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 CURRENT
OPINION Visual snow syndrome: recent advances in

understanding the pathophysiology and potential
treatment approaches

Sarah A. Aeschlimann�, Antonia Klein� and Christoph J. Schankin

Purpose of review

Visual snow syndrome (VSS) is a disorder characterized by persistent visual disturbances, including the
visual snow phenomenon, palinopsia, heightened perception of entoptic phenomena, impaired night
vision, and photophobia. The purpose of this review is to provide an update on recent findings over the
past 18months in VSS research and to summarize the current state of treatment approaches.

Recent findings

Electrophysiological studies have revealed cortical hyperresponsivity in visual brain areas, imaging studies
demonstrated microstructural and functional connectivity alterations in multiple cortical and thalamic regions
and investigated glutamatergic and serotoninergic neurotransmission. These findings suggest that VSS
might be a network disorder.
Only few treatment studies are currently available demonstrating limited response to medication and even
worsening or triggering of visual symptoms by certain antidepressants. Promising nonpharmacological
treatments include mindfulness-based cognitive therapy, the use of chromatic filters, and research on visual
noise adaption and neuro-optometric visual rehabilitation therapy (NORT). However, the level of evidence
is still low and further research is needed including larger trials and involving objective m
easures of individual dysfunction.

Summary

Although there has been recent progress, we still have not fully understood the nature of VSS. Further
research is needed on a clinical and pathophysiological level to successfully treat the condition.

Keywords

network disorder, side effects, treatment approach, visual snow

INTRODUCTION
Visual snow syndrome is characterized by a distinc-
tive combination of visual disturbances, including
the visual snow phenomenon (manifesting as visual
static), afterimages (palinopsia), heightened percep-
tion of entoptic phenomena, impaired night vision
(nyctalopia), and persistent photophobia [1]. It is
frequently associated with tinnitus, migraine, and
affective disorders [2,3]. Initial electrophysiological
studies have indicated cortical hyperresponsivity in
visual brain areas [4,5], suggesting a disturbance
in the processing within higher-order visual brain
areas.

Structural and functional MRI studies have fur-
ther implicated cortical visual brain areas, atten-
tional networks, and limbic structures [6–9]. So
far, a consistent focal disease could not be identified,
and neurologically seen, it could not even account
for the clinical presentation. Consequently, a
disturbance within the interaction of various
brain regions, indicative of a network disorder, is

suspected [10]. One potential explanation for the
diverse findings and symptoms, indicating involve-
ment beyond the visual system, is the concept of
thalamocortical dysrhythmia, leading to a defi-
ciency in inhibitory modulation [11].

Although there are established criteria for the
diagnosis of VSS [2], there is currently no objective
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KEY POINTS

� Visual snow syndrome involves cortical
hyperresponsivity and is assumed to be a
network disorder.

� Aberrant thalamocortical circuits and altered
neurotransmitter systems might play a key role in the
underlying pathophysiology.

� Promising treatments include mindfulness-based
cognitive therapy (MBCT), tinted glasses, neuro-
optometric visual rehabilitation therapy and research on
adaption to visual noise.

� Pharmacological attempts have been frustrating so far,
but our improved understanding of the pathophysiology
combined with neuroimaging might, in the future, point
to more customized treatment approaches.

� Further research is needed, including larger trials and
objective measurement methods.
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measurement for the symptoms. Self-reports and
questionnaires are used to measure characteristics
and severity. One study showed that subjective
severity is associated with visual allodynia including
photophobia and correlates negatively with time
[12]. Similarly, a follow-up study by Graber et al.
[13

&&

] demonstrated that the perception of symptom
severity might fluctuate or adapt, but typically per-
sist over many years.

The treatment approaches until now have pri-
marily focused on pharmacological attempts,
employing substances known to influence cortical
excitability, such as antiseizure medications, espe-
cially lamotrigine, or those used in migraine pro-
phylaxis. While there is currently no definitive
evidence supporting the efficacy of certain treat-
ments for VSS, particularly not at the level of
randomized and controlled trials [14,15], substan-
ces like recreational drugs and alcohol can worsen
VSS symptoms [14]. Specifically, hallucinogens
and stimulants, such as ecstasy, should be avoided,
as they may alter the brain’s visual pathways and
potentially lead to symptomatic VSS, that is, hal-
lucinogen persisting perception disorder (HPPD)
[16].

Although the underlying pathophysiology is
not entirely understood and there is no established
treatment concept yet, the research landscape has
evolved significantly in the past years. This review
article focuses on the knowledge gained from elec-
trophysiological and imaging studies over the past
two years, as well as the first treatment trials that
have been carried out to investigate neuromodula-
tory and neurobehavioral treatment approaches.
2 www.co-neurology.com
NEUROSCIENTIFIC RESEARCH
TECHNIQUES

This section focusses on recentneuroscientific insights
into the pathophysiology of visual snow syndrome,
specifically functional and structural aberrations, neu-
rotransmitter involvement, and effects of drugs.
Imaging

A recent 7-Tesla MRI study found cortical and tha-
lamic microstructural differences (lower T1 signal).
The thalamic changes could be correlated to the
severity of VSS symptoms (number of symptoms
and perceived impairment). These findings might
support the hypothesis of the involvement of tha-
lamocortical circuits in the pathophysiology of VSS
[17]. In a second study, the group also examined
changes in functional MRI connectivity. The local
interaction between nodes and organization was
decreased in several parietooccipital brain regions
[18]. Van Laere et al. [19] conducted an FDG-PET/
MRI study demonstrating hypermetabolism in sec-
ondary visual brain areas (lingual gyrus and cuneus),
aligning with previous findings [8,9], as well as
increased gray matter volume in the left secondary
and associative visual cortex and in the left lingual
gyrus. Additionally, hypometabolism in the mesio-
temporal cortex and increased gray matter volume
in frontotemporal areas, including components of
the limbic system, were found [19].

A study by Puledda et al. [20
&&

] indicated that
both glutamatergic and serotoninergic neurotrans-
mission might be involved in the pathophysiology
of VSS using Receptor-Enriched Analysis of Func-
tional Connectivity by Targets (REACT) combined
with resting functional MRI data. Changes in glu-
tamatergic-enriched connectivity in the dorsal ante-
rior cingulate cortex/middle cingulate cortex (ACC/
MCC) might be linked to deregulation of normal
attentional functions and sensory processing inte-
gration in VSS. Further, reduced connectivity in
certain brain regions points to a possible role in
modulating the altered connectivity in areas of
the visual motion network in VSS. The results of
these studies emphasize that various networks and
neurotransmitters might be involved in the patho-
physiology of VSS. In the future, a more specific
knowledge in this respect might offer a targeted
pharmacological approach in contrast to the cur-
rently applied unspecific one.
Electrophysiology

One study investigated cortical oscillatory patterns
in VSS using magnetoencephalography (MEG). The
main finding revealed that VSS patients exhibited
Volume 37 � Number 00 � Month 2024



CE: ; WCO/370312; Total nos of Pages: 6;

WCO 370312

Visual snow syndrome: recent advances Aeschlimann et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 03/13/2024
significantly increased gamma power in the primary
visual cortex and reduced phase-amplitude coupling
compared to control participants, indicating hyper-
active and disorganized cortical activity during early
visual processing [21]. This is consistent with the
concept of ‘thalamocortical dysrhythmia’ [11]which
suggests that dysfunctional cortical oscillations may
play a role in the pathophysiology of VSS. In the
contextof inhibition, theobserveddysrhythmiccort-
ical activity in VSSmay be associatedwith alterations
in inhibitory processes within the visual cortex,
potentially contributing to the hyperactivity and
disorganization observed in VSS. This is supported
by previous research suggesting alterations in inhib-
itory neurotransmission in other disorders associated
with cortical dysrhythmias, such as migraine [22].
Further research into the specific inhibitory mecha-
nisms underlying these dysrhythmic activities could
provide a deeper understanding of the pathophysi-
ology of VSS and may lead to the development of
more targeted treatments for this disorder.
Neurobehavioral and psychophysics

Assuming a hyperexcitability in the visual cortex in
patients with VSS, Brooks et al. [22] tested the two
competitive approaches of increased neural noise
(elevated spontaneous neural activity) and
increased neural gain (stronger neural response to
visual input) by visual contrast detection. Individ-
uals with VSS exhibited increased contrast gain for
increments in the putative parvocellular on-path-
way, assumed to be responsible for fine spatial
detail. Further, an increased contrast sensitivity
for decrements was found, which might be inferred
from the magnocellular off-pathway. Contrast gain
refers to the amplification of visual signals in the
brain, essentially how strongly the brain responds to
visual stimuli. On the other hand, contrast sensi-
tivity involves the ability to discern differences in
luminance, enabling one to detect objects against a
background thatmay not be distinctly outlined [23].
The study showed that both these aspects are abnor-
mally increased, indicating heightened visual proc-
essing in certain pathways. These findings suggest
abnormalities in the processing of luminance con-
trast, potentially contributing to the visual distur-
bances associated with VSS [22]. Contrary to VSS,
migraine was not associated with neuronal hyper-
reactivity to contrast, indicating differences in the
pathophysiology of the two neurological disorders,
even if the subjective hyper-sensitivity is similar.
Further, the study did not find any evidence of
abnormal neural noise levels in VSS, indicating that
the condition is not associated with increased inter-
nal noise in the visual system [22]. On the other
1350-7540 Copyright © 2024 The Author(s). Published by Wolters Kluwe
hand, a study on adaption demonstrated that visual
snow disappeared after presenting visual noise
which indicates that spontaneous neuronal activity
in the visual pathways is indeed necessary to gen-
erate the visual perception of snow [24

&

]. This under-
lines the hypothesis of inadequate filtering or
suppression processes in VSS which may be due to
thalamocortical dysrhythmia [10,25].
Clinical studies

A retrospective overviewover 400 cases and treatment
responses to different medications could not identify
any drug to be helpful in a significant portion of
patents, most had no effect. Single cases of ameliora-
tion under lamotrigine or benzodiazepines were
found [14]. On the other hand, there is evidence of
developing persistent visual problems in association
with serotonin reuptake inhibiting antidepressants
(SSRIs) like citalopram [26]. A study examined
patient-reportedvisualproblemsassociatedwithSSRIs
and found 124 reports from 18 countries [27

&

]. The
most commonly reported side effects includedblurred
vision, night blindness, and floaters with significant
impact on daily life andwork for the affected patients.
Remarkably, some patients reported persistent visual
problems even after stopping the drug. The study
highlights the need for healthcare professionals to
be aware of these potential side effects. Interestingly,
Naguy et al. [28] described a case of a childwithADHD
who developed visual snow phenomenon, photopsia,
and tinnitus under treatment with methylphenidate,
a noradrenaline and dopamine reuptake inhibitor.
The symptoms were reversible during tapering and
appeared to correlate with the dosage [28].

In a case series, three patients presented with
visual snow associated with acute ischemic stroke,
two of whom had a history of migraine with visual
aura. The ischemic strokes affected different areas
involved in visual processing including the lingual
gyrus suggesting that the lingual gyrus is important
for visual snow. However, these patients did not
show the full picture of VSS underscoring the com-
plexity of VSS as a network disorder [29].
Oculomotor assessment

A retrospective analysis of 40 patients with VSS iden-
tified a high frequency (up to 50%) of occurrence of
oculomotor deficits such as accommodative insuffi-
ciency, convergence insufficiencyandsaccadicdeficits
[30]. Another retrospective study also showed a very
high rate (26/27 patients) of comorbid binocular
abnormalities in the VSS population such as oculomo-
tor dysfunction (OMD) (59.3%), convergence insuffi-
ciency (51.9%), and accommodative insufficiency
r Health, Inc. www.co-neurology.com 3
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(54.5%) among other eye movement disorders [31].
VSS manifests a wide range and high prevalence of
oculomotor-based dysfunctions and shows related
reading problems [32]. There are also promising find-
ings that the deficits in eyemovement patterns in VSS
are independent of psychiatric comorbidities and
therefor are useful in diagnostic contexts [33].
THERAPEUTIC ATTEMPTS

There are currently no objective markers for VSS
symptoms. To facilitate communication for
patients, therapists and physicians could utilize arti-
ficial intelligence. Freely available text-to-image
programs are promising tools to provide patients
with the ability to visualize their symptoms [34].
The following section discusses recent promising
treatment approaches for VSS. Figure 1 depicts an
attempt to link these approaches to our current
pathophysiological understanding.
Chromatic filter and oculomotor therapy

A retrospective analysis of 40 individuals with VSS
found that the use of tinted glasses, particularly
those that reduce transmission in the blue range
FIGURE 1. In recent years, there has been tremendous progress
syndrome. Several treatment approaches can be linked to these fi
disorder.

4 www.co-neurology.com
of the visible spectrum, reduced the perceived inten-
sity, duration, and frequency of visual snow in 80%
of patients [30]. These tintsmay have a dual effect by
reducing overall luminance and further reducing
luminance due to the chromatic distortion of the
filter. The tinted glasses were also effective in reduc-
ing other related visual symptoms such as palinopsia
or entoptic phenomena and could be incorporated
into glasses correction or used as clip-ons [30].

Another retrospective study underlines a reduc-
tion of VSS when using preferred (i.e. self-selected)
filters [31]. Twenty-seven participants reported a
lowering of at least 50% in frequency and intensity
of visual snow. Using chromatic filter combined
with specific oculomotor-based saccadic therapy
reduced palinopsia in both frequency and intensity
[31]. While these results are promising, further
research with larger samples and standardized pro-
tocols is needed to validate the long-term efficacy
and adaptive phenomena associated with chromatic
tints.
Behavioral approaches

The first study to assess the effect and feasibility of a
rehabilitative approach was conducted by Tsang
in our understanding of the pathophysiology of visual snow
ndings and, in return, will provide further insights in the

Volume 37 � Number 00 � Month 2024
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et al. [35]. The 6-week treatment program (neuro-
optometric visual rehabilitation therapy, NORT)
consisted of a battery of visual tasks adapted indi-
vidually based on the initial neuro-optometric
assessment. The group found an amelioration in
the quality-of-life questionnaire after 6 and
12weeks, but importantly not in the visual symp-
toms themselves, for example in the severity of
visual snow (VS) or the associated symptoms [35].
Since there was no control condition, further
research is needed to evaluate the long turn impact
of oculomotor-based, neuro-optometric rehabilita-
tion therapy and to determine whether certain eye
movement patterns are suitable for diagnostic pur-
poses and for monitoring the course of therapy.

Montoya et al. [24
&

] found that adaptation to
visual noise attenuates the phenomenon of visual
snow, making it invisible in many cases. This adap-
tation follows similar patterns to normal sighted
individuals, including adherence to the duration
scaling law (linear on a log-log axis) and specific
adaptation effects to visual noise and contrast pat-
terns. The results suggest that visual snow is not due
to observer or simulator bias, as the responses of
affected individuals are systematically like those of
normally sighted individuals [24

&

]. The study sug-
gests that adaptation could be a potentially reliable,
objective measure of visual snow that not only pro-
vides important insights into neurological processes
but could also guide future treatment approaches.
Neuromodulation

An earlier study shows the potential of repetitive
transcranial magnetic stimulation (rTMS) in the
treatment of VSS [36]. The study used visual snow
diaries, questionnaires, and visual evoked potentials
(VEP) as assessment methods. The study found that
10þ1Hz rTMS at the visual cortices resulted in a
reduced sum of visual snow intensities, suggesting
apossible improvement inpatients’ symptoms.How-
ever, no significant changes in questionnaire scores
orVEPparameterswereobserved,whichcouldbedue
to various limitations such as unbalanced treatment
application, missing data, and small sample size.

Mindfulness, which promotes nonjudgmental
awareness of the present moment, induces neural
changes, can increase resilience and clinical benefits
through attention and self-regulation training. One
study investigated the effects of a customized mind-
fulness-based cognitive therapy (MBCT) on individ-
uals with VSS using MRI and self-reports [37

&

].
Participants reported significant improvements in
self-rated severity of visual symptoms after an 8-week
MBCT visionprogram.Median scores decreased from
baseline to weeks 9 and 20, indicating a reduction in
1350-7540 Copyright © 2024 The Author(s). Published by Wolters Kluwe
symptom severity. The study also found a significant
reduction in the impact of vision symptoms on daily
life as reported by participants. This improvement
persisted at the 3-month follow-up, indicating
the potential long- term benefits of the intervention.
In MRI, a reorganization of the visual network
involved both visual and extravisual areas in the
neocortex and cerebellum after the MBCT. This sug-
gests promising changes in the functional connec-
tivity of visual networks that may be related to the
observed improvements in symptoms [37

&

]. Future
research, including randomizedcontrolled trialswith
larger sample sizes, longer follow-up periods, and
comprehensive outcome measures, will be critical
to expanding our understanding of the potential
benefits and limitations of MBCT vision therapy
for people with VSS.
CONCLUSION

Research over the last two years has provided valuable
knowledge about the pathophysiology of visual snow
syndrome. Cortical hyperreactivity in visual brain
areas has been demonstrated and points to a network
disorder rather than a focal pathology. Imaging stud-
ies using advanced techniques, such as 7-Tesla MRI
and FDG-PET/MRI, have shown microstructural and
functional connectivity differences in cortical and
thalamic regions suggesting the involvement of tha-
lamocortical circuits in the pathophysiology of VSS.
Additionally, the involvement of glutamatergic and
serotoninergic neurotransmission in VSS pathophysi-
ology has been highlighted, shedding light on poten-
tial underlying mechanisms. Promising treatment
approaches such as MBCT, the use of tinted glasses
and research on adaption effects might reduce the
perceived intensity, duration, and frequency of visual
snow. However, the level of evidence is still low, and
randomized controlled trials with larger sample sizes
and comprehensive outcome measures are needed.
The lack of objectively measure VSS also highlights
the need for further research in this area, but the
steady progress made in research gives hope to
those affected.
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