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Introduction: Limited information is available describing the spectrum of neurological complications of cryo-
globulinemia.

Methods: Single center retrospective review of patients with neurologic symptoms and elevated serum cryo-
globulins, with their potential association being classified as definite, possible, or unlikely using defined criteria.
Results: Among 492 patients, 131 (87 classified as definite and 44 as possible) had neurologic symptoms as-
sociated with cryoglobulinemia. Common comorbidities included hepatitis C (N = 43), monoclonal gammo-
pathy of undetermined significance (N = 20), Sjogren's syndrome (N = 17), membranoproliferative glomer-
ulonephritis (N = 17), and systemic lupus erythematosus (N = 10). Features supporting an association between
cryoglobulinemia and neurological symptoms were the presence of purpura (p < .001), positive rheumatoid
factor (p = .001) and low C4 (p = .002). Common peripheral neurological diagnoses were symmetric poly-
neuropathy (N = 84), small fiber neuropathy (N = 25), and mononeuritis multiplex (N = 16). Central neuro-
logical manifestations were infrequent and included seizures (N = 3), posterior reversible encephalopathy
syndrome (N = 2), intracerebral hemorrhage (N = 1), vasculitis (N = 1), rapidly progressive dementia (N = 1),
lymphoma (N = 1), and myelitis/meningitis (N = 1). Treatments utilized included corticosteroids (N = 74),
rituximab (N = 42), cyclophosphamide (N = 27), methotrexate, azathioprine, or mycophenolate mofetil
(N = 28), anti-viral therapy (N = 20), plasmapheresis (N = 16), and intravenous immunoglobulin (N = 20).
Neurologic symptoms associated with cryoglobulinemia remained stable or improved in 86% of patients.
Conclusion: This study describes a wide spectrum of patients with neurologic symptoms attributed to cryoglo-
bulinemia and provides a framework to approach this challenging diagnosis.

1. Introduction standardized. The frequency of neurologic involvement is relatively

unknown; small-scale studies and case reports estimate that neurolo-

Cryoglobulinemia is defined as the detection of immunoglobulins
(Ig) that precipitate in vitro at 4 °C and dissolve when heated to 37 °C.
According to their molecular composition, cryoglobulins are classified
into three types: isolated monoclonal Ig (type I) is associated with B cell
lymphoproliferative disorders, while mixed cryoglobulinemia (MC),
composed of either monoclonal and polyclonal Igs (type II) or poly-
clonal Igs (type III), is associated with chronic infections (most notably
hepatitis C virus (HCV)) and connective tissue disorders [1].

The nervous system, skin, and kidneys are frequently affected by
cryoglobulinemia [2,3]. Despite its prevalence, approach to diagnosis
and treatment of cryoglobulinemic neurological complications is not

gical symptoms occur in 5% to 60% of cases [4,5]. However, literature
focused on patients with HCV, which may have limited generalizability
[4-6]. The primary goal of this study is to describe the neurologic
manifestations associated with cryoglobulinemia in a diverse popula-
tion evaluated at our tertiary care center. Identification of key features
in the diagnosis and management through retrospective analyses may
improve clinical care.

Abbreviations: MC, mixed cryoglobulinemia; HCV, hepatitis C virus; SFN, small fiber neuropathy; CNS, central nervous system; PNS, peripheral nervous system; SLE,
systemic lupus erythematosus; OR, odds ratio; RF, rheumatoid factor; EDX, electrodiagnostic; PRES, posterior reversible encephalopathy syndrome; CI, confidence
interval; IVIG, intravenous immunoglobulin; MRC, medical research council; IVMP, intravenous methylprednisolone; CK, creatine kinase
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2. Methods
2.1. Study sample

This retrospective study was approved by the Cleveland Clinic
Institutional Review Board. We included adult patients
(age = 18 years) with neurologic symptoms and elevated serum cryo-
globulins (=50 ug/mL) detected between 10/1999 and 2/2017. The
association between neurologic symptoms and cryoglobulinemia was
classified as definite, possible, or unlikely using the following criteria:
Definite - clinical evidence of unexplained polyneuropathy, small fiber
neuropathy (SFN), mononeuritis multiplex, or unexplained central
nervous system (CNS) involvement plus elevated cryoglobulins on two
determinations. If cryoglobulin level was only checked once, additional
criteria were required: at least one supporting factor (purpura) [6] or
presence of an associated condition (HCV, autoimmune disorder, lym-
phoproliferative disorder) [3], or response to empiric treatment. Pos-
sible - The above-mentioned criteria were fulfilled in the presence of a
comorbidity that could cause similar symptoms such as alcohol abuse,
diabetes mellitus, chemotherapy, critical illness neuropathy, or thyroid
disease. Unlikely- neurologic symptoms were clearly associated with
another etiology, such as isolated mononeuropathy, postherpetic
neuralgia, or migraine, or cryoglobulins were only minimally elevated
once (52-64 pug/mL).

Neurologic symptoms were classified as predominantly affecting the
peripheral nervous system (PNS) or CNS. The diagnosis of neurological
disorders was made based on the patient's symptoms and signs, elec-
trophysiological, radiological or pathological findings. Diagnoses of
polyneuropathy were made based on the presence of distal pre-
dominant sensorimotor deficits on history and physical examination,
supplemented by electrophysiological study and/or results of nerve or
skin biopsy. All major associated conditions (e.g. hepatitis C, Sjogren's
syndrome, systemic lupus erythematosus (SLE), rheumatoid arthritis,
lymphoproliferative disorders and membranoproliferative glomer-
ulonephritis) were diagnosed by specialists in our institution based on
clinical, laboratory, radiological and pathological findings.

2.2. Data collection

Demographic and outcome variables were obtained by review of the
medical record. Key variables recorded were associated conditions
(infection, connective tissue disorders, lymphoproliferative disorders),
maximal cryoglobulin level, systemic signs (purpura, arthralgia,
myalgia), constitutional signs (fatigue, weight loss), associated labora-
tory findings, and response to treatment.

2.3. Statistical analysis

Patient characteristics were compared across groups using chi-
square or Fisher exact test for categorical variables. Continuous vari-
ables were recorded as means with standard deviations or medians with
interquartile ranges and compared across groups using Mann-Whitney
test or Kruskal-Wallis test. Odds ratios (OR) were calculated to assess
the effect of associated factors on the clinical outcome of patients with
cryoglobulinemia. All factors were binary and OR was calculated by the
proportion of improved outcome of a specified condition (e.g., mono-
neuritis multiplex) over the other condition (e.g., other neurological
conditions) for key variables. Statistics were performed using the pro-
gram R.

3. Results

Of the 492 patients with cryoglobulinemia, 271 (55%) had neuro-
logic diagnoses. The association between neurological symptoms and
cryoglobulinemia was classified as being definite in 87 patients, pos-
sible in 44, and unlikely in 140 (Fig. 1). Table 1 summarizes baseline
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characteristics of the 271 patients. Among 131 patients in the asso-
ciated (definite and possible) groups, the most commonly related con-
ditions were HCV (43 patients, 33%), monoclonal gammopathy of un-
determined significance (20 patients, 15%), Sjogren's syndrome (17
patients, 13%), membranoproliferative glomerulonephritis (17 pa-
tients, 13%), and SLE (10 patients, 8%). Eighteen (14%) patients had no
clearly known associated condition thus being idiopathic. In 98 of 271
(36%) patients, cryoglobulins were subtyped. Incidence of associated
neurologic disorders were higher in patients with type I cryoglobuli-
nemia (24/29, 83%) than MC (46/69, 67%, p = .009).

Patients in the definite group had a higher median cryoglobulin
level than the possible group (524 and 385pg/mL respectively,
p < .001). Further subdivision of cryoglobulin values among the de-
finite, possible and unlikely subgroups are reported in Table 2. A trend
of higher cryoglobulin level in the associated group was seen
(p < .001).

Clinical features suggestive of an association between cryoglobuli-
nemia and neurological manifestations were analyzed. Significant fea-
tures were the presence of purpura (p < .001), elevated rheumatoid
factor (RF, p = .001) and low C4 (p = .002). There was no difference in
rates of fatigue, weight loss, myalgia, or arthralgia between the definite,
possible and unlikely subgroups.

Table 3 lists the PNS and CNS disorders encountered in the asso-
ciated group. The most common PNS diagnosis was polyneuropathy,
affecting 120 (92%) patients. Among them, 84 (70%) patients had
symmetrical large-fiber polyneuropathy, 25 (19%) SFN, and 16 (12%)
mononeuritis multiplex. The underlying etiology (HCV, lymphoproli-
ferative disorder, or connective tissue disorder) was not statistically
related to the type of neuropathy (p = .973). The most common pre-
senting feature was painful dysesthesia, seen in 66 (55%) patients.
Electrodiagnostic study (EDX) completed in 64 patients most frequently
detected an axonal sensorimotor polyneuropathy. EDX was normal in
18 patients carrying a diagnosis of SFN supported by clinical exam, skin
biopsy or quantitative sudomotor axon reflex test. The median cryo-
globulin level for patients with SFN was lower than patients with
symmetrical large-fiber polyneuropathy and mononeuritis multiplex
(202 pg/mL vs 635 pug/mL, p = .025). Less common PNS diagnoses in-
cluded facial nerve palsy (N = 4), myopathy (N = 2, polymyositis and
non-irritative myopathy), and myasthenia gravis (N = 1).

In 8 patients, CNS complications of cryoglobulinemia were present
(Table 3). These included 2 cases of posterior reversible encephalo-
pathy syndrome (PRES).

Multiple immunosuppressive treatments were utilized in the asso-
ciated groups, with corticosteroids being the most commonly ad-
ministered (74 patients, 56%), followed by rituximab (42 patients,
32%), cyclophosphamide (27 patients, 21%), methotrexate or aza-
thioprine or mycophenolate mofetil (28 patients, 21%), plasmapheresis
(16 patients, 12%), and intravenous immunoglobulin (IVIG, 5 patients,
4%). Twenty patients with HCV were treated with anti-viral therapy.
Specific treatments and responses are reported in Table 4. Clinically,
neurologic manifestations remained stable in 72 (55%) patients and
improved in 30 (23%). Cryoglobulin levels improved or normalized in
80 of 103 (78%) patients. Of 18 with definite cryoglobulinemia who
improved (Table 5), all received immunotherapy, with 13 of 18 (72%)
patients requiring 2 or more treatment modalities.

The efficacy of immunotherapy was assessed for the definite group.
A trend of positive association exists between the use of im-
munotherapy and clinical improvement but it does not reach statistical
significance (OR = 16.4; 95% confidence interval (CI) = 0.94 to 284.9;
p = .055). Further analyses to search for individual predictors of im-
proved clinical outcome were performed for the subgroup of 81 patients
with polyneuropathy in the definite group. A positive association exists
between clinical improvement and corticosteroid usage (OR = 6.0;
95% CI = 1.26 to 28.5; p = .024). A trend of positive association occurs
between clinical improvement and the following factors: male sex
(OR = 2.89; 95% CI=0.75 to 11.1; p = .124), cyclophosphamide
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Patients with neurologic
symptoms
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Fig. 1. Flow chart of patients with neurologic symptoms.

treatment (OR = 2.83; 95% CI = 0.90 to 8.96; p = .076) and mono-
neuritis multiplex presentation (OR = 2.82; 95% CI = 0.79 to 10.1;
p =.109). No significant association was detected between clinical
improvement and young age (< 60 years old), rituximab or plasma-
pheresis treatment.

Table 2

Difference in the distribution of highest cryoglobulin level between groups of
patients with neurologic symptoms associated with cryoglobulinemia and the
unlikely group.

Cryoglobulin (pg/ Total Definite + Possible Unlikely
mL) N =271 N =131 N =140
3.1. Illustrative case 1 — treatment responsive polyneuropathy <100 81 21 60
101-400 91 42 49
A 73year-old female presented with a 4-week history of fever, ;gi‘?ggo ig 1; 1(2)
weight loss, weakness, and neuropathic pain in her feet and left hand. > 1200 51 42 9
Erythematous macules were present on the foot dorsum. Strength ex-
amination revealed the following (Medical Research Council (MRC)
scale): flexor digitorum profundus 4 right and 3 left, first dorsal inter-
osseous 3 bilaterally, hip flexors 4 bilaterally, knee flexors 4 right and 5
Table 1
Demographics and baseline characteristics of all patients.
Characteristic Total Definite Possible Unlikely
N N N N
Total number of patients 271 87 44 140
Female Sex (%) 61 62 57 62
Age (Years), Mean *+ SD 57 + 13.8 58 + 13.7 61 + 11.4 54 + 14.2
Cryoglobulin, Median (Q1, Q3) 207 (89,856) 524 (204,2310) 385 (141,1724) 118 (75,307)
HCV positive 77 28 15 34
RF positive® 96 44 14 38
Purpura® 84 48 15 21
Low C4" 68 30 15 23
Connective tissue disorder
SS 27 13 4 10
SLE 12 10 0 2
RA 11 4 3 4
SSc 3 0 2 1
DM 1 1 0 0
Undifferentiated 2 1 0 1
Lymphoproliferative disease
MGUS 30 13 7 10
NHL 25 5 7 13
MM 5 2 3 0
WM 2 1 0 1
CLL 1 0 1 0
Primary amyloidosis 1 1 0 0
MPGN 32 13 4 15
HIV positive 7 2 2 3

Abbreviations: HCV, hepatitis C virus, RF, rheumatoid factor, ANA, antinuclear antibody, RF, rheumatoid factor, C4, complement component 4, HIV, human
immunodeficiency virus, SS, Sjogren's syndrome, SLE, systemic lupus erythematosus, RA, rheumatoid arthritis, SSc, systemic sclerosis, DM, dermatomyositis, MGUS,
monoclonal gammopathy of undetermined significance, NHL, non-Hodgkin's lymphoma, MM, multiple myeloma, WM, Waldenstrom macroglobulinemia, CLL,
chronic lymphocytic leukemia, MPGN, membranoproliferative glomerulonephritis.

@ Statistically significant characteristics.
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Table 3
A list of nervous system disorders associated with cryoglobulinemia.

Definite N = 87 (%) Possible N = 44 (%)

Peripheral nervous system

Polyneuropathy™ 81 (93) 39 (87)
Symmetrical polyneuropathy 57 (70) 27 (69)
Small fiber neuropathy 14 (16) 11 (25)
Mononeuritis multiplex 14 (17) 2 (5)
Painful polyneuropathy 45 (56) 21 (54)
Facial nerve palsy 33 1(2)
Myasthenia gravis 1() 0
Myopathy 0 2 (5)
Central Nervous System

Seizures including PRES 3 0
Rapidly progressive dementia 1 0
Intracerebral hemorrhage 1 0

CNS vasculitis 1 0

CNS lymphoma 1 0
Myelitis/meningitis 1 0

Abbreviations: PRES posterior reversible encephalopathy syndrome.
2 Patients may have more than one type of neuropathy.

Table 4
The use of immunotherapy and treatment response in cryoglobulinemic pa-
tients with associated neurological disorders.

Definite Possible

N =287 (%) N=44(%)
Treatment”
Corticosteroids 54 (62) 20 (45)
Rituximab 28 (32) 14 (32)
Cyclophosphamide 23 (27) 409
Methotrexate/azathioprine/mycophenolate 20 (26) 8 (18)

mofetil

Plasmapheresis 15 (17) 1(2)
IVIG 4 (5) 1(2)
No immunotherapy 11 (13) 12 (27)
anti-HCV treatment” 15 (17) 5(11)
Clinical response documented 79 39
Improved 18 (23) 12 (31)
Stable 52 (66) 20 (51)
Progressive/relapse 9 (11) 7 (18)
Change in cryoglobulin level 68 35
Normalized 20 (29) 12 (34)
Improved but not normalized 31 (46) 17 (49)
Worse 12 (18) 4 (11)
Stable 5(7) 2 (6)

2 Patients may have received more than one modality.
b Interferon alpha, ledipasvir, ribavirin, simeprevir, sofosbuvir.

left, dorsiflexors O bilaterally and plantar flexors O bilaterally. Serum
cryoglobulin level was 320 ug/mL. EDX study demonstrated a severe
subacute sensorimotor axonal polyneuropathy. Left sural nerve biopsy
revealed findings of focal fibrinoid necrosis with vessel wall in-
flammation constituting a necrotizing vasculitis. Treatment with in-
travenous methylprednisolone (IVMP) at 1g per day for 5days was
initiated, followed by prednisone 60 mg daily and oral cyclopho-
sphamide 125 mg daily. In 2 months, significant improvement was ob-
served in symptoms, physical examination findings and cryoglobulin
level. After month 3, cyclophosphamide was stopped, prednisone was
tapered and methotrexate 20 mg per week was initiated. At month 5,
strength was normalized in her bilateral upper and proximal lower
extremities except plantar flexors (left 4 and right 3) and dorsiflexors (0
bilaterally). Immunotherapy was tapered off at 1year and she was
stable for additional 2 years.

3.2. Illustrative case 2 — treatment responsive myelitis

A 54year-old male presented with subacute onset of headache,
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confusion, urinary retention and paraplegia. Cerebrospinal fluid was
notable for lymphocytic pleocytosis (WBC 219/uL, 94% lymphocytes)
and protein 97 mg/dL. MRI brain and spine revealed intracranial and
spinal leptomeningeal enhancement with subtle parenchymal signal
changes suggestive of meningitis/myelitis (Fig. 2). Serum analysis was
positive for HCV with a viral load of 3,830,000 IU/mL and cryoglobulin
level of 288 ug/mL. Treatment with IVMP at 1 g daily for 3 days was
initiated, followed by IVIG of 2g per kilogram of body weight, and
prednisone 50 mg daily. Within 2 weeks, improvement was seen on leg
strength and on MRI of the brain and spine. Prednisone was slowly
tapered off in 5months. At month 4, his lower extremity strength im-
proved to 3 to 4 (MRC scale), and at month 7 he regained urinary
continence. Antiviral therapy (sofosbuvir and ledipasvir) was initiated
at month 5. Cryoglobulin level significantly improved at month 4 and
normalized at month 7. At month 18 he was able to ambulate without
assistance.

4. Discussion

The occurrence of neurologic complications has been reported in
both type I and MC with conflicting results. Early studies suggested a
higher rate in MC [1] while more recent analyses reported equal oc-
currence in both groups [7]. We report a large case series of patients
with neurologic symptoms and cryoglobulinemia. Overall, 27% of pa-
tients in our population had neurologic complications associated with
cryoglobulinemia. While rates of neurologic symptoms were higher in
patients with type I than MC, the majority of the patients in our study
were not immunotyped.

4.1. PNS complication of cryoglobulinemia

Peripheral polyneuropathy was described in 17% to 60% of patients
with cryoglobulinemia [3]. Sensory symptoms, especially painful
polyneuropathy, accounted for 50.4% of the patients in our series. In
most patients, a distal symmetric sensory or sensorimotor polyneuro-
pathy was encountered while mononeuritis multiplex accounted for
12% of patients. SFN was seen in 19% of patients, consistent with the
recently described high incidence in this population [3]. Peripheral
neuropathy often represents an early manifestation of MC [8]. In par-
ticular, SFN tends to occur early in the course of cryoglobulinemia and
in those with mild systemic disease [6].

The development of a neuropathy is likely related to vasculitis of the
vasa nervorum, consequent to the deposition of cryoprecipitate along
the vessel walls which may compress the endoneural vessels leading to
ischemic damage, cause epineural vasculitis or result in humoral
mediated microangiopathy [6,9,10]. Nerve biopsy typically demon-
strates axonal degeneration with loss of myelinated axons [9]. Con-
sistent with the literature, most cases of cryoglobulin related poly-
neuropathy were axonal in this series. One case of demyelinating
neuropathy was encountered based on EDX findings in the setting of
autoimmune hepatitis, Sjogren's syndrome, and Hashimoto's thyroiditis.
A few cases of demyelinating polyneuropathy in MC were previously
described, supported by EDX and sural nerve biopsies [11-13]. Rarely,
a clinical presentation of chronic inflammatory demyelinating poly-
neuropathy was encountered, responding to either antiviral therapy or
corticosteroids [11-13].

Several reports suggested that cryoglobulinemia may be more
common than previously thought, as a cause of peripheral neuropathy.
In a prospective study of 100 patients with polyneuropathy or mono-
neuritis multiplex of unknown etiology after initial workup, 11 were
eventually diagnosed with cryoglobulinemic neuropathy [14]. In an-
other study of 100 patients with distal symmetric painful SFN with
previously negative workup, 16% of patients had elevated cryoglobu-
lins [15]. Results from these two publications suggest cryoglobuli-
nemia, even in the absence of purpura, may account for a substantial
number of “idiopathic” neuropathies. Other distinctive features of
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Table 5
Characteristic of the definite group of patients who improved with immunotherapy.
Patient Neurological diagnosis Systemic condition Treatment
1 Symmetrical polyneuropathy MPGN Corticosteroids, Mycophenolate Mofetil
2 Symmetrical polyneuropathy MM Corticosteroids, Cyclophosphamide
3 Symmetrical polyneuropathy MPGN Corticosteroids, Cyclophosphamide, Rituximab,
4 Symmetrical polyneuropathy MPGN, HCV Corticosteroids, Rituximab, plasmapheresis, anti-HCV
5 Symmetrical polyneuropathy None Corticosteroids
6 Symmetrical polyneuropathy SS, autoimmune hepatitis Corticosteroids, Cyclophosphamide
7 Symmetrical polyneuropathy None Corticosteroids, IVIG
8 Symmetrical polyneuropathy ITP, SS, MGUS Corticosteroids, Cyclophosphamide, IVIG, Rituximab
9 Mononeuritis multiplex None Corticosteroids, Cyclophosphamide, Methotrexate
10 Mononeuritis multiplex None Corticosteroids
11 Mononeuritis multiplex None Corticosteroids, anti-HCV
12 Mononeuritis multiplex None Corticosteroids, Cyclophosphamide, Methotrexate
13 Mononeuritis multiplex None Corticosteroids, Rituximab
14 Small fiber neuropathy None Mycophenolate Mofetil
15 Small fiber neuropathy IgG MGUS Corticosteroids, Methotrexate, Cyclophosphamide
16 Small fiber neuropathy SS Hydroxychloroquine
17 Thoracic myelitis HCV Corticosteroids, IVIG, anti-HCV
18 CNS vasculitis MPGN Corticosteroids, Cyclophosphamide, Mycophenolate Mofetil

Abbreviations: MPGN, membranoproliferative glomerulonephritis, MM, multiple myeloma, HCV, hepatitis C virus, SS, Sjogren's syndrome, ITP, idiopathic throm-

bocytopenic purpura, MGUS, monoclonal gammopathy of undetermined significance.

—
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Fig. 2. Findings of MRI in a patient with diffuse meningitis and myelitis.
At presentation, MRI brain revealed hyperintensity along the sulci (arrow) and on the surface of brainstem (arrowhead) on axial FLAIR image (A) and leptomeningeal
enhancement on coronal T1, mostly prominently in the brainstem (B). Sagittal T2 images of the cervical (C) and thoracic spine (D) revealed diffuse cord edema and
subtle hyperintensity in the anterior portion of the lower cervical and thoracic spinal cord (arrows). Post contrast administration, predominantly pial enhancement
(arrows) was visualized in the sagittal image of cervical (E) and thoracic spine, as well as axial image (G) of the cervical spine. Following treatment, above signal
changes and enhancement significantly improved (data not shown).
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cryoglobulinemic neuropathy that may increase suspicion are female
predominance, asymmetric distribution, and painful sensory symptoms
[6,16]. Laboratory findings that may suggest an association identified
in our study were positive RF and low C4.

4.2. CNS complications of cryoglobulinemia

CNS manifestations of cryoglobulinemia have been scarcely de-
scribed. In one report, CNS complications were 15 times less frequent
than peripheral neuropathy [17]. In our series, CNS complications ac-
counted for < 10% of patients with neurological complications. In a
review of 279 patients with HCV and life-threatening cryoglobulinemia,
38 patients (13.6%) had cryoglobulinemic CNS involvement [18]. The
diagnoses consisted of cerebral ischemia in 18 patients, CNS vasculitis
in 15, transverse myelitis in 4, and cerebral hemorrhage in 2. Other
reported CNS manifestations include seizures [17], transient hemi-
plegia or confusion [1,19,20], and PRES [21]. Recurrent myelitis is less
frequently reported [22-24]. In one series, 2 of 7 patients with HCV and
recurrent myelitis had MC [23]. Several cases of cryoglobulinemic CNS
complications were successfully treated with plasmapheresis, pre-
sumably by the removal of the immunoglobulin complexes [25,26]. Our
case of diffuse meningitis/myelitis was successfully treated with corti-
costeroid and IVIG, and significant improvement was obtained before
antiviral therapy was initiated for HCV infection.

Similarly to PNS involvement, cryoglobulinemic CNS manifestations
are likely under recognized. In a prospective study of 27 patients with
HCV MC, 89% had cognitive impairment [27]. The frequency of cog-
nitive impairment correlated with cryoglobulin levels. On MRI, total
and periventricular white matter changes were 3 to 8 times higher
compared to HCV patients and healthy controls. Authors concluded that
these findings suggested inflammatory involvement of the CNS in HCV
MC [27]. In our series, brain MRI was completed only in selected pa-
tients, likely underestimating the CNS complication rate. The presence
of CNS complications has been reported as a baseline factor associated
with poor prognosis [17].

4.3. Significance of cryoglobulin level

Higher cryoglobulin titers appeared more frequently in patients
with neurologic symptoms. Only 22% of patients in the unlikely group
possessed cryoglobulin levels exceeding 400 pg/mL, while 82% of pa-
tients in the associated group had levels above 1200 pg/mL (Table 2).
Although levels between patients are not comparable, cryoglobulin le-
vels in an individual patient may serve as a marker for disease activity
(Tables 2 and 5) [2]. In our study, the median cryoglobulin level for
patients with SFN was lower than patients with polyneuropathy or
mononeuritis multiplex (202 pg/mL vs 635 ug/mL). The group of pa-
tients with CNS complications in our study had a higher median cryo-
globulin level when compared to patients with PNS symptoms
(1450 pg/mL vs 524 ug/mL), consistent with prior studies [6].

4.4. Immunotherapy

In patients with HCV MC, sustained virologic response with anti-
viral therapy can often be accomplished in patients with mild to
moderate disease. It was previously demonstrated that the addition of
corticosteroids to interferon alpha did not significantly increase the
therapeutic response in HCV MC [28]. However, antiviral therapy does
not allow for rapid improvement. It may be ineffective, contraindicated,
or poorly tolerated in some patients. Those with severe vasculitis often
require escalation of treatment with immunosuppression or plasma-
pheresis [17]. The illustrative case 2 in our series highlights the im-
portance of immunotherapy in cryoglobulinemia associated with HCV.

We analyzed the association between occurrence of clinical im-
provement and usage of immunotherapy in the definite subgroup. No
significant association was found between clinical improvement and
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use of immunotherapy for the entire subgroup. However, our analysis
could be limited due to patient heterogeneity and small sample size. In
addition to HCV, other associated conditions including connective
tissue and lymphoproliferative disorders were encountered in the de-
finite group. It remains likely that immunotherapy is effective for a
subset of cryoglobulinemia in association with particular condition(s).
Further large-scale study of cryoglobinemic patients with relatively
uniformed associative conditions are still needed.

The immunosuppressive approaches used in cryoglobulinemic vas-
culitis including corticosteroids and cyclophosphamide were derived
from treatment of other systemic vasculitides [3]. It was demonstrated
previously that corticosteroids may prevent flares and alleviate ar-
thralgia in many patients [29]. Our data suggest that corticosteroid
treatment is clearly associated with clinical improvement, and should
be considered for cryoglobulinemic patients with polyneuropathy. To
minimize side effects associated with long-term corticosteroid usage,
medications such as methotrexate, azathioprine or mycophenolate
mofetil may be used for maintenance therapy [3]. In addition, our data
suggested a possibly positive association between clinical improvement
and cyclophosphamide treatment. This is consistent with a few previous
reports indicating an efficacy of cyclophosphamide in treating cryo-
globulinemia [30-32]. Although a large-scale study is needed, our data
seem to imply that cyclophosphamide could be used as adjunctive
therapy to corticosteroids, especially in selected cases of cryoglobuli-
nemia with severe or rapidly progressive PNS or CNS complications.

Recently, two clinical trials demonstrated rituximab as a favorable
treatment option in patients with severe cryoglobulinemic vasculitis
[33] and in patients with HCV MC who did not reach remission with
antiviral therapy [34]. Treatment of the control group was at the dis-
cretion of the physician. Superiority of rituximab was demonstrated
compared to 1) glucocorticoids, 2) azathioprine or cyclophosphamide,
or 3) plasmapheresis, by the primary end point of survival at 12 months
[33], or by 6 month remission compared to no therapy, glucocorticoids,
or plasmapheresis [34]. Patients with neurologic complications have
not been extensively studied, but results from one study suggested
improvement in pain and paresthesia after rituximab [33]. Our study
failed to demonstrate a positive association between rituximab usage
and clinical improvement. However, a prospective study focusing on
the use of rituximab in cryoglobulinemic patients with neurological
manifestations is better suited to assess its efficacy.

There are several limitations to this study. The population came
from a single center and may not be generalizable. Data was collected
retrospectively, yielding variable clinical and follow up information.
There was a lack of standardized diagnosis and management of the
neurological complications. Immunological subtyping of cryoglobulin
was performed in only a small portion of patients. In a portion of the
cases (the possible group), there is a possibility that coexisting condi-
tions may account for the occurrence of neurological disorders.
Nevertheless, this study describes a large volume of patients with
neurologic symptoms that may be attributed to cryoglobulinemia and
provides a framework to approach this challenging diagnosis.
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