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Abstract

Background: Visual snow syndrome (VSS) is a neurological condition characterized by persistent flickering dots in the
visual fields, palinopsia, enhanced entoptic phenomenon, photophobia, and nyctalopia. Neuroimaging evidence supports
the role of the visual association cortex in visual snow syndrome.

Case series: We provided clinical care to three patients with visual snow syndrome, in whom ['2*|]-IMP single-photon
emission computed tomography (SPECT) imaging was performed. Case | was a 2|-year-old male with a past history of
migraine with aura who exhibited visual snow and entoptic phenomenon. In this patient, ['2}[]-IMP SPECT imaging
revealed right occipital and temporal hypoperfusion with a distribution matching the ventral visual stream. ['2[]-IMP
SPECT imaging detected only mild bilateral frontal hypoperfusion in Case 2 and no overt abnormalities in Case 3.
Conclusion: Although visual snow syndrome seems to be a heterogenous condition, our observations indicate that
abnormal visual processing within the ventral visual stream may play a role in the pathogenesis of this condition.
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Introduction . : .
common condition, with a recent study reporting a

Visual snow was originally reported as one of the per- 29, prevalence in the general population (3).
sistent positive visual phenomena experienced by In this case series, we report a unique functional
patients with migraine (1). Typically, people with neuroimaging finding that may provide novel insights
visual snow complain of a constant perception of into the mechanisms underlying this condition.
black and white dots, snow, or “TV static” in the
entire visual field. Although the visual snow phenome-
non was initially regarded as a form of persistent 'Department of Neurology, Keio University School of Medicine, Tokyo,
migraine aura, similar symptoms have been reported Jzapan . o -
in other conditions, including traumatic brain injuries Department of Radiology, Keio University School of Medicine, Tokyo,
. . . n

and hallucinogenic drug use. Schankin et al. (2) noted J32IIIDDZPar‘tment of Diagnostic Radiology, Tokyo Metropolitan Geriatric
that nearly all (97%) of their 78 patients with visual  Hospital, Tokyo, Japan
snow had additional symptoms, including palinopsia  “Mayo Clinic, Scottsdale, AZ, USA
and blue field entoptic phenomenon. They claimed
that visual snow was a unique syndrome distinct from Corresponding author: o

. . . Mamoru Shibata, Department of Neurology, Keio University School of
migraine, and the term visual snow syndrome (VSS)  Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan.
was subsequently introduced (2). VSS seems to be a  Email: mshibata@a7.keio.jp
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Case series

Case |

A 21-year-old male presented with continuous flicker-
ing tiny dots in the entire visual field starting at age 15.
He also reported gradual development of persistent
photophobia and a perception that he saw “whitish
smoke” emerging on a dark background when he
closed his eyes. He denied a history of palinopsia or
nyctalopia, but had been diagnosed with migraine with
aura at age 10. Typically, his visual auras consisted of a
small scintillating scotoma that expanded for approxi-
mately 20 min with variable laterality across attacks,
followed by headache, nausea, photophobia, and pho-
nophobia. The patient had, however, been free of
migraine attacks in the preceding 2 years. He denied
any previous exposure to illicit recreational drugs.

His neurological examination was
unremarkable. Ophthalmological evaluation revealed
a slight increase in intraocular pressure (R: 23 mm
Hg, L: 24mm Hg). His visual field and fundoscopic
findings were normal. Brain magnetic resonance
(MR) imaging and MR angiography were also
normal (Figure 1(a),(b)).

The patient was subsequently diagnosed with VSS.
['2*1]-IMP single-photon emission computed tomogra-
phy (SPECT) imaging revealed decreased perfusion on
bilateral sides of the occipital cortex and fusiform gyri
with a preponderance on the right (Figure 1(c),(d)).
This right-sided hypoperfusion was found to encom-
pass an area extending from the occipital cortex to
the inferior temporal gyrus (Figure 1(e)). The patient
sought no therapy because his VSS was not severe
enough to interfere with his daily activities.

Figure 1. Brain magnetic resonance (MR) imaging and single-photo emission computed tomography (SPECT) findings. (a) Axial view
of cranial T2-weighted MR imaging at the caudate-putamen level, revealing no structural abnormalities. (b) Coronal view of cranial MR
angiography. Intracranial major arteries were normal. (c) ['2*I]-IMP SPECT images (consecutive axial sections), with arrows indicating
areas of hypoperfusion. (d) ['**I]-IMP SPECT images (consecutive coronal sections), with double arrows indicating areas of hypo-
perfusion. (e) Right lateral view of the Z-score image, with arrowheads indicating a hypoperfused area spanning the occipito-temporal
lobes.
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Case 2

A 40-year-old female presented with recurrent episodes
of throbbing headaches starting at age 39. Her head-
aches were always preceded by a typical scintillating
scotoma lasting 10-15 min. She also complained of
continuous flickering objects in the entire visual field,
continuous photophobia and palinopsia, and the per-
ception of white smoky objects appearing every time
she closed her eyes. These visual symptoms had been
present since her childhood. She reported no exposure
to recreational drugs.

Her neurological examination and brain MRI find-
ings were normal. Her headaches were responsive to
naratriptan, and she was subsequently diagnosed with
migraine with aura and VSS. Her ['**I]-IMP SPECT
imaging disclosed bilateral mild frontal hypoperfusion.
Although lomerizine (5 mg bid) was effective at reduc-
ing her headache frequency, her VSS did not improve.

Case 3

A 19-year-old male visited our outpatient clinic due to
daily headaches. He began to experience headaches at
13 years of age. Initially, his headache attacks were
episodic and lasted 4-5 h with a pulsatile nature on
most occasions; however, his headache frequency had
increased over the 12 months prior to presentation. His
headaches were worsened by physical activity and were
accompanied by nausea, vomiting, and osmophobia.
He also reported visual snow, palinopsia, and nyctalo-
pia. He denied any previous exposure to recreational
drugs.

There were no abnormalities identified during neu-
rological or ophthalmic evaluations. His brain MRI,
electroencephalogram (EEG), and visual evoked poten-
tial testing were also normal.

He was subsequently diagnosed with chronic
migraine and VSS. His ['**1-IMP SPECT imaging dis-
closed a normal pattern of cerebral blood flow. He was
treated with valproate (200 mg mid), which ameliorat-
ed his headache symptoms; however, his VSS-
associated symptoms did not improve.

Discussion

The most remarkable finding in this case series was
Case 1’s hypoperfusion of bilateral sides of the occipi-
tal cortex and fusiform gyri, with a preponderance on
the right. Since we did not identify any structural alter-
ations on brain MR imaging or angiography, this
hypoperfusion likely reflected a functional abnormali-
ty. This patient did have a history of migraine with
aura, and hypoperfusion of the occipital cortex in a
patient with persistent aura has previously been
reported (4). However, this patient had not experienced

any migraine attacks for 2 years prior to presentation,
and his visual snow symptoms were unlike anything he
had ever experienced during a migraine aura.
Therefore, the observed hypoperfusion was unlikely
to be related to migraine visual aura.

Hypoperfusion involving bilateral parietal and
parieto-occipital areas has previously been reported in
patients with symptoms compatible with VSS; howev-
er, details about the extent and distribution of this
hypoperfusion have not been provided (1). Schankin
et al. (5) used ['*F]-FDG positron emission tomogra-
phy (PET) imaging to demonstrate hypermetabolism of
the lingual gyrus in patients with VSS, noting that
impaired visual sensory processing may underlie VSS
(5), a theory that is also supported by a recent electro-
physiological study (6). Although Case 1’s SPECT find-
ings support this assertion, the cause for the seemingly
discordant radiological findings (hypermetabolism vs.
hypoperfusion) remains unclear. It has, however, been
demonstrated that hemodynamic responses do not nec-
essarily reflect neural activity in some conditions (7),
and this neurovascular uncoupling may exist in the
visual association areas of a subset of people with VSS.

Intriguingly, the hypoperfusion in this patient
encompassed an area from the occipital cortex to the
inferior temporal gyrus. It is known that there are two
distinct streams originating from the primary visual
cortex (V1) within the visual association area;
namely, the ventral and dorsal streams (8,9). The dis-
tribution of hypoperfusion in Case 1 matched the tra-
jectory of the ventral stream. The ventral stream is
implicated in the transformation of visual information
into the mental furniture that guides memory, recogni-
tion, and conscious perception, whereas the dorsal
stream engages in the visual guidance of action in a
real-time fashion (8). Our observations suggest that
dysfunction of the ventral stream may be implicated
in the development of VSS-associated symptoms.

Moreover, we also observed marked hypoperfusion
in bilateral fusiform gyri of Case 1 (Figure 1(d), double
arrows). The fusiform gyrus forms a functional neural
network with the primary visual areas and the inferior/
middle temporal gyri (10). Intriguingly, a recent study
detected increased grey matter volume in the adjacent
lingual gyrus-fusiform gyrus junction in VSS (11).

Nevertheless, it should be noted that these function-
al imaging abnormalities were detected in only one case
in this series, which unambiguously indicates that VSS
is a heterogenous condition with different mechanisms
potentially involved in the development of visual symp-
toms. We were not able to identify any causes of VSS in
Case 2 or Case 3. Although mild bilateral frontal hypo-
perfusion was detected in Case 2, it is not likely to be
functionally relevant for her VSS.
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The most effective therapy for patients with VSS
remains to be determined. In our case series, neither
lomerizine nor valproate were found to be effective at
alleviating symptoms of VSS. The cellular mechanism

(s) underlying the persistent visual phenomena associ-
ated with VSS, as well as the basis for the apparent
neurovascular uncoupling seen in this and other
cases, will need to be clarified in future studies.

Clinical implications

ciation area.

1. Visual snow syndrome seems to be a heterogenous condition with different underlying mechanisms poten-
tially involved in the development of visual symptoms.
2. In some cases, visual snow syndrome may involve abnormalities in the ventral stream of the visual asso-

3. Elucidation of the cellular mechanisms underlying VSS and the neurovascular uncoupling seen in some
cases will likely facilitate our understanding of the biological mechanisms.
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