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A B S T R A C T

Introduction: Peripheral neuropathies may present in the context of systemic vasculitis and other autoimmune
diseases. The etiologic characterization is crucial to define the treatment and prognosis in secondary vasculitis.
The purpose of this study is to describe the pathway of etiologic investigation including the role of nerve biopsy.
Methods: Retrospective analysis of patients seen in the neuromuscular outpatient clinic during the last four years
with peripheral neuropathy in the context of systemic vasculitis or other autoimmune diseases.
Results: We present five patients with stepwise progressive sensorimotor deficits of upper and lower limbs. All
patients presented with systemic features and one of them had an established diagnosis of systemic vasculitis.
They underwent an extended blood panel, including autoimmune and serologic tests. Electromyography and
nerve conduction studies revealed asymmetric axonal sensorimotor polyneuropathies in four patients, and an
axonal sensorimotor multiple mononeuropathy in one. Four patients underwent nerve biopsy and the other
performed a skin biopsy, with findings suggestive of possible vasculitic processes. The etiologies identified in-
cluded microscopic polyangiitis, HBV-related polyarteritis nodosa and two eosinophilic granulomatosis with
polyangiitis. In the last patient a specific etiology could not be established.
Conclusion: This series reveals the etiologic and phenotypic diversity of peripheral neuropathies related with
systemic vasculitis. The therapeutic approach and prognosis were distinct in each patient, emphasizing the
importance of a prompt diagnosis and appropriate treatment.

1. Introduction

Peripheral nervous system impairment in systemic vasculitis is often
related with poor functional prognosis and increased morbidity, with
sensorimotor deficits that are sometimes irreversible [1,2].

Either primary or secondary to autoimmune diseases, vasculitis af-
fecting small arteries or large arterioles are more likely to produce a
peripheral neuropathy [3,4]. The primary vasculitis most commonly
associated with neuropathy includes polyarteritis nodosa (PAN), es-
sential mixed cryoglobulinemic and anti-neutrophil cytoplasmic anti-
bodies (ANCA) associated vasculitis [5–8]. Among the autoimmune
diseases, rheumatoid arthritis, hepatitis B virus (HBV)-associated PAN,
and hepatitis C virus (HCV)-related cryoglobulinemic vasculitis are the

most frequent [5,7,8].
The treatment and prognosis of these neuropathies is variable and

depend on a correct and individualized etiologic characterization.

2. Methods

We conducted a retrospective study of patients with peripheral
neuropathy in the context of systemic vasculitis, seen in the last four
years in our neuromuscular outpatient clinic. All patients gave in-
formed consent for publication.
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3. Results

3.1. Patient 1

A 57-year-old male presented with a four-month history of pro-
gressive lower limbs livedo and myalgias, plantar dysesthesias and bi-
lateral foot drop. He also had a productive cough, bilateral ankle edema
and a constitutional syndrome with involuntary weight loss of 9 kg in
two months. A week before the admission he noticed tactile and ther-
moalgic hypoesthesia in the left ulnar nerve territory.

Blood panel showed mild normocytic-normochromic anemia, ery-
throcyte sedimentation rate (ESR) of 92 mm/h, creatinine of 1.4 mg/dl.
He was positive for ANA, ANCA anti-myeloperoxidase, anti-SSA and
anti-SSB. HIV, HBV and HCV serologies were negative. Upper and lower
gastrointestinal endoscopy, abdominal and renal ultrasound were un-
remarkable. Chest CT-scan revealed only discrete pleuroparenchymal
fibrocicatricial densities in both apices. Cerebrospinal fluid (CSF) ana-
lysis was normal. Nerve conduction studies (NCS) revealed an absence
or reduction in amplitude of sensory nerve action potentials (SNAP) in
the lower limbs. Electromyography (EMG) of lower limb muscles was
normal, in keeping with a mild sensory axonal polyneuropathy. A skin
biopsy identified an intense inflammatory infiltrate mainly lymphocytic
into a skin arteriole wall (Fig. 1A), with internal elastic lamina dis-
ruption and fibrinoid necrosis (Fig. 1B). These changes were compatible
with a leukocytoclastic vasculitis, supporting the diagnosis of a clini-
cally probable vasculitic neuropathy associated with microscopic

polyangiitis, by Peripheral Nerve Society (PNS) criteria [9].
Patient was started on intravenous methylprednisolone 1 g/day

during 3 days and then oral prednisolone 1 mg/kg/day, with a clear
improvement of pain and constitutional syndrome. Three months later,
he was almost completely recovered of motor deficit and corticotherapy
was tapered off. Although neurologically stabilized, cyclophosphamide
100 mg/day and then azathioprine 75 mg/day were needed due to
renal impairment.

After two years, he reported a relapse of motor deficits and neuro-
pathic pain. He was restarted on oral prednisolone 1 mg/kg/day and
azathioprine dose was increased to 100 mg/day, with complete re-
covery of symptoms within two weeks. The dosages were gradually
tapered off, and he is currently under azathioprine 75 mg/day and
prednisolone 5 mg/day, without new neurological symptoms.

3.2. Patient 2

A 53-year-old male presented with progressive bilateral lower limb
edema, plantar dysesthesias and hypoesthesia in bilateral sural nerves
territory, beginning four months earlier, evolving to left foot drop a
month later, and right median nerve territory hypoesthesia (thermo-
algic, vibratory and light touch) and lower limb rash two months after
the onset. Blood panel showed an active HBV infection. NCS revealed
an absence in SNAP in the lower limbs and a reduction in amplitude of
compound motor action potentials (CMAP) in the tibial and peroneal
nerves. EMG showed signs of chronic reinnervation and active de-
nervation in distal muscles of the lower limbs, with a slight asymmetric
distribution. These findings are consistent with chronic, moderately
severe, asymmetric sensorimotor axonal polyneuropathy. A sural nerve
biopsy showed perivascular inflammatory infiltrate in a vessel of the
perineurium (Fig. 2A) with asymmetric nerve fibre loss (Fig. 2B), sug-
gesting a vasculitic process and allowing the diagnosis of a clinically
probable vasculitic neuropathy due to HBV-related polyarteritis nodosa
by PNS criteria [9].

He was treated with oral prednisolone 60 mg/day with partial re-
sponse and was started on tenofovir 2 months after with complete re-
mission of the clinical picture. Three years later, he remains under te-
nofovir with undetectable viral load and neurologically asymptomatic.

3.3. Patient 3

A 54-year old female, with eosinophilic granulomatosis with poly-
angiitis (EGPA) with pulmonary involvement and peripheral eosino-
philia, presented with progressive lower limbs paresthesias, left foot
drop and bilateral painful plantar dysesthesias, beginning four weeks
before. One week before, she noticed pretibial skin lesions, bilateral
ankle edema and bilateral lower limb tactile hypoesthesia. The day
before, she reported involvement of the right foot with bilateral foot
drop, and hypoesthesia in the right cubital nerve territory associated
with weakness in the fifth finger flexion. She was under a prednisolone
tapering regimen, with a decrease to 20 mg/day 2 months before and to
10 mg/day fifteen days before the presentation.

Blood panel revealed eosinophilia of 9200, slightly elevated IgE
levels and ANCA anti-myeloperoxidase positive. Chest CT-scan showed
patchy upper lobe ground-glass opacities, septal thickening and cen-
trilobular micronodules suggestive of chronic eosinophilic pneumonia.
NCS revealed an absence or reduction in SNAP in the lower and upper
limbs and an absence or reduction of CMAP in the lower limbs. EMG
showed signs of chronic reinnervation and active denervation in distal
muscles of the lower limbs, with a symmetric distribution, which is in
keeping with a severe sensorimotor axonal polyneuropathy with active
denervation. Sural nerve biopsy revealed asymmetric nerve fibre loss
(Fig. 3A) and cicatricial changes in the vessel wall with internal elastic
lamina disruption (Fig. 3B), supporting a clinically probable vasculitic
neuropathy by PNS criteria [9].

The diagnosis of peripheral neuropathy associated with EGPA was

Fig. 1. Microscopic polyangiitis (skin histology) (A) H&E, Skin arteriole with an
intense inflammatory infiltrate mainly composed of small lymphocytes into its
wall (B) Masson's trichrome, Skin arteriole with disruption of the internal
elastic lamina and fibrinoid necrosis. Scale bar: 50 μm (A and B).
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established, and intravenous cyclophosphamide was started with re-
solution of neurological symptoms after 3 months. She is free of neu-
rological symptoms since then. However, because of the severe pul-
monary impairment, she is currently waiting for a lung transplant.

3.4. Patient 4

A 67-year-old female, with past medical history of asthma and
breast cancer HER2+ treated with extended lumpectomy, che-
motherapy and radiotherapy, and under trastuzumab each three weeks,
presented with progressive distal sensorimotor deficits. She reported
bilateral plantar paresthesias and dysesthesias beginning nine days
before, evolving to right hand along with a weakness of the right thumb
opposition, and then lower limb petechiae, progressive distal tactile and
thermoalgic hypoesthesia and bilateral foot drop, losing the ability to
walk three days before the admission. She had started montelukast due
to uncontrolled asthma a week before the symptoms onset.

Blood panel revealed mild normocytic-normochromic anemia, eo-
sinophilia of 13,800, IgE levels higher than 5000 U/l and ESR of
102 mm/h. Autoimmunity tests were negative. Chest CT-scan revealed
mild bilateral fibrocicatricial changes. CSF analysis was unremarkable.
NCS revealed an absence or reduction in SNAP in the lower and upper
limbs and an absence or reduction of CMAP in the lower limbs. EMG
showed signs of chronic reinnervation and active denervation in distal
muscles of the lower limbs, with a symmetric distribution, which is

concordant with a severe sensorimotor axonal polyneuropathy with
active denervation. A skin biopsy showed neutrophilic infiltrate into a
skin vessel wall (Fig. 4A) suggesting a leukocytoclastic vasculitis. A
sural nerve biopsy revealed cicatricial aspects in a perinerve vessel,
including disruption of internal elastic lamina, circumferential intimal
hyperplasia (Fig. 4B and C) and intraluminal angiogenesis suggestive of
vessel recanalization (Fig. 4B), compatible with a previous vasculitic
process. These findings supported the diagnosis of a clinically probable
vasculitic neuropathy associated with EGPA by PNS criteria [9].

Montelukast was discontinued and intravenous methylprednisolone
1 g/day during 3 days was started, followed by oral prednisolone 1 mg/
kg/day. Patient was discharged after a month slightly better, but still
unable to walk.

3.5. Patient 5

A 34-year-old female, with past medical history of rosacea, pre-
sented with progressive sensorimotor deficits beginning three weeks
before, with tactile hypoesthesia and dysesthesia in the left sural nerve
territory. Two weeks after, she developed hypoesthesia and dysesthesia
in the right median nerve territory and weakness of the right hand.
Three days prior to admission she refers the onset of moderate right
hand arthralgia, mostly in the morning, without inflammatory signs.

Blood panel was unremarkable, except for a mild hypocomple-
mentemia and low levels of IgA. CSF analysis showed mild pleocytosis

Fig. 2. HBV-related polyarteritis nodosa (sural nerve histology) (A) H&E,
Perivascular inflammatory infiltrate surrounding a vessel in the perinerve
(arrow) (B) Toluidine blue, Typical asymmetric nerve fibre degeneration
(within and between fascicles) secondary to an ischemic etiology. Scale bar:
50 μm (A) and 200 μm (B). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 3. Eosinophilic granulomatosis with polyangiitis (sural nerve histology),
toluidine blue (A) Asymmetric nerve fibre degeneration with no vascular or
perivascular inflammatory infiltrate (B) Fibrocicatricial changes in the peri-
nerve vessel wall with internal elastic lamina disruption. Scale bar: 50 μm (A)
and 100 μm (B). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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(29 leukocytes with 51.7% of mononuclear cells) with normal glucose
and proteins. The neurophysiological findings were compatible with a
multiplex mononeuropathy, revealing an axonal compromise of the
right median nerve and the left sural nerve, with a normal EMG. Sural
nerve biopsy revealed severe axonal neuropathy, without evidence of
regeneration, but with an asymmetric involvement of nerve fibres
(Fig. 5), suggesting a clinically probable vasculitic neuropathy by PNS

criteria [9].
Considering the presence of a peripheral neuropathy associated

with a suspected autoimmune disease of unknown etiology, patient was
started on oral prednisolone 20 mg/day. However, she did not report
any improvement and stopped it because of adverse effects. The
symptoms resolved spontaneously one year later and she remains
asymptomatic for two years even with no medication.

4. Conclusion

Vasculitic neuropathy has a characteristic clinical presentation with
progressive sensorimotor symptoms developing over weeks to months
[5,7]. Most patients experience one or more acute attacks, with a
stepwise installation of the deficits, but one-third have a chronic slowly
progressive course [5,7,8]. Peripheral nervous system vasculitis ex-
hibits three patterns of clinical involvement [3,7]. The commonest and
most distinctive one is a multiple mononeuropathy, occurring in
35–65% of the patients with vasculitic neuropathy [3,5]. However,
these patients may also present with a distal asymmetric polyneuro-
pathy or, more rarely, a distal symmetric polyneuropathy [3,8]. In this
series, all the patients presented with an asymmetric sensorimotor
deficit, with a stepwise progression, featuring a pattern of overlapping
multiple mononeuropathies, evolving to distal asymmetric poly-
neuropathies in the first four patients. The constitutional symptoms, as
asthenia, anorexia and involuntary weight loss, the skin lesions and/or
the specific organ involvement suggested an underlying systemic vas-
culitis and, although nonspecific, provided clues to the etiological di-
agnosis.

Despite the clinical similarities, the extensive diagnostic evaluation
revealed distinct underlying aetiologies which determined different
therapeutic approaches and prognosis. In the first patient, the periph-
eral nerve involvement was evident at the time of initial presentation.
In addition to systemic symptoms, the stepwise progression of the
neurological deficits raised the hypothesis of a vasculitic etiology. The
diagnosis of a microscopic polyangiitis was supported by laboratory and
pathological tests, and the treatment with corticosteroids was started

Fig. 4. Eosinophilic granulomatosis with polyangiitis (A) Skin histology, H&E,
Inflammatory infiltrate (arrow) mainly composed of small lymphocytes (CD3+,
CD10+, CD20-) into a skin arteriole wall (B and C) Perinerve vessels from sural
nerve histology, toluidine blue, Perinerve vessels with cicatricial aspects in-
cluding disruption of internal elastic lamina, circumferential intimal hyper-
plasia (B and C) and intraluminal angiogenesis (B). Scale bar: 50 μm (A, B and
C). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

Fig. 5. Undetermined systemic autoimmune disease. Histology of sural nerve,
toluidine blue. Severe and active axonal neuropathy with an asymmetric in-
volvement of nerve fibres. Scale bar: 200 μm (A) and 100 μm (B and C). (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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with a complete resolution of the peripheral neuropathy. The second
patient also presented with a stepwise progressive peripheral neuro-
pathy but with more subtle systemic symptoms. The diagnosis of a HBV-
related polyarthritis nodosa was decisive to start a directed antiviral
treatment besides corticotherapy, emphasizing the importance of a
specific etiological diagnosis for initiating the proper treatment. In the
third patient, the diagnosis of EGPA was already known and the per-
ipheral neuropathy was not a presenting symptom. However, in this
case, the confirmation of a probable peripheral nerve vasculitis sup-
ported the escalation of therapy allowing a better neurological prog-
nosis. In the fourth patient, it was the investigation of the neurological
symptoms that led to the diagnosis of EGPA. Some authors have re-
ported EGPA as a potential side effect in individuals with moderate to
severe asthma on leukotriene receptor antagonists, such as montelukast
[10,11]. Because of this reported association, we decided to stop
montelukast in addition to the beginning of corticotherapy. This patient
also had a past medical history of breast cancer and was under trastu-
zumab, a monoclonal antibody that was previously reported to cause
cutaneous vasculitis [12]. Even though we cannot stablish causality
between this therapy and the peripheral neuropathy, we believe that
this vasculitis must be multifactorial and the chemotherapy may con-
tributed to the clinical picture. To our best knowledge this is the first
case of peripheral neuropathy and EGPA described in a patient under
trastuzumab. Finally, the last patient had an atypical presentation and
course of a possible vascular or vasculitic neuropathy that was assumed
to be a part of a systemic autoimmune disease of unknown etiology. The
pathological findings in the perinerve were crucial to support this belief
and to guide the treatment.

In fact, the pathological studies were very important for the man-
agement of our patients, because even without definitive criteria of
vasculitic neuropathy, the suggestive neuropathological findings sup-
ported our clinical suspicion and supported the use of im-
munosuppressive therapies. In the first patient, the nerve biopsy was
not performed because the patient exhibited typical skin lesions that
were more accessible and allowed a prompt diagnosis. In fact, in pa-
tients with skin involvement, given its greater accessibility, the skin
biopsy can anticipate the decision-making process when the nerve
biopsy is delayed, as occurred in two of the patients presented.
However, our cases emphasize that the nerve biopsy may be useful to
clarify the mechanism of the neuropathy, and it should be considered
whenever a vasculitic neuropathy is suspected or as the final step in the
diagnostic investigation of a neuropathy of unknown origin [3]. The
nerve selection for biopsy was based on careful neurological and neu-
rophysiological examination and a combined muscle biopsy was not
performed. Although, it has been suggested that the addition of muscle
biopsy improves the yield of definite vasculitis, we also know that one
of the most important decisions regarding diagnostic yield is related to
the selection of the biopsy site, being crucial to biopsy an affected
sensory nerve (with or without muscle) [13,14]. In our experience, the
nerve biopsy alone proved to be effective in establishing the diagnosis.

In conclusion, we believe that the etiologic characterization of
peripheral neuropathies in the context of systemic vasculitis and other
autoimmune diseases is essential to define the natural history and the
prognosis of these patients, to prevent potential complications and to
optimize the therapeutic approaches. Considering the broad etiologic
and phenotypic diversity of peripheral neuropathies, the management
of these patients must be individualized in order to identify the un-
derlying etiology.
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