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Abstract. The still ongoing COVID‑19 pandemic has exposed 
the medical community to a number of major challenges. A 
significant number of patients require admission to intensive 
care unit (ICU) services due to severe respiratory, thrombotic 
and septic complications and require long‑term hospitalization. 
Neuromuscular weakness is a common complication in criti‑
cally ill patients who are treated in ICUs and are mechanically 
ventilated. This complication is frequently caused by critical 
illness myopathy (CIM) or critical illness polyneuropathy 
(CIP) and leads to difficulty in weaning from the ventilator. It 
is thought to represent an important neurologic manifestation 

of the systemic inflammatory response syndrome (SIRS). 
COVID‑19 infection is known to trigger strong immune 
dysregulation, with an intense cytokine storm, as a result, the 
frequency of CIP is expected to be higher in this setting. The 
mainstay in the diagnosis of this entity beside the high level of 
clinical awareness is the electrophysiological examination that 
provides evidence of axonal motor and sensory polyneuropathy. 
The present article presents the case of a 54‑year‑old woman 
with severe COVID 19 infection who developed neuromuscular 
weakness, which turned out to be secondary to CIP and was 
treated successfully with a high dose of human intravenous 
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immunoglobulins. Related to this case, we reviewed the relevant 
literature data regarding the epidemiology, pathophysiology and 
clinical features of this important complication and discussed 
also the treatment options and prognosis. 
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1. Introduction

The ongoing pandemic of corona virus disease 2019 
(COVID‑19) declared by the World Health Organization 
(WHO) on March 11, 2020 (1) caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2) has 
infected individuals worldwide (2) and has evolved in many 
cases to a critical life‑threatening form due to immune 
dysregulated response with multiorgan failure and refractory 
hypoxemia (3,4). Although COVID‑19 mainly affects the 
lungs, causing varying degrees of respiratory symptoms, there 
are numerous clinical and pathological studies that support the 
idea that this virus has the ability to spread to extrapulmonary 
tissues leading to a wide spectrum of neurological involvement 
to multiorgan failure in critically ill patients (5‑7).

Motor weakness and respiratory muscle inefficiency 
in critically ill patients with sepsis include a flaccid and 
symmetric paralysis that has been described since 1892 by 
Osler (8,9) and has been attributed to increased catabolism 
associated with this condition (8). Later, Mertens considered 
them secondary to ischemic and metabolic lesions affecting 
peripheral nerves and muscles (10). 

The term ‘critical illness polyneuropathy’ (CIP) was 
introduced in 1984 by Bolton et al who described electro‑
physiological changes and defined CIP as a distal axonal 
polyneuropathy that affects both motor and sensory fibers, 
with lesions considered secondary to the ‘toxic effects of 
sepsis’ (11‑14).

In recent years, another notion has been defined; that of 
‘critical illness myopathy’ (CIM), which seems to be secondary 
to both the toxic effects of sepsis and the use of corticosteroids 
and neuromuscular blocking agents in the intensive care unit 
(ICU) (8,15).

Most often in critically ill patients, there is an overlap of 
CIP and CIM that frequently coexist, and it is still discussed as 
to whether they are separate entities or have a common patho‑
physiological mechanism. Their association has been called 
‘critical illness polyneuropathy and myopathy’ (CIPNM) (8). 

The two pathologies cannot be distinguished only on the basis 
of symptoms and clinical signs and paraclinical investigations 
are needed (8,16,17). The newest term to define this common 
complication of patients admitted to the ICU, irrespective of 
the cause of hospitalization, is ‘intensive care unit acquired 
weakness’ (ICUAW). This term has been used since the 
1980s (18) and may consist of CIP, CIM, or a combination of 
both (19). ICUAW is characterized by acquired weakness that 
affects the limbs, respiratory muscles, diaphragm, and phrenic 
nerves, and increases the time period required for weaning 
patients from the ventilator (16,19,20).

The percentage of patients hospitalized with COVID‑19 
who are admitted to the ICU due to severe acute respiratory 
syndrome (SARS) varies according to published data, from 
8% in Spain (21) to 18% in the Wuhan region (22). 

The objective of this review was to evaluate the possible 
efficacy of intravenous immunoglobulins (IVIg) in patients 
with a rare reported neurological complication in the context 
of the COVID‑19 pandemic. 

For the literature review we performed a database search in 
PubMed, Embase and CINAHL with the following key words: 
’COVID‑19’, ‘critical illness polyneuropathy’, ‘intravenous 
immunoglobulins’. The time frame that the studies covered 
was December 1, 2019 to March 1, 2021. We included only 
articles written in English, with available full‑text. A total of 
152 articles were analyzed and cited.

2. Incidence

The incidence of CIP and/or CIM in clinical evaluation 
varies from 25 to 33% in patients with a minimum of 4 days 
on mechanical ventilation, increasing up to 58% in electro‑
physiological evaluation (23‑28) and up to 49‑77% in patients 
treated in the ICU over 7 days (29‑31). Other authors, such 
as Latronico and Bolton (32) and Bednarík et al (33) claim 
that more than one third of severely ill patients are affected 
by CIP (32,33) and the percentage may increase up to 100% 
when multiple organ failure is superimposed (34). The 
incidence tends to correlate with the severity and duration of 
the underlying disease (16,35).

3. Diagnostic, clinical, and electrophysiological features of 
CIP and/or CIM

The most important information for the diagnosis of CIP 
and/or CIM is provided by clinical patient evaluation, patient 
evolution and ICU admission, electromyography (EMG), 
serum creatine kinase level (CK), and sometimes even muscle 
biopsy (16,20). If there is ongoing muscle necrosis, laboratory 
tests may indicate elevated CK level, but it must be correlated 
with other findings due to its low sensitivity (16,20).

The main clinical feature of CIP and/or CIM is progres‑
sive muscular weakness, which is often attributed to sepsis 
rather than atrophy immobilization (8). The incidence of these 
conditions increases with the length of hospitalization in the 
ICU and is followed by difficulty in weaning the patient from 
the ventilator after ending sedation (16,27,30,36,37). Patients 
can present with tetraplegia that is frequently flaccid, with 
diminished deep tendon reflexes, distal hypoaesthesia and pall‑
hypesthesia, disproportionate muscle atrophy with the degree 
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and length of immobilization being more likely attributed to 
sepsis‑induced myopathy (8,15,38,39). The muscles innervated 
by cranial nerves are generally spared. Ophthalmoplegia may 
occur in case of muscle damage in CIM, but a differential 
diagnosis with Guillain‑Barré syndrome (GBS) should be 
considered in this case (8,40,41). 

EMG is considered an essential method for making a proper 
diagnosis. CIP is a sensory motor axonal polyneuropathy, 
a pattern dependent on nerve length characterized by low 
amplitude of compound motor action potential (CMAP) and 
sensory nerve action potential (SNAP), while distal latencies 
and conduction velocities are within normal limits (8,42‑44) 
and there is a normal response to repetitive nerve stimula‑
tion (20). One factor to pay attention to is that the amplitude 
of the collected potentials, especially the sensitive ones, can be 
artificially reduced due to the presence in the lower limbs of 
edema in critical patients, which causes the distance between 
the recording electrodes and the underlying nerves to increase. 
This explains why the changes present in the upper limbs are 
considered to be more conclusive (45‑47). In addition, SNAP is 
an important differential diagnostic element (it is decreased in 
CIP but not modified in CIM) (8). Electromyographic examina‑
tion may reveal fibrillation potentials and positive sharp waves 
suggestive of denervation or myonecrosis (8). In the case of 
denervation, these changes may occur in the second or third 
week (35,43,48). In the case of myopathic disorders, motor unit 
action potentials (MUAPs) are short and with low amplitude. In 
the case of CIP with axonal injury, a reduced recruitment‑inter‑
ference pattern is characteristic and occurs while in myopathy 
recruitment of a large number of MUAPs is characteristic (8). 

The cerebrospinal fluid (CSF) level may be normal at the 
onset of GBS but increases towards the end of the second week 
in over 90% of patients, while in the case of CIP it does not 
change (20,49). 

4. Risk factors 

The etiology of ICUAW involves many factors and has not 
yet been fully elucidated (50). The main risk factors for the 
occurrence of CIP and/or CIM identified in clinical trials 
are: the presence of sepsis, multiorgan failure and a systemic 
inflammatory response syndrome (SIRS) (36,51‑55), use of corti‑
costeroids, neuromuscular blocking agents (16,23‑24,33,56), 
female sex (23), hyperglycemia (29‑31), prolonged ICU 
stay (29,57), and different interventions such as prolonged 
mechanical ventilation (50,58).

5. Pathophysiology

In the presence of an increased level of inflammatory cyto‑
kines, there are alterations in the microcirculation of the 
peripheral nerves, with increased expression of endothelial 
selectin (E‑selectin) in the vascular endothelium, leading 
to increased microvascular permeability, extravasation 
of activated leukocytes (8,46), and leakage of neurotoxic 
substances in the endoneurium, with subsequent endoneurial 
edema, which induces hypoxia and energy depletion and 
finally leads to axonal degeneration (8,59). Hypoalbuminemia 
and hyperglycemia further contribute to increased endoneurial 
edema (16,29).

Weakness can be the result of muscle wasting due to prefer‑
ential loss of myosin, muscle protein degradation, neuropathy, 
and dysregulated autophagy (50).

There is evidence of acquired channelopathies in CIP in 
animal models (60,61) with electrical alteration due to ion 
channel dysfunction with consequences on cell depolarization 
and inexcitability (8,32). Sodium channels seem to be involved, 
as shown by electrodiagnostic studies (62,63). Altered depo‑
larization of the peripheral nerve membrane is thus explained 
by sodium channelopathy, endoneurial edema, hyperkaliemia, 
and even hypoxia (46,64,65).

Druschky et al demonstrated, in an in vitro study, serum 
neurotoxicity in 12 out of 16 patients that were diagnosed with 
CIP, and they suspected the existence of a low‑molecular‑ 
weight neurotoxic agent (66).

The earlier onset of neuropathy and myopathy in patients 
with SARS‑CoV‑2 infection compared with those with severe 
acute respiratory syndrome coronavirus 1 (SARS‑CoV‑1) 
raises the suspicion of an injury of peripheral nerves and 
skeletal muscles driven by the virus (67).

The immune mediators that are excessively produced 
during SARS‑CoV‑2 infection include interleukin (IL)‑1β, 
IL‑2, IL‑6, IL‑7, IL‑10, tumor necrosis factor‑α (TNF‑α) and 
also granulocyte‑colony stimulating factor (G‑SCF), monocyte 
chemoattractant protein‑1 (MCP‑1), macrophage inflammatory 
protein‑1α (MIP‑1A), and C‑X‑C motif chemokine ligand 10 
(CXCL10) (6,68,69). Some proinflammatory cytokines such as 
IL‑1, IL‑6, TNF‑α induce weakness and muscle atrophy (70). 
IL‑1β, IL‑6, TNF‑α and CXCL10 may generate tissue damage 
and be involved in the pathophysiology of neurological 
complications, including the peripheral nervous system (PNS) 
in COVID‑19 (67,71).

The characteristics of patients with COVID‑19 include 
systemic inflammation, the presence of cytokine storm, 
increased production of nitric oxide (NO) and reactive 
oxygen species (ROS), prolonged sedation, steroid use, occa‑
sional superimposed sepsis, and predisposition to ICUAW 
onset (50,72‑74). Increased level of circulating inflammatory 
markers that accompany systemic inflammation is associated 
with a significant decrease in muscle mass and strength (75) 
to which muscle loss is added due to anorexia in COVID‑19 
patients (74,76,77). 

The plasma levels of TNF‑α are higher in patients that 
develop ICUAW compared with controls and tests in vitro, 
with TNF‑α added to cultured myotubes showing a reduc‑
tion in myotube diameter and a decrease in muscle protein 
content (78,79). Another cytokine that is highly elevated in the 
plasma of COVID‑19 patients and is proven to drive muscle 
atrophy in animal models is IL‑1 (80), and IL‑1 blockade is 
correlated with survival benefits in humans with sepsis (81). 
IL‑1β and TNF‑α stimulate the production of IL‑6, and blood 
levels of IL‑6 are correlated with severity of the disease and 
mortality due to hyperinflammation driven by viral infection 
in COVID‑19 patients (82‑84). Based on these data, tocili‑
zumab, which is an IL‑6 receptor blocker, is currently used 
to treat pneumonia in COVID‑19 patients with elevated IL‑6 
levels (85). Corticosteroids produce the inhibition of nuclear 
factor‑κ‑light‑chain‑enhancer of activated B cells (NF‑κB) 
signaling, which inhibits among others the synthesis of IL‑1 and 
IL‑6 genes (86,87), but the use of corticosteroids is somehow 
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controversial because in critically ill patients with bacterial 
infections it is associated with increased mortality (88) and 
may induce myopathy in the case of prolonged use (89).

In addition to dysregulated immune response, there is a 
depletion in the blood of severely affected COVID‑19 patients 
of immune cell subtypes including cluster of differentiation 
(CD)4+ and CD8+, T lymphocytes, natural killer (NK) cells, 
dendritic cells and monocytes, which may be attracted to 
the sites of SARS‑CoV‑2 infection (67,90). In addition, 
the remaining lymphocytes present functional exhaustion 
indicating, in fact, a state of immunosuppression similar 
to that in sepsis (91,92). Direct effect driven by the virus 
with infection of nerve cells is also proposed to play a role 
in CIP (67) together with immune‑mediated neurotox‑
icity (67,73).

Patients with COVID‑19 neuropathy or myopathy present 
increased levels of acute phase reactants and neutrophils (93). 
Other causes contributing to neuropathic and myopathic 
damage include thrombotic, ischemic, and vascular alterations 
produced by SARS‑CoV‑2 infection (67). 

6. Treatment 

Various prevention and prophylaxis measures to prevent the 
occurrence of ICUAW have been proposed, because to date, 
no specific therapy exists (20). These measures include the 
treatment of the underlying disease, sepsis, multiorgan failure 
and electrolyte and metabolic imbalances with aggressive 
control of hyperglycemia (20). Other therapeutic measures 
include rehabilitation programs, nutritional supplementation, 
and anti‑oxidant therapy (12,94).

Intensive insulin therapy has been shown to reduce 
the incidence of CIP and/or CIM from 51 to 39% in ICU 
medical patients, but great care must be taken to avoid 
hypoglycemia (8,30,31,36).

The clinical efficacy of existing therapeutic strate‑
gies in COVID‑19 is still uncertain, and there are many 
clinical attempts that have focused on immunomodulation and 
inflammatory cytokine neutralization. 

Remdesivir is an antiviral drug which was proven in 
preclinical trials to block SARS‑CoV‑2 replication (95) 
but there are still no data on its benefits for neurological 
complications (67). 

Tocilizumab is a monoclonal antibody targeted against IL‑6 
that acts by reducing cytokine production. It is used to reduce 
the inflammatory manifestations that accompany SARS‑CoV‑2 
infection (96), but little controversial data exists about its effect 
on associated neurotoxicity (97), and recent studies have shown 
the beneficial effect of granulocyte‑ macrophage colony stimu‑
lating factor (GM‑CSF) blockade with mavrilimumab, including 
neurological complications (98).

Corticosteroids and neuromuscular blocking agents 
should be administered with caution (15,20). Short courses of 
steroids such as dexamethasone seem to provide benefits in 
the management of immune‑mediated neurotoxicity, but with 
close follow‑up of the patient due to the potential for induced 
immunosuppression (99).

IVIg is a blood product containing polyclonal 
immunoglobulin γ (IgG) and smaller quantities of immu‑
noglobulin A (IgA) and IgM and is obtained from a pool of 

plasma from many healthy donors. It is being used to treat 
many autoimmune disorders due to its capacity to modulate 
inflammatory response (2) through the reduction of the activa‑
tion of self‑reactive T cells and the production of inflammatory 
cytokines such as IL‑4, IL‑5, IL‑6 and IFN‑γ exerting in this 
way an anti‑inflammatory effect (100). The administration 
of IVIg in patients with Middle East Respiratory Syndrome 
(MERS) and severe acute respiratory syndrome (SARS) was 
reported to be correlated with a positive outcome (101‑103). 
In COVID‑19 patients, there is an overwhelming immune 
response which is thought to be modulated by the administra‑
tion of IVIg (2,4,6).

IVIg administration in CIP is still being debated without a 
consensus. Brunner et al published a randomized‑controlled, 
double‑blind study regarding the effect of early treatment with 
IgM‑enriched IVIg in CIP. The study included 38 critically 
ill patients, 19 received IVIg and the rest received 1% human 
albumin solution for 3 days. Their results were not consistent 
with a positive effect of IVIg on the length of hospitalization 
or on the mortality of critically ill patients, but the duration 
of treatment was only 3 days (104). Mohr et al suggest that 
early administration of IVIg may prevent or help amelio‑
rate CIP in patients with gram‑negative sepsis admitted to 
the ICU (105), but this statement is not supported by large 
randomized‑controlled studies (20), although it could make 
sense through the neutralizing effect of proinflammatory 
cytokines (100). 

The neurotoxic effect of SARS‑CoV‑2 infection can be 
counteracted by the control and symptomatic treatment of 
fever, hypertension, and hyperglycemia (67).

7. Prognosis

The prognosis of CIM seems to be more favorable compared 
to CIP (106), while ICUAW is correlated with a sustained 
disability in the long term (50).

CIP and CIM are associated with an increased mortality 
rate and increased length of hospital stay in the ICU (8,107). 
The CRIMYNE study (Critical Illness Myopathy and/or 
Neuropathy) suggests that the prognosis of CIP is more severe 
than CIM; after 1 year only 1 patient out of 4 recovered from 
CIP, while 5 out of 6 patients diagnosed with CIM fully 
recovered in 6 months (64), and the effects of CIP are more 
persistent over time (28,64,108,109). CIP cases with unre‑
cordable CMAP have a poor prognosis at 5 years with severe 
sequelae, such as tetraparesis or paraparesis (8,110,111).

Functional outcomes vary, with some patients experiencing 
persistent weakness while others recovering fully to a previous 
status before ICU admission. For those with functional 
deficits, quality of life decreases, and the unemployment rates 
increase (50,106,112). Long‑term studies show that ICUAW 
has a worse evolution in elderly patients (over 65 years of 
age) (113).

8. Practical applicability of IVIg in the treatment of CIP: 
Case illustration

A 54‑year‑old woman was admitted in the Pneumology ward 
on August 26, 2020 having a sore throat, fever with the highest 
temperature at 38.4˚C, persistent non‑productive cough, 
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dyspnoea with peripheral oxygen saturation of 90% measured 
by pulse oximeter when breathing ambient air, and myalgia of 
5‑day duration. The nasopharyngeal swab test was positive for 
SARS‑CoV‑2 by real‑time reverse transcription polymerase 
chain reaction (RT‑qPCR) assay and the chest CT scan 
indicated bilateral subpleural and in the upper lobes ground 
glass opacities and infiltrations consistent with a moderate 
to severe form of pneumonia. She had second degree obesity 
and a medical history of hypertension that was well controlled 
with treatment. 

On admission, laboratory tests revealed lymphocytopenia 
with a lymphocyte count of 0.81 (1.2‑3.4)x109/l, increased 
ferritin level 1,970 (13‑150) ng/ml and her blood sugar was 
300 mg/dl. She was not previously diagnosed with diabetes 
mellitus. She began treatment with lopinavir/ritonavir, dexa‑
methasone, cefuroxime and insulin, but after 6 days following 
admission, her respiratory function worsened, the peripheral 
oxygen saturation decreased to 86% on the oxygen mask and 
she was transferred to the ICU. At admission in the ICU, the 
acid‑base balance revealed metabolic acidosis with pH 7.12, 
partial pressure of oxygen (PaO2) 90 mmHg, partial pressure 
of carbon dioxide (PaCO2) 40 mmHg with base excess (BE) 
17 mmol, and bicarbonate 10 mEq/l. The IL‑6 level at admis‑
sion in ICU was 600 ng/ml and the ferritin level was increased 
at 3,182 ng/ml with the sequential organ failure assessment 
(SOFA) Score of 11 and acute physiology and chronic health 
evaluation score (APACHE) Score of 25. During her ICU stay, 
her treatment was completed with supportive care and manage‑
ment of symptoms with correction of the acid base imbalance, 
enoxaparin sodium, azithromycin, intravenous methylprednis‑
olone, tocilizumab (800 mg total dose administered in 2 days), 
remdesivir 200 mg in the first day then 100 mg per day in the 
next 4 days and she was put on non‑invasive ventilation with 
continuous positive airway pressure (CPAP) with a fractional 
inspired O2 concentration (FiO2) of 0.7. From the moment of 
ICU admission, a slight motor deficit with evolution towards 
aggravation first in the lower limbs, then later affecting the 
upper limbs was observed. Neurological examination was 
performed after 6 days and did not revealed changes in the 
cranial nerves but detected a flaccid tetraparesis of Medical 
Research Council (MRC) grade 4/5 in the upper limbs and 
grade 2/5 in the lower limbs, diminished deep tendon reflexes 
in the upper limbs and abolished deep tendon reflexes in the 
lower limbs, with hypoaesthesia and hypopalesthesia with 
glove and stocking distribution. Her CK level was normal at 
admission and during hospitalization. Lumbar puncture was 
performed and SARS‑CoV‑2 or any other anomalies were 
not detected in the CSF of the patient and there was no albu‑
minocytological dissociation. Magnetic resonance imaging 
(MRI) of the brain and whole spine was normal. Based on the 
clinical examination, the diagnosis of GBS was suspected and 
IVIg treatment was recommended by the neurologist. She was 
administered 0.4 mg/kilogram of body/day for 5 consecutive 
days beginning with the seventh day after admission in the 
ICU. In the meantime, a neurophysiologic investigation was 
also performed. 

Neurophysiological protocol. Nerve conduction studies (NCS) 
in motor and sensory nerves of both the upper limbs (median 
and ulnar) and lower limbs (common peroneal, tibial, and sural 

nerves) were performed and concentric needle electromyog‑
raphy in proximal and distal muscle of the upper and lower 
limbs. Sensory nerves were stimulated and registered through 
antidromical stimulation. Repetitive nerve stimulation was 
performed on the right median nerve. 

NCS revealed low amplitude of CMAP and SNAP, more 
expressed in the lower limbs, which was suggestive of axonal 
loss. Distal motor and sensory latencies, motor and sensory 
conduction velocities, and F waves latencies were performed 
and were within normal limits. 

EMG was performed in distal and proximal muscles in 
upper limbs (first dorsal interosseous and deltoid) and lower 
limbs (tibialis anterior and vastus lateralis) revealing a spon‑
taneous activity (fibrillations and positive sharp waves) in the 
distal muscles of the lower limbs characteristic of ongoing 
denervation. 

The final diagnosis established after neurophysiological 
investigation was CIP. The diagnosis was supported by: i) clin‑
ical presentation with the appearance of limb weakness during 
the hospitalization; ii) normal level of CK; iii) CSF‑lack of 
albuminocytological dissociation; iv) electrodiagnostic studies 
that showed axonal motor and sensory polyneuropathy with 
a SNAP amplitude lower than 80% in upper limbs and more 
decreased in the lower limbs; v) repetitive nerve stimulation 
without decremental response, in accordance with the criteria 
proposed by Latronico and Bolton (32); vi) nerve conduction 
studies (NCV) and EMG with the characteristics mentioned in 
the case description.

We present a case of CIP as a consequence of COVID‑19 
that was successfully treated with IVIg, which is, to the best of 
our knowledge, the first case with COVID‑19 and CIP treated 
with IVIg. 

After 16 days, the patient was transferred to the neurology 
ward with spontaneous breathing and intermittent oxygen 
supplementation on the mask with a FiO2 of 0.4 and a periph‑
eral oxygenation of 96%. The motor deficit was improved to 
grade 4/5 (MRC) in the upper limbs and 3/5 MRC in the lower 
limbs. She was discharged and sent to a rehabilitation clinic. 
Two months later, the motor deficit completely disappeared in 
the upper limbs and was 4/5 MRC in the lower limbs, showing 
a significant improvement.

9. Discussion 

Multiple neurological complications of COVID‑19 have been 
described so far, with neurological sequelae caused by the 
direct potential harm of the virus to the nervous system, but 
also as a result of the systemic disease (19). 

The neurotropism of human corona viruses was previ‑
ously documented in the 2002‑2003 SARS‑CoV‑1 outbreak. 
Neurological involvement, including neuromuscular manifes‑
tations, was described in 2002 when Tsai et al published an 
article (2004) in which they reported 4 patients with a probable 
diagnosis of CIP (114). Previous SARS experience has shown 
that organ dysfunction is caused by cytokine dysregula‑
tion (115). The virus causes SARS in 5‑30% of COVID‑19 
patients, affecting especially men in their fifth or sixth 
decades of life, leading them to require intensive life support 
interventions such as non‑invasive ventilation or intubation 
and mechanical ventilation (5‑7,116). The fatal outcome in 
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patients requiring mechanical ventilation is very high, close 
to 80% (116).

The concept of COVID‑19 related cytokine storm 
syndrome (COVID‑CSS) arose from the need to explain the 
dysregulated immune response that occurs in some patients 
with SARS‑CoV‑2 infection (6). This response has generated 
numerous clinical trials of immunomodulatory therapy or 
centered on cytokine inhibition (117). COVID‑CSS is defined 
by experts as meeting the following criteria: activation of 
lymphocytes and macrophages, with increased production 
of cytokines and hypercytokinemia, which leads to systemic 
inflammation and multiple organ failure (117,118). Patients 
with severe disease that require ICU admission have increased 
expression of inflammatory cytokines, especially IL‑1α, 
IL‑1β, IL‑6, IL‑10, IL‑18 and TNF‑α with low interferon type I 
(INF‑I) and IFN‑III levels (119,120), severe T‑cell lymphopenia 
and low innate antiviral defense (117,120). Other inflammatory 
markers, such as C‑reactive protein (CRP) produced by hepato‑
cytes in response to IL‑6 stimulation, and ferritin produced as 
a result of increased macrophage activity, are increased (121). 
Treatment with tocilizumab, which acts by IL‑6 blockade, 
can partially restore the immune defects (117,122,123). The 
immunomodulatory effect of dexamethasone 6 mg daily was 
demonstrated by the Randomised Evaluation of COVID‑19 
Therapy (RECOVERY) trial (117,124).

The overwhelming immune response is characterized by a 
rapid progression to critical condition, with increased level of 
inflammatory factors and cytokines, and reduced peripheral 
lymphocyte count (4,6,115). 

Mortality in COVID‑19 was reported between 2.7 and 
3.4%, leading to ICU admission in the case of severe impair‑
ment (125). It is very likely that neuromuscular damage in 
patients with COVID‑19 and SARS‑CoV‑2 is more common 
and underdiagnosed, and many patients die without a 
neurophysiological diagnostic study. 

During ICU stay, a significant proportion of critically ill 
patients being mechanically ventilated undergo muscular 
weakness and muscle atrophy (50,126) due to an accumula‑
tion of causal factors which are difficult to define given the 
heterogeneity of ICU patients (50,58,127). 

CIP is an axonal polyneuropathy with a length dependent 
pattern involving both sensory and motor fibers that requires the 
confirmation of the clinically suspected diagnosis and electro‑
physiological studies to be performed in order to rule out GBS 
and CIM, along with EMG or even muscle biopsy (128,129). 
Sometimes these two entities may coexist (19). The prognosis 
of CIM seems to be more favorable compared to CIP (106).

Cabañes‑Martínez et al conducted a retrospective study that 
included 3,030 hospitalized patients with SARS‑CoV‑2 infec‑
tion in Madrid between 31 March, 2020 and 18 May, 2020. A 
total of 225 COVID‑19 patients were admitted to the ICU, and 
12 of them were referred to the Neurophysiology Department 
for NCS and EMG (19) for the suspicion of ICUAW. The mean 
age of the 12 patients was 65 years (52‑75 years) with a male 
predominance (83.3%), with only 2 cases of female involve‑
ment (16.7%). After neurophysiological examination, and in 
some cases muscle biopsy, they found 7 cases with CIM and 
4 cases with CIP without any of these patients showing signs 
of both myopathy and neuropathy (19). The duration between 
ICU admission and the performance of the neurophysiological 

examination was between 12 and 49 days, with an average of 
24 days. Of the 12 patients, 7 survived and were discharged, 
and 5 died (19). In the Cabañes‑Martínez study, the labora‑
tory tests performed presented elevated creatine kinase (CK) 
levels, lymphopenia, and elevated D‑dimers (19). 

When muscle weakness is evident on clinical examina‑
tion, nerve conduction studies and EMG are performed to 
diagnose the presence of CIP, CIM or combined critical illness 
neuromyopathy (50,126,130‑132). The overlap of the two 
pathologies often makes the diagnosis difficult (50).

The occurrence of CIP and/or CIM associated with 
COVID‑19 must be distinguished from GBS that can also be 
driven by the SARS‑CoV‑2 infection (67,129,133).

Our patient suffered from a severe form of acute respiratory 
distress syndrome, which was caused by SARS‑CoV‑2, and she 
had a prolonged ICU stay (16 days) with generalized muscular 
weakness. We present the case of CIP as a consequence of 
COVID‑19 which is to our knowledge the first case reported to 
be treated with IVIg resulting in a good outcome. Our patient 
was not diagnosed with a preexistent neuromuscular disorder. 

We found in our patient decreased amplitude of CMAP and 
SNAP with normal duration, normal conduction speeds, and 
distal latencies. The changes were more evident in the lower 
limbs. Needle EMG showed the presence of mild spontaneous 
activity in distal but not in proximal muscles of the lower limbs 
with normal MUAPs. F‑wave latencies were in normal limits, 
therefore the patient was diagnosed with sensory motor axonal 
neuropathy. CK blood level was also within normal limits. 

Although EMG did not show myopathic changes, and the 
CK level was within normal limits, a certain degree of muscular 
involvement is difficult to be completely ruled out without 
performing a muscle biopsy (19). The CK level increases when 
there is muscle destruction, but the level fluctuates during the 
disease (134‑136).

Being a new disease, with doctors lacking experience and 
effective treatment options (137) in the management of these 
patients, with no consensus on approved treatment protocols 
at the outbreak of the disease, off‑label and empirical treat‑
ments were frequently administered in COVID‑19 and its 
complications, including IVIg (115). In October 2020, a 
60‑year‑old patient's case was published with a medical 
history of hypertension and diabetes mellitus, with myocar‑
ditis secondary to SARS‑CoV‑2 infection, and he was treated 
early with IVIg that appears to have contributed to the rapid 
recovery of the patient (138). 

IVIg is a blood product with antibacterial and antiviral 
broad‑spectrum activity that has been used before in the 
treatment of autoimmune and inflammatory disease such as 
autoimmune thrombocytopenic purpura, GBS, myasthenia 
gravis or severe bacterial and viral infections for more than 
30 years (129,133,139‑142). In the previous outburst of SARS 
and MERS, IVIg was well‑tolerated and showed clinical bene‑
fits. Due to its immune modulation, high doses of IVIg could 
be considered a promising therapeutic strategy for selected 
cases (101‑103,115). Previous studies regarding the use of IVIg 
in severe hemagglutinin type 1 and neuraminidase type 1 
(H1N1) infections proved the treatment efficacy in reducing 
the viral load and mortality (143), but currently, data to support 
the effectiveness of this treatment in COVID‑19 patients 
are controversial (115,144,145). Tabarsi et al conducted a 
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randomized controlled study in which they proved that faster 
administration of IVIg was correlated with a shorter length 
of hospitalization in the ICU (137). However, they could 
not confirm a favorable effect on mortality and the need for 
mechanical ventilation or improvement in the chest CT and 
emphasize the need for this treatment before the development 
of systemic damage (115,137). 

Shao et al published the first study that evaluated the effi‑
ciency of IVIg in critical COVID‑19 patients and showed that 
early administration (before 7 days after admission) and high 
dose (more than 15 g per day) had a significant reduction in 
60‑day mortality in critical patients, and improved the prognosis 
and reported the decrease of CRP and IL‑6 plasma levels (3).

Among the first reports of IVIg efficacy in the treatment of 
deteriorating patients with COVID‑19 is that of Cao et al who 
published a series of 3 cases of severe pneumonia induced 
by SARS‑CoV‑2 who were successfully treated with high 
doses at the beginning of clinical deterioration. All 3 patients 
survived and were discharged (115). Reynaga et al from 
Spain, published a study consisting of a series of 5 patients, 
3 males and 2 women between 24 and 80 years of age who 
received a 5‑day course of IVIg 400 mg/kg/day for a medium 
risk of acute respiratory distress syndrome (ARDS). After 
IVIg infusion, their respiratory condition evolved favorably 
with resolution of pulmonary infiltrates on chest radiography 
and progressive increases in lymphocyte count in the first 
2 weeks after treatment, and normalization of inflammatory 
biomarkers (CRP, fibrinogen, IL‑6) by day 14 (146). IVIg, 
due to their immunomodulator properties, have the ability to 
form immunocomplexes with pathogen antigens with their 
removal from circulation, neutralize inflammatory cytokines, 
reduce the activation of complement, promote the regenera‑
tion of regulatory T cell and B cell lymphocytes, and reduce 
the pro‑inflammatory T helper 17 cell (Th‑17) cell activa‑
tion (146‑148). These data suggest the ability of IVIg to block 
the inflammatory cascade and prevent disease progression by 
improving the outcome of COVID‑19 patients (115).

IVIg have not been shown to be effective compared to 
placebos in a recent randomized control trial that included 
patients with influenza A and B infection (149). But according 
to Xie et al IVIg treatment significantly reduced the mortality 
when administered early after admission in ICU in patients with 
COVID‑19 infection before permanent tissue damage (145).

Another multicenter retrospective cohort study that 
included 325 COVID‑19 patients which received IVIg, showed 
that if at first there were no significant differences at the 
primary analysis after adjustments based on disease severity, 
the results demonstrated a significant reduction on 60‑day 
mortality rates, and good results were correlated with early 
administration (less than 7 days after hospital admission) (3).

Gharebaghi et al conducted a randomized placebo‑
controlled double‑blind study regarding the use of IVIg in 
patients with severe forms of COVID‑19, which provides 
evidence that the outcome is improved with the administration 
of IVIg, and they suggested that this treatment is more effective 
in the case of severe immune response and can reduce mortality 
in patients with aggressive COVID‑19 pneumonia (2).

The timing of immunomodulatory therapy is extremely 
important. It should be administered at the beginning of clinical 
deterioration and before the onset of fatal immune‑mediated 

injuries (115). Our patient showed no adverse effects upon IVIg 
administration, as in the data published by Cao et al (115).

The positive response in our case may also be due to 
combined antiviral therapy and IL‑6 targeted immunothera‑
pies, thus we cannot attribute the favorable evolution only to 
IVIg treatment, but it draws attention to the therapeutic 
potential of IVIg in such neurological complications, and the 
usefulness of their administration. Its effectiveness was likely 
to have been enhanced by the combined effect with other 
immunomodulatory therapies (137).

Additional studies focusing on dysregulated immune 
response and the complications resulting from its onset, 
including CIP, are needed. More studies are necessary to 
determine an algorithm of proper treatment in CIP accompa‑
nying acute respiratory distress syndrome from COVID‑19. 

Due to the pressure on the medical world to discover proper 
treatments for COVID‑19 patients, and for the complications 
accompanying the disease, we decided to report our data and 
carry out a review of the medical literature regarding the effect 
of IVIg in regards to COVID‑19 and CIP (150,151). 

Within the limits of our case, it would have been useful 
to perform a muscle biopsy. But the normal level of CK, the 
clinical characteristics, and the electromyographic appearance 
called for the diagnosis of CIP (15,16,45). Muscle biopsy can 
be used additionally in difficult cases (20). Anti‑gangliosides 
antibodies would have been helpful, together with NCS, 
in differentiating CIP from axonal GBS, but they were not 
available in our hospital (35,129).

The evaluation of the beneficial effect of IVIg was based 
mainly on the follow‑up of the clinical evolution, rather than 
viral load and inflammatory biomarker monitoring. 

10. Conclusions

CIP is a common complication in the ICU, especially in 
patients with respiratory failure, organ dysfunction, SIRS, 
and sepsis. In the context of the COVID‑19 pandemic, we can 
expect an increase in the number of reported cases and thera‑
peutic strategies needing to be supplemented. Reporting such 
cases may be useful for the development of appropriate and 
complete therapeutic guidelines. The positive evolution of our 
patient suggests that IVIg could be a therapeutic alternative for 
such cases, however, further studies are needed. 
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