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Abstract

Aim: Visual Snow Syndrome (VSS) typically begins in early life with no significant diagnostic findings in the neurological
and ophthalmological workups. Still, secondary forms of VSS have been reported. This study examines the diagnostic
value of cerebrospinal fluid (CSF) analysis and the search for autoimmune encephalitis antibodies in patients with VSS.
Methods: In this retrospective case-control study, CSF samples from 36 VSS patients were analyzed and compared to a
control group matched for age, sex, and migraine. In addition, serum and CSF antibodies associated with autoimmune
encephalitis or paraneoplastic syndromes were analyzed in VSS patients. Cases with CSF abnormalities were further char-
acterized.

Results: No significant systematic differences in CSF cell count or protein levels were observed between VSS patients
(n=236) and controls (n=31). CSF abnormalities in the VSS group included elevated cell counts (n =4), elevated protein
level (n=1) and oligoclonal bands (n=I). Autoantibodies associated with autoimmune encephalitis or paraneoplastic
syndromes were not detected in either serum or CSF of VSS patients.

Conclusion: This corresponds to grade 3b evidence (case-control study), suggesting that lumbar puncture and search
for autoimmune encephalitis should not be routinely performed in patients presenting with typical VSS without red flags
for additional comorbidities.
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Introduction With growing clinical experience and improved recogni-

. . . . tion of typical VSS presentations, LP was subsequentl
Visual snow syndrome (VSS) is characterized by the main P P 4 Y

symptom ‘visual snow’ (VS) and additional visual symp-
toms.' Some patients report symptoms for as long as they
can remember. In other cases, VSS starts later in life and |
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Table I. Characteristics of patients with VSS

VSS (n=36)

Visual snow, n (%) 36 (100%)
Palinopsia, n (%) 25 (69.4%)
Enhanced entoptic phenomena, n (%) 30 (83.3%)
Photophobia, n (%) 32 (88.9%)
Nyctalopia, n (%) 23 (63.9%)
Tinnitus, n (%) 19 (52.8%)
Begin of Symptoms

Mean Age + SD [yr], n (%)

Symptoms as long as remembered, n (%)
Not specified, n (%)

243+7.8, 27 (75%)
7 (19.4%)
2 (5.6%)

reserved for cases with atypical features, clinical progres-
sion, or additional red flags.

LP is a component of neurological diagnostics, espe-
cially when inflammatory disorders of the central nervous
system are suspected.

This study aims to assess the diagnostic value of LP and
investigations for autoimmune encephalitis in patients pre-
senting with typical VSS.

Methods

This retrospective case-control study was approved by the
local ethic committee (KEK 2021-01628). Patients were
included based on the general consent procedure at our
clinic. This study is reported in accordance with the
STROBE guidelines for a retrospective case-control study.

Participants

Patients from the outpatient clinic at the Department of
Neurology, Inselspital, Bern University Hospital from
01.01.2019 to 31.07.2024 were included if they met the
diagnostic criteria for VSS (as defined by the International
Classification of Headache Disorders, ICHD-3)! and had
alLP.

The majority of control participants (n=25) were iden-
tified through a search of medical records using the key-
words ‘migraine’ and ‘headache’. Additional controls (n=
6), particularly individuals without headache disorders,
were recruited from a study cohort of patients undergoing
lumbar puncture during spinal anesthesia for routine opera-
tive procedures (ethics approval: KEK 2020-02615).
Controls were then matched for age,” sex® and comorbid
migraine.’

Autoantibody testing

Serum or CSF of patients and controls were analyzed in the
autoimmune and allergology diagnostic lab of the center of
laboratory medicine of the Bern University Hospital accord-
ing to the manufacturer’s instructions. As an exception, the

Table 2. Demographic and clinical characteristics of patients
with VSS and controls

AN Controls

(n=36) (n=3l)
Male sex, n (%) 19 (52.8%) 17 (54.8%)
Age at the time 30+9 304+ 10.6

of LP - mean + SD [yr]
Neurological diseases
Headache, n (%)
Migraine, n (%)

32 (88.9%)
29 (80.6%)

26 (83.8%)
25 (80.6%)

Other Headache disorders, n (%) 3 (8.3%) I (3,2%)
Multiple Sclerosis, n (%) 2 (5.6%) 0 (0%)
Other neurological diseases, n (%) 3 (8.3%) 5 (16.1%)
Psychiatric comorbidities, n (%) 15 (41.7%) 13 (41.9%)
Depression/Anxiety, n (%) 9 (25%) 4 (12.9%)
Chronic Pain Disorders, n (%) 3 (8.3%) 4 (12.9%)
Sleep disorders/Hypersomnia, n (%) 2 (5.6%) 2 (6.5%)
Other Psychiatric comorbidities, 2 (5.6%) 4 (12.9%)
n (%)
Other Comorbidities, n (%) 17 (47.2%) 7 (22.5.8%)

CSF samples (without CSF antibody testing) from eight
patients with VSS were analyzed at the referring hospital.
For the detection of autoimmune encephalitis antibodies,
sera were diluted 1:10 in PBS-Tween and undiluted CSF
samples were incubated for 30 min at ambient temperature
on autoimmune encephalitis Mosaic 6 detecting autoanti-
bodies directed against glutamate receptors (NMDA and
AMPA-1/2), VGKC-associated proteins (CASPR-2 and
LGI-1), dipeptidy aminopeptidase-like protein 6 (DPPX),
GABA-B receptor (Euroimmune, Liibeck, Germany).
After washing, bound antibodies were detected with
FITC-conjugated anti-human IgG antibody. Analysis was
performed wusing fluorescence microscopy  (Zeiss
Axioscope 1). Paraneoplastic autoantibodies were detected
using PNS11 DIVER BLOT IgG line assay (RAVO,
Freiburg, Germany) using the BlueDiver device for automa-
tion and Dr Dot software (both D-Tek s.a., Mons, Belgium)
for reading the strips. The following antigens are displayed
on this line blot assay: HuD, Yo, Ri, CV2/CRMPS,
Amphiphysin, Mal, Ma2, SOX1, GADG65, Tr, and Zic4.
Sera were incubated in a final dilution of 1:140 and CSF
were incubated in a final dilution of 1:10. Signals were
interpreted as borderline with an intensity of 5-10 arbitrary
units (AU) and positive with an intensity of >10 AU.

Statistical analysis

Statistics were done using R Studio (version 4.3.1
(2023-06-16 ucrt)). Standard statistics were applied for
demographic data. Kolmogorov-Smirnov test was used to
assess normal distribution of the CSF-parameters.
Normally distributed data was compared using t-tests,
otherwise we used the Mann-Whitney-U-Tests. Statistical
significance was assumed at a P value of <0.05.
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Results

Thirty-six subjects met inclusion criteria (53% male, mean
age of 30 +£9 years, 80% migraine) at the time of the LP.
The control group (n=31) was matched for sex
(Chi-square-test, P=1.0) and migraine with a mean age
of 30 +£ 10.4 years (Wilcoxon rank sum test; p=0.84).

The clinical presentation of patients with VSS is sum-
marized in Tables 1 and 2.

CSF

CSF protein levels from the VSS group were normally
distributed, whereas CSF protein levels from the control
group and cell count levels from both groups did not meet
the criteria for normal distribution (Figure 1). There was
no statistically significant difference in protein (p =0.087;
Mann-Whitney-U-Test) and cell count (p=0.62,
Mann-Whitney-U-Test). All 10 patients with VSS since
childhood had normal CSF. Autoimmune encephalitis anti-
bodies (directed against NMDA-R, AMPA-1/2-R, DPPX,
Lgi-1, CASPR-2, GABA-R B1/2) were not detected in
CSF (n=15) or serum (n=27) of patients with VSS.
Paraneoplastic antibodies (directed against Hu, Yo, Ri,
Mal, Ma2, CV2, amphiphysin, SOX-1, Tr, Zic4, and
GAD) were also negative in CSF (n=7) and serum (n=
8) of VSS patients. Four patients within the VSS group
had pathological cell counts and one showed elevated pro-
tein levels.

Characterization of patients with abnormal
CSF finding

(1) In the first patient with a history of migraine, a single epi-
sode of a new type of headache with VSS-like symptoms
occurred. After a few months VSS developed and persisted,
pronounced on the right visual field. This was accompanied
by daily episodes of right-sided headaches superimposed by
paroxysmal attacks, which first appeared with a severe
headache episode one year prior. The paroxysmal events
featured possible alterations of consciousness, nausea, alien
limb phenomenon or depersonalization (based on the sub-
jective description) and an ascending warm epigastric sen-
sation lasting for approximately 20-30s followed by
headache. At the referring hospital, an elevated cell count
(11/uL) in the liquor was found and MRI revealed periven-
tricular FLAIR hyperintensities. With a working diagnosis
of inflammatory syndrome / encephalitis, a 5-day course
of high-dose corticosteroids was administered with a slight
reduction of the episodes. No antiepileptic medication was
started. Further diagnostic workup at our department
showed no new lesions on MRI. EEG demonstrated normal
background activity without epileptiform discharges, but a
mild slowing over the left temporal region without a corre-
sponding lesion on MRI. Encephalitis antibody testing was

negative. The paroxysmal episodes and headaches resolved
spontaneously after the cortisone treatment and did not
recur until the last consultation in our department 3 months
later. Differential diagnoses included atypical migraine or
epileptic seizures. The CSF abnormalities were considered
possibly residual after a prior suspected viral encephalitis
or systemic inflammatory process with central nervous sys-
tem involvement. Further diagnostic evaluation, including
long-term EEG monitoring, was declined by the patient
due to resolution of symptoms and no further follow-up
took place at our clinic.

(i) The second patient experienced a new onset of
migraine with aura at the age of 21. A few months later,
VS started, most prominent in the right inferior visual quad-
rant, and persisted with headache, palinopsia and photopho-
bia. Additionally, the patient experienced hypesthesia in the
lower right leg and a weakness of foot extension. In the
CSF, there was an elevated cell count (10/ul) and presence
of oligoclonal bands type 2 (as a potential marker of a neu-
roinflammatory disease). Cranial and spinal MRI investiga-
tions were unremarkable. A corticosteroid trial was refused
by the patient.

(iii) In the third patient, two years prior to the LP, VSS
started. CSF analysis revealed elevated cell count (10/uL).
MRI showed nonspecific bifocal white matter lesions (left
periventricular and right external capsule) with additional
unspecific punctate subcortical FLAIR-hyperintense white
matter changes. On follow-up, the intracranial lesions
remained stable and no new lesions, especially to the visual
system, were identified. Further, there were oligoclonal bands
type 4 (suggesting a systemic immune reaction) and elevated
antinuclear antibody (ANA) levels in the serum (1:320).

(iv) The fourth patient had VS with palinopsia, blue field
phenomenon, photopsia, and nyctalopia. An elevated CSF
cell count (6/uL) was interpreted in the context of traumatic
lumbar puncture.'® Further investigations such as MRI
showed no pathological findings.

(v) In the patient’s mid-thirties, several migraine epi-
sodes occurred, and VS developed accompanied by pali-
nopsia, entopic phenomena, and photophobia. VSS
persisted with exacerbations following migraine attacks.
LP revealed elevated CSF protein (0.92 g/L). Cerebral
MRI showed no structural causes for VSS or the protein
increase.

Characterization of patients with potential
secondary forms

(vi) One patient initially presented with spinal cord syn-
drome ultimately diagnosed as secondary to multiple scler-
osis (MS). VSS symptoms were VS together with
palinopsia, photophobia, and nyctalopia. The symptoms
started three weeks after the initial MS relapse and seven
days after the first course of corticosteroid therapy. The
CSF in this patient showed no abnormalities. MRI showed
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Figure |. Panel A displays the distribution of CSF cell counts in VSS patients compared to controls, while Panel B illustrates the
distribution of CSF protein levels. Cases with atypical findings or possible secondary causes are highlighted in grey

no lesions in the visual brain areas, but demonstrated multiple,
primarily demyelinating, contrast-enhancing lesions located
periventricularly, in the corpus callosum (callosal radiation),
and in the bilateral subcortical white matter. Additionally,
two contrast-enhancing lesions suspicious for demyelination
were identified in the spinal cord at the T1 and T8 levels.

(vii) Another patient had VSS since adulthood with VS as
well as palinopsia and photophobia. Thirty years later, MS
manifested with optic neuritis. In the same year, VSS symp-
toms worsened with aggravation in the morning. An MRI
showed multiple, round-shaped lesions located periventricu-
larly and juxtacortically with no infratentorial lesions. CSF
analysis showed normal levels of cell counts and protein
levels with oligoclonal bands type 2. A secondary etiology
for the worsening of VSS was considered unlikely, as no
lesions were identified in visual brain regions.

Discussion

The main results of this study are (i) that the CSF of patients
meeting criteria for VSS does not differ from controls; (ii)
autoimmune encephalitis and paraneoplastic antibodies
are not elevated in our VSS population; (iii) still, in individ-
ual patients CSF can show abnormalities, such as elevated
cell count, protein or opening pressure, likely reflecting
comorbidities like MS; (iv) treatment of such comorbidities
may still change the clinical course of VSS.

Based on this data, we found no evidence supporting
autoimmune cerebral mechanisms in VSS. We therefore
suggest that lumbar puncture and assessing autoimmune

encephalitis or paraneoplastic antibodies should not be
part of the standard diagnostic workup in patients with non-
progressive VSS meeting the IHS-criteria, who have normal
imaging as well as unremarkable neurologic and ophthal-
mologic examinations. (Supplemental table)

Outliers with a pathological CSF presented with red flags
such as new onset of severe or atypical headaches, VS more
pronounced in one visual field, and MRI lesions prompting
potentially treatable comorbidities or secondary forms of
VSS. Whether these comorbidities caused or modulated VSS
cannot be conclusively answered with our study design. The
observed lesions did not affect the visual areas typically impli-
cated in VSS,' although a distant effect on the brain network
involved in VSS cannot be excluded.'' The coexistence of MS
and VSS in our cohort may be coincidental, given the relatively
high prevalence of both conditions, and does not allow conclu-
sions regarding a shared pathophysiological mechanism.

Although this is so far the largest cohort of patients with
VSS who had detailed CSF diagnostics, the sample size
remains too small to generalize the results. Further limita-
tions include the retrospective study design, resulting in
non-standardized MRI protocols across patients.

Taken together, lumbar puncture and advanced search
for autoimmune encephalitis in VSS patients with classic
VSS manifestation with no “red flags” for other comorbid-
ities should only be considered with caution. Routine CSF
analysis carries the risk of adverse effects and incidental
findings, which may have no therapeutic consequences
but could lead to unnecessary uncertainty or further workup
for patients and clinicians.

Clinical implications

performed.

e In patients presenting with typical VSS, thorough neurological and ophthalmological examinations should be

e Findings lead us to the conclusion that CSF analysis, including testing for autoimmune encephalitis and para-
neoplastic antibodies, is not routinely indicated in the standard diagnostic workup of VSS.

e In patients presenting with red flags, particularly atypical clinical presentation or abnormal neuroimaging, lum-
bar puncture should be considered to exclude secondary causes.
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