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Background: Multifocal motor neuropathy (MMN) occasionally presents with cranial nerve involvement.
However, no MMN cases with visual pathway impairment demonstrated by visual evoked potential
(VEP) have been reported.
Case report: A 36-year-old man was admitted to our hospital with progressive muscular weakness. On
admission, neurological findings revealed bilateral muscle weakness and atrophy of the distal upper limbs.
The blood tests were positive for GM-1 ganglioside antibodies. Nerve conduction studies revealed bilateral
conduction block in the median nerve. He was diagnosed with MMN. Intravenous immunoglobulin treat-
ment improved muscle weakness and blurred vision, which was not a complaint when he was first seen.
Moreover, VEP showed a post-treatment shortening of P100 latency. These treatment effects were consis-
tently observed for 3.5 years.
Significance: Our findings suggested that MMN could affect the visual pathway through autoimmune
mechanisms.
� 2021 Published by Elsevier B.V. on behalf of International Federation of Clinical Neurophysiology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Multifocal motor neuropathy (MMN) is among the immune-
mediated neuropathies associated with anti-GM1 antibodies.
MMN presents as a chronic progressive motor neuropathy, which
is characterized by asymmetric muscle weakness and atrophy in
the distal limbs with partial motor conduction block (Yeh et al.,
2020). Rarely, some patients with MMN present with cranial nerve
involvement other than limb muscle weakness (e.g., hypoglossal
and abducens nerve palsies) (Kaji et al., 1992; Galassi et al.,
2012). Here, we describe the case of a patient with MMN who
presented with visual pathway impairment.
2. Case report

A 36-year-old man was admitted to our hospital with bilateral
progressive muscular weakness in the upper limbs (day 0). He
was diagnosed with MMN in another hospital and treated using
intravenous immunoglobulin (IVIg) 11 years prior. However, he
had discontinued visiting the hospital on his judgment. Upon neu-
rological examination, visual field, pupils, light reflex, and ocular
movement were normal. No other cranial nerve disorders were
detected. There were bilateral muscle atrophy and weakness of
the distal upper limb, mainly on the right side (Medical Research
Council Scale for Muscle Strength: 1–3). There were no deep ten-
don reflexes of the right triceps brachii and bilateral brachioradi-
alis; there were no evoked pathological reflexes. The grasping
power was 13.5 and 22.0 kg in the right and in the left hand,
respectively. There were no findings of sensory disorders, ataxia,
and autonomic dysfunction. Additionally, the complete blood
count and biochemical examinations, including liver and kidney
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function, revealed normal findings. Autoantibody tests revealed
positivity for anti-GM1 IgM antibodies. Cerebrospinal fluid analysis
results were normal. Contrast-enhanced magnetic resonance imag-
ing (MRI) did not reveal abnormalities in the brain, optic nerve, and
spine. Nerve conduction studies revealed bilateral conduction
block in the median nerve between the wrist and elbow segment
(Fig. 1). The sensory nerve action potentials and sensory conduc-
tion velocities were normal. He was diagnosed with MMN
recurrence and treated using IVIg from day 4. There was gradual
post-treatment improvement in the muscle weakness of the upper
limbs. Additionally, although he did not present pre-treatment
complaints of visual symptoms, he said, ‘‘I could see more clearly,
Fig. 1. Motor-nerve conduction studies focused on the right median nerve on
admission. Prolonged distal latency, slowed conduction velocities, and conduction
block between the wrist and elbow are observed. MCV, motor-nerve conduction
velocity.

Fig. 2. Clinical course. We examined the grasping power and VEP within 1 week before
midline occipital portion (MO). Before IVIg treatment, there is bilateral deterioration of
(<121.0 ms). After every IVIg treatment, an improvement in the grasping power is obse
signed rank-sum test). VEP, visual evoked potential; IVIg, intravenous immunoglobulin.
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and I felt like fatigue of my eyes was removed” after treatment. He
was discharged on day 18.

At 5 months after being discharged, he developed recurrent
upper limb muscle weakness. IVIg administration improved
muscle weakness and bilateral blurred vision. At 9 months after
discharge, ophthalmologic examination was unremarkable (eye-
sight [right, 0.7; left, 0.6], intraocular pressure [right, 12 mmHg;
left, 9 mmHg], and Fricker value [right, 39.33; left, 37.33]). The
post-treatment improvement in muscle weakness and blurred
vision was observed repeatedly for 3.5 years after the discharge.
Therefore, in patients with MMN, there might be visual pathway
involvement in addition to motor nerve involvement. Fig. 2 pre-
sents the results of the P100 latencies of visual-evoked potential
(VEP) and grasping power obtained within 1 week before and after
the treatment throughout the last 2.5-year follow-up examina-
tions. P100 latencies were within the normal range (<121.0 ms)
before IVIg treatment (Rt, 109.9 ± 2.4 ms; Lt, 108.0 ± 2.2 ms
[mean ± standard deviation]). There was significant post-
treatment shortening in the latencies (Rt, 103.4 ± 2.4 ms; Lt,
103.4 ± 0.9 ms; p = 0.03, Wilcoxon’s signed-rank sum test) (Fig. 2,
Supplementary Figure) (Tobimatsu et al., 1993).
3. Discussion

To the best of our knowledge, this is the first reported case of
repeated improvements in visual symptoms with IVIg treatment
for MMN. Visual symptom improvement was associated with the
P100 latency shortening of VEP.

Chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP), which is another demyelinating neuropathy with motor
conduction block, is often accompanied by visual symptoms
(Imamura et al., 1994; Holtkamp et al., 2001). The mechanism for
visual impairment in CIDP remains under debate. The immunolog-
and after IVIg. VEP to checkerboard pattern reversal stimulation was recorded at
grasping power in the hands, although P100 latencies are within the normal range
rved. In addition, P100 latencies have shortened significantly (p = 0.03; Wilcoxon’s
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ical mechanism affecting the glial cells may be associated with
visual pathway impairment; however, myelin in the central ner-
vous system comprises oligodendrocytes, rather than the Schwann
cells in the peripheral nerves (Prasad and Galetta, 2011). Regarding
MMN, there was only one reported case with optic neuritis, which
was indicated by contrast enhancement on optic nerve MRI (Lee
et al., 1999). The mechanism underlying visual pathway impair-
ment in our patient remains unclear. However, several immuno-
logical processes have been considered. For example, GM1
antibodies can impair the visual pathway since GM1 ganglioside,
which is one of the target antigens in patients with MMN, is
expressed in both the peripheral and central nervous systems
(Marconi et al., 2005).

Some patients with CIDP present with prolonged P100 latency
of VEP; however, the utility of VEP in evaluating the treatment
effect remains unclear (Stojkovic et al., 2000; Pakalnis et al.,
1988; Gigli et al., 1989; Takeda et al., 2010; Knopp et al., 2014).
We did not detect prolonged P100 latency; however, the post-
treatment shortening of P100 latency may indicate the presence
of visual pathway impairment. However, VEP abnormalities result
from disorders in various regions, including the retina, optic nerve,
optic tract, optic radiations, or visual cortex (Donnel, 2019). In our
case, there were no obvious abnormalities on ophthalmologic
examination and contrast MRI findings. Therefore, we could not
precisely localize the lesion responsible for visual symptoms.

Taken together, our findings indicated that some patients with
MMN might present with visual pathway impairment. Further
evaluation of visual pathway involvement is needed in patients
with MMN, even in the absence of conscious complaints of visual
symptoms. Additionally, VEP may be a useful tool for monitoring
the effect of IVIg treatment on the visual pathway.
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
Acknowledgements

The authors would like to thank Prof. Dr. S. Kusunoki (Depart-
ment of Neurology, Kindai University Faculty of Medicine) for mea-
suring anti-ganglioside antibodies.
Ethics approval

This study was approved by the institutional review board of
Kansai Electric Power Medical Research Institute.
193
Author contributions

K.K. and S.W. contributed to data acquisition. K.K. primarily
analyzed the data and performed the statistical analyses. The first
draft of the manuscript was written by K.K., S.W., Y.O., Y.T., and M.I.

M.I. and T.H. revised the manuscript for important intellectual
content. All authors have read and approved the final manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cnp.2021.05.003.

References

Donnel, J.C., 2019. Visually evoked potentials. In: Levin, K., Chauvel, P. (Eds.), Clinical
Neurophysiology: Basis And Technical Aspects. Handbook of Clinical Neurology.
Elsevier, pp. 501–522.

Galassi, G., Albertini, G., Valzania, F., Barbieri, A., 2012. Cranial nerve involvement as
presenting sign of multifocal motor neuropathy. J. Clin. Neurosci. 19, 1733–
1735.

Gigli, G.L., Cariesimo, A., Valente, M., Mazza, S., Di Trapani, G., Hernandez, R., 1989.
Evoked potentials suggest cranial nerves and CNS involvement in chronic
relapsing polyradiculoneuropathy. Eur. Neurol. 29, 145–149.

Holtkamp, M., Zschenderlein, R., Bruck, W., Weber, J.R., 2001. Chronic inflammatory
demyelinating polyradiculoneuropathy with histologically proven optic
neuritis. Acta. Neuropathol. 101, 529–531.

Imamura, S., Ohnishi, A., Yamamoto, T., Tsuji, S., Murai, Y., 1994. A case of chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP) associated with
acute bilateral optic neuritis with normal findings on pattern-reversal visual
evoked potential study. J. UOEH. 16, 179–183.

Kaji, R., Shibasaki, H., Kimura, J., 1992. Multifocal demyelinating motor neuropathy:
cranial nerve involvement and immunoglobulin therapy. Neurology. 42, 506–
509.

Knopp, M., Leese, R.J., Martin-Lamb, D., Rajabally, Y.A., 2014. Optic and auditory
pathway dysfunction in demyelinating neuropathies. Acta. Neurol. Scand. 130,
43–57.

Lee, A.G., Galetta, S.L., Lepore, F.E., Appel, S.H., 1999. Optic atrophy and chronic
acquired polyneuropathy. J. Neuroophthalmol. 19, 67–69.

Marconi, S., De Toni, L., Lovato, L., Tedeschi, E., Gaetti, L., Acler, M., et al., 2005.
Expression of gangliosides on glial and neuronal cells in normal and
pathological adult human brain. J. Neuroimmunol. 170, 115–121.

Pakalnis, A., Drake Jr, M.E., Barohn, R.J., Chakeres, D.W., Mendell, J.R., 1988. Evoked
potentials in chronic inflammatory demyelinating polyneuropathy. Arch.
Neurol. 45, 1014–1016.

Prasad, S., Galetta, S.L., 2011. Anatomy and physiology of the afferent visual system.
Handb. Clin. Neurol. 102, 3–19.

Stojkovic, T., de Seze, J., Hurtevent, J.F., Arndt, C., Beaume, A., Hache, J.C., et al., 2000.
Visual evoked potentials study in chronic idiopathic inflammatory
demyelinating polyneuropathy. Clin. Neurophysiol. 111, 2285–2291.

Takeda, M., Tachibana, H., Tuda, K., Wada, S., Kasama, S., Watanabe, S., et al., 2010.
CNS involvement in chronic inflammatory demyelinating polyneuropathy: a
visual evoked potential study. J. Neurol. Neurophysiol. 1, 105.

Tobimatsu, S., Kurita-Tashima, S., Nakayama-Hiromatsu, M., Akazawa, K., Kato, M.,
1993. Age-related changes in pattern visual evoked potentials: differential
effects of luminance, contrast and check size. Electroencephalogr. Clin.
Neurophysiol. 88, 12–19.

Yeh, W.Z., Dyck, P.J., Van den Berg, L.H., Kiernan, M.C., Taylor, B.V., 2020. Multifocal
motor neuropathy: controversies and priorities. J. Neurol. Neurosurg.
Psychiatry. 91, 140–148.

https://doi.org/10.1016/j.cnp.2021.05.003
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0005
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0005
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0005
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0010
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0010
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0010
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0015
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0015
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0015
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0020
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0020
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0020
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0025
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0025
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0025
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0025
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0030
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0030
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0030
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0035
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0035
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0035
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0040
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0040
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0045
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0045
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0045
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0050
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0050
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0050
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0055
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0055
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0060
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0060
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0060
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0065
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0065
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0065
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0070
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0070
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0070
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0070
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0075
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0075
http://refhub.elsevier.com/S2467-981X(21)00029-9/h0075

	Multifocal motor neuropathy and visual pathway impairment: A case report
	1 Introduction
	2 Case report
	3 Discussion
	Declaration of Competing Interest
	ack6
	Acknowledgements
	Ethics approval
	Author contributions
	Appendix A Supplementary data
	References


