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polyradiculoneuropathy: recent advances on
classification, diagnosis, and pathogenesis
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Purpose of review

In recent years, there has been an intense debate in literature regarding the definition of the individual
variants of chronic inflammatory demyelinating polyradiculoneuropathy (CIDP), their possible pathogenetic
mechanisms, and impact in the diagnosis of CIDP.

Recent findings

The 2021 European Federation of Neurological Societies/Peripheral Nerve Society (EFNS/PNS)
guidelines revised the definition of the individual CIDP variants and implemented their diagnostic criteria.
Diagnosis of atypical CIDP is challenging and misdiagnosis is frequent, leading to diagnostic delay and
consequent greater accumulation of disability and treatment dependency. Recent studies suggest that
patients with typical CIDP have an antibody-mediated mechanism of neuropathy whereas in those with
Lewis-Sumner syndrome (LSS) neuropathy is preferentially mediated by macrophages and T cells.

Summary

Although the validity of the 2021EFNS/PNS diagnostic criteria for atypical CIDP is unknown, they will
hopefully lead to greater uniformity in the selection of patients to be enrolled in future studies and to a greater
diagnostic accuracy. New data are emerging on the possible pathological mechanisms of individual variants
and this could result in the discovery of specific diagnostic biomarkers and new therapies.

Keywords

atypical chronic inflammatory demyelinating polyradiculoneuropathy, distal acquired demyelinating symmetric
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Chronic inflammatory demyelinating polyradiculo-
neuropathy (CIDP) is a rare immune-mediated
neuropathy with a very heterogeneous clinical pre-
sentation. Along with a typical clinical phenotype
(typical CIDP), defined as symmetric sensorimotor
neuropathy involving proximal and distal segments
of the four limbswith a relapsing or progressive course
of at least 2months, a few atypical variants have been
described (atypical CIDP) [1–6,7

&&

,8
&&

,9–40]. These
variants include distal acquired symmetric demyeli-
nating neuropathy (DADS), Lewis-Sumner syndrome
(LSS), focal CIDP, pure motor and pure sensory
CIDP. Recently a few other variants have been pro-
posed by some authors, including chronic immune
sensory polyradiculoneuropathy (CISP and CISP-
plus), chronic immune motor polyradiculoneurop-
athy (CIMP), and chronic immune sensorimotor pol-
yradiculoneuropathy (CISMP) [41,42

&

,43,44,45
&

]. It is
stillunclearwhether theatypicalCIDPvariants should
be considered different phenotypes of the same dis-
ease or clinical entities with a different pathogenetic
uthor(s). Published by Wolters Kluwe
around atypical CIDP has taken place, particularly
around three key issues that we will try to summarize
here: theclinicalboundariesof the individualvariants,
their weight in the diagnostic difficulty of CIDP, and
their clinicopathological peculiarities.
r Health, Inc. www.co-neurology.com
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KEY POINTS

� There is considerable heterogeneity in the results of the
various studies regarding the frequency, clinical
characteristics, and response to therapy of the
individual variants of CIDP, and this is at least in part
explained by the lack of clear diagnostic criteria for
atypical CIDP.

� Diagnosis of atypical CIDP is challenging, and
misdiagnosis is common and this lead to diagnostic
delay, greater disability accumulation, and
treatment dependency.

� A greater uniformity in the selection of patients with
atypical CIDP to be enrolled in the studies and an
increased diagnostic accuracy are expected after the
publication of the 2021EFNS/PNS diagnostic criteria.

� Validity of the diagnostic criteria for the individual CIDP
variants of the EFNS/PNS remains to be evaluated and
there are still areas of uncertainty in the classification of
a few subgroups of CIDP patients.

� Recent studies have begun to highlight the
heterogeneity of the pathogenetic mechanisms
underlying the different forms of CIDP, in particular by
suggesting an antibody-mediated mechanism in most of
the patients with typical CIDP and a cell-mediated
mechanism in those with LSS.

Peripheral nerve and neuro-muscular junction disease
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DEFINITIONS AND CLINICAL
CHARACTERISTICS OF THE ATYPICAL
CHRONIC INFLAMMATORY
DEMYELINATING
POLYRADICULONEUROPATHY VARIANTS

The 2010 European Federation of Neurological Soci-
eties/Peripheral Nerve Society (EFNS/PNS) guidelines
for CIDP roughly defined the individual CIDP var-
iants but did not provide criteria that allow to clearly
establish the clinical boundaries of each of them [46].
The lack of universally recognized diagnostic criteria
for atypical CIDP has favored over the years the
proliferation of various definitions for the individual
variants and this has resulted in a remarkable hetero-
geneity among studies regarding their reported fre-
quency, clinical characteristics and response to
therapy. Recently, an Italian study proposed a set
of diagnostic criteria for atypical CIDP but its validity
has not yet been demonstrated [7

&&

]. The application
of these criteria in a large cohort of patients with
atypical CIDPhas surprisingly shown that 53%of the
patients with atypical CIDP at onset progressed to
typical CIDP during the course of the disease [7

&&

].
Progression to typical CIDP, however, was not abso-
lute and a considerable proportion of patients main-
tained their atypical CIDP phenotype even after
several years from symptoms onset [7

&&

]. Transition
614 www.co-neurology.com
from atypical to typical CIDP has been questioned by
some authors [47] but other studies confirmed that
phenotypes can change overtimes [9,34,35].
Whether this progression reflects only a greater
spread of neuropathy or is instead the result of spe-
cific pathogenetic mechanisms is still to be clarified.
Distal acquired symmetric demyelinating
neuropathy

In 2000, Katz et al. [1], described DADS as a distal,
symmetric, sensory, or sensorimotor neuropathy
sparing proximal limb, neck, and facial muscles. In
their study, 60% of the patients had an IgM para-
protein and at least 33% of them were positive for
anti-MAG (myelin-associated glycoprotein) antibod-
ies [1]. Being an exclusion criterion for CIDP diag-
nosis, in the subsequent descriptions of DADS, only
patients with negative anti-MAG antibodies were
included, whereas idiopathic DADS was considered
a variant of CIDP. Still, Larue et al. [3] found that 60%
of the patients with DADS had a monoclonal gamm-
opathy (40% IgGand20% IgM). Associationbetween
DADS phenotype and IgM paraprotein was also
recently confirmed in a study that has investigated
the frequency and role of comorbidities in a large
cohort of CIDP patients and found that 12.5% of the
patients with DADS had an IgMmonoclonal gamm-
opathy (versus 5.5% of the patients with typical
CIDP) [48

&&

]. According to some studies, DADS is
themost common variant of CIDP, with a frequency
that ranges from 2 to 15% (Table 1). Although DADS
is defined as predominantly distal, the exact prox-
imal to distal gradient of motor and sensory deficits
was not specified neither in the 2010EFNS/PNS
guidelines nor in their revision [46,49

&&

].
Response to treatment in DADS was initially

reported to be similar to that of CIDP [1,3] but sub-
sequent studies showed that this variant is likely to
exhibit a lower response to therapy [6,7

&&

]. In larger
cohorts, overall response to treatment and response
to intravenous immunoglobulin (IVIg) in DADS was
lower comparedwith typical CIDP [7

&&

]. Most studies
report DADS as a mild form of CIDP [5,7

&&

,9].
Lewis-Sumner syndrome

LSS was initially defined as a sensory or sensorimo-
tor multineuropathy with persistent motor nerve
conduction blocks [11–13]. According to some
reports, this is the most common variant of CIDP
(Table 2). Later, other authors have defined LSS as an
asymmetric polyneuropathy [6,8

&&

,15–18,20,23],
although only a few of them specified the degree
of asymmetry necessary for diagnosis and how to
quantify it [6,8

&&

,23]. Even the 2010EFNS/PNS
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diagnostic criteria for CIDP defined LSS as an asym-
metric polyneuropathy [46]. Then, other authors
have eliminated the presence of conduction blocks
as a diagnostic criterion [2,4,5,6,8

&&

,9,10,14–
16,19,21,22]. In the Italian CIDP database, where
LSS was defined as a multineuropathy, 37.5% of the
patients with the typical form had an asymmetric
but not multifocal CIDP including 9.5% with a
slight asymmetry [one Medical Research Council
(MRC) point difference between the two sides]
[7

&&

]. These figures are interesting as they show that
the asymmetric form of CIDP ismuchmore frequent
than expected from a clinical entity that is consid-
ered ‘atypical’. It cannot, however, be excluded that,
as in vasculitic neuropathies, a certain number of
patients with multineuropathic CIDP evolve over
time towards an asymmetrical form. Finally, the
2021EFNS/PNS criteria has defined LSS as a sensory
Table 3. Reported diagnostic criteria, clinical characteristics

demyelinating polyradiculoneuropathy

References

Number of
patients or
frequency Clinical definition

Electrodiagn
criteria for
diagnosis

1996 9 Focal UL demyelinating
neuropathy [25]

NM

2000 1 UL sensorimotor deficit
[15]

CB

2013 1 As per 2010 EFNS/
PNS guidelines [26]

NM

2019 1% Included under the
definition of LSS
[7&&]

With or witho
motor CB

2019 1% Motor or sensorimotor
neuropathy confined
to one limb [8&&]

NM

2020 1 As per 2010 EFNS/
PNS guidelines [27]

NM

2021 1 As per 2010 EFNS/
PNS guidelines [28]

NM

2021 30 Sensory or motor or
sensorimotor
neuropathy involving
the brachial or
lumbosacral plexus,
or one or more
peripheral nerves in
one UL or one
LL (monomelic
distribution) [29]

NM

CB, conduction blocks; CIDP, chronic inflammatory demyelinating polyradiculoneuro
Nerve Society; IVIg, intravenous immunoglobulin; LL, lower limbs; LSS, Lewis-Sumne

618 www.co-neurology.com
or sensorimotor multineuropathy specifying that its
clinical presentation is usually asymmetric [49

&&

].
In 1996, Thomas et al. [25] described a form of

CIDP restricted to one or two upper limbs and
labelled this form ‘focal CIDP’. Later, the
2010EFNS/PNS CIDP guidelines included focal
CIDP in the list of atypical CIDP as one of its variants
[46]. There is, however, no clear evidence from the
literature that this form is distinct from LSS and
should be kept separate from it. Indeed, three of
the nine patients originally described by Thomas
et al. [25] had a neuropathy diffused in both upper
limbs or lower limbs in a multi-neuropathic fashion
whereas other authors included patients with a
CIDP restricted to one limb under LSS [19]. There
is also no evidence that focal CIDP has a different
response to therapy compared with typical CIDP or
LSS (Table 3). In the 2021EFNS/PNS CIDP diagnostic
and response to treatment for focal chronic inflammatory

ostic Exclusion criteria
with respect to the
specific variant

Disability
(compared
with typical
CIDP)

Response to
treatment

NM NM 3/5 (60%) patients
improved after
steroids, 6/6
(100%) after IVIg

NM NM Improved after IVIg

NM NM Improved after IVIg

ut 1. Weakness in
isolation, without
sensory symptoms.
2. Symptoms/signs
in a
polyneuropathic
distribution

NM NM

Clinical picture of
typical CIDP or
other atypical
variants

NM NM

NM NM Improved after IVIg
and steroids in
combination

NM NM Improved after IVIg

NM NM 16/19 (84%)
improved after
IVIg, 0/5 after
steroids

pathy; EFNS/PNS, European Federation of Neurological Societies/Peripheral
r syndrome; NM, not mentioned; UL, upper limbs.
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criteria, focal CIDP has been included under LSS
[49

&&

]. The reported response to therapy and partic-
ularly to high-dose IVIg in LSS vary among studies,
although in most of them is reported to be unsat-
isfactory [6,7

&&

,20,24]. Some authors reported a
reduced response to steroids [14,18,20,24]. Disabil-
ity in patients with LSS is generally lower than that
of patients with typical CIDP [5,6,7

&&

,9,10,23].
Pure motor chronic inflammatory
demyelinating polyneuropathy

Pure motor CIDP was initially defined as a pure
motor symmetric polyneuropathy [30,31]. Subse-
quently, some authors have included in its defini-
tion the electrophysiological criterion of normal
sensory nerve conduction studies whereas others
have admitted the presence of mild sensory symp-
toms [32,37]. As for pure sensory CIDP, the 2021
EFNS/PNS guidelines has now subclassified pure
motor CIDP in a subformwith normal sensory nerve
conduction studies (‘pure motor CIDP’) and in
another with abnormal sensory nerve conduction
studies (‘motor-predominant CIDP’) [49

&&

].
Some of the initial reports of this clinical entity

reported unresponsiveness or worseningwith steroids
while having an excellent response to IVIg [16,31,32]
(Table 4). This early reports led to the 2010EFNS/PNS
guidelines in recommending IVIg as the initial treat-
ment in pure motor CIDP [46]. A few subsequent
studies have, however, not confirmed this early find-
ing [7

&&

,33]. Ina large Italian study,43%of thepatients
with pure motor CIDP responded to steroids (versus
51% of typical CIDP patients) [7

&&

], whereas another
study reported a response of 80% [33]. It has emerged
fromthedataof the ItalianCIDPdatabase thatnoneof
the pure motor CIDP patients with normal sensory
nerve conduction studies improved with steroid ther-
apy whereas all improved patients had abnormal sen-
sory conduction studies [7

&&

]. This finding, which was
later confirmedbyothers [33], suggest that theelectro-
physiological involvementof sensory fibers isamarker
of good response to steroids. It is possible, although
speculative, that at least some of the patients with
normal sensoryelectrophysiological studieshavemul-
tifocal motor neuropathy, which typically is steroid-
resistant. The 2021EFNS/PNS CIDP guidelines has,
however, confirmed the recommendation to consider
IVIg as the initial therapy for pure motor CIDP [49

&&

].
Pure sensory chronic inflammatory
demyelinating polyneuropathy

The clinical boundaries between pure sensory CIDP
and sensory DADS are not well clear, and this may
possibly explain why in some studies, patients with
1350-7540 Copyright © 2021 The Author(s). Published by Wolters Kluwe
a pure sensory neuropathy with a ‘stocking-and-
glove distribution’ are included under DADS while
in others under pure sensory CIDP [1,34,50]. This
confusion probably underlies the large variability in
the reported frequency of pure sensory CIDP among
studies (1–24%) (Table 5). An Italian study proposed
criteria for atypical CIDP in which sensory DADS
was defined as a length-dependent neuropathy
whereas sensory CIDP as a nonlength-dependent
[7

&&

]. In this study, patients with sensory DADS
but not those with pure sensory CIDP had a lower
response to treatment compared with typical CIDP
[7

&&

]. This figure has not yet been confirmed by
other studies.

Although defined as a pure sensory neuropathy,
most of the pure sensory CIDP cases so far described
had subclinical electrophysiological involvement of
the motor fibers but this is likely to be explained by
the fact that signs of demyelination in the motor
nerves were required by the 2010EFNS/PNS diag-
nostic criteria for the diagnosis of CIDP [46]. Some
descriptions of pure sensory CIDP without electro-
physiological involvement of motor fibers have,
however, beenmade [51]. In order to provide greater
clarity, the 2021EFNS/PNS criteria has now subclas-
sified pure sensory CIDP in a subform with normal
motor nerve conduction studies (‘pure sensory
CIDP’) and in another with abnormal motor nerve
conduction studies (‘sensory-predominant CIDP’)
[49

&&

]. No studies have yet compared the clinical
and immunological characteristics of these two
CIDP subforms.

Response to treatment in pure sensory CIDP is
reported to be similar to that of typical CIDP
[7

&&

,34,36,39], whereas severity of the disease is
reported to be similar or lower [7

&&

,8
&&

].
Chronic immune sensory
polyradiculoneuropathy, chronic immune
sensory polyradiculoneuropathy-plus,
chronic immune motor
polyradiculoneuropathy, and chronic
immune-mediated sensorimotor
polyradiculopathy

CISP is generally considered pure sensory CIDP
because of its similar clinical presentation charac-
terized by only sensory symptomswithout weakness
[41]. Its peculiar feature is the selective involvement
of the preganglionic root as evidenced by normal
sensory nerve conduction studies, increased CSF
protein levels, and thickened spinal roots at MRI
[41]. It is a rare CIDP variant; in an Italian study on
460 CIDP patients, its frequency was 0.5% [7

&&

]. In
the first description of 15 patients, all the patients
had ataxia, nine had frequent falls, and six were
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severely disabled [41]. All of the treated patients had
a rapid improvement, but relapsed on attempted
tapering [41]. CISP-plus is a recently described var-
iant in whom the disease extends beyond dorsal
roots to also involve motor and postganglionic sen-
sory nerve fibers, resulting in mild distal weakness
andmild abnormalities on nerve conduction studies
[42

&

]. Its symptoms and response to therapy seem
very similar to those of CISP [42

&

]. CIMP is a chronic
pure motor polyradiculopathy affecting the lumbo-
sacral segments and sparing sensory, bowel, and
bladder functions [43]. Imaging demonstrates nerve
root enlargement of the cauda equina, and CSF
protein are elevated [43]. To our knowledge, only
one patient with CIMP has been reported so far.
Eleven patients with an immune-mediated sensor-
imotor polyradiculopathy (CISMP) have been
reported by two different reports [44,45

&

]. Electro-
physiological studies were normal in all these
patients and a good response to treatment was
observed in most of them [44,45

&

]. Although all
these rare forms were proposed by the authors as
being part of the CIDP spectrum, the 2021EFNS/PNS
criteria mentioned only CISP and specified that it
cannot still be considered as CIDP as there is not
enough evidence to determine if it is demyelinating
or related to sensory CIDP [49

&&

].
DIAGNOSIS OF ATYPICAL CHRONIC
INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY

As for typical CIDP, no diagnostic biomarker exist
for atypical CIDP making clinical and electrophy-
siological criteria essential for diagnosis. The
2021EFNS/PNS criteria refined the diagnostic crite-
ria for the CIDP variants and expanded the
2010EFNS/PNS criteria by including sensory nerve
conduction studies as a mandatory diagnostic crite-
rion and by defining specific clinical and electro-
physiological criteria for each CIDP variant [49

&&

].
Validity of these diagnostic criteria remains, how-
ever, to be established. Furthermore, these criteria
still leave some areas of uncertainty. For instance, it
is not clear how to classify patients with asymmetric
but not multineuropathic CIDP or patients with a
sensorimotor polyneuropathic CIDP only involving
the proximal and distal segments of the lower limbs.

Atypical CIDP is a challenging diagnosis and its
diagnostic workflow and differential diagnosis may
differ compared with typical CIDP [52

&

]. In one
series of misdiagnosed patients, 44% of the patients
misdiagnosed as CIDP were found to satisfy the
EFNS/PNS criteria but they were all classified as
‘atypical’ [53]. Compared with the patients with
typical CIDP, those with atypical CIDP more
622 www.co-neurology.com
frequently were diagnosed in a university hospital
and have a diagnostic delay [53,54

&

]. This lead to a
greater disability and more frequent fatigue and
treatment dependency [54

&

]. Patients with atypical
CIDP phenotypes are also more likely to be falsely
labelled as having CIDP (overdiagnosis) [52

&

,55].
The reasons that may explain this diagnostic diffi-
culty include the scarce adherence to the EFNS/PNS
criteria, the inability to recognize the distinctive
clinical and electrophysiological signs of CIDP
and the clinical parameters indicative of a true
response to therapy [52

&

,53,55]. Given the complex-
ity of the disease and its rarity, several authors have
proposed that patients with an atypical CIDP phe-
notype or with an unexpectedly poor treatment
response should be referred to CIDP expertise
centres [52

&

,55]. The 2021EFNS/PNS guidelines
have improved guidance regarding the diagnosis
of CIDP in general and the specific diagnosis of
the individual variants by suggesting a list of other
conditions to be considered in the differential diag-
nosis and a series of diagnostic tests to be performed
to exclude other causes [49

&&

].
CLINICOPATHOLOGICAL
CHARACTERISTICS OF THE CHRONIC
INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY VARIANTS

Although the cause of CIDP and its pathogenesis are
still unknown, in the last years some progress has
been made in deciphering the pathogenetic mech-
anisms underlying the disease. Several recent lines
of evidence suggest that typical CIDP and its var-
iants potentially have heterogeneous pathogenetic
mechanisms.

Electrophysiological studies have shown that
the distribution of lesions in the peripheral nervous
system is different among the individual CIDP forms
[6,8

&&

,10,56
&

]. In typical CIDP, the most conspicu-
ous electrophysiological alterations are the elonga-
tion of the F waves and the increase of distal motor
latencies, whereas motor conduction blocks are
more frequent in LSS [6,8

&&

,10,56
&

]. These findings
suggest that typical CIDP exhibits preferential
involvement of the proximal and distal nerve seg-
ments whereas lesions in the middle nerve trunks
are more common in LSS [6,8

&&

,10,56
&

]. This might
also explain why in LSS, the increase in CSF protein
levels, which indicates the presence of lesions at
proximal nerve segments, is less frequent and con-
spicuous. In support of this view, different magnetic
resonance and ultrasound studies demonstrated
hypertrophy predominantly in the nerve roots in
patients with typical CIDP and patchy swelling of
the nerve trunk in patients with LSS [57]. Similar
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findings have emerged from recent sural nerve
biopsy studies, which showed the presence of uni-
form alterations with relative preservation of myeli-
nated fibers and few axonal sprouts and onion-bulb
formation in patients with typical CIDP, and
instead, focal signs of demyelination with marked
variation in the density of myelinated fibers among
fascicles and conspicuous axonal sprouts in those
with LSS [8

&&

]. The hypothesis, raised by some
authors on the basis of these findings, is that in
typical CIDP, the damage occurs in the proximal
and distal portions of the nerve where the blood-
nerve barrier is most deficient, and therefore, is
likely mediated mainly by antibodies and humoral
factors [6,8

&&

,10,56
&

]. Notably, the 2021EFNS/PNS
CIDP guidelines proposed not to regard patients
with antibodies against nodal-paranodal cell-adhe-
sionmolecules as CIDP variants as they have distinct
clinical features, no overt inflammation or macro-
phage-mediated demyelination and do poorly
respond to CIDP treatment, IVIg, in particular [5].
On the other hand, in LSS, the damage is likely
mediated by T cells and macrophages that attack
focal portions of the nerve with blood-nerve barrier
breakdown [6,8

&&

,10,56
&

]. This hypothesis may also
explain the different response to treatment and out-
come of LSS compared with typical CIDP. A recent
study highlighted the presence of different under-
lying immunological mechanisms in typical CIDP
and LSS [58

&

]. DADS and sensory CIDP seem to be
more heterogeneous, with some patients having
findings similar to typical CIDP and others more
similar to LSS [6,8

&&

,10,56
&

]. It should be also under-
lined that, even among patients with typical CIDP
there are some patients with electrophysiological
and pathologic findings characteristic of LSS and
vice versa, suggesting a higher level of pathogenetic
complexity and the presence of overlapping mech-
anisms [6,8

&&

,10,56
&

].
CONCLUSION

Although the validity of the 2021EFNS/PNS criteria
for CIDP has not yet been assessed, they will lead to
greater uniformity in the selection of patients to be
enrolled in future studies and this, hopefully, will
result in greater comparability of studies. Their
implementation should also lead to an improve-
ment in diagnostic accuracy. There are still, how-
ever, areas of uncertainty in the definition of the
individual variants. Recent studies are starting to
bring to light the pathogenetic mechanisms of the
individual CIDP variants and this could result in the
discovery of specific diagnostic biomarkers and
new therapies.
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