
Frontiers in Neurology 01 frontiersin.org

A video-oculography study of 
fixation instability in myasthenia 
gravis
Elle Minh Ngoc Le Nguyen 1,2*, Meaghan J. Clough 1, 
Joanne Fielding 1 and Owen B. White 1*
1 Department of Neuroscience, Monash University, Melbourne, VIC, Australia, 2 Alfred Health, 
Melbourne, VIC, Australia

Introduction: Myasthenia gravis (MG) is an autoimmune disease that causes 
extraocular muscle weakness in up to 70–85% of patients, which can impact 
quality of life. Current diagnostic measures are not very sensitive for ocular MG. 
This study aimed to compare fixation instability (inability to maintain gaze on a 
target) in patients with MG with control participants using video-oculography.

Methods: A prospective study of 20 age-and sex-matched MG and control 
participants was performed using a novel protocol with the EyeLink 1000 plus 
©. Bivariate contour ellipse area (BCEA) analysis, number of fixations on a target, 
and percentage of dwell time of fixations in the target interest area (IA) were 
calculated. Inter-eye (right vs. left) comparisons were performed using paired 
t-tests, and inter-group (MG vs. control) comparisons were performed using 
independent samples t-tests.

Results: There were no inter-eye differences in the BCEAs between control 
eyes and MG eyes. However, the BCEAs were larger in both the right (RE) and 
left (LE) eyes of MG patients in the right (RE p = 0.029, LE p = 0.033), left (RE 
p = 0.006, LE p = 0.004), upward (RE p = 0.009, LE p = 0.018), and downward 
(RE p = 0.006, LE p = 0.006) gaze holds of the controls. The total mean sum of 
gaze hold fixations in all directions was greater in MG patients than in control 
participants (354 ± 139 vs. 249 ± 135, p = 0.020), with horizontal gaze holds 
showing greater differences than vertical gaze holds (p = 0.007 vs. p = 0.097). 
The percentage of dwell time in the target IA was lower in MG patients, but this 
only reached significance in the right gaze hold (p = 0.003).

Conclusion: MG patients showed greater BCEA values and refixations and lower 
target IA percentages of dwell time during gaze hold than control participants, 
suggesting extraocular neuromuscular junction instability and fatigue. 
Interestingly, there were no significant inter-eye differences in MG participants. 
This study is limited by the small number of patients but adds to the current 
literature exploring video-oculography in MG patients as a novel diagnostic 
tool. Further studies are recommended for translation into clinical practice.
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Introduction

Myasthenia gravis (MG) is a phenotypically variable 
autoimmune disease of striated muscle that can cause disabling 
ocular symptoms (diplopia, blurred vision, and ptosis) and can 
progress to more generalised symptoms, such as bulbar, 
respiratory, and skeletal muscle dysfunction. Several studies, using 
various eye-tracking methods, have been carried out to identify 
unique eye movement profiles of MG patients (1, 2); however, no 
study at this stage has been translated into modern clinical 
practice. Current standard diagnostic methods lack sensitivity in 
detecting patients with ocular MG without ptosis (e.g., serology, 
repetitive nerve conduction, ice test, and Cogan’s lid twitch test), 
require highly specialised training (e.g., single-fibre EMG), or 
may cause systemic side effects (e.g., edrophonium). Therefore, 
there is still a need to find more sensitive and less invasive 
methods of diagnosis.

Fixation instability has been previously observed on clinical 
examination of MG in previous studies (33, 34). Bivariate contour 
ellipse area (BCEA) analysis (3) uses oculography to quantify 
fixation instability and has been studied in other ophthalmic 
conditions (4–7). BCEA is an elliptical area that contains fixation 
points for a given proportion (P) of eye positions during a fixation 
trial. A smaller BCEA value indicates less spread of fixations and 
thus more stable fixation, whereas a larger BCEA value indicates 
more spread of fixations, thus demonstrating instability. One 
study with 10 myasthenia patients in a Japanese population found 
that MG patients exhibited upward gaze instability compared to 
controls (8). Our study aimed to use BCEA with a differing 
methodology, using a larger number of patients and other gaze 
directions, to further explore BCEA as a method to identify 
fixation instability in MG patients compared to 
control participants.

Materials and methods

Standard protocol approvals, registration, 
and patient consent

The Alfred Health Human Research and Ethics Committee 
(Project ID 577/19) approved this study, and all participants 
provided written informed consent.

Study design and testing

Study population
A total of 20 MG patients (formally diagnosed by a neurologist 

based on paraclinical and clinical testing) were consented and 
recruited from the outpatient clinics, and 20 age-and sex-matched 
controls were consented and recruited from the community.

Study criteria
The inclusion criteria for MG patients were as follows: (1) age 

greater than 18 years old; (2) confirmed diagnosis of MG by 
serology, electrophysiology, or a positive ice test; and (3) visual 
acuity equal to or better than 6/6 corrected and no visual field 

defects. The exclusion criteria were as follows: (1) the presence of 
other ocular motility disorders or central nervous system 
disorders and (2) a communication or language barrier. Control 
participants were >18 years of age, did not have a diagnosis of MG 
or any systemic disease affecting eye movements, and had the 
same exclusion criteria as the MG patients.

Video-oculography (VOG) testing
Participants were tested in the morning before 12 pm, and MG 

patients were asked to continue their medication to prevent 
exacerbations and significant fatigue during testing. Before 
testing, participants had a 2-min rest period in the dark with their 
eyes closed, and a 2-min rest between each trial. Binocular 
eccentric gaze hold (GH) was recorded using an EyeLink 1000 
plus tracker desktop mount, with the pupil position as the 
eye-tracking principal target. It has a resolution of 0.01 deg and a 
binocular sampling rate of 1,000 Hz. A chin rest was used to 
stabilise the heads of the participants. A moving green cross (1.5 
degrees (deg) wide and 1.5 deg high), with a smaller, darker cross 
at the centre was used as a target on an LCD screen (1,920 × 1,080 
resolution, 546 mmW, 306 mmH) (Figure  1). The screen was 
placed 950 mm away from the participant’s line of sight. Each 
participant’s eye movements were calibrated prior to testing and 
recalibrated where required, and drift correction was applied 
during testing.

Each participant had four trial directions in which the green 
cross moved 8 deg from the centre to an eccentric position (left, 
right, up, or down) and maintained gaze hold for 30 s. Eight 
degrees was chosen as it closely represents physiological eye 
movements. Larger saccades >15 deg were found to lead to 
inaccurate eye movements.

Trial directions were randomised and counterbalanced for 
each participant. Participants were advised to try not to blink, if 
possible, during the 30-s gaze hold (GH) period on the target.

FIGURE 1

This figure shows all four eccentric targets at 8 deg from the centre. 
The yellow arrow represents a saccade to the left target. The orange 
square depicts the left target interest area.
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Data collection and statistical analysis

For each participant, the GH fixation trials were manually 
visualised before data extraction to ensure the accuracy of the data. A 
target interest area (IA) encompassing the width and height of each 
target cross, totalling an area of 2.25 deg2, was coded for refixation and 
BCEA analysis. The IAs act as a reference point when analysing the 
data (see Table 1).

For refixation analysis (looking at microsaccades), the number of 
fixations was counted during the 30-s gaze hold after the initial 
saccade from the centre (not including any centre fixations). The 
target IA percentage of dwell time was calculated by dividing the time 
fixations spent within a target interest area (in ms) by 30,000 ms and 
multiplying by 100. (The raw data of a typical control and MG patient 
during a 30-s gaze hold are in Figure 2).

For BCEA analysis, any erroneous pupil capture and blink 
sequences were removed before extraction. In contrast to the study by 
Mihara et al. (8), we used data from both eyes, not just the dominant 
eye, to look at conjugacy (the difference between a participant’s right 
and left eyes). After cleaning up the raw data, the standard deviation 
data of the X-and Y-axis pixel coordinates were extracted from each 
trial direction for each participant (N = 320 sets of X–Y coordinates, 
total of both right and left eyes). Pixel coordinates were converted to 
degrees of visual angles for analysis.

All analyses were conducted using the statistical software SPSS(c) 
v29. The mean and standard deviation (SD) for each set of fixation X 
and Y coordinates were also calculated. From this, Pearson’s moment 
correlation coefficients (ρ) were calculated for each set of X and 
Y coordinates.

To calculate the BCEA, the following formula was used (3):

	
( )

1
2 2H VBCEA=2k 1 p  πσ σ −

Using a probability factor of p = 0.95 (BCEA encompassing 
95% of fixations) and k = 2.99, calculated from the formula 
p = 1 − e−k. σH represents the SD of the X-axis values, and σV 
represents the SD of the Y-axis values. ρ = Pearson’s moment 
correlation coefficient for each X-Y standard deviation for each 
eye. A total of 160 BCEA values were calculated for analysis (20 
MG and 20 controls in 4 gaze directions).

Paired t-tests were conducted to look at the conjugacy of the 
right and left eyes (inter-eye differences) of the controls and MG 
patients separately. Independent samples t-tests were conducted 
to compare eyes between the controls and MG patients (inter-
group differences).

Results

Demographics

Participant demographics are summarised in Table 2. There 
were no statistically significant differences in age (p = 0.070), sex 
(p = 0.890), ethnicity (p = 0.815), refractive error (p = 0.349), or 
hours of sleep (p = 0.668) between the control and MG 
participants. There were no reports of general fatigue or 
somnolence at the commencement of testing. However, 25% of 
patients reported feeling fatigued during the test. In total, 45% of 
MG patients had  intermittent complaints of diplopia on a 
day-to-day basis before testing, but during clinical examination, 
only 25% of patients reported diplopia on prolonged lateral gaze. 
During VOG testing, 25% of patients reported diplopia, but they 
were not the same patients who had reported diplopia during 
clinical examination.

A total of 65% of MG patients were purely ocular (only had 
eye symptoms and signs), and the rest were generalised MG (also 
affecting other parts of the body). Regarding diagnostic testing, 
65% of MG patients had a positive anti-AChR-Ab, one had a 
positive MuSK Ab, and 20% of MG patients were diagnosed via 
SFEMG. One patient was diagnosed previously using 
edrophonium testing, and one had a clinically positive ice test. 
The average duration from diagnosis was 6.06 ± 8.41 years. The 
majority of MG patients were under medical treatment at the time 
of testing.

Initial saccades to eccentric target GH

Although not the focus of this study, 160 initial saccades to the 
target (20 saccades × 4 trial directions × 2 participant groups) 
were visualised manually. The percentage of hypometric saccades 
was 31.6% in controls, compared to 51.3% in MG patients. 
Hypermetric saccades were observed in 25.3% of control 
participants and 10.3% of MG patients. Only one control and one 
MG patient had a quiver in this cohort. A total of 10.1% of control 
participants exhibited backdrifts compared to 16.2% of MG 
patients. It should be noted that the initial saccadic end position 
(i.e., the position of the hypometric or hypermetric saccade) was 
not included in the final BCEA analysis.

Inter-eye GH fixation BCEA comparison to 
assess conjugacy

There were no inter-eye differences in the GH fixation BCEA in 
control participants in all four trial directions and no inter-eye 
differences in MG patients in all four trial directions. Table 3 lists GH 
fixation BCEA means and SD values.

A subgroup age group analysis in MG patients aged <50 and >50 
did not reveal any inter-eye differences in the BCEA during a fixation 
task in any of the four directions. There were also no differences in 
the BCEA between the age groups (<50 vs. >50 years) of each eye. An 
analysis of X-axis SD and Y-axis SD did not demonstrate any MG 
inte-eye differences during a horizontal GH (left) and a vertical GH 
(upward).

TABLE 1  Interest area borders (in pixels), for each eccentric target.

Target IA 
(8,100 
pixels2)

Left 
border

Right 
border

Top 
border

Bottom 
border

Left 435 525 495 585

Right 1,390 1,480 495 585

Upward 910 1,000 20 110

Downward 910 1,000 970 1,060
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Inter-group GH fixation BCEA: control vs. 
MG

In all directions of GH, MG patients exhibited a significantly greater 
BCEA in both eyes than control participants (see Figure 3). The BCEA 
of vertical gaze holds in MG patients was greater than that of horizontal 
gaze holds.

Comparison of X-axis and Y-axis standard 
deviations in one horizontal and one vertical 
GH

An independent samples t-test using only the right eye in the left GH 
demonstrated a greater mean X-axis standard deviation (SD) in MG 
patients (0.43 ± 0.36 deg) than in control participants (0.44 ± 0.21 deg), 
t(37) = −2.18, p = 0.008. Similarly, the mean Y-axis SD was greater in 
MG patients (0.61 ± 0.01 deg) than in control participants 
(0.39 ± 0.20 deg), t(37) = −2.39, p = 0.022.

For the upward gaze GH, MG patients did not show any significant 
differences in X-axis SD compared to control participants, but they had 
a greater Y-axis SD (0.88 ± 0.70 deg) than control participants 
(0.38 ± 0.13 deg), t(36) = −3.03, p = 0.004.

MG patients with diplopia showed no significant differences in 
standard deviation compared to MG patients without diplopia.

Inter-eye comparison of the number of GH 
refixations on the target

In each of the four gaze hold directions, there were no differences in 
the number of refixations between the eyes of control participants or 
between the eyes of MG patients.

Inter-group comparison of the number of 
GH refixations on the target

MG patients demonstrated a larger number of refixations in the left, 
right, and upward directions than did the control participants (Figure 4) 
but did not show a significant difference in the downward direction, 
although the mean was greater.

Inter-eye comparison of target IA percentage 
of dwell time (conjugacy and accuracy)

In each of the four gaze hold positions, there were no differences in 
the target IA percentage of dwell time for consistency between the eyes 
of control participants or between the eyes of MG patients.

Inter-group comparison of target IA 
percentage of dwell time (accuracy)

With right and left eyes combined, the intergroup comparison only 
showed a significant difference in the right gaze hold. This was also the 
case when comparing the right and left eyes of controls vs. MG separately. 
However, the overall mean for the other gaze hold directions was lower 
than in the control groups. The vertical GH in both the control and MG 
groups was lower than the horizontal GH (Figure 5).

Discussion

This study aimed to use GH fixation BCEA analysis to differentiate 
between healthy control participants and MG patients, adding to the 
current literature. There are currently very few studies looking at 

FIGURE 2

Superimposed raw trial images of a typical control participant (A) and MG patient (B) in all four trial directions. The blue circles represent fixations, and 
the size of the circle represents time spent fixating at that location.
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fixation instability using VOG (8, 9) as a marker of neuromuscular 
transmission failure in MG patients.

Visual fixation is defined as the maintenance of gaze on a 
certain point to keep the image on the fovea and is influenced by 
factors such as visual acuity, stereopsis, colour vision, and 
oculomotor control (10, 11). Visual fixation plays an important 
role in saccadic and pursuit eye movements. It also changes with 
age, with worse fixation stability early on in life during 

development and after the fifth decade, due to the development of 
ophthalmic or neurological conditions (12). Fixational eye 
movements have been classified into intersaccadic movements 
and microsaccades (10). Intersaccadic movements describe the 
movement of the eyes after a saccade (ocular drift and tremor) 
and microsaccades (also known as miniature, jerks, flicks, and 
fixational saccades); they are episodic events that occur 
approximately 1–2 times/s and that can be  up to 2 deg in 
amplitude, with a higher velocity than drift movements (13). 
Microsaccades usually are considered to be binocular horizontal 
and vertical movements. Oblique microsaccades are less 
commonly observed. Small movements of the head, or blinking, 
even if compensated by rotatory eye movements can lead to the 
displacement of the retinal image.

In healthy individuals, there is an inherent instability of the 
oculomotor system that causes ocular drift of the image on the retina 
during fixation tasks (14). Normal fixation on a target has been 
proposed to require a degree of ocular drift (small amplitude, slow 
movements) to prevent perceptual fading of the image on the retina, 
and these are usually accompanied by microsaccadic corrections that 
may or may not be triggered to correct the drift itself (14–16). These 
microsaccadic movements can correct drift but may also produce 
errors in fixation.

Abnormal fixation presents as excessive microsaccades, saccadic 
intrusions, square-wave jerks, and nystagmus (17, 18). These may 
be representative of abnormalities in the oculomotor pathway more 
centrally in oculomotor control or peripherally in the extraocular  
muscles.

Central control of fixation involves a sustained firing rate of 
omnipause neurons located in the nucleus raphe interpositus of the 
paramedian pontine reticular formation. This tonic activity inhibits 
the firing of the premotor burst neurons responsible for saccadic eye 
movements located in the pontomedullary and mesencephalic 
reticular formation and maintains fixation at the end of the saccade 
(19). Without this tonic activity, after a saccade, the eyes would move 
back to the primary position due to the elastic properties of the 
antagonist EOMs and surrounding tissues (11). Previous studies have 

TABLE 2  Demographics of control and myasthenia gravis (MG) 
participants.

Control
N = 20

MG
N = 20

Age (mean years, SD) 45.2 ± 15.6 53.5 ± 14.53

Female subjects (N) 11 12

Ethnicity (N)

Caucasian 9 13

Asian 10 6

Other 1 1

Refractive error (N)*

Nil 9 11

Myopia 8 6

Hypermetropia 3 3

Hours of sleep 7.03 ± 0.97 6.79 ± 2.01

EOM (N)

Horizontal restriction 0 1

Vertical restriction 0 2

Phoria 0 0

Tropia 0 1

Ptosis (N) 0 2

Diplopia on 30 s beside 

lateral GH (N)

0 5

MGCS (score out of 50), (N)

0 NA 9

1–10 9

10–20 2

21–50 0

Current treatment (N)

Pyridostigmine 10

Prednisolone 5

Mycophenolate mofetil 5

Azathioprine 2

IVIg 1

PLEX 0

Rituximab 0

Thymectomy 1

*Corrected during testing.
ACh-R, acetylcholine receptor; EOM, extraocular eye movements; IVIg, intravenous 
immunoglobulin; GH, gaze hold; MuSK, muscle-specific kinase; MGCS, myasthenia gravis 
composite score; PLEX, plasma exchange; SFEMG, single-fibre electromyography.

TABLE 3  GH fixation BCEA (mean and standard deviation) of control and 
MG right and left eyes.

GH direction Eye Control 
fixation
BCEA 

(degree2)*
(N = 20)

MG fixation
BCEA 

(degree2)*
(N = 20)

Left
R 1.74 ± 1.52 2.80 ± 2.64

L 1.80 ± 1.10 2.81 ± 2.57

Right
R 1.82 ± 1.67 2.61 ± 2.56

L 1.83 ± 1.67 2.47 ± 2.32

Up
R 1.80 ± 1.87 3.22 ± 3.27

L 2.11 ± 2.24 3.10 ± 2.74

Downward
R 2.33 ± 2.20 3.40 ± 2.25

L 2.38 ± 2.81 3.59 ± 3.10

*Values expressed as mean and standard deviation.
BCEA, bivariate contour ellipse area; GH, gaze hold; L, left; MG, myasthenia gravis; R, right.
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FIGURE 3

Independent samples t-test of control vs. myasthenia gravis (MG) participants’ mean fixation bivariate contour ellipse area (BCEA) in right gaze hold (A), 
left gaze hold (B), upward gaze hold (C), and downward gaze hold (D). GH—gaze hold.

FIGURE 4

Number of refixations of control participants (grey) vs. MG patients (blue) during four directions of target gaze hold. The left and right eyes were 
combined for this analysis.
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shown that MG patients demonstrate wavering fixation and backdrift 
at the end of saccadic eye movements during eye-tracking tests 
(20–22).

Conjugacy of fixation in controls and MG 
patients

There were no inter-eye differences in GH fixation BCEAs, 
Y-axis SD, or y-axis SD in the control group, indicating that eye 
movements remain conjugate while maintaining fixation. This 
was unsurprising, as some authors have found that drift 
movements during fixation are, in general, binocularly 
synchronous (23). The results of the present study are consistent 
with this finding. Another study also found that Y-axis 
components of movement are significantly more synchronised 
than X-axis components between the eyes, and the authors 
hypothesised that this may be  due to the greater need for 
movements in the horizontal plane to view stereoscopic images at 
different distances (24). This study also found that there was no 
synchronisation between X-axis and Y-axis components. 
Historically, Hering proposed the law of equal innervation 
between the eyes, while more recently it has been found that 
Hemholtz’s argument that each eye is under uniocular control is 
more representative of binocular eye movements (25), particularly 
when changing the depth of focus for near and far objects. In the 
case of a prolonged fixation task at a fixed distance, it is unlikely 
that we would see much disparity between the eyes during the 
task, apart from the initial movement to the target.

Interestingly, despite the suspected variable fluctuations in 
extraocular neurotransmission and variable extraocular muscle 
(EOM) involvement (26), the MG group showed no inter-eye 
differences in BCEA, X-axis SD, Y-axis SD, or target IA percentage 
of dwell time. No differences were detected in the BCEA analysis 
of the MG subgroups of individuals <50 years of age and >50 years 
of age. There are currently no studies looking at inter-eye 
differences in the BCEA of MG patients. Previous oculomotor 
studies have used the dominant eye only or have looked at MG 
eyes sequentially, but not simultaneously (8). The lack of inter-eye 
differences in the MG group may be due to changes in central gain 

to compensate for weak muscles in an attempt to maintain 
conjugacy and singular vision, or it is possible that the power of 
this study was too low to detect differences.

Fixation instability of control participants 
vs. MG patients

There was more fixation instability, as measured by greater BCEA, 
in MG patients compared to controls in all directions of gaze hold. 
MG patients also had greater BCEA during vertical gaze holds 
compared to horizontal gaze, greater mean X-and Y-axis SD during 
left gaze, and greater mean Y-axis SD during upward gaze. The latter 
is consistent with a previous study (8). A HESS chart analysis of MG 
eyes has also found that the majority of ocular deviations occur during 
horizontal and upward gaze movements (27). Downward gaze was not 
previously known to lead to significant deviations, but this study 
showed that fixation instability occurred similarly in downward gaze.

Weakness of the elevators of the eye (superior rectus and inferior 
oblique) has been found to be more common in both controls and MG 
patients, possibly due to anatomical factors such as greater muscle bulk 
or fewer muscle spindles, as reported for the superior recti, and in 
addition, the physiological need for upward gaze is less required (26). 
Although both control and MG participants exhibited this finding, 
MG patients were found to be more significantly affected. This may 
explain the larger BCEAs during vertical gaze holds in MG patients 
compared to horizontal gaze holds and when compared to controls. It 
is postulated that the resting eye position is at or below the horizontal 
midline, which increases the force of contraction needed to elevate the 
eyes and therefore makes them more prone to fatigue in MG patients.

The number of refixations on and around the eccentric target was 
higher in the MG groups than in the controls in all GH directions, but 
there was no significant difference between the horizontal and vertical 
directions. This may be  a sign of extraocular muscle fatigue. The 
extraocular muscles have different fibre types, which have been 
suggested to serve different functional roles. These include singly 
innervated fibres (SIF) and multiply innervated fibres (MIF) (28). SIFs 
comprise 80% of muscle fibres innervated by large-diameter 
myelinated axons. They are striated, fatiguable, and responsible for 
ballistic eye movements such as eccentric saccades. MIFs make up the 
rest of the muscle fibres, innervated by smaller and less myelinated 
axons, which produce a steady tonic contraction. MIFs are fatigue-
resistant and play an important role in gaze hold (29, 30). If MIFS are 
fatigue-resistant, why is there more fixation instability in MG patients? 
EOMs, compared to skeletal muscle have been found to have a reduced 
neurotransmission safety factor. This means that they are more prone 
to NMJ instability from antibody receptor blockade due to reduced 
sarcolemmal folding and thus reduced concentration of nicotinic 
Ach-R at the post-synaptic junction (31). EOMs are also more prone 
to NMJ destruction from complement-mediated membrane attack 
complexes, due to downregulation of complement regulatory proteins 
such as decay accelerating factor (DAF) and upregulation of 
complement activators (32). Thus, in MG patients compared to control 
participants, their EOMs would be more prone to NMJ instability, 
which may present as fixation instability in this study.

In addition, the target IA percentage of dwell time was lower in 
MG patients than in controls. This differs from the BCEA as the BCEA 
is primarily a measure of the spread of refixations over time, whereas 

FIGURE 5

Target interest area percentage of dwell time of control participants 
(grey) vs. MG patients (blue) during four directions of target gaze 
hold.
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the percentage of dwell time explores the ability of the eyes to stay on 
target. It is possible that drifting off the interest area may be a sign of 
EOM fatigue. It was noted that control participants also demonstrated 
reduced dwell time. Fixation stability also depends on central 
processes. Participants may have been distracted or tired during the 
gaze hold test, impairing their ability to stay on target. There are 
currently no other studies that have looked on the target IA percentage 
of dwell time, and thus, this remains an area to explore.

Limitations

This study is limited by the small number of participants and 
thus does not represent the entire population, despite including a 
heterogeneous group of ethnicities. This study tested more MG 
patients than the included 20, but these patients were excluded due 
to various factors such as severe fatigue and severe ptosis (despite 
taping the eyelid), which impacted their ability to complete the test 
adequately. Thus, patient factors may impact VOG as a 
diagnostic measure.

Patients had varying severities of MG and were on different 
treatments, which may impact the interpretation of results. Ideally, 
future studies with a larger patient sample and greater analytical 
power may show additional differences, such as inter-eye differences 
that were not apparent in this study.

Conclusion

To the best of our knowledge, this is the first study to use BCEA 
analysis across multiple gaze directions in MG patients. It supports the 
existing literature, while further expanding the evidence of disparities 
in downward and horizontal gaze. Additionally, it found a higher 
number of refixations and a lower target IA percentage of dwell time 
in MG patients during GH. Taken together these findings are 
suggestive of fixation instability as a result of intermittent EOM 
weakness. Interestingly, there were no inter-eye differences in either 
the control or MG groups, the latter of which remains unexplained. 
This study only compared MG to control participants and no other 
ocular mimics. Further studies in the future are suggested to compare 
MG with other ocular mimics to determine whether the BCEA can 
be used clinically as a diagnostic tool using video-oculography. In 
conclusion, VOG analysis of BCEA may be helpful in detecting EOM 
weakness in cases where clinical signs at the bedside are not easily 
observed, particularly in patients with intermittent symptoms, such as 
those without obvious ptosis or ophthalmoplegia.

Data availability statement

The datasets presented in this article are not readily available 
because of data sensitivity and are available from the corresponding 

author upon reasonable request. Data are located in controlled access 
data storage at Monash University, Alfred Centre campus. Requests to 
access the datasets should be directed to mnnguyen02@gmail.com.

Ethics statement

The studies involving humans were approved by Alfred Health 
Human Research and Ethics Committee. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

EN: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Writing – original 
draft, Writing  – review & editing. MC: Writing  – original draft, 
Writing – review & editing. JF: Writing – original draft, Writing – 
review & editing. OW: Writing – original draft, Writing – review & 
editing, Project administration.

Funding

The author(s) declare that financial support was received for 
the research, authorship, and/or publication of this article. 
Co-funded PhD scholarship from the Monash University Central 
Clinical School and a Women in Neurology fellowship grant 
donation to the ocular motor laboratory, Monash University, 
Melbourne, Australia.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
	1.	Nguyen M, van der Walt A, Fielding J, Clough M, White O. Tracking eye 

movements for diagnosis in myasthenia gravis: a comprehensive review. J 
Neuroophthalmol. (2022) 42:428–41. doi: 10.1097/WNO.0000000000001668

	2.	Nguyen T, Kang J, Chae J, Lee E, Kim H, Kim J, et al. Oculomotor fatigability with 
decrements of saccade and smooth pursuit for diagnosis of myasthenia gravis. J Neurol. 
(2023) 270:2743–55. doi: 10.1007/s00415-023-11611-7

https://doi.org/10.3389/fneur.2025.1493418
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
mailto:mnnguyen02@gmail.com
https://doi.org/10.1097/WNO.0000000000001668
https://doi.org/10.1007/s00415-023-11611-7


Nguyen et al.� 10.3389/fneur.2025.1493418

Frontiers in Neurology 09 frontiersin.org

	3.	Steinman RM. Effect of target size, luminance, and color on monocular fixation. 
JOSA. (1965) 55:1158–64. doi: 10.1364/JOSA.55.001158

	4.	De Rosa V, Spadea L, Fragiotta S, Cutini A, Diana C, Marcelli M, et al. Bivariate 
contour ellipse area (BCEA) variability: comparison of two methods for recording. Invest 
Ophthalmol Vis Sci. (2014) 55:1124.

	5.	Schönbach EM, Strauss RW, MEGV C, Fujinami K, Birch DG, Cideciyan AV, et al. 
Longitudinal changes of fixation stability and location within 24 months in Stargardt 
disease: ProgStar report no. 16. Am J Ophthalmol. (2022) 233:78–89. doi: 
10.1016/j.ajo.2021.07.013

	6.	Albert C, Mikolajczak J, Liekfeld A, Piper SK, Scheel M, Zimmermann HG, et al. 
Fingolimod after a first unilateral episode of acute optic neuritis (MOVING)  - 
preliminary results from a randomized, rater-blind, active-controlled, phase 2 trial. BMC 
Neurol. (2020) 20:75. doi: 10.1186/s12883-020-01645-z

	7.	Montesano GA-O, Crabb DP, Jones PR, Fogagnolo P, Digiuni M, Rossetti LM. 
Evidence for alterations in fixational eye movements in glaucoma. BMC Ophthalmol. 
(2018) 18:191. doi: 10.1186/s12886-018-0870-7

	8.	Mihara M, Hayashi A, Fujita K, Kakeue K, Tamura R. Fixation stability of the 
upward gaze in patients with myasthenia gravis: an eye-tracker study. BMJ Open 
Ophthalmol. (2017) 2:e000072. doi: 10.1136/bmjophth-2017-000072

	9.	Wong S, Bancroft M, Tailor V, Abbas M, Sekar A, Noble C, et al. Ocular myasthenia 
gravis saccades as a measure of extraocular muscle function. Front Ophthalmol. (2022) 
2:938088. doi: 10.3389/fopht.2022.938088

	10.	Rucci M, Poletti M. Control and functions of Fixational eye movements. Annu Rev 
Vis Sci. (2015) 1:499–518. doi: 10.1146/annurev-vision-082114-035742

	11.	Shadmehr R. Distinct neural circuits for control of movement vs. holding still. J 
Neurophysiol. (2017) 117:1431–60. doi: 10.1152/jn.00840.2016

	12.	Altemir IA, Alejandre A, Fanlo-Zarazaga A, Ortín M, Pérez TS, Masiá B, et al. 
Evaluation of fixational behavior throughout life. Brain Sci. (2021) 12:2076–3425. doi: 
10.3390/brainsci12010019

	13.	Rolfs M. Microsaccades: small steps on a long way. Vis Res. (2009) 49:2415–41. doi: 
10.1016/j.visres.2009.08.010

	14.	Cornsweet TN. Determination of the stimuli for involuntary drifts and saccadic 
eye movements. J Opt Soc Am. (1956) 46:987–93. doi: 10.1364/JOSA.46.000987

	15.	Steinman RM, Haddad GM, Skavenski AA, Wyman D. Miniature eye movement. 
Science. (1973) 181:810–9. doi: 10.1126/science.181.4102.810

	16.	Ditchburn RW, Ginsborg BL. Vision with a stabilised retinal image. Nature. (1952) 
170:36–7. doi: 10.1038/170036a0

	17.	Holmqvist K, Nyström N, Andersson R, Dewhurst R, Jarodzka H, van de Weijer 
J. Eye-tracker hardware and its properties In: KRA Holmqvist, editor. Eye tracking: A 
comprehensive guide to methods and measures. Oxford: Oxford University Press (2011)

	18.	Schmidt D, Dell'Osso LF, Abel LA, Daroff RB. Myasthenia gravis dynamic changes 
in saccadic waveform, gain, and velocity. Exp Neurol. (1980) 68:365–77. doi: 
10.1016/0014-4886(80)90092-8

	19.	Scudder CA, Kaneko CS, Fuchs AF. The brainstem burst generator for saccadic eye 
movements: a modern synthesis. Exp Brain Res. (2002) 142:439–62. doi: 
10.1007/s00221-001-0912-9

	20.	Feldon SE, Stark L, Lemen SL, Hoyt WF. Oculomotor effects of intermittent 
conduction block in myasthenia gravis and Guillain-Barre syndrome: an oculographic 
study with computer simulations. Arch Neurol. (1982) 39:497–14. doi: 
10.1001/archneur.1982.00510200039007

	21.	Sollbergert C, Meienberg O, Ludin H. The contribution of oculography to early 
diagnosis of myasthenia gravis. Neurol Sci. (1986) 236:102–8. doi: 10.1007/BF00454019

	22.	Oohira A, Goto K, Sato Y, Ozawa T. Saccades of supernormal velocity: adaptive 
response to ophthalmoplegia in a patient with myasthenia gravis. Neuro-Ophthalmology. 
(1987) 7:203–9.

	23.	Krauskopf J, Cornsweet T, Riggs L. Analysis of eye movements during 
monocular and binocular fixation. J Opt Soc Am. (1960) 50:572–8. doi: 
10.1364/JOSA.50.000572

	24.	Moshel S, Zivotofsky AZ, Jin-Rong L, Engbert R, Kurths J, Kliegl R, et al. 
Persistence and phase synchronisation properties of fixational eye movements. Eur Phys 
J Spec Top. (2008) 161:207–23. doi: 10.1140/epjst/e2008-00762-3

	25.	King WM. Binocular coordination of eye movements–Hering’s law of equal 
innervation or uniocular control? Eur J Neurosci. (2011) 33:2139–46. doi: 
10.1111/j.1460-9568.2011.07695.x

	26.	Cleary M, Williams GJ, Metcalfe RA. The pattern of extra-ocular muscle involvement 
in ocular myasthenia. Strabismus. (2008) 16:11–8. doi: 10.1080/15569520701830992

	27.	Keene KR, de Nie JM, Brink MJ, Notting IC, Verschuuren J, Kan HE, et al. Diagnosing 
myasthenia gravis using orthoptic measurements: assessing extraocular muscle fatiguability. 
J Neurol Neurosurg Psychiatry. (2023) 94:151. doi: 10.1136/jnnp-2022-329859

	28.	Yu Wai Man CY, Chinnery PF, Griffiths PG. Extraocular muscles have 
fundamentally distinct properties that make them selectively vulnerable to certain 
disorders. Neuromuscul Disord. (2005) 15:17–23. doi: 10.1016/j.nmd.2004.10.002

	29.	Spencer RF, Porter JD. Biological organization of the extraocular muscles. Prog 
Brain Res. (2006) 151:43–80. doi: 10.1016/S0079-6123(05)51002-1

	30.	Kaminski HJ, Li Z, Richmonds C, Ruff RL, Kusner L. Susceptibility of ocular 
tissues to autoimmune diseases. Ann N Y Acad Sci. (2003) 998:362–74. doi: 
10.1196/annals.1254.043

	31.	Wood SJ, Slater CR. Safety factor at the neuromuscular junction. Prog Neurobiol. 
(2001) 64:393–429. doi: 10.1016/S0301-0082(00)00055-1

	32.	Soltys J, Gong B, Kaminski HJ, Zhou Y, Kusner LL. Extraocular muscle 
susceptibility to myasthenia gravis: unique immunological environment? Ann N Y Acad 
Sci. (2008) 1132:220–4. doi: 10.1196/annals.1405.037

	33.	Osher RH, Glaser JS. Myasthenic sustained gaze fatigue. Am J Ophthalmol. (1980) 
89:443–5. doi: 10.1016/0002-9394(80)90018-5

	34.	Finelli P, Hoyt WF. Myasthenic abduction nystagmus in a patient with 
hyperthyroidism. Neurology. (1976) 26:589. doi: 10.1212/WNL.26.6.589

https://doi.org/10.3389/fneur.2025.1493418
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1364/JOSA.55.001158
https://doi.org/10.1016/j.ajo.2021.07.013
https://doi.org/10.1186/s12883-020-01645-z
https://doi.org/10.1186/s12886-018-0870-7
https://doi.org/10.1136/bmjophth-2017-000072
https://doi.org/10.3389/fopht.2022.938088
https://doi.org/10.1146/annurev-vision-082114-035742
https://doi.org/10.1152/jn.00840.2016
https://doi.org/10.3390/brainsci12010019
https://doi.org/10.1016/j.visres.2009.08.010
https://doi.org/10.1364/JOSA.46.000987
https://doi.org/10.1126/science.181.4102.810
https://doi.org/10.1038/170036a0
https://doi.org/10.1016/0014-4886(80)90092-8
https://doi.org/10.1007/s00221-001-0912-9
https://doi.org/10.1001/archneur.1982.00510200039007
https://doi.org/10.1007/BF00454019
https://doi.org/10.1364/JOSA.50.000572
https://doi.org/10.1140/epjst/e2008-00762-3
https://doi.org/10.1111/j.1460-9568.2011.07695.x
https://doi.org/10.1080/15569520701830992
https://doi.org/10.1136/jnnp-2022-329859
https://doi.org/10.1016/j.nmd.2004.10.002
https://doi.org/10.1016/S0079-6123(05)51002-1
https://doi.org/10.1196/annals.1254.043
https://doi.org/10.1016/S0301-0082(00)00055-1
https://doi.org/10.1196/annals.1405.037
https://doi.org/10.1016/0002-9394(80)90018-5
https://doi.org/10.1212/WNL.26.6.589

	A video-oculography study of fixation instability in myasthenia gravis
	Introduction
	Materials and methods
	Standard protocol approvals, registration, and patient consent
	Study design and testing
	Study population
	Study criteria
	Video-oculography (VOG) testing
	Data collection and statistical analysis

	Results
	Demographics
	Initial saccades to eccentric target GH
	Inter-eye GH fixation BCEA comparison to assess conjugacy
	Inter-group GH fixation BCEA: control vs. MG
	Comparison of X-axis and Y-axis standard deviations in one horizontal and one vertical GH
	Inter-eye comparison of the number of GH refixations on the target
	Inter-group comparison of the number of GH refixations on the target
	Inter-eye comparison of target IA percentage of dwell time (conjugacy and accuracy)
	Inter-group comparison of target IA percentage of dwell time (accuracy)

	Discussion
	Conjugacy of fixation in controls and MG patients
	Fixation instability of control participants vs. MG patients

	Limitations
	Conclusion

	References

