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Abstract:

A 37-year-old man with anti-muscle-specific tyrosine kinase (MuSK) antibody-positive myasthenia gravis
(MG) presented with subacute progressive dysphagia and muscle weakness of the neck and bilateral upper
extremities. Conventional immune-suppressive treatments and high-dose intravenous immunoglobulin were in-
effective. He then displayed repeated exacerbations and remissions over the course of two years, despite two
to four sessions of plasma exchange (PE) every two months. The patient was successfully treated with outpa-
tient periodic weekly blood purification therapy with alternative PE and double-filtration plasmapheresis us-
ing an internal shunt. This case report suggests the benefits of blood purification therapy with an internal

shunt against anti-MuSK antibody-positive MG.
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Introduction

Myasthenia gravis (MG) is an autoimmune neurological
disorder associated with antibodies for acetylcholine receptor
(AChR). However, approximately 20% of patients with gen-
eralized MG do not have detectable levels of anti-AChR an-
tibodies (1). Furthermore, 70% of anti-AChR-
antibody-seronegative MG patients have serum auto-
antibodies for muscle-specific tyrosine kinase
(MuSK) (2, 3). MuSK plays an important role in agrin-
mediated clustering of AChR at the endplate (3). Anti-
MuSK antibodies mainly belong to the immunoglobulin-G4
(IgG4) subclass, which decrease the clustering of AChR, re-
sulting in abnormalities in electrophysiological neuromuscu-
lar junctions (4). Anti-MuSK antibody-positive MG (MuSK-

about

MG) patients show various responses to cholinesterase in-
hibitor, oral high-dose daily prednisolone (PSL), azathio-
prine, cyclosporin A, mycophenolate mofetil, intravenous
immunoglobulin (IVIG) (5), rituximab (6), and plasma ex-
change (PE) (7) but respond poorly to thymectomy (8-11).
Although conventional immunosuppressants are effective in
most MuSK-MG patients, some patients respond poorly or
are unable to continue these therapies due to adverse effects.

We herein report the course and outcome of a patient
with MuSK-MG treated with periodic weekly blood purifi-
cation therapy.

Case Report

A 37-year-old Japanese man subacutely developed
dysphagia, muscle weakness of the neck and bilateral upper
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Figure 1.
of plasma exchange (PE) for both the symptoms and anti-muscle-specific tyrosine kinase (MuSK)
antibody level, which became ineffective in later years despite the administration of intravenous im-
munoglobulin (IVIg). Anti-MuSK antibodies were measured immediately before PE (Pre PE), im-

Clinical course before periodic weekly blood purification therapy. Note the initial benefit

mediately after PE (Post PE), or immediately before IVIg (Pre IVIg). mPSL; Methylprednisolone,

PSL: prednisolone

extremities, and dyspnea within 4 months. Due to the dysp-
nea, he became physically inactive and was admitted to
Okayama University Hospital in October 2006 for the first
time.

Physical and neurological examinations showed bilateral
external ophthalmoplegia with mild abduction, dysphagia,
dysarthria, mild muscle weakness of the neck and bilateral
proximal upper extremities without atrophy, and severe
dyspnea (MGFA classification; IIIb, QMG score; 16). His
lung capacity decreased to 1.4 liters in terms of forced vital
capacity, giving a predicted value of 31.5% of the full
forced vital capacity. Repetitive nerve stimulation at a fre-
quency of 3 and 5 Hz of the right ulnar nerve showed a de-
crease in the compound muscle action potential (CMAP) of
24.3% and 28.4%, respectively. His lung capacity improved
slightly after edrophonium was administered. Blood bio-
chemical tests showed an elevated anti-MuSK antibody level
at 6.03 nM [cut-off value=0.05 nM; measured by Motomura
et al. (11, 12)]. After four sessions of PE replaced by albu-
min, his symptoms improved dramatically [quantitative my-
asthenia gravis (QMG) score; 4], followed by oral PSL at a
dose of 60 mg administered on alternative days.

However, his symptoms relapsed one month after serial
PE. He was administered four sessions once again, with PE
replaced by albumin, followed by 3 mg of oral tacrolimus in
addition to PSL at a dose of 60 mg administered on alterna-

tive days. Although he maintained a stable physical state for
half a year, he suffered from severe bacterial pneumonia
three times between March, 2007 and January, 2009. Even
though oral PSL was reduced to 10 mg every day, his respi-
ratory function deteriorated (QMG score 7-8). Switching the
immunosuppressant agent from oral tacrolimus to cy-
closporine was not effective. He displayed repeated exacer-
bations and remissions over the course of the next two
years, despite the administration of two to four sessions of
PE every two months. An intravenous injection of methyl-
prednisolone pulse therapy (mPSL; 1,000 mg, 3 days) and
immunoglobulin (IVIg; 400 mg/kg, 5 days) was also not ef-
fective. As Fig. 1 shows, frequent biochemical blood tests
revealed that the level of anti-MuSK antibody [cut-off value
0.01 nM; measured by Ohta et al. (7)] reflected the severity
of his dyspnea. Anti-MuSK antibodies were measured im-
mediately before PE (Pre PE), immediately after PE (Post
PE), immediately before IVIg (Pre IVIg), and immediately
after double-filtration plasmapheresis (DFPP) (Pre DFPP).

In April 2012, an internal shunt was created in his right
forearm for frequent outpatient PE therapy. A weekly ses-
sion of PE or two sessions of PE every three weeks im-
proved his symptoms for about four months, after which PE
was changed to DFPP as blood purification therapy. Since
his symptoms remained good, PSL and tacrolimus were
gradually decreased. However, his dyspnea was once again
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Figure 2. Clinical course after periodic weekly blood purification therapy, showing improvement

in the patient’s symptoms, such as dyspnea, with a lower level of anti-muscle-specific tyrosine kinase

(MuSK) antibodies than was achieved with occasional blood purification therapy. Note that changing

weekly plasma exchange (PE) to double-filtration plasmapheresis (DFPP) was required to improve
his symptoms and anti-MuSK antibody level at the later stage. Anti-MuSK antibodies were measured
immediately before PE (Pre PE) or immediately after DFPP (Pre DFPP). PSL: prednisolone

exacerbated (QMG score 12). Although the amount of these
drugs was restored, his dyspnea did not improve. After a
weekly alternation between PE and DFPP, his dyspnea fi-
nally improved, and the patient returned to his job (QMG
score 4-5). The variation in the anti-MuSK antibody level
almost disappeared after periodic blood purification therapy
with alternative PE and DFPP (Fig. 2).

Discussion

We experienced a patient with MuSK-MG who presented
with subacute progressive dysphagia and muscle weakness
of the neck and bilateral upper extremities. The effect of
blood purification therapy was evaluated based on the titer
transition of the anti-MuSK antibodies as well as by the
clinical symptoms, such as the respiratory function. In addi-
tion, the patient was successfully treated with periodic
weekly blood purification therapy with alternative PE and
DFPP, using an internal shunt created in his right forearm,
although the patient resisted treatments such as steroid,
tacrolimus, cyclosporine, and IVIg.

Steroids alone (13) or combined with an immunosuppres-
sant, azathioprine (14), cyclosporine (15), or
tacrolimus (16), are generally effective for treating MuSK-
MG. Indeed, Shibata-Hamaguchi et al. reported that patients
treated with IVIg showed good outcomes over a long period

such as

of time (5). However, MuSK-MG patients show variable re-
sponses to such conventional immunosuppressive treatment,
and some are resistant to these therapies. The dose of ster-
oids needed to maintain MuSK-MG may be higher than that
for anti-AChR antibody-positive MG patients (17). In our
case, high-dose steroid therapy was not successful due to in-
creasing susceptibility to infection.

Some patients with generalized anti-AChR
antibody-positive MG are resistant to anticholinesterases,
thymectomy, corticosteroids, and azathioprine but responsive
to PE (18). However, the effectiveness of PE in this report
was only transient, and periodic PE treatments were neces-
sary. In addition, long-term periodic PE treatments at a rate
of two or three sessions every two weeks for an eight-year
follow-up period have been performed for anti-AChR
antibody-positive MG patients who were resistant to anti-
cholinesterases, thymectomy, corticosteroids, azathioprine,
and IVIg (19). Although we followed our MuSK-MG patient
with periodic weekly blood purification therapy with alterna-
tive PE and DFPP for about five years, no side effects re-
lated to PE, DFPP, or vascular access (i.e. a fever, infec-
tions, cardiac arrhythmias, or bleeding diathesis) were ob-
served, unlike in the two previous reports.

DFPP was reported to be as effective as PE for anti-
MuSK antibody removal and the amelioration of clinical
weakness (20). In the present case, DFPP was administered

severe
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as a substitute for PE to reduce albumin consumption for
two reasons: to prevent transfusion-transmitted diseases and
to reduce medical costs. However, the administration of an
alternate treatment between weekly PE and DFPP was ulti-
mately required. MuSK-MG might also be associated with
various disease agents other than anti-MuSK antibodies,
such as certain cytokines, that cannot be removed by DFPP
due to their low molecular weight (21).

This treatment carried some disadvantages for this patient,
including the need for a surgically-placed internal shunt. As
the patient easily entered a state of crisis without frequent
blood purification therapy, he underwent surgery to facilitate
vascular access in his forearm for weekly PE or DFPP. In-
ternal shunts are associated with some complications, in-
cluding infection, a cold feeling in the forearm, and heart
failure due to volume overload (22). Considerable attention
must therefore be paid to these shunt-related issues.

To our knowledge, this is the first report of a patient with
anti-MuSK antibodies who was successfully treated by peri-
odic weekly blood purification therapy with alternative PE
and DFPP, using an internal shunt created in his right fore-
arm. These findings suggest that periodic weekly blood puri-
fication therapy with alternative PE and DFPP may be a
helpful and relatively safe treatment for MuSK-MG.

Written informed consent was obtained from the patient for
the publication of this case report.

A copy of the written consent is available for review by the
Editor-in Chief of this journal.

The authors state that they have no Conflict of Interest (COI).

Financial Support

This work was partly supported by a Grant-in-Aid for Scien-
tific Research (B) 2529320216, (C) 24591263 and Challenging
Research 24659651, and by Grants-in-Aid from the Research
Committees (Mizusawa H, Nakashima K, Nishizawa M, Sasaki
H, and Aoki M) from the Ministry of Health, Labour, and Wel-
fare of Japan.

References

1. Vincent A, Bowen J, Newsom-Davis J, McConville J. Seronegative
generalised myasthenia gravis: clinical features, antibodies, and
their targets. Lancet Neurol 2: 99-106, 2003.

2. Hoch W, McConville J, Helms S, Newsom-Davis J, Melms A,
Vincent A. Auto-antibodies to the receptor tyrosine kinase MuSK
in patients with myasthenia gravis without acetylcholine receptor
antibodies. Nat Med 7: 365-368, 2001.

3. McConville J, Farrugia ME, Beeson D, et al. Detection and char-
acterization of MuSK antibodies in seronegative myasthenia gra-
vis. Ann Neurol 55: 580-584, 2004.

4. Klooster R, Plomp JJ, Huijbers MG, et al. Muscle-specific kinase
myasthenia gravis IgG4 autoantibodies cause severe neuromuscular
junction dysfunction in mice. Brain 135 (Pt 4): 1081-1101, 2012.

5. Shibata-Hamaguchi A, Samuraki M, Furui E, et al. Long-term ef-

fect of intravenous immunoglobulin on anti-MuSK antibody-
positive myasthenia gravis. Acta Neurol Scand 116: 406-408,
2007.

6. Diaz-Manera J, Martinez-Hernandez E, Querol L, et al. Long-
lasting treatment effect of rituximab in MuSK myasthenia. Neurol-
ogy 78: 189-193, 2012.

7. Ohta K, Shigemoto K, Fujinami A, Maruyama N, Konishi T, Ohta
M. Clinical and experimental features of MuSK antibody positive
MG in Japan. Eur J Neurol 14: 1029-1034, 2007.

8. Sanders DB, El-Salem K, Massey JM, McConville J, Vincent A.
Clinical aspects of MuSK antibody positive seronegative MG.
Neurology 60: 1978-1980, 2003.

9. Evoli A, Tonali PA, Padua L, et al. Clinical correlates with anti-
MuSK antibodies in generalized seronegative myasthenia gravis.
Brain 126 (Pt 10): 2304-2311, 2003.

10. Zhou L, McConville J, Chaudhry V, et al. Clinical comparison of
muscle-specific tyrosine kinase (MuSK) antibody-positive and -
negative myasthenic patients. Muscle Nerve 30: 55-60, 2004.

11. Nakata R, Motomura M, Masuda T, et al. Thymus histology and
concomitant autoimmune diseases in Japanese patients with
muscle-specific receptor tyrosine kinase-antibody-positive myas-
thenia gravis. Eur J Neurol 20: 1272-1276, 2013.

12. Shiraishi H, Motomura M, Yoshimura T, et al. Acetylcholine re-
ceptors loss and postsynaptic damage in MuSK antibody-positive
myasthenia gravis. Ann Neurol 57: 289-293, 2005.

13. Pasnoor M, Wolfe GI, Nations S, et al. Clinical findings in
MuSK-antibody positive myasthenia gravis: a U.S. experience.
Muscle Nerve 41: 370-374, 2010.

14. Evoli A, Bianchi MR, Riso R, et al. Response to therapy in myas-
thenia gravis with anti-MuSK antibodies. Ann N'Y Acad Sci 1132:
76-83, 2008.

15. Tindall RS, Phillips JT, Rollins JA, Wells L, Hall K. A clinical
therapeutic trial of cyclosporine in myasthenia gravis. Ann N Y
Acad Sci 681: 539-551, 1993.

16. Yoshikawa H, Kiuchi T, Saida T, Takamori M. Randomised,
double-blind, placebo-controlled study of tacrolimus in myasthenia
gravis. J Neurol Neurosurg Psychiatry 82: 970-977, 2011.

17. Deymeer F, Gungor-Tuncer O, Yilmaz V, et al. Clinical compari-
son of anti-MuSK- vs anti-AChR-positive and seronegative myas-
thenia gravis. Neurology 68: 609-611, 2007.

18. Kornfeld P, Ambinder EP, Mittag T, et al. Plasmapheresis in re-
fractory generalized myasthenia gravis. Arch Neurol 38: 478-481,
1981.

19. Triantafyllou NI, Grapsa EI, Kararizou E, Psimenou E, Lagguranis
A, Dimopoulos A. Periodic therapeutic plasma exchange in pa-
tients with moderate to severe chronic myasthenia gravis non-
responsive to immunosuppressive agents: an eight year follow-up.
Ther Apher Dial 13: 174-178, 2009.

20. Yeh JH, Chen WH, Chiu HC, Bai CH. MuSK antibody clearance
during serial sessions of plasmapheresis for myasthenia gravis. J
Neurol Sci 263: 191-193, 2007.

21. Sueoka A. Therapeutic apheresis application using membrane
plasma fractionation technology: present scope and limitations.
Ther Apher 4: 211-212, 2000.

22. Malik J, Tuka V, Krupickova Z, Chytilova E, Holaj R, Slavikova
M. Creation of dialysis vascular access with normal flow increases
brain natriuretic peptide levels. Int Urol Nephrol 41: 997-1002,
2009.

The Internal Medicine is an Open Access article distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2018 The Japanese Society of Internal Medicine
Intern Med 57: 1455-1458, 2018

1458



