients with critical illness myopathy or neuropathy:
the Italian multicentre CRIMYNE study. J Neurol Neurosurg
Psychiatry 2008; 79: 838-841.

Koch S, Wollersheim T, Bierbrauer J, Haas K, Mdrgeli R,
Deja M, et al. Long-term recovery in critical illness myo-
pathy is complete, contrary to polyneuropathy. Muscle
Nerve 2014; 50: 431-436.

Fan E, Cheek F, Chlan L, Gosselink R, Hart N, Herridge
MS, et al. An official American Thoracic Society Clinical
Practice guideline: the diagnosis of intensive care unit-
acquired weakness in adults. Am J Respir Crit Care Med
2014; 190: 1437-1446.

Gasmi A, Tippairote T, Mujawdiya PK, Gasmi Benahmed
A, Menzel A, Dadar M, et al. Neurological involvements of
SARS-CoV2 infection. Mol Neurobiol 2021; 58: 944-949,
Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson JJ. COVID-19: consider cytokine storm syndromes
and immunosuppression. Lancet 2020; 395: 1033-1034.
Espindola OM, Gomes YCP, Brand&o CO, Torres RC, Siqueira
M, Soares CN, et al. Inflammatory cytokine patterns as-
sociated with neurological diseases in coronavirus disease
2019. Ann Neurol 2021; 89: 1041-1045.

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X et al. 6-month
consequences of COVID-19 in patients discharged from
hospital: a cohort study. Lancet 2021; 397: 220-132.

J Rehabil Med 54, 2022



