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Abstract

Background and Aims Charcot-Marie-Tooth (CMT) is a heterogeneous group of genetic neuropathies and is typically char-
acterized by distal muscle weakness, sensory loss, pes cavus and areflexia. Herein we describe a case of CMT2CC presenting
with proximal muscle weakness and equivocal electrophysiological features, that was misdiagnosed as chronic inflammatory
demyelinating polyneuropathy (CIDP).

Case report A 30-year-old woman complained of proximal muscle weakness with difficulty climbing stairs. Neurological
examination showed weakness in lower limb (LL) muscles, that was marked proximally and mild distally, and absence of
deep tendon reflexes in the ankles. Nerve conduction studies (NCS) showed sensory-motor neuropathy with non-uniform
NC velocity and a partial conduction block (CBs) in peroneal nerve and tibial nerves. Thus, a diagnosis of CIDP was
entertained and the patient underwent ineffective treatment with intravenous immunoglobulins. At electrophysiological
revaluation CB in peroneal nerve was undetectable as also distal CMAP had decreased whereas the CBs persisted in tibial
nerves. Hypothesizing a hereditary neuropathy, we examined the proband’s son, who presented mild weakness of distal and
proximal muscles at lower limbs. Neurophysiological investigation showed findings consistent with an intermediate-axo-
nal electrophysiological pattern. A targeted-NGS including 136 CMT genes showed the heterozygous frameshift mutation
(¢.3057dupG; p.K1020fs*43) in the NEFH gene, coding for the neurofilament heavy chain and causing CMT2CC.
Interpretation Diagnosis of a genetic neuropathy may be challenging when clinical features are atypical and/or electrophys-
iological features are misleading. The most common misdiagnosis is CIDP. Our report suggests that also CMT2CC patients
with proximal muscle weakness and equivocal electrophysiological features might be misdiagnosed as CIDP.
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Introduction an ultrarare axonal autosomal dominant CMT due to muta-

tions in the NEFH gene, which encodes the neurofilament
Charcot-Marie-Tooth disease (CMT) is a heterogeneous  heavy chain (NEFH) protein [2]. A peculiar clinical feature

group of inherited neuropathies characterized by distal mus- of CMT 2CC is the early development of proximal weak-
cle weakness, sensory loss, absent or reduced deep tendon  ness at lower limbs not common in other CMTs [3].
reflexes and skeletal deformities (pes cavus) [1]. Among the Deletion in within a small region of NEFH tail have been

different CMT form, CMT type 2CC (OMIM # 616924) is  also associated with susceptibility to Amyotrophic Lateral
Sclerosis (ALS) phenotype (OMIM # 105400) [4].

NEFH is the largest of the three subunits that form the
neurofilaments that also include the neurofilament medium
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play a crucial role in providing mechanical support to motor
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cytoskeletal network, which is a critical determinant of axo-
nal caliber and stability of motor neurons and withstands
mechanical stresses associated with stretching and bending
[8].

The prevalent pathogenic variants of NEFH were frame-
shift mutations that result in an aberrant protein that is lon-
ger than the canonical one [9]. Aberrant protein leads to
the formation of axonal aggregates that disrupt the normal
assembly and organization of neurofilaments in axons and
hence may interfere with axonal transport processes con-
tributing to axonal degeneration [10]. Aggregates in the
soma of the neurons induce apoptosis of mutant motor neu-
rons providing an explanation for the overlap between CMT
and ALS phenotypes [2, 10].

Herein, we reported the case of a patient harbor-
ing a heterozygous mutation in NEFH who was initially

Fig. 1 Pedigree of family
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misdiagnosed as chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) because atypical clinical
and electrophysiological findings resembled those of an
acquired demyelinating neuropathy.

Case report

The proband (Fig. 1), a 28-year-old woman with unevent-
ful birth, had normal milestone development and negative
family history for neuromuscular disorders. She presented
a progressive weakness at lower limbs with difficulties to
climb stairs and to walk after her second pregnancy.
Neurological examination at the age of 30 years showed a
predominantly proximal weakness (especially iliopsoas and
quadriceps femoris) in lower limbs (LL) with a waddling
gait, difficulties in both rising from a squatting position and
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walking on tiptoes and heels. Furthermore, deep osteoten-
dinous reflexes were absent in the LL, while pinprick and
vibration sensations were reduced up to the ankles.

First electromyography (EMG) examination showed
chronic neurogenic changes more pronounced in proximal
muscle and fibrillation potentials more evident in distal
muscles of LL. Nerve conduction studies (NCS) showed
non uniform slowing of sensory and motor nerve conduc-
tion velocities (NCV), ranging from normal to reduced
velocities fulfilling demyelinating criteria [11]. Moreover,
NCS revealed partial motor conduction blocks (CBs) in the
left peroneal nerve and in both tibial nerves (Table 1).

Clinical features (i.e., proximal muscle weakness)
together with electrophysiological findings (non-uniform
NCYV slowing and CBs) put high the possibility of a diag-
nose of CIDP. Cerebrospinal fluid (CSF) analysis did not
evidence abnormal protein level (38 mg/dl). The patient
underwent intravenous immunoglobulin treatment (a total
dose of 2 g/Kg subdivided in 5 days) that was ineffective.

The patient was evaluated after a couple of months and
electrophysiological examination did not confirm the CB in
the peroneal nerve as distal CMAP was decreased in ampli-
tude. Partial CBs persisted in tibial nerves, but these find-
ings questioned a CIDP diagnosis (Table 1).

Since patient displayed mild high arch and distal atrophy
of the leg, a hereditary neuropathy (CMT) was taken into
account and the 8-year-old son of our proband was evaluated
because the boy manifested impaired motor performance as
compared to his peers. At neurological evaluation, the boy
showed walking difficulties on toes and heel, was struggling
in rising from a squatting position, presented weakness of
proximal muscle in LL, reduced tactile and pinprick sensa-
tions up to the ankles and absent ankle reflexes. NCS dem-
onstrated axonal neuropathy in LL. Because of a possible
autosomal or X-linked dominant CMT disorder in the fam-
ily, the index case underwent elsewhere Sanger testing of the
GJBI1, NEFL and MPZ that turned out to be negative. Over
the time, proband had significantly worsened. Her latest
neurological examination at the age of 48 revealed altered

Table 1 Electrophysiological evaluations of two patients carrying NEFH mutation

Patient 12 11.1

Date 13/0ct/2010  10/Nov/2010  25/Oct/2011 ~ 03/Oct/2017  22/Mar/2023  10/Nov/2010  04/Sep/2023
Age (years) 34 34 35 41 48 8 21
Median nerve

SAP (mV) 3.6 4.1 5.2 3.8
SNCV (m/s) 354 30 434 46.7
DML (ms) 4.7 4.5 3.7 33
dCMAP/pCMAP (mV) 9.7/9.4 9.8/8.8 6.1/5.8 11.8/10.3
MNCV (m/s) 35.5 36.6 37 50.2
F-wave (ms) NP 36 32.6 36.7
Ulnar nerve

SAP (mV) 6.5 7.2 4.6 7 19.2 4.4
SNCV (m/s) 41.2 35 48.1 41.2 45.6 48.6
DML (ms) 3 3 2.9 3.2 2.8 2.7
dCMAP/pCMAP (mV) 9/8.6 9.9/9.3 6.8/6 7/5.8 6.9/6.2 10.9/9.2
MNCV (m/s) 56.1 56.5 58 52 45.9 48.5
F-wave (ms) 27.7 34.3 29.5 29.9 NP 35.7
Tibial nerve

DML (ms) 6.6 6.3 5 5 6.8 4.9
dCMAP/pCMAP (mV) 6.1/0.6 7.8/1.7 7.4/2.1 6.4/2.6 4.2/1.5 2.7/0.7
MNCV (m/s) 36.9 35 37.8 44.9 38.6 38.2
F-wave (ms) NR NR NR NR NR
Peroneal nerve

DML (ms) 5.4 6.4 6 NR NR 4 42
dCMAP/pCMAP (mV) 4/0.8 2.2/0.6 1.7/1.3 4.5/3.8 7.8/3.9
MNCV (m/s) 40.2 38.8 39.7 31.6 44 .4
Sural nerve

SAP (mV) NR NR NR NR NR
SNCV (m/s)

Peroneal superficial nerve

SAP (mV)

SNCV (m/s) NR NR NR NR NR NR

SAP=Sensory Action Potential (peak-peak); SNCV=Sensory Nerve Conduction Velocity; DML =Distal Motor Latency; dCMAP/
pCMAP =distal/proximal Compound Muscle Action Potential (peak-peak); MNCV =Motor Nerve Conduction Velocity; NP =not performed;

NR=No Response. In bold are reported abnormal value

@ Springer



5936

Neurological Sciences (2024) 45:5933-5937

balance with need of cane and more severe proximal and dis-
tal weakness in the four limbs. Her disability computed by
CMT Examination/Neuropathy Score (CMTES/CMTNS)
was moderate (CMTES =17/28; CMTNS =20/36). Electro-
physiological study showed a sensory-motor intermediate
polyneuropathy (Table 1). The last examination of her son
when he was age 21 showed gait difficulties, with a more
pronounced proximal and distal weakness at LL, tactile and
proprioceptive decreased sensation at ankle, reduced deep
tendon reflexes, mild pes cavus and shortening of Achilles
tendon. His overall disability computed by CMTNS was
mild (CMTES =8/28; CMTNS =10/36). His electrophysio-
logical examination was consistent with an axonal sensory-
motor and length-dependent polyneuropathy. However,
similarly to that found in his mother ten year before, we
found a possible CB in the right peroneal nerve (Table 1).
EMG study demonstrated neurogenic change more pro-
nounced in proximal muscles, and fibrillation potential in
the tibial anterior muscle.

Having received written informed consent, we purified
genomic DNA from peripheral lymphocytes obtained from
the index case and her son with standard procedures. A mul-
tigene panel explored by Next Generation Sequencing and
including 136 genes involved in CMT and motor neuronop-
athies revealed the heterozygous frameshift ¢.3057dupG
(p-K1020fs*43) in NEFH in both cases, proposing the
molecular diagnosis of CMT type 2CC. The variant was
confirmed by Sanger resequencing and classified as Likely
Pathogenic according to the ACMG nomenclature (https://
varsome.com/).

Interpretation

CMT type 2CC is a rare form of axonal autosomal dominant
CMT due to mutation in the NEFH gene and is typically
characterized by a prominent proximal muscle weakness.

NEFH protein aggregates in motor neurons might pro-
vide an explanation for a non-length-dependent involve-
ment of peripheral nerve fibers and hence for such peculiar
development of proximal weakness clinical in CMT 2CC
[2].

However, such feature together with equivocal neuro-
physiological findings led us to misdiagnose our index case
as affected by CIDP. Especially CBs were misleading even
though the follow-up NCS revealed that CB in the peroneal
nerve was a pseudo-conduction block, consistent with an
initial reduction of proximal CMAP, following by the Wal-
lerian-like axonal degeneration with the reduction of distal
CMAP as well. That could fit with the hypothesized mecha-
nism of neuronopathy.

CBs are typically observed in acquired demyelinating
neuropathies (i.e., CIDP) while in CMT are rarely described
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in patients with mutations in GJBI, MPZ,SH3TC2,SPTLCI,
and Fig. 4 genes [12]. In CIDP marked and non-uniform
NCV slowing is related to asynchronous demyelinating
and remyelinating phenomena while in CMT disease NCV
slowing may recognize different pathophysiologic mecha-
nisms. Nerve fibers in CMT disease are malformed and may
exhibit abnormal myelin structure including its thickness,
nodal gap and internode length as well as an abnormal axon
caliber. Axon caliber influences nerve conduction velocity
and notably NFs play a crucial role in regulating the axonal
caliber of myelinated axons [13]. Interestingly, Fabrizi et
al. have described as the pathological phenotype, includ-
ing axonal caliber, correlated with nerve conduction altera-
tions in patients with mutations in the NF light chain gene
(NEFL) causing either axonal (CMT2E; OMIM #607684)
or demyelinating (CMT1F; OMIM #607734) CMT [14].

Moreover, skin biopsy evidence in CMT2E patients has
shown a reduced NFs abundance distally suggesting that
NF aggregates may occur proximally leading to subsequent
alterations in the axonal cytoskeleton. The small axonal cal-
iber, beyond the nodal/paranodal architecture, may explain
thus the reduced velocities in patients with CMT2E [15].

Lastly, although the nucleotide change (¢.3057dupG) was
different, the protein frameshift alteration here described
(p-K1020£s*43) was already reported in two unrelated fami-
lies [3], re-enforcing the notion that NEFH-related CMT is
at the moment only caused by frameshift variants in exon 4
of the protein, that result in translation and exposure of the
amyloidogenic 3-‘UTR [2].

In conclusion, our case report is teaching us that the diag-
nosis of CMT may be challenging when there is lack of a
positive family history and a classic CMT phenotype (e.g.,
length dependent neuropathy, pes cavus, uniform NCV
slowing) in a patient displaying proximal muscle involve-
ment and non-uniform conduction NCV slowing. CMT type
2CC should be kept in mind in the differential diagnoses of
CIDP.
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