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Abstract
We investigated the ophthalmologic manifestations and factors that influence outcomes in patients with myasthenia gravis 
(MG). We retrospectively analyzed the prevalence of neuro-ophthalmologic findings and clinical and outcome measures 
of 100 consecutive patients (53 males, 47 females), aged 55.7 ± 17.5 (range 15–85) years with an established diagnosis 
of MG. Forty-eight patients had purely ocular symptoms at the onset of disease (OMG) and 52 patients presented with 
generalized symptoms (GMG). Overall, 21 patients presented with extraocular muscle (EOM) weakness. Bilateral EOM 
weakness was seen in 12 patients, and unilateral EOM weakness was seen in nine patients. Diplopia responded partially to 
immunosuppressive treatments in 60% of patients with ophthalmoparesis. Twenty-five (52.1%) patients with ocular-onset 
MG converted to secondary GMG at a mean time of 14.5 months. Patients who developed secondary GMG were younger 
and had an earlier age of disease onset when compared with patients with pure OMG (p < 0.05). Patients with secondary 
GMG presented more frequently with ptosis and diplopia (72% vs. 28%) compared with patients with pure ocular MG who 
presented more frequently with isolated ptosis (66.7% vs. 33.3%) (p = 0.02). Remission and minimal manifestation status 
were achieved in 50 (79.3%) of all patients with a clinical follow-up ≥ 3 years. Poor outcome was associated with the pres-
ence of thymoma (p < 0.05). Myasthenic ophthalmoparesis is bilateral and heterogeneous and partly responds to treatment 
with immunotherapy. Younger patients with ptosis and diplopia at disease onset had an increased risk of secondary GMG. 
The presence of thymoma increases the risk for poor prognosis.

Keywords Ocular myasthenia gravis · External ocular muscle weakness · Ophthalmoparesis · Diplopia · Ptosis · 
Neuromuscular junction disorders

Introduction

Myasthenia gravis (MG) is an uncommon autoimmune dis-
order targeting neuromuscular junctions, most commonly 
acetylcholine receptors (AChR) [1]. The initial present-
ing symptom in about half of all cases is limited to eyelid 
elevators, and extraocular muscles (EOMs) defined as ocu-
lar MG (OMG) [2]. Patients with OMG may subsequently 
progress to generalized MG (GMG) in 20–50% of cases, 
usually within 2 years of onset [3–7]. EOM involvement in 
MG is heterogeneous ranging from individual muscle palsy 

to complete external ophthalmoplegia and can mimic other 
oculomotor disturbances [8–18]. The previous reports about 
the ophthalmologic manifestations and outcomes of ocular 
findings in MG are limited [15–18].

In this single-center study, we systematically evaluated 
the different patterns of ocular involvement and factors that 
influence the outcomes of patients with MG and determined 
the risk factors for secondary generalization.

Method

Patient population

This retrospective study included 100 consecutive patients 
(53 males, 47 females), aged 55.7 ± 17.5 (range 15–85) years 
with an established diagnosis of MG who were evaluated 
at Istanbul Okmeydani Training and Research Hospital, 
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Department of Neurology, Neuromuscular Disorders Out-
patient Clinic between January 2013 and December 2019. 
Ethics approval for the study was obtained from the local 
ethics committee. The demographics of the patients, clinical 
and neuro-ophthalmologic findings, disease duration, elec-
trophysiologic test results [including repetitive nerve stimu-
lation (RNS), and single-fiber electromyography (EMG)], 
serologic and other laboratory data, computed tomography 
(CT) scans of the chest, thymectomy status and histopathol-
ogy, history of myasthenic crisis, treatment, and outcome 
measures were entered into the database consecutively. All 
patients underwent chest CT at diagnosis. Congenital myas-
thenic syndromes (n = 2) were excluded based on a history 
of symptoms and neurologic findings. Patients with poor 
clinical documentation and uncertain diagnosis (n = 12) 
were excluded. No patients had a history of any co-existing 
medical or neurologic conditions affecting extraocular motil-
ity, such as mitochondrial myopathy, muscular dystrophy, 
thyroid orbitopathy, and prior strabismus surgery.

Definition and classification of myasthenia gravis

The diagnosis of MG was based on the presence of fati-
gable weakness and at least one (mostly two) of the fol-
lowing: (1) Seropositivity of either of anti-AChR antibody 
(anti-AChR-Ab) (above > 0.5 nmol/L) or antimuscle-specific 
kinase antibody (anti-MUSK-Ab) (above > 0.01 nmol/L) 
with a standard radioimmunoassay; (2) Abnormal results of 
electrophysiologic tests including more than 10% decreased 
amplitude of compound muscle action potential with 3 Hz 
RNS of the facial or accessory nerve and/or increased jitter 
(if mean jitter exceeded 36 µs and at least three individual 
potentials had jitter values greater than 55 µs) on volitional 
single-fiber EMG (SFEMG) of the frontalis or orbicularis 
oculi muscles [19, 20]; (3) Unequivocal clinical response to 
acetylcholinesterase inhibitors and/or immunosuppression 
with appropriate clinical symptoms and exclusion of alterna-
tive diagnosis. Seventy (70%) patients were positive for anti-
AChR-Ab. Anti-Musk-Ab was available for 14 seronegative 
patients and positive in three patients. The RNS test was 
abnormal in 32 (62.7%) of the 51 tested patients. SFEMG 
was abnormal in 38 (95%) of the 40 tested patients. Of the 
27 patients with a negative antibody assay, the diagnosis of 
MG was based on the abnormal RNS in six patients, abnor-
mal SFEMG in 13, and favorable response to cholinesterase 
inhibitors, and/or steroids in eight patients.

All patients were regularly evaluated by the same neu-
rologists (OA and/or LBK) at 2–6-month intervals and new 
symptoms, neurologic examination findings, treatments, 
treatment adverse effects, and outcomes were recorded sys-
tematically. OMG was defined as the presence of fatigable 
ptosis and/or diplopia with no limb, bulbar, or respiratory 
manifestations. Generalized MG (GMG) was defined as any 

symptoms beyond the extraocular muscles or eyelids includ-
ing neck or extremity weakness, dysphagia, dysarthria, 
dyspnea, and dysphonia. The Maximum Myasthenia Gravis 
Foundation of America (MGFA) postintervention score 
(MGFA-PIS) was determined for the outcome at the last visit 
[20]. MGFA-PIS favorable outcomes included categories of 
complete stable remission, pharmacologic remission, and 
minimal manifestations for 1 year. Unfavorable outcomes 
included categories of improved, unchanged, worse, exac-
erbation, and died of MG. Patients with favorable outcome 
should not have received intravenous immunoglobulins 
(IVIG) or plasma exchange for the past 1 year [21].

Treatment protocol

Treatment protocols for patients with MG were planned 
according to international treatment guidelines [22]. Pyri-
dostigmine was the initial treatment drug for all patients with 
MG. The average pyridostigmine dosage was 60 mg 2–5 
times daily, as required. When the patients remained symp-
tomatic under anticholinesterase treatment, immunosuppres-
sive treatments were introduced. Prednisolone 0.5–1 mg/kg 
was given with an initial target dosage of 15–20 mg daily and 
increased as required, followed by gradual dose reduction 
on alternate-day administration. Azathioprine (2.5–3 mg/
kg) was used as the first-line steroid-sparing agent. A few 
patients with refractory GMG were treated with rituximab. 
Patients with severe generalized disease whose symptoms 
could not be controlled with oral medications, bulbar mus-
cle involvement and/or respiratory crises were treated with 
IVIG or plasma exchange as rescue therapy. Thymectomy 
was performed to all patients diagnosed with probable thy-
moma in thorax CT. In the absence of thymoma, thymec-
tomy was recommended to all adult patients with a diagnosis 
of positive anti-AChR-Abs or seronegative GMG, onset of 
disease < 50 years, failed response to initial immunosuppres-
sive treatments, intolerable side effects with immunosup-
pressive treatments, and relapse after immunosuppressive 
treatments [22].

Statistical analysis

For categorical variables, statistical analysis was performed 
using Fisher’s exact test or standard Chi-square tests where 
appropriate. The significance of the differences between 
groups for continuous variables was tested using a two-sided 
independent sample t test or the Mann–Whitney U two-
sample test after testing for normal distribution of the data. 
The results were considered statistically significant when 
p < 0.05. The data analysis was performed using the SPSS 
statistics package version 21.0 (SPSS Inc, Chicago, IL).
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Results

Clinical characteristics of the patients with MG

Overall, the mean age at onset for MG was 49.7 ± 18.5 
(range, 12–84) years. Four patients were classified as hav-
ing juvenile-onset (< 18 years), and 52 patients were clas-
sified as late-onset (> 50 years) MG. The male-to-female 

ratio was 1.1 (53% male) (Table 1). Twenty-eight (28%) 
patients had additional autoimmune diseases: 18 had thy-
roid disorders, 10 had allergic asthma, one had Sjogren’s 
syndrome, one had systemic lupus erythematosus (SLE), 
and one had polymyalgia rheumatica. Forty-eight (48%) 
patients had purely ocular symptoms at the onset of dis-
ease and 52 patients (52%) presented with generalized 
symptoms.

Table 1  Clinical characteristics of the patients with ocular and generalized onset myasthenia gravis

Bold indicates statistical significance
Anti-AChR-Ab anti-acetylcholine receptor antibody, F female, IVIG intravenous immunoglobulin, M male, MG myasthenia gravis, n number, n.d. 
not done, RNS repetitive nerve stimulation, SD standard deviation, SFEMG single fiber electromyography
*Limitation of movement in different eyes

Ocular onset MG n = 48 Generalized onset MG n = 52 p

Age at diagnosis, years (mean, SD) 51.5 ± 18 (12–82) 48 ± 18.8 (17–84) 0.2
Late-onset MG (> 50), n (%) 31 (64.6) 21 (40.4) 0.02
Disease duration, years (mean, SD) 5.5 ± 5.7 (0–23) 5.5 ± 6.6 (0–35) 0.7
Sex (M/F), n (%) 29/19 (60.4/39.6) 24/28 (46.2/53.8) 0.2
Anti-AChR-Ab seropositivity, n (%) 29 (60.4) 41 (78.8) 0.05
Anti-AChR-Ab concentration (mean, nmol/L) 16.4 ± 22.9 (0.7–117.4) 26.7 ± 64.8 (0.5–400) 0.8
RNS pathologic response, n (%) 12/24 (50) 20/27 (74.1) 0.09
SFEMG pathologic response, n (%) 25/27 (92.6) 13/13 (100) 0.8
Myasthenic crises, n (%) 7 (14.6) 14 (26.9) 0.1
Thymectomy, n (%) 11 (22.9) 23 (44.2) 0.03
Presence of thymoma, n (%) 4 (8.3) 12 (23.0) 0.08
Treatment, n (%) 0.6
 Pyridostigmine only 8 (16.6) 7 (13.5)
 Steroids 19 (39.6) 11 (21.2)
 Steroids + Azathioprine 18 (37.5) 24 (46.2)
 Azathioprine 3 (6.3) 7 (13.5)
 Steroids + Azathioprine + Rituximab 0 (0) 3 (5.8)
 IVIG 19 (39.6) 30 (57.7) 0.03
 Plasmapheresis 0 (0) 3 (5.8) n.d.

Presenting ocular signs, n (%)
 Unilateral/bilateral ptosis 20/27 (41.6/56.3) 7/36 (14/69.2) 0.01
 Ptosis and diplopia 29 (60.4) 27 (51.9) 0.4
 Ptosis alone 18 (37.5) 16 (30.8) 0.5
 Diplopia alone 1 (2.1) 6 (11.5) 0.2
 Limitation of eye movements, n (%) 13 (27.1) 8 (15.4) 0.2
 Bilateral limitation of eye movements 8 (16.7) 4 (7.7) 0.9
 Abduction 1 (2.1) 2 (3.8) n.d.
 Abduction/supraduction* 2 (4.2) – n.d.
 Adduction/infraduction* 1 (2.1) – n.d.
 Abduction/adduction/supraduction/infraduction* 4 (8.3) 2 (3.8) n.d.
 Unilateral limitation of eye movements 5 (10.4) 4 (7.7) 0.9
 Abduction 2 (4.2) 3 (5.8) n.d.
 Abduction/adduction 1 (2.1) – n.d.
 Abduction/supraduction 1 (2.1) 1 (1.9) n.d.
 Adduction/supraduction/infraduction 1 (2.1) – n.d.
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The most common presenting ocular symptoms in 
patients with MG was coexisting ptosis and diplopia in 56 
(56%), and ptosis alone in 34 (34%) and diplopia without 
ptosis in 7(7%) patients. Of all patients, 59% presented with 
bilateral asymmetric and 27% with unilateral ptosis, whereas 
only 4% of patients presented with bilateral symmetric pto-
sis. Bilateral orbicularis oculi muscle weakness was detected 
in 87.6% (78/89) of all patients. Three patients underwent 
oculoplastic surgery due to ptosis at the beginning of the 
disease before the diagnosis of MG.

Overall, 21% of patients with MG presented with 
EOM weakness, all of whom reported diplopia. Nineteen 
patients had coexisting EOM weakness and ptosis and only 
two patients had isolated EOM weakness without ptosis. 

Bilateral EOM weakness was seen in 12 (57.1%) and unilat-
eral EOM weakness was seen in 9 (42.9%) patients. Weak-
ness of a single EOM was detected in five patients (23.8%) 
and all mimicked sixth-nerve paresis. Bilateral and com-
bined asymmetric horizontal and vertical gaze palsy was 
observed in six patients (28.6%). Total ophthalmoplegia 
with near-complete limitation of duction in all gaze direc-
tions was observed in two (9.5%) patients (Table 1; Figs. 1 
and 2). Eleven out of 21 patients with EOM weakness were 
positive for anti-AChR-Ab and two patients were positive for 
anti-Musk-Ab. Anti-AChR-Ab-positive patients were more 
frequent among patients without ophthalmoparesis (74.7% 
vs. 52.4%), without reaching statistical significance. The 
mean anti-AChR-Ab titer was significantly higher in patients 

Fig. 1  A male patient with 
anti-AChR-Ab-positive MG. 
Left prominent bilateral asym-
metric ptosis is present. The 
patient had bilateral limitation 
of extraocular eye movements in 
all directions

Fig. 2  A female patient with 
anti-Musk-Ab-positive MG. 
Right prominent bilateral 
asymmetric ptosis and bilateral 
orbicularis oculi muscle weak-
ness is present. The patient had 
marked bilateral limitation of 
extraocular eye movements in 
horizontal directions and mod-
erate bilateral limitation with 
infraduction
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without ophthalmoparesis (p = 0.02) (Table 2). Five patients 
with EOM weakness had an underlying thyroid disorder, all 
of whom were euthyroid. We found no significant difference 
regarding age, age of disease onset, sex, disease duration, 
presentation of symptoms, seropositivity, myasthenic crises, 
thymectomy status and thymoma, secondary generalization 
rates, treatments, and long-term remission rates between 
patients with and without EOM weakness (Table 2). The 
outcome of EOM weakness was assessed in 15 patients with 
at least 1-year follow-up. Although all of the patients with 
EOM weakness responded well to immunosuppressive drug 
therapy, nine out of 15 (60%) patients responded partially 
with mild EOM deficits and had recurrent symptoms of 
diplopia.

The most common presenting symptoms in patients 
with ocular-onset MG was coexisting ptosis and diplopia 
in 29 (60.4%), and isolated ptosis in 18 (37.5%) patients. 
Only one (2%) patient with ocular-onset MG presented 
solely with diplopia without ptosis. Patients with ocular-
onset MG presented more frequently with unilateral pto-
sis (41.6%) compared with patients with generalized-onset 
MG (14%) (p = 0.01) (Table 1). The frequency of patients 
with late-onset MG (> 50 years) was significantly higher 
among patients with ocular-onset MG (64.6%) compared 

with patients with generalized-onset MG (40.4%) (p = 0.02, 
Table 1). Anti-AChR-Abs were detected in 60.4% of the 
patients with ocular-onset MG and 78.8% of the patients 
with generalized-onset MG. Three patients with anti-Musk-
Ab presented as generalized-onset MG. We found no sig-
nificant differences regarding the mean age of disease onset, 
sex, disease duration, seropositivity, anti-AChR-Ab titer, 
myasthenic crises, electrophysiologic findings, and the use 
of immunosuppressant treatments between patients who 
were initially diagnosed as having ocular-onset MG and 
generalized-onset MG (Table 1). Patients with generalized-
onset MG were treated more frequently with thymectomy 
(44.2%) compared with patients with ocular-onset MG 
(22.9%) (p = 0.03). Thymoma was more frequently diag-
nosed in patients with generalized-onset MG (23%) com-
pared with patients with ocular-onset MG (8.3%), without 
reaching statistical significance.

Prognosis

Of the 40 patients with ocular-onset MG with a minimum 
disease duration of 2 years, 15 (31.3%) patients remained 
purely ocular, whereas 25 (52.1%) patients progressed to 
secondary generalized MG (Table 3). The mean age of 

Table 2  Analysis of variables 
comparing patients with and 
without extraocular muscle 
weakness

Bold indicates statistical significance
Anti-AChR-Ab anti-acetylcholine receptor antibody, EOM extraocular muscle, F female, IS Immunosup-
pressants, IVIG intravenous immunoglobulin, M male, MG myasthenia gravis, n Number, n.d. not done, SD 
standard deviation

Patients with EOM 
weakness n = 21

Patients without EOM 
weakness n = 79

p

Age, years (mean, SD) 53.3 ± 19.2 (15–82) 56.3 ± 17.1 (18–85) 0.3
Age at diagnosis, years (mean, SD) 48.1 ± 18.6 (15–82) 50.1 ± 18.5 (12–84) 0.2
Late onset MG (> 50) n, (%) 11 (52.4) 41 (51.9) 0.9
Disease duration, years (mean, SD) 5.0 ± 6.3 (0–20) 5.5 ± 6.2 (0–35) 0.2
Sex (M/F), n (%) 13/8 (61.9/38.1) 40/39 (50.6/49.4) 0.5
Anti-AChR-Ab seropositivity, n (%) 11 (52.4) 59 (74.7) 0.06
Anti-AChR-Ab concentration (mean, nmol/L) 6.3 ± 4.2 (0.7–15.5) 25.4 ± 55.8 (0.5–400) 0.02
RNS pathologic response, n (%) 4/12 (33.3) 28/39 (71.8) 0.04
SFEMG pathologic response, n (%) 7/8 (87.5) 31/33 (93.9) 0.5
Myasthenic crises, n (%) 5 (23.8) 16 (20.3) 0.8
Thymectomy, n (%) 4 (19) 30 (38) 0.2
Thymoma, n (%) 4 (19) 12 (15.2) 0.9
Secondary generalized MG, n (%) 6 (28.6) 19 (24) 0.8
Treatment, n (%) 0.6
 Pyridostigmine only 1 (4.5) 14 (17.7)
 Steroids 8 (38.1) 22 (27.8)
 Steroids + Azathioprine 11 (52.4) 31 (39.2)
 Azathioprine 0 (0) 10 (12.7)
 Steroids + Azathioprine + Rituximab 1 (4.5) 2 (2.5)
 IVIG 8 (38.1) 41 (51.9) 0.1
 Plasmapheresis 0 (0) 4 (5.6) n.d.
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disease onset in patients with pure ocular MG was signifi-
cantly higher than patients with secondary generalized MG 
(p = 0.04). Patients with secondary generalized MG pre-
sented more frequently with ptosis and diplopia (72% vs. 
28%) compared with patients with pure ocular MG who 
presented more frequently with isolated ptosis (66.7% vs. 
33.3%) (p = 0.02). We observed no significant association 
between the risk of conversion to generalized MG and sex, 
disease duration, seropositivity, anti-AChR-Ab titer, electro-
physiologic findings, thymectomy status, thymoma, treat-
ments, and neuro-ophthalmologic findings (Table 3). When 
the generalization occurred, the mean time from the onset of 
the first symptoms to generalization was 14.5 (range 2–36) 
months. None of the patients developed the generalized form 
of the disease 3 years after symptom onset. More than half 
of the patients (59%) converted to secondary generalized 
MG within the first year of symptom onset. Although most 
patients progressed to secondary generalized MG within two 
years after symptom onset, two patients converted within 
3 years.

Long-term outcomes were analyzed in 63 patients with 
a mean disease duration of 8.1 ± 6.4 (range, 3–35) years. 
Remission and minimal manifestation status were achieved 
in 50 (79.3%) of all patients. None of the patients died dur-
ing follow-up (Table 4). Favorable outcomes at the last visit 
included MM-3 in 36 (57.1%), MM-2 in 11 (17.5%), MM-1 

in two (3.2%), and PR in one (1.6%) patient. Poor outcome 
was associated with the presence of thymoma (p = 0.007). 
We found no other significant association between prognosis 
and age of disease onset, sex, disease duration, presentation 
of symptoms, seropositivity, anti-AChR-Ab titer, electro-
physiologic findings, thymectomy status, treatments, and 
neuro-ophthalmologic findings.

Treatment

Thymectomy was performed in 34 (34%) patients. With 
respect to the postoperative pathologic reports, thymoma 
was detected in 17 (50%), normal or atrophic thymus in 10 
(29.4%), and hyperplastic thymus in 5 (14.7%) patients who 
underwent thymectomy. Pathologic reports were inacces-
sible in 2 (5.9%) patients. All of our patients treated with 
thymectomy had generalized disease except one who had 
thymoma-related ocular MG. In terms of medication, pyri-
dostigmine alone was the treatment of choice in 15 patients. 
In 75 patients, corticosteroids, and in 52 patients, azathio-
prine was added as the second-line medication. In 45 out 
of 70 (64.3%) patients who received corticosteroids as the 
second-line therapy, azathioprine was introduced as add-on 
therapy due to a lack of efficiency or adverse effects of ster-
oids. Three patients with treatment-refractory MG received 
rituximab (Table 1).

Table 3  Clinical characteristics 
of patients with pure ocular 
and secondary generalized 
myasthenia gravis

Bold indicates statistical significance
Anti-AChR-Ab anti-acetylcholine receptor antibody, F female, IS immunosuppressants, IVIG intravenous 
immunoglobulin, M male, MG myasthenia gravis, n number, n.d. not done, RNS repetitive nerve stimula-
tion, SD standard deviation, SFEMG single-fiber electromyography

Pure Ocular MG n = 15 Secondary generalized 
MG n = 25

p

Age (mean, SD) 63.6 ± 11 (38–79) 53.3 ± 19.2 (15–83) 0.03
Age at diagnosis, years (mean, SD) 56.4 ± 12.7 (29–76) 45.4 ± 20.1 (12–78) 0.04
Late onset MG (> 50), n (%) 11 (73.3) 14 (56) 0.3
Disease duration, years (mean, SD) 5.9 ± 6.2 (2–23) 7 ± 5.5 (0–18) 0.3
Sex (M/F), n (%) 10/5 (66.7/33.3) 12/13 (48/52) 0.3
Anti-AChR-Ab seropositivity n, (%) 7 (46.7) 18 (72) 0.2
Anti-AChR-Ab concentration (mean, nmol/L) 14.6 ± 18.4 (2.8–55) 20 ± 26.2 (0.7–117.4) 0.4
RNS pathologic response, n (%) 3/7 (42.9) 9/14 (64.3) 0.6
SFEMG pathologic response, n (%) 9/11 (81.8) 13/13 (100) n.d.
Thymectomy, n (%) 1 (6.7) 10 (40) 0.05
Presence of thymoma, n (%) 1 (1) 3 (12) n.d.
Treatment, n (%) 0.1
 Pyridostigmine only 5 (33.3) 3 (12)
 Steroids 8 (53.3) 20 (80)
 Other IS 5 (33.3) 12 (48)

Presenting ocular signs, n (%)
 Unilateral/bilateral ptosis 8/7 (53.3/46.7) 11/13 (44/52) 0.7
 Ptosis and diplopia/ptosis alone 5/10 (33.3/66.7) 18/7 (72/28) 0.02
 Extraocular muscle weakness 2(13.3) 6 (24) 0.7
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Discussion

This study shows, in a medium-sized cohort of patients 
from a single center, that MG-related ophthalmoparesis 
is observed in nearly one-fifth of patients and may cause 
long-term functional disability. Patients with unilateral pto-
sis appear to present more frequently as ocular-onset MG 
compared with patients with bilateral asymmetric ptosis who 
present more frequently as generalized-onset MG. Patients 
with the coexisting ptosis and diplopia at onset more fre-
quently progressed into generalized MG, which has not been 
previously reported. Patients who developed secondary gen-
eralized MG were younger and had an earlier age of disease 
onset compared with patients with pure OMG. Prognosis 
was good in nearly 80% of all patients with a clinical follow-
up at least 3 years. Poor outcome was associated with the 
presence of thymoma.

Regarding the clinical features at presentation, the most 
frequent initial ocular symptoms was coexisting ptosis and 
diplopia (56%). Ocular manifestation in MG appeared to be 
more bilateral and asymmetrical (59%), whereas symmet-
ric ptosis (4%) and isolated diplopia (7%) were uncommon 
findings. Isolated diplopia in patients with MG was reported 
more frequently in the previous cohorts between 27 and 34% 
[4, 6].

In our patient cohort, bilateral and multiple EOM weak-
ness was most frequently observed (12%). Such a presenta-
tion may suggest a misdiagnosis of central gaze disorder 
or mitochondrial myopathy. Previous studies reported no 
consistent pattern of ocular motility disturbances in patients 
with MG. Elevator muscles (inferior oblique and superior 
rectus) and medial rectus muscle have been reported as 
being more frequently involved than other ocular muscles 
[13, 14, 24, 25]. Unlike other studies, lateral rectus was the 

Table 4  Analysis of variables 
comparing patients with good 
and poor outcome with a 
minimum disease duration of 
3 years

Bold indicates statistical significance
Anti-Ach-R-Ab anti-acetylcholine receptor antibody, F female, IS immunosuppressants, IVIG intravenous 
immunoglobulin, M male, MG myasthenia gravis, n number, n.d. not done, RNS repetitive nerve stimula-
tion, SD standard deviation, SFEMG single fiber electromyography

Good outcome n = 50 Poor outcome n = 13 p

Age at diagnosis, years (mean, SD) 47.8 ± 16.1 (15–74) 49.8 ± 21.7 (12–78) 0.4
Late onset MG (> 50), n (%) 24 (48) 6 (46.2) 0.5
Sex (M/F), n (%) 24 /26 (48/52) 8 /5 (61.5/38.5) 0.5
Symptom onset, n (%) 0.5
 Ocular-onset MG 28 (56) 6 (46.2)
 Generalized-onset MG 22 (44) 7 (53.8)

Disease duration, years (mean, SD) 8.4 ± 6.8 (3–35) 7.1 ± 4.4 (3–17) 0.3
Anti-AchR-Ab seropositivity, n (%) 31 (62) 11 (84.6) 0.2
Anti-AchR-Ab concentration (mean, nmol/L) 34.7 ± 74.3 (1.5–400) 18.2 ± 9.5 (6.2–34.9) 0.4
RNS pathologic response, n (%) 18/26 (69.2) 4/8 (50) 0.6
SFEMG pathologic response, n (%) 20/21 (95.2) 6/6 (100) n.d.
Myasthenic crises, n (%) 9 (18) 6 (46.2) 0.08
Thymectomy, n (%) 18 (36) 7 (53.8) 0.3
Thymectomy for non-thymomatous thymoma, n (%) 15 (30) 2 (15.4) 0.7
Presence of thymoma, n (%) 3 (6) 5 (38.4) 0.007
Treatment, n (%) 0.2
 Pyridostigmine only 11 (22) 0 (0)
 Steroids 12 (24) 3 (23.1)
 Steroids + Azathioprine 18 (36) 7 (53.8)
 Azathioprine 8 (16) 1 (7.7)
 Steroids + Azathioprine + Rituximab 1 (2) 2 (15.4)
 IVIG 19 (38) 13 (100) 0.002
 Plasmapheresis 1 (2) 1 (7.1) n.d.

Presenting ocular signs, n (%)
 Unilateral/Bilateral ptosis 17/28 (34/56) 3/10 (23.1/76.9) 0.5
 Ptosis and diplopia 27 (54) 9 (69.2) 0.9
 Ptosis alone 18 (36) 4 (30.8) 0.6

Extraocular muscle (EOM) weakness, n (%) 8 (16) 3 (23.1) 0.9
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only isolated ocular muscle affected in our patient group. 
Ocular motility weakness mimicking isolated cranial nerve 
palsies, internuclear ophthalmoplegia, conjugate gaze pal-
sies, one and a half syndrome, complete external ophthal-
moplegia, and double elevator palsy have all been described 
in MG [8, 9, 12–15].

Bilateral orbicularis oculi weakness was seen in 87.6% 
of our patient group and would not be expected in other 
non-MG-related ocular motility disorders [2]. Nearly half 
of the patients with ocular gaze palsy had anti-AChR-Abs. 
We had no patients with anti-Musk-Ab-positive MG who 
presented with isolated ocular disease as reported rarely in 
the literature [15, 26].

In most of the patients under immunosuppressive ther-
apy, EOM weakness rapidly remitted. However, despite 
immunotherapy, 60% of patients had recurrent symptoms 
of diplopia with mild EOM weakness during follow-up. Our 
patients did not have as severe persistent EOM weakness, 
but intermittent diplopia continued without full recovery. 
Former studies described a subset of patients who developed 
treatment-resistant ophthalmoplegia, and their non-ocular 
muscles responded to standard myasthenic therapies [17, 
18, 24]. More aggressive immunotherapy with higher pred-
nisone doses within 3 months is suggested for the resolu-
tion of myasthenic ophthalmoparesis [18]. Previous studies 
showed ocular muscle atrophy in patients with anti-AChR-
Ab-positive GMG whose ocular symptoms responded poorly 
to treatment [27]. Few reports on EOM histopathology in 
MG-associated ophthalmoplegia revealed nonspecific fibro-
fatty changes and mitochondrial alterations in EOM muscles 
secondary to functional denervation and poor contractility 
[28, 29]. Gene polymorphisms in some of the differentially 
expressed genes in the EOMs may be related to an increased 
susceptibility of EOM in MG [30]. In a treatment-resistant 
ophthalmoplegic subphenotype of patients with MG with 
African genetic ancestry, potential gene variants, dysregu-
lating myogenesis, and gangliosphingolipid biosynthesis 
pathways contributing to the synaptopathy at the extraocu-
lar neuromuscular junction were defined [17, 31]. Hashi-
moto’s thyroiditis might rarely cause ophthalmopathy in the 
euthyroid state with a good response to steroids and should 
be considered in the differential diagnosis of patients [32]. 
Ptosis and diplopia in MG may interfere with daily activities 
and result in significant disability. For patients who remain 
diplopic despite medical therapy, prism therapy, or strabis-
mus surgery may be an effective alternative [2].

In our database, ocular symptoms led to a diagnosis of 
MG in 48% of patients, which was similar to those reported 
in earlier studies [6, 7]. Later age of disease onset was more 
frequently observed in our patient group with ocular-onset 
MG (64.6%), as previously mentioned [33, 34]. Antibodies 
against the acetylcholine receptor confirm the immunopatho-
logic features of the disease and are present in 60.4% of the 

ocular-onset MG and 78.8% of the generalized-onset MG. 
Previous studies reported the presence of anti-AChR-Abs in 
patients with OMG between 30 and 83% [4–7, 23, 33, 34]. 
During the course of the disease, 52.1% of patients with 
ocular-onset MG evolved to secondary generalized MG over 
a mean follow-up of 14.5 months. Previous studies reported 
a longer transformation time of up to 5 years [6]. Patients 
who developed secondary generalized MG were younger and 
had an earlier age of disease onset compared with patients 
with pure OMG. Lower rates of secondary generalization 
in older patients have been reported in previous studies [33, 
34]. The reported rate of conversion to GMG is quite vari-
able in earlier studies between 9.4% and 85%, possibly due 
to different durations of follow-up periods, different inclu-
sion criteria, and the possible effect of immunosuppressive 
treatment [4–7, 10, 23, 33, 35]. In our cohort, patients with 
more than one ocular symptom (ptosis and diplopia) at onset 
more frequently progressed into generalized MG. Wang 
et al. reported that single onset symptoms of OMG such 
as ptosis or diplopia predicted early conversion to GMG 
than co-occurrence of ptosis and diplopia [36]. Consistent 
with some studies, but in contrast with others, no predic-
tive factors for progression to secondary generalized MG 
were found regarding sex, rate of seropositivity, titer of anti-
AChR-Abs, and abnormal electrodiagnostic test results [4–6, 
10, 35–37].

Nearly two-thirds of our patients with pure ocular MG 
required treatment with immunosuppressive drugs for the 
control of their symptoms. Prior studies have shown a higher 
incidence of remission and lower risk of progression to 
GMG in individuals treated with corticosteroids [10, 38]. 
Our patient group was too small for this subgroup analysis. 
Nearly 80% of our patient group had favorable outcomes, 
which corroborates with previous studies [23, 39]. The pres-
ence of pathologically confirmed thymoma was the only 
factor that was associated with unfavorable outcomes, as 
previously mentioned [40].

The interpretation of our data is hampered by its retro-
spective design, and measurement errors by the authors were 
possible because neuro-ophthalmologic examinations with 
Maddox rod or prism evaluations are not performed rou-
tinely. Hence, the number of patients with ophthalmopare-
sis may be underestimated among patients with symptoms 
of diplopia. We did not systematically assess the degree 
of ophthalmoparesis. However, patients were assessed by 
the same neurologists in a standardized pattern and infor-
mation on clinical examination, treatments, and outcomes 
were well documented. Our results regarding the clinical 
features and prognosis are in accordance with previous stud-
ies. Sample sizes in some subgroup analyses were too small, 
which could result in missing potential factors that influence 
outcomes. Not all of the patients with negative anti-AChR-
Ab test results were tested for anti-Musk-Ab. Some patients 
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might have presented to clinics after their ocular symptoms 
had already progressed and generalized. Especially in older 
patients who might report nonspecific fatigue, mild general-
ized-onset MG could be misclassified as ocular onset MG or 
vice versa, which might impede the categorization of the dis-
ease into subgroups as ocular or generalize-onset MG [37].

In conclusion, our study confirms that myasthenic oph-
thalmoparesis is usually bilateral and heterogeneous and 
partly responds to immunotherapy. Bilateral ptosis is asso-
ciated with generalized onset MG. Diplopia and ptosis at 
the onset of disease might suggest conversion to secondary 
generalized MG. Younger patients with an earlier disease 
onset convert to secondary generalized MG frequently. The 
presence of thymoma increases the risk for poor prognosis.
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