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ABSTRACT

Peripheral neuropathy (PN) has been
detected in up to 69% of patients with
mixed cryoglobulinaemic syndrome
(MCS). PN should be considered in
any patient with sensory and/or mo-
tor signs and symptoms in the limbs.
Electrodiagnostic tests are mandatory
for the diagnosis of PN. Several dif-
ferent sets of diagnostic criteria have
been created to assess it. All patients
suspected of having neuropathy should
undergo a nerve conduction study. A
complete neurological evaluation at
baseline and periodically should be
done possibly by the same neurolo-
gists. The authors recommend rigorous
scientific evidences that may help to
obtain superior tools for accurate di-
agnosis and management of these con-
ditions. Clinicians, armed with experi-
ence and recommendations, can find in
this review data-driven guidelines to
apply treatments of MCS and closely
related disorders.

Background

Peripheral neuropathy (PN) has been
found in up to 69% of patients with
HCV-related mixed cryoglobulinaemic
syndrome (MCS), with large variations
in different studies (1-3). PN is also
common in HCV-unrelated MCS re-
ported in up 48.6% of cases described
by the Italian Group for the Study of
Cryoglobulinaemia (GISC) (4).

Recent reports suggest that cryoglob-
ulinaemia (CG) may be a more com-
mon than previously thought cause of
PN. In a prospective study of 100 pa-
tients with polyneuropathy or monon-
euritis multiplex of unknown aetiology,
after an initial workup, 11 were eventu-
ally diagnosed with cryoglobulinaemic
neuropathy (CNP) (5). In another study

of 100 patients with symmetric distal
pain and negative examination, 16% of
patients had elevated cryoglobulins (6).
The results from these two reports sug-
gested that even in the absence of pur-
pura, CG may account for a substantial
number of “idiopathic” neuropathies.
The development of PN was unrelated
to the HCV genotype. (3)

Sensory neuropathy, and in particular
small fibre sensory neuropathy (SFSN),
was significantly more common in the
subgroup with the mild syndrome,
whereas features of mononeuritis mul-
tiplex and sensory-motor neuropathy
were almost exclusively associated
with the active or severe MCS.

No significant correlation was found
between the hepatopathy score, the liv-
er enzymes, and the severity of NP (7).
Other distinctive features of CGN are
female predominance, asymmetric
distribution, and presence of sensory
symptoms (1, 7-10). In 2012, the Pe-
ripheral Nerve Society (PNS) issued
recommendations regarding the classi-
fication of vasculitic neuropathies and
the diagnosis/treatment of non-systemic
vasculitic neuropathy, including hepati-
tis C virus-related mixed cryoglobuli-
naemic vasculitis. The conclusion was
drawn that the CNPs are usually caused
by the vasculitis regardless of their phe-
notype (11).

The main symptoms of CNP are pain-
ful or burning paresthesias — often
worse at night — in the lower limbs. The
sensory symptoms usually precede the
motor involvement (1). Electrodiag-
nostic studies previously showed that
the PN is more common than the mon-
oneuritis multiplex (12, 13), often in a
subclinical form (14). In most patients,
a distal symmetric sensory or sensory-
motor PN was observed, while a mon-
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oneuritis multiplex accounted for 12%
of symptomatic patients. In particular,
a small fibre neuropathy (SFN) tends to
occur early in the course of CG and in
patients with mild systemic disease. In
a few patients, the neuropathy can be
sensorimotor presenting with rapidly
progressive course (15).
Electrophysiological — studies  sug-
gested axonal damage possibly due to
epineural vasculitis caused by immune
complex deposition, with subsequent
ischaemic pathology due to alterations
in the blood flow (2). Cell-mediated
damage is suggested by the finding of
Th, cytokines and chemokines in the
inflammatory vascular lesions (16).

Morphological features

and mechanisms

HCV-associated neurologic involve-
ment ranges from the sensory distal PN
to the mononeuritis or mononeuritis
multiplex. Sensory or motor impair-
ment of one or more distal nerves is
most frequent, with asymmetric loss
of sensation and weakness reaching
symmetry over time. Prevalence of
sensory and motor PN in HCV infec-
tion was found between 9% and 10%,
respectively (3, 14). The sensory pre-
dominant symmetrical PN is associated
with perivascular infiltration of lym-
phocytes and monocytes in small-sized
vessels. The mononeuritis multiplex,
involving one or two not contiguous
nerves, is usually more systemic and
it is associated with inflammation of
medium-size vessels with multiple in-
flammatory cells eventually accompa-
nied with asymmetric vascular necrosis
(6, 15).

The earliest mechanisms proposed to
explain the neurologic manifestations
in HCV-related MCS include:

i. vascular deposition of HCV RNA
containing cryoglobulins;

ii.. direct viral invasion;

iii.perivascular inflammation (9).

Nerve biopsy typically demonstrated
axonal degeneration with loss of my-
elinated axons (7). HCV RNA was de-
tected in both skin and nerve biopsy
samples in the presence of a vasculitis
patterns (17, 18). The presence of HCV
RNA was previously attributed to:
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i. HCV endocytosis by endothelia cells
through low-density lipoprotein
receptors (18);

ii. HCV infection of epinevrial inflam-
matory mononuclear cells (19).

This view was in agreement with
previously reported detection of
HCYV replicative RNA in peripheral
blood mononuclear cells of patients
with MC (20);

iii.Vascular deposition of HCV geno-
mic RNA trapped in the cryoprecipi
tate (2) (Fig. 1).

Clinical assessment

Based on consensus expert opinion,
a PN should be considered in any pa-
tient with a progressive symmetrical or
asymmetrical PN or polyradiculoneu-
ropathy in whom the clinical course is
acute or relapsing and remitting or pro-
gressive, especially if there are positive
sensory symptoms, proximal or distal
weakness, areflexia with or without
wasting, loss of sensation as tactile, vi-
bration or joint position (21, 22).
Cerebrospinal fluid (CSF) examination
and magnetic resonance imaging (MRI)
of the spinal roots, brachial or lumbar
plexus and nerve biopsy should be con-
sidered in cases of suspected chronic in-
flammatory demyelinating polyneurop-
athy (CIDP) or vasculitic neuropathy.
Nerve biopsy, when indicated, should
be performed in clinically and electro-
physiologically affected nerves and it is
usually the sural, but occasionally the
superficial peroneal, or the superficial
radial. Nerve biopsy indication remains
feasible only in cases of suspected vas-
culitis especially if in the absence of
systemic signs (23, 24).

Electrophysiological assessment
Electrodiagnostic tests are mandatory
for the diagnosis of PN. Minor electro-
diagnostic features could be any abnor-
mality of median and sural nerve sen-
sory action potentials, reduced sensory
nerve conduction speed and F-wave
chronodispersion. If the electrodiag-
nostic criteria for definite neuropathy
are not met initially at diagnosis, it is
worth repeating the electrodiagnostic
testing in more nerves or at a later date
during follow up (22, 25).

Several different sets of diagnostic cri-

teria have been created for the assess-
ment of PN.

These have been reviewed and are avail-
able on the European Federation of
Neurological Societies (EFNS) website
(http://www.efns. org). For the present
needs of this review, we refer to EFNS
and Peripheral Nerve Society (PNS) di-
agnostic criteria, both with high specific-
ity for both research and clinical practice.
Serial electrophysiological studies
may need to be performed during the
follow-up of the patients according to
the clinical evidence (23, 25).
Diagnostic criteria are currently being
developed for defining chronic PN, ei-
ther axonal or predominantly demyeli-
nating, by the Task Force of the PNS
who were required to develop their own
criteria based on consensus (23).

All patients suspected of having neurop-
athy should undergo a nerve conduction
study (NCS). Bilateral motor conduc-
tion studies of median, ulnar, peroneal,
tibial nerves, sensory conduction stud-
ies of sural, median, ulnar nerves are
commonly performed. The data could
be considered sufficient when at least
2 motor nerves and one sensory nerve
are examined in the lower limbs and
2 motor nerves and 2 sensory nerves
in the upper limbs. Partial conduction
block is defined as previously reported
by a reduction of compound muscle ac-
tion potential by proximal stimulation
of at least 50% in the lower limb and
at least 30% in the upper limb. Tempo-
ral dispersion is defined by a lengthen-
ing of motor responses of at least 30%
by proximal stimulation (26). PN may
be classified demyelinating if fulfills
the established EFNS/PNS criteria for
CIDP, while it is classified as axonal if
it does not fulfill the EFNS/PNS criteria
for demyelination. Spontaneous muscle
fibre activity on EMG is recorded as a
sign of axonal damage in the presence
of decreased response amplitudes on
conduction studies (22, 23, 26, 27).

Neurological assessment

A complete neurological evaluation
at baseline and periodically should be
done possibly by the same neurolo-
gists over time. A great strength of
the assessments is the availability of
repeated measures. A complete neuro-
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Fig. 1. Biopsies obtained from superficial peroneal nerves.
A: perivascular inflammatory cells from a patient with sensory-motor PN, with mild clinical disability on neurological score.

B: a small-sized vessel vasculitis ( <80 um) often associated with endomysial inflammation in a patient with mononeuritis multiplex and moderate neuro-
logical disability. C: medium-sized vessel vasculitis ( >80um) in a patient with severe clinical symptoms and signs.
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logic examination includes gait, muscle
strength, trunk and limb coordination
and full sensory testing at each visit.
Patients are usually seen clinically eve-
ry 6 to 8 months. Muscle strength eval-
uation includes scores obtained through
manual muscle testing (MMT) accord-
ing to the Medical Research Council
(MRC) scale in 6 muscle pairs for each
limb (score range 0-5, maximum pos-
sible 120) (25, 28).

Sensory function may be assessed by
the Inflammatory Neuropathy Cause
and Treatment (INCAT) sensory scale
(ISS), which included pin prick, vibra-
tion two point discrimination (range
0-20) (22, 24-26). Disability is meas-
ured using the modified Rankin Scale
(mRS) (range 0-5) and overall disabil-
ity sum score (ODSS), which included
functional description of extremity
abilities (range 0-9) (25).

Clinical phenotypes of peripheral
neuropathies

In synthesis, we can distinguish PN
during MCS as:

Sensory neuropathies

The sensory PN including SFN are the
predominant types. The involvement of
sensory nerves may present with differ-
ent patterns, resulting in distinct clini-
cal phenotypes. A lesion of the dorsal
root ganglia may cause a sensory ataxic
neuropathy, while the involvement of
the unmyelinated nerve terminals of
the epidermis results in SFN.

Sensory axonal polyneuropathy

This PN presents with distal, symmetric
sensory deficits in a glove-stocking dis-
tribution, and chronic or subacute onset.
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The lower limbs are initially affected
and the deficits may spread proximally
over the years as the PN worsens. In
more severe cases, distal upper limbs
may also be affected. The most com-
mon complaints are painful paresthesias
in the feet. Deep tendon reflexes may
be diminished, or absent in the affected
limbs. The strength could be normal.
Nerve conduction studies typically re-
veal an axonal-type PN limited to the
Sensory nerves.

Nerve biopsy can show a varying de-
gree of reduction in fibre density and is
not helpful in the diagnosis except in
cases with suspected vasculitis. Treat-
ment is symptomatic. Tricyclic antide-
pressants, gabapentin, pregabalin, du-
loxetine, opioids and topical local anes-
thetics can be effective in softening the
uncomfortable paresthesias (29, 30).

Sensorimotor axonal polyneuropathy
Patients with this type of PN initially
complain of distal paresthesias and sen-
sory deficits similar to those with the
sensory neuropathy form. The sensory
symptoms however are accompanied by
gradual progression of muscle weakness
in a distal, symmetrical distribution. The
weakness is usually mild and limited to
the foot extensors; rarely severe cases
may require assisted ambulation. Deep
tendon reflexes may be diminished or
absent. Nerve conduction studies typi-
cally reveal an axonal PN affecting mo-
tor and sensory fibres (31).

Mononeuropathies and
mononeuropathy multiplex

The clinical picture of mononeuro-
pathy consists of sensory and/or motor
deficits in the distribution of an innerva-

tions area of an individual nerve. Pain
is common and the onset is acute or
subacute as in cases of vasculitis. Gen-
eral symptoms may be present, as well
as systemic manifestations of palpable
purpura, suggesting a generalised vas-
culitis. Erythrocyte sedimentation rate
and C-reactive protein levels are usu-
ally elevated. Electrophysiological find-
ings could include an axonal pattern and
“pseudo-conduction blocks” in an af-
fected nerve. Nerve biopsy is indicated
only to search for features of vasculitis:
vessel wall damage, fibrinoid necro-
sis, mononuclear vascular or perivas-
cular infiltrates can be found. Because
the vasculitis could be a focal process,
nerve biopsy may not reveal any chang-
es, therefore, a combined nerve and
muscle biopsy may increase diagnostic
sensitivity up to 85% (Fig. 2).

Treatments

Symptomatic therapy

Neuropathic pain really needs an early
treatment to reduce evolution towards
a chronic condition.

It has been suggested that a low-anti-
gen-content diet can improve symp-
toms, but it has not been analysed in
more recent randomised studies (32).
NSAIDs are not recommended for pro-
longed use because of their hepatotox-
icity and cardiovascular effects.
Recommended first-line treatments in-
clude various antidepressants (i.e. tricy-
clic antidepressants and dual reuptake
inhibitors of both serotonin and norepi-
nephrine), calcium channel alpha2-delta
ligands (i.e. gabapentin and pregabalin),
and topical lidocaine. Opioid analgesics
and tramadol are generally recommend-
ed as second-line treatments. However,
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these drugs may be considered for first-
line use in selected clinical cases.
Anticonvulsants are useful for chronic
neuropathic pain, especially when the
pain is described as lancinating or burn-
ing. Gabapentin and pregabalin have
the strongest evidence for the treatment
of pain. These 2 “gabapentinoids” act
as neuromodulators and they also have
a peripheral analgesic action inhibiting
selectively the response of C-fibres ac-
tivated by inflammatory mechanisms
(33-35).

Opioids were more effective than place-
bo for both the pain and functional out-
comes of patients with nociceptive and
neuropathic pain (36). The recommend-
ed front-line agents include hydromor-
phone, morphine, and oxycodone used
orally on a time-contingent basis. An ad-
ditional choice is the fentanyl patch for
cases where the oral route is not an op-
tion (malabsorption, vomiting) or when
it has failed. Morphine and meperidine
are contraindicated in patients with liver
involvement, whereas hydromorphone
and oxycodone need only lower doses
in these patients (36) (Fig. 3).

Antiviral therapy

Antiviral agents are the first choice in
all HCV-related MCS. Until a few years
ago Peg Interferon plus ribavirin was
the best antiviral therapy. An improve-
ment of neuropathic pain in HCV-pos-
itive patients was observed form 65.2%
to 22.1% after Peg IFN and ribavirin
therapy (37). The CIDP, reported in a
minority of a HCV-infected population,
significantly improved with IFNo and
ribavirin therapy, although a few studies
considered the neuropathy a side effect
of PegIFNa (38). In these cases, intra-
venous immunoglobulin administration
(IVIG) and plasmapheresis were effec-
tive in PN. The efficacy of ribavirin in
improving the PN was attributed to its
viral clearance, decreasing inflamma-
tion, circulating cryoglobulins and anti-
myelin associated glycoprotein (MAG)
antibodies (39). Patients receiving inter-
feron could experience side effects such
as fatigue, flu-like symptoms, psychi-
atric symptoms, seizures, weight loss,
symptoms of PN, and bone marrow
suppression (40). However, studies of
HCV-related PN treatment are lacking.

1234
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Fig. 2. Proposed algorythm of treatments of MCS related PN (sensory, sensory-motor, axonal or demy-
elinating ) with confirmed diagnosis on clinical and electrophysiological grounds.
DAA: direct acting antiviral; RTX: rituximab; IVIG: intravenous immnunoglobulines; GC: glucocorticoid.
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—
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Oxycodone / hydromorphone

U

1L
Start opioid analgesic
(oxycodone / hydromorphone ),
Cantinuous release opioids preferred

Fig. 3. Proposed algorithm of symptomatic therapy of painful NP (30).

In a Cochrane database systematic re-
view only 10 studies were included
(394 participants) regarding PN and
HCV-related CG (41). Nowadays, it

is accepted that Direct-Acting Antivi-
rals (DAA) might be used in all cases
of HCV-related MCS, but there are no
guidelines dictated by a consensus ex-
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pert opinion about DAA on PN and this
is urgently needed (42). There are only
anecdotal reports or studies limited to a
few patients.

The available data suggest that even in
patients with severe symptoms, treat-
ment with DAA are associated with a
significant improvement in the clinical
picture in the majority of patients achiev-
ing a sustained viral response (43-49).
In the VASCUVALDIC study carried
out by Saadoun er al., in 24 patients
treated with Sofosbuvir plus ribavirin,
PN improved in 15 out of 16 (94%)
cases. The neuropathy total symp-
tom score-6 (NTSS-6) decreased from
11.9£2.7 to 2.6+2.6. Motor symptoms
slightly improved in 4 out of 8 patients
(48).

In a recent study by Mazzaro et al. of
22 patients, 19 received a sofosbuvir-
based regimen and three patients re-
ceived other DAAs. PN was found in
10 cases (45%), after 48 weeks since
the beginning of DAA, symptom re-
lief of PN was observed in 7 (70%)
patients at the end of therapy and re-
mained in complete response at week
48, while three cases did not show any
improvement of neuropathic pain and
paresthesias. No improvement was de-
tected in 30% of PN, therefore, they
were considered as “non-responders”
(50). These results are similar to those
published by others (48).

Also, in 44 patients with HCV-associ-
ated CG vasculitis treated with DAA
therapy, Gragnani et al. observed the
persistence of sicca syndrome and of
PN in 50% of the patients, suggesting
that the irreversible damage of the sali-
vary gland or of the peripheral nerves
may be responsible for the lack of re-
sponse (51, 52).

Overall, these results may be clinical-
ly useful for identifying patients who
could need early and additional immu-
nosuppressive treatment, such as ritux-
imab (RTX) and/or plasmapheresis to
avoid a permanent and irreversible PN
that makes the patients non-responsive
to treatments.

The study by Biasiotta (3) supported
the theory that the development of PN
was significantly associated with the
duration of HCV infection, but it was
unrelated to the duration of CG and the
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blood cryocrit level. This study showed
that the amplitude of the sural-nerve
sensory action potential (SAP), foot la-
ser-evoked potentials, and the intraepi-
dermal nerve fibre density were inverse-
ly correlated with the duration of HCV
exposure, suggesting that the longer the
duration of illness, the more severe the
neuropathy would be (3).

Immunosuppressive drugs

The use of classic immunosuppres-
sive agents such as glucorticoids and
cytotoxic drugs was not recommended
to manage CPN because of the associ-
ated viral infection (30). Immunosup-
pression prior to induction of antiviral
therapy can be considered in patients
with severe symptoms in order to ob-
tain a reasonable and timely sustained
therapeutic response (53). High-dose
pulsed glucocorticoid therapy can be
considered the first-line treatment of se-
vere MCS (54)

Apheresis

A number of observations support the
role of plasma exchange in improving
acute renal disease and in treating PN
(54).In a recent retrospective survey the
authors recommended apheresis as an
emergency treatment in such patients,
also considering the absence of valuable
alternatives (55). In this study PN was
present in 54.7% of cases and was the
most frequent clinical requiring apher-
esis treatment (55). There is some evi-
dence that apheresis synchronised with
the IVIG can be used to treat ulcers and
CG-related PN, but this treatment may
cause immunosuppression (56).

Rituximab

RTX is the only biological therapy
proved to be beneficial in MCS, and
should be considered when treating
patients with severe clinical manifesta-
tions such as PN. RTX prior to induc-
tion of antiviral therapy can be consid-
ered in patients with severe symptoms
to obtain a reasonable and timely thera-
peutic response (55, 58, 59).

In an open prospective study Cavallo e?
al. (60) assessed the drug effectiveness
of RTX alone, evaluating electromyo-
graphic changes and laboratory para-
meters over at least 12 months. Sensory

symptoms either disappeared or im-
proved following the treatment with sig-
nificant improvement in the neuropathy
disability score. Electromyography re-
vealed that the amplitude of compound
motor action potential increased (60).
Roccatello et al. administered RTX to
26 patients with PN: complete remission
of pretreatment active manifestations
was observed in 80% of the cases (61).
De Vita et al. published a long-term,
prospective, randomised controlled trial
evaluating RTX therapy for cryoglob-
ulinaemic vasculitis. Among the RTX-
treated patients with PN, 11 of 16 re-
sponses were observed at 6 months, but
a possible loss of response to RTX after
month 6 was noted, and a second course
of treatment with RTX was given to 6 of
the 11 responders (62, 63).

Ferri et al. evaluated 87 patients with
active cryoglobulinaemic  vasculitis
before RTX monotherapy and after 6
months by means of main clinical-sero-
logical parameters. A significant clinical
improvement was observed in 44% of
the PN, mainly paresthesias (64).

In several studies the advantage of RTX
use was demonstrated in comparison
to glucocorticoids, azathioprine or cy-
clophosphamide, or apheresis, by the
primary end point of survival at 12
months, or by 6-month obtained remis-
sion in comparison to no therapy, or to
glucocorticoids, or plasmapheresis (54,
65, 60).

To this end, no published studies clearly
consider the evaluation criteria of PN in
MCS both at the time of diagnosis and
during a longitudinal follow-up. Homo-
geneous recommendations accepted by
all the experts are needed to evaluate the
degree of severity of MCS and the ef-
ficacy of the drugs or procedures used.
In fact, a wide consensus about the
maintenance dosage and the frequency
of RTX re-infusion has still not been
reach. Moreover, the goals of antiviral
treatment in patients with HCV-CV
should be not only achieving SVR, but
also symptomatic response of CV and
minimisation of the use of immunosup-
pressive therapies (67).

Finally, the medication choice selection
should be individualised to fully assess
side effects, potential efficacy and co-
morbidities.
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