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Abstract
A 62-year-old man with myasthenia gravis (MG) was admitted with dyspnea, bulbar symptoms (dysphagia and
dysarthria), and subsequent muscular weakness of the limbs. Results for anti-acetylcholine receptor antibody and
muscle-specific kinase antibody were negative. We introduced periodic plasma exchange as a new therapeutic
strategy. Once double-filtration plasmapheresis (DFPP) was adopted, effects became notable, but the response
shortened over time. After stepwise increases in PSL up to 60 mg/day with insulin, the interval between DFPP was
prolonged from 1 week to 2 weeks. DFPP was significantly beneficial in this case. Combining several effective
methods can optimize therapeutic effects against refractory MG.

Keywords: Refractory generalized myasthenia gravis; Doublefiltration plasmapheresis (DFPP); Polypharmacy; Double seronegative
type

Introduction
Myasthenia gravis (MG) is characterized by a clinical presentation
of muscle fatigability and weakness. These symptoms of MG are caused
by a failure of transmission at the neuromuscular junction (NMJ) [1].
This disease is classified as an autoimmune disease, and antibodies
against acetylcholine receptor (ACh-R) and muscle-specific receptor
tyrosine kinase (MuSK) [2] at the NMJ play an important role in the
pathogenesis. Among patients with MG, the positive rate for ACh-R
antibody (Ab) is approximately 80% [3]. Patients showing ACh-R Abnegative results are considered to show seronegative-type MG
(SNMG). Positive results for MuSK Ab are seen in 30-40% of SNMG
cases [2,4]. The remaining cases of MG (5-10%) show neither ACh-R
Ab nor MuSK Ab. This double-seronegative MG (DSN-MG) includes
various types of MG. Among some cases of SNMG (especially ocular
MG), it is estimated that clustered ACh-R antibodies are not detected
by conventional examination because of its low sensitivity [5].
For the treatment of MG, pyridostigmine, predonisolone (PSL), and
other immunosuppressants are usually used. However, over the
prolonged clinical course of MG, the effects of these drugs often
weaken. Under such circumstances, it is difficult to apply and continue
optimal therapy for the individual patient with MG, and other
therapeutic methods must be sought.
Here, we present a refractory case of late-onset DSN-MG treated
with both polypharmacy and plasma exchange (PE), and discuss the
therapeutic process in this case.
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Case Report
A 62-year-old man was admitted because of dyspnea, bulbar
symptoms (dysphagia and dysarthria), and severe muscular weakness
of the limbs starting about a month earlier.
He had felt more easily fatigued at 50 years old. At 52 years old,
bilateral blepharoptosis developed. About 1 year later, he consulted
Ohmihachiman Municipal Hospital, the predecessor of our hospital,
Ohmihachiman Community Medical Center (OCMC), and was
diagnosed with MG. After establishing the diagnosis, administration of
pyridostigmine was started at 60 mg/day. PSL at 5 mg/day was
subsequently added and increased to 25 mg/day in a stepwise manner
within a year. About 8 months after diagnosis, thymectomy was
performed in another hospital. The pathological diagnosis was normal
thymus. Some years later, a complication of steroid-induced diabetes
mellitus (DM) was identified. We therefore controlled the dose of PSL
in consideration of the degree of symptoms in both MG and DM. At 56
years old, tacrolimus was added, but was stopped 3 years later because
of side effects. Ciclosporin (CyA) was then started at 25 mg/day, and
was eventually increased to 200 mg/day.
On admission, general findings were almost intact. In terms of
abnormal neurological findings, consciousness was alert, and severe
bilateral blepharoptosis was noted. Extraocular movements were
limited in all directions. He reported diplopia, dysarthria, and
dysphagia. Soft palate elevation remained intact, but tongue protrusion
was not performed. Muscular weakness was apparent symmetrically in
both upper and lower extremities, and the patient could not walk or
remain standing. Drugs for MG administered at that time were as
follows: pyridostigmine, 240 mg/day; PSL, 15 mg/day; and CyA, 200
mg/day. Laboratory data showed: white blood cells, 13,100/μL;
hemoglobin A1c, 7.1%; and negative results for both ACh-R-Ab and
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MuSK Ab. Thyroid function was normal. The edrophonium Cl test
yielded positive results (Figure 1). On contrast-enhanced computed
tomography of the thorax, neither recurrent nor ectopic thymoma was
evident. No malignant tumors were detected. Repetitive
electrophysiological stimulation of representative muscles showed no
findings of waning.

Figure 1: Edrophonium Cl test (A comparison of before and after
administration; improvement of blepharoptosis is obvious).
During the 12 years since onset, thymectomy had been performed
and many drugs for MG had already been used. Because of these
circumstances, increasing or adding drugs was difficult. Based on this
background, as a new method, we decided to perform PE. The effect of
double-filtration plasmapheresis (DFPP) on symptoms of MG was
initially marked, and this approach was repeated 5 times within this
admission.

DFPP in the future, surgical construction of an internal shunt for
blood dialysis was performed. About 1 month later, the patient was
admitted for the third time. During this admission, DFPP was again
performed a total of 4 times. Only 3 days after discharge from this
third admission, he returned and was admitted to OCMC because
symptoms of weakness had again worsened (fourth admission). This
time, DFPP was repeated 6 times. After discharge, we decided to
perform DFPP once a week. For about 6 months, his clinical condition
remained stable. However, during the latter half of this period, the
duration of effective response was reducing. On the day before DFPP,
muscle weakness was marked.
To help identify a good method for breaking this deadlock, the
patient was transferred from OCMC to the Department of Neurology
at Kyoto Prefectural University of Medicine (KPUM). The treatment
plan was then discussed and reconsidered. The approach put into
practice was a stepwise increase in PSL with use of insulin. Specifically,
PSL was increased from 15 mg/day to 60 mg/day. The duration of
effective response to DFPP subsequently increased, and the frequency
of DFPP was able to be decreased. Finally, DFPP was reduced from
once a week to once every 2 weeks. After the patient’s general
condition with this combined therapy stabilized, he returned to
OCMC and the daily dose of PSL was gradually tapered.
Shortly afterwards, his condition rapidly deteriorated due to hepatic
failure. This deterioration was too fast to initiate therapeutic measures,
and methods to improve his condition were unavailable. Despite
intensive care, he died about 3 weeks later, about 13 years since the
onset of MG, and about 16 months after the introduction of DFPP. The
clinical course and therapeutic process before and after introduction of
DFPP are summarized in Figures 2 and 3.

Discussion
This case of MG was characterized by late onset, long clinical
course, double-seronegative type, and slow development of drug
resistance.

Figure 2: Clinical course and therapeutic process (before DFPP):
This figure summarizes the approximately 10 years from onset of
MG until the introduction of DFPP. The transitions of main clinical
symptoms and administered drugs are shown in detail. About one
year after onset, drug administration for MG (pyridostigmine 60
mg/day) was started in March, 9 years before this admission.
Thymectomy was performed in November of the same year.
On discharge, the patient continued with administration of
conventional drugs for MG. We investigated the duration of the effect
after repeated DFPP. About a month later, symptoms of MG gradually
worsened and he became unable to walk. He was then admitted to our
hospital again about 2 months after discharge. During this second
admission, DFPP was performed a total of 4 times. Although highdose methyl-predonisolone (m-PSL) was additionally administered
only once, no clear effect was obtained. In anticipation of frequent
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According to a previous report, DSN-MG is characterized by a
broader spectrum for age of onset and significantly milder symptoms
(compared to MuSK-positive, seronegative MG) [6]. The features of
MG in this category are heterogeneous because of the variety in
mechanisms of pathogenesis and clinical phenotype. Unknown or
unidentified antibodies appear likely to play a pathogenic role in the
expression of MG. Some reports have suggested that the clinical
features of DSN-MG resemble those of seropositive MG [7,8]. In fact,
conventional pharmacotherapy and thymectomy showed some degree
of efficacy against symptoms of MG in this case.
Because the deterioration at first admission was regarded as MG
crisis, quick and effective measures were required to overcome this
medical situation. We decided to perform PE, as a well-known and
reasonable therapeutic method for refractory MG [9,10]. There are
three choices for practical methods of PE. Simple PE is expected to
achieve efficacy, but a large volume of very expensive fresh frozen
plasma is required. If this method repeated often, the medical costs
become enormous. Immunoadsorption plasmapheresis (IAPP) shows
therapeutic effect by removing Ach-Ab in cases of seropositive MG
[11], but it remains unclear whether IAPP would prove effective
against SN-MG, as in the present case. Finally, we adopted DFPP in
consideration of the physical and economic burden on the patient. If
DFPP had proven ineffective, simple PE would have been adopted as
the second choice. Although DFPP was started tentatively, the initial
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effect was marked. Even when the duration of response with DFPP was
getting shorter, the effect itself did not decline much. As a result, DFPP
was repeatedly performed in this case.

In conclusion, DFPP is worth trying as a useful, non-transient
treatment in DSN-MG, although the optimal therapeutic method for
this type of MG has not been established. Concerning the treatment
for such refractory cases of MG, reaching and sustaining synergistic
effects with each method as much as possible is important. We should
thus consider the optimal combination and utilization depending on
the medical situation of the individual patient with MG. We should
also pay attention to the balance of effects and side effects from
administered drugs and physical burden on the patient.
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