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Fig. 1. Kaplan-Meier analysis of time from disease onset to (a) walking with assistance, (b) wheelchair use, and (c) loss of ambulation. Significant differences between ED/KD and
KD/KD genotypes were identified. Age at disease onset was significantly different between ED/ED participants and ED/KD and KD/KD participants.

population, although p.D176V was the second most common
mutation carried by 29 of our participants. In addition, a high
variability was observed regarding age at disease onset and disease
progression, underscoring the role of a yet-to-be identified factor(s)
in determining disease phenotype.

The recruitment of participants from PADM and highly specialized
neurology hospitals is a potential source of selection bias and thus a
limitation of this study. These participants are likely to be more
motivated because they are more severely affected compared to the
general patient population. Furthermore, patients with lower disease
severity may not yet be diagnosed with GNE myopathy. Therefore,
our study may not accurately reflect the general patient population.
Nevertheless, we believe our findings provide important information
as our study population covers a broad range in age (22 to 81 years)
and symptoms (minimal to wheelchair-bound). Finally, recall bias
may also affect results presented in this retrospective study.
Therefore, future studies should be performed with an emphasized
prospective design.

In conclusion, our study shows that the KD/KD genotype (ie.,
p.V572L homozygous mutation) is associated with a more severe
phenotype compared to compound heterozygous ED/KD mutations,
Because only a small number of participants could walk, future
studies should include ambulation-independent motor tests to yield a
more comprehensive clinical overview in GNE myopathy patients
with different genotypes.

Supplementary data to this article can be found online at doi:10.
1016/j,jns.2012.03.016.
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Abstract

Three very elderly (over 80 years old) patients having generalized myasthenia gravis without thymoma were treated with cyclosporin
A and followed for up to 24 months. Cyclosporin A therapy quickly improved myasthenia gravis symptoms in all cases, which allowed a
rapid reduction in the prednisolone dose and improvement of prednisolone-related hyperglycemia and hypertension. Combination
therapy with prednisolone and low-dose cyclosporin A not only improved the clinical symptoms of the very elderly myasthenia
gravis patients but also resulted in a rapid reduction in prednisolone dosage and prednisolone-related side effects. Attention should

be paid to cyclosporin A-related renal dysfunction.
© 2012 Elsevier B.V. All rights reserved.

Keywords: Corticosteroids; Cyclosporin A; Elderly; Myasthenia gravis

1. Introduction

The annual incidence of myasthenia gravis (MG), espe-
cially late-onset MG, has been reported to be increasing [1].
However, there is not yet established any clinical evidence
suggesting how to treat these very elderly patients with
immunosuppressive agents.

Among many immunosuppressive agents, cyclosporin A
(CsA) has been proven to be effective on MG based on the
results of several clinical trials [2,3]. CsA therapy quickly
improves MG symptoms [4] and slightly affects glucose
tolerance [5,6], but increases serum creatinine especially
in elderly patients. However, participants of these trials
were up to 70 years old; and there are few reports on the
effectiveness of CsA in very elderly MG patients.
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Japan. Tel.: +81 66992 1001; fax: +81 66993 9468.
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Herein we report effectiveness and side effects of long-
term combination therapy with prednisolone (PSL) and
CsA on 3 very elderly (over 80 years old) patients having
generalized MG patients without thymoma and who also
required high dose of PSL.

2. Case report

Case 1: An 83-year-old woman noticed ptosis initially,
then mild dysphagia. She was diagnosed as having Myas-
thenia Gravis Foundation of America (MGFA) class IIb
[7]. She also had type 2 diabetes, diabetic retinopathy
and hypertension. Only an anticholinesterase drug was
administered because of her age and complications. How-
ever, dysphagia progressed in 2 months and her symptoms
became worsened to MGFA class IIIb, with 12 points on
the MG-ADL scale [8] and 21 points for the QMG score
[7]. Her anti-AChR Ab titer was 23 nmol/L. PSL was
started at 5mg every other day, and was titrated up to
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Table 1

Clinical characteristics of myasthenia gravis (MG) patients treated with low-dose cyclosporin A (CsA).

Case Sex Age Months since Medication before PSL-related MGFA class Anti-AChR-Ab Reduction in PSL
(years) MG onset start of CsA therapy  complications  before/after CsA  (nmol/L) before/after dosage by CsA
treatment CsA treatment
1 F 83 4 Pyridostigmine 12mg  Hyperglycemia IIb/0 23/9.4 94%
PSL 80 mg AD Hypertension
2 F 81 6 Ambenonium 15mg  Hyperglycemia Ia/0 5.7/0.6 93%
PSL 100 mg AD Hypertension
3 F 84 38 Distigmine 5 mg Hypertension  IIb/Ila 5.2/1.6 65%
PSL 100 mg Depression

PSL prednisolone, AD alternate day.

80 mg every other day by 4 weeks. As the PSL dose
increased, hyperglycemia appeared and so insulin therapy
was added to the treatment. Dysphagia persisted 4 weeks
after initiation of PSL therapy and she needed help for
her daily life activities. In order to achieve further
improvement and a reduction in the PSL dose, CsA at
3 mg/kg/day was added. Her clinical symptoms improved
in 2 weeks and so tapering of the PSL dose was started.
After 4 weeks of CsA treatment, she became independent
in her daily life. Her clinical symptoms improved, the
QMG score dropped to 3 points, the MG-ADL scale
became 1 point, and she was classified as MGFA class
I. PSL was able to be stopped by 15 months after the start
of CsA treatment, and exacerbation of MG symptoms
was not observed. The anti-AChR Ab titer was reduced
to 8.3 nmol/L after 6 months of CsA treatment. The
CsA trough level was in 40-190 ng/mL and her serum cre-
atinine level did not become elevated. The hyperglycemia
was improved as the PSL dose was lowered, and her
blood sugar was well controlled under 4-6 units of insulin
per day (Table 1).

Case 2. An 81-year-old woman was admitted because of
ptosis for 3 months. She had ptosis and diplopia but little
weakness in her limbs on admission. Initial treatment of
120 mg of pyridostigmine failed to improve her eye symp-
toms, and so the treatment was switched to 15 mg of ambe-
nonium, which also failed to improve them. Her general
symptoms were mild and she was designated as MGFA
class ITa with 13 points for the QMG score and 7 points
on the MG-ADL scale. However, the ptosis gradually
became so severe that she could not open her eyes. In order
to improve the ptosis, PSL was started at 6 months after
her initial MG symptoms. PSL was titrated starting from
5mg every other day, but hyperglycemia appeared.
Temporary insulin therapy and subsequent oral antidia-
betic agent (80 mg of gliclazide) were needed. She became
hypertensive, and so an antihypertensive agent was added.
Titration of PSL continued up to 100 mg every other day
improved her QMG score within 3 weeks from 13 to 9
points, but was not adequately effective for her ptosis
and diplopia. To promote clinical improvement and reduce
the PSL-related side effects, CsA at 3 mg/kg/day were
started, while continuing the PSL; and her QMG score
was further improved from 9 to 6 points in 2 weeks. Daily

fluctuation of her ptosis still persisted, and so PSL
treatment was switched from alternative days to an every-
day regimen at the dosage of 40 mg. This regimen was
effective for her ptosis and daily fluctuation which disap-
peared within several days. Tapering of the PSL dose was
started at the rate of 2.5 mg in 2 weeks. Four weeks after
CsA treatment, she was categolized as MGFA class I, with
5 points for the QMG score and 3 points on the MG-ADL
scale. PSL was able to be discontinued after 14 months of
CsA therapy, and she remained asymptomatic thereafter.
Hyperglycemia and hypertension were improved along
with reduction in PSL dose, and treatment with antidia-
betic and antihypertensive drugs was stopped. Her anti-
AChR Ab titer was reduced from 5.6 to 0.6 nmol/L by
6 months after. CsA trough level was in 60-140 ng/mL,
and no elevation of serum creatinine was observed during
the treatment.

After discontinuation of PSL, case 1 and case 2 were fol-
lowed up for more than 9 and 10 months, respectively,
without relapse of MG symptoms.

Case 3: An 81-year-old woman noticed left ptosis. Diag-
nosis of ocular-type MG was made, and 5 mg of distigmine
successfully controlled her ocular symptoms. Three years
after the onset of diplopia, general weakness appeared at
the age of 84, followed by dysphagia and dysarthria occur-
ring within 1 month, and so she was admitted to our hos-
pital. She was categorized as being MGFA class ITIb and
registered 16 points on the MG-ADL scale. Her anti-
AChR Ab titer was 27 nmol/L. PSL was started from
5 mg every other day, but a myasthenic crisis occurred at
day 3 of treatment; and so she was mechanically ventilated.
Methylprednisolone pulse therapy and 7-times immunoab-
sorption improved the weakness, and she was withdrawn
from mechanical ventilation 2 weeks later. PSL at 100 mg
every other day was administered for 5 weeks but failed
to improve her dysphagia and she developed PSL-related
depression. For further improvement of her MG symptoms
and reduction in PSL-related side effects, CsA treatment
was started at the dosage of 3 mg/kg/day. Two weeks later
her MG symptoms improved, and tapering of the PSL dos-
age was started. The PSL dose could be reduced from 100
to 80 mg every other day within 2 weeks. Her MG symp-
toms were now at MGFA class Ila, with 4 points on the
MG-ADL scale, and she was discharged. The titer of
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anti-AChR Ab at discharge was 1.6 nmol/L. The CsA
trough level was 30-160 ng/mL, but her serum creatinine
rose from 1.0 to 1.48 mg/dL after 13 months of CsA treat-
ment. Despite the reduction in the CsA dose to 1 mg/kg/
day, her serum creatinine still continued to elevate, reach-
ing 1.65mg/dL at 15 months after the start of CsA ther-
apy. Therefore the CsA had to be discontinued. One
month after the discontinuance, her serum creatinine level
improved to 1.08 mg/dL and stayed invariably at the level.
The PSL was then tapered to 20 mg every other day, and
she was able to maintain her activity of daily life without
any side effects.

3. Discussion

The prevalence of MG patients has been reported to be
increasing among very elderly people [9,10]. Elderly
patients with MG have variable manifestations, ranging
from mild ocular to severe bulbar and/or respiratory
involvement [11]. They also have a higher mortality and
full remission is rare [12]. They respond relatively well
to immunosuppressive therapies [13,14], but attention
should be given to side effects [15]. Hepatic and renal
functions of very elderly patients are limited, and they
tend to have multiple complications such as hypertension,
diabetes mellitus, hyperlipidemia and osteoporosis. Tak-
ing PSL-rerated side effects into consideration [16], long-
term and high-dose PSL therapy [17] is not appropriate
for elderly patients.

Immunosuppressive agents have been reported to be
comparatively effective for treatment of elderly patients
with MG. For instance, improvement of clinical symp-
toms during therapy with 5 mg/kg of CsA becomes appar-
ent within 1-2 weeks, as shown in a study on 20 MG
patients having a mean age of 51.6 & 12.1 years [4]. Nag-
ane et al. reported that 16 out of 18§ MG patients ranging
in age from 42 to 68 years were able have their PSL dose
reduced more than 50% within two years after the addi-
tion of CsA to the PSL therapy [6]. The dosage of CsA
in that study was initially started at 4.3 & 1.0 mg/kg, then
gradually reduced to 3.34+0.7mg/kg at 6months,
3.0+ 0.6 mg/kg at 12months, and 2.6 + 0.8 mg/kg at
24 months; but its immunosuppressive effect was suffi-
cient. However, there is no clinical trial for very elderly
(over 80 years old) patients having their MG treated with
PSL and CsA.

Our 3 cases were at high risk for PSL-related side effects.
PSL therapy only was not sufficient to improve their clini-
cal symptoms. Especially Case 3 developed a myasthenic
crisis and was treated with PSL-pulse therapy and immu-
noabsorption, but her symptomatic improvement was lim-
ited. In contrast, the effectiveness of CsA on her clinical
symptoms appeared within a few weeks. Twelve months
after the introduction of CsA treatment, the dosage level
of PSL was able to be reduced 94% in Case 1, 95% in Case
2 and 65% in Case 3.

CsA has been reported to have side effects of nephrotox-
icity, hyperglycemia and hypertension [4]. Especially
elderly people should be carefully considered for its
indication and dosage. Many clinical trials [2,3,18-20] have
shown that renal dysfunction due to CsA therapy is a
major side effect but that it is reversible after a reduction
in or discontinuance of the CsA dose. The present 3 cases
were treated with CsA at 3 mg/kg or less, and its trough
concentration was kept under 200 ng/mL. Cases 1 and 2
did not show any elevation of their serum creatinine level.
However, Case 3 had a 40-year history of hypertension and
showed a consequent elevation of creatinine to 1.0 mg/dL
during treatment with CsA at 3 mg/kg. Therefore, her
CsA therapy had to be discontinued at 14 months of treat-
ment. Her clinical symptoms were stable with low-dose
PSL after discontinuance of the CsA therapy, and so the
introduction of CsA therapy was beneficial for her with
regard to reduction in the PSL dose. Her serum creatinine
returned to the previous level after discontinuance of CsA
therapy.

CsA has been reported to alleviate PSL-related hyper-
glycemia [6]. Conversion from tacrolimus to CsA for
posttransplant diabetes mellitus has been reported to be
beneficial as CsA causes an improvement in glucose
metabolism [5]. Among calcineurin inhibitors, CsA may
be suitable for diabetic patients. Early introduction of
CsA to spare the use of PSL should be considered. Cases
1 and 2 showed hyperglycemia as their PSL dose was
increased, and they needed to be treated with insulin.
Further worsening of hyperglycemia was not observed
after introduction of the CsA therapy, which quickly
improved MG symptoms, resulting in a rapid reduction
in the PSL dose and improvement of hyperglycemia.
After cessation of PSL treatment, CsA therapy was con-
tinued on these patients; but no elevation of blood sugar
was observed.

Transient hypertension was observed in Case 2, but it
improved along with the reduction in the PSL dose. Hyper-
tension can be caused by CsA treatment, but in our study
the CsA dose was low enough that no CsA-related hyper-
tension was observed.

Combination therapy of PSL and low-dose CsA for very
elderly MG patients was safe and effective. CsA had a PSL-
sparing effect and was able to reduce PSL-related side
effects. MG symptoms were stable for a long period after
cessation of PSL treatment. Elevation of serum creatinine
should addressed especially in patients with preexisting
renal dysfunction; but we found it to be reversible and
the function to improve after discontinuance of CsA.
Low-dose CsA therapy was safe and effective for very
elderly MG patients, and should be considered in the early
stage of severe form of MG, especially when high dose of
PSL is required, to reduce the PSL dosage level and
PSL-related side effects.

To establish safe and effective therapy for MG patients
over 65years of age at onset, prospective multicenter
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studies on the presentation, clinical course, response and
outcome to treatments are needed.
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