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Abstract
Introduction Neurological complications of SARS-CoV-2 disease have received growing attention, but only few studies 
have described to date clinical and neurophysiological findings in COVID patients during their stay in intensive care units 
(ICUs). Here, we neurophysiologically assessed the presence of either critical illness neuropathy (CIP) or myopathy (CIM) 
in ICU patients.
Materials and Methods Patients underwent a neurophysiological assessment, including bilateral examination of the median, 
ulnar, deep peroneal and tibial motor nerves and of the median, ulnar, radial and sural sensory nerves. Needle electromyo-
graphy (EMG) was performed for both distal and proximal muscles of the lower and upper limbs. In order to differentiate 
CIP from CIM, Direct Muscle Stimulation (DMS) was applied either to the deltoid or tibialis anterior muscles. Peak to peak 
amplitudes and onset latencies of the responses evoked by DMS  (DMSamp,  DMSlat) or by motor nerve stimulation  (MNSamp, 
 MNSlat) were compared. The ratio  MNSamp to  DMSamp (NMR) and the  MNSlat to  DMSlat difference (NMD:  MNSlat −  DMSlat) 
were also evaluated.
Results Nerve conduction studies showed a sensory-motor polyneuropathy with axonal neurogenic pattern, as confirmed by 
needle EMG. Both  MNSamp and NMR were significantly reduced when compared to controls (p < 0.0001), whereas  MNSlat 
and NMD were markedly increased (p = 0.0049).
Conclusions We have described COVID patients in the ICU with critical illness neuropathy (CIP). COVID-related CIP could 
have implications for the functional recovery and rehabilitation strategies.
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Introduction

SARS-Cov-2 disease has emerged in the past few months as 
the deadliest pandemic of the century, infecting over than 
180,000,000 people and causing about 3.9 million deaths 
worldwide (https:// covid 19. who. int). Neurological com-
plications include large vessel strokes, acute polyradiculo-
neuropathies and epileptic seizures at onset, probably also 
accounting for a neurogenic component of the respiratory 
failure, as recently suggested by converging clinical, neu-
rophysiological and histopathological evidence showing a 
direct viral invasion of the brainstem respiratory centers 
[1–5]. Nonetheless, only a few studies have described criti-
cal illness neuropathy or myopathy (CIP/CIM) in COVID 
patients during their stay in the intensive care units (ICUs). 
CIP/CIM may differently impact on the recovery and reha-
bilitation strategies, possibly delaying ICU discharge. Here, 
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we neurophysiologically evaluated eight COVID patients in 
ICUs (seven males, mean age 56.0 ± 9.3 years).

Materials and methods

Patients with a Medical Research Council (MRC) score of 
less than 48/60 were included; each patient was ventilated 
for at least 1 week before the enrolment and had severe 
weakness on awakening; in four clinical signs of flaccid 
quadriparesis with arreflexia was found. Exclusion criteria 
were a pre‐existing neuromuscular disease, a neuromuscu-
lar transmission failure, polyradiculoneuropathies and cen-
tral nervous system disorders. None suffered from diabetes 
before the admission. At the time of neurophysiological 
assessment, each patient was awake and intubated (mean 
duration of intubation 10.2 ± 4.1 days); in the 60 min before 
none of them consumed drugs interfering with neuromus-
cular transmission. The mean time of hospitalization was 
19.4 ± 5.8 days and the stay in ICU was 17.2 ± 4.1 days. 
During the hospitalization, three patients died because of 
COVID-related respiratory failure.

Each patient underwent nerve conduction studies, includ-
ing bilateral examination of the median, ulnar, deep peroneal 
(from the extensor digitorum brevis muscle, EDB) and tibial 
(abductor hallucis brevis, AH) motor nerves (Compound 
Motor Action Potentials, CMAPs) and of the median, ulnar, 
radial and sural sensory nerves (Sensory Action Potentials, 
SAPs; Table 1); abductor digiti minimi muscle (ADM) 
responses to 3 Hz repetitive stimulation of the ulnar nerve 
were performed to exclude a neuromuscular transmission 
disease. To avoid the possibility of an acute polyradiculoneu-
ropathy, both the “Sural-Radial Amplitude Ratio” (SRAR) 
and the “Sensory Ratio” (SR) were calculated (Table 2) [6]. 
Distal and proximal muscles were assessed, using dispos-
able concentric needles (tibialis anterior, TA, and vastus 
medialis, VM; first digital interosseus, FDI, and deltoid); 
the number of insertions was two for each muscle and rest 
activity was monitored for 60”.

Following the conventional assessment, Direct Muscle 
Stimulation (DMS) was applied to the tibialis anterior mus-
cle in each patient and also in the deltoid muscle in three 
patients. The methods for DMS is reported in detail else-
where [7, 8]; briefly, a monopolar needle electrode (length 
37 mm; diameter 0.36 mm; stimulating surface 0.28  mm2) 
served as cathode and was inserted in the distal third part 
of the muscle, while a subdermal needle electrode (length 
12 mm) was placed 10 mm laterally. The muscle was stimu-
lated at different depths at increasing strength, until a twitch 
was evoked (from 10.0 to 100 mA; 0.1 ms and 0.5 Hz); then, 
a concentric needle was inserted 15 mm proximally to the 
cathode, at increasing depths until a response of maximum 
amplitude was recorded (band-pass 20 Hz–10 kHz) [7]. 

Any response with an onset latency shorter than 2.0 ms was 
excluded, because likely obtained by nerve-ending stimu-
lation. Finally, the axillary or deep peroneal nerves were 
stimulated with surface electrodes (motor nerve stimulation, 
MNS). Peak to peak amplitudes and onset latencies of the 
responses evoked by DMS  (DMSamp,  DMSlat) or by MNS 
 (MNSamp,  MNSlat) were measured. The ratio  MNSamp to 
 DMSamp (NMR) and the  MNSlat to  DMSlat difference (NMD: 
 MNSlat −  DMSlat) were assessed.

The whole electrophysiological protocol required about 
1 h for each patient.

Normative data were acquired in eight healthy subjects 
(six males, mean age 52.1 ± 10.9 years). Statistical analysis 
was performed using a Wilcoxon test (p < 0.05).

Results

Neurophysiological findings are reported in Tables 1 and 2; 
traces from a representative patient are provided in Fig. 1. 
Normative data are in line with those reported elsewhere [7].

CMAPs showed reduced amplitudes, especially at the 
lower limbs, with onset latencies within normal limits; 
F-waves were not recordable from the AH muscle in three 
patients and had an increased onset latency in the remaining 
cases, with a persistence lower than 50% (AH: 65.1 ± 6.7 ms; 
ADM: 37.2 ± 5.3 ms).  SAPamp were significantly impaired 
and in four cases SAPs from the sural nerve were not 
detectable.

Concentric needle electromyography revealed a neuro-
genic pattern, with denervation activity, represented by posi-
tive sharp waves and in two cases by fibrillation potentials.

MNSamp and NMR were significantly reduced in patients 
(NMR for the tibial muscle: p < 0.0001, Fig. 1, Table 2) 
while  MNSlat and NMD were increased (NMD: p = 0.0049, 
Fig. 1, Table 2).

Discussion

Our results suggest a predominant critical illness neuropathy 
(CIP), in line with some recent papers about intensive care 
unit acquired weakness in severe COVID patients, and differ 
from those previously reported in the literature, showing a 
higher prevalence of myopathy in non-COVID patients with 
CIP/CIM syndromes [7, 9, 10].

DMS technique has been proposed for testing muscle 
fibers excitability, in order to understand the mechanisms 
of ICU acquired paresis, especially when voluntary activity 
is absent [7–9]. The involvement of the peripheral nervous 
system may significantly impact on the patient’s prognosis, 
as CIP is characterized by a worst outcome than CIM, prob-
ably related to the associated multiple organ failure [9, 11].
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Table 2  Neurophysiological outcome (derived measures) and CK levels

The italic values represent abnormal values. NMD, difference of response latency between motor nerve stimulation and direct muscle stimulation 
(ms); NMR, ratio of response amplitude from motor nerve stimulation to direct muscle stimulation; red, reduced; SRAR , “sural-radial amplitude 
ratio”  (SAPsural/SAPradial); SR, “sensory ratio”, as expressed by the formula  (SAPsural + SAP radial)/(SAPmedian +  SAPulnar); n.a., not assessed; n.e., 
not evaluable, because of the absence of  SAPsural. CK, creatin-phospho-kinase; N.V., normal values (within normal range, defined as < 190 UI/L)
* Based on Al-Schekhlee et al. (2007)
† SRAR values over 0.4 are for controls and patients with GBS, whereas in length-dependent, dying-back polineuropathies (e.g. CIP) SRAR is 
usually lower

NMD DEL (ms) NMR DEL NMD TIB (ms) NMR TIB SRAR SR CK levels (UI/L)

Patients
  1 n.a n.a 5.1 0.49 0.18 0.70 N.V
  2 n.a n.a 1.5 0.35 0.13 1.03 435 UI/L
  3 n.a n.a 5.2 0.77 n.e n.e 518 UI/L
  4 n.a n.a 3.4 0.38 0.09 0.33 N.V
  5 n.a n.a 1.5 0.64 0.12 0.36 N.V
  6 2.0 0.42 3.8 0.44 n.e n.e N.V
  7 2.6 0.23 3.6 0.45 n.e n.e N.V
  8 2.9 0.33 4.3 0.22 n.e n.e 341 UI/L

Normative values
Mean 1.82 1.20 1.75 0.95  > 0.4*†  < 1.1*
S.D 0.59 0.21 0.55 0.20

Fig. 1  Neurophysiological findings. The figure in A shows neuro-
physiological traces from a representative patient. Top: sensory action 
potentials (SAPs) from the right sural nerve (not recordable) and 
CMAP (reduced amplitude) derived from the right extensor digito-
rum brevis are shown; at the bottom (left) F-waves from the left ulnar 
nerve are provided (with abnormal onset latency, reduced amplitude 
and impaired representation). Bottom: (right), DMS (top trace) and 
NMS (bottom), derived from the tibial muscle, in a COVID patient 

(male, 52 years); note the amplitude reduction when NMS was com-
pared to DMS; B Histograms showing NMR and NMD (ms) val-
ues, both in patients and controls (TA muscle, stimulation of the 
deep peroneal nerve; values are reported as mean ± 1 standard error, 
S.E.); note the reduction of NMR, paralleled by a significant increase 
of NMD, suggesting a predominant neuropathy (***p < 0.001; 
**p < 0.01)

4896 Neurological Sciences (2021) 42:4893–4898
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Interestingly, two studies have recently confirmed our 
findings supporting a higher prevalence of CIP in COVID-
19 compared with a non-COVID-19 cohort [12, 13]. Of 
note, Bax and colleagues also found a correlation between 
the impairment of neurographic parameters and plasma 
biomarkers of nerve injury, including Neurofilament Light 
chain (NfL) and Glial Fibrillary Acidic protein (GFAp) 
levels, thus suggesting CIP may be a consequence of 
COVID-19 itself rather than an effect of the severe illness 
[12]. Nonetheless, different from our data, none of these 
two studies used a non-conventional electrodiagnostic 
approach.

Previously, other papers had described single cases of 
critical illness myopathy in COVID patients [14, 15] and 
one assessed DMS and NMS parameters [15]. Another 
study described a larger case series, showing a predomi-
nant myogenic pattern [16]; the authors interestingly 
reported the histopathological findings from four muscle 
biopsies, but they did not use non-conventional electrodi-
agnostic approaches. Moreover, in the patient described 
by Tankisi and co-workers, a quantitative needle electro-
myography (Multiple Motor Unit Analysis, MMUA) was 
also performed.

The discrepancy between their results and ours may be 
due to the duration of hospitalization before EMG, longer 
than in our sample (until 2 months of hospitalization in 
ICU), different therapeutic approaches (e.g. steroids; hydrox-
ychloroquine, not used in our sample) or concomitant bac-
terial infections [15, 17]. Other confounding factors may 
be related to different ages and small sample sizes, due to 
critical conditions in which the neurophysiological evalua-
tion was performed.

Finally, in none of the abovementioned papers, the dif-
ferential diagnosis between CIP/CIM and GBS was assessed 
by using derived measures, as SR and SRAR. These param-
eters are known to have a higher diagnostic sensitivity when 
compared to the conventional electrodiagnostic assessment 
and the SR may substitute for “sural sparing” in technically 
difficult situations [6].

Although our findings do not fully reflect a multineuro-
pathic pattern, showing a bilateral, symmetric and length-
dependent neuropathy, without any predominance of ulnar 
and deep peroneal nerve impairment, we cannot exclude the 
possibility, at least in part, of a vasculitic involvement of the 
peripheral nervous system. More important, we cannot rule 
out the possibility of a direct viral invasion of the peripheral 
nervous system, as likely occurs at the central level [1, 2]. 
Probably, in the next months, a growing number of criti-
cal illness neuromyopathy will be described in COVID-19 
survivors, in terms of both patients and case series, thus 
increasing long-term complications and healthcare costs, 
highlighting novel insights into the neuropathology of 
COVID-19.
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