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Combined Central and Peripheral Demyelinating Spectrum 
Disorder: A Case Report and Systematic Review

Abstract
Background: Combined Central and Peripheral Demyelination (CCPD) disorders are composed of uncommon clinical pathologies characterized by central 
and peripheral nervous system inflammatory processes of the Myelin Sheath (MS). Clinical features of CCPD are atypical for MS, with a lack of oligoclonal 
immunoglobulin G bands causing CCPD target nodes and paranodes of a node of Ranvier in the CNS/PNS and an associated anti-neurofascin antibody. The 
previous report about the speed recovery after anti-CD20 monoclonal antibody-Rituximab therapy has not been published.

Methods: We searched the medical literature for articles on CCPD and other autoimmune-mediated peripheral neuropathies between January 01, 2012, and 
January 01, 2022, following our inclusion/exclusion criteria. The relevant information was extracted from each publication using Microsoft Excel in a structured 
coding scheme. Our investigation used aggregate data where possible, following the PRISMA guidelines, and all studies were screened for bias using an 
internationally accepted scoring system.

Results: A total of 88 cases have been reported within this period, and 59% were females. Only 21 cases presented clinical manifestations of the Central Nervous 
System (CNS) and Peripheral Nervous System (PNS) simultaneously at the onset, with an overall mean age of 33.3 ± 12.4 (SD) years. The sensory disturbance 
was the most common sign reported (92%), followed by motor signs (89.4%) and abnormal gait (81%). Raised albumin level in the CSF was seen quite often. 
(79.9%).

Case presentation: A 32-year-old female patient complaining of two months history of numbness and cramps of the left foot and five days of the same paresthesias 
of the right lower limb. The paresthesia then involving both lower limbs and ascending. After ten days, there was an onset of weakness in both lower limbs. Two 
months later, the patient needed aid for walking. She had initially sought traditional medicine unsuccessfully. However, one month later noticed distal weakness in 
the upper limbs and symmetrical sensory disturbances in four limbs. NVC and CT/MRI of the brain and spinal cord confirmed the diagnosis of CCPD.
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Introduction
A German anatomist named Otto Friedrich Karl Deiters published 1860 

the histological features of the neuron cell. He identified and described 
two separated protoplasmic protrusions on the cell body that he called an 
"axis cylinder" and "protoplasmic processes," later known as axons and 
dendrites, respectively. The most significant portion of the cell coming from 
its centre, which represented more than 95% of the total volume of the cell, 
was named the axon; being responsible to carries all electrical impulses to 
be projective to the membrane of other cells, dendrites, and muscle fibres. 
Other histological features like shape, length, diameter (1 to 25 micrometres), 
and structure depend on several factors, including Nerve Growth Factors 
(NGF), branching processes, and original neuron cell function. The longest 
axons (up to one meter) are seen in pyramidal cells, spinal cord fibres, and 
dorsal horn neurons or even more in the sciatic nerve. The protoplasmic 
protrusions classify neurons into multipolar groups, the commonest ones 
with plenty of dendrites, a single axon, and located in the CNS. Unipolar 
neurons (no dendrites), like primary sensory neuron cells in the posterior 
root ganglion, some mesencephalic nucleus and sensory ganglia of cranial 
nerves, and bipolar cells presenting one axon and one dendrite, commonly 
seen in one of the retina layer and olfactory pathway [1].

It is known that most nervous fibres running across the Central Nervous 
System (CNS) are covered by a multilamellar membrane structure formed 
by oligodendrocytes, while most fibres running through the Peripheral 
Nervous System (PNS) are covered by a multilamellar membrane structure 
formed by Schwann cells. It is also known that Myeline Sheath (MS) is an 

insulator which contributes to the efficient, accurate, and swift propagation 
of the Action Potential (AP) by salutatory conduction. Furthermore, the 
publication has confirmed that myelin and myelin-forming cells actively 
regulate the Nervous System (NS) through a remarkable interaction with 
axons. Therefore, another function of the MS is to divide the axons into 
four different functional domains, such as a Node of Ranvier (NOR), 
Paranode (PNO), Juxtaparanode (JPNO), and internode (INO), where the 
concentration of ions channels is displayed as follow: At the NOR voltage-
gate Na+ channels are clustered while at the JPNO K+ channels widely 
predominate. Nevertheless, the segregation of these channels by PNO 
axoglial junction is mandatory to provide proper axonal activity [2].

The conduction features along myelinated fibres in the CNS/PNS are 
closed relative to the spaces between the NOR, and growing MS mainly 
drives its position. However, other factors, such as a stable cluster of the 
cell adhesion molecule neurofascin located at specific sites along axons 
before myelination, can contribute to NOR formation dynamics at the CNS 
in zebrafish. Furthermore, in some animals, lack of full-length neurofascin 
leads to increased spacing between INO along single axons. Therefore, 
the position of NOR does not depend on the regulatory function of MS 
growth, and it is more regulated by the axonal mechanism [3]. The main 
components to provide firing patterns from the neuron cell and an adequate 
controlled, and successful electrical transmission of AP to other neurons 
and the periphery are the Initial Axon Segment (AIS), the oligodendrocyte-
derived myelin, and the NOR, but whether myelinated axons (Max) adapt 
visual/olfactory sensory processing remains unknown. However, without 
a doubt, features of AP arrivals depend mainly on the reliable generation 
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of AP at the IAS and the speed conduction of axon myelination, which 
contributes to the mechanism of neuroplasticity [4]. To better understand 
the neurophysiopathologist of axonal disorder, dominant basic information 
about neurophysiology, histology, biochemistry, immunohistochemical 
studies and electronic microscopic is recommended. Therefore, we are 
going to highlight some aspects of it. At least two relevant features can 
be used to distinguish the axon from the perikaryon (soma). (1) No rough 
endoplasmic reticulum from the soma goes into the axon. (2) The histological 
composition of the axolemma (axonic membrane) is quite different from the 
composition of the somatic membrane.

Therefore, these histological differences provide neurophysiological 
distinctions. For example, the perikaryon provides all proteins in the 
axon because there are no ribosomes for protein synthesis. Because of 
the histological composition of the axolemma and its specific protein 
channels, the AP can travel through all the axons. According to the absence 
or presence of a myelin sheath, myelinated and non-myelinated axons 
propagate the impulses at different speeds [4]. The electrical propagation 
as AP along myelinated nerves is possible through clustered voltage-gated 
potassium and sodium channels which must be located at the NOR where 
the AP is regenerated if the necessary mechanism to facilitate and ensure 
the adequate assembly and stabilization of axonal domains in the CNS/
PNS [5].

Some authors recently reported that two-pore domain potassium 
(K2P) channels play an excruciating role in the Aβ-afferent nerves at the 

remain elusive in rats. The same investigators found that depolarizing 
voltage leads to a large non inactivating outward current at NOR, which 

significantly inhibited by cooling temperature and K2P blockers, causing 
a remarkably altered electrophysiological property at the NOR, including 
AP rheobase, AP threshold, AP amplitude, input resistance, AP width, and 
resting membrane potential. In response to high-frequency stimulation, 
cooling temperatures and K2P blockers significantly reduce rates of 
success AP and saltatory conduction velocity. However, voltage-gated 

rates without modifying saltatory conduction velocity. Both (K2P/Voltage-

saltatory conduction at NOR. The conclusions released by Sotatsu and his 
colleagues confirmed that saltatory conduction on myelinated nerves might 
cause neurophysiological and neuropathological implications [6]. Previous 
immunohistochemical investigations by the same author (working on a 
different project) reported the expression of KCNQ2 channels at NOR of 
myelinated nerves. However, the main functions of these channels remain 
elusive. These investigators discovered at the NOR that depolarizing 
voltage produces a large non-inactivating outward current which can be 
partially inhibited by KCNQ channel blocker linopiridine. At the same time, 
it can be excited by KCNQ channel activator retigabine [7]. This issue will 
be commented on below.

Over the past ten years, an increasing number of antibodies targeting 
cell adhesion molecules of the NOR in patients presenting Autoimmune 
Neuropathies (AN), also known as Autoimmune Nodophaties (AN). Some 
authors reported differences between node/paranodal antibodies seen 
in AN cases and CIDP patients [8]. Different types of neuropathies are 
included within the AN group, such as anti- contactin 1, anti-contacting-
associated protein 1, anti-neurofascin 155, and anti-pan-neurofascin 
antibody-mediated neuropathies. The clinical presentations associated with 
this group are sensory- motor neuropathies of acute, subacute, or chronic 
onset resembling GBS and CIDP. Martin-Aguilar and colleagues reported 
that this group responded less effectively to the definitive therapy with 
Intravenous Immunoglobulin (IVIG). However, ultrastructural investigations 
and animal model findings confirmed antibody-mediated processes 
restricted to NOR. Therefore, nodal/paranodal antibody confirmation is 
mandatory for diagnosing AN. On the other hand, in patients presenting 
nephrotic syndrome, anti- contactin1 and anti-pan-neurofascin can also be 
present [9].

It is well known that nodal/paranodal antibodies are immunoglobulin 
4 subclass present in the chronic stage of the disease. In contrast, 
complement-fixing immunoglobulin three antibodies are detectable during 
the acute stage and are associated with an aggressive beginning but the 
response to IVIG. These authors concluded that nodal/paranodal antibodies 
are responsible for the pathophysiology of AN and its prognosis and serve 
as disease-monitoring biomarkers. There are variants of Guillain-Barré 
Syndrome (GBS) like regional Pharyngeal-Cervical-Brachial Variant 
(PCBs), Acute Motor Axonal Neuropathy (AMAN), Acute Motor Sensory 
Axonal Neuropathy (AMSAN), and Miller-Fisher syndrome presenting 
similar features seen in AN [10]. A few months ago, Urdiales-Sánchez 
and collaborators analysed serial Nerves Conduction Studies (NCS) and 
electromyography (EMG) in six patients with AMAN and PCBv and found 
that not all axonal types of GBS have a poor prognosis [11].

Last year, Martin-Aguilar and collaborators studied the clinical and 
laboratory features of antineurosfacin-155 (NF-155) antibodies detected 
during the routine immunologic investigation in 40 patients presenting AN. 
Apart from clinical features, response to therapy, functional and inflammatory 
scales, autoantibody and Neurofilament Light (NFL) chain levels were 
determined at baseline and the follow-up. The long list of researchers 
participating found that most cases presented with a symmetric distal-
predominant weakness in upper limbs (97.2%) and lower limbs (94.5%) 
and progressive tremor and ataxia (75%). Most patients responded well to 
IVIG (86.8%), rituximab (RTX) to 77.3%, and fewer people responded well 
to steroids (72.2%). HLA-DRB1*15 was identified in a big group of cases 
(91.3%), while IgG4 anti-NF155 antibodies were found in complete series. 
Serum NFL level was also elevated and, in all cases, treated with RTX 
serum NFL and anti-NF155 titters were decreased. Therefore, autoantibody 
titters and serum NFL lever help monitor the disease's status [12].

Chronic Inflammatory Demyelinating Poly-neuro Radiculopathy (CIDP) 
is an inflammatory peripheral nerve disorder characterized by progressive 
(beyond two months) relapsing-remitting sensory-motor or symmetric 
deficits; it is known as a medical heterogeneous condition grouping 
several autoimmune processes attacking the motor/sensory spinal root, 
peripheral nerves, and central nervous system tract with typical and atypical 
variants. This article will review all variants of CIDP and the recommended 
immunological investigations. On the other hand, Chinese authors reported 
a case presenting a CIDP and bilateral Bell's palsy with anti-contacting-
associated protein 1 antibody, cytoalbumin dissociation in the CSF, an 
associated bile duct hamartoma in the liver, to bring the attention of the 
medical community to be aware of antiparanodal antibodies which can 
be associated with specific phenotypes and therapy response [13]. CIDP 
diagnoses are based on clinical features, nerve ultrasound, MRI, nerve 
conduction studies, nerve biopsy, and spinal fluid analysis. Because there 
is no specific and accurate biomarker to diagnose CIDP, misdiagnosis is 
quite common.

Combined Central and Peripheral Demyelination (CCPD) disorders 
are composed of a group of uncommon clinical pathologies which current 
knowledge are based on case reports and small case series but, in general, 
are characterized by central and peripheral nervous system inflammatory 
process of the MS, which have been studied recently by several authors 
[14-17]. Some of these surveys confirmed that clinical features of CCPD 
are atypical for MS and lack oligoclonal immunoglobulin G bands and 
highlight those antibodies causing CCPD target nodes and paranodes 
of Ranvier in the CNS/PNS. In addition, the same authors confirmed the 
presence of anti-neurofascin antibodies in those patients' serum [14]. At the 
same time, other authors questioned 1332 suspected adults and children. 
In addition, they collated 40 CCPD cases to review MRI findings in the 
cerebral hemispheres, optic nerves and spinal cord abnormalities, Visual 
Evoked Potentials (VEP), and F-waves in conduction studies looking for 
demyelinating neuropathies. The most common findings were young ages 
(31.7 ± 14.1 years/mean ± SD), sensory signs (94.9%), motor disturbances 
(92.5%), gait abnormalities (79.5%), high albumin level in the CSF (82.5%), 
oligoclonal IgG bands (7.4%), elevated IgG indices (18.5%), abnormal VEP 
(71.4%), positive ANF155 (45.5%), therapeutic response to plasmapheresis 

NOR. In contrast, the K+ channel's functions at the NOR of motor nerves 

could be inhibited (partially) by voltage-gated K+ channel blockers and 

K+ channel blockers' high-frequency stimulation decreases AP success 

gated K+ channel) modify the intrinsic electrophysiological properties and 
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(87.5%), IVIG (66.7%), and steroids (83.3%) but only 10% of case response 
well to interferon-β. Therefore, sustainable differences between classical 
demyelinating disorders and CCPD are unquestionable [15].

Another research done in 2016, with a large cohort of patients with 
CCPD cases in two European research centres, confirmed that 65% of 
patients presenting encephalopathy, myeloradiculoneuropathy, cranial 
neuropathy, pseudo-Guillain-Barré syndrome and length-dependent 
peripheral neuropathy (74%) as clinical presentation. Two-thirds of the series 
had a relapsing or progressive outcome, mainly related to the appearance 
of new spinal cord damage or worsening of the PNS and showed weak 
responses to high-dose corticosteroids and IVIG. In 71% of the series, 
the clinical presentation of CCPD was severe. These authors concluded 
that the current diagnostic criteria for multiple sclerosis and CIDP might 
not fully encompass the spectrum of possible manifestations of CCPD, 
whose pathogenesis remains largely unknown [16]. Last year, another set 
of investigators confirmed that CIDP is an immune-mediated demyelinating 
disorder of the PNS, reporting a small number of CIDP cases harbouring 
autoantibodies against nodal-paranodal proteins such as NF155, contactin 
1, and contactin-associated protein 1. The commonest IgG found is IgG4. 
NF155 coexist in the CNS and PNS, leading to combined demyelination, 
commonly presents hypertrophy of nerve roots of spinal nerve and cranial 
nerves like oculomotor and trigeminal nerves with hyperproteinorrachia 
due to inflammation of the root's nerve [17]. In 1958, a series of patients 
presenting recurrent episodes of demyelinating polyneuropathy (today 
known as CIDP) were reported to the medical literature for the first time 
[18]. In 2019, a Systematic Review (SR) with Meta-Analysis (MA) done by 
Broers and collaborators on 907 publications identified eleven SR and five 
MA of incidence (In) (818 cases; 220,513,514 person-years) and nine MA 
of prevalence (Pr) (3,160 cases; 160,765,325 population). These authors 
concluded that the pooled crude in rate was 0.33 per 100,000 person-
years (95% CI 0.21–0.53; I2 = 95.7%) and the pooled Pr rate was 2.81 per 
100,000 (95% CI 1.58–4.39; I2 = 99.1%) [19]. The remarkable heterogeneity 
observed in the In and Pr rate is probably due to the inclusion of different 
diagnostic and non-uniform selective/exclusion criteria in selected studies. 
The same investigators also concluded that the pooled in the rate of 
CIDP is 0.33-2.81 per 100,000 person-years [19]. Furthermore, it has 
been confirmed that male patients are more often involved than females, 
and the most expected affected age group is those beyond the age of 50 
years old presenting progressive, symmetric motor-sensory signs, lasting 
up to months which is also known as a "typical" disease [19,20]. On the 
other hand, other phenotypes seen in the 18% of the overall community 
can reach the peak disease at two months of the beginning, and a later 
course of progressive or relapsing-remitting outcome is observed. On top 
of these groups, many other atypical and less common variants have been 
published [21]. Apart from the typical variants, there is a group of atypical 
variants composed of multifocal acquired demyelinating sensory-motor 
polyneuropathy (aka MADAM), Lewis-Sumner syndrome, seropositive for 
antibodies, sensory predominant, Distal Acquired Demyelinating Symmetric 
Neuropathy (DADS), and motor predominant. In the present review, we are 
going to discuss all variants.

Schwann Cells (SC) can contribute to the regeneration of damaged 
peripheral nerves due to CIDP. These authors confirmed it by exposing 
cultured SC to sera obtained from CIDP patients and rats and then 
transplanted to the nerves. They found decreased c-Jun, p57kip2, Glial Cell 
Line-derived Neurotrophic Factor (GDNF) mRNA expression, Brain-Derived 
Neurotrophic Factor (BDNF), a reduction in Granulocyte-Macrophage 
Colony-Stimulating Factor (GM-CSF) and upregulation of Nerve Growth 
Factor (NGF) mRNA. After using GM-CSF to treat CIDP-case sera-exposed 
SC, the cytokine recovered the levels of c-Jun, BDNF, p57kip2, and GDNF 
mRNA leading to elevate in the NGF mRNA in the control group and CIDP 
group [4]. Based on these results, today, it has been accepted that CIDP's 
pathogenesis diminishes the capacity of SC to be pro-regenerative, and 
GM-CSF plays an essential role in this dysfunctional situation [22]. Other 
relevant findings identified in the CIDP case have been the presence of 
γδ T cells in 14 out of 20 confirmed patients, besides CD4+ and CD8+ T 
cells [23]. However, other authors did not find a significative difference in 

the immune cell populations (circulating B and T cells), including CD4+, 
CDE8+, CD4+/CD8+ T-cells ratio, effector memory T-cells, Natural Killer 
(NK), regulatory T cell (Tregs) or central memory T cells among CIDP cases 
and group control.

Nonetheless, comparing CIDP cases and the healthy control group, they 
found more and fewer monocytes and NK in CIDP patients. Furthermore, 
T-cell suppression assays showed a smaller percentage in the CIDP group. 
Fifty per cent of the before-cited group were confirmed as atypical variants 
[24]. In 2008, Chi and collaborators reported a significant diminishing in 
Treg numbers and its suppressive capacity in CIDP cases mainly on their 
progressive and relapse presentations [25], in contrast with Sanvito and 
colleagues' founding the following year [24]. Around 25 years ago, peripheral 
blood mononuclear cells from CIDP cases were used in a concanavalin 
assay. The authors found non-specific suppressor T cell functioning, which 
has not been deeply explained. Notwithstanding, the suppressive functions 
can improve after treatment with prednisone or PE. On the other hand, 
an examination of the NK-T cell population between multiple sclerosis 
and CIDP showed increased infiltration of the NK-T cell population plus 
more presence of IL-4mRNA. In contrast, Vα24JαQ NK-T cells markedly 
decrease because NK-T cells are influential cytokine producers [25]. 
Investigating NK-T cell populations among CIDP and multiple sclerosis 
cases, it was found that in the last group, there was a decrease Vα24JαQ 
NK- T cells, while in CIDP patients, there was a relevant infiltration of these 
cell along with the presence of IL-4 mRNA; this is noteworthy because NK-T 
cell is a potent cytokine producer [21].

Many controversies on the role of ageing T cells are still not well 
clarified worldwide. In summary, based on Chi et al. report, the Treg number 
decreased in CIDP patients, while Sanvito, et al. did not find a difference 
[24,25]. These patients presenting decreased Treg with CIDP before cited 
have the atypical variants leading, which keep them at risk of getting 
an unregulated attack by other immune cells because they may have 
altered the results of their immune profiling [24]. However, in other ageing 
research, several authors confirmed a high Treg frequency with age [26,27]. 
Therefore, this group's prognosis will be worse if there is no longer a high 
number of cells with age due to CIDP. Apart from the Treg changes, some 
authors reported an increase in Th1 cells. On top of that, Treg alterations 
increase in the Th1/Th17 ratio in active CIDP, but a decreased ratio was 
always present during remission [24,25]. Other novel information on NOR 
was delivered by Butt and Verkhtsky, reporting that very crowded astrocytes 
regulate the propagation of AP along myelinated axons at the NOR [8]. 
Other novel information on NOR was delivered by Butt and Verkhtsky, 
reporting that very crowded astrocytes regulate the propagation of AP along 
myelinated axons at the NOR [8]. The main aim of this manuscript is to 
report a patient presenting central and peripheral signs of demyelination to 
review the medical literature looking for similar cases, update our current 
knowledge of this pathology, and answer the following research question: 
Why peripheral and central nervous system can be affected by the same 
process despite their differences?

Materials and Methods

We searched the medical literature comprehensively, looking for 
published Medical Subject Heading (MeSH) terms. Term one was "CIDP" 
OR "chronic inflammatory demyelinating polyneuropathy"; term two was 
"central and peripheral demyelinating disorders" OR "CPDD"; term three: 
"anti-GD1a antibodies" OR "AGD1a"; term four was "nodal neuropathies" 
OR "NN", term five was "paranodal neuropathy" OR "PNN"; term five was 
"juxtaparanodal neuropathy" OR "JPNN" OR "ataxic peripheral neuropathy 
(APN)" OR "Autoimmune Mediate Neuropathy (AMN)" We also searched at 
https://www.clinicaltrials.gov/, a website facility from the US National Library 
of Medicine for unpublished clinical trials, using the same MeSH terms as 
above, but applying the filters "full publication" AND "summary", published 
in English, Spanish, or Portuguese.

Inclusion and Exclusion Criteria and Screening process.

Publications eligible to be included in this study had to meet the 
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following inclusion criteria,

• Human beings involved.

• The full article was written in English, Spanish or Portuguese.

• The central aspect related to CIDP, CPDP, AGD1a, NN, PNN, JPNN, 
AMN.

• Published in the medical journal after approval by the peer-review 
process.

The exclusion criteria were: (1) publication did not refer to CIDP, AGD1a, 
NN, PNN, JPNN, or AMN; (2) review articles, letters, medical hypotheses, 
newspaper publications or manuscripts that did not meet the criteria of an 
original study (3) Medical conference proceedings; (4) clinical trials with 
less than ten cases per treatment arm; (5) duplicate articles or manuscript 
written by the same author using the same data; (6) publication without 
corresponding authors. All abstracts were screened twice in a blinded 
fashion. Those found to meet any exclusion criteria were not included in 
the analysis, and any discrepancy among authors was solved by scientific 
discussion.

Literature search strategy

We included case reports, case series, observational cohort studies, 
systematic reviews and meta- analyses, cross-sectional studies, and clinical 
trials. During the initial search, we looked for all articles published between 
January 01, 2012, and January 01, 2022, both inclusive. We searched the 
following databases: Medline, Scopus online databases, Google Scholar, 
Science Direct, Scielo, Search of Sciences, BioRxiv, medRxiv and Cochrane 
library. All studies were retrieved by utilizing MeSH, as before cited. We did 
not include other aspects beyond the current work scope.

Study and cohort selection

We select prospectively and retrospective cohort studies, case reports, 
case series, case-control studies, controlled clinical trials, reviews, and 
meta-analysis reporting data on listed topics.

Data collection process: The relevant information was extracted from 
each publication using Microsoft Excel in a structured coding scheme. The 
data collected included the type of PN, clinical features, population size, 
gender and age distribution, the means used to diagnose PNP, treatment 
strategies, patient response to treatment, the manner used to assess the 
effectiveness of the treatment, the side effects associated with the treatment 
and the follow-up period of the patients, where applicable. In any case, 
when there was uncertainty regarding the interpretation of the data obtained 
or how it could be used, the authors discussed the situation in question until 
they reached a unanimous consensus.

Data synthesis: Our investigation used aggregate data where possible, 
following the PRISMA guidelines.

Quality assessment of included studies: All studies were initially 
screened for bias using the Jadad scoring system [28]. Trials with a Jadad 
score <4 were removed, while investigations with a Jadad score ≥ 4 were 
selected for further assessment.

Results

Study selection

This study aims to update the scientific information released about these 
issues. A total of 2427 manuscripts were retrieved from electronic databases 
up to August 01, 2022. After removing irrelevancy and duplicates, 168 
manuscripts were taken for full-text screening, and, finally, 56 publications 
delivering outcomes of interest were included for review. Of these included 
studies, 45 were peer-reviewed, and only four included CCPD cases [14-
17]. A PRISMA flow chart for the literature searched is shown below (Figure 
1). A total of 88 patients have been reported within this period, and 59% 
were females. Only 21 cases presented clinical manifestations of CNS and 
PNS simultaneously at the onset, with an overall mean age of 33.3 ± 12.4 

(SD) years. The sensory disturbance was the most common sign reported 
(92%), followed by motor signs (89.4%) and abnormal gait (81%). Raised 
albumin level in the CSF was seen quite often. (79.9%).

Case presentation

A 32-year-old female patient complained of two month's history of 
numbness and cramps in the left foot and five days of the same paresthesias 
of the right lower limb. The paresthesia involved both lower limbs. After ten 
days, there was an onset of weakness in both lower limbs. Two months 
later, the patient needed aid for walking. She had initially sought traditional 
medicine unsuccessfully. One month later noticed distal weakness in the 
upper limbs and symmetrical sensory disturbances in four limbs (Table 1).
Table 1. Examination of power and reflexes of limbs.

Power Right Left

Shoulder Abduction 4 4

Shoulder Adduction 5 5

Elbow Flexion 3 3

Elbow Extension 3 3

Wrist Extension 1 1

Wrist Flexion 1 1

Finger Flexion 3 3

Finger Extension 0 0

Finger Abduction 0 0

Finger Adduction 0 0

Hip Flexion 2 2

Hip Extension 1 3

Hip Abduction 1 1

Hip Adduction 1 1

Knee Flexion 0 0

Knee Extension 0 0

Ankle Dorsiflexion 0 0

Ankle Plantarflexion 0 0

Ankle Inversion 0 0

Ankle Eversion 0 0

Toe Flexion 0 0

Figure 1.  PRISMA flow chart of the included publications [14-17].
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Toe Extension 0 0

Reflexes Right Left

Pectoralis 2 2

Biceps 2 2

Triceps 2 2

Pronator 0 0

Supinator 0 0

Knee 0 0

Ankle 0 0

Upper Abdominal Present Present

Lower Abdominal Present Present

Plantar 0 0

Cutaneous Plantar Normal Normal

No autonomic or cranial nerve dysfunction were confirmed, no bulbar 
symptoms, no preceding illness, and no history of abdominal pain. O/E: 
negative JACCOL, scarification marks on the right knee, longitudinal 
melanonychia. CVS: S1S2 normal, Resp: GAEB, ABDO: SNT-HSM, Neuro 
exam: Fully conscious, well orientated, normal cognition, typical language/
speech, no meningeal signs, cranial nerves within normal parameters. Motor 
examination: Tenderness on palpation of the right knee, negative warm 
sensation to touch, no clinical evidence of haemarthrosis, no crepitations. 
Tone: flaccid on four limbs, more distal than proximal. Distal sensory loss 
for light touch and pin-prick examination on the four limbs were observed. 
Proprioception was normal (Table 2).
Table 2. Parameters measured in patient’s blood tests.

Variable Patient value Normal range

White cell count 4.39 × 109/L 3.9-12,6 × 109/L

Hb 15.1 g/dL 12-15 g/dl

Platelets 340 × 109/L 186-454/L

Sodium 142 mmol/L 136-145 mmol/L

Potassium 4.4 mmol/L 3.5-5.1 mmol/L

Chloride 102 mmol/L 98-105 mmol/L

Urea 3.6 mmol/L 2.1-7.1 mmol/L

Creatinine 42 µmol/L 48-90 µmol/L

Calcium 2.20 mmol/L, 2.15-2.5 mmol/L

Magnesium 0.84 mmol/L, 0.63-1.05 mmol/L

Phosphate 1.40 mmol/L 0.78-1.42 mmol/L

C-reactive protein 3 mg/L <10 mg/L

Erythrocyte sedimentation rate 5 mm/h 0-10 mm/h

Total protein 74 g/L 60-78 g/L

Total Bilirubin <7 µmol/L 5-21 µmol/L

Alkaline phosphatase 90 U/L 42-98 U/L

Aspartate transaminase 29 U/L 13-35 U/L

Alanine transaminase 25 U/L 7-35 U/L

Total cholesterol 3.78 mmol/L <4.5 mmol/L

HbA1C 5.10% <7%

International normalized ratio 1.01 1

D-dimer 0.1 mg/L 0.00-0.25 mg/L

Rheumatoid factor 11 IU/ml <20 IU/L

Vitamin B12 236 pmol/L 145-569 pmol/L

Thyroid stimulating hormone 0.98 IU/ml 0.27-4.2 IU/ml

Anticardiolipin antibody Protein S Negative

Protein S 67 IU/dL 55-123 IU/dl

Protein C 120 IU/dl 70-130 IU/dL

Angiotensin converting enzyme 39 IU/L 8-53 IU/L

Interleukin-6 No performed

Anti-streptolysin O titer 90 IU/ml <200 IU/L

Toxoplasmosis Gondi IgG antibody Negative

Rubella IgG antibody Negative

Cytomegalovirus IgG antibody Negative

Rubella IgM antibody Negative

Cytomegalovirus IgM antibody Negative

C3 1.4 g/L 0.9-1.8 g/L

C4 0.3 g/l 0.1-0.4 g/L

Antinuclear antibody Negative

Anti-double strand DNA antibody Negative

Anti-RNP antibody Negative

SARS-CoV-2 (PCR) Negative

ANA Screen Negative

CMV DNA Qual PCR Negative

HSV I and II IgM Interp Negative

CMV DNA QI PCR Com Negative

HERPES SIMPLEX IgM Ab Negative

HSV (PCR) Comment Negative

HIV 1 and 2 Antigen and Ab Negative

VZV DNA (PCR) Negative

We also investigated serum antinuclear antibodies, antinuclear 
antibodies three profile, and autoimmune encephalitis panel, which returned 
negative. Repeated Reverse Transcriptase (RT)-PCR on a nasopharyngeal 
swab sample on day five confirmed SARS-CoV-2. His COVID total antibody 
(Chemiluminescence immunoassay technique) and serum/CSF levels of 
interleukin-6 and anti-NF155 levels were not quantified due to our hospital's 
unavailability of corresponding assays.

Cerebrospinal Fluid Examination (CSF) showed cell count 0/
mm3 (lymphocytes count 100%), protein: 1.2 mg/ml, glucose 3.9 
mm/L, and negative for Ziehl-Neelsen, India ink, and Gram stain, 
Cryptococcal neoformans), Toxoplasmosis, NCC and neurosyphilis. Panel 
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for meningitis/encephalitis (Escherichia coli, Haemophilus influenzae, 
Neisseria meningitides, Listeria monocytogenes, Streptococcus agalactiae, 
Streptococcus pneumoniae, Cytomegalovirus, Enterovirus, Herpes Simplex 
Virus 1-2, Human Herpes Virus-6, Varicella-Zoster Virus, was negative, 
oligoclonal IgG band negative, CLAT neg, ADA neg, GXP negative, 
antineurofascin 155 was not available.

Chest X-ray: Normal Nerve Conduction Studies (NCS) of the Median 
Nerve (MN) and Ulnar Nerve (UN) were performed in the third week. MN: 
CMAP recorded after stimulation from distal to proximal, with stimulation 
at wrist elbow, axilla and Erb's point to abductor pollicis Brevis muscle. 
UN: with compound motor action potential recorded after distal to proximal 
stimulation at the wrist, below the elbow, above elbow, axilla and Erb's point, 
to abductor digit minim muscle. In the third week, the MN and UN show 
CBs or amplitude ratio proximal CMAP/ distal CMAP <0.7 and duration ratio 
pCMAP/dCMAP <130%. Distal motor late and motor conduction velocity 
are preserved. Consequently, these changes are indicative of Reversive 
Conduction Failure (RCF).

CT scan of the brain showed calcified NCC and bilateral mild 
symmetrical atrophy of both cerebellar hemispheres. Magnetic resonance 
imaging of the brain confirmed it and showed atrophy at the splenium of the 
corpus callosum with hyperdensity lesion due to local demyelination (Figure 
2) Contrast-enhanced MRI whole-spine (Figure 3) Show enhancement 
of several nerve roots in the thoracic and lower dorsal regions due to 
hypertrophy and cord atrophy. The patient did not give consent for a sural 
nerve biopsy.

The patient was treated with stander doses of corticosteroids and 
azathioprine with poor response, followed by IVIG (400 mg/k/daily/5 days) 
with no good response. Treatment with IV RTX weekly/4 weeks provided an 
almost complete recovery of the motor and sensory signs.

Discussion

As seen in Figure 1, from the searched 2427 publications in the 
electronic databases, we finally found only four studies concerning CCPD 
[14-17]. Of the total reported cases, 21 had similar phenotype clinical 
presentation to our patient, with the only difference in the recovery speed 
after anti-CD20 monoclonal antibody therapy. Unfortunately, now we do not 
have a scientific explanation for it. Based on our findings after completing 
the search program, most patients presented sensory and motor signs with 
an associated abnormal gait and lack of CNS manifestations despite brain 
lesions. Our patient presented similar clinical features, including a lack of 
CNS signs despite a demyelinated brain lesion. Therefore, the diagnosis of 
CIDP was supported by clinical features, NCV test, CT/MRI, and therapeutic 
response.

There is another group of CIDP patients exhibiting different clinical 
phenotypes with poor response to conventional therapy. These cases 
were reported as presenting autoantibodies targeting paranodal protein 
neurofascin isoform 155 (NF155), contactin-1 (CNTN1), and contactin-
associated protein-1 (CASPR1), which is represented in Figure 4 and will 
be discussed later. On the other hand, several aspects related to anti-GD1a 
antibodies activate complement and NOR, disruption of sodium channel 
cluster in peripheral motor nerve fibres, seropositive CIDP, the role of 
astrocytes over the NOR, and principal antibodies against the NOR have 
been published [29-40] ever before our review times and which are easy 
to check. Therefore, we will focus on novel aspects of the KCNQ2 channel, 
anti- Neurofascin 155 Antibody, cooling effect, function of K2P channels, 

typical, atypical variants, and autoimmune nodopaties.

KCNQ2 channel

In the introduction of this article, we mentioned the function of KCNQ2 
channels at NOR of lumbar spinal cord motor nerves of rats based on a study 
done by Sotatsu, et al.; now we like to highlight the role of linopiridine (Lpd) 
at NOR. It is well known that Lpd modifies the intrinsic electrophysiological 
properties of NOR to depolarize the membrane leading to the resting 
membrane action potential, and because of it increases input resistance, 
elongates the width of AP, decreases its threshold, and diminishes the 

Figure 2.  MRI of the brain confirmed calcified neurocysticercosis reported by CT 
brain done before and showed atrophy at the splenium of the corpus callosum with 
hyper density lesion due to local demyelination.

Figure 4.  Hypothetical representation of the functional axon covered by Schwann 
cell (PNS) and the oligodendrocyte (CNS) and the nodal, paranodal, juxtaparanodal, 
and internodal segments. The electrical transmission (saltatory conduction) of 
Action Potential (AP) through interchange of ions (±) and the last proposed 
mechanism of NF155+ to naïve T cells leading to Tfh2/Th1 differentiation and Tfh2 
cells induction of IgG4 regulated by interleukins 3/10/13. Both faxons (CNS/PNS) 
are under influence of MLS: Meningeal Lymphatic System. GL: Glymphatic System, 
AQP4: aquaporin 4, and CA: Corpora Amylacea (from astrocytes).

Figure 3.  MRI of the spinal cord shows an enhancement of several nerve roots in 
the thoracic and lower dorsal regions and spinal cord atrophy.

TREK-1 and TRAAK Principal K+ Channels, juxtaparanodal Kv1 complex, 
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AP amplitude. Nevertheless, Lpd augments excitability by simultaneously 
converting focal AP firing into multifocal AP firings at many NORs. KCNQ2 
channels regulate the saltatory conduction electrical transmission and the 
intrinsic electrophysiological properties at NOR of the motor fibres in rats. 
Similar mechanisms happen in human beings. Therefore, a loss-of-function 
mutation in those channels is the cause of neuromuscular disorders in 
humans. Retigabine produces the opposite effect, such as decreasing input 
resistance, elevating AP rheobase, reduce the velocity of saltatory electrical 
conduction at NOR [7].

As before cited, cluster at NOR, the thermal K2P temperature 
susceptible two-pore potassium channels contribute to regenerating AP and 
raise the conduction electrical saltatory conduction impulse on Aβ- afferent 
nerves [41] which cannot be proved in our case. Anti-Neurofascin 155 
antibody is positive in CIDP/CCPD. The presence of CCPD in our case was 
confirmed by imagenology, as seen in Figures 2 and 3. We did not expect 
to see focal neurological signs due to a midline lesion (corpus callosum). 
However, the altered level of consciousness or wakefulness disturbance, 
seizures, involuntary movements, or headache were not identified.

A remarkably higher positive rate of anti-neurofascin antibody has 
been confirmed in CCPD cases compared with other types of inflammatory 
demyelinating diseases and autoantibody responses targeting NF155, which 
are common proteins to the CNS/PNS may play vital role in the process of 
combined demyelination in CCPD [14]. Apart from the information mentioned 
in the introduction of this paper, we found that on top of that, higher levels 
of INFγ, TNFα, IL13, CCL11/Eotaxin, CCL2/MCP1, and CXCL8/IL8 in the 
CSF have been confirmed and it is graphically represented in Figure 5. 
However, the IL1ra, IL1β, and GCSF levels are remarkably lower in NF155+ 
CIDP than in non-inflammatory neurological diseases. Furthermore, the 
same investigators revealed that NF155+ and NF155- CIDP are separable, 
with IL4, IL10, and IL13, being the three most essential discriminators 
required for IgG4 class switching. It is also characteristic of NF155+ CIDP 
the upregulation of both Th1 and Th2 cytokines and downregulation of 
macrophage-related cytokines, which explains why spinal roots are swelling 
and the lack of macrophage infiltration in the sural nerves [17] which is 
graphically represented on the right side of Figure 5 as well. The before-
cited authors also reported that all Japanese cases with NF155+ CIDP/
CCPD had at least one of two specific Human Leukocyte Antigen (HLA) 
haplotypes, leading to a significantly higher prevalence of HLA-DRB1* 
15:01-DQB1 *06:02 compared with the control group composed by healthy 
Japanese peoples. As was before cited, we couldn’t determine the level 
of NF155a in our centre and the confirmation of the final diagnosis was 
confirmed by clinical manifestation, NCV test, and laboratory results and 
images abnormalities.

These findings corroborate the involvement of specific HLA class II 
molecules and important T cells on top of IgG4 anti-NF155 antibodies in the 
underlying process of IgG4 NF155+ CIDP/CCPD [17].

Effects of cooling temperatures (CTE) at NOR

Although the underlying mechanism of CTE at the NOR remains 
unknown, most authors accept that cooling temperature modifies the 
regeneration of AP and affects the velocity of conduction on Aβ- afferent 
nerves. Some authors performed patch-clamp recording at the NOR in 
an ex vivo trigeminal nerve preparation and concluded that CTE between 
15˚C and 35˚C diminish outward leak currents, augments input resistance, 
broadens width AP, depolarizes resting membrane potential, and increases 
the latency of AP threshold at the level of NOR. The same author also 
demonstrated that CTE affects the regeneration of high-frequency AP trains 
at the NOR. On the other hand, there are three thermal K2P activators 
able to partially reverse the cooling temperature effects like Arachidonic 
Acid (AA), Intra-Axonal Protons (I-AP), and BL-1249 (BL), which proves the 
involvement of thermal K2P channels.

Furthermore, the same investigators suggested that CTE interplays 

working together can limit the regeneration of high-frequency AP trains 
at the NOR. In conclusion, thermal K2P channels play a new role in 
temperature-depend on the transmission of high-frequency signals [41]. 
This facility wasn’t available in our setting.

The function of K2P channels at the NOR

We identify the NOR as these structures located at the interval of the 
MS, forming narrow gaps with small rings of axolemma freely exposed to the 
extracellular space in myelinated nerve fibres where the AP is generated. It 

Kv1 channels is only found in the juxta- paranode area (Figure 4). Microvilli 
of Schwann cells contact PNS nodes. Dystroglycan is autoclaved into α 
and β chains, which remain associated. β-DG interacts with dystrophin 
and utrophin. A transmembrane form of NrCAM is present at the microvilli. 
The furin-shed gliomedin (Glen) trimerizes and is associated with heparan 
sulphate through its amino-terminal region and collagen-like domain and 
interacts with NrCAM and NF186 through its olfactomedin domain. G and 
βIV represent AnkG and βIV spectrin, respectively. Contactin is present at 
CNS nodes and poorly seen in some PNS nodes (Figure 4).

The leakage channels identified as K2P channels (TREK-1, TRAAK) 

capacity to be activated by CTE, arachidonic acid, and mechanical stretch 
and characterized by outward rectification. The nodal K2P channels have 
two main functions. 1-They have a high open probability and capacity to 

depolarizing stimulation. 2- The K2P conductance capacity contributes 
to the repolarization of the nodal AP. There is not a fixed value of nodal 

range of K2P modulators, including temperature, thereby modulating 
the resting potential [42]. The TREK-1 (thermosensitive) and TRAAK 
(mechanosensitive) are two-pore-domain potassium (K2P) clustered at 
the NOR first described in rat trigeminal Aβ- afferent cranial nerves with 
a density over 3,000-fold higher than that on their somas. These K2P are 
necessary to provide rapid AP repolarization at the NOR leading to high-
speed and high-frequency AP transmission along the myelinated afferents 
fibres causing retards to nerve conduction velocity and impairing sensory 
and behavioural response in animals [43].

Juxtaparanodal Kv1 complex

As can be seen in Figure 4, at the Initial Axon Segment (IAS) is located 
the low-threshold voltage-gated Kv1 channel where the precise axonal 

(shape and frequency) of Action Potential (AP) in myelinated axons at the 
juxtaparanodes where they are trapped under the solid myelin bordering 
the NOR. As a result of KV1 channel exposure in de- or demyelinating 
neuropathy, dysfunctional saltatory conduction is present. On the other 
hand, neuropathic pain, neuromyotonia, and encephalitis can be caused by 

Figure 5.  Hypothetical representation of the CNS/PNS axons under the presence 
of antigens and NF155, HLA-DR15 over the NAÏVE T Cell leading activation of 
TH1/TH2 cells and interleukin and chemokine’s production modulating production 
of IgG4.

among RMPs, voltage-gated Na+ channels and thermal K2P channels 

and K+  - selective leakage channels. The presence of voltage-dependent 
is essential to highlight that NOR contains a significant concentration of Na+  

are K+ (-selective background channels) typically identified by their 

channel inactivation and facilitating a large Na+ inward current despite 
provoke a resting potential of about -85 mV, reducing steady-state Na+ 

K+ conductance, which can be increased or decreased by a massive 

distribution of specific K+ channel secures the spike initiation and waveform 
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After carefully examining T cell receptor repertoire using CDR3 
spectra in CIDP cases, they concluded that CD8+ T cells are distorted and 
IVIG tended to normalize the T cell repertoire in their series. Schneider-
Hohendorf and collaborators looking for the role played by CD8+ T cells in 
the pathogenesis of CIDP they checked the T cell receptor in serum and 
tissue (biopsy) and then found that CD+ T cells were clonally expanded in 
CIDP with a restricted Vβ repertoire [56]. A long time ago, other researchers 
reported active demyelination (in study biopsies) when f human leukocyte 
antigen (HLA)-DR-positive macrophages were present and found zones 
of remyelination where HLA-DR-positive Schwann cells were identified. 
The predominance of CD8+ T cell over CD4+ in the biopsied sural nerve. 
Demyelinating areas corresponded to the presence of T cells [57,58].

There is an increased frequency of T helper (Th)17 cells and Th1/Th17 
cells in TCIDP cases concerning functional CD4+ T cell subtypes; however, 
they did not find modifications in the pool of Th1 cell at the peripheral nerves 
compared with remitting CIDP [59]. Other features (on CSF) that have been 
reported to decrease are: 1- diminish Th17 and Th1/Th17 cells over time 
when active CIDP cases were monitored longitudinally into remission. 2- 
Higher frequency of Th 1, Th 17, Th 1/Th 17 cells in active CIDP compared 
with remitting CIDP cases. 3- IL-17 in serum plus higher expression of 
RORγt were elevated higher in active CIDP. Therefore, Th1 and Th17 cells 
are involved in CIDP. Based on this evidence, other authors determined 
the intracellular IFN γ/IL-4 ratio in CD4+ cells by looking for Th2 cells that 
participated in CIDP and reported the percentage of 4+IFN-γ- cells were 
higher in CIDP cases which demonstrated an increase of Th2 cells [60,61].

Apart from the involvement of the MS in the CNS (as we showed), our 
consequent hypotheses we will be discussed below. We reported a case 
presenting a combination of CNS demyelination and NOR lesions at the 
same time. Therefore, we have hypothesized the best terminology suitable 
for both variants, and we propose the terminology of Combined Central and 
Peripheral Demyelinating Spectrum Disorders (CCPDSD). This syndromic 
disorder can be seen in two courses: progressive or relapsing- remitting 
due to dysfunctional NOR caused by immune cells (macrophages/T cells) 
and antibodies leading to permanent physical disabilities and death. After 
searching the medical literature, we concluded that clinical manifestations 
and outcomes are probable related to types of variants of presentation 
according to the age group of onsets. Nevertheless, disturbances caused 
by the immune cell populations at advanced ages diminish the range of 
functional recovery from the beginning of this autoimmune disorder.

Comments on the role of astrocytes in the MS

The most relevant element acting over the natural neurophysiological 
functions in human beings is related to stress [62,63]. Today is well 
accepted that dysbiosis caused by stress over the gut community of 
microbiotas can affect the normal function of the brain from the gut to 
the nucleus of tractus solitarious and from here via to the hypothalamus/
pituitary/adrenal pathway to other regions [62,63]. Therefore, recurrent 
activation of stress responses and increased corticosteroid levels lead 
to severe disturbances of neuronal metabolism and neurophysiology, 
causing relevant dysfunctional connectivity between neurons all over the 
brain. On top of that, stress response causes relevant dysfunction of the 
glial cell, mainly over oligodendrocytes and astrocytes. The presence of 
intracellular plus cell membrane-bound CORT receptors mediates the 
activity of corticosteroids over the astrocytes. Activating the CORT receptor 
in oligodendrocytes causes structural damage affecting plasticity and 
myelin maintenance. The neurophysiological activity between astrocytes 
and oligodendrocytes through extracellular matrix molecules, astrocyte-
oligodendrocyte gap junction, and soluble factors leads to changes in the 
myelin structure contribute to abnormal myelin disruption and plastic myelin 
adaptations which modify the capacity of the brain connectivity and its 
apparent consequences.

Because of the close interaction between the tips of some astrocytes 
processes with most of NOR in the white matter has been postulated that 
overexposure of corticosteroids secondary to stress produces a remodelling 
of the NOR and their specific extracellular milieu facilitating modifications 

cell adhesion molecules associated with the Kv1 complex (Caspr2, LGI1, 
and Contactin2) target antigens in autoimmune diseases associated with 
hyperexcitability. Based on interactions of cytoskeletal linkers with cell 
adhesion molecules, Kv1.1/Kv1.2 channels are clustered at the AIS and 
juxtaparanodes in the CNS/PNS in healthy and sick persons (Figure 4) [44]. 

Typical and atypical CIDP

Typical CIDP is characterized by a chronic progressive neuropathy 
involving the motor and sensory functions in more than 50% of patients 
with CIDP [45]. Both presentations are clinical modalities from the AMN 
plus other types of autoimmune pathologies of the PNS, as we graphically 
represented in Figure 6.

Morphologically, the classical features of typical CIDP (TCIDP) include 
onion bulb formation, hypomyelination, abnormal structure of Schwann cell 
appearance, and irregular paranodal loops [46,47]. In addition, the presence 
of swollen proximal segments of the peripheral nerves is commonly seen 
at disease onset. In contrast, the general enlargement of the nerve fibres 
is mainly seen in the chronic stage of the process, confirmed by ultrasound 
investigations [48,49]. On top of these morphological modifications, 
abnormal staining for voltage-gated sodium (Nav) channel and contactin- 
associated protein 1 (Caspr) have been confirmed. Moreover, CIDP cases 
show a remarkable elevation of macrophage clusters around endoneurial 
blood vessels [49].

Moreover, almost all patients presenting an onset younger age have a 
better disease outcome and minor mortality death [50,51]. The breakdown 
and damage of MS are caused by macrophages entering the nerve fibres, 
which were confirmed half-century ago. Lymphocytes have been in contact 
with macrophages in the endoneurium [52]. Other authors also confirmed 
the presence of epi-and endoneurial T cells and macrophages in CIDP 
cases during the sural nerve biopsies [53]. Another finding found in the 
perineurium and epineurium of sural nerve biopsies in CIDP patients was 
a high density of major histocompatibility complex class II positive staining 
[54]. Another difference between TCIDP and ATCIDP variants is the 
underlying T-cell response [55]. Other investigators found that ATCIDP 
had a relevant trend toward a plus more enormous T-cell response to MS 
antigens compared with TCIDP. They also found that ATCIDP cases had 
a significantly higher number of T cells (more CD4+ T cells) than TCIDP, 
and even more trend towards increased CD8+ effector memory and CD8+ 
central memory T cells than TCIDP cases.

Figure 6.  Shows Graphical classification of most of autoimmune-mediated 
demyelinating neuropathies. Including peripheral neuropathies (CIDP) and central 
neuropathies like Combined Central and Peripheral Demyelinating Spectrum 
Disorders (CCPDSD). 

Abbreviation: GBS: Guillain-Barré syndrome, PCBv: Pharyngeal-Cervical- 
Braquial Variants, AMAN: acute motor axonal neuropathy, AMSAN: acute 
motor sensory axonal neuropathy, MFS: Miller-Fisher syndrome, DADS: Distal 
Acquired Demyelinating Symmetric Neuropathy, MADSAM: Multifocal Acquired 
Demyelinating Sensory and Motor Neuropathy.
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discovery of nodal and paranodal antigenic targets; it is capacity to confirm 
the site of the lesion; to certify the reversibility of the nerve injury and 
axonal degeneration with a good prognosis, and to deliver novel therapeutic 
modalities like immunological treatments with specific monoclonal 
antibodies. The terminology of nodo-paranodopathies can be used for 
the initial phases of GBS when CBs are present, nodopathies if the CBs 
are reversible or RCF, and paranodopathies if clinical-neurophysiological 
studies confirm CBs with temporal dispersion of the CMAP. Some authors 
propose using the classical diagnosis terminology of AMAN in the more 
advanced axonal presentations with axonal degeneration and AIDP in the 
demyelinating forms (demyelinating paranoid-internodopathy) [72]; and on 
top of that, keeping the traditional and the new emerging term of nodo-
paranodopathies. These authors consider nodopathy a pathophysiological 
category instead of diagnostic terminology.

Vallat and colleagues asked themselves if the ataxic peripheral 
neuropathy, better known as Miller- Fisher syndrome, and Chronic 
Ataxic Neuropathies with Disialosyl Antibodies (CANDA) are caused by 
paranodopathy; then, to answer this question, they performed a nerve 
biopsy of a sural nerve looking for the pathological characteristic of the 
NOR in patients with acute and chronic ataxic peripheral neuropathy. They 
concluded that many immune-mediated peripheral neuropathies present a 
variety of clinical phenotypes, such as 'Acute Motor and Sensory Neuropathy 
(AMSAN), AMAN, or CIDP are associated with anti-disialosyl antibodies. 
Sometimes, some paranodes are associated with macrophages. Therefore, 
these investigators hypothesized that the described lesions support the 
postulated in favour of a complement-mediated dysfunction/disruption of 
NOR due to disialosyl antibodies against gangliosides present at the level 
of the axolemma of the paranode [73]. Here, it is imperative to highly that 
nodo- and paranodopathies are excluded from the CIDP classification [74] 
because these cases have peculiar phenotypic features: most patients 
are younger than cases included in the classical CIDP classification and 
have a poor response to IVIg and antibodies mainly of IgG4- and IgG3-
subtype to nodal-paranodal antigens namely neurofascin-155, contactin-1 
and caspr1 in the paranodal region, and neurofascin-186/-140 in the 
nodal region [75-78]. The peripheral nerve diseases with anti-neurofascin 
antibodies are more aggressive, presenting a predominantly distal sensory-
motor neuropathy with sensory ataxia and disabling tremor, where the 
presentation with anti-contactin antibodies leads to early axonal damage 
with motor signs predominance [79]. Other investigators have also 
described nodopathies with antibodies to the caspr1/contactin-1 complex. 
The most typical features of these patients are very fast progressive and 
disabling neuropathies, with associated pain in half of the cases and 
cranial nerves involvement (ophthamoparesis, facial and oropharyngeal 
weakness) in 40% of affected cases and poor response to IVIg therapy 
[80]. As a general agreement, these neuropathies differ from the commonly 
reported CIDP because of their different clinical presentations [81] and, 
on top of that, due to little response to IVIG and the lack of inflammation 
or macrophage-mediated demyelination in nerves biopsy studies [82-84]. 
The most accepted explanation of the poor response to IVIg is due to the 
common IgG4 isotype of the antibodies, typically unable to bind the first 
C1q complement component causing failure to activate the complement 
cascade [85,86].

Comments on medical treatment and general concluding 
remarks

CIDP needs to be confirmed as early as possible, and accurate 
management must be arranged at an early stage of its presentation to avoid 
secondary axonal degeneration and to provide a decreased disability rate 
from axonal degeneration. The use of anti-CD20 monoclonal antibodies to 
treat patients with immune-mediated neuropathies is gaining increasing 
interest gradually, mainly when evidence of underlying humoral pathogenetic 
mechanisms is present. However, it has been preceded by other therapy 
modalities like oral corticosteroids, plasmapheresis, immunosuppressor 
or high doses of IVIg which can neutralize pathogenic autoantibodies, 
modulate lymphocyte function, interfere with antigen presentation plus 
interact with cytokines, complement system, and competition with 

of the electrical transmission and its neuropathological consequences [64]. 
The genes that regulate MS and develop myelinating glial cells have not 
been fully characterized. However, it has been entirely accepted by several 
investigators that the determinant role played by cd59 and inflammation 
in the regulation of SC development [65]. These authors reported that 
cd59 encodes for a small GPI-anchored glycoprotein highly expressed 
in Schwann cells, human oligodendrocytes, developing zebrafish, and 
rodents. They also demonstrated that patients with cd59 dysfunction would 
develop neurological disorders during early childhood due to excessive 
proliferation of developing SC, reduction of volume of MS, perturbed NOR 
assembly and altered myelin ultrastructure.

The previous postulate was released by Wiltbank and colleagues a few 
weeks back, studying zebrafish embryos. They chose these vertebrates 
because they are transparent and able to complete their development 
outside the womb, which facilitated to follow-up of the process of growing 
the neuro-cells in real-time by microscopy. This investigation allowed us 
to search and collect genes (cd59) highly abundant in SC, mainly during 
development; the before-mentioned gene codes for a protein also interact 
with the immunological system. Looking at whether the SC relies on cd59, 
the same authors deleted the cd59 gene in embryos. They found a hyper 
production of SC in the absence of cd59, confirming the narrow relationship 
between cd59, an appropriate production of MS, and over activity of the 
immune response. Nevertheless, after using anti-inflammatory drugs in 
cd59 mutant embryos, the overproduction of SC disappeared, and the 
myelin formation returned to normal. Therefore, the inflammatory process 
defines the number of SC produced during zebrafish's development, 
and cd59 prevents this mechanism from getting carried away [65]. Other 
functions will be commented below.

Nodopathies

Some aspects related to this matter were mentioned before; now, we 
want to include other novel information based on the Urdiales-Sánchez and 
collaborators' results. They studied six patients presenting Acute Motor 
Axonal Neuropathy (AMAN) with the presence of antiganglioside antibodies 
anti-GM1, GD1a, GM1b, and GalNAc-GD1a and Pharyngeal Cervical 
Brachial variant (PCBs) associated with a heterogeneous immunological 
profile of antiganglioside, anti-GT1a, anti-GT1b, GQ1b, GD1a, and GT1b 
antibodies. These investigators performed a serial electromyogram (EMG) 
and NCS and then concluded that not all axonal presentations of GBS had 
poor recovery because those patients with motor conduction blocks (CBs) 
reversed showed an excellent outcome. However, cases without CBS, with 
the persistent diminishing of dCMAP and amplitude decrement, present 
remarkable acute denervation, and poor prognosis. These processes 
have a continuous spectrum ranging from CBS secondary to disruption/
dysfunction of NOR named nodopathies with good prognosis (reversible 
CBS) or RCF to bad prognosis (axonal degeneration) [66]. At the NOR 
(sodium channel) and the paranodes, gangliosides support the stability of 
proteins which maintain the binding of axon and MS. Therefore, antibodies 
bind to gangliosides and NOR causes primary axonal degeneration or 
inactivation of voltage- dependent sodium channel [67,68].

There is a common pathogenic mechanism for the NOR dysfunction/
disruption (before mentioned) and the antiganglioside antibody-mediated 
neuropathies. This process can get two pathways: (1) Progression of AMAN 
with remarkable axonal degeneration leading to slow recovery and poor 
rehabilitation. (2) A fast recovery neither of the affected NOR for AMAN 
[68-71]. Grouping cases in these two groups did not provide convincing 
acceptance by the medical community, and more medical evidence was 
necessary. To clarify this confusion, Unicini and Kuwabara intensely studied 
these pathways. They called nodophaties to these neuropathies with 
antiganglioside antibodies, typically characterized by a common pathogenic 
mechanism of dysfunction/disruption at the NOR and reported that AMAN is 
the typical nodopathy present at the first phase of AMAN with CBs without 
temporal dispersion (absence of demyelination) with swift rehabilitation (few 
days or weeks). On the other hand, we know that CIDP can have an acute 
presentation leading to difficult or almost impossible clinical differentiation 
from AMAN. The great importance of this new terminology is based on the 
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and the inhibitory FcγIIB have been reported as a potential target for 
selective therapy [98]. Inhibition of Fcγ receptors is currently a target of 
autoimmune diseases [99-102]. Antibodies against the FcRn, also named 
Abdegs (antibodies that enhance IgG degradation), are reliably diminishing 
the pool of circulating IgG (both pathogenic and non-pathogenic), with the 
additional advantage of not removing other circulating factors, e.g., clotting 
factors, other isotypes of antibodies, and albumin (like plasmapheresis do) 
or interfering with other immune cells and the complement pathway [103]. 
Venetoclax is a selective BCL2 inhibitor that can be combined with RTX. 
It has proven highly efficacious in B-cell malignancies even after ibrutinib 
failure [104]. Furthermore, based on reported results by Castillo et al., it can 
induce remission despite CXCR4 mutations [105].

The first CIDP patient responding to RTX after the failure of steroids and 
IVIg was reported in 2004 [106]. Rituximab is the best therapeutic choice in 
patients with autoimmune neuropathies and IgG4 antibodies to nodal and 
paranodal antigens [107], mainly for cases where the IVIg fails to provide 
benefit likely due to the inability of the antibodies to activate the complement 
pathway. In Figure 7, we graphically represented the components of IgG 
(1,4) for a better understanding of this process. The maintenance therapy 
is planned according to immunologic data (antibody titter or memory B-cell 
monitoring) or clinical response/relapse [108]. Fortunately, other clinical 
trial studies support RTX's efficacy and safety in patients presenting CIDP 
responsive to IVIg or refractory CIDP [109,110].

Among the available monoclonal antibodies, RTX is the most used 
in chronic immune-mediated neuropathies and neuromuscular disorders. 

dramatic improvement. Many cases were reported, and small case series 
were published suggesting that CIDP, significantly when associated with 
haematological diseases or other autoimmune disorders, responded to RTX 
in a percentage ranging from 69 to 75% [111,112]. In addition, RTX has 
been reported as very effective in refractory CIDP [113]. A recent systematic 
review and a meta-analysis of RTX therapy in CIDP patients (including 
patients with IgG4 antibodies to nodal or paranodal antigens) reported an 
efficacy of around 75% [114].

On top of that, we highly like mention that most of NF155+ CIDP/CCPD 
cases presents hypertrophy of spinal nerve roots quite like our patient 
(Figure 3). It’s usually happened in some cranial nerves, like trigeminal and 
oculomotor nerves which we could not confirmed. We reported extremely 
high levels of CSF albumin, as consequence of swelling of the nerve root 
inflammation also reported by others [17]. Unfortunately, we have not 
laboratory facilities to investigate the CCL11/eotaxin, IL13, CCL2/MCP1, 
CXCL8/IL8, TNFα, and INFγ levels in the CSF that are usually very high 
while the GCSF, IL1ra and IL1β, are remarkably lower compared with non-

pathogenic autoantibodies for neonatal Fc receptor (FcRn) binding [73]. 
Rituximab (RTX), a monoclonal antibody against CD20 causing cytolysis 
of B lymphocytes, is the most used, especially in anti-MAG antibody 
neuropathy and autoimmune-mediated neuropathies with antibodies 
to nodal/paranodal antigens not responding to IVIg. It is currently under 
investigation in three Phase 2 trials of CIDP [73]. Eculizumab (recombinant 
humanized monoclonal antibody), recently approved for myasthenia gravis, 
can bind, and sequesters C5a, able to prevent its enzymatic cleavage by 
the C5 convertase into C5a and C5b, able to inhibit C5b-9 membrane attack 
complex formation. This medication is currently used in cases with GBS [87-
90] and can block the complement cascade [73]. Regarding complement-
targeted therapies, eculizumab has proved its efficacy lacking the CD59 
protein for homozygous p. Cys89Tyr, which suggests that it might be safe 
and efficacious, at least as add-on therapy, including other conditions where 
the complement pathway is altered. Nevertheless, caution is needed when 
it is used because of the risk of developing an associated meningococcal 
infection (requiring prophylactic vaccination against certain encapsulated 
bacteria) [91].

The previously known GA101 and now named obinutuzumab is a 
new type II glycoengineered humanized anti-CD20 mononuclear antibody 
with higher activity than RTZ, which increases its binding affinity to the 
FcγRIII receptor on immune effector cells [87,88] and enhance cellular 
phagocytosis, antibody-dependent cytotoxicity, and direct cell death while 
diminishing complement-dependent cytotoxicity. Mossner et al. reported that 
obinutuzumab is 10-25 times more potent and 1.5-2.5 times more effective 
than RTX in depleting B-cells in whole blood in a group of healthy human 
donors (p<0.001) [92]. The Fc portion of immunoglobulins has receptors 
which play a crucial role in humoral and innate immunological homeostasis, 
are involved in several autoimmune diseases and are responsible for 
effector functions [93]. The main action of the neonate Fc receptor (FcRn) 
is to recycle IgGs by preventing their lysosome degradation and prolonging 
the half-life of IgG molecules (including pathogenic IgG autoantibodies). 
It is the primary therapeutic target in neurological disorders caused by 
autoimmune diseases [94].

On the other hand, Efgartigimod (FcRn blocker) is a humanized IgG1-
derived Fc fragment that can inhibit the FcRn competitively, which has 
recently been approved for the therapy of myasthenia gravis and CIDP 
due to its selective IgG depletion [73]. Other therapeutic drugs options like 
ibrutinib, zanubrutinib, and rilzabrutinib (BTK inhibitors) have been used in 
patients with anti-MAG antibody peripheral nerves disorders plus a specific 
mutational profile (wild-type CXCR4 gene, MYD88L265P mutation) based 
on their potential therapeutic action in B-cell-mediated diseases but the 
efficacy and safety of these medications need to be proved by studies made 
in larger populations. Combining these drugs with RTX or other anti-CD20 
monoclonal antibodies will probably provide excellent results but must be 
confirmed by multicentre randomized clinical trials. Within this group of 
anti-human FcRn monoclonal antibodies, rozanolixizumab is included to 
treat CIDP cases. However, none of the two previous-cited medications 
has been approved to treat patients with immune-mediated demyelinating 
polyneuropathies [73]. Novel BTK inhibitors of the second generation, 
like acalabrutinib [95] and zanubrutinib [96], have been investigated with 
associated anti-CD20 monoclonal antibodies or even as a single agent 
and showed less adverse reaction than ibrutinib [97]. Subcutaneous 
rozanilixizumab is still being investigated as a therapeutic agent for CIDP. 
Therefore, results from a larger population in clinical trials are expected.

We also recommend taking extreme caution using daratumumab as a 
therapeutic agent for any antibody-mediated neurological disease because 
remarkable side effects and even death have been reported [73]. We 
expect positive reports using FcRn blockers in patients with CIDP after 
approval and availability in the marker of efgartigimod (first recombinant 
antibody) based on the experiences reached in the treatment of myasthenia 
gravis. In addition, other clinical trials with rozanolixizumab or combined 
drugs such as IVIg or FcRn blockers with next generation complement 
therapeutic agents acting on the complement pathway will also bring 
more hope. Monoclonal antibodies against the activating Fcγ receptors 

Figure 7.  Show the structural components of IgG4. (A) Trans heavy-chain CH1–
CH2 domain interaction hinders the CH2 domain within a compact structure. (B) 
IgG4 is subjected to interchain disulphide bond cleavage by protein disulphide 
isomerase expressed on immunocytes and endothelial cells, which leads to half-
molecule exchange (12). In vivo IgG4 is present in a bispecific and monovalent 
type which prevents IgG4 from internalizing target surface antigens. Here graphical 
representation of the involvement of relevant T cells, specific HLA class II molecules 
and IgG4 anti-NF155 antibodies in the process of underlying IgG4 NF155+ CIDP/
CCPD.

2RTX administered at 375 mg/m  for four weeks provides a progressive 
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