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Skin Denervation in Vasculitic Neuropathy
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Background: Skin denervation in vasculitic neuropa-
thy has rarely been documented despite frequent mani-
festations of small-fiber neuropathy including reduced
sensitivity and neuropathic pain. Recently, skin biopsy
has been established as a new approach to diagnose small-
fiber sensory neuropathy.

Objectives: To investigate the pathologic features of cu-
taneous nerves and to evaluate inflammatory vasculopa-
thy in the skin of patients with vasculitis.

Design: Case series.
Setting: National Taiwan University Hospital, Taipei.
Patients: Six patients with vasculitic neuropathy.

Interventions: Patients had 3-mm punch biopsy speci-
mens taken from the distal part of the leg (without ac-
tive vasculitic lesions) and a sural nerve biopsy speci-
men was taken in addition to detailed neurologic
examinations, laboratory investigations, and nerve con-
duction studies.

Main Outcome Measures: Results of nerve conduc-
tion studies, epidermal nerve fiber density studies, and
immunohistochemistry.

Results: All 6 patients had combined large- and small-nerve-
fiber involvement on the neurologic examinations. Nerve
conduction studies showed a pattern of axonal neuropa-
thy or mononeuropathy multiplex. Epidermal nerve fiber
densities were significantly reduced in the skin of all pa-
tients, consistent with concomitant small-fiber neuropathies.
Perivascular infiltration by T cells and macrophages was dem-
onstrated by immunohistochemistry. All patients experi-
enced neurologic improvement in muscle strength and al-
leviation of sensory symptoms after immunotherapy with
corticosteroids, plasma exchange, or cyclophosphamide.

Conclusions: Small-diameter sensory nerves are af-
fected in vasculitis in addition to the well-known effect
of vasculitis on large-diameter nerves. Significant inflam-
matory vasculopathy is present in the skin despite the
absence of clinically active vasculitic lesions.
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ASCULITIS IS A RARE CAUSE

of peripheral neuropathy.

Clinical manifestations in-

clude reduced sensitivity

and neuropathic pain in
addition to motor weakness. The pres-
ence of these sensory symptoms and signs
raises the possibility of concomitant in-
volvement of small-diameter sensory nerve
fibers. Traditionally, vasculitic neuropa-
thies were diagnosed by means of nerve
conduction studies, which evaluate only
large-diameter nerves. It is not clear
whether small-diameter sensory nerves are
damaged in vasculitis, particularly the most
vulnerable part of the sensory nerve ter-
minals in the skin. Conventional exami-
nations of small-diameter sensory nerves
depend on ultrastructural studies of nerve
biopsy specimens. Recently, several
groups, including ours, have established
skin biopsies as a new approach to diag-
nose small-fiber sensory neuropathies.'”’
In addition, the presence of a vascular net-

work in the dermis offers the possibility
of examining whether there is inflamma-
tory vasculopathy in the skin with no ac-
tive vasculitic lesions. In the present study,
we attempted (1) to investigate the patho-
logic characteristics of cutaneous nerves
in vasculitis and (2) to evaluate inflam-
matory vasculopathy of the skin.

- ST

PATIENTS

Clinical data of patients were retrieved from the
database of hospitalized patients at National Tai-
wan University Hospital, Taipei, from January
1, 2000, to December 31, 2003. All patients ful-
filled 2 criteria: (1) clinical presentation of a
mononeuropathy multiplex of acute or sub-
acute onset and (2) pathological evidence of vas-
culitis on nerve biopsy specimens following the
consensus criteria.** All underwent detailed neu-
rologic examinations and laboratory investiga-
tions to exclude metabolic and infectious dis-
eases that affect the peripheral nerves, including
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plasma glucose level, and functional tests of the liver and kid-
neys. Specific autoimmune diseases, such as systemic lupus ery-
thematosus and rheumatoid arthritis, were excluded by the fol-
lowing relevant laboratory tests: antinuclear antibody, antibody
against double-stranded DNA, anti-Sjogren syndrome A anti-
gen, anti—Sjogren syndrome B antigen, anti-Smith antigen, anti—
scleroderma antigen (SCL-70), anti-RNP, rheumatoid factor, C3
and C4 complement levels, cryoglobulin, hepatitis profiles (hepa-
titis B surface antigen, anti-hepatitis B surface antibodies, and anti—
hepatitis C virus antibodies), syphilis (VDRL/rapid plasma re-
agent test), anti-human immunodeficiency virus antibodies, lead
levels in serum, immunoelectrophoresis of proteins in the se-
rum and cerebrospinal fluid, and tumor markers (a-fetoprotein,
carcinoembryonic antigen, CA125, and CA19-9).

SKIN BIOPSY AND
IMMUNOHISTOCHEMISTRY OF THE SKIN

After informed consent was obtained, punch skin biopsy
specimens (3 mm in diameter) were taken from the lateral
side of the distal part of the leg and fixed in 4% paraformalde-
hyde overnight.'” No overt clinical vasculitis was noted at the
biopsy sites. Sections of 50 pm perpendicular to the dermis
were cut on a sliding microtome, quenched with 1% hydrogen
peroxide in methanol, and blocked with 5% normal goat se-
rum. Sections were incubated with rabbit antiserum to pro-
tein gene product 9.5 (PGP 9.5; UltraClone Ltd, Isle of Wight,
England; 1:1000) overnight; PGP 9.5 is a ubiquitin carboxyl
hydrolase that labels myelinated and unmyelinated nerve fi-
bers in the peripheral nervous system. Sections were then in-
cubated with biotinylated goat anti-rabbit IgG (Vector Labo-
ratories, Burlingame, Calif) for 1 hour and the avidin-biotin
complex (Vector Laboratories) for another hour. The reaction
product was demonstrated by chromogen SG (Vector Labora-
tories). Skin biopsy specimens of control subjects were re-
trieved from the cohort described previously,' and the
project was approved by the Ethics Committee of National
Taiwan University Hospital.

IMMUNOHISTOCHEMISTRY OF INFILTRATING
CELLS IN SKIN BIOPSY SPECIMENS

Biopsy specimens of the skin were fixed with 4% paraformal-
dehyde and embedded in paraffin. Sections were stained with
hematoxylin-eosin to search for pathological evidence of vas-
culitis. Additional sections were immunostained with various
cellular markers, including CD68 (DAKO Corp, Glostrup, Den-
mark; 1:200) for macrophages, CD3 (Ventana Medical Sys-
tem, Tucson, Ariz; 1:100) for T cells, and CD20 (DAKO Corp;
1:100) for B cells. Sections were then incubated with biotinyl-
ated horse anti-mouse IgG (Vector Laboratories) for 1 hour
and the avidin-biotin complex (Vector Laboratories) for an-
other hour. The reaction product was demonstrated by the chro-
mogen 3,3’ -diaminobenzidine (Sigma-Aldrich Corp, St Louis,
Mo) and counterstained with hematoxylin.

QUANTITATION OF EPIDERMAL INNERVATION

Epidermal innervation was quantified according to established
criteria in a coded fashion.” The observer was blinded to the clini-
cal information. Nerves positive for PGP 9.5 in the epidermis of
each skin section were counted at a magnification of X40 with
a laboratory microscope (BX40; Olympus, Tokyo, Japan). Each
individual nerve with branching points inside the epidermis was
counted as one. For epidermal nerves with a branching point in
the dermis, each individual nerve was counted separately. The
length of the epidermis along the upper margin of the stratum

corneum in each skin section was measured with image analy-
sis software (Image-Pro PLUS; Media Cybernetics, Silver Spring,
Md). Epidermal nerve density was therefore derived and ex-
pressed as the number of fibers per millimeter of epidermal length.
In the distal part of the leg, normative values from our labora-
tory (mean = SD, fifth percentile, and first percentile) of epider-
mal nerve density were 11.16+3.70, 5.88, and 4.2 fibers per mil-
limeter, respectively, for subjects younger than 60 years and
7.64£3.08, 2.50, and 2.2 fibers per millimeter, respectively, for
subjects 60 years or older.>"!

NERVE CONDUCTION STUDIES

Nerve conduction studies were performed with an electromy-
ography machine (Viking IV; Nicolet Biomedical Inc, Madi-
son, Wis) on all patients according to standardized meth-
ods."'213 The temperature of the examination room was
maintained at 32°C. Results of the nerve conduction study were
classified according to the established criteria as demyelinat-
ing, axonal, inexcitable, equivocal, or normal."

DR RESULTS

CLINICAL PRESENTATIONS
AND LABORATORY EXAMINATIONS

The clinical features and laboratory findings of our 6 pa-
tients (4 men and 2 women) are listed in the Table. All
patients had motor and sensory impairments with acute
or subacute onset. Motor and sensory symptoms usually
began focally or asymmetrically in one leg or thigh and
then progressed to affect the contralateral side and the up-
per limbs. Three patients had simultaneous symptoms in
the upper and lower limbs as the initial manifestation. Pain
was noted in most patients (5 of 6). Elevated protein lev-
elsin the cerebrospinal fluid were noted in 3 patients. Nerve
conduction studies showed a pattern of axonal neuropa-
thy or mononeuropathy multiplex. After immuno-
therapy with corticosteroids, plasma exchange, or cyclo-
phosphamide, there were significant improvements in
muscle strength (at least 1 grade in the weakest limb ac-
cording to the grading of the Medical Research Council)
and reduction of neuropathic pain in all patients (Table).

PATHOLOGICAL DEMONSTRATION
OF VASCULITIS

Inflammatory cells surrounding vessels were demon-
strated in the sural nerves and dermal vessels of the skin
(Figure, A), and cells were immunoreactive for mark-
ers of macrophages (CD68; Figure, B) and T cells (CD3;
Figure, C), but not for B cells (CD20; Figure, D).

In patients with vasculitis, the quantity of epidermal
nerves was markedly reduced. The epidermis of some pa-
tients had even become completely denervated. We quan-
tified epidermal innervation by measuring the epider-
mal nerve density. All patients had significantly reduced
epidermal nerve fiber density (0-3.18 fibers per millime-
ter; Table) compared with the aforementioned norma-
tive values from our laboratory. In addition, dermal nerves
showed a pattern of degeneration; sweat glands became
denervated in some patients.
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Table. Summary of Clinical Features*
Case No.

I 1 2 3 4 5 6 I
Age, y 59 60 18 52 52 63
Epidermal nerve density, fibers/mm 3.18 1.34 2.62 0 0 0
Sex E M F M M M
Duration 3y 2 mo 2 wk 1.5 mo 7d 18 mo
Progression Stepwise Progression Stepwise Progressive Stepwise Progressive
Severity of weakness D>P, UL>LL, P=D,UL>LL, P=D,LL>UL, D>P, UL>LL, D>P, UL>LL, P=D, LL>UL,

R>L R>L R>L R>L R>L R>L

Thermal sensation Reduced Reduced Normal Reduced Reduced Reduced
Vibratory sensation Reduced Reduced Reduced Reduced Reduced Reduced
CSF protein, mg/dL 46.0 68.0 28.0 33.0 70.8 88.0
CSF cell count, cells/mL 0 0 1Ly 0 1Lly 4Ly, 2N
Associated disease M proteint None Graves diseaset  Behget disease  Eosinophilia§ None
Therapy MP, PE, C MP, PE MP, PE MP Pred PE
Changes in muscle strength, MRC grade Rhand:2 -4 RUL:4—>5 RLL:2—5 Rhand:2 >4 Rhand:3—-4 RUL:3—4

Abbreviations: C, cyclophosphamide; CSF, cerebrospinal fluid; D, distal; L, left; LL, lower limb; Ly, lymphocytes; MP, methylprednisolone sodium succinate;
MRC, Medical Research Council; N, neutrophils; P, proximal; PE, plasma exchange; Pred, oral prednisolone; R, right; UL, upper limb.

*Thermal and vibratory sensations were tested with warm and cold water on the dorsum of the foot and with a 128-Hz tuning fork on the lateral malleolus.
Muscle strength was based on the weakest limb by the grading of the MRC.

tlgG-N monoclonal gammopathy.

tComplicated by methimazole-induced peripheral anti-neutrophil cytoplasmic antibodies with antimyeloperoxidase specificity (620 U/mL).

§Whole-blood white blood cell count, 12 720/uL; eosinophils, 26.8%; blood total IgE, 431.7 mg/dL.
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Figure. Infiltration of macrophages and T cells in vasculitic neuropathy. Skin biopsy specimens from the distal part of the leg (A-D) were embedded in paraffin and
stained with hematoxylin-eosin (A). Sections were further immunostained for the identification of cellular infiltration: macrophages (CD68, in B), T cells (CD3, in
(), and B cells (CD20, in D). A, In the skin, perivascular inflammatory cells can be noted around the dermal vessels (bar indicates 35 pm). B, In the skin,
perivascular infiltrating cells surrounding dermal vessels were immunoreactive for CD68 (bar indicates 70 ym). C, Dermal vessels were surrounded by infiltrating
CD3-positive cells (bar indicates 70 pm). D, Cellular infiltration was negative for CD20 in the skin biopsy specimens (bar indicates 70 ym).

—m— fected in patients with vasculitis in addition to the well-

known influence of vasculitis on large-diameter nerves.

This report demonstrates 2 observations important for Second, significant inflammatory vasculopathy was pre-
the evaluation and understanding of neuropathy in vas- sent in the skin despite the absence of active vasculitic
culitis. First, small-diameter cutaneous nerves were af- lesions in the skin.
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In patients with vasculitis, the present data from skin
biopsy specimens demonstrate that degeneration of the
small-diameter sensory nerves occurs as frequently as that
of large-diameter nerves. Despite the frequent manifes-
tations of sensory symptoms, studies on small-diameter
sensory nerves in vasculitis have received less atten-
tion.'* This has mainly been due to the lack of objec-
tive and easily accessible methods for evaluating the de-
generation of these nerves. Ischemia due to vasculitis can
cause wallerian degeneration of both myelinated and un-
myelinated fibers.!* A previous clinical study de-
scribed 2 patients with predominant symptoms of small-
fiber neuropathy and vasculitis in their nerve biopsy
specimens. Small myelinated nerves were found to be
more susceptible to ischemia than large myelinated nerves
in an animal model of ischemic neuropathy.'® There is,
however, a lack of direct evidence regarding the damage
to cutaneous nerves with vasculitis. The present study
clearly demonstrates the depletion of cutaneous nerves
in vasculitis.

Skin biopsy with 3-mm punches and immunohisto-
chemistry with anti-PGP 9.5 antiserum offer a diagnos-
tic approach that is easily performed, minimally inva-
sive, and potentially repeatable.**” As a complement to
quantitative sensory testing, which is a psychophysical
test, skin biopsy provides pathological evidence of cu-
taneous nerve degeneration in vasculitis.>"’

The clinical manifestations of vasculitis may overlap
with those of other rheumatic and nonrheumatic dis-
eases, and the diagnosis of vasculitis can be evident from
a simple skin biopsy specimen. The vessels affected in
the current series are similar to those described by Dyck
et al'®?! and Llewelyn et al** in diabetic and nondiabetic
patients with lumbosacral radiculoplexus neuropathy. Mi-
crovasculitis in distal cutaneous nerves is an important
pathologic mechanism of the neurologic deficits. This is
in contrast to clinically overt vasculitis involving large
and medium-sized vessels, or arterioles in necrotizing vas-
culitis of multiple organs, such as polyarteritis nodosa,
rheumatoid arteritis, Wegener granulomatosis, Churg-
Strauss syndrome, and hypersensitivity angiitis.”*** Af-
fected vessels in microvasculitis are usually small, and
prominent fibrinoid degeneration or necrosis of vascu-
lar walls is not evident.”?

All 6 patients in the present study showed infiltra-
tion of T cells and macrophages in the skin biopsy speci-
mens from the sampling sites, which were “silent” for
clinically overt vasculitis. These findings raise the pos-
sibility that patients with apparently isolated vasculitic
neuropathy may in fact be affected by a milder form of
microvasculitis of the cutaneous nerves.”* Taken to-
gether, these findings suggest that inflammatory vascu-
lopathy may underlie cutaneous denervation in vascu-
litic neuropathy.
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