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Abstract

The prevalence of various forms of peri-
pheral neuropathy has not been previously
assessed in large series of patients with
essential mixed cryoglobulinaemia
(EMQC). Clinical and electrophysiological
signs of peripheral neuropathy were
observed in 21 of 37 EMC patients, consist-
ing of polyneuropathy in 19, mono-
neuropathy or multiple mononeuropathy
in eight, and both in six. The various forms
of peripheral neuropathy occurred
differently in the subgroups of EMC.
Isolated polyneuropathy was more com-
mon with type II (eight of 10) than type III
EMC (two of eight). Multifocal
neuropathy, in association with poly-
neuropathy, was the most common form
in type IIl EMC (five of eight). Patients
with peripheral neuropathy and type II
EMC were significantly older than type II
EMUC patients without neuropathy, regar-
ding present age and age of onset of EMC.
Patients with peripheral neuropathy and
type III EMC tended to have higher values
of ESR and IgM than type I EMC
patients without neuropathy. Electro-
physiological findings and sural nerve
biopsy specimens (nine cases) showed
prominent axonal changes. Vascular
changes included vasculitis and altera-
tions of the endoneurial microvessels in
type II and type IIl EMC. Our findings
suggest that distinct pathogenic factors
are implicated in the subgroups of
cryoglobulinaemic neuropathy, possibly
inducing different types of vascular
changes underlying polyneuropathy or,
respectively, mononeuropathy and
multiple mononeuropathy.

Cryoglobulinaemia is a condition characterised
by the presence of serum proteins reversibly
precipitating in the cold, composed of isolated
monoclonal immunoglobulin (cryoglobulin
type I) or with a monoclonal component (type
II) or composed only of polyclonal immuno-
globulins (type III).! Cryoglobulinaemia may
be idiopathic (essential mixed cryoglobulin-
aemia (EMCQ)) or secondary to other diseases,
such as lymphoproliferative disorders, collagen
diseases, and chronic infections.! Peripheral
neuropathy associated with cryoglobulinaemia
has long been described,? most reports, how-
ever, deal with single cases>'* or small groups
of patients.">? The data on the prevalence of
peripheral neuropathy in cryoglobulinaemia

are inconsistent, ranging from quite low esti-
mates (7%—19%)'>'%? to about half the
patients.’?2 We examined a series of EMC
patients to assess the prevalence of various
forms of peripheral neuropathy and to evaluate
factors possibly related to its occurrence. A
report on the pathological findings in some of
these patients has been published in abstract
form.**

Patients and methods

Thirty seven consecutive unselected patients
with EMC, followed either as inpatients or
outpatients at the rheumatic disease unit of this
hospital between January 1982 and June 1989,
were clinically evaluated for symptoms and
signs of peripheral neuropathy and submitted
to electrophysiological study when peripheral
neuropathy was clinically suspected. Labora-
tory studies included routine blood tests,
immunological tests (immunoglobulin, Waaler-
Rose reaction, latex test for IgM rheumatoid
factor, C3 and C4, organ and non-organ
specific antibodies), detection and character-
isation of cryoglobulin according to Brouet
etal' and special investigations to assess
involvement of other organs or to exclude
possible causes of secondary cryoglobulin-
aemia. At the time of the study most patients
were untreated or had had only a short course
of steroid therapy. Peripheral neuropathy was
clinically suspected when symptoms or signs of
sensory or motor involvement, or both, were
found within the territory of single nerves or
with a diffuse distal limb distribution. On the
basis of clinical and electrophysiological find-
ings, peripheral neuropathy was classified as
polyneuropathy, mononeuropathy or multiple
mononeuropathy,”” Clinical and laboratory
variables of neuropathic patients were analysed
with regard to their possible relevance for the
pathogenesis of peripheral neuropathy com-
pared with the EMC patients without
neuropathy as ‘“‘control’” group. Subgroups of
patients with type II or type III EMC were
segregated for further analyses. Student’s
unpaired ¢ test and Fischer’s exact test were
used for statistical comparison, and p < 0-05
was considered significant.

Muscle examination with concentric needle
electrode and nerve conduction studies were
performed in 23 patients with clinically suspec-
ted neuropathy. Motor and sensory nerve con-
duction studies were performed with surface
electrodes for stimulation and recording.
Motor nerve conduction velocities (MNCV)
and motor action potentials (MAP) were
evaluated bilaterally in the peroneal nerve of all
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patients. Sensory conduction studies were
performed antidromically in the sural nerves.
Sensory action potentials (SAP) of the sural
nerves were obtained by averaging 32-256
responses. MNCV of the median, ulnar, and
tibial nerves and sensory nerve conduction
velocities (SNCV) of the median, ulnar, and
superficial peroneal nerves were also examined
in selected patients. Electromyography (EMG)
was performed with concentric needle elec-
trodes in the distal muscles of the legs. When
the neuropathy was focal or multifocal, the
corresponding muscles and nerves were
additionally examined. Limb temperature was
maintained at 36° C with an infrared heating
lamp throughout the examination. Biopsy
specimens of the sural nerve 5 cm above the
external malleolus and of the peroneus brevis
muscle were obtained under local anesthesia in
nine patients. Muscle and nerve biopsy
specimens were processed with standard
methods for histology, histochemistry, and
electron microscopy, and for single fibre
preparation (eight patients).”® Morphometric
study of the distribution of myelinated fibre
population was performed on photomicro-
graphs of semithin sections at a magnification
of x 1000, covering at least 0-1 mm? of endo-
neurial area, with an image analyser
(MiniMOP, Zeiss Italia). Necrotising vascu-
litis was diagnosed according to the criteria of
Wees et al?” and Dyck et al,® when intramural
infiltration with necrosis of the vessel walls was
present. Otherwise, pathological changes were
considered suggestive but not diagnostic of
vasculitis, or representative of healed vasculitis
in the presence of infiltration or necrosis of the
vessel wall, or perivascular inflammation, or
fibrous scarring and intramural thickening of
the vessel walls,”’% Direct immunofluores-

Table 1 Features of patients with EMC and peripheral neuropathy
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cence on frozen nerve sections was performed
with anti-sera coupled to fluorescein isothio-
cyanate.

Results

Clinical findings

A total of 37 EMC patients (33 women, four
men) were examined during the study. Peri-
pheral neuropathy was clinically suspected in
23 patients, but the diagnosis was confirmed in
only 21 patients (17 women, four men) by
electrophysiological investigation. Other pos-
sible causes of peripheral neuropathy were
excluded. The 16 remaining women who did
not show evidence of peripheral neuropathy,
including two patients in whom electro-
physiological examination was completely nor-
mal in spite of clinical suspicion of neuropathy,
represented the ‘“‘control”” group of non-
neuropathic EMC patients. Thus, peripheral
neuropathy probably related to EMC was
found in 21 out of 37 patients (56-8%), with a
prevalence similar or slightly lower than other
common manifestations of EMC in our series,
such as purpura (70-3%), arthritis (67-6%),
and fever (48:6%). The time elapsed between
onset of EMC and clinical observation was
similar in patients with peripheral neuropathy
(range 4 months—30 years; median 2 years) and
in ‘“controls” (range 3 months-27 years;
median 2-5 years).

Table 1 summarises the clinical features of
peripheral neuropathy. Polyneuropathy was
present in 19 patients, seventeen had a pure or
mainly sensory type characterised by painful
dysesthesias and sensory loss in a stocking
distribution. Although polyneuropathy was
often asymmetrical, extensive mononeuritis
multiplex was excluded as temporal and spatial

Patient
Age at
Age onset Cryoglobulin Mononeuropathy
Number Sex (years) ~ (years) structure Polyneuropathy (multiplex) Main symptoms
EMC type I1
1 F 61 - 57 IgG-IgMk Sensory, symmetrical Formication, restless legs, mild
ataxia
2 F 63 62 I1gG-IgMk Sensory, symmetrical Formication, burning feet
3 F 67 66 I1gG-IgMk Mainly sensory, symmetrical Formication
4 F 57 55 I1gG-IgMk Sensory, symmetrical Formication, dysesthesias
5 F 55 54 1gG-IgMk Mainly sensory, asymmetrical Pricking, restless legs
6 F 68 64 IgG-IgMl Sensory, slightly asymmetrical Pricking, tightness
7 M 64 61 I1gG-IgMk Mainly sensory, asymmetrical Numbness, formication, ataxia
8 F 74 72 1gG-IgMk Sensorimotor, symmetrical Pain, paresthesias, weakness
9 F 50 41 I1gG-IgMk Mainly sensory, symmetrical Peroneal, bilateral Numbness, cramps
10 F 44 38 1gG-IgAk Sural Numbness
EMC type 111
11 M 50 43 I1gG-IgM Mainly sensory, symmetrical Pain, formication
12 F 63 41 IgG-IgM Mainly sensory, slightly Pain, pricking, ataxia
asymmetrical
13 F 77 72 IgG-IgM Sensory, asymmetrical Median Pain, burning
14 F 65 50 I1gG-IgM Sensory, symmetrical Median, bilateral Formication, restless legs
15 F 41 39 I1gG-IgM Sensory, symmetrical Ulnar, peroneal Burning
16 F 57 27 IgG-IgM Sensory, asymmetrical Tibial Formication, burning
17 F 49 47 I1gG-IgM Subclinical Superficial, peroneal Burning
18 F 38 36 I1gG-IgM Sural, bilateral Pain
Not characterised
19 M 65 63 — Sensory, asymmetrical Numbness, cramps, “jabs”
20 F 66 64 — Mainly sensory, slightly Numbness, lightning
asymmetrical
21 M 67 66 — Sensorimotor, slightly Numbness, weakness, ataxia

asymmetrical
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patterns of symptoms and deficits did not
suggest diffuse nerve involvement from over-
lapping damage of specific nerves.”?? Mono-
neuropathy or multiple mononeuropathy was
seen in eight patients, generally with coexisting
polyneuropathy (six patients). Peripheral
neuropathy was the first manifestation of EMC
in seven patients, alone in four or associated
with purpura (two patients), arthritis, fever,
and weight loss. In the 14 other patients
peripheral neuropathy was preceded by other
manifestations of EMC—such as, purpura (12
patients), arthritis (four patients), fever (three
patients), weight loss (one patient), Raynaud’s
phenomenon (one patient)—with an interval of
2—60 months (median 15 months).
Examining the peripheral neuropathy group
as a whole, we found no significant difference in
clinical and laboratory variables with the con-
trols. We thus analysed separately neuropathic
patients with EMC of type II (10 cases) and
type III (eight cases), in comparison with the
respective groups of non-neuropathic patients
(seven patients in each subgroup). Due to the
small amount of the cryoprecipitate, cryo-
globulin could not be characterised in three
neuropathic and two non-neuropathic patients,
who were not considered in further analyses.
The distribution of subtypes of peripheral
neuropathy differed in the EMC subgroups.
Multiple mononeuropathy (with or without
polyneuropathy) was more common in type ITI
(six of eight) than in type II EMC (p = 0-03).
Pure polyneuropathy was more common with
type II (eight of 10) than type III EMC
(p = 0-03). An association of (multi) focal
neuropathy and polyneuropathy was more
common in type III (five of eight) than type I1
EMC (p = 0-3). Patients with peripheral
neuropathy and type II EMC were signifi-
cantly older than controls with type II EMC,
either at onset of EMC (mean (SD) years 57
(10-7) v 42-7 (12-5); p < 0-05) or present age
(60-3 (8-9)v49-7 (7-8); p < 0-05). Comparison
of laboratory findings showed that in neuro-

Table 2 Electrophysiological findings

pathic patients with type III EMC values of
ESR and serum Ig M tended to be higher than
in the type III EMC control group: however,
the difference was not significant (mean (SD)
ESR 31(30) v 16(9) mm/hr and mean (SD) IgM
46 (2-4) v 2-1 (1-3) g/l). The distribution of
associated symptoms of EMC was similar in
the various subgroups, as well as the incidence
of abnormal laboratory variables, including
tests for IgM rheumatoid factor, serum com-
plement, organ and non-organ specific anti-
bodies, and packed cell volume. A follow up of
at least one year after the initiation of therapy
was available for 13 neuropathic patients (six
treated with steroids, four with interferon a,
one with cyclophosphamide, two with associa-
tion of steroids and interferon «). From a
clinical viewpoint, polyneuropathy symptoms
did not seem to be influenced by the treatment:
however, acute episodes of mononeuropathy
seemed to be prevented. Painful or annoying
sensory symptoms were successfully treated
with amitryptiline in 10 patients.

Electrophysiological findings

Table 2 shows the results of the electrodiagnos-
tic study. Patients 2 and 11 (not included in the
table) had electrophysiological examination
confirming polyneuropathy performed at
another laboratory. The most relevant finding
consisted in abnormal SAP of the sural nerve in
all 18 examined patients, bilaterally in 14 of 17,
with completely absent SAP in eight (bilater-
ally in four of 17). SNCV was often preserved
(10 patients), suggesting that SAP impairment
was mainly due to axonal degeneration.
MNCV of the peroneal nerve was abnormal in
eight out of 19 patients, with severe impair-
ment in only three cases, whereas decreased
MAP amplitude was more often found (10/19).
In some patients (numbers 13, 14, 15, 16),
additional nerves which appeared clinically
affected were examined, confirming focal or
multifocal involvement, whereas in patient 18
the electrophysiological study of the superficial

Peroneal nerve* Sural nerve*
EMGt of
MNCYV (m]s) MAP amplitude (mV ) SNCV (m|s) SAP amplitude (uV ) distal muscles

Patient _— _— _
number  Right Left Right Left Right Left Right Left Right Left

1 45-0 47-0 5-0 5-0 36-2 333 2-0* 3.5% +++ ++ +

3 429 456 3.0* 41 Absent] 342 (V) 3-0% +++ ++

4 39-1* 31-8* 0-5* 0-5* Absent]  Absent} o* o* ++ + +++

5 38-0* 39-0* 2-5% 2-0* ++ ++

6 38-5*% 38:5*% 40 1-2% 40-0 Absent} 0-5% o* ++ +++

7 45-8 43-0 13-0 12:0 Absent] 340 0* 3-0% +++ +++

8 40-0* 41-2* 2-9*% 1-0* 331 36-2 1-0* 1-4* ++ + ++ +

9 447 44-7 6-5 9-0 46-8 38-5 4-6* 4-6* ++ + +++
10 49-0 52-0 4-8 55 38-4 44-0 6-0* 18-0 + +
12 30-0* 27-0* 1-0* 0-3* Absent}  Absent} () 0* +++ +++
13 460 42-8 3-0% 1-8* 433 0-6* +++ ++
14 445 459 10-0 13-0 375 37-8 8-:0 6-0* + +
15 30-0*% Absent* 0-3* 0* Absent]  Absent} 0* 0* +++ ++ +
16 49-0 49-4 4-8 39 39-0 40-8 2-0* 2:5%

17 43-8 47-6 3-8 43 40-5 39-7 6-0* 4-9% - +

18 477 480 70 35 Absent  Absent} 0* 0* + +

19 38-0* 36-0* 5-9 2:0* 36-7 35-7 0-5* 1-0* ++ + +++
20 47-0 45-0 5-0 55 365 39-7 5-0% 7-0 ++ ++
21 32-2% 33-1* 3-0* 1-5*% Absent} 27-4* o* 5-0% +++ ++

*Normal values of peroneal nerve: MNCV = 43 m/s; MAP amplitude more than 3-0 mV.*
Normal values of sural nerve age-adjusted data from our laboratory, ranging from >33 m/s (age 40) to 30 m/s (age 70) for SNCV and from 11 uV (age 40) 50 uV
(age 70) for SAP amplitude.
t+Grading of EMG changes: altered MUP parameters + ; plus reduced interference + +; plus spontaneous activity + + +.

}{Abnormal findings.
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peroneal nerves yielded normal results, confir-
ming a multiple mononeuropathy limited to the
sural nerve bilaterally. Compression at the
usual entrapment sites was excluded. In five
patients with isolated polyneuropathy (num-
bers 6, 7, 12, 19, 21), the nerves of the upper
limbs were examined in addition to peroneal
and sural nerves, showing abnormal motor and
sensory examination of the median and ulnar
nerve in two of them (patients 12 and 21) as
features of subclinical polyneuropathy of the
upper limbs. In all 18 patients abnormal EMG
findings, of variable severity, were constantly
observed in the distal muscles of the lower
limbs, even in patients with normal electro-
neurographic examination of the peroneal
nerves.

Neuropathological findings

Sural nerve biopsy specimens showed myelin-
ated fibre loss mainly affecting large fibres
(table 3). In four patients there was a severe
fibre loss of all calibres, with a patchy fascicular
distribution in patient 15. Myelinated fibre
count was globally normal in patients 1, 7, and
9 as large fibre loss was compensated for by an
increase of small fibres due to the presence of
clusters of regenerating fibres. Active axonal
degeneration was prominent in three biopsy
specimens (patients 5, 6, and 18), and in the
others previous axonal degeneration was sug-
gested by fibre loss or regeneration. Minor
features of demyelination or remyelination
were often associated, and concentric whorls of
supernumerary Schwann cells were noted in
three specimens (patients 1, 12, 15). Unmyelin-
ated fibres were involved only in more severely
damaged nerves (patients 5, 6, 18). Changes of
the endoneurial microvessels, consisting of
thickening of the vessel walls and obliteration
of the lumen, were seen in all specimens but
were especially severe in four (patients 1, 5, 9,
12). Scattered erythrocytes around endoneurial
capillaries (“endoneurial purpura”’ were seen
in patient 12). Necrotising vasculitis of the
epineurial arterioles was present in two
specimens (patients 5, 15), whereas in four
others (patients 7, 9, 12, 18) there were signs of
probable or healed vasculitis. Severe changes of
the endoneurial vessels were more common in
type II1 EMC (3/5 v 1/3), whereas vasculitis
tended to be more common in type III EMC
(3/3 v 3/5). A sufficient number of teased fibres
were available for examination in five biopsy

Table 3 Sural nerve biopsy findings
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specimens, whereas in three others no fibre
could be isolated due to severe myelinated fibre
loss (table 3). Axonal degeneration coexisted
with variable degrees of segmental demyelina-
tion and remyelination, possibly secondary to
axonal degeneration or atrophy.”>* Direct
immunofluorescence examination showed IgM
deposits in the epineurial vessel walls in patient
12 and in the endoneurial vessels in patient 5,
whereas it was negative in patients 9 and 15. In
all examined patients peroneus brevis muscle
biopsy specimens showed denervation of
variable entity. Muscle vasculitis was seen in
five. Tubulfilamentous structures within the
basement membranes of muscle vessels prob-
ably representing cryoglobulin were observed
on electron microscopy in patient 6.

Discussion

Previous works reported clinico-pathological
findings in small groups of patients'™"® or
estimated the prevalence of peripheral neuro-
pathy in cryoglobulinaemia,’ '* 1?-2* however,
distinction was not always made between EMC
and secondary cryoglobulinaemia.!>!¢!® Qur
study demonstrated a high prevalence of peri-
pheral neuropathy in EMC (56:8%) and a more
common occurrence of polyneuropathy
(51-4%) than of mononeuropathy and multiple
mononeuropathy (21-6%), with association of
both in 16-:2%. Peripheral neuropathy was the
presenting manifestation of EMC in 18:9% of
cases, more often than previously reported
(12-5% according to Gorevic et al?'). Poly-
neuropathy was generally of sensory type
(45-9%) commonly with features of painful
dysesthesias. Similarly, peripheral neuropathy
was found in half the cases of EMC by
Migliorini eral? and by Garcia-Bragado
et al®; however, the data of Garcia-Bragado
et al were obtained from a small group of 16
EMC patients, and five out of seven patients
with peripheral neuropathy had a severe
hepatopathy, which may be a cause of poly-
neuropathy.* In the other prevalence
studies,'>* neurological data were not
detailed, so that the features of peripheral
neuropathy and the respective occurrence of
polyneuropathy or mononeuropathy and mul-
tiple mononeuropathy cannot be deduced.
Valli et al® reported a high incidence (60-9%)
of mild peripheral nervous system involve-
ment, examining 23 nephropathic patients with
EMC. Definite peripheral neuropathy, how-

Density of Myelinated Abnormalities in teased fibres (% )*
Patient myelinated fibres
number Sfibres (>7um (%)) A+B C+D+F+G E+H
1 6061 0-8 50 31 19
5 1528 215 — —_ —
6 2112 8-2 63 16 21
7 6865 195 75 18 7
9 6821 3-4 Not done
12 2765 1-5 735 13-5 13
15 3539 1-1 —_ — —
18 Myelinated fibres virtually absent — — —
19 3466 9-4 72 20-5 75
Controlst 5400-8600/mm? 32-45 89(SD9) 9(SD9) 0-5(SD 0-5)

*Classification of teased fibres: A = normal; B = myelin wrinkling; C = demyelination; D = de-remyelination; E = axonal
degeneration; F = remyelination; G = myelin reduplication; H = regeneration.” )
+Normal values of myelinated fibre population according to Behse and Buchthal®; distribution of teased fibre changes in controls

according to Ohi et al.”
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ever, was demonstrated in only six patients. In
our opinion, discrepancy within studies show-
ing low prevalence (7%—19%) of cryoglobulin-
aemic neuropathy,'*'** may be due to
overlooking mild forms and in particular
subjective sensory symptoms.

Nerve biopsy specimens showed prominent
axonal degeneration in accord with electro-
physiological investigation and with previous
pathological  studies.®'?'¢%* %23  Vascular
changes, previously stressed by
others,’ !4 1618203738 consisted of vasculitis of the
epineurial vessels or thickening and oblitera-
tion of the endoneurial vessels. The former
aspect seems to represent immune complex-
mediated vasculitis® * whereas the changes of
endoneurial microvessels could be due to a
different mechanism. Nemni et al'® ascribed to
vascular inflammation the changes of the
endoneurial capillaries, which are not,
however, in the size range of vessels expected to
be affected by vasculitis (50-300 um).”* The
role of ischaemia in the pathogenesis of cryo-
globulinaemic neuropathy is well estab-
lished,’ !¢ '#2 %" whereas other possible mechan-
isms, such as immunologically mediated nerve
damage, remain unsupported.’®**” Our study
showed that different forms of peripheral
neuropathy are associated with the subtypes of
EMC—that is, isolated polyneuropathy in type
11 EMC and (multiple) mononeuropathy, often
combined with polyneuropathy, in type III
EMC. In type II EMC patients, old age
represented a significant risk factor for peri-
pheral neuropathy, whereas neuropathic
patients with type III EMC tended to have
increased ESR and serum IgM levels. As
multifocal neuropathies are often related to
vasculitis of the vasa nervorum,? and microan-
giopathy may cause polyneuropathy*' possibly
the different forms of peripheral neuropathy
in EMC are related to different patterns of
vascular involvement. Indeed, type II cryo-
globulins are immune complexes containing
monoclonal rheumatoid factor, which fix C3
and C4 poorly causing tissue deposition®
rather than inflammatory reaction, and this
could account for endoneurial vessel changes,
similar to the putative mechanism involved in
the damage of glomerular capillaries."
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