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Abstract

Objective: The aim of this narrative review is to explore the relationship between
visual snow syndrome (VSS), migraine, and a group of other perceptual disorders.
Background: VSS is characterized by visual snow and additional visual and nonvisual
disturbances. The clinical picture suggests a hypersensitivity to internal and exter-
nal stimuli. Imaging and electrophysiological findings indicate a hyperexcitability of
the primary and secondary visual areas of the brain possibly due to an impairment
of inhibitory feedback mechanisms. Migraine is the most frequent comorbidity.
Epidemiological and clinical studies indicate that other perceptual disorders, such as
tinnitus, fibromyalgia, and dizziness, are associated with VSS. Clinical overlaps and
parallels in pathophysiology might exist in relation to migraine.

Methods: We performed a PubMed and Google Scholar search with the following
terms: visual snow syndrome, entoptic phenomenon, fibromyalgia, tinnitus, migraine,
dizziness, persistent postural-perceptual dizziness (PPPD), comorbidities, symptoms,
pathophysiology, thalamus, thalamocortical dysrhythmia, and salience network.
Results: VSS, fibromyalgia, tinnitus, and PPPD share evidence of a central disturbance
in the processing of different stimuli (visual, somatosensory/pain, acoustic, and ves-
tibular) that might lead to hypersensitivity. Imaging and electrophysiological findings
hint toward network disorders involving the sensory networks and other large-scale
networks involved in the management of attention and emotional processing. There
are clinical and epidemiological overlaps between these disorders. Similarly, migraine
exhibits a multisensory hypersensitivity even in the interictal state with fluctuation
during the migraine cycle. All the described perceptual disorders are associated with
migraine suggesting that having migraine, that is, a disorder of sensory processing, is
a common link.

Conclusion: VSS, PPPD, fibromyalgia, and chronic tinnitus might lie on a spectrum of
perceptual disorders with similar pathophysiological mechanisms and the common
risk factor migraine. Understanding the underlying network disturbances might give

insights into how to improve these currently very difficult to treat conditions.

Abbreviations: BOLD, blood-oxygen-level-dependent; DTI, diffusion tensor imaging; FDG-PET, [*®F]-2-fluoro-2-deoxy-D-glucose positron emission tomography; fMRI, functional
magnetic resonance imaging; H-MR-spectroscopy, proton magnetic resonance spectroscopy; PET, positron emission tomography; PPPD, persistent postural-perceptual dizziness;
SPECT, single photon emission computed tomography; VBM, voxel-based morphometry; VSS, visual snow syndrome.
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INTRODUCTION

Visual snow syndrome (VSS) has recently been described as a dis-
order distinct from migraine and migraine aura, although migraine
is its most prevalent comorbidity.! Both migraine and VSS are as-
sociated with other perceptual disorders such as dizziness (i.e.,
persistent postural-perceptual dizziness [PPPD]), fibromyalgia, and
chronic tinnitus.?”” These conditions have in common that there
is clinical evidence suggesting hypersensitivity to certain external
and/or internal stimuli. This review aims to explore the common

underlying mechanisms and the relation between the disorders.

METHODS

We performed a narrative literature review using Google Scholar
and PubMed, searching for articles in English using the following
keywords: visual snow syndrome, entoptic phenomenon, fibromy-
algia, tinnitus, migraine, dizziness, PPPD, comorbidities, symptoms,
pathophysiology, thalamus, thalamocortical dysrhythmia, and sa-
lience network. We found articles covering a multitude of topics
and extracted information relevant to this review. Abstracts were
screened to evaluate whether they gave clinical, pathophysiological,
or radiological information on the topic of this review. Furthermore,
we examined the literature lists of relevant reviews to identify ad-
ditional relevant articles.

RESULTS
Visual snow syndrome

Up to 2.2% of the population could be affected by VSS.2 In a study
by Puledda et al. with 1100 patients, it was shown that the symp-
toms seem to be on a spectrum so that their prevalence might actu-
ally be higher than expected in the population.’

Typically, patients describe visual disturbances with the key
symptom visual snow, a continuous static in the entire visual field,
palinopsia (trailing and afterimages), enhanced entoptic phenomena,
photophobia, and nyctalopia (impaired night vision).b1011 Up to 40%
of patients with VSS report to have had symptoms their whole life.?
Patients who have later onset or stepwise worsening report correla-
tions with headache.?” In most cases, however, there is no identifi-
able cause. Usually, the visual disturbances are persistent.”’

The prevalence of migraine in patients with visual snow was re-
ported in up to 72%.° Comorbid migraine seems to aggravate the
clinical presentation of VSS.12 Treatment of migraine, however, does
not seem to improve VSS.!

Additionally, there is an association with other “perceptual disor-
ders,” such as tinnitus in 52% to 75%,’ fibromyalgia in up to 7.1%,
dizziness in up to 13.3%,” and psychiatric comorbidities, especially
depression and anxiety.7

In most cases, neuro-ophthalmologic and radiological findings
are normal.”

The clinical presentation indicates a hypersensitivity to internal
and external visual stimuli. For example, entoptic phenomena are
produced by structures of the eye and are a normal phenomenon.t®
In VSS, however, these entoptic phenomena are “enhanced” and ex-
perienced excessively.}'1

There is evidence suggesting failure of inhibitory processes.
Palinopsia, for example, is an abnormal persistence of visual mem-
ory.Y”8 In this respect, the visual threshold in discrimination tasks
was higher in patients with VSS as a sign of lacking inhibitory con-
trol.2*?° The same abnormality was reported in patients with mi-
graine in the interictal state. 212 Additionally, visually evoked
potentials demonstrate prolonged P145-response pointing toward
disturbed processing in the secondary visual areas®* and a hyperac-
tivation (lack of inhibition during the double pulse adaptation para-
digm) in the primary visual cortex.?

Such involvement of secondary visual areas was also demon-
strated in an FDG-PET study that found hypermetabolism in the
right lingual gyrus,?® which corresponded to a significant increase in
lactate concentrations in H-MR-spectroscopy in this same cortical
area indicating reduced metabolic reserves.?’

In functional magnetic resonance imaging (fMRI), the so-called
blood-oxygen-level-dependent (BOLD) signal is measured, that is,
the diamagnetic properties of the oxygenated hemoglobin in the
blood vessels as an indirect measure for the metabolic activity of
a brain area.?®?? Such functional MRI data demonstrated a wide-
spread hyperconnectivity of the primary (V1) and secondary visual
cortices within and beyond the visual system. Furthermore, there
seem to be disturbances in the salience network and the dorsal and
ventral attention network, as well as in the visual precortical path-
ways such as visual cortico-striatal loop and the thalamocortical pro-
jections.®® The latter take part in visual learning and the selection of
relevant visual information.30~32

The functional abnormalities could be reflected by structural
changes such as an increase in gray matter volume in the primary and
secondary visual cortices (including the right lingual-fusiform gyrus

junction and the left primary and secondary visual cortices). 263

Migraine

Migraine affects about 15% of the population.34 Having migraine
is characterized by a predisposition to recurrent headache attacks
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of the migrainous phenotype.35 Migraine can be seen as a sensory
gating disorder with a cycling devolution.3¢ This can be measured
in the form of sensory thresholds, which reach their minimal turn-
ing point in the ictal phase.®” However, even in the interictal state,
hypersensitivity to multimodal stimuli persists.>”*® The pathogen-
esis is probably a multifactorial process with a significant genetic
component.”'41

An MRI study by Karsan et al. demonstrated hyperperfusion
of the hypothalamus, anterior cingulate cortex, midbrain, and lim-
bic areas before the onset of nitroglycerine-triggered migraine at-
tacks.*? In studies by Schulte et al. with consecutive fMRI scans
over 30 days, hypothalamic activity as a response to trigeminal
nociceptive stimulation and the pain-related hypothalamic func-
tional connectivity to the spinal trigeminal nuclei were increased
during the preictal phase.43’44 An early hypothalamic involvement
in the premonitory phase and during the headache phase was also
shown in PET-studies.**® The hypothalamus as a driving force of
the migraine cycle would also explain the periodicity of the disease
manifestation and the triggering through internal homeostatic and

external deviations. #4748

Anatomically, the hypothalamus is closely linked to the thalamus,*

sympathetic and parasympathetic brainstem nuclei,*® and the trigem-

inovascular system.’® The thalamus is a central relay station®>>* pro-

jecting to widespread areas of the cortex including sensory areas.>>™>”

Some groups have highlighted the role of the trigeminovascular sys-

tem and its connections to the parasympathetic efferents leading to

5859 or the cortex, since the cortical

60 In

peripheral nociceptor activation
spreading depression correlates with headache onset and aura.
MRI studies, there were structural gray and white matter volume al-
terations (VBM and DTI) in widespread cortical areas including sen-
sory areas, the prefrontal cortex, the cerebellum, the brainstem, the
insula, and the anterior cingulate cortex.bT"%® Functional studies of
the interictal state revealed alterations in several functional networks

including the default mode network,®’

k68

the dorsal attention network,

the salience network,%® and the visual cortex.®’

Fibromyalgia

Fibromyalgia is regarded as the classical centralized pain syndrome
in the sense of a sensory-processing disorder.”%’* About 5% of the
population are affected.”®”?

Fibromyalgia is per definition a chronic and persistent disease.
The main symptoms are widespread pain in several parts of the
body, typically characterized as “musculoskeletal,” and additional
cognitive symptoms, often described as “brain fog”.”>"*

Similar to migraine, patients affected by fibromyalgia have a
general hypersensitivity to painful stimuli. An fMRI study by Gracely
et al. showed that less than half the stimulus intensity is needed
to evoke a BOLD response in brain areas previously shown to be
involved in pain processing in patients with fibromyalgia compared
with healthy controls, suggesting central augmentation of the pe-
ripheral stimuli, turning neutral signals into “unpleasant” ones.”®

This phenomenon might extend to the other senses as well like
auditory perception’® and smell.”””® Beyond that, migraine, tinnitus,
and dizziness are common comorbidities in ﬁbromyalgia.79'81

Similar to patients with VSS, tinnitus, and PPPD, patients with
fibromyalgia report triggers such as stress, trauma, or environmental
changes associated with the onset of the syndrome and flares.82-84
The widespread pain symptoms with the additional cognitive symp-
toms indicate a central pathology involving an excessive activation
of the pain system and/or an impaired antinociceptive system.SS'86
In this respect, repetitive mechanical stimulation leads to excessive
temporal summation for fibromyalgia patients at lower stimulus in-
tensities and frequencies, as well as more pronounced painful after-
sensations compared with healthy controls suggesting a lack of pain
inhibition.5”#8

In patients with fibromyalgia, Wagner et al. demonstrated a
specific and significantly more expansive BOLD response to pain-
ful stimuli in brain areas implicated in pain processing including
the bilateral insula, the secondary somatosensory cortex, and the
thalamus.®? Other workgroups found in addition increased activity
in the prefrontal cortex, the cerebellum, and the primary somato-
sensory cortex.”>"%% There was reduced connectivity between the
somatosensory cortex and increased connectivity between the so-
matosensory cortex and the bilateral anterior insula.”* Structural
imaging showed total gray matter volume decrease in fibromyalgia
in one study”® and widespread regional decreases in the cingulate,
insular and medial frontal and prefrontal cortices, parahippocampal

gyri, thalamus, and ponsf”o’?‘l"98

Tinnitus

Tinnitus is an acoustic misperception occurring in the absence of an
external acoustical source.?? It is often associated with hyperacu-
sis'°° and has severe impact on quality of life.°! Tinnitus has a high
prevalence in the general population, between 11.9% and 30.3%.1%2
It is clearly more prevalent in patients affected by VSS,* fibromyal-
gia,8! and migraine.® Patients with complete resections of the au-
ditory nerve can still have persistent tinnitus. This points toward a
central component.103 However, hearing loss is a trigger for the de-

velopment of tinnitus'®4-1¢

potentially via sensory deafferentation
and development of a lack of inhibitory input resulting in cortical
hyperexcitability.'®”1%® Functional MRI studies of patients with tin-
nitus showed an increase in sound-evoked BOLD signal in the in-
ferior colliculus, auditory midbrain, thalamus, and primary auditory

109-111 A 150—H20 positron emission tomography study indi-

cortex.
cated adecrease in regional blood flow over the auditory cortex after
the application of lidocaine correlating with tinnitus loudness.**2
The conscious perception and distress of tinnitus seems to be
influenced by the connectivity patterns detected using fMRI resting
state in the anterior cingulate cortex and left precuneus, the poste-
rior cingulate cortex, and right medial prefrontal cortex.!*® The lim-
bic and auditory systems interact at the thalamic level and modulate

the perception of auditory signals.}*
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Persistent postural-perceptual dizziness

PPPD, formerly called phobic postural vertigo, space-motion dis-
comfort, visual vertigo, or chronic subjective dizziness, is a percep-
tual disorder, which makes up to 15%-20% of patients presenting in
neuro-otologic centers.'*>¢ |n the population, symptoms probably
lie on a spectrum.*’

Patients typically describe diffuse dizziness, waxing, and waning
over longer periods (hours), aggravated by upright posture and mov-
ing stimuli. The disorder is typically triggered by an acute or episodic
vertigo condition, for example benign paroxysmal positional vertigo.
Per definition, it is a chronic disorder lasting more than 3 months.**®
There is a link between central-type vertigo in migraine!*® and an
increased prevalence of migraine in patients fulfilling the criteria
of PPPD.'* Individuals with increased PPPD symptoms also show
increased sensitivity across a range of sensory modalities including
touch, taste, smell, and audition.'*>*2° PPPD probably results from
an overreliance on visual and postural stimuli and reduced input
from the central vestibular system.!*¢

A seed-based fMRI study demonstrated an increased func-
tional connectivity between the thalamus, occipital, and cerebel-
lar areas, as well as between the associative visual cortex and the
middle frontal gyrus and precuneus.'?! Reduced BOLD response to
sound-evoked vestibular stimulation was shown in the multisensory
vestibular cortical regions in the insula and increased visual corti-
cal activity correlating with symptom severity.*?? Similarly, a SPECT
study demonstrated insular and frontal hypoperfusion and cerebel-
lar hyperperfusion.'?® In MR, gray matter volume decreases in the
temporal cortex (V5, perisylvian vestibular cortex), cingulate cortex,
hippocampus, prefrontal cortex, insula, caudate nucleus, and cere-

d124,125

bellum were demonstrate including the regions of the multi-

sensory vestibular network.!?

Depression, anxiety, “brain fog,” and sleep

All the above-described perceptual disorders are associated
with mood disorders, especially anxiety and depression.”*27-1%0
Additionally sleep disturbances in the sense of insomnia, abnor-
mal sleep architecture, and sleep fragmentation are well known
in fibromyalgia®*%2 put have also been reported in patients with
tinnitus'®® and migraine.** We found no literature on this topic con-
cerning VSS and PPPD.

Cognitive symptoms such as declines in memory and mental
alertness, the so-called “brain fog,” are reported in about 50% of

135,136 | 1,7

patients with fibromyalgia and are frequent in VSS as wel

SUMMARY AND DISCUSSION

There are many overlaps between VSS, fibromyalgia, tinnitus, and
PPPD. Patients affected by these disorders exhibit a hypersensi-
tivity to external and internal stimuli in the sense of perceptional

VSS

Visual processing

Tinnitus Migra
Auditory processing Disorder ofﬁ ry
Fibromyalgia

Pain processing

FIGURE 1 Migraine is comorbid with several chronic and
difficult to treat disorders of sensory processing, such as visual
snow syndrome (VSS), chronic tinnitus, persistent postural-
perceptual dizziness (PPPD), and fibromyalgia. Having migraine
involves recurrent headache attacks of migrainous phenotype, as
well as interictal difficulties during multimodal sensory processing.
Migraine might be a common link to processing disorders of more
specific modalities, such as the visual (i.e., VSS), vestibular (PPPD),
auditory (tinnitus), and pain system (fibromyalgia). This might also
partly explain the clinical overlap of these disorders and why they
are often related to each other.

disorders. Reduced sensory thresholds often exceed the predomi-
nantly affected sensory modality. Fittingly, these distinct disorders
are frequently associated with one another.

The defining symptoms of VSS, tinnitus, PPPD, and fibromyalgia,
that is, visual or acoustic noise, vertigo, and somatosensory discom-
fort, might be more prevalent within the general population than ex-
pected. These disorders might therefore be regarded as extremes of
a spectrum between normal and pathologic with the diagnostic crite-
ria representing a cutoff. The suspected underlying pathophysiology
might be network disorders involving a disbalance between inhibitory
and excitatory connections resulting in a hyperactive or disinhibited
state of primary and/or secondary perceptual brain areas. Networks
involved in the management of attention (salience network) and the
regulation of emotions (limbic system) might be affected as well.

Migraine is a sensory gating disorder with a periodic course
probably driven by hypothalamic fluctuations as a reaction to ho-
meostatic and external changes. Importantly, patients exhibit de-
creased sensory thresholds in all sensory domains even interictally.

Our hypothesis is, therefore, that migraine constitutes a risk
factor for the development of the other persistent perceptual dis-
orders. In other words, having migraine might be the common link
between the difficult to treat perceptual disorders presented in
Figure 1.

This is supported by the clinical presentation of patients described in
detail above and by the neuroanatomical correlates. The anterior cingu-
late gyrus and the insula, both of which are components of the salience
network, ¥’ seem to be affected in all the mentioned perceptual disor-
ders. There is evidence that this network is also relevant in the patho-
physiology of depression and anxiety.’®®!%? The salience network is
involved in the direction of attention and the switch between other large-
scale brain networks such as the default mode network, which is usually
active during the resting state, and the central execute network, which is
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active during tasks.**° It seems to play a crucial role in the evaluation and
prioritization of stimuli and perceptual decision-making.**! Therefore, an
impairment of these functions might modulate symptom perception and
might even explain the link with the psychiatric symptoms.

The thalamus is a central component of all sensory net-
works.2#27145 |t receives input from afferent sensory pathways and
projects to widespread primary and secondary sensory areas of
the cortex. The thalamus is part of feedback mechanisms (loops)
implicated in the “filtering” and partly “suppression” of sensory
input.3%1*¢ The above-described imaging findings indicate an in-
volvement of the thalamus in all the perception disorders discussed
in this paper. The concept of a “thalamocortical dysrhythmia” has
been discussed as the neuronal correlate of VSS,** fibromyalgia,148
tinnitus,**? and several other neurologic and psychiatric disorders.
This term has been used because of the detection of abnormal elec-
troencephalographic oscillatory patterns, that is, reduced alpha and
increased theta power over certain cortical areas of the brain, which
might indicate a disturbance in thalamocortical interactions.**°

This review focuses on disorders chosen based on striking sim-
ilarities and clinical associations but does not claim to be exhaus-
tive. Other perceptual symptoms might be present in the affected
patients and would support our concept of an underlying, common
network disorder. Whether the link between perceptual disorders is
a common predisposition, such as having migraine, or a genetic link

remains to be investigated.

CONCLUSION

VSS, PPPD, fibromyalgia, and chronic tinnitus might lie on a spec-
trum of perceptual disorders. Understanding the similarities in these
network disorders and the role of migraine as a possible risk fac-
tor might move forward the quest for successful treatment of these

often debilitating and difficult to treat disorders.
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