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Small nerve fiber involvement in CMT1A

ABSTRACT
Objective: To assess the involvement of small nerve fibers in Charcot-Marie-Tooth type 1A (CMT1A).

Methods: We used indirect immunofluorescence and confocal microscopy on punch biopsies from
glabrous (fingertip) and hairy (thigh and leg) skin of 20 unrelated patients with CMT1A to quantify
somatic and autonomic nerve fibers. In particular, we quantified epidermal nerve fibers (ENF),
Meissner corpuscles (MC), intrapapillary myelinated endings (IME), and sudomotor nerves. We
correlated morphologic data with findings from quantitative sensory testing, sudomotor output,
sympathetic skin response, and cardiovascular reflexes. A control population of healthy age-
and sex-matched controls was included with a matching ratio of 1:2.

Results: We found a length-dependent loss of ENFs that worsened with aging. We also observed a
loss of MCs, IMEs, and sudomotor nerves. The loss of ENF at distal leg correlated with the
increase in heat-pain thresholds (p < 0.05) and with tactile thresholds (p < 0.05). Sudomotor
nerve fiber loss correlated with ENF density (p < 0.05) and sweating output (p < 0.001).

Conclusions: We demonstrated through morphologic, physical, and psychophysical testing that small
somatic and autonomic fibers are abnormal and cause symptoms in patients with CMT1A. Aware-
ness of such symptoms by the clinician could lead to better treatment. Neurology® 2015;84:407-414

GLOSSARY

ANS = autonomic nervous system; CGRP = calcitonin gene-related peptide; CMT = Charcot-Marie-Tooth; CMT1A =
Charcot-Marie-Tooth type 1A; CMTNS = Charcot-Marie-Tooth neuropathy score; Col IV = collagen IV; CVR = cardiovas-
cular reflexes; DST = dynamic sweat test; ENF = epidermal nerve fibers; IME = intrapapillary myelinated endings; LEP =
laser-evoked potentials; MC = Meissner corpuscles; PGP = protein gene product; PMP22 = peripheral myelin protein 22 kD;
QST = quantitative sensory testing; SFN-SIQ = Small Fiber Neuropathy Symptoms Inventory Questionnaire; SSR =
sympathetic skin response; SubP = substance P; VIP = vasoactive intestinal peptide.

Charcot-Marie-Tooth (CMT) diseases are a heterogeneous group of inherited motor and sen-
sory neuropathies with a general prevalence of 1:2,500."* CMT type 1A (CMT1A) is the most
common subtype and is caused by a duplication of the gene encoding peripheral myelin protein
22 kD (PMP22) within a 1.4-Mb duplicated region on chromosome 17p11.2. Clinically,
CMTIA is characterized by progressive distal muscular atrophy and weakness, distal sensory
loss, and decreased or absent deep tendon reflexes.? Sensory symptoms in CMT1A are generally
attributed to length-dependent large-fiber dysfunction (loss of touch, vibration, and position
sense in the lower limbs). However, it has become increasingly evident that small-diameter
sensory nerves must also be affected, as was previously hypothesized* and reported anecdotally.?
Specifically, the presence of pain has been shown to be present and to negatively affect the
quality of life in patients with CMT1A as a whole>® and even in children.”

Small fiber sensory abnormalities have been evaluated by a number of methods, including
quantitative sensory testing (QST), laser-evoked potentials (LEP), and corneal confocal micros-
copy. Analysis of small sensory nerve fibers morphologically, through the use of skin biopsies,
has been especially informative over the past decade.® This has been among the most reliable
and objective methods in the diagnosis of small fiber neuropathies, allowing the assessment of
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unmyelinated somatic and autonomic nerve
fibers through the quantification of epidermal
nerve fibers (ENF) and of sudomotor and pilo-
motor nerves.

We evaluated small nerve fibers in patients
with CMT1A and compared our morphologic
findings with findings from QST, dynamic
sweat test (DST), sympathetic skin response
(SSR), and cardiovascular reflexes (CVR).

METHODS Patients. Twenty unrelated patients (male/
female 5/15; mean age 42.9 * 8.4 years) from 20 kinships with
a clinical and genetic diagnosis of CMT1A were included in the
study. Patients were also screened to identify and exclude partic-
ipants with possible alternative causes of involvement of small
fibers, such as abnormalities of glucose metabolism, endocrine
function, vitamin E, B}, and folic acid deficiency, hepatic or renal
failure, HIV, or connective tissue disorders. All patients were
older than 18 years at the time of enrollment. Clinical impair-
ment was evaluated using the validated CMT neuropathy score
(CMTNS).? Patients were enrolled from the CMT center of the
University of Naples, “Federico II,” where they were referred for

diagnosis and follow-up.

Controls. A control population of healthy age- and sex-matched
controls was included for the morphologic studies. The patient:
control matching ratio was 1:2.

Functional sensory and autonomic findings were compared to
age- and sex-matched controls (patient:control ratio = 1:2, mean
age 44.2 = 11.5), extracted from the “Salvatore Maugeri Foun-
dation, Institute of Telese Terme” database that included 300
healthy volunteers.

Standard protocol approvals, registrations, and patient
consents. The Institutional Ethics Committee approved the

study and all participants gave written informed consent.

Study methods. All patients completed the Small Fiber Neu-
ropathy Symptoms Inventory Questionnaire (SFN-SIQ)'° and
underwent skin biopsy. A subgroup of 10 patients (P1 to P10)
underwent an additional extensive protocol to assess autonomic
and sensory function. To avoid interferences from stress or
fatigue with the results of psychophysical QST and the cardio-
vascular autonomic nervous system testing, the evaluations were
performed on 3 separate days according to the following sched-
ule: CVRs on day 1, DST and SSR on day 2, and QST (tactile
and thermal thresholds, and mechanical pain perception) on
day 3.

The 13-item SEN-SIQ questionnaire was used to provide
data on clinical symptoms of small nerve fiber impairment.
Patients were questioned on the occurrence of autonomic and
sensory symptoms in their daily life. For each item, patients were
assigned a score based on occurrence of the symptom: 0 = never;
1 = sometimes; 2 = often; 3 = always. The scoring ranges from
0 (no symptoms) to 39 (all symptoms are always present).

QST testing was performed on the dorsum of right hand and
foot for 6 sensory modalities (tactile threshold, thresholds to
warm and cold innocuous and noxious stimuli, mechanical pain
perception) as previously described.'!

Postganglionic sudomotor function was evaluated using the
DST."* Briefly, after stimulation with 1% pilocarpine by ionto-
phoresis (5 minutes at 2 mA) on the lateral aspect of distal leg
(union of middle third with the lower third), sweating output,

visualized with colorimetric method, was recorded using a video
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camera. Activated sweat gland density per cm? and sweat volume
per gland and per cm® were calculated analyzing sweat drop im-
prints on seriate frames from digital recording.

SSR was recorded at hands and feet after random single 1-ms
stimuli at the wrist, using surface electrodes; a bandpass of
0.2-100 Hz was used. The skin temperature was maintained
between 32 and 34°C.

To assess CVRs, the following tests were performed: heart
rate variability at rest and during deep breathing, Valsalva ratio,
30/15 ratio, and blood pressure changes to standing and to

handgrip.'?

Skin biopsy. Skin samples were obtained with a 3-mm punch
from the thigh and distal leg (union of middle third with the
lower third) and by 2-mm punch from fingertip. Specimens
were fixed in cold Zamboni solution, cryoprotected in 20%
sucrose phosphate-buffered saline, and cut in 50-pum-thick
sections by means of a sliding microtome. Free-floating sections
were incubated overnight with a panel of primary antibodies to
mark vessels and both myelinated and unmyelinated somatic and
autonomic nerve fibers. Secondary antibodies conjugated with
cyanine 2 and 3 were used to visualize the structures of interest.
ULEX Europaeus agglutinin 1 coupled with cyanine 5 was used
to visualize blood vessels and epidermis. Primary antibody

abbreviations, source, and dilution are listed in table e-1.

Quantification of cutaneous nerves. Somatic nerves. ENF
density (number per linear mm) was calculated on 4 sections
double-stained with protein gene product (PGP) 9.5 and colla-
gen IV (Col 1V) according to standard criteria.® A qualitative
evaluation of peptidergic nerve fiber populations was performed
on 2 sections for each biopsy marked with substance P (SubP)
and calcitonin gene-related peptide (CGRP).

Quantification of Meissner corpuscles (MC) and intrapapillary
myelinated endings (IME) was performed in glabrous skin samples.
Density values (numbers of structures per square millimeter) were
obtained following previously described procedures.'

Autonomic nerves. A qualitative evaluation of sudomotor,
pilomotor, and vasomotor nerves was performed in all skin sam-
ples using the pan-neuronal marker PGP and selective cholinergic
and noradrenergic markers vasoactive intestinal peptide (VIP)
and dopamine B-hydroxylase.">!'® A quantitative assessment of
sudomotor nerves in skin samples from the leg from 10 subjects
(P1 to P10) was also performed. For this purpose, using a non-
laser confocal microscope (AxiolmagerM2 with Apotome2, Zeiss,
Jena, Germany), 3D digital images of sweat glands were acquired
using a 20X objective (Zeiss EC Plan NeoFluar 20X/0.5). To
avoid nonrepresentative sweat gland fragments, only sweat glands
at least 25 mm thick were included in quantifications. The total
length of sudomotor nerves immunoreactive for PGP and VIP
was calculated using the nerve tracing module Autoneuron, a part
of Neurolucida software (Microbrightfield Bioscience, Williston,
VT). This enabled us to trace nerve fibers through 2-pum optical
sections of confocal z-stacks. Sweat gland volumes were calculated
by manually tracing the outside contour on alternate optical
sections of composite confocal images showing PGP 9.5 or VIP
with Col IV and Ulex. A value of nerve density per gland volume
(nm/pm?®) was obtained. This method of quantification was
previously validated'” by comparison with an unbiased estimation

of sudomotor nerve total length by stereologic measures.

Statistical analysis. We used Student # test for unpaired data
and Mann-Whitney test (when analyzing nonparametric data) to
compare morphologic and functional findings from patients and
controls, and linear correlation (Pearson) to correlate patient data

with age and disease severity and to correlate morphologic



parameters with functional findings. A p value of <0.05 was

considered significant.

RESULTS Phenotypic characterization. Disease sever-
ity, as determined by the CMTNS, ranged between
mild and moderate impairment (scores between 4
and 20, mean 10.7 = 3.8). Individual scores along
with additional clinical information about the pa-
tients are provided in table e-2.

Skin biopsy findings. Our findings demonstrated a loss
of somatic and autonomic nerve fibers in the distal leg

and fingertip while cutaneous innervation from the
thigh was relatively spared (figure 1). Quantitative
assessment of ENF, MC, and IME are summarized
in table 1. ENF density in fingertip (figure 1, A and
B) and leg (figure 1, E and F) was lower (p < 0.001) in
patients compared to controls, supporting a length-
dependent small fiber neuropathy. A loss of MCs and
IMEs (figure 1, A and B) was also found (p < 0.001).
In our patients the loss of ENF at distal leg correlated
with the increase in heat-pain thresholds (p < 0.05)
and with tactile thresholds (p < 0.05). No ENF density

[ Figure 1 Somatic denervation in glabrous and hairy skin ]

Digital images from fingertip (A, B), thigh (C, D), and leg (E, F) show epidermal and dermal denervation in patients with
Charcot-Marie-Tooth type 1A (CMT1A). A moderate length-dependent loss of epidermal nerve fibers is present in patients
with CMT1A compared to controls (B, D, F compared to A, C, E). Morphologic abnormalities (arrowhead) and loss of Meissner
corpuscles and intrapapillary myelinated endings are also evident in B. In addition to degenerative signs, frequent aspects of
nerve remodeling (clusters) are observed (arrowheads in D and F). Scale bar: 100 um. COLIV = collagen IV; MBP = myelin

basic protein; PGP = protein gene product.
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[ Table 1 Morphologic data ]
Sex, M/F Age, y FT ENF/mm MC/mm? IME/mm? Thigh ENF/mm Leg ENF/mm
Patients 5/15 429 (8.4) 3.3(21) 9.4 (4.7) 28.0 (13.5) 224 (4.3) 8.5(4.8)
Controls 10/30 429 (8.4) 7.9 (2.4) 29.8 (9.3) 55.3 (20.3) 251 (5.4) 18.0 (5.2)
P <0.01 <0.01 <0.01 >0.05 <0.01

Abbreviations: ENF FT = epidermal nerve fibers in fingertip; ENF leg = epidermal nerve fibers in leg; ENF thigh = epidermal nerve fibers in thigh; IME =
intrapapillary myelinated endings; MC = Meissner corpuscle.
Values are mean (SD).
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differences were found between patients with and All dermal adnexa showed aspects of derange-
without burning pain. Peptidergic (SubP and CGRP  ment of nerve supply with involvement of sudomo-
immunoreactive) fibers appeared poorly represented in  tor (figure 2, A and B), vasomotor (figure 2, C and
skin samples of patients compared to controls. D), and pilomotor (figure 2, E and F) fibers. The

[ Figure 2 Cutaneous autonomic denervation ]

A

Confocal images show, in patients compared to controls, loss of cholinergic (vasoactive intestinal peptide [VIP]) sudomotor
nerves (B compared to A) and loss of cholinergic and noradrenergic fibers in arteriovenous anastomoses (D compared to C)
and arrector pili muscle (F compared to E). Scale bar: 100 pm.
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[ Table 2 Demographic, SFN-SIQ, QST, and autonomic morphologic and functional data ]

Hand Foot Leg
PGP-ir  VIP-ir Sweat
SFN-SIQ SNF SNF Sweat drop output/ Sweat SSR
Sex Age,y score CS WS CP HP Pinprick TTH Cs WS CP HP Pinprick TTH density density density gland output/cm? amplitude CVR

P1 F 42 18 1.8 33 217 122 50 108 7 9.4 284 124 10 539 12 0.8 36 22 79.3 1.4 (0]
P2 F 44 18 2.9 32 8.2 108 40 186 31 6.3 102 15 20 539 14 1 28 1.9 5385 1.7 0
P3 [F 47 24 0.9 1.1 234 124 O 833 32 112 282 18 0 833 09 0.8 15 0.7 10.6 0.9 2
P4 M 29 10 16 1.9 9.8 8.3 80 108 25 3.6 108 84 80 186 1.7 12 70 3.8 265.2 1.8 0
P5 F 29 6 14 1.8 105 97 80 15 21 31 101 98 80 25 1.7 13 69 1.4 95.6 21 0]
P6 F 60 8 4.1 5.9 307 142 O 833 6 10 32 18 0 833 13 0.5 49 0.8 40.8 1.9 1
P7 [F 36 4 0.7 1.3 124 5 40 15 52 51 8.7 105 30 108 13 0.5 49 3.8 187.2 0.3 0
P8 M 48 4 2.6 9.6 26 16,5 50 324 91 112 272 157 10 539 12 0.6 32 1.6 52.8 1.2 0
P9 M 64 6 15 123 85 173 20 324 32 6.4 8.2 133 30 324 1 0.8 4 4.6 183 3 0
P10 F 43 12 11 1.9 239 109 60 186 84 116 269 161 O 833 16 0.9 66 6.6 437.2 1.3 1
Patients 3/7 442 110 1.9 4.2 175 117 420 293 50 7.8 191 137 260 387 13 0.8 418 (22.8) 27(1.9) 1241 16(0.7) 05

(11.5) (6.9) (100 (39 (84) (37) (288) (30.4) (25 (83) (101) (3.4) (306) (31.4) (0.3) (0.3) (135.7) (0.7)
Controls 6/14 442 NA 14 1.7 9.9 7.5 85.2 2.2 31 7.6 8.9 8.9 78.4 34 21 1.7 754 (17.5) 9.0(3.2) 681.2 54(48) NA

(11.5) (06) (0.5 (43 (22) (156) (1.1) (1.3} (28) (3.0 (3.00 (7.5 (35 (0.4) (0.4) (332.9)
p >0.05 >0.05 <0.05 <0.01 <001 <0.01 <001 <0.01 <001 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 NA

Abbreviations: CP = cold pain; CS = cold sensation; CVR = cardiovascular reflexes; HP = heat pain; ir = immunoreactive; NA = not applicable; PGP = protein gene product; QST = quantitative sensory testing; SFN-
SIQ = Small Fiber Neuropathy Symptoms Inventory Questionnaire; SNF = sudomotor nerve fiber; SSR = sympathetic skin response; TTH = tactile threshold; VIP = vasoactive intestinal peptide; WS = warm
sensation.

Thermal thresholds are expressed as °C (A from 32° baseline); pinprick is expressed as % of stimuli perceived as painful; TTH is expressed as mN; PGP-ir and VIP-ir SNF density are expressed as nm/pm?3; sweat
gland density is expressed as number of glands/cm?; sweat output is expressed as nL/min; SSR amplitude is registered from feet after electrical stimulation of median nerve and is expressed as mV. The number of
CVR tests that gave pathologic results is reported. SD are presented in parentheses.
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most frequently observed morphologic abnormali-
ties were nerve thickening, a chaotic distribution of
nerve fibers around dermal annexes, and a loss of
the regular coiling around tubules or vessels. Quan-
titative evaluation of sudomotor innervation was
performed on a total of 195 sweat glands (65 from
patients and 130 from controls, 87 with PGP and
108 with VIP). The density of sudomotor nerves
was lower (p < 0.001) compared to normal healthy
controls using both the pan-neuronal marker PGP
and the selective cholinergic marker VIP (table 2)
and correlated (p < 0.001) with the density of acti-
vated sweat gland density (figure e-1A). Eighty percent
of patients had a sudomotor innervation below 5%
cutoff evaluating PGP-immunoreactive fibers and
90% evaluating VIP-immunoreactive fibers. The loss
of MC correlated with the increase in tactile thresholds
(see below) and with the loss of ENFs in the same site.
The loss of ENF from distal leg correlated with the loss
of sudomotor nerve fibers from the same site (p <
0.05), suggesting a parallel involvement of unmyeli-
nated autonomic and somatic nerve fiber populations.
Activated sweat gland density after pilocarpine stimu-
lation correlated with sudomotor innervation as well as

with ENF (p < 0.01) and MC loss (p < 0.05).

Other measures of small fiber dysfunction. SFN-SIQ. All
patients reported at least 2 symptoms related to
dysfunction of small nerve fibers (table 2). Sweating
disorders (hypohidrosis/hyperhidrosis) (60%), palpi-
tations (50%), and gastrointestinal complaints (50%)
were most frequently reported. Burning feet occurred
in 6 out of 20 patients.

QST findings. Mean values of sensory thresholds for
all modalities were higher (p < 0.01) than those in
controls (table 2). All patients but one had increased
thresholds in sensory modalities involving both C and
A-3 fibers, as well as an increase in A-B-fiber—related
tactile thresholds. Abnormalities in the feet were
greater than those in the hands. None of the patients
showed thermal hyperalgesia.

DST. Patients, compared to controls, had a marked
reduction of both density of activated sweat glands
and mean sweat output for each gland (»p < 0.001)
(table 2). Hypohidrosis (sweat output/cm? less than 5°
percentile cutoff) was present in 7 of the 10 patients
analyzed.

SSR was obtained in all patients in both hands and
feet. The amplitude of SSR recorded at feet was lower
in patients than in age- and sex-matched controls
(p < 0.05) (table 2).

CVRs. Only 1 patient showed a cardiac dysautono-
mia, with abnormalities in 2 tests (30/15 ratio and
blood pressure changes to standing), while 2 patients
showed borderline results with abnormalities in only
1 test (30/15 ratio) (table 2).
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Correlations with age. The loss of ENF in all the
3 sites, as well as the sensory thresholds, the loss of
sudomotor nerves, and the deficit in sweating output
increased with age. The age effect appeared particularly
evident on the loss of leg ENF; the age—disease inter-
action was significant (p = 0.04) for this parameter in a
model of multiple linear regression (figure e-1B).

DISCUSSION Our results demonstrated length-
dependent small fiber abnormalities in all patents
tested with CMT1A. Specifically, morphologic studies
revealed a length-dependent decrease in ENF density
that correlated with other physical and psychophysical
measures of small fiber somatic and autonomic
functions such as QST, reduced numbers of activated
sweat glands, and decreased numbers of sudomotor
nerve fibers. Thus, small nerve fiber abnormalities are
clearly present in patents with CMT1A.

These small nerve fiber abnormalities have clinical
consequences for patients. C unmyelinated and A-3
small myelinated nerve fibers carry pain and temper-
ature modalities that terminate in the skin as ENFs.'®
The reduction in ENF density would therefore
explain the length-dependent reduction of pain and
temperature sensation observed in most patients with
CMT1A."?° Abnormalities in these nerves may also
explain the pain that occurs in some patients with
CMT1A. Pain is a common problem in CMT1A that
may begin in childhood” and impairs quality of life in
both children?' and adults.>® While much of the pain
may be related to structural or joint abnormalities
that are present from childhood,” neuropathic pain
has been estimated to occur in approximately 20% of
patients with CMT1A.** A study using LEPs to
explore the nociceptive pathway in 16 patients with
CMT1A reported a length-dependent impairment of
A-3 fibers.” Our study also supports the involvement
of A-8 fibers in CMT1A since these are myelinated,
and PMP22 has a fundamental role in myelination.**
However, some of our findings (warm threshold
abnormalities and ENF loss) also suggest an involve-
ment of C fibers in CMT1A, although we cannot
have morphologic evidence, since it is not possible
to distinguish between C and A-3 fibers, whose cuta-
neous terminal branches are both unmyelinated.”*¢
The involvement of small fibers in conditions affecting
mainly large fibers has been previously reported,””~%’
implying that congenital or acquired mechanisms
undetlying the degeneration of large fibers may also
affect small fibers. In CMT1A, abnormalities of the
interaction between axon and Schwann cells may play
a causative role in the distal degeneration of unmyeli-
nated fibers, since PMP22 is also present in the plasma
membrane of nonmyelinating Schwann cells.?® In
addition, although the exact role of PMP22 is still
under investigation, it has been observed that



PMP22 overexpression may affect Schwann cell
proliferation, differentiation, and death.’' The cor-
relation of ENF loss with both MC density and
tactile thresholds suggests that small fiber and large
fiber degeneration in CMT1A follow a parallel
course.

ENF loss substantially increased with age, suggest-
ing an additive effect on the modest decline in density
observed in normal cohorts of controls.?* This decline
could not be appreciated in our age- and sex-matched
control population representing a small cohort with a
nonhomogeneous distribution of subjects among the
different age decades.

The autonomic nervous system (ANS) is divided
into sympathetic and parasympathetic components.
Along the sympathetic pathway, only preganglionic
sympathetic fibers are myelinated.”” Preganglionic
sympathetic fibers originate from the spinal cord in
the Clarke column and project to peripheral sympa-
thetic ganglia. Preganglionic parasympathetic fibers
originate from neurons located in the brainstem or
sacral spinal cord and have a long course before the
synapsis in the parasympathetic ganglia sited close to
their target organs. In general, it is widely thought
that signs and symptoms of ANS involvement such as
urinary dysfunction, gastrointestinal disturbances, or
orthostatic complaints are unusual in CMT1A pa-
tients."” For example, prior reports have found that
cardiac dysautonomia is relatively uncommon in
CMT1A.** Our findings were in agreement as fea-
tures of cardiac dysautonomia were found in only
1 out of 10 patients we analyzed. Despite the low
occurrence of CVR abnormalities, we observed a
moderate loss of vasomotor nerves in all our patients.
This discrepancy was in some way expected. In fact,
we have learned from other longstanding autonomic
conditions that cutaneous vasomotor denervation
may not be associated with CVR abnormalities.*
Alternatively, we found abnormalities of sweating,
sympathetically mediated, to be frequent. In our
patient population, through the SFN-oriented ques-
tionnaire, hypohidrosis emerged as the most fre-
quently reported autonomic symptom (60%). We
evaluated the entire polysynaptic sudomotor pathway
using SSR and also used DST to explore the function
of postganglionic sudomotor nerves. SSR was present
in all our patients but the amplitude of the potentials
in the distal site was lower compared to healthy age-
and sex-matched controls. For diagnostic purposes
only, the absence of the response is considered abnor-
mal; however, SSR amplitude has been recently
shown to correlate with sweat output.>® DST revealed
hypohidrosis in 70% of our patients. DST is an
objective and reliable test that is independent of
patient cooperation.’? Both SSR and DST indicated
a sudomotor functional impairment that goes parallel

to the loss of sudomotor nerves. Taken together, our data
demonstrate that some autonomic abnormalities are pre-
sent in patients with CMT1A. Why some modalities are
more affected than others and whether abnormalities
result from dysfunction of presynaptic sympathetic fibers
is beyond the scope of the present manuscript but will be
important in understanding the pathogenesis of clinical
abnormalities in patients with CMT1A.

We demonstrated through morphologic, physical,
and psychophysical testing that small somatic nerve
fibers and some sympathetic autonomic fibers are
abnormal and cause symptoms in patients with
CMT1A. Our findings build on a small but growing
body of research that aims to demonstrate that
CMT1A not only affects large myelinated fibers but
also involves small fibers. Since SFN-related distur-
bances can negatively affect the clinical picture and
the quality of life of patients with CMT1A, awareness
of such symptoms by the clinician could lead to better
treatment and an improvement of disease course.
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