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ABSTRACT

The prognosis of 142 palients with myasthenia gravis (MG) was clinically investigated. Forty-nine (35%)
had clinical remission (CR) and 23 (16%) good improvement (GI), while 70 (49%) remained in poor con
dition. Favorable clinical factors for CR were the onset of MG before the age of 20 years, a pre-thymectomy
period of less than one year, and a post-thymectomy period of six years or more. Single-fiber electro
myography (SFEMG) showed abnormal jitter in nine (47%) of the 19 CR patients, while abnormal jitter
was shown in 13 (81%) of the 16 GJ patients. Abnormal jitter in CR patients was correlated with the follow
ing clinical factors: complication with the thymoma, a period of three or more years from thymectomy to re
mission, and a remission period of less than six years. An anti-acetylcholine receptor (anti-AChR) antibody
was positive in 12 CR patients (63%) as well as in 13 GI patients (81%). Based upon these facts, we point
out that true remission seldom occurs in MG patients, and that there exist clinical features that may favor
ably induce clinical remission. We would like to postulate that electrophysiological and immunological fol
low-up is indispensable even in CR patients to predict recurrence.
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INTRODUCTION

Remission is defined as a temporary but marked reduction in severity or disappearance of the
symptoms of a disease. In case of myasthenia gravis (MG), thymectomy is a useful treatment
and the remission rate has been reported to be between 21% and 51 % among thymectomized
patients l

-
9

). Remission in MG, however, may reveal electrophysiological or immunological ab
normalities, which possibly result in a recurrence of the illness. Remission must be strictly distin
guished from recovery. We studied the clinical remission of MG patients from the clinical, the
electrophysiological and the immunological points of view to clarify the clinical features favor
able to remission, and to show the importance of repeated examinations to ascertain good prog
nosis.
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PATIENTS AND METHODS

Patients We studied a series of 142 patients with MG treated in the Department of Neuro
logy, Nagoya National Hospital, and who were followed up for two years or more. The clinical
features of the patients are shown in Table 1. Their clinical courses were observed for two to 15
years (with an average of 9.2 years).

The prognosis was classified into three groups according to the criteria described below:
Clinical remission (CR) - a condition in which myasthenic symptoms have not been identi

fied for 20 months or longer after the active stage, thus allowing patients to have a normal life
without medication.

Table 1. Clinical Features of Patients

Total CRa) GIb) PI')

Patients 142 49 23 70

Sex Q/d 96/46 30/19 15/8 51/19

Onset age (yr)

<20 39 20 4 15

~e)20-40 60 17 10 33
40:;; 43 12 9 22

Clinical classification

ocular 21 10 2 9
generalized mild 32 12 8 12
generalized severe 89 27 13 49

Therapy

anti-ChEd) only 21 7 14

steroid only 16 6 4 6
thymectomy 105 36 19 50

Period of disease until thymectomy (yr)

<1 39 18 6 15

}1-3 29 11 5 13
3-5 15 4 2 9
5:;; 22 3 6 13

Histology of thymus

thymoma 23 8 4 11

non-thymoma 82 28 15 39

Follow-up period after thymectomy (yr)

<2 5 5

~"
2-4 17 3 5 9
4-6 14 4 5 5
6-8 21 6 5 10
8-10 21 8 1 12
10:;; 27 15 3 9

a) CR, clinical remission; b) GI, good improvement; c) PI, poor improvement; d) anti-ChE,

anticholinesterase; e) p < 0.05.
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Good improvement (GI) - a condition in which a normal life has been restored, but short
occurrences of transient, easy fatiguability and a mild fluctuation of muscular strength are ob
served such that occasional medication is required.

Poor improvement (PI) - a condition in which a patient cannot be taken off medication,
which is used periodically to sustain life.

Electrophysiological study The electrophysiological study was conducted on 35 patients (19
CR patients and 16 GI patients). SFEMG, the method advocated by Ekstedt and Stalberg10-Jzl,
was applied to the extensor digitorum communis (ECD) because it favored myasthenic manifes
tations in the active stage. SFEMGs were recorded with an electrode Medelec SF25 and ana
lysed using a Medelec MS6 with an AA6 amplifier. Fifty discharges or more were recorded, and
five to 10 discharges were superimposed on to light-sensitive paper. Variations in interpotential
intervals were measured manually, and the mean consecutive difference (MCD) was calculated
in microseconds (Fig. 1). The jitter value, equivalent to the grand total mean MCD of each pa
tient, was obtained from 12 to 26 potential pairs, or an average of 19.4 pairs. The jitter value
was used to compare the patients. This test was performed on 11 healthy adults (six men and
five women between 26 and 67 years old), and showed the jitter value to be
39.0±7.1(mean±SD)f..lsec. Therefore a jitter value of more than 54J.1sec was considered to be
abnormal. Blocking was considered to be positive when it was observed in 10% or more of the
potential pairs 1Z- 14).

..---.tJ\I"o..-----

R,o = 1.5mm
= 75.0.usec

MCD= O.37X75.0
= 27.B.usec

~lmv
1000/"

R6 = 6.0mm
= 300.usec

MCD= O.45X300
= 135.0.usec

c

~
~Imv
1000/,,

R. = 9.0mm
= 450.usec

MCD= O.55X450
= 247.5psec

blocking: 1 (.)

Fig. 1. Three examples of SFEMG findings.
A: normal jitter; B: abnormal jitter without blocking; C: abnormal jitter with blocking
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Measurement of anti-AChR antibody titer In all 35 patients for whom SFEMG was em
ployed, the serum anti-acetylcholine receptor (anti-AChR) antibody was measured by the anti
human IgG method using the AChR of a monkey (normal value<0.16pmollml)15. The
measurement of anti-AChR antibody and SFEMG were conducted on patients on the same
day. The results of these tests were compared.

Statistical analysis Results between the various groups were compared using the X2 test and
the mean values of two groups were compared using the two sample t test.

RESULTS

Clinical factors affecting the prognosis (Table 1) The prognosis was significantly related to
the age when the illness began, the length of the pre-thymectomy period and the length of the
post-thymectomy period, but not to sex, therapy or histology of the thymus.

In the group of 39 patients who were less than 20 years old when the illness began, 20 pa
tients (51 %) were in CR, 4 (10%) were in 01, and 15 (39%) were in PI. While, in the group of
103 patients with onset after the age of 20, 29 (28%) were in CR, 19 (18%) were in GI, and 55
(54%) were in PI. The difference between the two groups was significant (X2=6.55, p < 0.05).

In the group of 39 patients who had a thymectomy less than one year from onset of the ill
ness, 18 (46%) were in CR, 6 (15%) were in 01, and 15 (39%) were in PI. Of 37 patients who
had had the illness three years or more before a thymectomy, 7 (19%) patients were in CR, 8
(22%) were in GI, and 22 (59%) were in PI. The difference between the two groups was signifi
cant (X2=6.01, p < 0.05). The remission rate was obviously lower as the pre-thymectomy period
became longer. In the group of 36 patients who had had a thymectomy less than six years ago,
there were 7 (19%) in CR, 10 (28%) in GI, and 19 (53%) in PI. In the group of 69 patients
who had had a thymectomy six years ago or more, 29 (42%) were in CR, 9 (13%) were in GI,
and 31 (45 %) were in PI. An increase in CR patients and a decrease in PI patients were ob
served in the latter group. The difference between the two groups was significant (X 2=6.68,
p<0.05).

Electrophysiological study (Tables 2 and 3) The results of the SFEMG examinations are
shown in Tables 2 and 3 correlative to the clinical features of the patients. The number of pa
tients who had both normal jitter and normal anti-AChR antibody was extremely small -3
(16%) of the 19 patients in CR and 1 (6%) ofthe 16 patients in GI, or a total of 4 (11 %) of 35
patients examined. The incidence of patients with abnormal jitter in GI was significantly higher
(X2=4.27, p<0.05) than that of those in CR. Both the appearance and degree of blocking were
higher in GI.

Abnormal jitter was correlated with the histology of the thymus, with the thymectomy-to-re
mission period, as well as with the period of remission.

Correlation with the histology of the thymus: All five thymoma patients demonstrated abnor
mal jitter. Of the 12 non-thymoma patients, only four (33%) demonstrated abnormal jitter. The
difference between the patients with thymoma and those without thymoma was significant
(X2=3.90, p < 0.05).

Correlation with the thymectomy-to-remission period: Of the 12 patients whose remission
began less than three years after thymectomy, normal jitter was in 8 (67%) and abnormal jitter
in 4 (33%). Of five patients who had had a thymectomy three years or more before remission
began, jitter was abnormal in all of them. The difference between the two groups was of
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Table 2. Correlation Between SFEMG Findings and Clinical Features

CRa) GIb)

Jitter Normal Abnormal Normal Abnormal

Paitents 10 9[2]d) 3 13[5]<)

Sex \lId 7/3 6[1]/3[IJ 2/1 8[5J/5
Onset age (yr)

<20 1 2 3
20-40 7 3[ 1] 1 6[4]
40;;; 2 4[1] 2 4[1]

Clinical classification
generalized mild 4 2 2 4[1]

generalized severe 6 7[2] 1 9[4]

Therapy

steroid only 2 1[1]

thymectomy 8 9[2] 3 12[4J
Period of disease until thymectomy (yr)

<1 4 4 5[ 1J

1-3 3 4[1] 2 2[2J
3-5 1 2
5;;; 1[1] 3[1]

Histology of thymus
thymoma 5[1] ] 2 2[1]

,)

non-thymoma 8 4[IJ 1 10[3]

Period between thymectomy and examination (yr)
<2 1

2-4 3 1[1] 2[1]
4-6 1 5 1
6-8 2 1 4[2]
8-10 1 2[1] 2[1)

1O~ 1 2

Period between thymectomy and remission (yr)

<1 2
2[lJ~1-2 4

2-3 2 2 c)

3~ 5[1]
Period of remission (yr)

<2 3

1 ~2-4 3 5[1]
4-6 3[1] c)

6;;; 4
Anti-AChRc) antibody titer (pmol/ml)

<0.16 3 4 2[1]
0.16-0.5 1 5[1]
0.5-1.0 2 2

1.0-5.0 5 4[2) 3[2]

5.0~ 1[1]

a) CR, clinical remission; b) GI, good improvement; c) anti-AChR, anti-acetylcholine recep-

tor; d) [ ]: no. of patients with blocking; e) p < 0.05.
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Table 3. Correlation Between Anti-AChR') Antibody Titer and Clinical Features of Pa

tients in Clinical Remission

Normal jitter Abnormal jitter

Antibody titer Normal Abnormal Normal Abnormal

Patients 3 7 4 5

Sex 9/d 2/1 5/2 3/1 3[1JI2[I)h)

Onset age (yr)

<20 I 2

20-40 2 5 2 1[1]

40::;; 1 1 2 2[1 )

Clinical classification

generalized mild 2 2 2

generalized severe 1 5 2 5[2]

Therapy

steroid only 2

thymectomy 1 7 4 5[2)

Period of disease until thymectomy (yr)

<1 3 2 2

1-3 3 2 2[1]

3-5 1

5::;; 1[1]

Histology of thymus

thymoma 2 3[1)

non-thymoma 7 2 2[1]

Period between thymectomy and examination (yr)

2-4 1 2 l( 1]

4-6 1 3 2

6-8 2 1

8-10 1 2[1]
10::;; 1

Period between thymectomy and remission (yr)

<1 2 1[ 1]

1-2 3

2-3 2 1

3::;; 2 3[1]

Period of remission (yr)

<2 1 2 1

2-4 2 1 3 2[1]

4-6 1 2[1]

6::;; 4

a) anti-AChR, anti-acetylcholine receptor; b) [ ]: no. of patients with blocking.
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noticeable importance (X 2=3.90, p < 0.05).
Correlation with the period of remission: Of 15 patients who had been in remission for less

than six years, 6 (40%) had normal jitter and 9 (60%) had abnormal jitter. All four patients
who had been in remission for six years or more showed normal jitter.

The SFEMG re-examination was performed after seven to 13 months (an average of 11.2
months) on five CR patients with abnormal jitter values. The jitter values improved in 4 (80%)
patients and blocking disappeared in all five patients.

Anti-AChR antibody titer (Tables 2 and 3) Anti-AChR antibody titers (normal value
<0.16pmollml), as well as SFEMG, were measured simultaneously in 19 CR patients. There
were 7 (37%) normal patients and 12 (63%) abnormal patients. The distribution of antibody ti
ters in abnormal patients fell between 0.18 and 3.97pmollml (mean 1.72pmollml). While in 16
GI patients, 3 (19%) were normal and 13 (81%) were abnormal. Distribution of the titer
ranged from 0.21 to 18.2pmollml with a mean of 2.14pmollml. The difference in incidence
and degree of anti-AChR antibody titer abnormality, however, was not significant between CR
and GI patients.

Correlation between abnormality in anti-AChR antibody titer and clinical features among pa
tients in CR was examined. No significant differences could be detected for any of the clinical
features.

Chronological follow-up was done on 11 of 19 patients in CR. Seven of them showing an ab
normal titer at the active stage showed a tendency for the titer to decrease even during the
period of remission.

DISCUSSION

(1) Does true remission exist in MG patients?
In our study 49 (35%) of the 142 patients had clinical remission, Le., no myasthenic symp

toms have been noticed for more than 20 months without medication following the active stage.
This means that a stable condition in which medication is unnecessary can frequently be ob
tained.

However, such a stable condition does not always mean that electrophysiological or immuno
logical abnormalities have disappeared. SFEMG is the most sensitive clinicality applicable
examination and the most reasonable electrophysiological method to evaluate the neuromuscu
lar transmission quantitatively13). Sanders et a1. 14) observed abnormal jitter in 7 of 9 patients in
remission, while they could detect no abnormality in repetitive stimulation tests conducted on 4
of the 9 patients. Emeryk et a1. 16) found abnormal jitter in 17 (85%) of 20 patients in remission.
We obtained a lower rate of abnormal jitter than these previous reports because we more strictly
defined both clinical remission and the criteria for abnormal jitter.

Existence of the anti-AChR antibody is the cardinal cause of MG. The titer of the antibody
indicates the activity of the disease especially in case of patients who have shown a positive anti
body in the active stage. Limburg et a1. 17) found a positive anti-AChR antibody in 19 (79%) of
24 MG patients in remission. It was positive in 12 (63%) of our 19 CR patients, showing a simi
lar result.

So far there has been no comparative study on jitter values and anti-AChR antibody titers
occurring simultaneously in CR patients. Our study, however, has proven that true remission
with normal jitter and without the antibody may occur only rarely in MG patients.
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(2) Clinical features necessary to obtain CR
In our patients, the following factors were proved necessary to have a 40% or higher re

mission rate: onset before the age of 20 years, a period of less than one year before thymec
tomy, a period of less than three years from thymectomy to remission, and a remission period of
longer than six years after thymectomy.

Based upon the previous reports8.l8- 22) and our own results, age of initial onset and pre-thy
mectomy period are considered to be the most important factors in predicting the prognosis of
MG patients. Clinical observations disclose that the age of onset is closely related to clinical se
verity, therapeutic effects and histology of the thymus8,23.24). Remission rate is known to be high
in patients with a pre-thymectomy period of less than three years8.9.18-20), and it becomes higher
as the post-thymectomy period becomes longerS,2s.26).

The previous reports are not always consistent on the correlation between the prognosis and
the thymic histology exclusive of thymoma. In some reports2.l9.26,27) the effect of thymectomy
was better in patients with an atrophic thymus, while in others4.28,29.30) thymectomy was more ef
fective among patients with a hyperplastic thymus. Thus, the thymus must playa key role in the
occurrence of MG; nevertheless, the significance of thymic lesion remains unclear and further
study is required.

Spontaneous remission may occasionally occur only in patients with an ocular or a mild,
generalized type of MG and with juvenile onset. We should follow up patients who develop MG
as a juvenile and who have an ocular or a mild, generalized type, for two to three years after its
onset. In a severe, generalized type, the sooner the thymectomy is performed the better the
prognosis is because no spontaneous remission can possibly occur without it. Our study revealed
that it would be reasonable to evaluate thymectomy in six years.

(3) Pathophysiology of CR patients
The pathophysiology of each group will be discussed, based upon abnormalities in jitter and

anti-AChR antibody.

The normal jitter/normal anti-AChR group (three patients) Since SFEMG was done on
EDC only, false negative cannot be completely denied. However, it has been proven that only a
small number of patients can have a remission without any abnormalities in their examination
results.

The normal jitter/abnormal anti-A ChR group (seven patients) It has been assumed that the
acting site of the antibody does not coincide with the ACh binding site since correlation is not
always seen between myasthenic symptoms and anti-AChR antibody titer17,32,33). Diversity of the
antibody binding site is known, and it has been proven that discrepancy between the titer of
antibody and dysfunction of neuromuscular transmission can occur34- 36).

The abnormal jitter/normal anti-A ChR group (four patients) Waning in amplitude of motor
endplate potential during repetitive muscle contraction is likely to cause jitter abnormalityl3).
Amplitude of endplate potential shows a decline in the number of ACh receptors at the end
plate. This decline is caused either by an anti-AChR antibody, which promotes destruction and
degradation, or by immunopharmachological blocking. These findings suggest normal anti
AChR antibody titer is false negative; therefore, it is of importance to measure the blocking
antibody.
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The abnormal jitter/abnormal anti-AChR group (five patients) Abnormal jitter reflects the
action of an anti-AChR antibody against an ACh receptor. There may be a similarity in the pa
thophysiology between CR patients and active MG patients. Konishi et alYl reported that mus
cular strength was more closely correlated to the degree of blocking than to the extension of jit
ter values. Slight blocking of 10.0% to 16.7% in our CR patients is not supposed to reflect on
their daily activities or muscle strength. But this group can be regarded as the group with the
greatest potential of disease recurrence.

(4) Chronological change in electrophysiological and immunological parameters
Little is known about the chronology of electrophysiological and immunological parameters

in the clinical remission patients. Our longitudinal investigation of jitter values and anti-AChR
antibody titer leads us to believe that both electrophysiological and immunological functions are
apt to improve continuously in CR patients. It is also suggested that abnormal jitter exists in
most patients at the beginning of CR. The SFEMG examination, therefore, is considered to be
useful in predicting recurrence through quantitative evaluation of neuromuscular transmission.
Conclusively, we would like to point out the necessity for repeated and careful SFEMG examin
ations with measurement of anti-AChR antibody, especially in patients who have been in CR
less than six years and who have abnormal jitter values.
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