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Abstract
Purpose of Review Until the last 5 years, there was very little in the literature about the phenomenon now known as visual 
snow syndrome. This review will examine the current thinking on the pathology of visual snow and how that thinking has 
evolved.
Recent Findings While migraine is a common comorbidity to visual snow syndrome, evidence points to these conditions 
being distinct clinical entities, with some overlapping pathophysiological processes. There is increasing structural and func-
tional evidence that visual snow syndrome is due to a widespread cortical dysfunction. Cortical hyperexcitability coupled 
with changes in thalamocortical pathways and higher-level salience network controls have all shown differences in patients 
with visual snow syndrome compared to controls.
Summary Further work is needed to clarify the exact mechanisms of visual snow syndrome. Until that time, treatment options 
will remain limited. Clinicians having a clearer understanding of the basis for visual snow syndrome can appropriately discuss 
the diagnosis with their patients and steer them towards appropriate management options.

Keywords Visual snow · Palinopsia · Thalamocortical dysrhythmia · Inhibitory mechanisms · Cortical hyperexcitability · 
Migraine

Introduction

Patients with visual snow syndrome (VSS) report seeing 
continuous, uncountable, dynamic, tiny dots flickering 
across their entire visual field. They describe this as being 
like the static or the “snow” on a poorly tuned analog tel-
evision. This “snow” is superimposed on the visual scene, 
and there is no loss of visual acuity nor a visual field defect 
[1, 2•]. Typically the static is black-and-white, but it can be 
coloured. While VSS could be thought of as a hallucina-
tion because there is no real-world correlate of the percep-
tion, it may be more accurate to consider it to be an illusion 
created by disordered visual processing. This hypothesis is 

supported by the presence of other visual phenomena that 
these patients often describe; persistence of afterimages, 
trail phenomena, sensitivity to bright light or night blind-
ness; and an increased awareness of normal entoptic phe-
nomena (visual perceptions whose source is within the eye 
itself, for example floaters) [3••, 4].

VSS is a disorder that is frequently overlooked or misdi-
agnosed. The lack of recognition of VSS, which was char-
acterised only recently, has posted a challenge to clinicians 
and researchers. In our experience, for some patients, visual 
snow is extremely debilitating and results in behaviour like 
that seen with chronic disease. Some patients are unable to 
complete their schooling or participate actively in the work-
force, and we have even seen patients placed on permanent 
disability pensions. Therefore, research and a better under-
standing of this condition will have an impact on patients’ 
quality of life and work.

Diagnosis and Demographics

A set of diagnostic criteria for VSS has been proposed to 
capture the spectrum of the condition (Table 1) [5••]. The 
diagnosis of VSS can be made when a patient presents with 
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subjective black-and-white visual static with at least one 
associated symptom of palinopsia (abnormal persistence or 
recurrence of an image in time), photopsia (flashes of light), 
nyctalopia (difficulty seeing in dim light or night time) and 
entoptic phenomena, excluding those that have a history 
more consistent with migraine aura or the symptoms occur-
ring secondary to drug abuse. The population prevalence has 
been estimated to be 2% in the UK [6].

The average age of a large cohort of VSS patients was 
29, though nearly 40% reported having symptoms for as 
long as they could remember. There was no sex prevalence 
found [2•]. However, papers have shown a female-to-male 
ratio of 1.6:1. [6], and in another 75% of VSS patients were 
male [7•]. On the severe end of the spectrum, patients expe-
rienced more types of associated visual symptoms [2•]. 
Some patients attributed symptom onset to a severe migraine 
attack. The prevalence of migraine and migraine with typical 
aura in VSS patients, 50–80%, is high in comparison with 
the general population, and migraineurs share some of the 
symptoms experienced by VSS patients, such as photop-
sias [2•]. Other patients report the onset of symptoms to be 
associated with certain medication, trauma or infection [2•]. 
A case of VSS presenting after SARS-CoV2 infection was 
published this year [8].

There have been reports of VSS from countries across 
the world. In one study comparing a population from the 
UK and Italy, the VSS phenotype and migraine comorbidity 
were similar [9]. Reports from Australia [7•], America [10], 
Israel [11] and Korea [12] are all remarkably similar.

Visual Snow Mimics

Ophthalmic and other neurological conditions can present 
with features similar to VSS. While the absence of other 
disease processes is required for a diagnosis of VSS, the 
underlying pathophysiology of these conditions may be able 
to guide an understanding of what is, and what is not, VSS.

Ophthalmic Pathology

One explanation for the visual phenomenon of VSS is that 
they are ophthalmic in origin. Entoptic phenomena can also 
be experienced by those with otherwise healthy ophthalmic 
examinations because of vitreous floaters and white blood 
cells travelling through the microvasculature. Photopsia and 
other entopic phenomenon are reported in conditions such 
as posterior vitreous detachment, retinal tears, age-related 
macular degeneration (AMD) and retinitis pigmentosa [13]. 
Autoimmune retinopathy is characterised by circulating anti-
retinal antibodies that cause photoreceptor dysfunction. 
Patients present with photophobia and positive visual scintil-
lations that are often described as gold or silver shimmering 
in the visual periphery. The shimmering is most noticeable 
in the dark and persists with the eyes closed. A careful his-
tory can usually differentiate this from VSS, and diagnosis 
is based on fundus autofluorescence photography and elec-
troretinography [14]. A case series of patients with glycine 
receptor autoimmunity describes symptoms of visual snow, 
palinopsia and positive visual phenomena which may be due 
dysregulation of the GlyRα1 inhibitory neurotransmitter in 
the human retina. [15]

In our own cohort of VSS patients, clinical examination 
and electrophysiology including electroretinography and vis-
ual evoked potentials were normal [7•]. In a Korean study of 
VSS patients, they also reported that findings are normal in 
patients with VSS, but on careful neuro-ophthalmic review, 
they found that one case had rod-cone dystrophy and another 
had idiopathic intracranial hypertension [12]. It is therefore 
unlikely that direct retinal pathology is a trigger for VSS, 
though the patients need thorough clinical review before a 
diagnosis is made.

Charles Bonnet Syndrome

Charles Bonnet syndrome (CBS) hallucinations can be 
characterised as simple flashes, dots of light or palinopsia. 
This phenomenon occurs in 40–60% of patients with pro-
found bilateral loss of vision such as glaucoma or AMD 
[16]. The hallucinations of CBS are thought to arise from 

Table 1  Proposed criteria for 
visual snow syndrome [5••]

1 Visual snow: dynamic, continuous tiny dots in the entire visual field lasting longer than 3 months

2 Presence of at least two additional visual symptoms from the following:
a) Palinopsia: afterimages or trailing of moving objects
b) Photophobia
c) Nyctalopia (impaired night vision)
d) Other persistent positive visual phenomenon including (but not limited to) enhanced entoptic 

phenomena (excessive floaters or blue field entoptic phenomenon), kaleidoscope-type colours 
with eyes open or closed and spontaneous photopsias

3 Symptoms are not consistent with typical migraine visual aura
4 Symptoms are not better explained by another disorder
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deafferentation of cortical areas which then become spon-
taneously active. Functional imaging suggests that the per-
ceived images correspond to the functions of whichever cor-
tical areas which are active at the time [17]. The different 
types of hallucination have been divided into sub-types cor-
responding to the anatomy of visual processing, for example 
delayed palinopsia (dorsal stream) [18]. More research is 
needed to see how these alterations in cortical activity in 
CBS can relate to VSS. The deafferentation of the visual 
system in CBS may be contributing to a form of thalamo-
cortical dysrhythmia (see section below), in the same way 
as is described in tinnitus [19•].

Hallucinogen‑Persisting Perception Disorder

Hallucinogen-persisting perception disorder (HPPD) repre-
sents spontaneous recurrence of visual perceptual disorders 
separated in time from the initial exposure to the halluci-
nogen. Recurrent hallucinations may take the form of geo-
metric shapes, objects in the peripheral vision, flashes of 
different colours, trail phenomena, afterimages, stroboscopic 
perception of movement and/or disorders of size perception. 
Patients with HPPD tend to have a later onset of symptoms 
when compared to a cohort of VSS, and over 80% can pin 
point a specific onset of symptoms [2•]. In a recent review 
of HPPD, none of the patients reported migraine, compared 
to more than half of VSS controls [20].

Hallucinogen-persisting perception disorder has been 
reported in 5–50% of individuals exposed to LSD, some-
times lasting up to 5 years [21, 22]. Similar delayed visual 
symptoms have been reported following cannabis, often trig-
gered by ethanol consumption or anaesthesia [23].

One possible cause of HPPD is excitotoxic damage of 
inhibitory interneurons. The LSD-generated currents may 
result in the destruction or dysfunction of cortical seroton-
ergic inhibitory interneurons with gamma-aminobutyric acid 
(GABAergic) outputs. These are implicated in the sensory 
filtering mechanisms of unnecessary stimuli [24]. Given the 
symptomatic overlap, a deeper understanding of the patho-
physiology of HPPD may help shed light on VSS.

Migraine and Visual Snow

It was suggested in the mid-1990s that visual snow syn-
drome is a variant of migraine [25]. While many of the 
migraine features overlap with visual snow syndrome [26], 
visual phenomena are not directly linked to migrainous 
events, and the description of visual snow is clearly distinct 
from the typical content of migraine auras [25, 27]. There is, 
however, one series of 3 patients reporting episodic visual 
snow, co-occurring with migraine [28].

Migraine and migraine aura are reported in up to 80% 
patients with visual snow syndrome, higher rates than in the 
general population, which significantly complicates the phe-
notype [29••]. Furthermore, visual snow syndrome is more 
severe in individuals with a coexisting history of migraine [2•, 
30]. The combination of migraine with VSS is associated with 
a three-fold increase in certain visual symptoms such as pal-
inopsia and photopsias [3••].

Increased excitation of the serotonergic receptors has been 
documented in HPPD and migraine [3••, 31]. Although envi-
ronmental triggers play a role, there is also strong evidence for 
a genetic predisposition to generalised neuronal hyperexcit-
ability. The genes involved are regulators of synaptic transmis-
sion, glutamatergic excitation and plasticity for the develop-
ment of cortical layers [31, 32]. This provides one possible 
mechanism to link migraine, HPPD and VSS.

A number of alterations in visual physiology and psychophys-
ics have been reported in patients with migraine. Only about 10% 
of patients with migraine report palinopsia on direct questioning 
but formal testing for persistence of images after stimulus discon-
tinuation suggest that this is present in over half of migraineurs, 
most frequently to the colour red [33]. Similarly, afterimage 
duration varies in migraineurs with their state: between migraine 
attacks, their afterimages disappear more quickly than in con-
trols, but during a migraine attack, the afterimages last longer 
suggesting an alteration of excitatory status [34].

The movement of the aura across the visual field is consist-
ent with spread of abnormal activity over the primary visual 
cortex at a rate of 2–3 mm/min [35], in-line with the cortical 
spreading depression hypothesis [36]. In patients reporting 
visual snow co-occurring with migraine, the snow was across 
the entire visual field and lacked a directed movement, which 
argued against the phenomenon being part of a cortical spread-
ing depression-like mechanism [28].

Spread of increased blood-oxygen level-dependent (BOLD) 
activity followed by decreased activity has been demonstrated 
on fMRI with a time course corresponding to scintillations and 
scotoma [37], and similar changes have been demonstrated 
using SPECT, PET and MEG [38]. Patients with VSS show 
reduced BOLD responses to a visual stimulus on fMRI [39].

A reduced magnetic suppression of perceptual accuracy in 
the occipital cortex is seen in migraine patients with visual 
aura but appears not to be affected in visual snow [40].

A study using (18F)-FDG PET demonstrated that patients 
with VSS exhibits increase brain metabolism in the right lin-
gual gyrus compared to healthy controls. The distribution of 
hypermetabolism was very similar to the area that shows to be 
linked to photophobia in migraine [41]. The authors concluded 
that this supports the pathophysiological overlap between the 
two conditions, at the same time as confirming that they are 
distinct syndromes.
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Potential Mechanisms of Visual Snow

The pathophysiology of visual snow is still under investi-
gation. Given that VSS typically affects the entire visual 
field in both eyes, it is unlikely to be arising in the anterior 
visual pathways. Rather, it is likely to be a disorder of 
visual information processing. It has been hypothesised 
that similar pathophysiological mechanisms may account 
for both migraine and VSS and furthermore extend to 
other disorders of sensory processing such as tinnitus [42]. 
Achieving an improved understanding of the neurobiology 
of VSS will aid clinicians as they discuss the condition 
with their patients and will direct future research to tar-
geted treatment options.

Cortical Hyperexcitability

One theory to explain the neurobiological mechanism of 
VSS is that it is a purely cortical phenomenon. Visual dis-
orders due to localised deficit or a region of hyperfunc-
tion in the V1/V2 areas of the occipital cortex can present 
with hallucinations with similarities to visual snow [43]. 
A lower threshold for occipital cortex excitability and a 
loss of habituation to transcranial magnetic stimulation 
phosphenes was seen in VSS patients compared to con-
trols [44].

More recent studies have shown that patients with VSS 
have subtle, but widespread neuro-anatomical differences 
with an increase in grey matter volume in the left primary 
and secondary visual cortices and V5 visual motion area 
[45]. White matter abnormalities as detected with diffusion 
tensor imaging are also seen in dorsal and ventral streams 
in VSS patients [46]. On functional studies, patients also 
demonstrate higher regional cerebral blood flow over an 
extensive brain network when compared to controls [47]. 
In addition, fMRI of the resting-state functional connec-
tivity found alterations in the brain regions involved in 
visual processing, memory, spatial attention and cogni-
tive control in VSS patients [48]. These papers all suggest 
a more generalised neurobiological basis for VSS, rather 
than being purely occipital cortex involved.

Authors agree that there is a widespread dysfunction 
of higher-order visual processing areas, particularly the 
extrastriate cortex [29••]. One potential theory to explain 
the wider spread cortical mechanism suggests that sto-
chastic resonance, a nonlinear phenomenon in which the 
addition of noise improves signal-to-noise ratio, improves 
the ability to detect a weak stimulus [49]. For example, 
it may be that coexisting tinnitus enhances the detection 
of visual stimuli in patients with visual snow syndrome, 
with one sensory system “priming” another [49]. Another 

possibility is that increased cortical neural excitability or 
visual pathway hypersensitivity leads in turn to percep-
tion of otherwise sub-threshold stimuli. In support of this, 
behavioural studies have demonstrated abnormal contrast 
and brightness processing in patients with visual snow 
syndrome [50].

Direct evidence for altered visual cortex excitability was 
shown by single case study using EEG [51]. Visual evoked 
potentials have shown prolonged latency and reduced 
amplitudes, which might suggest involvement of pre-striate 
pathways or the striate cortex itself [52]. PET scanning has 
demonstrated increased metabolism at the junction of the 
right lingual and fusiform gyrus [41], pointing to extrastri-
ate cortical dysfunction. Other studies have shown that the 
lingual gyrus is involved in the perception of photophobia 
in migraine, consistent with the association between visual 
snow syndrome and migraine [53]. Using a combination 
of functional neuroimaging and magnetic resonance spec-
troscopy, differences were reported in the bilateral insular 
responses in VSS patients compared to controls, suggesting 
a localised disturbance in extrastriate anaerobic metabolism. 
It was hypothesised that this may in turn cause a decrease 
in the metabolic reserve for the regular processing visual 
stimuli [39]. Single-photon emission computed tomography 
(SPECT) in 3 VSS patients showed abnormal processing 
within the ventral visual stream in 2 of the patients [54].

Another area involved in the widespread dysfunction is 
likely to be the dorsal visual network or motion network 
which reaches from V1 dorsally to the parietal lobe and 
involves the motion area V5 in the temporo-parietal-occip-
ital junction. Given the involvement in processing of visual 
motion, it is likely to play a role in the perception that the 
static dots are seen to be constantly moving. This region 
may also play a role in the trail phenomenon seen behind 
moving objects [55]. In the visually active state, the dorsal 
visual network and V5 showed hyper-integration to other 
brain areas in VSS patients [56••].

It is also hypothesised that VSS may result from gen-
eral altered excitability and connectivity due to changes and 
altered connection in the brain networks involved in cogni-
tive function. Heightened saccade-related activity in visual 
regions has been seen in VSS patients and may provide an 
objective clinical measure of this dysfunction [57]. In par-
ticular the salience network (SN) is thought to be responsible 
for detecting and filtering information necessary to maintain 
goal-directed behaviour. The SN increases activity in tasks 
requiring attention to external stimuli. This network refers to 
a group of brain regions located in the anterior cingulate and 
ventral anterior insular cortices and includes the thalamus 
[58]. The anterior insular cortex is critically involved in vis-
ual awareness [59] as well as emotional processing including 
anxiety [60]. Anxiety, depression and depersonalisation are 
frequent comorbid in a cohort of VSS patients [61].
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A study of cortical functional connectivity has shown that 
VSS patients have a decreased connectivity during external 
sensory input within the salience network [56••]. This paper 
demonstrated widespread alteration in functional connectiv-
ity in VSS in both the resting and stimulated states. Regions 
within the visual network showed altered internal connectiv-
ity, as well as with basal ganglia and frontal eye fields. This 
dysfunctional salience may cause the brain to misattribute 
salience to internal stimuli that would otherwise be consid-
ered irrelevant causing the “noise-like” perception [56••].

Thalamic Dysfunction

The thalamus is classically known for its role as a sensory 
relay in visual, auditory and somatosensory systems, as well 
as playing a role in consciousness and alertness. It is the 
lateral geniculate nucleus (LGN) that receives the visual 
sensory information from the retina to route to the visual 
cortex. The thalamic nuclei (excitatory and inhibitory) inte-
grate these inputs and then present selected information to 
the cerebral cortex via thalamocortical radiations for inter-
pretation [62].

The thalamus could be responsible for VSS symptoms 
through a localised increase in activity in the LGN or the 
pulvinar [29••]. The pulvinar has diffuse projections to the 
supragranular layers of the cortex and plays a role in atten-
tion and stimulus processing by aligning internal excitabil-
ity patterns to the timing of relevant sensory inputs [63]. 
Reduced pulvinar connectivity to the visual cortico-striatal 
loop at rest has been found in VSS patients [56••]. Increased 
diffusivity on MRI has been reported in the thalamic radia-
tions of VSS patients compared to controls [46]. During a 
visual task, heightened connectivity between the pulvinar 
and the lingual gyrus was reported which could explain a 
sensation of photophobia some patients describe, as well 
as causing a reduction in the filtering of incoming visual 
information [56••].

Oscillatory network activity is a characteristic property 
of that thalamocortical system and is central to cognitive 
processes such as attention and perception. An alteration of 
these oscillations, in particular an increase in the low-fre-
quency delta and theta rhythms during states of wakefulness, 
is commonly termed thalamocortical dysrhythmia (TCD) 
[64]. When hyperexcitability affects cortical networks, as 
described in the section above, it can lead to TCD. Con-
versely, neuromodulatory processes involving the thalamus 
play a central role in how the brain modulates neural excit-
ability [65]. This common underlying mechanism can pro-
duce a range of symptoms depending on the localization 
of the dysfunction in the thalamocortical network and may 
account for the spectrum of diseases associated with defaults 
in sensory processing [32]. Several apparently unrelated 
neurological conditions are thought to be a consequence of 

TCD, including migraine and tinnitus [66]. Thalamocor-
tical dysrhythmia may therefore account for many of the 
comorbidities seen in visual snow syndrome such as tin-
nitus, impaired concentration, lethargy, anxiety, depression, 
tremor and balance disorders. All of these suggest that the 
underlying pathophysiology could represent a disorder of 
simultaneous processing of afferent information arriving at 
the cortex, not just in the visual domain [67]. Accordingly, 
the visual symptoms might simply represent a misperception 
rather than primary cortical hyperactivity [1].

Potentially, an underlying homeostatic imbalance of the 
visual pathways, from altered retinal activity, could cause a 
disinhibition of projections from the posterior thalamus to 
primary and secondary visual cortices [29••]. Imbalances 
between konio- and parvo/magnocellular pathway process-
ing have previously been reported to underlie thalamocorti-
cal dysrhythmia in tinnitus and Parkinsonian tremor [68]. 
It is therefore hypothesised that koniocellular yellow-blue 
processing pathways [49] are also involved in VSS. The 
koniocellular pathway contains diffuse cortical connections 
via the LGN that modulate high-frequency cortical oscil-
lations, thereby influencing sensory excitability [49]. The 
koniocellular pathways control slow cortical frequencies, 
in contrast to the parvo and magnocellular pathways which 
project to the primary visual cortex and are linked to fast 
cortical frequencies [69]. In support of this concept, wearing 
coloured visual filters helps some patients with visual snow 
syndrome, particularly those transmitting predominantly 
short (blue) wavelengths [7•]. Furthermore, VSS patients 
show a strong aversion to violet hues near the tritanopic 
confusion line, or S-cone axis, which increase S-cone excita-
tion. Viewing a visual stimulus through this violet hue filter 
significantly exacerbated VSS symptoms. It is hypothesised 
that S-cone signals travelling in the koniocellular pathways 
contribute to dysregulation of the visual cortex via thalamo-
cortical pathways [70].

Magnetoencephalography (MEG) is a non-invasive tool 
that is aimed at determining areas of metabolic activity and 
changes to cortical information spreading. MEG has been 
shown to identify and localise thalamocortical dysrhythmias 
in other disorders [68]. Alterations in the thalamic power-
amplitude coupling to the visual cortex have been shown in 
visual snow patients compared to controls [71].

Treatment Options

In general, VSS seems to be non-progressive, though it does 
fluctuate in severity within and between patients. Patients do 
not go blind, and they do not end up with a form of dementia. 
An explanation, reassurance regarding progress, acknowl-
edging the data and the range of presentations to include 
sometimes significant disability, seems evidence-based 
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and fair [72]. An honest discussion of the current state of 
research offers clarity and understanding which the patients 
generally find helpful. Some patients who are more prone 
to introspection and anxiety can struggle if they become too 
enmeshed in patient-led chat groups, so caution should be 
advised. However, others find the support of patients expe-
riencing similar symptoms to be helpful.

In cases where the visual snow was brought on by an 
inciting event such as concussion, or infection, management 
of the underlying cause may significantly alleviate the oth-
erwise intractable disturbances of VSS [10].

Studies report that some patients experienced partial 
improvement of VSS symptoms with drugs including ben-
zodiazepines, lamotrigine, topiramate and acetazolamide 
[10]. Others report that of those listed, only lamotrigine 
afforded some improvement in a minority of patients [73]. 
However, on a large review of papers examining treatment 
in VSS, of the 44 medications tried, only 8 were effective 
at least once: lamotrigine, topiramate, valproate, proprano-
lol, verapamil, baclofen, naproxen and sertraline. The best 
data was available for lamotrigine being effective in 8/36 
(22%) cases, followed by topiramate being effective in 2/13 
(15.4%). [74•]

Repetitive transcranial magnetic stimulation has shown 
conflicting results in patients with migraine [75]. However, 
it has not been widely tested in VSS. In one paper, a stimu-
lus was applied to the visual cortex and compared to sham 
treatment in VVS patients. Treatment resulted in a trend to 
subjective improvement of visual snow intensity [76].

Tinted lenses have been showed to benefit patients suf-
fering from migraine by reducing cortical hyperactivation 
[77]. Colorimetry assessment allows for adjustment of col-
our (hue) and depth of colour (saturation) with or without 
changes in associated luminance. The range of hues, satu-
ration and luminance are tested, while a patient observes 
a visual target, such as a piece of text. Patients with VSS 
responded positively to coloured filters within the blue-
yellow spectrum, reporting a subjective improvement in 
their symptoms [7•]. The use of tinted lenses has also been 
described elsewhere, though no data about the efficacy was 
presented [78].

To determine if treatments are providing any functional 
changes, rather than relying on subjective descriptions alone, 
it has been suggested that 3 simple ocular motor tasks could 
be used. Looking at prosaccade, antisaccade and interleaved 
pro-antisaccade tasks, an objective and quantifiable measure 
of the visual processing changes in VSS patients was record-
able [79]. Other measures of treatment success also need to 
be determined before large-scale trials of any intervention 
are started.

Psychiatric symptoms are highly prevalent in patients 
with VSS and are associated with increased visual symp-
tom severity and reduced quality of life [61]. Therefore 

treatment of psychiatric symptoms can offer an avenue 
for clinician to help the patients improve their quality of 
life and ability to cope with other symptoms. However, 
in a review of patients using serotonin reuptake inhibit-
ing antidepressants, 8.9% reported visual snow, 10.5% 
palinopsia, 15.3% photophobia and 17.7% nyctalopia as 
a side effect of the medication [80]. Amitriptyline [74•] 
and citalopram [81] have also been reported to cause a 
worsening of VSS.

Conclusion

It is most likely that the pathophysiology of visual snow 
syndrome is a combination of peripheral, thalamic and corti-
cal dysfunction (Fig. 1) [29••]. The exact combination may 
vary slightly between patients, which could explain the main 
symptom of visual snow but the variety of other entoptic 
phenomena and indirectly related symptoms such as tinnitus. 
The generation of the persistent visual illusion could be a 
result of abnormal neurological activity in the thalamus and 

Fig. 1  A proposed model for visual snow pathophysiology. Altered 
peripheral visual stimulation or a form of genetic predisposition 
could induce dysrhythmic connections between thalamic structures 
and cortical visual areas. The lateral geniculate nucleus (LGN) and 
pulvinar (Pv) in particular are directly connected to motion area V5 
and the lingual gyrus (LG). Relevant to visual snow biology is the 
motion processing network, which is composed of areas within the 
primary visual cortex (V1/V2), area V3A within the cuneus (Cu), 
area V5 located ventrolaterally among the lateral occipital sulcus and 
inferior temporal sulcus, and Brodmann area 7 in the precuneus (Pc). 
Structures pertaining to the default mode network (PCC, posterior 
cingulate cortex; Pc; mPFC, middle prefrontal cortex) and/or the sali-
ence network (AI, anterior insula; ACC, anterior cingulate cortex) are 
involved in salience and interoception. Disruption of these networks, 
possibly through altered connectivity between cortical areas, could 
also play a role in visual snow pathophysiology. See main text for a 
more in-depth explanation. Available via open access – creative com-
mons. https:// www. ncbi. nlm. nih. gov/ pmc/ artic les/ PMC69 23266/
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the visual system, otherwise normally ignored, and filtered 
from consciousness, being given increasing salience with 
no hierarchical network to then suppress the faulty percep-
tion. Further work is needed to clarify the interplay of these 
neurological systems and to begin to find targeted therapy to 
reduce the burden of this condition on VSS patients.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Declarations 

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Conflict of Interest The author declares that she has no conflict of in-
terest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. White OB, Clough M, McKendrick AM, Fielding J. Visual snow: 
visual misperception. J Neuroophthalmol. 2018;38:514–21. 
https:// doi. org/ 10. 1097/ WNO. 00000 00000 000702.

 2.• Puledda F, Schankin C, Goadsby PJ. Visual snow syndrome: a 
clinical and phenotypical description of 1,100 cases. Neurology. 
2020;94:e564–74. https:// doi. org/ 10. 1212/ WNL. 00000 00000 
008909. (One of the largest published cohorts of visual snow 
syndrome patients.)

 3.•• Schankin CJ, Maniyar FH, Digre KB, Goadsby PJ. ‘Visual 
snow’ - a disorder distinct from persistent migraine aura. Brain. 
2014;137:1419–28. https:// doi. org/ 10. 1093/ brain/ awu050. (A 
key paper in understanding visual snow as a separate entity 
to migraine.)

 4. Schankin CJ, Maniyar FH, Sprenger T, Chou DE, Eller M, Goad-
sby PJ. The relation between migraine, typical migraine aura and 
“visual snow.” Headache. 2014;54:957–66. https:// doi. org/ 10. 
1111/ head. 12378.

 5.•• Metzler AI, Robertson CE. Visual snow syndrome: proposed crite-
ria, clinical implications, and pathophysiology. Curr Neurol Neurosci 

Rep. 2018;18:52. https:// doi. org/ 10. 1007/ s11910- 018- 0854-2. (The 
updated diagnostic criteria with clear updates on pathophysiology.)

 6. Kondziella D, Olsen MH, Dreier JP. Prevalence of visual snow 
syndrome in the UK. Eur J Neurol. 2020;27:764–72. https:// doi. 
org/ 10. 1111/ ene. 14150.

 7.• Lauschke JL, Plant GT, Fraser CL. Visual snow: a thalamo-
cortical dysrhythmia of the visual pathway? J Clin Neurosci. 
2016;28:123–7. https:// doi. org/ 10. 1016/j. jocn. 2015. 12. 001. 
(The first paper to propose thalamocortical dysrhythmia as 
a potential mechanism in visual snow pathophysiology.)

 8. Braceros KK, Asahi MG, Gallemore RP. Visual snow-like symp-
toms and posterior uveitis following COVID-19 infection. Case 
Rep Ophthalmol Med. 2021;2021:6668552. https:// doi. org/ 10. 
1155/ 2021/ 66685 52.

 9. Viana M, Puledda F, Goadsby PJ. Visual snow syndrome: a com-
parison between an Italian and British population. Eur J Neurol. 
2020;27:2099–101. https:// doi. org/ 10. 1111/ ene. 14369.

 10. Mehta DG, Garza I, Robertson CE. Two hundred and forty-eight 
cases of visual snow: a review of potential inciting events and 
contributing comorbidities. Cephalalgia. 2021;41:1015–26. 
https:// doi. org/ 10. 1177/ 03331 02421 996355.

 11. Berkowitz E, River Y, Digre K, Tiosano B, Kesler A. Vis-
ual snow: a case series from Israel. Case Rep Ophthalmol. 
2020;11:205–11. https:// doi. org/ 10. 1159/ 00050 8602.

 12. Yoo YJ, Yang HK, Choi JY, Kim JS, Hwang JM. Neuro-oph-
thalmologic findings in visual snow syndrome. J Clin Neurol. 
2020;16:646–52.

 13. Brown 2015: Brown GC, Brown MM, Fischer DH 2015 Pho-
topsias: a key to diagnosis. Ophthalmology. 2015:122:2084–
94. https:// doi. org/ 10. 1016/j. ophtha. 2015. 06. 025.

 14. Fraser CL, Lueck CJ. Illusions, hallucinations, and visual 
snow. Handb Clin Neurol. 2021;178:311–35. https:// doi. org/ 
10. 1016/ B978-0- 12- 821377- 3. 00014-3.

 15. Piquet AL, Khan M, Warner JEA, Wicklund MP, Bennett JL, 
Leehey MA, Seeberger L, Schreiner TL, Paz Soldan MM, 
Clardy SL. Novel clinical features of glycine receptor antibody 
syndrome: a series of 17 cases. Neurol Neuroimmunol Neu-
roinflamm. 2019;6:e592. https:// doi. org/ 10. 1212/ NXI. 00000 
00000 000592.

 16. Menon GJ, Rahman I, Menon SJ, Dutton GN. Complex visual 
hallucinations in the visually impaired: the Charles Bonnet 
Syndrome. Surv Ophthalmol. 2003;48:58–72. https:// doi. org/ 
10. 1016/ s0039- 6257(02) 00414-9.

 17. Ffytche DH, Howard RJ, Brammer MJ, David A, Woodruff P, 
Williams S. The anatomy of conscious vision: an fMRI study 
of visual hallucinations. Nat Neurosci. 1998;1:738–42. https:// 
doi. org/ 10. 1038/ 3738.

 18. Santhouse AM, Howard RJ, Ffytche DH. Visual hallucina-
tory syndromes and the anatomy of the visual brain. Brain. 
2000;123:2055–64. https:// doi. org/ 10. 1093/ brain/ 123. 10. 2055.

 19.• De Ridder D, Vanneste S, Langguth B, Llinas R. Thalamo-
cortical dysrhythmia: a theoretical update in tinnitus. Front 
Neurol. 2015;6:124. https:// doi. org/ 10. 3389/ fneur. 2015. 00124. 
(An excellent overview of thalamocortical dysrhythmia in 
the context of tinnitus but provides a basis to understand 
how the process may apply to visual snow.)

 20. van Dongen RM, Alderliefste GJ, Onderwater GLJ, Ferrari 
MD, Terwindt GM. Migraine prevalence in visual snow with 
prior illicit drug use (hallucinogen persisting perception dis-
order) versus without. Eur J Neurol. 2021;28:2631–8. https:// 
doi. org/ 10. 1111/ ene. 14914.

 21. Abraham HD. Visual phenomenology of the LSD flashback. 
Arch Gen Psychiatry. 1983;40:884–9. https:// doi. org/ 10. 1001/ 
archp syc. 1983. 01790 07007 4009.

Current Neurology and Neuroscience Reports (2022) 22:209–217 215

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/WNO.0000000000000702
https://doi.org/10.1212/WNL.0000000000008909
https://doi.org/10.1212/WNL.0000000000008909
https://doi.org/10.1093/brain/awu050
https://doi.org/10.1111/head.12378
https://doi.org/10.1111/head.12378
https://doi.org/10.1007/s11910-018-0854-2
https://doi.org/10.1111/ene.14150
https://doi.org/10.1111/ene.14150
https://doi.org/10.1016/j.jocn.2015.12.001
https://doi.org/10.1155/2021/6668552
https://doi.org/10.1155/2021/6668552
https://doi.org/10.1111/ene.14369
https://doi.org/10.1177/0333102421996355
https://doi.org/10.1159/000508602
https://doi.org/10.1016/j.ophtha.2015.06.025
https://doi.org/10.1016/B978-0-12-821377-3.00014-3
https://doi.org/10.1016/B978-0-12-821377-3.00014-3
https://doi.org/10.1212/NXI.0000000000000592
https://doi.org/10.1212/NXI.0000000000000592
https://doi.org/10.1016/s0039-6257(02)00414-9
https://doi.org/10.1016/s0039-6257(02)00414-9
https://doi.org/10.1038/3738
https://doi.org/10.1038/3738
https://doi.org/10.1093/brain/123.10.2055
https://doi.org/10.3389/fneur.2015.00124
https://doi.org/10.1111/ene.14914
https://doi.org/10.1111/ene.14914
https://doi.org/10.1001/archpsyc.1983.01790070074009
https://doi.org/10.1001/archpsyc.1983.01790070074009


 

1 3

 22. Hermle L, Simon M, Ruchsow M, Geppert M. Hallucinogen-
persisting perception disorder. Ther Adv Psychopharmacol. 
2012;2:199–205. https:// doi. org/ 10. 1177/ 20451 25312 451270.

 23. Halpern JH, Lerner AG, Passie T. A review of hallucinogen 
persisting perception disorder (HPPD) and an exploratory 
study of subjects claiming symptoms of HPPD. Curr Top 
Behav Neurosci. 2018;36:333–60. https:// doi. org/ 10. 1007/ 
7854_ 2016_ 457.

 24. Martinotti G, Santacroce R, Pettorruso M, Montemitro C, 
Spano MC, Lorusso M, di Giannantonio M, Lerner AG. Hal-
lucinogen persisting perception disorder: etiology, clinical fea-
tures, and therapeutic perspectives. Brain Sci. 2018;16(8):47. 
https:// doi. org/ 10. 3390/ brain sci80 30047.

 25. Liu GT, Schatz NJ, Galetta SL, Volpe NJ, Skobieranda F, Kos-
morsky GS. Persistent positive visual phenomena in migraine. 
Neurology. 1995;45:664–8. https:// doi. org/ 10. 1212/ wnl. 45.4. 
664.

 26. Vincent MB. Vision and migraine. Headache. 2015;55:595–9. 
https:// doi. org/ 10. 1111/ head. 12531.

 27. van Dongen RM, Haan J. Symptoms related to the visual sys-
tem in migraine. F1000Res. 2019:8:F1000 Faculty Rev-1219. 
https:// doi. org/ 10. 12688/ f1000 resea rch. 18768.1.

 28. Hodak J, Fischer U, Bassetti CLA, Schankin CJ. Episodic 
visual snow associated with migraine attacks. JAMA Neurol. 
2020;77:392–3. https:// doi. org/ 10. 1001/ jaman eurol. 2019. 4050.

 29.•• Puledda F, Ffytche D, O’Daly O, Goadsby PJ. Imaging the visual 
network in the migraine spectrum. Front Neurol. 2019;10:1325. 
https:// doi. org/ 10. 3389/ fneur. 2019. 01325. (An excellent review 
of migraine in comparison to visual snow and the imaging 
findings, which concludes with an insightful hypothesis into 
the pathophysiology of visual snow.)

 30. Unal-Cevik I, Yildiz FG. Visual snow in migraine with aura: 
further characterization by brain imaging, electrophysiology, and 
treatment–case report. Headache. 2015;55:1436–41. https:// doi. 
org/ 10. 1111/ head. 12628.

 31. Kilpatrick ZP, Bard EG. Hallucinogen persisting perception dis-
order in neuronal networks with adaptation. J Comput Neurosci. 
2012;32:25–53. https:// doi. org/ 10. 1007/ s10827- 011- 0335-y.

 32. Ferrari MD, Klever RR, Terwindt GM, Ayata C, van den Maa-
gdenberg AM. Migraine pathophysiology: lessons from mouse 
models and human genetics. Lancet Neurol. 2015;14:65–80. 
https:// doi. org/ 10. 1016/ S1474- 4422(14) 70220-0.

 33. Kalita J, Uniyal R, Bhoi SK. Is palinopsia in migraineurs 
an enhanced physiological phenomenon? Cephalalgia. 
2016;36:1248–56. https:// doi. org/ 10. 1177/ 03331 02415 625610.

 34. Luedtke K, Schulte LH, May A. Visual processing in migraineurs 
depends on the migraine cycle. Ann Neurol. 2018;85:280–3. 
https:// doi. org/ 10. 1002/ ana. 25398.

 35. Hansen JM, Baca SM, Vanvalkenburgh P, Charles A. Distinctive 
anatomical and physiological features of migraine aura revealed 
by 18 years of recording. Brain. 2013;136:3589–95. https:// doi. 
org/ 10. 1093/ brain/ awt309.

 36. Leão AA. Spreading depression. Funct Neurol. 1986;1(4):363–6.
 37. Hadjikhani N, Sanchez Del Rio M, Wu O, Schwartz D, Bakker 

D, Fischl B, Kwong KK, Cutrer FM, Rosen BR, Tootell RB, 
Sorensen AG, Moskowitz MA. Mechanisms of migraine aura 
revealed by functional MRI in human visual cortex. Proc Natl 
Acad Sci U S A. 2001;98:4687–92. https:// doi. org/ 10. 1073/ pnas. 
07158 2498.

 38. Woods RP, Iacoboni M, Mazziotta JC. Brief report: bilateral 
spreading cerebral hypoperfusion during spontaneous migraine 
headache. N Engl J Med. 1994;331:1689–92. https:// doi. org/ 10. 
1056/ NEJM1 99412 22331 2505.

 39. Puledda F, Ffytche D, Lythgoe DJ, O’Daly O, Schankin C, Wil-
liams SCR, Goadsby PJ. Insular and occipital changes in visual 

snow syndrome: a BOLD fMRI and MRS study. Ann Clin Transl 
Neurol. 2020;7:296–306. https:// doi. org/ 10. 1002/ acn3. 50986.

 40. Eren OE, Ruscheweyh R, Rauschel V, Eggert T, Schankin 
CJ, Straube A. Magnetic suppression of perceptual accu-
racy is not reduced in visual snow syndrome. Front Neurol. 
2021;12:658857. https:// doi. org/ 10. 3389/ fneur. 2021. 658857.

 41. Schankin CJ, Maniyar FH, Chou DE, Eller M, Sprenger T, 
Goadsby PJ. Structural and functional footprint of visual snow 
syndrome. Brain. 2020;143:1106–13. https:// doi. org/ 10. 1093/ 
brain/ awaa0 53.

 42. Volcy M, Sheftell FD, Tepper SJ, Rapoport AM, Bigal ME. Tin-
nitus in migraine: an allodynic symptom secondary to abnormal 
cortical functioning? Headache. 2005;45:1083–7. https:// doi. org/ 
10. 1111/j. 1526- 4610. 2005. 05193_2.x.

 43. Ffytche DH, Blom JD, Catani M. Disorders of visual perception. 
J Neurol Neurosurg Psychiatry. 2010;81:1280–7. https:// doi. org/ 
10. 1136/ jnnp. 2008. 171348.

 44. Yildiz FG, Turkyilmaz U, Unal-Cevik I. The clinical character-
istics and neurophysiological assessments of the occipital cortex 
in visual snow syndrome with or without migraine. Headache. 
2019;59:484–94. https:// doi. org/ 10. 1111/ head. 13494.

 45. Puledda F, Bruchhage M, O’Daly O, Ffytche D, Williams 
SCR, Goadsby PJ. Occipital cortex and cerebellum gray matter 
changes in visual snow syndrome. Neurology. 2020;95:e1792–9. 
https:// doi. org/ 10. 1212/ wnl. 00000 00000 010530.

 46. Latini F, Fahlström M, Marklund N, Feresiadou A. White mat-
ter abnormalities in a patient with visual snow syndrome: new 
evidence from a diffusion tensor imaging study. Eur J Neurol. 
2021;28:2789–93. https:// doi. org/ 10. 1111/ ene. 14903.

 47. Puledda F, Schankin CJ, O’Daly O, Ffytche D, Eren O, Karsan 
N, Williams SCR, Zelaya F, Goadsby PJ. Localised increase 
in regional cerebral perfusion in patients with visual snow 
syndrome: a pseudo-continuous arterial spin labelling study. J 
Neurol Neurosurg Psychiatry. 2021;9:918–26. https:// doi. org/ 10. 
1136/ jnnp- 2020- 325881.

 48. Aldusary N, Traber GL, Freund P, Fierz FC, Weber KP, Baeshen 
A, Alghamdi J, Saliju B, Pazahr S, Mazloum R, Alshehri F, 
Landau K, Kollias S, Piccirelli M, Michels L. Abnormal con-
nectivity and brain structure in patients with visual snow. Front 
Hum Neurosci. 2020;14:582031. https:// doi. org/ 10. 3389/ fnhum. 
2020. 582031.

 49. Cheong SK, Tailby C, Martin PR, Levitt JB, Solomon SG. Slow 
intrinsic rhythm in the koniocellular visual pathway. Proc Natl 
Acad Sci U S A. 2011;108:14659–63. https:// doi. org/ 10. 1073/ 
pnas. 11080 04108.

 50. McKendrick AM, Chan YM, Tien M, Millist L, Clough M, Mack 
H, Fielding J, White OB. Behavioral measures of cortical hyper-
excitability assessed in people who experience visual snow. Neu-
rology. 2017;88:1243–9. https:// doi. org/ 10. 1212/ WNL. 00000 
00000 003784.

 51. Luna S, Lai D, Harris A. Antagonistic relationship between VEP 
potentiation and gamma power in visual snow syndrome. Head-
ache. 2018;58:138–44. https:// doi. org/ 10. 1111/ head. 13231.

 52. Eren O, Rauschel V, Ruscheweyh R, Straube A, Schankin CJ. 
Evidence of dysfunction in the visual association cortex in visual 
snow syndrome. Ann Neurol. 2018;84:946–9. https:// doi. org/ 10. 
1002/ ana. 25372.

 53. Puledda F, Schankin C, Digre K, Goadsby PJ. Visual snow syn-
drome: what we know so far. Curr Opin Neurol. 2018;3:52–8. 
https:// doi. org/ 10. 1097/ WCO. 00000 00000 000523.

 54. Shibata M, Tsutsumi K, Iwabuchi Y, Kameyama M, Takizawa 
T, Nakahara T, Fujiwara H, Jinzaki M, Nakahara J, Dodick DW. 
[123I]-IMP single-photon emission computed tomography 
imaging in visual snow syndrome: a case series. Cephalalgia. 
2020;40:1671–5. https:// doi. org/ 10. 1177/ 03331 02420 950454.

Current Neurology and Neuroscience Reports (2022) 22:209–217216

https://doi.org/10.1177/2045125312451270
https://doi.org/10.1007/7854_2016_457
https://doi.org/10.1007/7854_2016_457
https://doi.org/10.3390/brainsci8030047
https://doi.org/10.1212/wnl.45.4.664
https://doi.org/10.1212/wnl.45.4.664
https://doi.org/10.1111/head.12531
https://doi.org/10.12688/f1000research.18768.1
https://doi.org/10.1001/jamaneurol.2019.4050
https://doi.org/10.3389/fneur.2019.01325
https://doi.org/10.1111/head.12628
https://doi.org/10.1111/head.12628
https://doi.org/10.1007/s10827-011-0335-y
https://doi.org/10.1016/S1474-4422(14)70220-0
https://doi.org/10.1177/0333102415625610
https://doi.org/10.1002/ana.25398
https://doi.org/10.1093/brain/awt309
https://doi.org/10.1093/brain/awt309
https://doi.org/10.1073/pnas.071582498
https://doi.org/10.1073/pnas.071582498
https://doi.org/10.1056/NEJM199412223312505
https://doi.org/10.1056/NEJM199412223312505
https://doi.org/10.1002/acn3.50986
https://doi.org/10.3389/fneur.2021.658857
https://doi.org/10.1093/brain/awaa053
https://doi.org/10.1093/brain/awaa053
https://doi.org/10.1111/j.1526-4610.2005.05193_2.x
https://doi.org/10.1111/j.1526-4610.2005.05193_2.x
https://doi.org/10.1136/jnnp.2008.171348
https://doi.org/10.1136/jnnp.2008.171348
https://doi.org/10.1111/head.13494
https://doi.org/10.1212/wnl.0000000000010530
https://doi.org/10.1111/ene.14903
https://doi.org/10.1136/jnnp-2020-325881
https://doi.org/10.1136/jnnp-2020-325881
https://doi.org/10.3389/fnhum.2020.582031
https://doi.org/10.3389/fnhum.2020.582031
https://doi.org/10.1073/pnas.1108004108
https://doi.org/10.1073/pnas.1108004108
https://doi.org/10.1212/WNL.0000000000003784
https://doi.org/10.1212/WNL.0000000000003784
https://doi.org/10.1111/head.13231
https://doi.org/10.1002/ana.25372
https://doi.org/10.1002/ana.25372
https://doi.org/10.1097/WCO.0000000000000523
https://doi.org/10.1177/0333102420950454


1 3

 55. Zeki S, Watson JD, Lueck CJ, Friston KJ, Kennard C, Frackow-
iak RS. A direct demonstration of functional specialization in 
human visual cortex. J Neurosci. 1991;11:641–9. https:// doi. org/ 
10. 1523/ JNEUR OSCI. 11- 03- 00641. 1991.

 56.•• Puledda F, ÓDaly O, Schankin X, Ffytche D, Williams S, Goad-
sby P. Disrupted connectivity within visual, attentional and 
salience networks in the visual snow syndrome. Human Brain 
Mapping. 2021;42:2032–44. https:// doi. org/ 10. 1002/ hbm. 25343 
These authors keep on expanding on the theories for the 
pathophysiology of visual snow syndrome.

 57. Solly EJ, Clough M, McKendrick AM, Foletta P, White OB, 
Fielding J. Eye movement characteristics provide an objective 
measure of visual processing changes in patients with visual 
snow syndrome. Sci Rep. 2021;11:9607. https:// doi. org/ 10. 1038/ 
s41598- 021- 88788-2.

 58. Seeley WW. The salience network: a neural system for per-
ceiving and responding to homeostatic demands. J Neurosci. 
2019;39:9878–82. https:// doi. org/ 10. 1523/ JNEUR OSCI. 1138- 
17. 2019.

 59. Keehn RJ, Pueschel EB, Gao Y, Jahedi A, Alemu K, Carper 
R, Fishman I, Müller RA. Underconnectivity between visual 
and salience networks and links with sensory abnormalities in 
autism spectrum disorders. J Am Acad Child Adolesc Psychia-
try. 2021;60:274–85. https:// doi. org/ 10. 1016/j. jaac. 2020. 02. 007.

 60. Paulus MP, Stein MB. An insular view of anxiety. Biol Psychia-
try. 2006;60:383–7. https:// doi. org/ 10. 1016/j. biops ych. 2006. 03. 
042.

 61. Solly EJ, Clough M, Foletta P, White OB, Fielding J. The psy-
chiatric symptomology of visual snow syndrome. Front Neurol. 
2021;12:703006. https:// doi. org/ 10. 3389/ fneur. 2021. 703006.

 62. Torrico 2020: Torrico TJ, Munakomi S. Neuroanatomy, Thala-
mus. [Updated 2020 Jul 31]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2021 Jan-. Available from: 
https:// www. ncbi. nlm. nih. gov/ books/ NBK54 2184/

 63. Lakatos P, O’Connell MN, Barczak A. Pondering the pulvinar. 
Neuron. 2016;89:5–7. https:// doi. org/ 10. 1016/j. neuron. 2015. 12. 
022.

 64. Zobeiri M, van Luijtelaar G, Budde T, Sysoev IV. The brain 
network in a model of thalamocortical dysrhythmia. Brain Con-
nect. 2019;9:273–84. https:// doi. org/ 10. 1089/ brain. 2018. 0621.

 65. Kosciessa JQ, Lindenberger U, Garrett DD. Thalamocortical 
excitability modulation guides human perception under uncer-
tainty. Nat Commun. 2021;12:2430. https:// doi. org/ 10. 1038/ 
s41467- 021- 22511-7.

 66. Burstein R, Noseda R, Borsook D. Migraine: multiple processes, 
complex pathophysiology. J Neurosci. 2015;35:6619–29. https:// 
doi. org/ 10. 1523/ JNEUR OSCI. 0373- 15. 2015.

 67. White PA. Is conscious perception a series of discrete temporal 
frames? Conscious Cogn. 2018;60:98–126. https:// doi. org/ 10. 
1016/j. concog. 2018. 02. 012.

 68. Llinás RR, Ribary U, Jeanmonod D, Kronberg E, Mitra PP. 
Thalamocortical dysrhythmia: a neurological and neuropsychi-
atric syndrome characterized by magnetoencephalography. Proc 
Natl Acad Sci U S A. 1999;96:15222–7. https:// doi. org/ 10. 1073/ 
pnas. 96. 26. 15222.

 69. Casagrande VA. A third parallel visual pathway to primate area 
V1. Trends Neurosci. 1994;17:305–10. https:// doi. org/ 10. 1016/ 
0166- 2236(94) 90065-5.

 70. Hepscke JL, Martin PR, Fraser CL 2021 Short-wave sensitive 
(“blue”) cone activation is an aggravating factor for visual snow 
symptoms. Frontiers of Neurology, 21: In press

 71. Hepschke J, Seymour R, Sowman P, Fraser CL. Is visual snow a 
thalamocortical dysrhythmia of the visual processing system – a 
magnetoencepahologram study. NANOS 2020 Annual Meeting 
Syllabus. Accessed August 23, 2021. http:// www. nanos web. org/ 
files/ Annual% 20Mee ting'/ 2020/ NANOS% 202020% 20Syl labus. pdf

 72. Schankin CJ, Puledda F, Goadsby PJ. Visual snow syndrome: 
is it normal or a disorder - and what to do with patients? Eur J 
Neurol. 2020;27:2393–5. https:// doi. org/ 10. 1111/ ene. 14436.

 73. van Dongen RM, Waaijer LC, Onderwater GLJ, Ferrari MD, 
Terwindt GM. Treatment effects and comorbid diseases in 58 
patients with visual snow. Neurology. 2019;93(4):e398–403. 
https:// doi. org/ 10. 1212/ WNL. 00000 00000 007825.

 74.• Eren O, Schankin CJ. Insights into pathophysiology and treat-
ment of visual snow syndrome: a systematic review. Prog Brain 
Res. 2020;255:311–26. https:// doi. org/ 10. 1016/ bs. pbr. 2020. 
05. 020. (The best review of the current basis for treatment 
option.)

 75. Lau CI, Chen WH, Walsh V. The visual system as target of 
non-invasive brain stimulation for migraine treatment: current 
insights and future challenges. Prog Brain Res. 2020;255:207–
47. https:// doi. org/ 10. 1016/ bs. pbr. 2020. 05. 018.

 76. Grey V, Klobusiakova P, Minks E. Can repetitive transcranial 
magnetic stimulation of the visual cortex ameliorate the state of 
patients with visual snow? Bratisl Lek Listy. 2020;121:395–9. 
https:// doi. org/ 10. 4149/ BLL_ 2020_ 064.

 77. Huang J, Zong X, Wilkins A, Jenkins B, Bozoki A, Cao Y. fMRI 
evidence that precision ophthalmic tints reduce cortical hyperac-
tivation in migraine. Cephalalgia. 2011;31:925–36. https:// doi. 
org/ 10. 1177/ 03331 02411 409076.

 78. Ciuffreda KJ, Han ME, Tannen B, Rutner D. Visual snow syn-
drome: evolving neuro-optometric considerations in concussion/
mild traumatic brain injury. Concussion. 2021:6:CNC89. https:// 
doi. org/ 10. 2217/ cnc- 2021- 0003.

 79. Solly EJ, Clough M, McKendrick AM, Foletta P, White OB, 
Fielding J. Ocular motor measures of visual processing changes 
in visual snow syndrome. Neurology. 2020;95(13):e1784–91. 
https:// doi. org/ 10. 1212/ WNL. 00000 00000 010372.

 80. Healy D, Mangin D, Lochhead J. Development and persistence 
of patient-reported visual problems associated with serotonin 
reuptake inhibiting antidepressants. Int J Risk Saf Med. 2021. 
https:// doi. org/ 10. 3233/ JRS- 210018.

 81. Eren 2021 Eur J Clin Pharm: Eren OE, Schöberl F, Schankin CJ, 
Straube A. Visual snow syndrome after start of citalopram-novel 
insights into underlying pathophysiology. Eur J Clin Pharmacol. 
2021:77:271–272. https:// doi. org/ 10. 1007/ s00228- 020- 02996-9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Current Neurology and Neuroscience Reports (2022) 22:209–217 217

https://doi.org/10.1523/JNEUROSCI.11-03-00641.1991
https://doi.org/10.1523/JNEUROSCI.11-03-00641.1991
https://doi.org/10.1002/hbm.25343
https://doi.org/10.1038/s41598-021-88788-2
https://doi.org/10.1038/s41598-021-88788-2
https://doi.org/10.1523/JNEUROSCI.1138-17.2019
https://doi.org/10.1523/JNEUROSCI.1138-17.2019
https://doi.org/10.1016/j.jaac.2020.02.007
https://doi.org/10.1016/j.biopsych.2006.03.042
https://doi.org/10.1016/j.biopsych.2006.03.042
https://doi.org/10.3389/fneur.2021.703006
https://www.ncbi.nlm.nih.gov/books/NBK542184/
https://doi.org/10.1016/j.neuron.2015.12.022
https://doi.org/10.1016/j.neuron.2015.12.022
https://doi.org/10.1089/brain.2018.0621
https://doi.org/10.1038/s41467-021-22511-7
https://doi.org/10.1038/s41467-021-22511-7
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1016/j.concog.2018.02.012
https://doi.org/10.1016/j.concog.2018.02.012
https://doi.org/10.1073/pnas.96.26.15222
https://doi.org/10.1073/pnas.96.26.15222
https://doi.org/10.1016/0166-2236(94)90065-5
https://doi.org/10.1016/0166-2236(94)90065-5
http://www.nanosweb.org/files/Annual%20Meeting'/2020/NANOS%202020%20Syllabus.pdf
http://www.nanosweb.org/files/Annual%20Meeting'/2020/NANOS%202020%20Syllabus.pdf
https://doi.org/10.1111/ene.14436
https://doi.org/10.1212/WNL.0000000000007825
https://doi.org/10.1016/bs.pbr.2020.05.020
https://doi.org/10.1016/bs.pbr.2020.05.020
https://doi.org/10.1016/bs.pbr.2020.05.018
https://doi.org/10.4149/BLL_2020_064
https://doi.org/10.1177/0333102411409076
https://doi.org/10.1177/0333102411409076
https://doi.org/10.2217/cnc-2021-0003
https://doi.org/10.2217/cnc-2021-0003
https://doi.org/10.1212/WNL.0000000000010372
https://doi.org/10.3233/JRS-210018
https://doi.org/10.1007/s00228-020-02996-9

	Visual Snow: Updates on Pathology
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Diagnosis and Demographics
	Visual Snow Mimics
	Ophthalmic Pathology
	Charles Bonnet Syndrome
	Hallucinogen-Persisting Perception Disorder


	Migraine and Visual Snow
	Potential Mechanisms of Visual Snow
	Cortical Hyperexcitability
	Thalamic Dysfunction

	Treatment Options
	Conclusion
	References


