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Figure 1. The three parameters of the sensory nerve conduction studies (SNCSs) performed on

the median and sural nerves of the Fisher syndrome (FS) patients without hypesthesia (group NS,
n=6) and those with hypesthesia (group H, n=4) were analyzed. 1-(a) and 2-(a): Sensory conduction
velacities (SCVs) in the median and sural nerves, respectively. 1-(b) and 2-(b): Amplitudes in senso-
ry nerve action nerve potentials (SNAPs) in the median and sural nerves, respectively. 1-(c) and
2-(c): SNAPs duration in the median and sural nerves, respectively. The statistical analysis was per-
formed using the non-parametric Mann-Whitney test.

fore the presentation of the initial symptoms of FS (data not
shown). Seven patients were positive for serum GQIlb anti-
bodies. All patients exhibited the clinical triad of FS, which
consists of ophthalmoplegia, ataxia and hyporeflexia/are-
flexia. Regarding the sensory symptoms, eight patients
(80%) complained of distal dysesthesia. Among these, one
patient (case 1) presented with dysesthesia as the initial
symptom of FS before the appearance of the clinical triad.
Six patients did not show hypesthesia (group NS), whereas
four patients complained of sensory deficits (group H) (Ta-
ble). All four patients with hypesthesia had impaired vibra-
tion sensation, and two patients also had decreased pinprick
sensation. No patient in either group showed limb weakness;
however, two patients (cases 1 and 9) showed dysarthria and
dysphagia. Both patients were alert and neither exhibited ex-
tensor plantar signs or brisk tendon reflexes, thus negating
the possibility of Bickerstaff brainstem encephalitis.

Results of NCS in the two groups

In the MNCSs and FWCSs, all electrophysiological pa-
rameters were normal in all patients and no differences were
found between groups NS and H (data not shown). In the
SNCSs, both the median and sural SCVs were within the
normal ranges and showed no statistical differences between
the two groups (median SCV: 63.0+3.1 m/s in group NS,
66.7+7.0 m/s in group H and 63.2+4.0 m/s in the normal
controls; sural SCV: 58.2+6.8 m/s in group NS, 55.3+2.1 m/

s in group H and 59.0+1.7 m/s in the normal controls)
[Fig. 1.1-(a), 2-(a)]. In the SNCSs, however, both the me-
dian and sural nerve SNAP amplitudes were significantly
decreased in group H (median SNAP: 30.5£9.0 pV in group
NS, 15.0£7.4 uV in group H and 37.8+9.4 pV in the normal
controls, p=0.027 between groups NS and H; sural SNAP:
19.5#6.5 pV in group NS, 5.6+32 pV in group H and
19.124.7 uV in the normal controls, p=0.016 between
groups NS and H) [Fig. 1.1-(b), 2-(b)]. In addition, the du-
ration of the sural SNAPs was prolonged in the patients
with hypesthesia (1.8+0.1 ms in group NS, 2.3+0.4 ms in
group H and 1.7+0.3 ms in the normal controls, p=0.046 be-
tween groups NS and H), whereas the difference in the du-
ration of the median SNAPs between the two groups was
not statistically significant (1.5+0.2 ms in group NS, 2.4+0.9
ms in group H and 1.14+0.1 ms in the normal controls, p=
0.108 between groups NS and H) [Fig. 1.1-(c), 2-(c)].

Morphological changes in SNAPs during the clinical
courses of the two representiative patients

Follow-up SNCSs were conducted in two patients: one
patient with hypesthesia (case 9, group H) and one patient
without hypesthesia (case 5, group NS) (Fig. 2 and 3, re-
spectively). In case 9, a second low-amplitude negative peak
appeared in the median nerve on day 1 approximately 2 ms
after the initial negative peak (arrow in Fig. 2A; day 1). The
latency of this peak gradually decreased through days 1 to
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Figure 2. The time course of the sensory nerve conduction
studies in the median nerve (A) and the sural nerve (B) of a
patient with hyﬁesthesia (case 9). A. The sensory nerve action
potentials (SNAPs) in the right median nerve were recorded
on days 1, 4, 7, 14, 28 and 84 (day 1 was defined as the day of
admission). The arrows indicate the second negative peak that
followed the first negative peak. The arrowheads indicate the
positive peak that followed the first negative peak. The solid
line indicates the most prolonged period of latency associated
with the positive peak (days 4 and 7). B. The SNAPs in the
right sural nerve recorded on days 1, 4, 7, 14, 28 and 84. The
arrows indicate the SNAP take-off and the broken line indi-
cates the most prolonged latency of SNAP onset (day 14). The
arrowheads indicate the positive SNAP peak that followed the
negative peak. The solid line indicates the most prolonged la-
tency of the positive peak (days 1-4).

14 and was incorporated into the first negative peak on day
28 (arrows in Fig. 2A; days 4, 7, 14 and 28). SNAP dura-
tion, which was defined by the time difference between
take-off and the positive peak, gradually decreased from
days 4 to 84 (arrowheads in Fig. 2A; days 4, 7, 14, 28 and
84). After the complete fusion of both negative peaks on
day 28, the duration decreased even further until it reached
a normal SNAP amplitude on day 84. A comparable SNAP
dispersion was also observed in the sural nerve of the same
patient (Fig. 2B).
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Figure 3. The time course of the sural nerve conduction
studies performed in a patient without hypesthesia (case 5).
The SNAPs of the right sural nerve were recorded on days 1, 4,
12 and 40 (day 1 was defined as the day of admission). The ar-
rows indicate notches on the descending part of the sensory
nerve action potentials (SNAPs) (days 1 and 12) and a nega-
tive peak that followed the first negative peak (day 4). The ar-
rowheads indicate the positive peak that followed the negative
peak. The solid line indicates the most prolonged latency on
day 4. Note that the latencies of the positive peak were pro-
longed on days 1-4 and thereafter gradually decreased
through day 40.

Interestingly, a similar desynchronization pattern was ob-
served in case 5. The patient did not have either dysesthesia
or hypesthesia throughout her clinical course (Fig. 3). A dull
notch on the descending SNAP slope was identified on day
1 (arrow in Fig. 3; day 1). On day 4, a second negative
peak appeared just after the first negative peak (arrow in
Fig. 3; day 4). This peak was then completely incorporated
into the first negative peak (Fig. 3; day 12). The latency of
the second positive peak (arrowhead in Fig. 3) was pro-
longed on day 4 and then gradually shortened through day
40.

Discussion

The following three results were obtained in the SNCSs:
(1) the patients with hypesthesia had lower SNAP ampli-
tudes with longer durations than those without hypesthesia,
(2) a distinct desynchronization SNAP pattern was observed
in the acute phase in the two patients who underwent
follow-up studies and (3) subsequent SNAP resynchroniza-
tion resulted in the recuperation of the SNAP amplitudes in
the convalescent phase in these two patients (Fig. 2).
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First, the SNAP amplitudes in both the median and sural
nerves in the patients in group H were smaller than those in
the patients in group NS (Fig. 1). These results suggest that
a correlation exists between the presence of severe sensory
symptoms (hypesthesia) and decreased SNAPs in FS pa-
tients. Therefore, it is plausible that, in FS patients, de-
creases in SNAP amplitudes reflect pathological alterations
in large myelinated sensory fibers.

Second, this study provides two pieces of evidence re-
garding the desynchronization of sensory nerves. SNAP du-
rations were prolonged in the sural nerves of the patients
with hypesthesia (p=0.046, Fig. 1), thus suggesting the pos-
sible desynchronization of the sensory nerves in these pa-
tients. In addition, temporal SNAP dispersions were ob-
served in the two representative patients (cases 5 and 9,
Fig. 2, 3), thus indicating uneven desynchronization of a
fraction of the distal portion of the sensory nerves.

Third, the follow-up SNCSs conducted on the median
nerve in case 9 showed that the second negative peak was
gradually incorporated into the first negative peak. The sec-
ond negative peak was presumed to be a delayed segment of
partially demyelinated sensory nerve fibers. The remyelina-
tion of these fibers possibly led to a gradual improvement in
the latency of the second negative peak, which eventually
resulted in the recuperation of the SNAPs. In case 9, the
SNAP dispersion paralleled clinical improvements in hypes-
thesia, reflecting possible pathological desynchronization in
the acute stage and subsequent resynchronization in the con-
valescent stage.

Another intriguing finding was a similar desynchroniza-
tion/resynchronization pattern in a patient who did not mani-
fest any sensory symptoms throughout the entire clinical
course (case 5, Fig. 3). This finding implies that even FS
patients without sensory symptoms can harbor subclinical
_ demyelination of sensory nerves, although to a lesser extent,
thus widening the scope of sensory neuropathies in FS. In
this regard, the severity of demyelination may partially ex-
plain the severity of sensory symptoms in FS patients.

This case series had some limitations. First, this study
was retrospective and included a relatively small number of
patients. Ideally, the timing of NCSs should be prospectively
studied in a larger number of patients. Second, in the mor-
phological analyses of the SNAP configurations (Fig. 2, 3),
the presumed termination points of the SNAPs could be in-
accurate to some extent because the baseline deviated during
recording and because volume conduction of the muscle re-
sponses was recorded from the electrodes. Lastly, SCV, a
parameter that indicates the degree of demyelinating pathol-
ogy, was not decreased in FS patients, even in the hypesthe-
sic group (group H), thus suggesting that a demyelinating
process may not be the key underlying pathology. SCVs are
essentially determined by the latency of the fastest fraction
of the depolarized nerve trunk of the sensory nerves. In
acute and curable neuropathies, and especially in mild neu-
ropathies such as FS, it may be assumed that only a portion
of nerve fibers will exhibit mild demyelination, thus leaving

a certain amount of the fastest nerve fibers intact and main-
taining normal SCVs with mild SNAP dispersions.

Two large case series hypothesized that either sensory
nerve axonopathy or dorsal root ganglion (DRG) neuronopa-
thy cause decreases in SNAP amplitudes because a smaller
number of axons or DRG neurons could result in a de-
creased number of depolarized axons of sensory
nerves (8, 10). However, demyelinating neuropathies, such
as acute inflammatory demyelinating polyneuropathy,
chronic inflammatory demyelinating polyneuropathy and the
demyelinating type of Charcot-Marie-Tooth disease, can also
result in decreased SNAP amplitudes, largely due to tempo-
ral dispersion or to uneven desynchronization of the sensory
nerve fibers (15). Furthermore, two case reports on periph-
eral nerve pathology in FS patients reported the presence of
segmental demyelination with little axonal pathol-
ogy (16, 17). In our case series, most sensory symptoms, in-
cluding hypesthesia, abated at an early étage of the disease,
typically within a couple of weeks. This suggests that a de-
myelinating process rather than an axonal pathology is in-
volved because axonal pathologies require several months
for recovery. In summary, this study identified three features
of reduced SNAPs that imply the presence of an underlying
concomitant demyelinating pathology in FS patients: pro-
longed SNAP duration, temporal dispersion in the acute
phase and resynchronisation and recuperation of SNAPs dur-
ing the convalescent phase.

Conclusion

FS patients exhibit sensory polyneuropathies to varying
degrees, ranging from asymptomatic subtle electrophysi-
ological findings to symptomatic sensory deficits with de-
creased SNAP amplitudes. Decreases in the SNAP ampli-
tudes, increases in the SNAP duration and the temporal dis-
persion pattern observed at the early clinical stage in FS
provide evidence that a mild demyelinating process is in-
volved, at least in part, in this postinfectious polyneuropa-
thy.
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Chronic Inflammatory Demyelinating Polyneuropathy
Due to the Administration of Pegylated Interferon o-2b:
A Neuropathology Case Report

Kensuke Shiga', Eijiroh Tanaka', Reina Isayama', Toshiki Mizuno',
Kyoko Itoh* and Masanori Nakagawa'

Abstract

We report a 35-year-01d man who developed weakness in his extremities five months after pegylated inter-
feron o (IFNo)-2b was administered. The serum tumor necrosis factor-o. (TNFo) was elevated and nerve
conduction studies revealed demyelination both in the distal and intermediate segments. The sural nerve pa-
thology showed mild demyelinating process. The cessation of ITFN¢ and administration of intravenous immu-
noglobulin improved both his clinical symptoms and the temporal dispersion in motor nerve conduction
study. IFNa-induced CIDP is presumably a transient immunological condition that requires immunomodula-
tory therapy. The elevated serum TNFq may implicate the degree of downstream autoimmunitiy induced by

IFNo.

Key words: chronic inflammatory demyelinating polyneuropathy, interferon o-2b, adverse effect, immuno-

globulin
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Introduction

Interferons comprise an evolutionarily conserved family
of secreted proteins that participate as extracellular messen-
gers in a variety of responses, including antiviral, antiprolif-
erative, and immunomodulatory properties that maintain host
defense systems and homeostasis (1). The administration of
interferon alpha (IFNo) is commonly used as the first-line
therapy for patients with chronic viral hepatitis because of
its antiviral effects (2). On the other hand, autoimmunity is
a well-recognized complication of IFNq therapy, with re-
ported frequencies ranging between 4.3% and 18.5% in
large observational studies (3-5). Neuropathies due to ad-
ministration of IFN¢ are a rare complication (3, 4); how-
ever, eight distinct case reports have shown that chronic in-
flammatory demyelinating polyneuropathy (CIDP) can result
from administration of IFNq, presumably due to perturba-
tions in the host immune system (6-13). We here report a

biopsy-proven case with IFNo-induced CIDP in which the
serum value of tumor necrosis factor-o. (TNFo) was ele-
vated. The correlation between the anatomical distribution of
demyelination and the serum value of TNFo. was discussed.

Case Report

A 35-year-old man was admitted to our facility because
of progressive weakness and numbness in his extremities
five months after the antiviral therapy was initiated to treat
chronic type C hepatitis using peglFN o-2b and ribavirin.
At first, he felt subtle numbness in his toes and fingers. Two
months later, the tingling sensations gradually spread to his
soles and palms, and he began to have difficulty climbing
upstairs. In the following month, he became unable to screw
caps of bottles or button up his shirts. Five months after the
beginning of his neurological symptoms he was referred to
our department, at which point the referred neurologist dis-
continued peglFN o-2b and ribavirin due to the possible ad-
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Table 1. Summary of Nerve Conduction Studies on Admission
left median left ulnar left tibial
DL (ms) 52* (<4.2) 44*% (<34) 4.8 (<6.0)
CMAP (mV) 44 (>3.5) 48 (>2.7) 5.7 (>2.9)
MCV (mvs) 24.7* (> 48) 33.6* (>49) 43.6 (>41)
min F-latency (ms) ~ 54.8* (<31) 49.2* (<32) 70.8* (< 58)
F occurrence (%) 56.0 50.0 43.6* (>93)
left median left ulnar left sural right sural
SNAP (uV) ne* (>19) 1.8*% (>19) 10.9 (>8.3) 153 (>8.3)
SCV (m/s) S (<47 19.2* (<44) 53.1 (<48) 55.1 (<48)

DL: distal latency, CMAP: compound muscle action potential, MCV: motor conduction velocity, SNAP: sensory nerve
action potential, SCV: sensory conduction velocity. MCVs were calculated between wrist and elbow in the median and
ulnar nerves and between ankle and popliteal fossa in the tibial nerve. SCVs were measured between index finger and
wrist in the median nerve and between ring finger and wrist in the ulnar nerve. The sural SCV was calculated between
posterior calf and the lateral foot. Asterisks indicate abnormal values. n.e.: not elicited. The values in parentheses

indicate normal value in each parameter in our facility.

verse side effects. However, the cessation of peglFN o-2b
did not alleviate the weakness or the numbness in his ex-
tremities, and he was admitted to our facility. On neurologi-
cal examination, the patient was alert and cranial nerves
were intact. His muscle bulk was preserved and no fascicu-
lation was observed. His Medical Research Council (MRC)
scores were as follows: deltoid, 5; biceps brachii, 4; triceps
brachii, 5; wrist extensors and flexors, 4; iliopsoas, 5; quad-
riceps femoris, 5; tibialis anterior, 3; extensor hallucis lon-
gus, 3. The patient complained of paresthesia in a stocking-
and-glove distribution. Pinprick and vibration sensation were
decreased in his toes and fingers. The deep tendon reflexes
were diminished. Bilateral plantar reflexes were flexor. Nei-
ther orthostatic hypotension nor dysuria was evident.

The urine analysis, the complete blood count and the bio-
chemical analysis were normal. Serum M-protein was nega-
tive by means of immunoelectrophoresis. Also, serum anti-
bodies against glycolipids, including GM1, GM2, GM3,
GAl, GD1b, GD3, GT1b, GQlb, and galactocerebroside-C
were negative. The antibody against o-2b was negative. It is
noteworthy serum tumor necrosis factor-o; was elevated at
9.2 pg/mL (normal value; 0.6-2.8 pg/mL). The protein level
in the cerebrospinal fluid (CSF) was slightly elevated at 50
mg/dL, while the number of CSF cells was 3/mm’. The re-
sults of the nerve conduction studies are shown in Table 1.
In the motor nerve conduction studies, the distal motor la-
tencies were prolonged; 5.2 ms and 4.4 ms in the left me-
dian and left ulnar nerves, respectively. The motor nerve
conduction velocities were markedly reduced; 24.7 m/s and
33.6 m/s, in the left median and in the left ulnar nerve, re-
spectively. One notable finding was a temporal dispersion of
the compound muscle action potentials (CMAPs) of the left
median nerve at the elbow, while the distal CMAP was rela-
tively unaffected following stimulation at the wrist
(Fig. 1A). A similar dispersion pattern was also observed in
the right median and the left tibial nerves (data not shown).
The sensory nerve action potentials (SNAPs) were not elic-
ited or were only barely elicited in the left median and left
ulnar nerves, respectively, whereas the SNAP in the right

sural nerve and that in the right counterpart was 15.3 puVv
and 10.9 pV, respectively. Over the following three weeks,
the SNAP in the right sural nerve was reduced from 15.3
uV to 3.6 uV. A nerve biopsy was then performed on the
right sural nerve and the teased fiber analysis revealed mild
demyelinating pathology, including myelin wrinkling, seg-
mental demyelination and remyelination (Fig. 2A). On tolu-
idine blue-stained, semi-thin sections, the number of large
myelinated fibers was slightly decreased and variably
thinned myelin sheaths were scattered (Fig. 2B, thin ar-
rows). In contrast, both the axons and unmyelinated nerve
fibers were relatively preserved. Invasion of macrophages
into the endoneurium was also  demonstrated
(Fig. 2B, thick arrow). A myelinated fiber (Fig. 2C, arrow)
showed electron-dense materials which looked like ly-
sosomes (Fig. 2C, small arrowhead, inset) situated in the
Schwann cytoplasm at the node of Ranvier. Another myeli-
nated fiber showed lamellated body in the Schwann cyto-
plasm (Fig. 2C, large arrowhead). Axons were well pre-
served in myelinated fibers (Fig. 2C, asterisks). The results
of the nerve conduction and the pathological evidence of
mild demyelination led us to diagnose him as having CIDP.
To determine any possible improvement after the cessa-
tion of peglFN o-2b, the patient was observed for three
weeks without any additional treatment; however, the weak-
ness in the patient’s legs further deteriorated. High-dose in-
travenous immunoglobulin (IVIG; 0.4 mg/kg/day for five
consecutive days) was then administered. Within a week af-
ter the administration of IVIG, both the averaged hand grip
and the neuropathy disability scores (NDS) (14) recovered
to a remarkable extent; however, weakness in the extremities
started to deteriorate in three weeks. Two additional courses
of IVIG were administered during the following two
months; the patient’s neurological status showed marked im-
provement within a week following each administration
(Fig. 3). The fourth administration of IVIG was canceled
due to a moderate elevation in the levels of liver enzymes,
probably an adverse effect of immunoglobulin administra-
tion. Fortunately, both the hand grip and NDS showed a
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Figure 1. A. Results of the motor conduction study performed on the left median nerve upon ad-
mission (five months after onset). The compound muscle action potentials (CMAP) elicited at the el-
bow shows a marked temporal dispersion, suggesting uneven demyelination between the wrist and
elbow. The dispersion pattern and duration of the CMAP was almost the same at the axilla. B. Re-
sults of the motor nerve conduction study performed on the left median nerve after three courses of
high-dose IVIG therapy (eight months after onset). The CMAP elicited at the elbow shows marked
improvement in terms of the dispersion pattern, although the latency period is prolonged compared
to Fig. 1A, which is suggestive of a remyelination process.

Figure 2. A. Teased fiber specimen. The pair of short longitudinal lines (top) indicates the normal
hiatus of Ranvier node. The asterisks indicate wrinkling of myelin. The small arrowheads indicate
segmental demyelinations or the widening of Ranvier node. The arrows on the nerve (bottom) indi-
cate the shortening of the intermodal segment of the remyelinated nerve. Bar=10 um. B. Sections of
the sural nerve showing a large number of variably thinned myelin sheaths (thin arrows) and mac-
rophages invading into the endoneurium (thick arrow). Toluidine blue-stained semi-thin section.
Bar=10 um. C. At the Schmidt-Lanterman incisure (arrow), irregularly shaped electron-dense ma-
terials (small arrowhead) were found in the cytoplasm of the Schwann cells (Sc). Other Sc show
electron-dense granules and myelin-like materials in the cytoplasm (large arrowhead). The axons
were well preserved in both the myelinated and unmyelinated fibers (*). Bar=2 jim.
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Figure 3. The clinical course of the patient based on two neurological indices that were measured
over the course of one year; average hand grip and neuropathy disability scores (NDS). Each course
of high-dose intravenous immunoglobulin therapy (IVIG) improved both the average hand grip and
NDS. After the third course of IVIG, the indices gradually improved over the ensuing months. The

patient’s neurological status has been stable for three years (data not shown).

gradual improvement without further administration of IVIG
(Fig. 3). Follow-up NCS revealed improved synchronization
of the CMAP at the elbow (Fig. 1B), indicating a remyeli-
nation process at this segment. The patient did not require
further maintenance therapy, such as oral prednisone or im-
munosuppressants, and he has been free of neurological
symptoms for three years.

Discussion

We reported the clinical characteristics of a patient with
CIDP whose symptoms started one month after the admini-
stration of peglFN «-2b and gradually worsened over the
subsequent five months. The patient’s neurological status did
not improve after the discontinuation of peglFN o-2b,
whereas the subsequent administration of IVIG resulted in
rapid improvement of the patient’s motor weaknesses. Two
additional courses of IVIG were required during the follow-
ing months; however, no maintenance therapy was needed
for three years.

The results of nerve conduction studies indicated that the
demyelinating process involved both the distal and the inter-
mediate segments of the nerve trunks for the following rea-
sons. First, the sensory nerve conduction study revealed de-
creased SNAPs in the median and the ulnar nerves and a
relatively unaffected SNAP in the sural nerves: this pattern,
called an abnormal median and normal sural sensory re-
sponse (AMNSSR) pattern, indicates demyelination in the

distal terminals of sensory nerves (15, 16). Secondly, the
motor nerve conduction study showed temporal dispersion
within the intermediate segments of the median (Fig. 1A)
and tibial nerves, indicating that the demyelination process
also involved the intermediate nerve segments. In other
words, the demyelination occurred in both the distal and in-
termediate segments; thus, the condition was classified as
the diffuse type, according to the regional classification of
CIDP (15).

Kuwabara et al reported that the serum value of tumor ne-
crosis factor (TNF)-o. is elevated only in patients with the
diffuse type, among the three regional variatns of
CIDP (15). In the patient described here, the serum TNF-o
value was three fold the upper limit of the normal value.
TNF-¢, a proinflammatory cytokine, is secreted from T-cells
and macrophages and exerts toxic effects on peripheral mye-
lin and endothelial cells (17). The sural nerve pathology of
this patient indicated extravasation of macrophages into the
endoneurium (Fig. 2B), which is possible evidence of break-
down of the BNB and activation of macrophages within the
intermediate nerve segment. It can therefore be speculated
that exogenous IFNo might have induced the release of ad-
hesion molecules or cytokines, such as TNF-q, leading to
the possible breakdown of the BNB and migration of
macrophages into the endoneurium.

In studies on IFNo-related complications, therapy-related
neuropathies were reported in only 3 of 11,241 patients with
hepatitis C in one study (3) and in 0 of 987 patients in an-
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other study (4); thus, therapy-related neuropathies are con-
sidered a rare complication of IFNa treatment. Nevertheless,
seven distinct cases of CIDP have been reported after the
administration of a variety of IFNo species, including
IFNo (6-9), peglFN «-2a (10), and peglFN o-2b (11, 12).
The interval between the administration of IFNc and the on-
set of CIDP ranged from 3 weeks to 11 months. Among
these cases, three cases were observed following the absence
of therapeutic intervention for up to 6 weeks (6, 7, 11);
however, the neurologic symptoms deteriorated in all of
these cases, similar to the present patient. It seems that once
a causative immunologic trigger is initiated, the pathologic
process leading to demyelination is not interrupted even if
IFNo is discontinued. Autoimmunity, once induced by
IFNo, may trigger multiple downstream mechanisms, in-
cluding the increased expression of MHC class I antigens
and stimulation of the transcription of cytokines (including
TNF-o), leading to the activation of lymphocytes, macro-
phages, and natural killer cells (2). Among the six reported
cases of IFN-o-induced CIDP, three cases were classified as
the diffuse type and three cases the intermediate type, sug-
gesting the breakdown of BNB within the intermediate seg-
ments in IFN-¢-induced CIDP and possible involvement of
TNF-o in the pathogenesis of demyelination.

On the other hand, however, a favorable outcome was re-
ported in all of the reported cases of IFNa-induced CIDP
when the patients were treated with any of the standard
therapies for CIDP, including oral steroids (6, 8), plasma ex-
change (7, 11), or IVIG (8-10, 12). In the present case,
three courses of IVIG were administered, but no mainte-
nance immunomodulatory therapy was needed. In the re-
ported cases of IFNo-induced CIDP, a few of relapses oc-
curred; however, no single case required the administration
of prednisone or immunosuppressants. These features imply
that IFNo-induced CIDP is a transient condition that re-
quires a certain period of immunomodulatory therapy, but
does not require the administration of a long-term mainte-
nance therapy.

Conclusion

Here, the clinical characteristics of a patient with CIDP
due to administration of peglFNa-2b are reported. IFNo-
induced CIDP is, in general, a benign and transient condi-
tion; however, immunomodulatory therapy is required to re-
verse the demyelinating process once it develops. The meas-
urement of the serum TNFo may be useful to assess the de-
gree of autoimmunity in IFNa-induced CIDP.
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l T RSN Y7 S 2

BRI FREROME W, RFBEMMIE (uremic encephalopathy), EAT AR IH i 52
(dialysis disequilibrium syndrome), ZEATHIE (EHTRRHIE) (dialysis encephalopathy (dialysis de-
mentia) ), BEBEOMEREIE, REBEM =2 —n,5F— (UN: uremic neuropathy), FiR%
TEGRE, HEME=2—n A AF—L0E»¥Hs. INLOEHER Y YY) OBEERELY, B

BELLTERGHMEZECA L DHAS. FET UN OFBEMHIL, VACIRFORL
FEARND.

1 wERRBEEOHE

REBEENE 2D 2 CIHBREFS CERBET/BET 2 B RET 5. W ERE
T, SRR, EEME WHRETER E2a s h, BT LR, RERE, BR S0
ERE Rk U AN, BITROEREEES, BHEABBECAON2 —BEORETH Y, HiE
B, BRI, WORMMITEL LR AU, ENBEIBITEAL LU EPEBL THA
VT T 2R T, EECHERE, REET, WTEE, CTArA, QWET, BHEREE
T3, BFEFO7 VI =Y LHEETH Y2, BHBOBDLEEIL D RBEE R otz B
B L A MRRAIEL LT, MIRMEESOELY) v o8, BEESHES T3,

UN GBI MEREEO L2 T b 5 b LB, TBCEALE8 X O B S B
PHEUS. REEEE=2—n 29—t L TRFRSERESRENTH Y, FMICER L 0B
R v v P laBBLHB M, BRTHRESALGRIZns/n )y b7 u Fit
EVBERTHD, BENRS 2 — 0 9 — T, BIHENE BTRE 4 U87vY, BHd
DEMEREL 59, BPRBEOBRETE, BREE= 2 — 0 F—PRWEREBEL LU TV 52
ENGL, IO HEMCERAL TR TEERBEL 1 3.

f2 REBmlE=1—0/5F—

@ R

UN BB EAT2ERED2/3IZEZDOLN, TTUEBHFPZITVL2ERED 0% UN#HD,
0% IHFEENEEO UNHH 2. O UNE, BEBEARELS Lk, BFT 205
HOBRMLELOBMEEBEE S H 2. —F, ROWBE, CFUTHE, REREFLSBEL L2,
EORDT, BEBROROME Lo L LTUA 2 LA EBTRMICHEL, 1AL ALY VU
%% (restless legs syndrome) (¥ LFE) L LEN2HENDH S (p349BR).

UN BHREORITIRCRIL, BF2EAT 2 LERT 5. BEERGMEERL Y b UN
UEHDRPKEC, BBEETI L 6~12 7 FORBT UN BHET S, N6 DBKERL Y,
M EAT TIERE 3 4112 {0 300~12,000 Da DG FEYEP = o —nrF—ORELEZ LN
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TV, HOFEWEL LTCRIFRBAVEY, fIznsund Yy, AFArr=y, 34
Ay b= EPES N, BRECEREERET S L UN ORERMNI RS T 5. L
L, 3447 —vREEMREERECHER D 2 PHREFEEE R I v, BIFRE S
NVEVREMERTIESMRZEREDOBELBEET LY, BEAEBRETIEERWEETIZ V.
R, FAOTFEDE CIMREEERE &R TERNLERY L, BRAL LTERETRHETH S,

Krishnan BHO R T, REZVSMED Nat /KRy FTOEBZIHIL T o —nSF — %2
U5 LW Nielsen DRFHFPBRL TV 29, MROBMEEPFHLHLCHESFEL A2 L,
BN R RO B e BRI H 2 55, SITBRBEBMNHEBL. 27, BoOwOR
FERMp K EEERD Y, BHENRELY VAR BSMEREEOREICEELRE P £ L
TWiz, Ligh-C, BHREFMETLTOENEAL TOM, M K2 EEHBENCHERL S
AV LMELIETA L, UNOREHEEPRALSE, BEPBHTIZWEEVDH S,
€ KRR

UN IZEBEBERED—BRLAHELZELZONT VI, BEMPFEAINERIELITHbNs LS
Y, BEOUNZRBALTEI. UN QERRE, EAHECHEBEMENOREESS R
Za—nRF—Thb, THRILKID IEENEETH L. WHERE, 7FrvABEETOWHE,
EHEOBELRTH 52, EEE BEOETLSM, dysesthesia (BEEE) S EAZEIK
X0, —REHFTEEIBETH 25, TREVTOHIVETIZLVERR O $ EEBL I
HOBMOBUPETTA LMD A. |

P LA b L ALy JERBEREEBAEDBECLELEAONAFTRTH 22, Bk
TRREBEIZVCIE DA, HEZIFFENHATHILTLE UNOHFEERT DT
eH, VAMLC ALy ZEREIEUN 249 2 LS. S OBBRTFESREELD dysesthesia
PRDBN, WBEIYSF I/ F I THREL, MRELEL, DT onsml, 0 AKNKUE
KRBT 5.

UN D2, BARLy D TH - EXSFRNHOEM $ 1C3HHET, WERLTOREEE,
FIIBILORDERT, #RCEREOEEVHNERTHTH 5.

TRABFORE

FEFRFILIZ S0 b, SEBIAE S BOL RO R ERIE £ 320> 5. SEBIAEEERFERIE L €
YBEMHEEBMORBII BRI 5. PEEMHZEOBREMABEHEM ORIFHA L TREKD
(FEEEP BT 2 FREOSEEEL, UNOI CISEL 3, BB ER (snglefber
EMG) *" iz X v, EFHEM LU 2HHEMEFERIEETH Y BHEZREEI VIV ETFH
3Nns. 2L, Yox— QCHEOBHEEMSREL TRETHIHEOREE) W¥MT50DT,
BRI S BIE R L L TV A TR H A . B—BHERENO Y » X —BEIIENIC X
HYYET 5.

side m e m o

“1 | B—IRHEHER

BB EN (single-fiber electromyography) &, BN LSS % B TE 4 OFFRIE D 5 DIEE)
B ERL THEY 2HBRIAEC L THS.
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' mEoTE

BRI

®7-1] RERMES 1—0/5F — Oh MRS
BERE R ERABE NI LTI TFE REARITATEEL, FYEY Y
CEBUBRTEHRHERZ 1 K I RICEEEFESC LEERTH S,

O RIEFZIRE :

Asbury & DFRBIOFHEIC X 4L, KR OMBRENR L BUSRIEMEICEIL S T
Y, BEMEPREMRCOAKOFMAN Do, THEMBMTRBERFRICZLL, LEMHE
MBI IXREIL o7, RN TIXIAMIED PR RA B (central chromatolysis) ;
BHY, HHBERANCH R TRHBORBRET 2RDL. INORWMRERENI SR
Za—mAF—QBBWLTRTH 2. Dyck 613, BEMEARC &Y RELMEEDOWE, &
VEBLBES X USEEAL L e HARB 2y (R 7-1), SR LD SRER L SR m
DEALLEVER R Z AL 2 LE LY. 27, BMOTHM I & 2 MRWETE 7V EIERLT,
RIS 5 KR P MBI, MO ESCHERBEY A2 ERELRY. ME MNER
REVEICEE T 2 KEBEAMBREMETE, MRH2EHE L CRREN O 2 BRSO EMBRER
THMMBEEDEL L EL T Zh b DERIMMBELM T V2L Y, UN OEFRENE LI
Pt 2 EHIEREE S L ORBEREEOHRBEY H - BEHHTL 2LV TE .

i3 UngEusF—av
€ (== O

UN OREEFFMISFER L L THO Y YY) NRERLFEAKTH 5.

PBREEEL LT, HEWORE (B BHY, BUSER), WEREHOEFH L7 A
bR BB ES, SRR, RSES, BHES, SRS - M), BERE (R
FROME, BEOREE, BH - EROMEE), FESHOTERZ SR T 5. WRERMAIHCH
FEHENVDHH DT 8, %#E%E%B-EE&@%%J%, Flc, GEBERK I CERGEBEOREER
BHECREPDBOTH 0, PIME L BIHERHE L CTCACIEBRT A LENDH 5. UN ik
YRR 72 O T BIER IR I L o - '
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R 7-11 Karnofsky Performance Scale

EE BMEERDZWN

BEOESNTED. BEOBMEERNHS.
BEOEHICEHEET . PEEOBMBEERNS 3.
BAOBOEDOZ EIETESD, BEDOFEESOEENRMERETERLR W,
EECNBNRETHZD, BOTPDIEWTEDRENMNEITES,
PO ONBEEROEREYT PHRETH S,

EEICHED OBEENSE D, [T T eNENRETH D,
BEIESNEEIN, AENRETHS. FEIE - IRRETIHARL.
EBICEETARIDETH D, TEHE - LRETIERL,

. EHE->THED, FICEZRENBEICETLTNS,

0o Er

(Karnofsky et al, 1948 &)1V

[E£7-2] Za—-ONF-EEERXT—D
AF—Y 0 Za-—-ONF—ibL
L EREREZ L —-aNRTF—
27— 1 HEZNAE, CEEE TEMNREREORT2EEL EFNT S,
LR E ERERFNEBEEREGW,
ERME = 2 —O/F—
HIEEMNFRE, CEEE TEMNRERBEORT 2 BB EHNT S,
FRZNEBERDH DD, BEEEL TLERWN,
BEOHD = 1—Q/INF—
HRZNAR, CERE TENREMREOPT2EBMULESZYT 3,
HFRZ2NEBERNG D, BEAELTWS,

(Dyck, 1993 &£1)13)

THEVHIRR - 2I0H0# £ LT, Barthel Index % 7212 Functional Independence Measure % > TH
HHEBEBEYFHMEL, BF»o0ub L), BESHTLEVEETS. 2HNREFME LT
Karnofsky Performance Scale (& 7-1)"", A{EDE DFHM & L T Short Form-36 (SF-36 HAFERR) 2
TERHC .

P B B LAY 7o M BB I E EF 4 1 Neuropathy Symptom Score 23 5 5, AIEHN L BEREESIETDH
Bra—nAF—BEEAF—Y (ET7-2) OFVERETHHY. hefeTUNDERES
S¥ET % b, Laaksonen 642 & AUE™, 25— 1 (BEBREME= » —nXF—) 19%, AT—2
(ERE=a—m3F—) 8%, AT7—V3 (BEODSL=a—m%F—) UNThHoT.

B UNEYF—2 3> ORE

A UN THNI B RBEZOREIRETH Y, LES U URMIFESCEILES L 2T
B st 247 5. WO 2 EBHS TEEOER» H L, BEEVR—4— 303 %s
WAABR TS AFy 7 EBTHER Gryry®) 20K, i, Bokezvar—x—1k
PHRCIMEOm 28 5. HEAFIHEORBRE 20,

@ BRE & & DIREE
YY) EREERETSOR UNBEOEREEETH L. UN CRHERFRE»MD S b, FRE
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[%7-3]

{ﬁﬁ’]@ﬁ”\fg N —

e =

msec). (m/sec) (msed) - (mV)
4.34 . 41.7 3.36 117
48.2 4.02 53 44.9 3.12 4.0
48.7 3.12 4.8 44.8 3.06 11.4
45.1 3.32 3.2 42.2 3.32 5.4

396 636 1.9

P No evoked response

(5) Beigme 383 3.36 2.0

() BEpEw® -
FEIEEE : #REEREEz 45 m/sec, THRERE | HR{EEEEz 40 m/sec

BTHCS UN L 2HIETROREEEG DL DTIUM - BTV L IARELELLD. —7,
MDY, FEEEIRTELE S 8IE % & CREREIMT© TR s BEo 1o a3 8 D ICHEIR R S
. PRI UN X 2 HHETSCRERESH 2 D TIUMPLEITRARLEICLY, FHRHR
BE BRPEENEC L ARDEE, S5 L 2 RAEEE b Y, Yy b EERKD
B A 2O, BEVRELLTCY ry PRREBRRL, Y7o PEBY QERERE
REFCATY, BRI ETHRE T 5.

1 Vv MCLEEEL - KERYIERE S

TEB 49 %, B, ERE

BEER | ERRRYINT, RATREREE.

S BEELRS, HENBREE 2 BERE UN %L UBERRE= 2 —RrtF—,
BREE AR  X-7 FUERE, X-5F CBESRL LIS h, MUGER»HBL L.
-1 AR IENEIRIEILE L BT S N, X4E2 A, EAROWAC TS A, 6 FCRE/ERE
TYACYFHRBAABEL 72, BORIG CH Y, B/ R CHEEZENH Y, FHLER
HHET L REBE 2R, MREEREIEELL (R7-3). B, WREARLS?ZRE
WA TDIKRREBR P T LT, R P BT EY Lch, BRESSEBETH -0
T, NMEEEEDICD, FE T LN OWRECAPES 20 Y7y PVIELACOPARET
51 3 LUEFRHHET LISBEREDR D, WALy 7y FERO VTR D
SHU, WP LA O 2 S B BEVREETH . 22Ty Y a—vofFr—%
VI bETAZEY ry MIERL, BATEHIRCY ) a—v I T —2mP» T L5 0EES
Brywlic (B7-20). ZOHBTCHMY, Wiy r vt (B7-2B) LELAA,
Y FEVEREAY o FEBOBAEBIEES YA LI L. Yy MERIDL DREES
L3R HELL.
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[®7-2] XkkR&ERE
ARV Y bEERE (BEEFR FETRTREMR), B: AV v b, Vv bERICES
EENRZ 3.

BUNLEL )Y ARSI X AWMEEEC I Y BET 2 TREE»H Y, EaadHkE
ANVEMOREEHZHE= o — v F—2 2T 5. BIIFRCEIES) IS L 2 THEGH#H

b, BTN THREEZLFL, AHMLOD BRIV A—2 2D 2. EFEET
BRELVEELL2DOTERYETS. (/BERI—, fIH X

1) Ropper AH, Samuels MA : Uremic encephalopathy, Adams & Victor's Principles of Neurology, 9th ed,
McGraw-Hill, New York, pp1093-1095, 2009

2) Alfrey AC, et al : The dialysis encephalopathy syndrome: Possible aluminum intoxication. N Engl J Med 294:
184-188, 1976
3) AEME  REBEE= 2 —0O/NF—. REEUNE BARRME #REER YV, BABRY, pp558-562, 2000
4) Ropper AH, Samuels MA @ Uremic polyneuropathy, Adams & Victor's Principles of Neurology, 9th ed,
McGraw-Hill, New York, pp1295-1297, 2009
5) Vanholder T, et al : Uremic toxicity: the middle molecule hypothesis revisited. Semin Nephrol 14: 205-218,
1994 : :
6) Krishnan AV, Kiernan MC @ Uremic neuropathy: clinical features and new pathophysiological insights. Muscle
Nerve 35: 273-290, 2007
7) Asbury AK, et al : Uremic polyneuropathy. Arch Neurol 8: 413-428, 1963
8) Dyck PJ, et al : Segmental demyelination secondary to axonal degeneratiohn in uremic neuropathy. Mayo
Clin Proc 146: 400-431, 1971
9) Dyck PJ, et al : Permanent axotomy, a model of axonal atrophy and secondary segmental demyelination and
remyelination. Ann Neurol 9: 575-583, 1981
10) Hachisuka K, et al : Ultrastructural alterations of primary afferent axons in the nucleus gracilis after peripheral
nerve axatomy. J Neuropathol Exp Neurol 48: 413-424, 1989
11) Karnofsky D, et al : The use of nitrogen mustard in the palliative treatment of cancer. Cancer 1: 634-656,
1948 )
12) Fukuhara S, et al : Translation, adaptation, and validation of the SF-36 Health Survey for use in Japan. J Clin
Epidemiol 51: 1037-1044, 1998
13) Dyck PJ @ Quantitating severity of neuropathy. Peripheral Neuropathy, 3rd ed (Dyck PJ, Thomas PK, eds), WB
Saunders, Philadelphia, pp686-697, 1993 .
14) Laaksonen S, et al : Neurophysiologic parameters and symptoms in chronic renal failure. Muscle Nerve 25:
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YA A YA VA LR 2B 3BT L
ETHY, BEED 005~01%2 T HkE
WHHETEECEEEL £ L5, S2HIKA
| AFBEME/NERRE S 2 1 3/NBRRE & IRIE N B
bH 5. bASETIE 1960 £ I KEATAD o
75, ROERY 727 F 7 (Sabin(L—¥ )7
FVIDOEAC LY FBEIXABICEA L, 1980
DI EF RIS X BRIER R o LA L,
7 FEEES DI YT VIRAE B L
ZIEM 0~3 HOR Y A REERDS (T F
UG L FR ) '

R F $BREEHR (post-polio syndrome) & &, K
TR OBICERE LA 2T, B
BENELT 20, TRz eEiErE
BIWEOZ L THDH. REMRERE, S
. BN, SEBE, B TREBRRET
A5, BENICE STRCEThZELS X
Kot LELEEETLEI o, W
B RS EEIC o7z, BRI R Bolmb R
RBHT ENEWN,

R S BEEREBIER Y FREE D 20~85% I1C
BLB. KA REZE, EBRREO—IF L
DR LB B R E LTV B, EE
FEORIE X BB CHERIIIIRE I RT
Wh, ZOfERE UCEBBAIIIA LG HET
BHEBEREEINLY, ZOBXERICE R
AR PSR R ET 2L
B B - R OB L U AT
i, B ET EICENALD
BE)SKRELERTH L. TOMIC, MEH, FE
R, B, BET R EDHEE LT A
B 2.

RUARERE—C. E¥NU/N\EUF— 3> @ 387

R BERHODHERILTOLEBY TH
5. '

OEH = 2 — 0 VHEEEED) B FI X B5E
BHY, WRENSETRE, HHETLH
ZEifE, HERCTHMER RSHER IS,

@R) FREEHEEET, HOWITHDLNIEE
SICHELZEE L THRENICEEL TV
BT 15 SE D EHBE 9 5.

OMITH A VIR T AT B NIET T2
SEHFMED, REIZHDHWVIIERELS. &
BIES, N, I B OmAEES
ZEHHY, FNITHFRPHETICHET AEE
EELLIENDB.

@OINSOFERIT L EL EFFET 5.

®OINoDEREET A2 HRESR, WEHER,

BENABHRBLZBNTE 5.

THE T DXITR

R A RBEOBIPESIIZER 8~9%, BE
M 2~5% & T35, HHETOFREL
T, BELEAMEZONDE (F11-7). BAOE
FEPREVESE, LIFLETEEYRE]I28ED
HOT(R11-8), FEz+05HH L CREDOH T
PRLABR R 2 5 X9 ITFR L, 4, EOER
I EEL A LT VO T, MERARPILE
DIZRELVT B X HICT B, T, HEZETLEE
DT ERVEIICHSIEE 2 2R—RBEH5DOER
rWEL, #E, B, BWIL#EEEHL AR
REWT DL ICIRET D, BHOERFKE W
BaEE BoEbh) oBEIESTITY, #HER
e, HFECHEZMERUERZ FHT
5XHIIRET S,
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FREFORR BHOWR | FEOEI-Z |

\S\ \\\ !%m
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BORE AADHH | BETEEER

11-8 JRIRDTE L IRY A EAEIREF

AR FIFHARMERRE 22 O T, FRRET SR
WHEEE LRV, BEHHICT vNg v AR
& Z D5 % 1 XBS 8 7T B 3K (range of motion ;
ROM)ZHIBREN B Z &2 5. 72k 21E, KER
WEH OB IET2AHIUTEMBERREZ £ U7
{72h. ROMMPSBATAHEEZIZIA MLy F24E
BT 5.

&l oy vomiEs

RV FIARPAORETH Y, WHRITEE 2T
EDICAT WV TERAEFTENR W X I IZHh
EE, BEOBDCLVHHE—E20HES:
AL, BITEEZELHLEEWETS. IhbH0k
BOBABERCTEEVREIZD2LIITRE0
TH» ). FEEIIR>THIDITALTAT ANV
T AL, ZREELIRETHERE 2 EHDT,
R ERED 2 WR—A % Bo, EHEYTE
NI L EIRET S,
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E11-9 A—R Vi tTSAFv o

RTREE
ElEBBEFICAAAOV IR, BlEdA 7wy
rEAWTWD.

BITEEICN L TERERENT 20T 5.
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