
 

 

 

 

 

 

 

Chapter 13. Disorders of cranial and spinal nerves 
DOI: https://doi.org/10.54103/milanoup.57.25 

 

List of Contributors 

Tommaso Bocci 
“Aldo Ravelli” Research Center for Neurotechnology and Experimental Brain Therapeutics, Department of 
Health Sciences, University of Milan, Milan, Italy; 
Neurology Unit I, San Paolo University Hospital, ASST Santi Paolo e Carlo, Milan, Italy. 
Email: tommaso.bocci@unimi.it 

Laura Campiglio 
Neurology Unit I, San Paolo University Hospital, ASST Santi Paolo e Carlo, Milan, Italy.  
Email: laura.campiglio@asst-santipaolocarlo.it 

Alberto Priori  
Professor of Neurology  
Director of “Aldo Ravelli” Research Center for Neurotechnology and Experimental Brain Therapeutics, 
Department of Health Sciences, University of Milan, Milan, Italy;  
Director of Neurology Unit I, San Paolo University Hospital, ASST Santi Paolo e Carlo, Milan, Italy.  
Email: alberto.priori@unimi.it 

 

Neurology of COVID-19 
Editor Alberto Priori 
DOI: https://doi.org/10.54103/milanoup.57 
 
Published by: Milano University Press 
Via Festa del Perdono 7 - 20122 Milano 
URL: https://milanoup.unimi.it/ 
E-mail: redazione.milanoup@unimi.it 



Chapter 13. Disorders of  cranial and spinal 
nerves

Tommaso Bocci*, Laura Campiglio*, Alberto Priori 
* These authors equally contributed to this work

Non-length dependent neuropathies: Guillain-Barré-
Strohl syndrome and COVID-19 

Guillain-Barré-Strohl syndrome (GBS) is an acute, parainfectious autoim-

following the primary infection. GBS has been described from the beginning 
of  the COVID-19 pandemic and a number of  typical features, both clinical and 
neurophysiological, have been reported1-3. GBS was reported in 0.1-0.4% of  
hospitalized patients,  and GBS and variants represent about 21% of  the neu-
rological case reports7. In general, the mean age, gender and COVID-19 fea-

course is more severe than non-COVID-related GBS8,9. The causal relationship 
-

evidence of  other commonly associated causes10.  

Clinical, biochemical and neurophysiological features

Overall, onset of  COVID-related GBS seems to follow quickly from the pri-
mary infection, as compared to other parainfectious diseases, with neurological 
signs emerging just one week after respiratory failure. Moreover, in COVID 
patients, polyradiculoneuropathies primarily affect cranial nerves and are com-
monly related to an early and severe autonomic dysfunction11-14

-
11). 

As the pandemic progressed on a global scale, there have also been increas-
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demyelinating forms are similar3,8

more frequent when compared to other parainfectious GBS9. The immunolog-
ical bases are not yet fully understood, and neither are the antibodies involved 
in the pathophysiology of  the disease. However, as likely occurs for the Central 
Nervous System (CNS), we cannot rule out the possibility of  a direct viral 

-
lay between respiratory symptoms and the early development of  neurological 
signs. As reported in some studies2,11, a direct mechanism may also be suggested 
by the absence of  serum anti-ganglioside antibodies, commonly engaged in the 
pathophysiology of  immune-related disorders. 

Putative pathophysiological mechanisms and comparison with other 
coronaviruses

As described above, the immuno-mediated nature of  COVID-related GBS 

invasion. In this scenario, it is worth remembering that the receptor of  the angi-

15-17. Moreover, 
to further support the concept of  direct viral damage, a prion-like mechanism 

described for other coronaviruses, both in animals and humans18-21. These data 

in severe COVID-19 showing an early involvement of  the vagus nerve and 
respiratory nuclei, probably also accounting for the respiratory failure itself22,23. 
However, despite the particular abovementioned features of  COVID-related 

-
scribed following other infectious diseases24, 25, while a larger multi-center study 

outbreak . However, the risk of  GBS in severe COVID-19 seems to be lower 
when compared to other emerging infections, such as Zika27.       

Length-dependent neuropathies

Among other diseases affecting the Peripheral Nervous System, an increasing 

(CIP/CIM) in COVID patients, during their stay in the Intensive Care Unit (ICU)28-

32

. Although patho-
physiologic mechanisms still remain to be established, CIP/CIM usually follows 
a prolonged treatment of  sepsis and may represent the neural manifestation of  
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multiple organ failure (MOF). Among other causes, high and prolonged doses of  
corticosteroids and/or non-depolarizing neuromuscular blockers are thought to be 
strongly associated with these neuromuscular abnormalities34. In non-COVID pa-
tients, signs of  both neuropathy and myopathy are common, but the myopathic in-
volvement seems to be more frequent and associated to a better clinical outcome . 

In comparison with non-COVID patients, a higher percentage of  CIP has 
been described in severe COVID-1931,32,38. This is of  key importance given that 
CIP/CIM may have a different  impact on the choice of  strategies to be adopted 
for functional recovery and rehabilitation, possibly delaying ICU discharge for 
patients affecting by predominant neuropathies39. Critical illness neuropathies 
are probably related to the COVID-induced MOF, but other causes should be 
taken into consideration, including a possible vasculitic involvement of  the vasa 
nervorum 39.     

Figure 13.1: Neurophysiological features

-
tient with critical illness neuropathy (CIP). Top: sensory action potentials (SAPs) 
from the right sural nerve (not recordable) and CMAP (reduced amplitude) derived 

left ulnar nerve are provided (with reduced amplitude and impaired representa-
tion). Bottom: (right), CMAPs obtained by either Direct Muscle Stimulation (DMS, 

-

et al.39, Fig. 1 p. 4).
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Although sometimes limited by the very small sample size, studies in COVID-19 
-

tin-phosphokinase (CPK) are at the highest risk of  developing both muscular and 
neuropathic impairment31,40. CPK itself  is known to represent an independent 
factor associated with an overall worse clinical outcome and to the development 
of  neurological complications, both at a central and a peripheral level40. 

Isolated involvement of  the cranial nerves

Since the beginning of  the pandemic, authors around the world have report-
ed COVID-associated cranial neuropathies, detected by clinical, radiological 
and neuropathological investigation41-43. In most cases, isolated cranial nerve 
involvement consisted of  hyposmia and dysgeusia, but multiple polyneuritis 

13,44. 

Smell and taste disorders

CoV-2 infection. Anosmia has been reported in about 5% of  hospitalized pa-
tients4,44,45, but its prevalence is considerably higher in dedicated studies, with a 

. According to some studies, anosmia 
50 and is nearly always associated 

51,52 and, be-

be the only indication of  infection in otherwise asymptomatic COVID-1953. 

52. Some Authors propose that 

mucosa, while others suggest a central mechanism50,54.
-

stood. Animal models have suggested an infection of  sensory neurons by 
 but 

the sudden onset and the fast recovery do not indicate any structural sensory 
neuron damage and published data are not always in agreement about this . 

to non-neural supporting cells of  olfactory mucosa, particularly sustentacular 
57.
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Figure 13.2: Olfactory disorders in SARS-COV-2 infection

epithelium. 2) Involvement of  endothelial cells and vascular pericytes, leading to 

(from Mastrangelo et al.  with permission).

However, the possible occurrence of  other mechanisms leading to chemosen-
sory dysfunction and a direct sensory neuron invasion have been postulated . 
Interestingly, a recent study on post-mortem samples revealed the co-localization 

58.
So far, published data on the pathogenesis of  taste disorders remain limited. 

receptors, hypothesizing a key role for oral mucosa as an entry route for the 
virus59. For the moment there are few data available on the percentage of  taste 

. 
This does not depend on the severity of  primary infection and is not related 
to the persistence of  other systemic dysfunctions during long-term follow-up.

Optic nerve disorders

Involvement of  the optic nerve during COVID-19 is unusual and optic 
. 

Patients presented with painful vision loss, relative afferent pupillary defect and, 

. 
In some other COVID-19 patients, optic neuritis was associated with mye-
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viral infection triggered the autoimmune response .
 thrombot-

ic events are a well described complication of  COVID-19, in the case of  a sud-
den visual loss, central retinal artery occlusion and retinal vein occlusion need 

.  

Oculomotor nerves 

Some cases of  oculomotor nerve palsies have been described in patients di-

. Case reports on isolated palsy of  
the III, IV and VI cranial nerves have also been published, and in some of  these 

infection70. Proposed pathogenetic mechanisms include immune response, is-
chemia or direct viral involvement of  the CNS70.

Facial and vestibulocochlear nerves 

There has been an increase in the number of  reports in the literature of  
-

rectly linked or just coincidental is still a matter of  debate. While some Authors 
suggest a higher occurrence of  facial palsy during the COVID-19 outbreak, 

-
tious disorders71-73.

Although rare, nystagmus, tinnitus and sudden hearing loss have been re-
ported in association with COVID-1974.

Lower cranial nerves 

13,75, with asymmetric involvement of  the 
IX, X, XI and XII cranial nerves leading to dysphagia, hoarseness, weakness of  the 
soft palate, weakness of  the trapezius/ sternocleidomastoid and tongue deviation. 

Although these alterations have been previously described as the results of  
traumatic nerve involvement during prolonged intubation (e.g., stretching during 

the medulla oblongata or a multiple cranial neuropathy. In a post-mortem series, 

and lower cranial nerves originating from the medulla oblongata22. These data 
support the hypothesis of  an involvement of  the brainstem respiratory center in 
COVID-19 respiratory failure. According to this theory, failure to wean patients 
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off  the ventilator and the respiratory dissociation seen in some patients after re-
covery from pneumonia could be due to central respiratory drive depression. 

Practical recommendations for clinicians and personal 
experience

During the COVID-19 pandemic, the role and the guidelines for neurophys-
-

tensively revised in terms of  the management and the response of  physicians 
and technicians, hygiene and personal protection standards, and use of  tech-
nical equipment . At the same time, there has been an increasing need for 

electrophysiological assessment for diseases affecting the Peripheral Nervous 

takes three times longer than for non-COVID patients, mainly because of  safety 
concerns. Another limitation was the under-estimation of  cranial neuropathies, 
which may frequently complicate the disease course. Moreover, as discussed 
above, GBS in COVID-19 frequently involves the cranial nerves, even at an 
early stage, and is more severe than non-COVID-related polyradiculopathies. 
The cranial nerves are not systematically evaluated in these patients; probably 
because the attention is usually switched toward the respiratory impairment. 
Furthermore, the presence of  mechanical devices (continuous positive airway 
pressure or non-invasive ventilation devices) often makes the clinical investiga-

Take-home message

 – The involvement of  the Peripheral Nervous System (PNS) is frequent in 
severe COVID-19.

 – This involvement comprises both length- and non-length dependent dis-
eases, with particular clinical and neurophysiological features when com-
pared to other para-infectious disorders.

 – -

 – -
habilitation strategies for COVID patients.
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