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Background and Purpose  The various tests that are routinely used to diagnose generalized 
myasthenia gravis, such as the edrophonium test, serum anti-acetylcholine-receptor antibod-
ies (AChR-Ab), and repetitive nerve stimulation (RNS) tests, have lower diagnostic sensitivity 
in ocular myasthenia gravis (OMG). Diagnosing OMG becomes even more difficult when the 
clinical symptoms are subtle. There is no gold-standard diagnostic test available for OMG pa-
tients, and so this study compared the diagnostic sensitivity of gaze photographs with conven-
tional tests in OMG.
Methods  Records of gaze photographs were available for 25 of 31 consecutive patients diag-
nosed with OMG. Each patient underwent a neuro-ophthalmologic examination, serum 
AChR-Ab, RNS, edrophonium test, ice tests, and the acquisition of gaze photographs. The mar-
gin reflex distance 1 (MRD1) was measured on each of the gaze photographs, with MRD1 <2 
mm or an interlid MRD1 difference of ≥2 mm on any of the gaze photographs defined as a 
positive sign of OMG. The diagnostic sensitivities of the tests were assessed.
Results  The mean age at onset was 38.5 years (range, 2–76 years), and 13 patients (52%) were 
men. The diagnostic sensitivities of the RNS test, AChR-Ab test, gaze photographs, and ice test 
were 56%, 64%, 80%, and 73%, respectively.
Conclusions  The diagnostic sensitivity was higher for gaze photographs than for the other tests 
applied to OMG patients.
Key Words    gaze photographs, diagnosis, ocular myasthenia gravis, diagnostic sensitivity.

Efficacy of Gaze Photographs in Diagnosing 
Ocular Myasthenia Gravis

INTRODUCTION

Myasthenia gravis (MG) is an autoimmune disorder characterized by weakness and fatiga-
bility of voluntary muscles due to defects in neuromuscular transmission.1,2 Ocular myas-
thenia gravis (OMG) is a subset of MG in which the clinical manifestations are restricted to 
the ocular muscles. Diagnosing OMG presents neurologists and ophthalmologists with a 
complex problem.1,3-5 Even in the current era of evidence-based medicine, diagnosing OMG 
often relies heavily on the typical clinical history of fluctuating diplopia and/or ptosis, with 
symptoms worsened by exertion.6 Diagnosing OMG becomes much more difficult when 
the clinical symptoms are subtle. Moreover, there is no gold-standard diagnostic test avail-
able for this subgroup of patients.7 

Anti-acetylcholine-receptor antibodies (AChR-Ab) are present in approximately 85% of 
patients with generalized MG, but they are found in only about 55% of OMG patients.3 
Furthermore, the response to the repetitive nerve stimulation (RNS) test is decreased in 
at least 75% of generalized MG patients but in fewer than 50% of OMG patients.2 Al-
though single-fiber electromyography (SFEMG) has high diagnostic sensitivity (83–92%), 
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diagnostic sensitivities of the RNS, AChR-Ab, ice tests, and 
the gaze photographs were assessed and compared. The RNS 
test was recorded over the orbicularis oculi, flexor carpi ul-
naris, and abductor digiti quinti muscles following previous-
ly described methods.10 The threshold for an abnormal de-
crease in response varied according to the rate of electrical 
stimulation: 8% for the orbicularis oculi, 8–11% for the flexor 
carpi ulnaris, and 5–7% for the abductor digiti quinti mus-
cles.10 AChR-Ab were tested using a standard radioimmu-
noassay of serum samples, with values ≥0.2 nmol/L consid-
ered positive. The ice test was performed by placing a frozen 
50-mL sterile normal saline pack on the more-ptotic eyelid for 
5 minutes. Complete or almost complete resolution of ptosis, 
or in increase in the palpebral fissure width of at least 2 mm 
was considered a positive result. 

Gaze photographs were taken with the patient’s head in a 
standardized stationary position, with his/her chin and 
forehead rested on a fixation support (Fig. 1 with permission 
of the examinee). The patient was asked to fixate for about 5 
seconds on nine predesignated locations, during which pho-
tographs of eye movements as well as lid position were tak-
en. Two additional photographs were also taken with each 
eye occluded. We measured MRD1 on each of the gaze pho-
tographs using image analysis software (ImageJ, National 
Institutes of Health, Bethesda, MD, USA) assuming that 
the horizontal corneal diameter was 12 mm. MRD1 is mea-
sured in millimeters: it is positive if the upper eyelid margin 
is above the light reflex at the center of the pupil, and it is 
negative if the upper eyelid is ptotic and the upper eyelid 
margin covers the center of the pupil and also the light re-
flex.11 MRD1 <2 mm (the average MRD1 in Koreans is re-
portedly 2.6 mm)12 or an interlid MRD1 difference of ≥2 
mm on any of the gaze photographs was considered a posi-
tive sign of OMG. In order to assess the false-positive rate of 

it is limited by major drawbacks such as low specificity, the 
requirement for specially trained and experienced examin-
ers, and long test sessions that are wearisome for both pa-
tients and electrodiagnosticians.2-6 All of these factors limit 
the general implementation of the test.1,2,4 The edrophonium 
test is known to be highly sensitive to OMG, but is charac-
terized by a relatively high false-positive rate and potential-
ly serious cardiac complications.4,7 Clinical tests such as the 
ice test and the rest test can be easily performed without pa-
tient morbidity, but their diagnostic value might be limited 
with variable results.8 

Gaze photographs, which are primarily used to document 
ocular motility dysfunction, are simultaneously capable of 
demonstrating abnormalities in the lid position. These pho-
tographs are taken while the patient is asked to sustain gaze 
in a specified direction for several seconds. We considered 
the possibility of using gaze photographs to demonstrate 
the presence of variable degrees of ptosis, and subsequently to 
use this information as an ancillary diagnostic test for OMG. 
There are no previously published reports on the use of gaze 
photographs for diagnosing OMG. In this study we measured 
the margin reflex distance 1 (MRD1)—which is the distance 
between the center of the pupillary light reflex and the upper 
eyelid margin—for each gaze photograph.

The goal of this study was to determine the diagnostic effica-
cy of gaze photographs in patients with OMG.

METHODS

We retrospectively reviewed the medical records of patients 
diagnosed with OMG whose weakness had been limited to 
extraocular, levator palpebrae superioris, and orbicularis 
oculi muscles from August 2003 to October 2007 at Seoul 
National University Bundang Hospital. The study protocol 
adhered to the tenets of the Declaration of Helsinki and was 
approved by the Institutional Review Board of Seoul Nation-
al University Bundang Hospital (IRB No. B-0807/059-103). 
Six of 31 consecutive OMG patients were excluded from the 
study since no records of gaze photographs were available for 
them. OMG was diagnosed using the following criteria: 1) 
typical clinical history of ptosis and/or diplopia with vari-
ability, fatigability in muscle function, exacerbation of muscle 
weakness after repetitive or sustained effort, and improvement 
after rest, 2) positive findings on the edrophonium, RNS, or 
AChR-Ab test, and 3) improvement of clinical symptoms af-
ter a therapeutic trial with pyridostigmine even if the edropho-
nium, RNS, and AChR-Ab tests all have negative findings.1,9

Collected data included presenting symptoms, type of 
strabismus and duction limitation present at the initial ex-
amination, and type of treatment received by the patient. The 

Fig. 1. A fixation support for use when taking gaze photographs. The 
patient’s head could be fixed in a standardized stationary position 
with the chin and forehead resting on the support.
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the gaze photographs with this criterion for diagnosing OMG, 
MRD1 was also analyzed in 25 age-matched nonmyasthenic 
controls.

RESULTS

Clinical characteristics of OMG
Thirteen (52%) of the 25 included patients were men. The 
mean age at onset was 38.5 years (range, 2–76 years), and the 
mean follow-up period was 12.1 months (range, 1–29 
months). At the initial visit, 10 patients (40%) presented with 
diplopia only, 9 (36%) presented with diplopia combined 
with ptosis, and 6 (24%) presented with ptosis only.

At the initial examination, strabismus was present in 21 
patients (84%), and ocular motility limitation was present in 
22 (88%) (Table 1 and 2). The initial therapy comprised pyr-
idostigmine alone in 19 patients (76%), combined pyridostig-
mine and prednisone in 1 patient (4%), and prednisone alone 
in 1 patient (4%). Four patients (16%) were observed clini-
cally without applying any specific treatment.

Diagnostic efficacy of gaze photographs
The RNS test was positive in 14 of 25 patients (56%), the 
AChR-Ab test was positive in 16 of 25 patients (64%), and the 
ice test was positive in 8 of 11 patients (73%). The gaze photo-
graphs were positive in 20 of 25 patients (80%) (Table 3). 
Analysis of gaze photographs in nonmyasthenic control pa-
tients produced a false-positive rate of 40%. When lateral 
gaze photographs were excluded, and only forward and up-
ward gazes were included, the false-positive rate dropped to 
28% and the specificity was calculated to be 72%.

 Four patients had negative results on both the AChR-Ab 
and RNS tests. Three of these patients were admitted for 

further workup and were finally diagnosed with OMG on 
the basis of positive results on the edrophonium test. One 
of these three patients is described in detail in the next sec-
tion. All four patients were positive for OMG on gaze pho-
tography.

Case report
A 26-year-old woman visited the neuro-ophthalmology 
clinic with horizontal diplopia and intermittent ptosis of the 
left eyelid. The patient reported that her symptoms wors-
ened at nighttime and with physical fatigue. An ophthalmo-
logic examination revealed a small degree of exotropia on 
alternative cover testing with distance fixation. MRD1 dur-
ing attempted primary gaze was +3 mm in the right eye and 
+0.5 mm in the left eye. The ptosis was aggravated with mon-
ocular occlusion, with MRD1 values of +2.5 mm and -0.5 
mm in the right and left eyes, respectively. The left-side pto-
sis was aggravated with sustained primary and leftward 
gaze. The RNS and AChR-Ab tests were performed under 
the impression of OMG, but both tests produced normal re-
sults. On gaze photographs, ptosis of the left eyelid was pres-
ent on primary gaze, leftward gaze, rightward gaze, and with 
right-eye occlusion (Fig. 2). 

The patient was admitted for further workup. The ptosis of 
the left eye showed marked improvement during the edro-
phonium test. SFEMG also demonstrated delayed neuro-
muscular transmission that was compatible with MG. Based 
on the positive findings on SFEMG and the edrophonium 
test, the patient was diagnosed with OMG and was treated 

Table 1. Types of strabismus at presentation in patients with ocular 
myasthenia gravis

Strabismus types Number of patients (%)
Vertical deviation 6 (28.6)

Exotropia and vertical deviation 5 (23.8)

Esotropia 4 (19.0)

Esotropia and vertical deviation 3 (14.3)

Exotropia 3 (14.3)

Total 21 (100.0)

Table 2. Types of ocular motility limitation at presentation in patients 
with ocular myasthenia gravis

Ocular motility limitations Frequency (%)
Adduction, abduction, and supraduction 27.3

Adduction and abduction 22.7

Abduction 13.6

Total ophthalmoplegia 9.1

Supraduction 9.1

Adduction 4.5

Adduction and infraduction 4.5

Abduction and supraduction 4.5

Adduction and supraduction 4.5

Total 100.0

Table 3. Diagnostic sensitivities of the RNS, AChR-Ab, ice tests, and gaze photographs

RNS test (n=25) AChR-Ab test (n=25) Ice test (n=11) Gaze photographs (n=25)
Positive test result 14 16 8 20

Negative test result 11 9 3 5

Diagnostic sensitivity (%) 56 64 73 80

AChR-Ab: anti-acetylcholine-receptor antibodies, RNS: repetitive nerve stimulation.
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with pyridostigmine.

DISCUSSION

All of the OMG patients in this study presented with eye-
related chief complaints, with diplopia alone present in 40% 
of patients, diplopia combined with ptosis in 36%, and pto-
sis alone in 24%. The RNS test, AChR-Ab test, and gaze 
photographs were performed in all patients, and the ice test 
was performed in 11 patients. The diagnostic sensitivities of 
the RNS test, AChR-Ab test, gaze photographs, and ice test 
were 56%, 64%, 80%, and 73%, respectively. The false-posi-
tive rate, which reflects the specificity of a given test, was 40% 
when MRD1 analysis was performed in nonmyasthenic con-
trols, and 28% when lateral gaze photographs were excluded.

While 60% of the patients initially presented with ptosis, 
careful analysis of gaze photographs enabled ptosis to be de-
tected in patients who were initially assumed to only be pre-
senting with diplopia (7 out of 10 diplopia-only patients were 
positive for OMG on gaze photographs). This discrepancy 
in findings between the chief complaints of the patient and 
results from analyzing gaze photographs is most likely to be 
due to the absence of subjective discomfort arising from the 
mild nature of the ptosis.

Four patients (16%) had negative results on both RNS and 
AChR-Ab tests. Three of these patients required admission 
and were diagnosed with OMG after the edrophonium test 

proved positive. The remaining patient underwent a thera-
peutic trial with pyridostigmine and was diagnosed with 
OMG based on the improvement of clinical symptoms. All 
four patients were positive for OMG on gaze photography. 
These findings illustrate the clinical relevance and high diag-
nostic sensitivity of gaze photography.

The implementation of a relatively simple and sensitive 
outpatient-based clinical test with low patient morbidity 
would help to prevent misdiagnoses of seronegative or RNS-
negative OMG patients. Although the edrophonium test and 
SFEMG may enhance the diagnostic sensitivity, these are com-
plex and time-consuming tests that are associated with patient 
morbidity.2,4 Gaze photographs can be used to demonstrate 
levator palpebrae muscle fatigability and any accompanying 
strabismus or ocular motility limitation. However, more im-
portantly, these conditions can induce lid fatigability even when 
ocular symptoms are not evident on primary gaze. MRD1 may 
be calculated in gaze photographs to provide a more accurate 
analysis of eyelid position. Gaze photographs can also be used 
to simultaneously document such ocular abnormalities while 
the test is being performed. The test can therefore be used as 
a past reference and as a follow-up guide for monitoring how 
patients respond to treatment. 

MRD is the distance between the corneal light reflex and 
the eyelid position. MRD is an important parameter for ob-
jectively quantifying eyelid position and is essential for eval-
uating several diseases including ptosis, MG, and thyroid 

Fig. 2. Gaze photographs of a patient who showed negative results in anti-acetylcholine-receptor antibody and repetitive nerve stimulation tests, 
but showed a variable degree of ptosis of the left eye.
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ophthalmopathy, as well as documentation for insurance re-
imbursement and surgical planning. Many studies have dem-
onstrated the high reliability of MRD when assessing eyelid 
measurements in a clinical setting.13,14 In addition to clinical 
measurements, photographic documentation using digital 
photography has become commonplace.15 Digital images 
have been shown to be comparable to traditional methods of 
measurement, in terms of repeatability and reproducibility.16-18 
In addition, we used a digital single-lens-reflex camera (Can-
on EOS60D with EF 100 mm lens, Canon Corporation, To-
kyo, Japan) with a lens-mounted ring flash unit (Macro Ring 
Lite MR-14EX II, Canon Corporation), which is known to 
correspond well with clinical MRD measurements, and all 
gaze photographs were taken with the patient’s head in a stan-
dardized stationary position with his/her chin and forehead 
resting on a fixation support.19

In contrast to the edrophonium test or SFEMG, gaze 
photographs are not only simple to perform and free of pa-
tient morbidity, they also do not require highly trained per-
sonnel or a long testing time. The ability to objectively ana-
lyze variability in eyelid position using simple computer 
software does away with the need for an additional process 
of reader standardization. In this study, the false-positive 
rate in the normal controls was 40% when gaze photographs 
were used and 28% when lateral gaze photographs were ex-
cluded. Reasons for false positives were asymmetric blepha-
rochalasis resulting in differences in eyelid margin due to 
droopy upper eyelid skin, and so the diagnostic efficacy when 
using gaze photographs could be reduced in elderly patients 
with blepharochalasis. However, the false-positive rate im-
proved to 28% when we excluded the lateral gaze photo-
graphs. Applying stricter criteria such as excluding lateral 
gaze photographs would improve diagnoses in elderly pa-
tients. It would also be necessary to rule out pseudoptosis, 
whose differential diagnoses include blepharophimosis, 
blepharochalasis, or a vertical deviation such as hypotropia.

The limitations of this study are the small number of cases 
and the retrospective nature of data collection, which inher-
ently restricts data analyses. Prospective studies involving 
larger numbers of patients are warranted to further investi-
gate the diagnostic value of gaze photographs in OMG. Also, 
the MRD1 criteria suggested in this study are rudimentary, and 
so future studies should attempt to find the optimal MRD1 
for acceptable specificity and sensitivity values when utiliz-
ing gaze photographs to diagnose OMG.

Despite these limitations, our study is the first to use gaze 
photographs in diagnosing OMG. A variable degree of pto-
sis is a known clinical hallmark of OMG, and yet there are 
no diagnostic tools to objectively measure or record this im-
portant clinical finding. We believe that gaze photographs 

are an indispensable diagnostic tool that can overcome this 
diagnostic shortcoming. 

In conclusion, our study has demonstrated that the diag-
nostic sensitivity when using gaze photographs is compara-
ble to those of conventional tests for OMG. We believe that 
using gaze photographs in conjunction with established di-
agnostic tests for OMG will enhance the diagnostic accura-
cy and aid neurologists and ophthalmologists in solving the 
often enigmatic puzzle of OMG. 
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