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Objective: Coronavirus disease 2019 (COVID-19) has a high incidence of intensive care admittance due to
the severe acute respiratory syndrome (SARS). Intensive care unit (ICU)-acquired weakness (ICUAW) is a
common complication of ICU patients consisting of symmetric and generalised weakness. The aim of this
study was to determine the presence of myopathy, neuropathy or both in ICU patients affected by COVID-
19 and whether ICUAW associated with COVID-19 differs from other aetiologies.
Methods: Twelve SARS CoV-2 positive patients referred with the suspicion of critical illness myopathy
(CIM) or polyneuropathy (CIP) were included between March and May 2020. Nerve conduction and con-
centric needle electromyography were performed in all patients while admitted to the hospital. Muscle
biopsies were obtained in three patients.
Results: Four patients presented signs of a sensory-motor axonal polyneuropathy and seven patients
showed signs of myopathy. One muscle biopsy showed scattered necrotic and regenerative fibres without
inflammatory signs. The other two biopsies showed non-specific myopathic findings.
Conclusions: We have not found any distinctive features in the studies of the ICU patients affected by
SARS-CoV-2 infection.
Significance: Further studies are needed to determine whether COVID-19-related CIM/CIP has different
features from other aetiologies. Neurophysiological studies are essential in the diagnosis of these
patients.

© 2020 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights

reserved.

1. Introduction cases globally, including 314,362 cases in Spain (WHO situation
report 204). The overall incidence of critically ill patients due to
Currently, coronavirus disease 2019 (COVID-19), caused by the the severe acute respiratory syndrome (SARS) caused by this virus
SARS CoV-2, has spread worldwide, with more than 19 million is unknown; reports from the Wuhan region estimate an incidence
of 17% (Epidemiology Working Group for NCIP Epidemic Response,
Trresponding author at: Department of Clinical Neurophysiology, Hospital Chm.es.e Center for Disease Co%ltml ‘?nd Prever?thn, 2020)’ whereas
Universitario Ramén y Cajal, Ctra. de Colmenar Viejo km. 9,100. CP: 28034 Madrid, preliminary results from Spain estimate an incidence around 8%
Spain. (Casas-Rojo et al., 2020).
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Intensive care unit (ICU)-acquired weakness (ICUAW) was first
described in the early 80 s (Bolton, 2010), and it is a common com-
plication in critically ill patients. It causes acquired weakness
affecting limb and respiratory muscles, causing difficulty in wean-
ing patients from the ventilator. It results in a prolonged stay in the
ICU and an increase in morbidity and mortality (Nanas et al., 2008;
Latronico and Bolton, 2011). The term ICUAW comprises critical ill-
ness myopathy (CIM), critical illness polyneuropathy (CIP), and a
combination of both (CIMP). Muscle dysfunction is thought to be
the primary cause of ICUAW although in many cases, both neu-
ropathy and myopathy coexist (or it is not possible to determine
which is the primary dysfunction) (de Carvalho, 2020). CIM is a pri-
mary myopathy and its pathophysiology is not yet well known.
Some risk factors have been identified, such as premorbid health
status, duration of mechanical ventilation and severity of the acute
disease. Its diagnosis is based on clinical criteria, electrophysiolog-
ical studies (nerve conduction studies (NCS) and electromyography
(EMG) and muscle biopsy (Z'Graggen and Tankisi, 2020). CIP is a
symmetrical length-dependent sensory-motor axonal polyneu-
ropathy. The exact mechanisms are not well understood. For its
diagnosis, clinical criteria and electrophysiological studies are
needed (Tankisi et al., 2020a). CIM has a better prognosis than
CIP according to published studies (Koch et al., 2014).

The primary objective of our study is to determine the presence
of myopathy, neuropathy or both in ICU patients affected by
COVID-19 in our centre. A secondary objective is to determine
whether ICUAW associated with COVID-19 differs from other
aetiologies.

2. Materials and methods

During the first outbreak of the pandemic in Madrid (Spain),
between 31st March 2020 and 18th May 2020, 3030 patients with
the suspected diagnosis of SARS CoV-2 infection were hospitalised
in our centre, a tertiary-level hospital. In this period, 12 patients
from a total of 225 COVID patients treated in the ICU were referred
to the Clinical Neurophysiology Department, with a suspicion of
ICUAW due to a clinical picture of generalised weakness associated
in some cases with difficulty in weaning from the ventilator. We
have conducted a retrospective single-centre study including clin-
ical data, neurophysiological studies and muscle biopsies. The
study has been approved by the Clinical Research Ethics Commit-
tee of our Hospital.

Neurophysiological studies were performed in all of the
patients, as well as muscle biopsies when possible. The only exclu-
sion criteria applied was the presence of a pre-existing neuromus-
cular disorder.

2.1. Neurophysiological protocol

Neurophysiological studies were performed mostly in the ICU,
except in four cases in which the studies were performed in the
hospitalisation ward.

The neurophysiological study consisted in motor and sensory
nerve conduction studies and concentric needle electromyography
of different muscles depending on the patient’s clinical presenta-
tion (proximal and/or distal muscles of both upper and lower
limbs). All studies were performed using a Keypoint.Net v2.33
EMG equipment (Dantec, Skovlunde, Denmark).

NCS: We studied motor and sensory conductions of the upper
(median) and lower limbs (peroneal, posterior tibial and sural
nerves) in every patient. Surface stimulation was always per-
formed. Surface recording was carried out whenever possible with
disposable pre-gelled surface electrodes (Ag/AgCl) (Ambu Neuro-
line 715) and monopolar needles (uninsulated stained steel Neuro-
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line subdermal) were used only when peripheral oedema was
important. Sensory NCS were conducted with antidromic
stimulation.

Distal motor latency, motor and sensory conduction velocities,
compound muscle action potential (CMAP) and sensory nerve
action potential (SNAP) amplitude and duration were measured.
F waves of posterior tibial nerve were also performed.

EMG: Disposable concentric needles (Dantec DCN) were used.
Distal and proximal muscles were explored, most commonly first
dorsal interosseous and posterior deltoid muscles in the upper
limb; and quadriceps (vastus lateralis) and tibialis anterior muscles
in the lower limb. In addition to the presence or absence of spon-
taneous activity, quantitative EMG was performed when possible:
mean amplitude and duration of motor unit potentials (MUP) were
measured, as well as the percentage of polyphasic potentials. The
recruitment pattern was also evaluated in those cases where the
clinical situation of the patient allowed it.

2.2. Muscle biopsy

Skeletal muscle from three patients was biopsied (one tibialis
anterior and two quadriceps). The election of the muscle to study
was made taking into account the degree of muscular involvement
according to the EMG. In all cases, an open muscle biopsy proce-
dure was followed, and specimens were immediately transferred
to the Pathology Department. Biopsies were divided in two frag-
ments. One fragment was embedded in OCT (Tissue-Tek ®, Miles
INC) and flash-frozen in isopentane cooled with liquid nitrogen.
This fragment was evaluated using standard histological, histo-
chemical and immunohistochemical techniques (Dubowitz et al.
2013). The following antibodies were used: HLA (clone W6/32,
Dako®, Glostrup, Denmark) and C5b9 (clone aE11, Dako®, Glostrup,
Denmark). The smaller fragment was formalin-fixed, and paraffin
embedded.

3. Results

The average age of the 12 patients was 65 years (52-75). 10
were men (83,3%) and two were women (16,7%). The length of
their stay in the ICU prior to the performance of the neurophysio-
logical study and biopsy was variable, ranging between 12 and
49 days, with a mean of 24 days. The clinical evolution was vari-
able, with seven patients being discharged from the ICU and five
of them deceased. Table 1 summarises the clinical data of the
patients.

All the patients had at least one positive polymerase chain reac-
tion (PCR) confirming a SARS CoV-2 infection. They all presented
with weakness in upper and lower limbs and laboratory findings
such as elevated creatin kinase (CK) levels, elevated D-dimer and
lymphopenia. They all received multiple pharmacological thera-
pies (antiretrovirals, neuromuscular blockers, corticosteroids, and
antibiotics). None of the patients had a previously diagnosed neu-
romuscular disorder.

3.1. Neurophysiological study

The neurophysiological study was normal in one of the cases
(case 9).

The study was pathological in the 11 remaining patients:

In four patients (5, 7, 8 and 11), we found a decreased amplitude
of both motor and sensory evoked potentials with normal duration
and predominance in lower limbs (Fig. 1). Needle EMG in proximal
muscles showed either absence or presence of very mild sponta-
neous activity, without MUP abnormalities. These four studies
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Table 1
Clinical data.
Case Sex Age Symptoms Days  Treatments CK levels
in ICU
1 F 75  Generalised 12 Cisatracurium, Methylprednisolone Maximum peak:
muscular weakness Ceftriaxone, meropenem, linezolid 1321 pmol/l
Failure to wean from Lopinavir/ritonavir, hydroxycloroquine, tocilizumab Progressive normalization
ventilator in
6 days
2 M 52 Generalised 16 Cisatracurium, Methylprednisolone Maximum peak:
muscular weakness Vancomycin, piperacillin/tazobactam 1544 pmol/l
Lopinavir/ritonavir, hydroxycloroquine, tocilizumab Progressive normalization
in
13 days
3 M 66  Generalised 21 Cisatracurium, Methylprednisolone Maximum peak: 314 pmol/
muscular weakness Azithromycin, piperacillin/tazobactam 1
Failure to wean from Lopinavir/ritonavir, hydroxycloroquine, tocilizumab Progressive normalization
ventilator in
6 days
4 M 71 Generalised 29 Cisatracurium, Methylprednisolone Normal range
muscular weakness Ceftriaxone, piperacillin/tazobactam
Lopinavir/ritonavir, hydroxycloroquine
5 M 75  Generalised 30 Rocuronium Maximum peak: 181 pmol/
muscular weakness Ceftriaxone, azithromycin, ceftaroline, daptomycin, meropenem, linezolid 1, Progressive normalization
(distal) Lopinavir/ritonavir, hydroxycloroquine in
Failure to wean from 1 day
ventilator
6 F 74  Generalised 30 Cisatracurium, Methylprednisolone Maximum peak: 314 pmol/
muscular weakness Azithromycin, moxifloxacin, ceftaroline 1, Progressive normalization
Failure to wean from Lopinavir/ritonavir, hydroxycloroquine in
ventilator 5 days
7 M 61 Generalised 21 Cisatracurium, Methylprednisolone Normal range
muscular weakness Azithromycin, ceftriaxone
Lopinavir/ritonavir, hydroxycloroquine
8 M 66 Mild generalised 24 Cisatracurium, Methylprednisolone Maximum peak: 385 pmol/
weakness Ceftriaxone, meropenem, azithromycin, vancomycim, ceftolozane/tazobactam, 1,
ceftazidime/avibactam Progressive normalization
Lopinavir/ritonavir, hydroxycloroquine in
4 days
9 M 60  Generalised 16 Cisatracurium, Methylprednisolone, hydrocortisone Normal range
muscular weakness Piperacillin/tazobactam, ceftriaxone, azithromycin, linezolid.
Failure to wean from Lopinavir/ritonavir, hydroxycloroquine
ventilator
10 M 58  Generalised 27 Cisatracurium, Methylprednisolone, hydrocortisone Maximum peak:
muscular weakness Piperacillin/tazobactam, ceftriaxone, meropenem, azithromycim, vancomycin, 1071 pmol/l
Failure to wean from linezolid, amikacin Progressive normalization
ventilator Lopinavir/ritonavir, hydroxycloroquine in
3 days
11 M 63  Mild generalised 23 Rocuronium, Methylprednisolone Maximum peak: 528 pmol/
weakness Tigecycline, piperacillin/tazobactam, erythromycin, clindamycin, levofloxacin, 1, Progressive normalization
Failure to wean from linezolid, amphotericin B, metronidazole in
ventilator hydroxycloroquine 12 days
12 M 52  Generalised 49 Rocuronium, Methylprednisolone Maximum peak:

muscular weakness
Failure to wean from

Piperacillin/tazobactam, levofloxacin, linezolid, ceftriaxone, amikacin, voriconazole
ceftacidime/avibactam, metronidazole, trimethoprim/sulfamethoxazole

3228 pumol/l, Progressive
normalization in

ventilator Lopinavir/ritonavir, tocilizumab 23 days
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Fig. 1. Patient 7: Right peroneal nerve compound muscle action potencial (CMAP) with normal distal motor latency, normal duration and decreased amplitude. Left sural
nerve sensory nerve action potential (SNAP) with decreased amplitude.
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were concluded as having signs of a sensory-motor axonal
polyneuropathy.

In seven patients (1, 2, 3,4, 6, 10 and 12) we found some degree
of EMG abnormalities. Abundant spontaneous activity was found
in the needle EMG of these seven patients. In two studies (patients
3, 12), voluntary muscle activation was not possible due to
patients’ clinical situation. In the remaining cases (patients 1, 2,
4, 6 and 10), short motor unit potentials were found, with
decreased amplitude and duration, although in some muscles the
mean values of duration and amplitude were normal. All of the
NCS studies showed a preservation of sensory nerve action poten-
tials. Three of them (patients 1, 3 and 4) showed decreased ampli-
tude of CMAPs in some nerves accompanied by an increased
duration (Fig. 2). F wave latency was within normal limits except
in two cases, where the absence of the F wave of both posterior tib-
ial nerves was noted. Repetitive nerve stimulation showed no
abnormalities in any of the cases. All of these studies were con-
cluded as having electromyographic signs of myopathy.

Tables 2 and 3 summarise the NCS and EMG data.

3.2. Creatine kinase levels

CK blood levels were elevated in nine patients (75%). Most of
the determinations were not very high except in three patients
(patients 4, 7 and 9) which presented levels above 1.000 pmol/l
(normal range 45-100 pmol/l), and even in those cases CK levels
returned to normal values within days. In most patients the high-
est CK levels were around 300 pmol/L.

3.3. Muscle biopsy

Case 3 muscle biopsy showed scattered necrotic and regenera-
tive fibres in the absence of inflammatory infiltrates. Most of the
fibres were in a similar phase of the degenerative-regenerative

Clinical Neurophysiology 131 (2020) 2809-2816

process and there was no increase in fibres showing internal
nuclei. Oxidative histochemical techniques did not show any alter-
ations apart from changes related to degeneration-regeneration.
Muscle fascicles retained its mosaic pattern with ATPases tech-
niques. Vessels did not have any alterations; no inflammation or
thrombi were found. The other two skeletal muscle biopsies (cases
1 & 2) showed non-specific findings consisting on very occasional
atrophic and regenerative fibres. None of the biopsies stained for
HLA or C5b9 (Fig. 3).

4. Discussion:

We present a series of cases of ICUAW as a consequence of
COVID-19, to our knowledge the first series published so far.
COVID-19 has a wide variety of clinical presentations, being acute
respiratory distress syndrome one of the most severe presentation
(Wu et al., 2020). The mortality rate of the disease is 2.7-3.4% (San-
Juan et al., 2020), with many patients requiring ICU treatment
(Epidemiology Working Group for NCIP Epidemic Response,
Chinese Center for Disease Control and Prevention, 2020). During
the spring of 2020, more than 3000 COVID-19 patients were admit-
ted to our hospital, with more than 200 admitted to the ICU.

The complete neurological involvement of COVID-19 is yet to be
described. Studies so far suggest that it might be major, not only in
the number of patients affected but also in the severity of the dis-
ease. However, neurological sequelae of this disease are not only
derived from the potential direct damage of the virus to the ner-
vous system (Helms et al., 2020; Jimenez-Ruiz et al., 2020; Mao
et al., 2020) but also, as described in our patients, from the severity
of the systemic disease itself.

COVID-19 can result in severe respiratory diseases such as acute
respiratory distress syndrome, which leads patients to the ICU or
even death (Chen et al., 2020). In the previous SARS-CoV outbreak
in 2002, different neurological manifestations were described (Tsai
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Fig. 2. Patient 1: (a) Myopathic pattern: short duration and amplitude (5.3 ms, 208 pV) and polyphasic motor unit potentials of the left posterior deltoid muscle. (b)
Spontaneous activity (positive sharp waves and fibrillation potentials) of the left posterior deltoid muscle. (c) Sural nerve sensory nerve action potential (SNAP): normal
conduction velocity (49.8 m/s) and amplitude (15.5 V). (d) Peroneal nerve compound muscle action potential (CMAP): normal distal motor latency (3.97 ms), decreased

amplitude (0.72 mV) and increased duration (9.8 ms).
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Table 2
Summary of NCS data.

NCS
NERVE PATIENT 1 PATIENT 2 PATIENT 3 PATIENT 4 PATIENT 5 PATIENT 6
A|V|L|D Alv|t] o Alv]Li] o A|v|L|D Alv]i]o Alv|tvt]o
Sural
— Right 154 | 49.8 | 2.81 | 1.22 5.60 | 52.8 | 2.65 | 2.50 113 | 57.6 | 1.65 | 1.71 8.50 | 39.2 | 3.85 | 2.10 2.0 |55.3 2.17 | 1.39 7.90 | 48.1 | 2.08 | 2.10
—  Left 8.90 | 483|290 | 1.63 14.0 | 38.2 | 3.93 | 1.81 15.1 | 62.5 | 2.08 | 1.40 8.30 | 586|239 | 151 29 |56.8 2.20 | 1.39 25.4 | 43.0 | 2.56 | 1.77
R peroneal
— Distal 0.72 3.97 | 9.8 4.10 4.26 | 7.40 0.15 3.60 | 8.0 0.70 6.85 | 6.40 - | - - 3.30 5.20 | 8.80
—  Proximal 0.54 | 45.2 | 10.5 | 10.7 3.50 | 52.5 | 15.0 | 8.20 0.16 | 483 | 11.3 | 8.0 0.50 | 58.3 | 17.1 | 8.10 - ’ - - - 3.40 | 48.7 | 13.1 | 9.0
L peroneal
— Distal 1.22 3.73 | 9.20 4.30 4.21 | 6.70 0.23 4.69 | 11.3 0.40 5.85 | 16.6 - - - 5.20 3.90 | 10.3
—  Proximal 0.95 | 45.0 | 104 | 10.2 3.30 | 55.9 | 14.8 | 8.10 0.10 | 50.8 | 13.3 | 12.8 - - - - - - - - 3.20 | 43.2 | 12.6 | 10.6
R tibialis
— Distal 5.0 5.48 | 5.10 6.13 5.21 | 7.40 4.0 3.73 | 6.60 8.90 | 5.94 ‘ 10.8 0.40 3.85 | 11.9 3.30 3.70 | 6.70
—  Proximal 5.20 | 49.1 | 124 | 8.0 1.64 | 45.0 | 16.2 | 8.30 3.70 | 50.2 | 11.2 | 7.90 5.80 | 43.2 | 16.7 ‘ 14.7 0.20 | 40.3 | 14.1 | 145 290 | 419 | 12.8 | 7.50
L tibialis
— Distal 5.30 430 | 6.0 4.10 4.21 | 7.40 2.90 3.84 | 6.70 5.0 ‘ 5.57 | 6.90 0.25 3.90 | 11.6 4.80 3.7 6.60
—  Proximal 470 | 43.0 | 12.0| 7.0 2.80 | 47.0 | 14.2 | 9.50 2.50 | 55.0 | 11.1 | 9.40 3.60 | 49.5 ‘ 14.7 | 10.7 0.49 | 429 | 13.7 | 12.8 4.10 | 42.0 | 13.2 | 6.80
F RESPONSE Normal Normal Absent Normal Normal Normal
NCS
NERVE PATIENT 7 PATIENT 8 PATIENT 9 PATIENT 10 PATIENT 11 PATIENT 12
A|v|L|D A|V|L|D A|V|L|D A|V|L|D A|V|L|D A|V|L|D
Sural
— Right 1.02 | 47.0 | 2.98 | 2.40 2.0 | 46.9 ‘ 3.20 | 1.86 8.20 | 43.3 | 2.08 | 2.30 9.80 | 58.3 | 2.40 | 1.98 - - - - 11.1 | 645 | 217 | 1.31
~  Left 290 | 56.8 [ 2.20 [ 1.37 | 4.60[433[3.0 |20 530435171 [ 190 | 6.20[57.4 244|210 S [ (N 7.80 | 50.2 | 2.19 | 1.65
R peroneal
— Distal 1.34 2.76 | 3.90 - - - 3.90 4.38 | 8.50 1.29 5.06 | 13.5 - - - 0.13 4,57 | 11.0
—  Proximal 1.36 | 46.6 | 6.62 | 3.90 - - - - 1.26 | 30.3 | 15.6 | 9.40 1.0 58.8 | 12.8 | 15.6 - - - - 0.06 | 46.3 | 13.0 | 13.6
L peroneal
— Distal - | - - - - - 3.1 6.31 | 13.9 1.79 4.03 | 10.8 - - - 0.25 5.81 | 13.5
—  Proximal - - | - - - - - - 1.40 | 28.6 | 17.4 | 14.8 0.97 | 50.0 | 12.3 | 17.7 - - - - 0.16 | 42.6 | 145 | 14.2
R tibialis
— Distal 3.50 3.56 | 5.70 8.0 4.0 5.90 11.9 ‘ 5.54 | 8.40 1.94 6.44 | 14.8 2.40 4.95 | 7.10 1.09 5.10 | 9.40
—  Proximal 3.30 | 50.3 | 12.7 | 6.50 6.80 | 42.7 | 13.6 | 7.30 - - ‘ - - 1.02 | 443 | 14.8 | 18.7 - - - - 0.63 | 41.8 | 14.2 | 9.60
L tibialis
— Distal 3.40 3.65 | 6.50 5.40 4.27 | 5.20 12.1 | 4.83 | 9.90 2.80 4.0 7.2 5.10 5.63 | 10.2 1.03 5.08 | 9.80
—  Proximal 1.08 | 46.6 | 13.2 | 7.0 450 | 47.0 | 13.2 | 7.20 - - | - - 2.50 | 48.1 | 119 | 133 - - - ’ - 0.81 | 43.8 | 13.7 | 11.3
F RESPONSE Normal Normal Absent Normal Normal Normal

NCS:

Nerve Conduction Studies; R: Right; L: Left; A: Amplitude (Motor: mV, Sensory: uV), V: Velocity (m/s), L: Latency (ms), D: Duration (ms

), —: No response.
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Table 3
Summary of EMG data.
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Upper Limb
Proximal
SA Abundant. PSW, FP No Abundant. PSW, FP Abundant. PSW, FP No Few. FP
MUP A:[,D:| Normal No VM No VM Normal No VM
IP Early recruitment Early recruitment - - Normal -
Distal
SA Abundant. PSW, FP Abundant. PSW Abundant. PSW, FP Abundant. PSW, CRD - Abundant. PSW, FP
MUP Normal A:|,D: | No VM No VM - No VM
P Submaximal Submaximal - - - -
Lower limb
Proximal
SA Moderate. PSW, FP Moderate. PSW Moderate. PSW Few. PSW No No
MUP A: |,D: | A: |,D: | No VM A: |,D: | Normal A: |,D: |
P Submaximal Early recruitment - Normal -
Distal
SA Moderate. PSW, FP Few. FP Abundant. PSW, FP Abundant. PSW, FP - Moderate. PSW
MUP Normal Normal No VM Normal - No VM
P Submaximal Normal - - - -
Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12
Upper Limb
Proximal
SA No No No Moderate. PSW, FP No Abundant. FP
MUP Normal No VM Normal Normal Normal No VM
P Submaximal - Normal Early recruitment Normal -
Distal
SA - Few. FP - Few. PSW, FP - -
MUP - No VM - Normal - -
P - - - Submaximal - -
Lower limb
Proximal
SA Moderate. PSW, FP No No Few. FP No Abundant. PSW, FP
MUP Normal No VM Normal No VM Normal No VM
IP Submaximal - Normal - Submaximal -
Distal
SA - - Few. FP Abundant. PSW, FP, CRD - Abundant. PSW, FP
MUP - - No VM Normal - No VM
P - - Early recruitment - -

EMG: electromyography; SA: Spontaneous activity. PSW: positive sharp waves. FP: fibrillation potentials. CRD: complex repetitive discharges. MUP: motor unit potentials

mean duration (D) and amplitude (A).
VM: voluntary movement. IP: interference pattern. —: not performed.

et al, 2005), including neuromuscular involvement. Tsai et al
reported four patients with probable SARS secondary to coron-
avirus who developed neuromuscular problems after the onset of
the symptoms, with a final diagnosis of probable CIP (Tsai et al.,
2004). The exact proportion of SARS requiring ICU treatment is
not reported. In our work, we describe 11 patients with a clinical
and neurophysiological diagnosis of CIM or CIP, of a total of 225
patients treated in the ICU. However, for different reasons, it is
not possible to calculate the exact incidence of the presence of neu-
ropathy or myopathy. Due to the severity of the disease, it is con-
ceivable that a number of patients died without a diagnostic study.
Moreover, due to the infectious nature of the disease, non-essential
studies were delayed or even cancelled. Besides, at the peak of the
outbreak, resources were limited and the medical staff of many
departments, Clinical Neurophysiology included, were relocated
to the general care of COVID-19 patients and therefore, fewer neu-
rophysiological studies were performed during that period. For the
same reasons, it is difficult to pinpoint a well-defined time interval
between the acute respiratory distress syndrome by COVID-19 and
the appearance of neurological symptoms, since in the vast major-
ity of cases it is not possible to determine the exact onset of tetra-
paresis. The time between the description of weakness and the
performance of the neurophysiological study is very variable as
well.
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The term ICUAW describes a neuromuscular dysfunction con-
sisting of generalised and symmetric weakness affecting limbs
and usually respiratory muscles (Stevens et al, 2009;
Vanhorebeek et al., 2020). It appears in patients with multiple
organ failure associated with sepsis and systemic inflammatory
response, especially in those patients ventilated for long periods
of time (Hermans and Van den Berghe, 2015). It is essential for
the diagnosis that no other explanation for the neuromuscular dys-
function exists, apart from the critical illness and its treatments
(Stevens et al., 2009; Vanhorebeek et al., 2020). All the patients
from our series suffered from a severe form of acute respiratory
distress syndrome caused by SARS-CoV-2, with long ICU stays
(variable, but more than 12 days), and presented general weakness
and/or difficulty to wean from the ventilator, which are typical
symptoms of ICUAW. Their clinical records did not show any prior
medical conditions which could explain their current neuromuscu-
lar symptoms.

We found signs of CIM or CIP in 11 of the 12 patients. Of these
11 patients, seven were diagnosed of critical illness myopathy
(63.6%), and four of critical illness neuropathy (36.4%). None of
the patients presented both signs of myopathy and neuropathy.
It is known that in ICUAW membrane excitability is reduced
(Friedrich et al., 2015). However, we have not performed electro-
physiological tests to specifically measure membrane excitability.
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Fig. 3. Skeletal muscle biopsy showing (A) scattered necrotic fibers (arrowhead) in the absence of inflammatory infiltrate (hematoxylin-eosin, 20x). (B) Higher magnification
of two necrotic fibers being phagocyted by macrophages (H-E, 40x). (C) There were no thrombi or inflammatory infiltrates in the vessels (H-E, 40x). Also note the absence of
angulated fibers. (D) There was no deposit of C5b9 by immunohistochemistry in non-necrotic fibers (C5b9, 20x).

In our CIP patients, the diagnosis was made based on the low
amplitude of CMAP and SNAP, but these findings may be also
explained by this reduced excitability. Although EMG did not show
specific myopathic changes in these patients (and the presence of
spontaneous activity was taken as a sign of membrane dysfunc-
tion), some degree of primary muscle involvement cannot be com-
pletely ruled out.

An important finding in our COVID-19 series is that the degree
of spontaneous activity was strikingly severe in the myopathy
cases. We do not have a definite explanation for these findings;
however, some causes may be taken into account. One of them
might be the presence of potential risk factors for the appearance
of myopathy, such as the use of corticosteroids, neuromuscular
blocking drugs and some antibiotics. The association between
these drugs and CIM is uncertain, as some reports suggest an
increased incidence with these treatments (Larsson et al., 2000;
De Jonghe et al, 2002; Garnacho-Montero et al, 2005;
Vanhorebeek et al., 2020), but later studies have refuted this idea
(Weber-Carstens et al., 2010). To this day, the exact relationship
between the use of corticosteroids and neuromuscular blocking
agents and CIM remains unclear. Another factor to take into
account is the possible direct muscular damage caused by the SARS
CoV-2. Some viral infections can cause rhabdomyolysis, e.g. influ-
enza virus (Yoshino et al., 2000) or HIV (Authier et al., 2005). More-
over, cases of rhabdomyolysis were reported in the 2003 SARS-CoV
outbreak (Wang et al., 2003; Tsai et al., 2004). Nevertheless, direct
muscular damage by the virus has not been proven, and no skeletal
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muscle lesions have been reported in autopsies apart from psoas
haemorrhage (Polak et al., 2020)

Regarding pathology, skeletal muscle biopsies in our patients
showed a non-specific degenerative-regenerative process. The fact
that most of the degenerative-regenerative fibres were in the
same phase, suggests that the etiological trigger acted during a
short period of time close to the moment the biopsy was taken.
Moreover, there was no increase in fibres with internal nuclei, a
sign of a finished regenerative process. The absence of HLA or
C5b9 immunostaining discarded an immune-mediated necrotis-
ing myopathy (Allenbach and Benveniste, 2018), that can show
a close morphological pattern with hematoxylin-eosin. There
were no morphological features of an established neurogenic pro-
cess such as angulated or target fibres. Although signs of
microvascular damage such as thrombi and endotheliitis have
been described in many organs (Polak et al., 2020), vessels were
intact in our skeletal muscle biopsies. These results support the
diagnosis of CIM.

We have to admit that our study has some limitations. First, the
number of patients in our series is limited, and a higher number of
cases is necessary to draw stronger conclusions. In addition, the
number of muscle biopsies in our study is low, and no nerve biop-
sies were performed. Finally, measurement of the myosin loss may
be a more useful diagnostic tool than routine muscle biopsy for the
diagnosis of CIM and it might correlate better with weakness
(Larsson et al., 2000; Friedrich et al., 2015). Therefore, this tech-
nique should be considered in further studies.
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To our knowledge, just one case of CIM secondary to COVID-19
has been reported so far (Tankisi et al., 2020b), in this case without
muscle biopsy. The clinical picture and the neurophysiological
studies in this report resemble the ones of our myopathy patients,
and reinforce our results.

5. Conclusion

We have presented a series of 12 patients with confirmed
COVID-19 and long stay in ICU out of whom 11 developed critical
illness neuropathy or myopathy. Neurophysiological and patholog-
ical data agree with this diagnosis. We have not found any distinc-
tive features of SARS CoV-2 infection, but further studies are
necessary, especially to determine whether COVID-19 related
ICUAW has a similar prognosis.

We agree with the authors of the only previously reported case
(Tankisi et al., 2020b), that, as many COVID-19 patients require
long-term and intense ventilatory therapy, more cases of CIP,
CIM or CIMP are expected in the future. The role of the neurophys-
iological and pathology studies has to be determined, particularly
in exceptional situations where resources may be limited. In our
opinion, NCS and EMG play an essential role in the diagnosis of
these patients, and they should be considered at least in those
cases in which the diagnosis is unclear.
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