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Abstract 

In multiple sclerosis (MS), eye movement disorders are common and can be 
quantified with infrared video-oculography. A well-known abnormality is 
internuclear ophthalmoplegia (INO). This study aims to describe saccadic 
abnormalities beyond INO and investigate their clinical relevance. A validated 
standardized infrared oculography protocol, DEMoNS, was used for quantifying 
saccadic eye movements in three different tasks in MS patients and healthy 
controls. The relationship between the saccadic parameters and disease 
characteristics was investigated. Furthermore, the association between saccadic 
parameters and visual functioning was analysed using logistic regression models, 
adjusted for possible confounders. This cross-sectional study included 218 subjects 
with MS and 58 healthy controls. The latency of all saccades was longer in MS 
patients than in healthy controls. This saccadic delay was larger in subjects with a 
longer disease duration and more disabled subjects. Furthermore, it was related to 
presence of a lower vision-related quality of life (1.12, 95% CI OR 1.02 – 1.23, 
p=0.021). This study provided a comprehensive overview of performance of MS 
patients in different saccadic tasks, compared to healthy controls. Saccadic delay in 
MS patients was present in all saccadic tasks and was related to advancing disease 
and visual functioning in daily life. 
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Introduction 

Multiple sclerosis (MS) is an autoimmune, inflammatory and neurodegenerative 
disorder. The disease course is highly unpredictable and the symptoms 
heterogeneous. Eye movement disorders are common in MS, the prevalence is 
estimated at 36-84%.1-3 They can result in visual complaints and are associated with 
greater general disability in MS. Hitherto, many studies described the extensive range 
of abnormalities based on clinical examinations.1, 4-8 However, the clinical diagnosis 
can be challenging, especially when subtle abnormalities are involved.9 With the 
development of high-frequency video-based infrared oculography over the past 
decades, a non-invasive and precise method for quantifying eye movements is 
available. By this, abnormalities beyond the well-known disorders as nystagmus or 
internuclear ophthalmoplegia (INO) can be detected. In recent years, the first results 
on paradigms that reflect function of higher-level cortical networks in MS patients 
appeared.10-12 These studies showed that the measurement of saccades has potential 
for dissociating clinically relevant deficits in subjects with MS. Recently, we have 
developed a standardized protocol, DEMoNS, for measurement of different types of 
eye movements with infrared video-oculography in one single session.13 In this 
protocol, a fixation task and several saccadic tasks are combined. 
During visual fixation the central fovea maintains focus on a visual target so that the 
visual system can process detailed information about what is being looked at. In 
contrast, saccades are the fast eye movements that move the fovea rapidly from one 
point of interest to another. Our perception is guided by alternating sequences of 
fixations and saccades. Saccades occur as voluntary and involuntary movements and as 
part of the quick phase of nystagmus. Because of certain characteristic of saccades in 
healthy people (e.g. very fast and relatively fixed properties compared to other 
movements of the body), abnormalities of saccades are often distinctive to saccades in 
healthy controls and can point to disorders of specific regions and networks involved 
in saccadic control. They have become an increasingly used research tool in 
neurosciences, to measure various aspects of oculomotor control. Subtle changes of 
saccades can be detected only by analysis of eye movement recordings with sufficient 
measuring bandwidth, which is achieved by modern infrared video-oculography 
devices. When different tasks are measured in one session, a broad impression of 
oculomotor function can be obtained.13 Saccades in such tasks can be made towards 
and in response to the appearance of a visual target, also called pro-saccades. In order 
to elicit saccades with shorter latencies, a delayed target is used, which appears 
shortly after disappearance of the fixation target. The very short-latency saccades that 
healthy subjects can generate in reaction to this stimulus are called express saccades. 
Abnormalities in latency of this type of saccades have been described in pathology of 
the superior colliculus and areas that project to the superior colliculus.13-15 To 
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investigate the control of voluntary saccades, the anti-saccade paradigm can be used.16, 

17 In this task subjects have to generate a saccade in the exact opposite direction than 
the direction of the target appearance. Reflexive pro-saccades have to be suppressed 
and the mirror location must be correctly estimated.13, 14 Different oculomotor 
mechanisms play a role and the task has been used in cognitive, neurological and 
psychiatric research domains.14, 18-21 
The aim of this study is to investigate abnormalities of different types of saccades as 
detected with infrared oculography and their clinical relevance, in a large cohort of 
patients with MS. 
 

Methods 

Study design and patient population 

For this observational cross-sectional study, MS patients and healthy controls were 
included from the Amsterdam MS cohort, as previously described.22-26 This study was 
approved by the Medical Ethical Committee on Human research of the Amsterdam 
UMC and followed the tenets of the Declaration of Helsinki. Written informed 
consent was obtained from all participants before study inclusion.   

Clinical and ophthalmological assessment 

All assessments (clinical, infrared oculography and questionnaires) were performed on 
the same day and in the same order of sequence, as previously described.25, 26 In brief: 
to assess the level of disability of MS patients the Expanded Disability Status Scale 
(EDSS) score was determined.27 Visual acuity was measured using Sloan letter charts 
and spectral-domain optical coherence tomography was performed in all subject as 
described previously.28-30 Presence of INO was determined by Versional 
Dysconjugacy Index (VDI) based thresholds.25 Finally, the National eye Institute Visual 
Function Questionnaire (NEI-VFQ-25) and an in-house questionnaire were used to 
capture visual functioning and visual complaints.25, 31, 32 

Infrared oculography 

Eye movements were measured and analysed using our standardised infrared video-
oculography protocol, the DEMoNS protocol, which is previously described.13 In 
brief, eye movements were measured binocularly with the Eyelink 1000 Plus eye 
tracker at a frequency of 1000 Hz. Participants were seated 92 cm in front of a display 
monitor and their head was stabilised by means of a chin and a forehead rest. A high-
contrast target was displayed.13 For this study three tasks were used: (1) the pro-
saccadic task, (2) the anti-saccadic task and (3) the express pro-saccadic task (Figure 
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Figure 1. Protocol and parameters of the saccadic tasks.  

A. Schematic representation of the different saccadic task. All tasks start with a fixation period (F) at 

which a target is present in the center of the screen, with a random duration between 1.0 and 3.5 s. 

Then a target (T) appears at an eccentric location for 1.5 seconds. In the express saccadic task this is 

preceded by a gap period of 200 ms, at which no target is visible. In the pro-saccadic an express 

saccadic task the subjects are instructed to follow the target. In the anti-saccadic task the subjects are 

instructed to look exactly in the opposite direction. After this, a refixation (RF) target appears for 1.5 

seconds, and subjects are instructed to fixate this. In all tasks the target jumps back to the center of the 

screen, after which a new fixation period starts. 

B. Recordings of an anti-saccadic task of a MS patient. Shown are: horizontal gaze position (blue solid 

line) and horizontal velocity (blue dotted line) of the right eye during and the target position (solid black 

line). A positive value of the gaze and target position represents a position at the right side of the 

screen. In the upper figure, a correct response is shown and in the lower figure an incorrect response. 

For calculation of parameters see main text.  
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1A). All three tasks started with a central fixation target, which disappeared after a 
random period of 1.0 – 3.5 seconds, after which it reappeared at an eccentric location 
left or right from the center. In the pro-saccadic task this was at a visual angle of 
either 8 or 15 degrees, in the anti-saccadic and express saccadic task only at 8 
degrees. Depending on the task, participants were instructed to follow the target 
(pro-saccadic and express saccadic task) or look in the exact opposite direction of the 
target (anti-saccadic task). In the anti-saccadic task participants were instructed to 
fixate the target after reappearance at the correct location (Figure 1A). By this, the 
accuracy of the movement could be checked. In total 60 pro-saccades, 40 anti-
saccades and 30 express saccades were measured. An off-line analysis was performed 
in Matlab (Mathworks, inc., Natick, MA) to automatically calculate several parameters. 
To pass quality control, at least 50% of centrifugal saccades needed to be acceptable 
for a task of a participant to be included.13 
Figure 1B illustrates typical recordings of the anti-saccadic task of a MS patients. The 
different saccadic parameters are indicated in the figure. For all tasks, the peak 
velocity, latency and gain of the centrifugal saccade were calculated.14 The gain was 
determined by dividing the amplitude of the saccade by the amplitude of the 
(re)fixation position after this saccade.18 By this, effects of inaccuracies of the system 
in measuring absolute eye positions were minimized. Furthermore, a main sequence 
relationship was calculated in the pro-saccadic task, by dividing the peak velocity by 
the saccadic amplitude. Peak velocity of saccades is correlated exponentially to the 
amplitude and saturation occurs above 20 degrees of visual angle.14, 33  For the anti-
saccadic task a set of three additional parameters were calculated as previously 
described.10, 18, 20, 34, 35 These included (1) the proportion of correct responses 
(directed in the opposite direction of the target), (2) the latency of a correction 
saccade after an incorrect response and (3) the error of the final eye position after 
the anti-saccade (before reappearance of the target), which was calculated by 
subtracting the amplitude of the final eye position from the amplitude of the refixation 
position (Figure 1B).  
Parameters were calculated by taking the mean of the left and right eye. For 
parameters that are directly affected by the presence of an INO (peak velocity, 
amplitude and derived parameters), results of the subgroup of MS patients without an 
INO were reported. 

Statistical analyses 

Data were analyzed visually and statistically for normality. Independent T-tests 
(Gaussian data) and non-parametric tests (non-Gaussian data) were used for the 
comparison of demographic characteristics between MS patients and healthy controls. 
The chi square test was used for categorical data (e.g. proportions of subjects). To 
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compare saccadic parameters between MS patients and healthy controls, linear 
regression analyses were used, adjusted for sex and age. 

Linear and logistic regression analyses were used to analyse the relationship of pro-
saccadic parameters with visual acuity, retinal layer thicknesses, history of optic 
neuritis, presence of eye movement complaints and vision-related quality of life 
(lowest versus highest two tertiles). Only pro-saccadic parameters that were 
significantly different between MS patients and healthy controls were selected. These 
analyses were adjusted for the possible confounders sex, disease duration, EDSS score 
and visual acuity. Associations with subdomains of the vision-related quality of life 
questionnaire were only performed with parameters that showed a significant relation 
with the total score of the questionnaire. Both the associations with different items of 
the eye movement complaints questionnaire and the associations with the subdomains 
of the vision-related quality of life questionnaire were adjusted for multiple 
comparisons, using the Holm-Bonferroni method.36 
Statistical analyses were performed using Stata (StataCorp. 2015. Stata Statistical 
Software: Release 14. College Station, TX: StataCorp LP). 

Table 1. Demographic and clinical characteristics of the healthy controls and 
MS patients 

 MS patients  Healthy controls 

 N=218  N=58 

Sex (N, female) 148 (68%)  31 (53%) 

Age (years) 54.5 (±10.8)  52.4 (±9.1) 

Disease duration (years) 21.2 (±8.5)  N/A 

EDSS score (median (IQR,  

total range)) 

4.0 (3.5,  

0.0 – 8.5) 

 N/A 

Disease course    

   Relapsing-remitting (N) 135 (62%)  N/A 

   Secondary progressive  (N) 59 (27%)  N/A 

   Primary progressive (N) 19 (9%)  N/A 

   Unclassifiable 5 (2%)  N/A 

High-contrast visual acuity (best eye)* 56.1 (±7.3)  N/A 

Low-contrast visual acuity (best eye)† 30.9 (±12.2)  N/A 

Optic neuritis history (N)‡ 100 (50%)  N/A 

Internuclear ophthalmoplegia (N)# 72 (33%)  N/A 

MS: multiple sclerosis ; N: number; EDSS: expanded disability status scale; IQR: 

interquartile range 

*: High-contrast visual acuity data missing from 19 subjects  

†: Low-contrast visual acuity data missing from 60 subjects 

‡: Optic neuritis information missing from 17 subjects 

#: Internuclear ophthalmoplegia information missing from 3 subjects 
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Results 

In total 226 MS patients and 61 healthy controls were recruited to this study. Of 
these, 8 MS patients and 3 healthy controls were excluded, for reasons of corrupted 
data files (N=5) and insufficient quality of the data (N=6). The demographic and 
clinical characteristics of the included subjects are summarized in Table 1. The 
percentage of females in the patient group was higher than in the healthy control 
group (68% versus 53% respectively, p=0.041). MS patients had a mean disease 
duration of 21.2 (±8.5) years and the majority (62%) had a relapsing-remitting disease 
course.  
Based on quality control criteria we excluded the pro-saccadic task of 8 subjects, the 
anti-saccadic task of 6 subjects and the express saccadic task of 14 subjects. 

Saccadic tasks 

The results of the saccadic tasks are summarized in Table 2. In the pro-saccadic task, 
latency of both 15 degrees and 8 degrees saccades was significantly longer in the MS 
group than in the healthy control group (mean difference 16 and 13 ms, p=0.008 and 
p=0.007, respectively). Furthermore, 15 degrees saccades of MS patients were slightly 
more hypometric than those of healthy controls (gain difference -0.02, p=0.003). 
Likewise, the latency in the express saccadic task was significantly longer in the MS 
group than in the healthy control group (mean difference 11 ms, p=0.037). For both 
the healthy control and MS group, this latency was significantly shorter than the 
latency of 8 degrees saccades in the pro-saccadic task (mean difference -37 and -39 
ms respectively, p<0.001). In the anti-saccadic task, MS patients made significantly 
more errors (50%) than healthy controls (37%, p=0.001). Furthermore, both the 
latency of correct responses and the latency of a correction after an incorrect 
response was significantly higher in the MS group than in the healthy control group 
(mean difference -26 and -46 ms, p=0.011 and p=0.011, respectively). 

Correlation with clinical characteristics 

In Figure 2, the relationship of age and disease duration with latency of 15 degrees 
saccades in the pro-saccadic task is shown. In the MS group, latency was significantly 
affected by both age (Figure 2A, β 1.6, p<0.001) and disease duration (Figure 2B, β 
1.6, p<0.001). These associations were consistent with the other latency data. The 
size of the effect was slightly smaller for 8 degrees pro-saccades, express saccades and 
both correct and incorrect responses in the anti-saccadic task. The latency of a 
correction of an incorrect response in the anti-saccadic task was also significantly 
related to disease duration (β 3.3, p=0.004) but not to age (β 1.6, p=0.071). In the 
healthy control group there was a slight increase of latency with age, although not 
significant (Figure 2A, β 0.6, p=0.077). 
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Table 2. Saccadic parameters in MS patients and healthy controls 

Parameter MS patients  Healthy controls   Difference HC-MSd 

 Mean Range  Mean Range  β (95% CI) P value 

Pro-saccadic task N=210  N=58   

Latency 15 deg (ms) 227 ±46 147 – 431  209 ±23 154 – 258  -16 (-28 – -4) 0.008 

Latency 8 deg (ms) 197 ±38 134 – 378  181 ±20 141 – 236  -13 (-23 – -4) 0.007 

Non-INO only N=139  N=58    

Peak velocity  

15 deg (deg/s) 
414 ±64 187– 680  415 ±60 292 – 528  1 (-19 – 21) 0.945 

Peak velocity  

8 deg (deg/s) 
351 ±55 179 – 600  352 ±56 224 – 462  0 (-18 – 17) 0.977 

Pv/Am 15 deg 

(deg/s/deg) 
30.9 ±4.8 14.0 – 51.1  30.4 ±4.3 20.8 – 42.3  -0.6 (-2.1 – 0.9) 0.417 

Pv/Am 8 deg 

(deg/s/deg) 
43.9 ±6.0 23.7 – 65.6  43.9 ±6.0 28.0 – 56.8  -0.1 (-2.0 – 1.8) 0.884 

Gain 15 deg 0.92 ± 0.05 0.78 – 1.04  0.94 ±0.04 0.82 – 1.03  0.02 (0.01 – 0.04) 0.003 

Gain 8 deg 0.99 ±0.05 0.89 – 1.15  0.99 ±0.06 0.87 – 1.10  0.00 (-0.01 – 0.02) 0.572 

Express saccadic task N=204  N=58    

Latency (ms) 157 ±38 99 - 425  145 ±21 101 - 199  -11 (-21 - -1) 0.037 

Latency difference pro-

saccades (ms) 
39 ±22 -48 - 101  37 ±18 -11 – 68  -2 (-9 – 4) 0.498 

Non-INO only N=137  N=58    

Peak velocity (deg/s) 335 ±58 200 - 579  335 ±58 197 - 437  -1 (-19 – 17) 0.917 

Gain 0.95 ±0.06 0.83 - 1.15  0.97 ±0.06 0.85 – 1.08  0.02 (-0.00 – 0.04) 0.083 

Anti-saccadic task N=212  N=58    

Proportion of errors 0.50 ±0.25 0.03 – 1.00  0.37 ±0.22 0.03 – 0.92  -0.12 (-0.19 – -0.05) 0.001 

Latency CR (ms)a 360 ±69 220 – 609  331 ±57 225 – 458  -26 (-46 – -6) 0.011 

Latency ICR (ms)b 228 ±49 141 – 411  234 ±52 149 – 356  5 (-9 – 20) 0.472 

Latency correction 

(ms)b 281 ±129 102 – 867  232 ±73 121 – 437  -46 (-82 – 11) 0.011 

Non-INO only N=139  N=58    

Peak velocity CR 

(deg/s)c 
341 ±66 173 - 564  349 ±69 189 - 516  9 (-12 – 31) 0.403 

Gain CRc 1.13 ±0.36 0.55 – 3.59  1.18 ±0.28 0.77 – 1.84  0.07 (-0.03 – 0.18) 0.185 

Error FEP (deg) 1.88 ±1.38 0.31 – 7.14  1.91 ±1.27 0.44 – 6.05  0.13 (-0.32 – 0.59) 0.553 

MS: multiple sclerosis ; HC: healthy controls; ±: standard deviation; N: number; non-INO: subjects 

without internuclear ophthalmoplegia; ms: milliseconds; deg: degrees of visual angle; Pv/Am: peak 

velocity divided by amplitude; CR: correct responses; ICR: incorrect responses; FEP: final eye position  

a: Only participants included with ≥10% correct responses (N=197 MS patients and N=56 Healthy 

controls). b: Only participants included with ≥10% incorrect responses (N=206 MS patients and N= 57 

Healthy controls). c: Only non-INO participants included with ≥10% correct responses (N=132 MS 

patients and N=56 Healthy controls). d: Results of linear regression analyses, the difference between 

HC and MS patients is adjusted for sex and age. Bold numbers indicate significant differences 
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Figure 2. Association of latency with age and disease duration.  

A. Scatterplot with regression line of age against latency of 15 degrees pro-saccades of healthy controls 

(blue circles) and MS patients (red dots). It shows an increasing latency with a higher age, most 

prominent in the MS patients (p<0.001) and not significant in healthy controls (p=0.077).  

B. Scatterplot of disease duration against latency of 15 degrees pro-saccades of MS patients (red dots). 

It shows an increasing latency with a longer disease duration (p<0.001). 

 

In Figure 3 and 4, bar graphs show the latency of the centrifugal saccades of all tasks 
for MS patients, dichotomized by disease course and EDSS score. The mean latency of 
MS patients with a progressive disease course and a higher EDSS score was 
significantly higher than of subjects with a relapsing-remitting disease course and 
lower EDSS score. Furthermore, in the anti-saccadic task, subjects with a progressive 
disease course showed significantly more errors (mean difference 0.07, p=0.043) and 
a longer latency of a correction after an incorrect response (mean difference -64 ms, 
p<0.001) than subjects with a relapsing-remitting disease course. These associations 
were similar in subjects with a higher EDSS compared to subjects with a lower EDSS 
(mean difference 0.09, p=0.015 and mean difference -64 ms, p=0.001).   

Correlation with visual functioning 

B 

A 
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Latency of both 15 and 8 degrees pro-saccades was significantly associated with high-
contrast visual acuity (best eye) (β -2.0 and β -1.4, respectively, p<0.001). This effect 
was decreased after adjustment for sex, disease duration and EDSS (β -1.1 and β -0.8, 
p=0.022 and p=0.053, respectively). Furthermore, associations of latencies with retinal 
layer thicknesses were reduced and not significant after adjustment (pRNFL: β -0.4, 
p=0.098 and β -0.3, p=0.181 for 15 and 8 degrees saccades respectively; mGCIPL: β -
0.4, p=0.059 and β -0.4, p=0.050 for 15 and 8 degrees saccades respectively). No 
associations were found with a history of optic neuritis. 

Logistic regression analyses revealed that a higher latency in the pro-saccadic task 
resulted in a slightly higher odds for having a low vision-related quality of life, which 
was maintained after adjustment for sex, disease duration, EDSS and visual acuity. 

 

 
Figure 3. Comparison of latency of MS patients with a relapsing-remitting and progressive 

disease course. Box-and-whisker plots showing the latency of MS patients with a relapsing-remitting 

(RR) and progressive (both primary progressive and secondary progressive) disease course. The boxes 

extend from the 25th to 75th percentiles, the horizontal line in the box is plotted at the median and the 

asterisk is indicating the mean.  
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Figure 4. Comparison of latency of MS patients with a lower (<4.5) and higher (≥4.5) EDSS score. 

Box-and-whisker plots showing the latency of MS patients with a lower (<4.5) expanded disability status 

scale (EDSS) score and a higher (≥4.5) EDSS score. The boxes extend from the 25th to 75th 

percentiles, the horizontal line in the box is plotted at the median and the asterisk is indicating the mean. 

 

For 8 degrees pro-saccades, every 10 ms of increase in latency resulted in 1.12 higher 
odds for having a low vision-related quality of life (95% CI OR 1.02 – 1.23, p=0.021). 
For latency of 15 degrees this relation was of similar effect size and significant (OR 
1.01 95 CI 1.00 – 1.02, p=0.044). Investigation of the relation between latency of pro-
saccades with different subdomains of this questionnaire (with adjustment for the 
same confounders) revealed a significant association with the subdomains distance 
activities, peripheral vision and role difficulties. After adjustment for multiple 
comparisons (Holm-Bonferroni), the relationship with distance activities was 
maintained, resulting in an OR of 1.20 (95% CI 1.01 – 1.03, p=0.014) for 8 degrees 
pro-saccades and an OR 1.13 (95% CI 1.00 – 1.02, p=0.026) for 15 degrees pro-
saccades. None of the pro-saccadic parameters were significantly related to the 
presence of eye movement complaints, after adjustment for confounders and multiple 
comparisons. 
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Discussion 

This study, combined with previous work13, provided a systematic approach for 
quantifying different types of saccades with infrared video-oculography and an 
overview of saccadic characteristics in a large sample of MS patients. Building upon 
previous literature10, 11, 37, 38, a meaningful category could be added to the well-known 
oculomotor abnormalities in MS, namely saccadic latency delay. This delay was related 
to a more advanced disease course of MS and vision-related quality of life. 

Latency of saccades reflects neural conduction in the whole pathway of the visual 
system and might therefore be affected by pathology anywhere in this system. It is not 
always clear which part of the pathway contributes most to the increased latency. For 
example in amblyopia, the amblyopic eye shows and increased latency compared to 
the non-amblyopic eye, related to the visual acuity of the amblyopic eye, and 
compared to normal eyes.39, 40 However, it is not completely crystallised if this is 
mostly due to a sensory or attentional deficit, and it is hypothesized that other 
oculomotor abnormalities also play a role.40 In the study of Brigell et al41 a decrease in 
saccadic latency was found when the target was presented only to the affected eye of 
seven patients with a history of unilateral optic neuritis. However, with binocular 
target presentation, the latency was within normal limits. It was suggested that the 
afferent signal from the intact optic nerve is sufficient to initiate a normal latency. Even 
though a history of bilateral optic neuritis was frequently present in our study, the 
saccadic latency delay did not show a significant relation with history of optic neuritis 
of MS patients. Furthermore, the relation with visual acuity was partly explained by 
general disease characteristics. This might suggest that the longer latency in MS 
patients in our study is at least partially a result of abnormalities in cortical processing 
of the stimulus or in programming of the motor command and not a pure afferent 
dysfunction. This is supported by previous research of Reulen et al.38. In this paper no 
association was found between prolonged saccadic latency and increased visual 
evoked response (P-100 peak) latency in 91 MS patients. In the same paper a relation 
is found between presence of INO and prolonged saccadic latency. There are two 
plausible explanations for this. First, INO patients show a more general advanced 
disease course (higher EDSS, longer disease duration and more progressive disease) 
than non-INO patients.25 As saccadic latency is also related to a more advanced 
disease course, these two ocular motor abnormalities can deteriorate in parallel with 
advancing disease. Second, the lesion pathology in the brainstem of patients with INO 
might not be restricted to the medial longitudinal fasciculus (MLF), but might also 
involve areas involved in initiation of saccades. As part of future research, we would 
like to investigate how structural and functional damage of the brainstem causes (a 
combination of) different types of oculomotor abnormalities, including INO and 
saccadic latency delay. Furthermore, to acquire more certainty about the causality of 
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pathology in both the afferent and efferent visual system in relation to saccadic 
latency, a longitudinal approach might be helpful. 
Besides brainstem pathology, saccadic latency could be increased by damage in 
cortical eye fields involved in control of the initiation of saccades. By this, the latency 
of saccades could reflect many cognitive functions, including processing of visual 
information, task planning, attention and selection of relevant stimuli42. This is 
supported by previous research showing a relation between latency in different 
saccadic task and performance on cognitive tests in MS patients.10, 11  

We found a relation of saccadic latency delay with vision-related quality of life, which 
suggested that MS patients with a longer latency of saccades experienced slightly more 
visual problems in daily situations. Possibly, the ability to quickly change the line of 
sight to different objects in the environment might be relevant for subjective visual 
functioning. Even though this association was maintained after adjustment for disease 
characteristics, both latency and vision-related quality of life might deteriorate with 
advancing disease and the relation might be non-causal. A comprehensive approach in 
which a set of clinical, visual and oculomotor variables (amongst which presence of 
fixation abnormalities and INO) is used to predict the probability of low vision-related 
quality of life in MS patients, might be helpful to unravel which abnormalities are most 
important in daily visual functioning.  By this, it could help differentiating poorly 
recognised visual complaints in MS patients. 

It had been hypothesized that a gap stimulus in a saccadic task mainly releases an 
attentional fixation mechanism for saccadic gaze shift 43-45, therefore enabling the 
ability to make shorter-latency saccades. The rostral pole of the superior colliculus 
may play an important role in this.43-45 Furthermore, the intraparietal area in the 
parietal cortex might also be involved in the generation of express saccades.46 In our 
study, both healthy controls and MS patients showed, on average, a shorter latency in 
the express saccadic task compared to the 8 degrees of the pro-saccadic task. The 
individual differences in latency between the tasks were not significantly different 
between the MS and healthy control group. Also, these differences were not more 
pronounced in MS patients with a more progressive disease course or in more 
disabled MS patients. Therefore, based on the current results, we could not conclude 
that a gap stimulus task in MS patients has an additional value in differentiating MS 
patients above a step-jump stimulus task. However, we plan to associate latencies of 
different tasks with neuropsychological examinations and functional imaging. Possibly 
performance in different tasks does reflect function of specific pathways. By this, it 
might differentiate MS pathology in different areas.  

Anti-saccade errors were more frequent in MS patients than in healthy controls, 
which is consistent with previous data.10, 47 The proportion of errors in the healthy 
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control groups was slightly larger than in literature42, 48, 49, which could be due to the 
additional step of refixation which makes the task a little more complex or due to a 
relatively short practice period. However, many factors are known to influence 
performance in the anti-saccadic task and this difference could just as well be in line 
with the high variability in neuropsychological performance in healthy adults.50 The 
moderate reproducibility13 and largely overlapping range of the proportion of errors 
in healthy controls and MS patients does suggest this measure is less suitable for 
differentiating subjects on an individual level. As reported before, correct anti-
saccades have a longer latency than incorrect responses.51-53 This is suggested to 
reflect the additional processing time required to inhibit the reflexive pro-saccade and 
perform the necessary spatial transformation to a correct response.20 Furthermore, 
different brain regions appear to contribute to the programming of the anti-saccade 
response in different ways.42 For example, lesions of the dorsolateral prefrontal 
cortex can result in an increase proportion of errors, while frontal eye field lesion can 
result in a longer latency of correct responses.42, 54, 55 By combining results of 
different parameters, as latency of correct and incorrect responses, proportions of 
errors, and latency of corrections, the anti-saccadic task may add in characterizing 
cognitive dysfunction in MS. An approach in which cognitive testing and functional and 
structural neuroimaging is investigated in relation to subsets of oculomotor 
parameters is needed to elucidate how far the (clinical) usability of this approach 
reaches.  

Saccadic latency increases with age and there are age-related changes in the velocity 
and amplitude of saccades.42, 51, 56, 57 However, there are also large individual 
differences in latency between healthy people.13, 57, 58 It is therefore not surprising that 
the increase of latency with age of the healthy subjects in this cross sectional study is 
not (although near) significant (β 0.6, p=0.077, Figure 2A). The increase of latency 
with age and disease duration in the MS group (both β 1.6, p<0.001, Figure 2A and 
2B) exceeds the level of increase of the healthy subjects, which suggest pathological 
factors are contributing on top of the process of normal ageing. Besides the effect of 
ageing on different parameters, there might be an effect of sex. In our healthy control 
group, there is a higher (although not significant) latency in the female group than in 
the male group (data not shown). Furthermore, there is a small difference in 
proportion of male and female subjects in the MS group compared to the healthy 
control group (Table 1). We therefore decided to adjust our comparisons between 
the groups for both age and sex (Table 2). The adjustments did not fundamentally 
change the results compared to the raw analysis. 

We found a significant, albeit very small, difference in gain for 15 degrees saccades 
only. This difference was not found for 8 degrees saccades, nor was it related to 
disease characteristics or visual functioning. Therefore the clinical consequence of this 
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(possibly incidental) finding remains uncertain. For all parameters, including gain, that 
are directly influenced by INO, we decided to only investigate the non-INO group, 
because otherwise the INO effect would overshadow any possible differences 
between the MS group and healthy control group. This is a limitation of our study, 
because it reduces the sample size which might limit the possibility to find differences 
between the groups, especially because INO patients are, as stated before, on average 
more disabled and more frequently in a progressive phase of the disease.25 Moreover, 
any result of the analyses is only applicable to a subgroup of MS patients, which is not 
desirable. Although we decided not to because of the length of the measurement 
protocol, including vertical saccades to the protocol might partly overcome this 
problem. Another limitation of this study is the fact that it contains data from a 
follow-up of an already existing prospective cohort. It therefore comprises MS 
patients with a relatively long disease duration and we cannot make any assertions on 
MS patients in the early phase of disease. Likewise, the small group of very disabled 
patients who could not make the visit to the hospital, were not measured in this 
study.  

In conclusion this study provides a detailed overview of performance in different 
saccadic tasks in MS patients, compared to healthy controls. Saccadic parameters are 
clearly affected in MS and may be used as a possible marker of disease progression in 
MS and to quantify effect of therapeutic interventions in future studies. 
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