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ABSTRACT
Myasthenia gravis (MG) is an autoimmune disease that causes neuromuscular junction transmission 
defect and has a predilection for the with neuromuscular junction transmission defect and pre-
dilection for extra-ocular and eyelid muscles. Most cases of ocular MG (OMG) convert later to 
generalised MG (GMG). Assaying acetylcholine receptor antibodies (AchRA) has been used to 
diagnose MG, but the reported sensitivity in OMG is lower (50%) than in GMG. We report the 
clinical course and the diagnostic yield of assaying AchRA in a Kuwaiti cohort of patients with OMG. 
We carried out a retrospective review of 47 patients diagnosed with OMG who were tested for 
AchRA. Ancillary tests included the ice test, single-fibre electromyography (SFMEG), and repetitive 
nerve stimulation electromyography (RNS). Progression to GMG occurred in 51% of OMG patients 
with a mean time to progression of 12.1 months (range 4 to 20 months). AchRAs were positive in 46 
of 47 cases (98%), while SFEMG was positive in 31 of 34 cases (91.1%). Older age (44.25 years versus 
38 years, p < .05) and higher AchRA titre (2.0 nmol/L versus 1.27 nmol/L, p < .05) were significantly 
associated with conversion to GMG. We have found a high rate of AchRA seropositivity in relatively 
younger subjects of OMG. Higher AchRA titres and older age were associated with conversion to 
GMG, usually within the first 2 years.
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Introduction

Myasthenia gravis (MG) is an autoimmune disease 
that leads to impaired neuromuscular transmission. 
Solely ocular manifestations of MG (OMG) occur 
in 15–50% of cases, most frequently in the form of 
fluctuating ptosis and diplopia.1 OMG can evolve 
into generalised MG (GMG), with reported rates of 
conversion varying between 20–60%.2,3 Because 
OMG can mimic various ocular motility disorders 
or non-myasthenia ptosis, the diagnosis can often 
be challenging. Therefore, ancillary testing, includ-
ing assaying acetylcholine receptor antibodies 
(AchRA), the ice test, and electrophysiological 
tests, can help establish the diagnosis.4,5 The sensi-
tivity of AchRAs in patients presenting with OMG 
has been reported to be much lower than in 
patients presenting with GMG.3,5,6 However, recent 
studies have shown higher AchRA sensitivity in 
OMG.7,8 The edrophonium (Tension) test has 
high rates of false positives and false negatives and 
can be associated with severe adverse effects, so its 
use has declined.9 Single-fibre electromyography 
(SFEMG) has been reported to be sensitive and 

specific in OMG, whereas repetitive nerve stimula-
tion (RNS) is less sensitive in OMG.5,10 The objec-
tives of this study were to determine the clinical 
course and the rate of conversion of OMG into 
GMG, the utility of AchRA testing in OMG, and 
to explore any independent factors that are asso-
ciated with the conversion to GMG in a Kuwaiti 
cohort of patients.

Methods

We reviewed the medical records of patients with 
a diagnosis of OMG from 2008–2018. Patients with 
signs of GMG at the onset, such as dysphagia, dysar-
thria, dyspnoea, dysphonia, neck or extremity weak-
ness, were excluded. The diagnosis of OMG was 
defined by the presence of ptosis or diplopia charac-
terised by fatiguability and variability with at least one 
of the following: (1) positive AchRA titre; (2) signifi-
cant jitter on SFEMG or abnormal RNS; (3) a clinical 
response to the ice test; or (4) a good response to 
treatment with pyridostigmine. Alternative diagnoses 
were excluded by appropriate laboratory investigation 
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and neuro-imaging studies, when required. The ice 
test was performed in the clinic in patients with ptosis 
by placing surgical gloves filled with crushed ice over 
the ptotic eyelid in unilateral ptosis or both eyelids in 
bilateral ptosis for 2 minutes. An improvement of 
2 mm of the ptosis had to be observed for the test to 
be positive. All patients underwent serum testing for 
AChRA using a radio-immunoassay (RIA), and 
values greater than 0.2 nmol/L were considered posi-
tive. The minimum follow-up duration for the inclu-
sion in the study was 12 months, and the time to 
progression to GMG in patients who converted was 
recorded.

Ancillary tests included SFMEG and RNS 
according to a previously described protocol.11 

SFEMG was performed in one or more of frontalis, 
orbicularis oculi, or masseter muscle. The normal 
upper limits for the mean consecutive difference 
(MCD) were 30 µs for individual motor endplates 
and 21 µs for the mean MCD per study. 
Abnormality was defined by abnormal values/ 
blocking in more than 10% of the fibres studied or 
a mean MCD per study exceeding the upper limits 
of normal.

The treatment of patients consisted of pryridos-
tigmine at a starting dosage of 60 mg three times 
daily, which was increased as required during fol-
low-up. At an incremental dosing regimen starting 
from 10 mg/day to 40 mg/day and then tapering 
over two months, oral prednisolone was used as 
required in patients who did not respond well to 
pyridostigmine.

Conversion to GMG was defined as the point 
during follow-up at which patients developed non- 
ocular symptoms, such as dysarthria, dysphagia, 
dyspnoea, or jaw, neck, arm, or leg weakness.

The Institutional Research Review Board of Ibn 
Sina Hospital approved this study.

Statistical Analysis

Continuous and ordinal variables were reported as 
mean ± standard deviation, and categorical vari-
ables were reported as frequency and percentage. 
A comparison was made of variables in the patients 
who developed GMG and those who remained as 
OMG using the student’s t-test and for continuous 
and ordinal variables and the chi-square test for 
categorical variables, where appropriate. Survival 

analysis (Kaplan–Meier) was performed to com-
pare the probability of conversion to GMG between 
different categories of patients at different time 
points. Multivariable regression analysis was per-
formed to determine if there were independent 
variables associated with the development of 
GMG. Statistical analysis was done using the 
Statistical Product and Service Solutions statistical 
package (IBM Corp. IBM SPSS, Version 27.0).

Results

The clinical characteristics of the 47 study subjects 
with OMG are shown in Table 1. The mean follow- 
up duration for the whole cohort was 
42.3 ± 25.2 months, ranging from 15 to 118 months. 
The mean follow-up duration for patients who 
remained as OMG and did not convert to GMG 
throughout the study was 31 ± 14.8 (range 15 to 
71 months). Progression to GMG occurred in 51% 
of OMG patients with a mean time to progression 
of 12.1 ± 4.3 months (range from 4 to 20 months). 
Of the patients who progressed to GMG, 13 
patients converted within the first year (54.2%), 
and the remaining 11 patients (45.8%) converted 
within the second year (Figure 1).

The most common clinical presentation was with 
isolated ptosis (44.5%), followed by a combination 
of ptosis and diplopia (30%) and then diplopia only 
(25.5%). The most prevalent positive test was the 
AchRA assay (98%), positive in all except one case. 
SFEMG was performed in 34 patients and was 
abnormal in 31 patients (91.1%). RNS was per-
formed in 36 patients, but it was abnormal in only 
12 (33.3%). The ice test was more frequently posi-
tive in patients with isolated ptosis (92.8%) than 
patients with ptosis and diplopia (83.3%).

Patients who converted to GMG were older than 
those who remained as OMG (44.25 ± 9.0 years ver-
sus 38.08 ± 8.7 years, p < .05). Using survival analysis 
and various age cut-off-point intervals, we found 
that patients older than 45 had a significantly higher 
mean survival time for conversion to GMG than 
patients younger than 45 years (14.0 versus 
10.46 months, respectively, log-rank test 
p-value = .029) (Figure 2a). The AchRA titre was 
significantly higher in patients who converted to 
GMG than those who did not (2.0 ± 1.1 nmol/L 
versus 1.27 ± 0.65 nmol/L, p < .05). Moreover, 
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patients with titres above 1.485 nmol/L were three 
times more likely to convert to GMG than patients 
below 1.485 nmol/L (confidence intervals = 1.85– 
6.17, chi-square p < .001). Survival analysis, however, 
did not show a significant difference in the mean 
survival estimate of conversion to GMG between 
patients with AchRA titres above or below the med-
ian value of 1.485 nmol/L (11.72 versus 
13.16 months, respectively, log-rank test p = .40) 
(Figure 2b).

There was a trend for SFEMG to be more abnor-
mal in patients who converted to GMG (p = .09). 
However, there was no significant difference in the 
results of RNS between patients who generalised 
and those who did not generalise (Table 2). 
A total of 11 patients (23.4%) in this study used 
oral steroids, all of whom converted later to GMG. 
Of the patients who converted to GMG, 11 (45.8%) 
used oral steroids, and 13 (54.2%) did not use oral 
steroids. Multivariable regression analysis did not 
show an independent effect on conversion to GMG 
for any of the variables including gender, age, 
SFEMG result, and AchRA antibody titre.

Discussion

In this group of OMG patients, we found that the 
AchRA assay was positive in 98% in cases of OMG, 
which is contrary to the previously reported lower 
AchRA rates in OMG of 45–65%.12–14 This is con-
sistent with recent studies, which have found higher 
seropositive rates of AchRA in OMG.7,8 Peeler et al. 
also found a rate of 70.9% in a study of 223 OMG 
subjects.7 Chung et al. found a rate of 86.7% in 
patients who were eventually diagnosed with 
OMG.8 The discrepancy between the seropositivity 
rates of AchRA in this study and previous reports 
can be due to the variation in the clinical setting, 
study design, patient characteristics and selection, 
and referral practices. The mean age of subjects in 
this study (41.2 years) was slightly younger than the 
studies by Peeler et al. (59.2 years) and Nagia et al. 
(61.5 years), which may account for the higher 
seropositivity in our series compared with theirs 
(98% vs. 70–72%, respectively).7,15

Referral patterns may affect the yield of the AchRA 
assay testing since OMG can mimic a variety of ocular 
motility disorders, including strabismus and 

Table 1. The clinical characteristics of study subjects.

Patients (N = 47)
Mean ± standard deviation  

or number (%)

Age (years) 41.2 ± 9.3

Follow-up duration (months) 42.3 ± 25.2

Gender Male 23 (49%)

Female 25 (51%)

Symptom duration (days) 32 ± 6.9

Clinical presentation Ptosis 21 (44.5%)

Diplopia 12 (25.5%)

Ptosis and diplopia 14 (30%)

Acetylcholine receptor antibody Positive 46 (98%)

Negative 1 (2%)

Acetylcholine receptor antibody titre 1.65 ± 1.0

Ice test (N = 25) Ptosis (N = 14) Positive test 13 (92.8%)

Ptosis and diplopia (N = 12) 10 (83.3%)

Repetitive nerve stimulation (N = 36) Abnormal 12 (33.3%)

Normal 24 (66.6)

Single fibre EMG (N = 34) Abnormal 31 (91.1%)

Normal 3 (8.9%)

Progression to generalised  
myasthenia gravis

24 (51%)

Time to generalisation (months) 12.1 ± 4.3

Oral steroid treatment 11 (23.4%)

Thymoma 8 (17%)

Symptoms duration: The duration of ocular symptoms (diplopia, ptosis) before presentation. 
EMG = electromyography.
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decompensated phorias, thyroid eye diseases, and 
cranial neuropathies. Neuro-ophthalmological assess-
ment may improve patient selection and thus increase 
the positive predictive value of the AchRA assay. 
Chung et al. retrospectively reviewed the records of 
114 patients referred to a tertiary centre for evaluation 
of suspected OMG. Of the patients referred, only 
15 were eventually diagnosed as OMG while the rest 
of the patients received alternative diagnoses. Of their 
15 OMG patients, 13 had positive AchRAs with 
a sensitivity of 80% and a positive predictive value 
of 92.3%.8

It is also conceivable that the new radio- 
immunoassays are much more sensitive and have 
a more standardised set reference for a positive test 
than older assays with no standardised reference 
value.

AchRA seropositivity and high AchRA titres 
have been associated with a greater risk of gen-
eralisation in cases of OMG.7 In this study, 
patients who converted to GMG were older and 
had higher AchRA titres than those who did not 
convert (Table 2). Mazzoli et al. have also shown 
that conversion to GMG was significantly 

Figure 1. Cumulative incidence of progression to generalised myasthenia gravis in patients who generalised over time expressed in 
months. GMG = generalised myasthenia gravis

Figure 2. Kaplan–Meier survival curve showing the probability of conversion to generalised myasthenia gravis over time in (a) patients 
below and above 45 years and (b) patients with acetylcholine receptor antibody titres below and above 1.485 nmol/L. 
AchRA = acetylcholine receptor antibody 
GMG = generalised myasthenia gravis
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associated with female sex, higher age of onset (> 
50 years), and AchRA positivity.16 In their series, 
however, positive AchRA was detected in only 
39.6% of patients. They also reported a much 
lower conversion rate to GMG of 18.4% than 
this study. Nagia et al., however, did not find 
any predictive factors for GMG conversion, 
including AChRA status, age, or gender, with 
only a trend for the presence of thymoma and 
AChRA titres predicting conversion to GMG.15

Eleven patients required steroids in this study, and 
all of them converted to GMG. Peeler et al. did not 
find a significant difference in the conversion rate to 
GMG between patients on immunosuppressive ther-
apy and those who were not.15 Oral steroids have been 
found in other studies to be beneficial in alleviating 
OMG symptoms and reducing the risk of conversion 
to GMG.17,18 Because of the relatively small sample 
size, its retrospective nature, and the low number of 
patients who used oral steroids, the exact timing of 
starting steroids before conversion to GMG could not 
be determined. Therefore, our study was not designed 
to study the effect of immunosuppressive therapy on 
the rate of conversion to GMG.

The reported range of conversion to GMG varies 
across different studies between 20–85%.2,3,8,16,19,20 

All our subjects converted to GMG in the first two 
years, consistent with previous reports that 80% of 
conversions to GMG occurred within the 
first year.2,3 Nagia et al. reported a median conver-
sion time of 20 months and 69.7% converted within 
the first 2 years.15

SFEMG was abnormal in 31 of 34 cases 
(91.1%), and there was a trend (p = .09) for 
SFEMG to be abnormal in patients who 

converted to GMG (Table 2). Although SFEMG 
is very sensitive and specific for the diagnosis of 
OMG (88%–92%), the test is time-consuming 
and inconvenient for patients and requires tech-
nical expertise.10,21 It can also be abnormal in 
disorders such as Lambert-Eaton myasthenic 
syndrome and mitochondrial myopathies.22,23 

Therefore, it is probably more helpful in the 
assessment of seronegative cases. Out of the 34 
patients in this study who had an AchRA assay 
and SFEMG testing, one patient was seronega-
tive with an abnormal SFEMG, while three 
patients were seropositive with a normal 
SFMEG. The single AchRA seronegative patient 
who had an abnormal SFEMG presented with 
ptosis and showed a good response to 
pyridostigmine.

We also found the ice test very useful in evalu-
ating OMG in patients with isolated ptosis or 
ptosis associated with diplopia with positive tests 
in 92.8% and 83.3%, respectively. This is in keep-
ing with previous reports, which found that the 
test to be 90% sensitive and 100% specific in 
OMG.24

Thymoma or thymic hyperplasia has been 
associated with an increased risk of generalised 
disease in OMG.25,26 Eight patients in this study 
had thymoma, and all of the patients generalised 
later, two of whom had thymectomy before con-
version to GMG and six patients following con-
version. The low prevalence of thymoma in our 
study (17%) is in keeping with other 
studies reporting lower incidence of thymoma/ 
thymic hyperplasia in OMG compared with 
GMG.17

Table 2. Comparison between ocular myasthenia gravis patients who did or did not convert to generalised myasthenia gravis.
Mean ± standard deviation or number (%)

No conversion to  
GMG (N = 23)

Conversion to GMG 
(N = 24) p-value

Age (years) 38 ± 8.7 44.25 ± 9.0 < .05

Gender Male 9 (39%) 14 (58.3%) .2

Female 14 (61%) 10 (41.7%)

Acetylcholine receptor  
antibody titre (nmoL/litre)

1.27 ± 0.65 2.0 ± 1.1 < .05

RNS Normal 13 (76.5%) 11 (58%) .24

Abnormal 4 (23.5%) 8 (42%)

SFMEG Normal 3 (16.7%) 0 .09

Abnormal 15 (83.3%) 16 (100%)

RNS = Repetitive nerve stimulation 
SFEMG = Single fibre electromyography.
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The retrospective nature and sample size are 
among the limitations of this study. It is possible 
that with longer follow-up, more cases of OMG 
would have converted to GMG. We have not been 
able to investigate the effect of more factors such as 
other autoimmune conditions on the development 
of GMG because of the low prevalence of these in 
this study group. Other autoantibodies, such as anti- 
muscle-specific kinase (MuSK) were not routinely 
performed.27

In summary, we have shown in a group of OMG 
with a slightly younger age than other reported 
series higher seropositivity of AchRA than reported 
in the literature. Almost half of the patients in this 
series converted to GMG in the first two years of 
follow-up, and this was associated with older age of 
onset and higher AchRA titres.
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