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Abstract 

Objective 

For people with visual snow, the visual field is covered in faint flickering specks. Visual 

snow remains poorly understood and lacks effective treatments. The snow is likely produced 

by spontaneous (non-stimulus driven) activity in the visual system, but the specific neural 

mechanisms are not known. We hypothesize that the activity producing visual snow is present 

early in the visual pathways. Here, we tested whether it reaches motion selective areas, 

including V5/MT, using the motion aftereffect. 

Methods 

Eleven participants with visual snow syndrome (VSS) adapted to high contrast drifting 

gratings on the left and right sides of a central fixation point, moving in opposite directions. 

After adaptation, participants judged motion visible in their visual snow viewed on a blank 

screen, pressing a button when the motion of the snow on both sides looked the same. The 

duration of the adapter gratings varied across trials (1.6 - 45 sec). In a control condition, we 

presented a stationary square wave pattern during the test period to confirm that participants 

with VSS experienced a typical motion aftereffect for external stimuli.  
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Results 

Following adaptation, most participants (10/11) reported that their visual snow moved in 

the opposite direction of the adapting gratings, as expected for the motion aftereffect. Longer 

adapter durations resulted in longer-lasting illusions and this relationship was linear on a log-

log axis, consistent with the motion aftereffect literature.  

Conclusions 

Visual snow is susceptible to the motion aftereffect, suggesting that the neural activity 

producing visual snow reaches motion selective neurons involved in perceiving the motion 

aftereffect, which are believed to include V5/MT. If visual snow arises before area V5/MT, our 

findings suggest this activity is propagated forward through the visual pathways. Pinpointing 

the neural origins of visual snow may facilitate the development of novel treatment approaches 

targeting specific visual brain areas or networks. 

 

Introduction 

People with visual snow experience countless tiny specks continuously flickering across 

the visual field. It is often accompanied by other visual phenomena (trails / streaks behind 

moving objects, afterimages, light sensitivity, and poor night vision), which together comprise 

Visual Snow Syndrome (VSS). Surprisingly, this condition affects a relatively large proportion 

of the population, with prevalence estimates from large studies (more than 1000 participants) 

ranging between 2.2 and 7.7% (Kondziella et al., 2020; Muravikova et al., 2024; Thompson et 

al., 2024). VSS is thought to be a spectrum-like disorder that varies in severity, with some 

unbothered by the symptoms and others strongly impacted and seeking medical attention 

(Puledda et al., 2020; Thompson et al., 2023, 2024). In the latter case, VSS can be disabling; 

the symptoms of VSS can interfere with critical tasks like driving and reading (Bessero & Plant, 

2014; Solly et al., 2021; Tannen et al., 2024), and are associated with increased prevalence of 

anxiety and depression (Solly et al., 2021). 

Currently, there are few options for those seeking treatment. Medications have been 

largely unsuccessful in reducing visual snow (Eren & Schankin, 2020; Puledda et al., 2022; 
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Rusztyn et al., 2023; Schankin et al., 2020; van Dongen et al., 2019). Patients are often told to 

reduce stress and learn to ignore the snow, or to manage symptoms with mindfulness-based 

therapy (Wong et al., 2024) or color-tinted lenses (Han et al., 2023; Hepschke et al., 2022; 

Lauschke et al., 2016). The development of new treatments is limited by the relative lack of 

understanding of the neurobiology of VSS (for reviews, see Bou Ghannam & Pelak, 2017; 

Eren & Schankin, 2020; Fraser, 2022; Kamaeva et al., 2023; Klein & Schankin, 2021, 2021; 

Raviskanthan et al., 2022; Rusztyn et al., 2023; Sampatakakis et al., 2022; Silva & Puledda, 

2023; Stern & Robertson, 2024; Traber et al., 2020).  

We hypothesized that VSS is caused by ongoing spontaneous (i.e., non-stimulus 

driven) neural activity in the visual pathways, because it is seen in the absence of visual stimuli 

(e.g., on a blank screen or with closed eyes). In recent prior work, we tested this hypothesis 

with contrast adaptation, in which prior exposure to a high-contrast stimulus weakens 

subsequent perception and neural responses in the visual pathways. When participants with 

VSS viewed a high-contrast, dynamic noise pattern, their visual snow was weakened, often to 

the point of disappearing (Montoya et al., 2023). This suggests that neural activity necessary to 

perceive visual snow can be altered by adaptation in the visual pathways. The specific brain 

regions that with increased spontaneously activity in visual snow are currently unknown.  

Here, we sought to begin to identify the regions involved by determining whether the 

visual snow percept is susceptible to the motion aftereffect (MAE), an illusion in which a visual 

stimulus appears to move in the opposite direction of a previously viewed adapting stimulus. 

Motion aftereffects depend upon activity in motion selective neurons throughout the visual 

pathways, including areas V1, V2, and V5/MT (for a review, see Mather et al., 2008). 

Adaptation to motion causes neurons that prefer the adapter direction to reduce their 

responsiveness, biasing the activity profile of the population towards neurons that prefer 

motion in the opposite direction of the adapter{Citation}. If the activity producing visual snow 

reaches these neurons, then adapting to motion in one direction should cause the visual snow 

percept to appear to drift in the opposite direction, and the duration of the effect should be 

related to the adapter duration by a power law. Here, we tested this prediction by measuring 

the duration of the effect of adapting to motion on visual snow. 
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Methods 

Participants 

Eleven participants with VSS completed the experiments described below (see Table 1 

for demographics). Eligibility criteria for participants with VSS were the same as in our previous 

studies (Montoya et al., 2023, 2024) 18 to 80 years old, able to comply with study instructions, 

and VSS as defined by ICHD-3 (“Headache Classification Committee of the International 

Headache Society (IHS) The International Classification of Headache Disorders, 3rd Edition,” 

2018). All participants with VSS self-reported visual snow covering the visual field without 

interruption for at least the past 3 months and had at least two of the following visual 

symptoms: afterimages, blue field entoptic phenomena, trails or trailing behind moving objects, 

light sensitivity, or poor night vision. Participants were excluded for any of the following: lack of 

fluency in English, a diagnosed or self-reported intellectual disability, severe central nervous 

system disease, any physical problem that would impede data collection or interpretation (e.g., 

visual field loss), a current acute episode of psychosis (assessed with self-report and the Brief 

Psychiatric Rating Scale (Overall & Gorham, 1962)), or an ophthalmological condition that 

could cause visual snow symptoms.  

All procedures adhered to the Declaration of Helsinki and were approved by the 

Institutional Review Board at the University of Minnesota. Participants were compensated $20 

per hour. All participants provided written informed consent prior to participation. 

  

Sex assigned 

at birth (n) Race (n) Ethnicity (n) Migraine status (n) 

Streaks/ 

Trails (n) 
 

n 

Mean 

age 

(SD) Female Male White 

African 

American/Black 

Not 

Hispanic Hispanic Migraine 

No 

migraine 

Sees 

trails 

Never 

sees 

trails 

Mean 

Snellen 

Visual 

Acuity 

(SD) 

11 

27.27 

(4.96) 7 4 11 0 10 1 7 4 4 7 

1.39 

(0.33) 

Table 1: Demographics of participants with VSS. Snellen visual acuity values are reported as 

decimal fraction (e.g., 20/20= 1). 
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Apparatus 

Tasks were completed in a darkened room using MATLAB (Mathworks, Inc., Natick, 

MA, USA) and PsychToolbox-3 (Kleiner et al., 2007) on an Apple iMac desktop. Stimuli were 

shown on an Eizo FlexScan SX2462W monitor with a 60 Hz refresh rate and resolution of 

1920 × 1200 (screen size: 53 × 33 cm, viewing distance: 70 cm). Participants sat with their 

head in a chinrest with a forehead bar to minimize head movements. Eye tracking data were 

acquired from both eyes with an Eyelink 1000 with a sampling rate of 500 Hz, and were used 

to ensure that participants maintained central fixation during adaptation and test periods. In 

some cases, only one eye was recorded due to poor data quality in the other eye (e.g., from 

strong astigmatism in that eye). Participants wore corrective lenses during visual tasks, as 

needed. 

 

Figure 1: Experimental task.Participants 

adapted to gratings drifting inward or away 

from the center (here, depicted moving 

inwards with the red arrows) at 2 cycles / sec 

for 1.6, 5, 15, or 45 sec. A) Adapter and 

square wave test. Following the adapter, 

static 10% contrast square wave gratings 

were presented until the participant pressed 

a button to indicate that the motion aftereffect 

had stopped. B) Visual Snow test. Following 

adaptation, blank circles were presented until 

the participant pressed a button, indicating 

that the motion aftereffect on their visual 

snow had stopped. 

Stimuli 

Participants viewed drifting Gabor 

adapters on the left and right sides of the screen (see Figure 1; 0.3 cycles / degree, 2 Hz, 90% 
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contrast, 10 degrees visual angle in diameter, centered at 6 degrees eccentricity) while fixating 

on an empirically validated fixation mark configuration at the center (Thaler et al., 2013). 

Adapters were shown on a uniform mean gray background (80.8 cd/m2). The adapters moved 

in opposite directions left and right, such that they appeared to be moving towards or away 

from the center of the screen, and this direction alternated every trial. This opposing motion 

was chosen to minimize the drive for eye movements away from the fixation mark.  

After the adaptation period, circular black fiducial outlines framed the test stimuli, 

indicating the region of the visual field the participant should reference during their responses. 

These outlines formed 10-degree in diameter circles centered at 6 degrees eccentricity. Two 

types of test displays were used, in different trials (Figure 1a). The first was a low contrast, 

stationary, square wave (10% contrast, 0.3 cycles / degree), which served as a control to 

assess whether people with VSS would report a typical motion aftereffect for a stationary low-

contrast test. In preliminary testing, we used low contrast Gabors as our test stimuli but found 

that contrast adaptation was often strong enough to render them invisible. For this reason, we 

used square wave gratings. The gratings had the same wavelength as the adapter and were 

presented with the same phase as the last frame of the adapter(Heeger et al., 1999). The 

second test stimulus was a blank gray field matching the background (i.e., fixation mark and 

test area fiducial lines only; Figure 1b). During the blank tests, participants were instructed to 

attend to their visual snow within the test regions. 

 

Conditions 

To measure effects of adapter duration, four durations (1.6, 5, 15, 45 sec) were used. 

Aftereffects for the two test conditions described above (static square wave and visual snow) 

were measured for each adapter duration. 

 

Procedure 

Participants viewed the drifting adapter gratings then judged the duration of the motion 

aftereffect, pressing a button as soon as they could no longer perceive motion within the test 
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regions. They were instructed to maintain central fixation throughout. During each trial, 

adapters to the left and right of fixation were shown for 1.5, 5, 15, or 45 sec. Immediately 

following the adapter presentation, the test stimuli were presented in the same location and 

participants made their judgment. Participants were instructed to press the button immediately 

if they saw no motion during the test period. To ensure they understood the task, participants 

completed at least three initial practice trials with 30 sec adapters for each test condition. The 

experimenter monitored eye position throughout to correct participants if they looked away 

from the fixation mark.  

Blocks consisted of four trials, one of each adapter duration, which were presented in a 

random order on each block. Participants completed four blocks with the static square wave 

test, followed by four blocks with the blank test, yielding four repeated trials per adapter 

condition for both test stimuli. Participants took self-timed breaks between each trial, and could 

repeat trials if they accidentally pressed the button too quickly or slowly. 

 

Multiple Choice Questionnaire 

After completing the 4 blocks of trials for each test stimulus, participants were prompted 

to complete a multiple-choice question about their perception. The question and options were 

as follows: 

 

Question: 

Please choose the number that most closely matches your experience in this experiment. 

There are no right or wrong answers, we just want to know your experience. After watching the 

moving stripe patterns, 

    1) I saw motion inside the circles that appeared to move in opposite directions, up and 

down. 

    2) I saw motion inside the circles that appeared to move in opposite directions, left and right. 

    3) I saw motion inside the circles that appeared to spin/rotate. 

    4) I saw motion inside the circles that appeared to move in the same direction, left or right. 

    5) I saw motion inside the circles that appeared to move in the same direction, up or down. 
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    6) I did not see motion inside the circles 

    7) Other: I saw motion inside the circles that does not match the descriptions above. 

 

If participants selected “other”, they were prompted to “Please describe the motion of 

the stripes” for square wave tests, or “Please describe the motion of the snow” for blank tests. 

Participants typed their responses into a text box. 

 

Analysis 

Data were analyzed with custom MATLAB (Mathworks, Inc., Natick, MA, USA) code. 

We tested whether duration of the motion aftereffect was related to adapter duration using 

repeated measures ANOVAs. Duration was modeled as a continuous variable and participants 

were a random variable. Effect sizes were calculated as Hedge’s g values. To investigate the 

relationship between the square wave and visual snow MAEs, we fit lines to the log of MAE 

durations vs. log of adapter duration to estimate a slope for each test condition for each 

participant. We then tested for a relationship between the slopes of the two test conditions 

across participants using a Pearson’s correlation. 

 

Results 

Participants with VSS adapted to drifting gratings presented on the left and right sides of a 

fixation mark, then judged the duration of the resulting motion aftereffect for either a stationary 

square wave test or their visual snow (i.e., blank test). Adapter duration varied across trials 

(1.5, 5, 15, or 45 sec) to determine whether the duration of the effect was related to the 

duration of exposure to the adapter. Participants were not told that the motion of the square 

waves was illusory until debriefing, and many were surprised to learn that they were not 
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physically moving.

 

Figure 2: Duration of MAE. A and C show the duration of the MAE as a function of adapter 

duration for the square wave tests in two representative participants. Gray squares represent 

individual trials, and means are plotted as black squares. B and D show the duration of the 

MAE for visual snow as a function of adapter duration for the same participants as A and C. 

Individual trials are plotted as light blue snowflakes and the mean are shown as dark blue 

snowflakes. In E, the mean durations of the MAE across participants are plotted for both the 

square wave test (gray squares) and snow test (blue snowflakes). The mean MAE durations 
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for the square wave test (light gray dashed lines) and snow test (light blue lines) are also 

plotted for each participant. Error bars are +/- one standard error of the mean. 

Adapting to motion produced a motion aftereffect for the square wave test in 

participants with VSS, as expected. The illusory motion was visible for an average of 1.7 sec 

after adapting for 1.6 sec, and increased to 11.0 sec after adapting for 45 sec (Hedge's g = 

8.1; values above 0.8 are considered large effects). This increase was monotonic with adapter 

duration (ANOVA, F10,1 = 168.7, p = 1.4 ⨉ 10-7, Figure 2), with a slope roughly linear on a log-

log axis, in accordance with the duration scaling law of adaptation (Greenlee et al., 1991). 

Critically, participants’ visual snow also appeared to move after adaptation, as judged 

during the blank tests. On average, the duration of the motion aftereffect in the snow increased 

from 1.6 sec following the shortest adapter to 8.1 sec after the longest adapter (Hedge’s g = 

6.3) and this trend was highly reliable across all durations (ANOVA, F10,1 = 74.4, p = 6.1 ⨉ 10-

6, Figure 2).  

Although the effect durations were numerically higher for the square wave test than the 

visual snow test, on average, this effect was not statistically significant (ANOVA, F10,1 = 0.56, p 

= 0.5), nor was an interaction between adapter duration and test type (ANOVA, F10,1 = 1.1, p = 

0.3). 

Interestingly, the slope of the motion aftereffect durations appeared similar for both 

square wave and snow tests within participants (e.g., compare Figure 2 A vs. B, C vs. D). To 

quantify this effect, we first calculated the slope of the best-fit lines for the log of MAE duration 

vs. log adapter duration for both the square wave and snow tests in each participant. Across 

participants, the two slopes were significantly correlated (Pearson’s correlation, r9 = 0.71, p = 

0.015, Figure 3). Although our sample size is relatively small, and this exploratory analysis was 

unplanned, it suggests that there may be a shared neural mechanism regulating the strength 

of the MAE for both external stimuli and internal visual snow percepts in VSS. 
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Figure 3: Correlation Between Slopes in MAE 

Durations for square wave and blank tests. 

The slopes of lines fit to the adapter vs. effect 

duration data (Figure 2) for each participant (n 

= 11) are plotted. The x-axis indexes the 

slopes for square wave tests, and the y-axis 

slopes for visual snow (i.e., blank test). The 

best-fit line is shown in black, and the identity 

line is plotted dotted.  

When questioned about the percept 

during square wave tests, 10 of the 11 

participants chose the expected multiple-

choice option, “I saw motion inside the circles that appeared to move in opposite directions, left 

and right.” One participant chose “Other”. Similarly, for the visual snow test, 9 of the 

participants chose the expected multiple-choice option, indicating a typical MAE. Two 

participants chose “Other”. One described the motion they perceived in the snow as “rotating 

inwards towards the center and 3D”, which we interpreted as a variant of the expected effect 

and the other said “No changes in visual snow,” but verbally described stripes in the snow that 

translated horizontally.  

Discussion 

Visual snow is susceptible to the motion after effect; following adaptation the snow 

“flowed” in the direction opposite from adapting motion and the effect’s duration was linearly 

related to adaptation duration on a log-log axis. Furthermore, the durations of the aftereffects 

were correlated across participants—individual differences in motion aftereffect strength were 

consistent across both test types. 

These results add to the growing evidence that visual snow is a genuine perceptual 

experience based upon activity in the visual system. If visual snow were due to a confabulation 

or malingering, it is unlikely that participants would consistently report durations following a 

power function across blocks with randomized trial orders (see also Montoya et al., 2023). 
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Rather, it is more plausible that participants experienced a perceptible motion aftereffect in 

their visual snow, consistent with their multiple-choice responses.  

 

Activity producing visual snow reaches area V5 / MT 

The MAE is a robust illusion, reports of which date back at least to Aristotle, and which 

has been studied extensively for over a century (for a historical survey, see Wohlgemuth, 

1911). The MAE was initially thought to depend exclusively upon adaptation of cells in V5/MT, 

but it is now recognized that the MAE involves adaptation of motion-selective cells in V1, V2, 

V3a, V5/MT, and MST (Mather et al., 2008). Nevertheless, activity in area V5/MT is necessary 

for the perception of the MAE (Antal et al., 2004; Culham et al., 2000; Hogendoorn & 

Verstraten, 2013; Stewart et al., 1999; Théoret et al., 2002). 

Because visual snow showed a typical MAE, it seems likely that the mechanisms 

underlying this illusion in the snow are the same as those for external stimuli. Our results 

indicate that biasing the response profile of motion selective neurons through motion 

adaptation was sufficient to alter the perception of the snow. Therefore, we conclude that 

neural activity which leads to visual snow percepts also reaches motion-selective neurons at or 

before area V5/MT. If the activity driving visual snow originates earlier in the visual pathway, 

our results suggest it is propagated forward to brain areas that show adaptation to motion. It is 

also possible that the activity reaching V5/MT depended upon feedback from higher areas.  

There are two variations of MAE, which appear to have different properties and 

mechanisms (Mather et al., 2008). The first is the static MAE, using a static test, and involves 

a variety of motion-selective areas (Mather et al., 2008). We chose to use a static MAE test 

because our participants were naive observers and we wanted to ensure 1) that they would 

observe a strong MAE, and 2) that they would be able to clearly understand and report the 

direction of illusory motion (in the absence of any true stimulus motion energy). The second is 

the dynamic MAE which is measured with a dynamic test, and is thought to originate in V5/MT. 

The effects we observed for snow may be more closely related to the dynamic MAE, because 

the snow percept is itself dynamic, with average temporal frequency estimates in the range of 

18 to 26 Hz (Brooks et al., 2024; Montoya et al., 2024). The correlation we observed in the 
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current study between the square wave MAE and the visual snow MAE slopes suggests that at 

least some of the neural mechanisms underlying these two illusory percepts are shared.  

Our results further support a relatively early neural locus of visual snow because effects 

of adaptation were retinotopically specific. That is, the visual snow within the blank circular 

regions on either side of fixation appeared to move in opposite directions. In general, neurons' 

receptive field sizes increase in higher order visual areas as they pool input from neurons with 

smaller receptive fields (Van Essen et al., 1984). If the receptive fields of the adapted neurons 

were large enough to contain parts of both the adapter stimuli, the opposing motion directions 

presented on the left and right sides of fixation might be expected to cancel each other out, 

resulting in no directional aftereffect. Anecdotally, some participants also mentioned that the 

snow outside of the circles was unaffected, suggesting that the receptive fields of the neurons 

that produce visual snow are relatively small, potentially consistent with estimates of human 

V5/MT receptive fields (7-8 degrees diameter at 5 degrees eccentricity; Amano et al., 2009). 

 

Visual snow as a lack of suppression of perceptually irrelevant signals 

 Spontaneous neural activity is common in the very early stages of the visual 

system. Retinal ganglion cells, and neurons in the lateral geniculate respond robustly in the 

absence of visual input, but spontaneous activity normally is suppressed to low levels by the 

output layers of V1. We hypothesize that visual snow might arise from a lack of complete 

suppression of this activity, allowing it to propagate forward and reach neurons responsible for 

perceptual awareness. In our study, activity driving visual snow might have propagated from 

early visual regions to V5/MT, where it was altered by adaptation, consistent with the dynamic 

MAE. Several other lines of evidence are consistent with this hypothesis. 

 First, if in visual snow involves spontaneous activity that propagates to higher-order 

areas, correlations in neural activity between regions should also be elevated at rest. Two 

resting state functional connectivity studies found higher functional connectivity between early 

visual areas, including V1 and MT, and higher-order regions in VSS compared to controls, 

supporting an early locus that feeds forward to other regions (Aldusary et al., 2020; Puledda et 

al., 2021). However, this effect was not observed in a third study (Strik et al., 2023).  
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Another symptom of VSS that can also be accounted for by this activity propagation 

hypothesis is blue field entoptic phenomena. This percept results from the white blood cells 

passing through blood vessels in the retina, which fail to absorb blue light, rendering them 

visible in certain circumstances, such as looking at a bright blue sky. Most people can 

occasionally see blue field entoptic phenomena, but they are a common complaint from people 

with VSS. The fact that people with VSS notice this more often suggests that a mechanism 

that normally suppresses this activity from reaching awareness is weaker in VSS.  

Trailing palinopsia, another common symptom in VSS, might be explained in a similar 

way. Trailing palinopsia might arise from reduced suppression or masking of motion blur that is 

present even in the visual system of control participants (Gersztenkorn & Lee, 2015; Wurtz, 

2008). Again, reduced suppression may allow this activity to reach perceptual awareness. 

 

Future Directions and Limitations 

One limitation of this study is that the square wave test blocks always preceded the 

snow test blocks. It is possible that experiencing the MAE primed participants, and they 

expected to see the same effect in their visual snow. However, as noted above participants 

were not informed that the square wave tests were stationary until debriefing at the end of the 

experimental session, and were often surprised to learn that the square waves were not 

physically moving on the screen. Participants were also generally surprised to see their snow 

moving, though a few spontaneously mentioned that after walking or driving for long periods of 

time, their snow sometimes appears to collapse inwards towards the center (presumably as a 

result of adaptation to optic flow). 

Our recruitment methods in this study may have biased enrollment towards people with 

more severe VSS. Most participants had either sought medical attention for VSS and received 

letters inviting them to participate based on their medical records, or saw fliers posted in 

ophthalmology offices. Our subsample may therefore not be representative of subclinical 

cases of VSS. However, a recent study found no evidence for differences in the impact of VSS 

in clinical and latent populations (Thompson et al., 2023). 
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Additionally, the current study did not include control participants, so we were unable to 

assess whether the strength of the MAE for tests for people with VSS was similar to typically 

sighted controls. Nevertheless, we observed a monotonic increase in static MAE duration in 

our VSS participants, consistent with typical effects of adaptation. This agrees with previous 

research that found no group differences in global motion processing between people with 

VSS and controls. 

We have demonstrated that the perception of visual snow can be affected by biasing 

the responses of specific types of neurons in the visual system—in this case motion selective 

neurons. Future studies can leverage this approach to further investigate the neural 

mechanisms of visual snow. 

 

Conclusions 

We demonstrate that visual snow is susceptible to the MAE and that it behaves similarly 

to a static MAE for an external stimulus. These results support the hypothesis that visual snow 

arises in the visual system, from spontaneous neural activity that reaches motion selective 

neurons at or before area V5/MT.  

 

Conflicts of interest: None. 

 

Acknowledgements 

This study was supported by funding sources including a University of Minnesota Office 

of the Vice President for Research Grant-in-Aid (574483), the National Eye Institute, National 

Institutes of Health (F31 EY034016, UL1 TR0024940, and T32 EY025187, a vision training 

grant), the Diversifying the Community of Neuroscience Program (R25 NS117356), and the 

National Science Foundation (DGE 1734815 Research Training Grant in translational and 

sensory science at the University of Minnesota). The content is solely the responsibility of the 

authors and does not necessarily represent the official views of the National Institutes of 

Health or The University of Minnesota. 



16   

 

 

Data Availability 
Data and code are available upon request and will be posted on a public archive with links on 

the Engel and Schallmo lab websites.   



17   

 

References 
Aldusary, N., Traber, G. L., Freund, P., Fierz, F. C., Weber, K. P., Baeshen, A., Alghamdi, J., 

Saliju, B., Pazahr, S., Mazloum, R., Alshehri, F., Landau, K., Kollias, S., Piccirelli, M., & 

Michels, L. (2020). Abnormal Connectivity and Brain Structure in Patients With Visual 

Snow. Frontiers in Human Neuroscience, 14, 582031. 

https://doi.org/10.3389/fnhum.2020.582031 

Amano, K., Wandell, B. A., & Dumoulin, S. O. (2009). Visual field maps, population receptive 

field sizes, and visual field coverage in the human MT+ complex. Journal of 

Neurophysiology, 102(5), 2704–2718. 

Antal, A., Varga, E. T., Nitsche, M. A., Chadaide, Z., Paulus, W., Kovács, G., & Vidnyánszky, 

Z. (2004). Direct current stimulation over MT+/V5 modulates motion aftereffect in 

humans. Neuroreport, 15(16), 2491–2494. 

Bessero, A.-C., & Plant, G. T. (2014). Should “visual snow” and persistence of after-images be 

recognised as a new visual syndrome? Journal of Neurology, Neurosurgery & 

Psychiatry, 85(9), 1057–1058. https://doi.org/10.1136/jnnp-2013-306827 

Bou Ghannam, A., & Pelak, V. S. (2017). Visual Snow: A Potential Cortical Hyperexcitability 

Syndrome. Current Treatment Options in Neurology, 19(3), 9. 

https://doi.org/10.1007/s11940-017-0448-3 

Brooks, C. J., Chan, Y. M., Fielding, J., White, O. B., Badcock, D. R., & McKendrick, A. M. 

(2024). Improving Understanding of Visual Snow by Quantifying its Appearance and 

Effect on Vision. Investigative Ophthalmology & Visual Science, 65(5), 38–38. 

https://doi.org/10.1167/iovs.65.5.38 



18   

 

Culham, J. C., Verstraten, F. A., Ashida, H., & Cavanagh, P. (2000). Independent aftereffects 

of attention and motion. Neuron, 28(2), 607–615. 

Eren, O., & Schankin, C. J. (2020). Insights into pathophysiology and treatment of visual snow 

syndrome: A systematic review. Progress in Brain Research, 255, 311–326. 

Fraser, C. L. (2022). Visual snow: Updates on pathology. Current Neurology and Neuroscience 

Reports, 22(3), 209–217. 

Gersztenkorn, D., & Lee, A. G. (2015). Palinopsia revamped: A systematic review of the 

literature. Survey of Ophthalmology, 60(1), 1–35. 

https://doi.org/10.1016/j.survophthal.2014.06.003 

Greenlee, M. W., Georgeson, M. A., Magnussen, S., & Harris, J. P. (1991). The time course of 

adaptation to spatial contrast. Vision Research, 31(2), 223–236. 

https://doi.org/10.1016/0042-6989(91)90113-J 

Han, M. H. E., Ciuffreda, K. J., & Rutner, D. (2023). Historical, Diagnostic, and Chromatic 

Treatment in Visual Snow Syndrome: A Retrospective Analysis. Optometry and Vision 

Science, 100(5). 

https://journals.lww.com/optvissci/fulltext/2023/05000/historical,_diagnostic,_and_chrom

atic_treatment_in.6.aspx 

Headache Classification Committee of the International Headache Society (IHS) The 

International Classification of Headache Disorders, 3rd edition. (2018). Cephalalgia, 

38(1), 1–211. https://doi.org/10.1177/0333102417738202 

Heeger, D. J., Boynton, G. M., Demb, J. B., Seidemann, E., & Newsome, W. T. (1999). Motion 

Opponency in Visual Cortex. The Journal of Neuroscience, 19(16), 7162. 

https://doi.org/10.1523/JNEUROSCI.19-16-07162.1999 



19   

 

Hepschke, J. L., Seymour, R. A., He, W., Etchell, A., Sowman, P. F., & Fraser, C. L. (2022). 

Cortical oscillatory dysrhythmias in visual snow syndrome: A magnetoencephalography 

study. Brain Communications, 4(1), fcab296. 

https://doi.org/10.1093/braincomms/fcab296 

Hogendoorn, H., & Verstraten, F. A. J. (2013). Decoding the motion aftereffect in human visual 

cortex. NeuroImage, 82, 426–432. https://doi.org/10.1016/j.neuroimage.2013.06.034 

Kamaeva, A., Kiryanova, E., & Tabeeva, G. (2023). The phenomenon of “visual snow”: Clinical 

and pathophysiological correlations, differential diagnosis and treatment (literature 

review). Neurology, Neuropsychiatry, Psychosomatics, 15(5), 65–71. 

Klein, A., & Schankin, C. J. (2021). Visual Snow Syndrome as a Network Disorder: A 

Systematic Review. Frontiers in Neurology, 12, 724072. 

https://doi.org/10.3389/fneur.2021.724072 

Kleiner, M., Brainard, D., & Pelli, D. (2007). Psychtoolbox-3 (Version 3) [MATLAB]. 

http://psychtoolbox.org/credits 

Kondziella, D., Olsen, M. H., & Dreier, J. P. (2020). Prevalence of visual snow syndrome in the 

UK. European Journal of Neurology, 27(5), 764–772. https://doi.org/10.1111/ene.14150 

Lauschke, J. L., Plant, G. T., & Fraser, C. L. (2016). Visual snow: A thalamocortical 

dysrhythmia of the visual pathway? Journal of Clinical Neuroscience, 28, 123–127. 

https://doi.org/10.1016/j.jocn.2015.12.001 

Mather, G., Pavan, A., Campana, G., & Casco, C. (2008). The motion aftereffect reloaded. 

Trends in Cognitive Sciences, 12(12), 481–487. 

https://doi.org/10.1016/j.tics.2008.09.002 



20   

 

Montoya, S. A., Mulder, C. B., Allison, K. D., Lee, M. S., Engel, S. A., & Schallmo, M.-P. 

(2024). What does visual snow look like? Quantification by matching a simulation. 

Journal of Vision, 24(6), 3–3. https://doi.org/10.1167/jov.24.6.3 

Montoya, S. A., Mulder, C. B., Lee, M. S., Schallmo, M.-P., & Engel, S. A. (2023). Adapting to 

Visual Noise Alleviates Visual Snow. Investigative Ophthalmology & Visual Science, 

64(15), 23–23. https://doi.org/10.1167/iovs.64.15.23 

Muravikova, E., Sustretov, A., Berezhnaya, K., Kokorev, D., Syunyakov, T., & Gayduk, A. 

(2024). VISUAL SNOW SYNDROME PREVALENCE AMONG YOUNG ADULTS IN 

THE RUSSIAN FEDERATION: A RESEARCH PERSPECTIVE. Psychiatria Danubina, 

36. 

Overall, J. E., & Gorham, D. R. (1962). The Brief Psychiatric Rating Scale. Psychological 

Reports, 10(3), 799–812. https://doi.org/10.2466/pr0.1962.10.3.799 

Puledda, F., O’Daly, O., Schankin, C., Ffytche, D., Williams, S. C., & Goadsby, P. J. (2021). 

Disrupted connectivity within visual, attentional and salience networks in the visual snow 

syndrome. Human Brain Mapping, 42(7), 2032–2044. 

https://doi.org/10.1002/hbm.25343 

Puledda, F., Schankin, C., & Goadsby, P. J. (2020). Visual snow syndrome: A clinical and 

phenotypical description of 1,100 cases. Neurology, 94(6), e564–e574. 

https://doi.org/10.1212/WNL.0000000000008909 

Puledda, F., Vandenbussche, N., Moreno-Ajona, D., Eren, O., Schankin, C., & Goadsby, P. J. 

(2022). Evaluation of treatment response and symptom progression in 400 patients with 

visual snow syndrome. British Journal of Ophthalmology, 106(9), 1318. 

https://doi.org/10.1136/bjophthalmol-2020-318653 



21   

 

Raviskanthan, S., Ray, J. C., Mortensen, P. W., & Lee, A. G. (2022). Neuroimaging in Visual 

Snow—A Review of the Literature. Frontiers in Ophthalmology, 2, 758963. 

https://doi.org/10.3389/fopht.2022.758963 

Rusztyn, P., Stańska, W., Torbus, A., & Maciejewicz, P. (2023). Visual Snow: A Review on 

Pathophysiology and Treatment. Journal of Clinical Medicine, 12(12). 

https://doi.org/10.3390/jcm12123868 

Sampatakakis, S. N., Lymperopoulos, L., Mavridis, T., Karagiorgis, G., Papadopoulos, C., 

Deligianni, C. I., & Mitsikostas, D. D. (2022). Visual snow: A systematic review and a 

case series. Cephalalgia, 42(13), 1409–1419. 

https://doi.org/10.1177/03331024221118917 

Schankin, C. J., Maniyar, F. H., Chou, D. E., Eller, M., Sprenger, T., & Goadsby, P. J. (2020). 

Structural and functional footprint of visual snow syndrome. Brain, 143(4), 1106–1113. 

https://doi.org/10.1093/brain/awaa053 

Silva, E. M., & Puledda, F. (2023). Visual snow syndrome and migraine: A review. Eye, 37(12), 

2374–2378. 

Solly, E. J., Clough, M., Foletta, P., White, O. B., & Fielding, J. (2021). The Psychiatric 

Symptomology of Visual Snow Syndrome. Frontiers in Neurology, 12, 703006. 

https://doi.org/10.3389/fneur.2021.703006 

Stern, J. I., & Robertson, C. E. (2024). Visual Snow: Updates and Narrative Review. Current 

Pain and Headache Reports, 28(2), 55–63. 

Stewart, L., Battelli, L., Walsh, V., & Cowey, A. (1999). Motion perception and perceptual 

learning studied by magnetic stimulation. Electroencephalography and Clinical 

Neurophysiology. Supplement, 51, 334–350. 



22   

 

Strik, M., Clough, M., Solly, E. J., Glarin, R., White, O. B., Kolbe, S. C., & Fielding, J. (2023). 

Brain network dynamics in people with visual snow syndrome. Human Brain Mapping, 

44(5), 1868–1875. https://doi.org/10.1002/hbm.26176 

Tannen, B., Sample, A., Ciuffreda, K. J., & Tannen, N. M. (2024). Clinical reading-related 

oculomotor assessment in visual snow syndrome. Journal of Optometry, 17(2), 100500. 

https://doi.org/10.1016/j.optom.2023.100500 

Thaler, L., Schütz, A. C., Goodale, M. A., & Gegenfurtner, K. R. (2013). What is the best 

fixation target? The effect of target shape on stability of fixational eye movements. 

Vision Research, 76, 31–42. https://doi.org/10.1016/j.visres.2012.10.012 

Théoret, H., Kobayashi, M., Ganis, G., Di Capua, P., & Pascual-Leone, A. (2002). Repetitive 

transcranial magnetic stimulation of human area MT/V5 disrupts perception and storage 

of the motion aftereffect. Neuropsychologia, 40(13), 2280–2287. 

Thompson, A. C., Goodbourn, P. T., & Forte, J. D. (2023). Perceived severity of Visual Snow 

Syndrome is associated with visual allodynia. Headache: The Journal of Head and Face 

Pain, 63(4), 494–505. https://doi.org/10.1111/head.14455 

Thompson, A. C., Goodbourn, P. T., & Forte, J. D. (2024). Elucidating the Visual Snow 

Spectrum: A Latent Class Analysis Study. Behavioural Neurology, 2024(1), 5517169. 

https://doi.org/10.1155/2024/5517169 

Traber, G. L., Piccirelli, M., & Michels, L. (2020). Visual snow syndrome: A review on 

diagnosis, pathophysiology, and treatment. Current Opinion in Neurology, 33(1). 

https://journals.lww.com/co-

neurology/fulltext/2020/02000/visual_snow_syndrome__a_review_on_diagnosis,.13.asp

x 



23   

 

van Dongen, R. M., Waaijer, L. C., Onderwater, G. L. J., Ferrari, M. D., & Terwindt, G. M. 

(2019). Treatment effects and comorbid diseases in 58 patients with visual snow. 

Neurology, 93(4), e398–e403. https://doi.org/10.1212/WNL.0000000000007825 

Van Essen, D. C., Newsome, W. T., & Maunsell, J. H. R. (1984). The visual field 

representation in striate cortex of the macaque monkey: Asymmetries, anisotropies, and 

individual variability. Vision Research, 24(5), 429–448. https://doi.org/10.1016/0042-

6989(84)90041-5 

Wohlgemuth, A. (1911). On the after-effect of seen movement (Vol. 1, Issue 1). University 

Press. 

Wong, S. H., Pontillo, G., Kanber, B., Prados, F., Wingrove, J., Yiannakas, M., Davagnanam, 

I., Gandini Wheeler-Kingshott, C. A. M., & Toosy, A. T. (2024). Visual Snow Syndrome 

Improves With Modulation of Resting-State Functional MRI Connectivity After 

Mindfulness-Based Cognitive Therapy: An Open-Label Feasibility Study. Journal of 

Neuro-Ophthalmology, 44(1). https://journals.lww.com/jneuro-

ophthalmology/fulltext/2024/03000/visual_snow_syndrome_improves_with_modulation_

of.19.aspx 

Wurtz, R. H. (2008). Neuronal mechanisms of visual stability. Vision Research Reviews, 

48(20), 2070–2089. https://doi.org/10.1016/j.visres.2008.03.021 

 


	Visual Snow is Susceptible to the Motion Aftereffect
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Participants
	Apparatus
	Stimuli
	Conditions
	Procedure
	Multiple Choice Questionnaire
	Analysis

	Results
	Discussion
	Activity producing visual snow reaches area V5 / MT
	Visual snow as a lack of suppression of perceptually irrelevant signals
	Future Directions and Limitations

	Conclusions
	Acknowledgements

	Data Availability
	References

