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Somatosensory perception in Visual Snow
Syndrome: a comparison to age-, sex-

and migraine-matched controls using
Quantitative Sensory Testing - no evidence
of altered somatosensory thresholds

Felix Fay", Ruth Ruscheweyh', Andreas Straube' and Ozan Emre Eren'?

Abstract

Background Visual Snow Syndrome (VSS) is characterized by persistent, television noise like visual disturbances,
accompanied by other visual and non-visual symptoms. Although VSS is recognized as a clinical entity, its underlying
mechanisms remain poorly understood. One hypothesis is that VSS may involve increased sensory “noise” due to
impaired sensory filtering, which could extend to non-visual modalities, such as somatosensory perception. This study
aims to evaluate somatosensory perception in VSS using Quantitative Sensory Testing (QST), an established method
to quantify sensory perception regarding different qualities such as heat, cold, touch and nociceptive stimuli.

Methods Thirty-six patients with VSS and thirty-nine controls matched for age, sex and migraine were included.
Given the high prevalence of migraine in VSS patients, controls were matched for migraine for its potentially
confounding effects in QST. We used the standard QST protocol to assess somatosensory perception, which

we performed on the dorsum of the right hand. In addition to assessing sensory sensitivity, we also calculated
intraindividual variability in test results (as a measure of “somatosensory noise”). For subgroup analysis both groups
were divided by migraine status using a two-way ANOVA.

Results In demographics, migraine onset was earlier in VSS than in controls (11.7 years +6.5 vs. 17.8 years +9.1;
p=0.030), additionally migraine with visual aura was significantly more often present in VSS than in controls (80% vs.
23%; p=0.017). Our two-way ANOVA analysis revealed no statistically significant main effect or interaction of migraine
or VSS on QST parameters. Results for intraindividual variability were similar, except for a significant interaction
between VSS and migraine on vibration detection threshold (F(1, 70)=18.909, p<0.001, partial 0> = 0.21).

Conclusions These results suggest that VSS, despite being recognized as a multisensory disorder, seems to have

no direct impact on somatosensory perception, supporting a predominantly higher-order condition of visual and
sensory integration rather than a primary somatosensory dysfunction. Additionally, VSS patients showed significantly
earlier migraine onset compared to controls, suggesting shared underlying mechanisms with migraine with aura,
which would require further investigations.
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Introduction

“Visual Snow” (VS) was first described 30 years ago.
Patients reported countless tiny, flickering dots of vary-
ing colour and brightness within their visual field, which
were described like the visual perception induced by a
noisy TV screen. Initially falsely interpreted as a persis-
tent variant of migraine aura [1], VS has become recog-
nized as a distinct clinical entity, with a growing number
of case descriptions [2]. Over time, a pattern of additional
visual symptoms typically associated with VS emerged
e.g. afterimages or trailing of moving objects (palinopsia),
enhanced sensitivity to light (photophobia) or reduced
vision at night (nyctalopia). This led to the first descrip-
tion of Visual Snow Syndrome (VSS) [3], quickly followed
by its inclusion in the appendix of the third edition of the
international classification of headache disorders (ICHD-
3) (see Table 1 ) [4]. A number of further non-visual
comorbidities have been described, including migraine
(with or without aura), tinnitus, depression and anxiety
disorder [5-7].

A key commonality among these symptoms is the
increased sensory noise, particularly evident in Visual
Snow and tinnitus, both of which can be conceptualized
as a form of inappropriate sensory filtering. This hypoth-
esis has been previously discussed by Morse et al. [8].

Given this, and the fact that disturbed sensory process-
ing may extend to other sensory modalities, we inves-
tigated whether this “noisy” perception could also be
detected in the processing of somatosensory information.
Therefore, we used quantitative sensory testing (QST):
a standardized protocol for assessing various sensory
qualities through various thermal, epicritic and nocicep-
tive stimuli [9, 10]. In this study, we used QST in VSS
patients and migraine-matched controls to determine
if and how VSS affects the perception and processing of
sensory stimuli. Additionally, we investigated whether
VSS patients exhibit greater variability in their responses
to repeated somatosensory stimuli, as a sign of increased
sensory noise or reduced filtering.

Methods
Participants
The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the ethics
committee of the medical faculty of Ludwig-Maximil-
ians-University Munich (No. 22—-0647). All patients gave
their written in-formed consent prior to inclusion. Par-
ticipants were recruited via VSS online self-help groups,
from our VSS and headache outpatient clinic and by
advertisements on the hospital campus and all subjects
were clinically seen by an experienced neurologist.
Participants were divided into two groups consist-
ing of VSS patients (n=36) and controls (n=39) that
were matched for age, sex and migraine history. This
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matching aimed to control primarily for migraine as a
potential confounder, given the high migraine comorbid-
ity in VSS. For subgroup analyses, the participants were
then later categorized by migraine status (with or without
migraine).

Inclusion criteria were as follows: age between 18 and
50 years, and no major neurological or psychiatric con-
ditions (apart from migraine or VSS) as determined by a
structured clinical interview. We excluded participants
over age 50 to reduce age-related variability in somato-
sensory perception and potentially confounding factors
such as (sub)clinical neuropathy.

VSS and migraine (with or without aura) were diag-
nosed according to the ICHD-3 criteria [4] (see Table 1
for VSS). All migraineurs were assessed during the inter-
ictal period (headache-free for at least 48 h). Patients
with a history of substance abuse were excluded to avoid
the presence of Hallucinogen Persisting Perception Dis-
order (HPPD), which presents itself with symptoms simi-
lar to VSS [11]. On the day of testing, a total of seven VSS
patients had taken medications, mainly for comorbidities
(metoprolol, bisoprolol, fluoxetine, sertraline, duloxetine,
aspirin, pantoprazole, budesonide and L-thyroxine),
including two patients using lamotrigine as a trial for
VSS. In contrast, no control participant had taken any
medication on the day of the study.

Study design

The study was conducted between October 2022 and
November 2023. After the clinical interview, each par-
ticipant completed a set of questionnaires, including the
depression anxiety stress scales (DASS) [12], a quality of
life measure (EQ-5D-5 L) [13], and, for those affected,
migraine-related disability (MIDAS) [14]. Then, Quan-
titative Sensory Testing was performed. Detailed results
from the here mentioned questionnaires have been
reported in a prior study and are therefore not repeated
here to avoid duplicate publication [15].

Quantitative sensory testing (QST)

QST assessments were conducted following the protocol
developed by the German Research Network on Neu-
ropathic Pain (DENS). Unless stated otherwise, we used
the same equipment and followed the published protocol
(Rolke et al. [9, 10]). Images of the respective tools can
be found in [16]. All tests were performed at the dorsum
of the right hand by the same investigator (FF). For each
participant, the complete test serie was conducted twice
to have sufficient data points to analyse the individual
variability in sensory perception. Before each QST mea-
surement, the upcoming test was explained in detail, and
the measurement device was demonstrated to the par-
ticipants. A 10-minute break between the two test series
was observed to prevent habituation.
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Table 1 Criteria for the definition of the visual snow syndrome,
according to ICHD-3 (diagnosis A1.4.6)

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

B Presence of at least two additional visual symptoms of the
four following categories:
i. Palinopsia: At least one of the following: afterimages or trail-
ing of moving objects.
ii. Enhanced entoptic phenomena. At least one of the
following:
Excessive floaters in both eyes, excessive blue field entoptic
phenomenon, self-light of the eye, or spontaneous photopsia.

iii. Photophobia: enhanced sensitivity to light

iv. Nyctalopia: impaired or reduced vision at night
C Symptoms are not consistent with typical migraine visual aura.
D Symptoms are not better explained by another disorder.

The protocol included a total of 7 tests, assessing 13
different parameters. The assessed parameters were
cold and warm detection thresholds (CDT, WDT), the
occurrence of paradoxical heat sensations (PHS) dur-
ing alternating warm and cold stimuli (thermal sensory
limen, TSL), cold and heat pain thresholds (CPT, HPT),
mechanical detection thresholds (MDT), a stimulus-
response curve for pinprick sensitivity (mechanical pain
sensitivity, MPS) and dynamic mechanical allodynia
(DMA), the wind-up ratio (WUR) reflecting pain ampli-
fication upon repetitive pinprick stimuli, vibration detec-
tion thresholds (VDT), and thresholds for pinprick
(mechanical pain threshold, MPT) and blunt pressure
(pressure pain threshold, PPT).

Thermal measurements were performed with a thermal
sensory testing unit (TSA 2001-II MEDOC, Israel) with
a 9.0 cm® contact thermode, ramped stimuli (1 °C/s), and
cut-off temperatures of 0 °C and 50 °C. CDT, WDT, CPT
and HPT were determined as the arithmetic mean of six
measurements, with three repetitions performed in each
of two test series. For TSL, the mean difference between
cold and warm stimuli over both test series was calcu-
lated. MDT was assessed with a set of von Frey filaments
(Optihair2-Set, Marstock Nervtest, Germany) ranging
from 0.25 to 512 mN. The final threshold was set as the
geometric mean of our total of ten series of ascending
and descending stimuli across the two conducted test
series.

The same calculus was performed for MPT, which we
measured with a set of weighted pinprick stimuli ranging
from 8 to 512 mN. MPS was determined using a random-
ized sequence of pinprick stimuli, with three non-pain-
ful stimuli (namely a cotton wisp, a cotton wool tip, and
a brush) interspersed to assess ALL. Participants rated
pain responses on a 0-100 numerical rating scale after
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each stimulus. WUR was calculated by comparing pain
ratings between a single 256mN stimulus and a series of
10 repeated 256mN stimuli applied at 1 Hz (ratio single
/ mean of series of ten). VDT was assessed using a neu-
rological tuning fork applied to the styloid process of the
radius and determined as the mean of our 10 measure-
ments across the 2 test series, with each measurement
recording the point where vibration was no longer felt.

PPT was assessed with a hand-held pressure algometer
(FDN200, Wagner Instruments, USA) with a surface area
of 1 cm? The pressure was gradually applied to the the-
nar muscle on the palm until the participant reported the
first sensation of pain. This was repeated a total of 3 times
in each test serie, the final PPT value was calculated as
the mean of these trials.

Statistics and further processing

Statistics were conducted in Excel and Jamovi (Version
2.23.8) [17] and graphics were prepared using PyCharm
(Version 2024.1.1) [18].

Logarithmic transformations were performed for CDT,
WDT, TSL, MDT, MPT, MPS, WUR, and PPT values
as required by the QST analysis protocol [9]. Two-way
ANOVA was performed with factors group (VSS vs.
controls) and migraine status (yes + vs. no -) for each
of the 11 QST parameters, followed by Bonferroni cor-
rection for 11 tests. Because of the different prevalence
of migraine with aura between groups, aura status (yes/
no) was included as an additional cofactor within the
ANOVA. Adjusting for aura did not change the findings.

For group comparisons of demographic data and after
assessing the distribution of continuous variables with
the Shapiro-Wilk Test, Mann-Whitney-U test (MWU)
was used for continuous variables, while Chi-Square Test
was applied to categorical variables in Table 2. For visual-
ization of QST data, we Z-transformed the average result
of each test for each participant of the VSS+/Migraine+,
VSS+/Migraine-, VSS-/Migraine + groups with respect to
the VSS-/Migraine- group and plotted average Z-scores.
In both instances, we inverted the sign where necessary,
so that values above the reference line indicate increased
sensitivity, while negative values reflect reduced sensitiv-
ity to the respective stimuli, a common practice in QST
literature [9]. Finally, we investigated intraindividual vari-
ability between measurements by calculating the variance
of each test result within each participant and compar-
ing the average variance of each test between groups
using a two-way ANOVA with factors VSS and migraine
as above. No variance could be calculated for the WUR,
where the QST protocol provides only a single value per
participant.
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Table 2 Clinical characteristics of VSS patients and controls

VSS patients Controls p

Migraine + - + -

Participants n=15 n=21 n=16 n=23

Demographic

data

Female (%) 8 (53%) 8 (38%) 12 (75%) 13 (56%) 0.053

Age in years 312+75 321+£81 356+90 339+86 0.190

(mean +SD)

Migraine Preva- 15 (42%) 17 (43%) 0.955

lence (%)

Migraine

Characteristics

Migraine with 12 (80%) - 4 (23%) - 0.017

Aura (%)

-Visual Aura (%) 12 - 4(100%) - -
(100%)

- Other Aura - - - -

Age at Migraine  11.7+65 - 178£9.1 - 0.030

Onset (years,

mean +SD)

Migraine Fre- 9.02+82 - 6.86+53 - 0.900

quency (attacks/

month)

Average Head-  575+20 - 6.64+15 - 0.576

ache Intensity

Clinical Fea-

tures of VSS

Age at VSS 20.1+89 2635+94 - 0.811

Onset (years,

mean=+SD)

Palinopsia (%) 12(80%) 18(85.7%) - 0.230

Nyctalopia (%) 10 7(333%) - 0.101
(66.7%)

Entoptic Phe- 9 (60%) 6(28.6%) - 0.332

nomena (%)

Photophobia (%) 14 17 (81.0%) - 0.829
(93.3%)

Light flashes 5(333%) 3(143%) - 0.244

Halos 1(6.7%)  2(9.5%) - 0.686

Derealisation - 1 (4.8%) - 0.364

Tinnitus (%) 1 17 (81%) - 0.244
(73.3%)

Statistical comparisons were performed using the Mann-Whitney U-Test for
continuous variables and the Chi-Square Test for categorical variables. P-values
refer to comparisons between the overall VSS cohort and the overall control
group, except for the category “Clinical features of VSS” where they compare
the subgroups VSS migraine and VSS no migraine. All percentage values
presented (e.g., for migraine prevalence, gender etc...) refer to the respective
subgroup and not to the total study population

Results

Mean and standard deviations of QST results within
groups are shown in Table 3. Neither DMA nor PHS
were observed in any participant and thus not further
analysed. Z-Scores are illustrated Fig. 1. Numerical
Z-Scores results can be found in supplementary material
Table 5. Intraindividual variance for each QST parameter
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including mean values, confidence intervals and p-values
are shown in Table 4.

Demographics

While age, sex and migraine distribution were similar in
both groups, there was a significant difference in the age
at first manifestation of migraine (VSS patients 11.7 £6.5
years vs. Controls 17.8 + 9.1 years; p=0.03). Additionally,
among those with migraine history, migraine with aura
was significantly more frequent in VSS patients com-
pared to controls (80% vs. 25%; p=0.017). Detailed infor-
mation on clinical features of VSS and migraine can be
found in Table 2.

Sensory detection thresholds
VSS patients showed no major abnormalities in sen-
sory detection thresholds compared to controls. CDT
was slightly lower (~0.4-0.5 °C) in patients with VSS.
For WDT, both VSS subgroups showed a similar trend
(~0.7-1.2 °C higher). MDT, WUR and VDT showed
almost identical measurements across all subgroups.
Apart from an effect of VSS on CDT, which did not
hold after correction for multiple testing (p=0.057
uncorrected, p=0.627 after Bonferroni adjustment), the
two-way ANOVA revealed no significant main or inter-
action effects of either VSS or migraine on our sensory
detection parameters.

Pain thresholds and sensitivity

VSS patients showed no major abnormalities in pain
thresholds compared to controls and across subgroups.
For cold (CPT) and heat pain (HPT) all subgroups clus-
tered around ~ 22 °C and ~ 45 °C, respectively, with <2 °C
spread. MPT and MPS showed almost identical results
across subgroups, with only minor variations. Interest-
ingly the mean values for PPT showed strong variations
with differences of up to 20 N/cm® between subgroups.
However, these observed differences did not survive cor-
rection for multiple testing. In total, no main or interac-
tion effects for PPT remained after Bonferroni correction
(Table 3).

Intraindividual variance

To explore the possibility of increased “sensory noise”, we
calculated the intra-individual variance for every QST
parameter and performed 2x2 ANOVA analysis. Out of
all parameters, before correction, the interaction between
VSS and migraine reached nominal significance for CDT,
PPT and VDT variability (all uncorrected p <0.05). After
correction, however, only the VDT interaction remained
significant (p<0.001) as shown in Table 4. Interestingly,
migraine increased the variability in controls but had the
opposite effect in VSS.
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Mean Z-scores (+ SEM) across QST parameters divided by subgroup
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Fig. 1 Sensory profiles presented as mean Z-scores + standard error of mean in different subgroups. Z-scores reflect the relative sensory sensitivity of
subgroups patients compared to controls with no migraine. Values above the reference line represent increased sensitivity, while values below indicate
decreased sensory sensitivity. Z-scores were inverted where necessary so that Z-scores above 0 indicate an increased sensitivity

may have led to the inclusion of a more severely affected
patient cohort. Although the sample size in our study was
comparable to or even slightly larger than many previ-
ous studies on VSS, we believe these findings should still
be replicated in a larger cohort as smaller differences
between groups may have remained undetected, par-
ticularly in subgroup analyses where sample sizes were
further reduced. Another potential limitation is the use
of medications in some VSS participants, primarily for
comorbid conditions, although there is no substantial
evidence that any of these medications interfere with
QST results and indeed we did not find significant dif-
ferences. Regarding demographics, the control group
included individuals both with and without migraine to
match the comorbidity profile of the VSS group. While
using only healthy controls might have provided a cleaner
comparison, we matched for migraine to control for its
potential confounding effects, given its high prevalence
in VSS. We believe this approach offers a more clini-
cally relevant comparison. Unfortunately matching for
aura was not performed, resulting in significantly higher
portion of aura in VSS compared to controls. While we
accounted for this by including aura status as a covariate
in our ANOVA, the small number of aura patients in the
control group did not allow for a meaningful subgroup

comparison in the analysis of our results. Future work
should recruit larger aura-balanced samples and focus
on objective aura documentation to determine com-
monalities and differences in VSS and migraine aura to
determine their relation and interactions. Addition-
ally, sex-related differences in somatosensory process-
ing could represent a potential confounder, however, the
higher proportion of female participants in the control
group did not reach statistical significance.

Conclusion

Our findings demonstrate normal somatosensory thresh-
olds and variability in Visual Snow Syndrome supporting
the current understanding of VSS being a predominantly
disorder of visual and sensory integration without sub-
stantial involvement of the primary somatosensory sys-
tem. The analogy to tinnitus as “perception of noise”
without peripheral objectifiable dysfunction, highlights a
higher order origin.

As a side finding, we observed significantly earlier
migraine onset in VSS patients compared to controls.
This aligns with prior reports on migraine with aura and
may indicate shared mechanisms, such as cortical hyper-
excitability or a confounding effect due to high aura prev-
alence, needing further investigation.
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Table 4 Mean individual variance and standard deviation of QST parameters stratified by Visual Snow, migraine status and corresponding two-way ANOVA p-values for main effects

and their interaction

VSS

PPT
0.14+014 31.13£3670

VDT

WUR

MPS

TSL CPT HPT MDT MPT

WDT

cDT

Migraine

231+£534

91.38+131.34

18748.18+£5638.78
19203.98+7586.03
14060.80 +£6496.81
14946.97 £9414.52

140+1.86 1.00+2.63

10.34+29.06
267197

15.14+14.93
2448+3511

1.03+2.05
147311
0.79+1.60

0.85+£0.90
0.86+1.17

00

035+020 77.36+51.71

0.24+0.08 64.50+71.
1044+2284 0.16+0.14 39.46+36.37

8.21+2207

81.83+201.59

1.04£2.07

1.34+£2.00

103.39+148.73 9.39+11.19

66.26+107.61

192+468 046+154

1.14+1.41

17.69+19.14 3324297

069+1.14

049+0.95

10.60+34.88

0.37+0.59 20.30%24.95

0.54+0.78
Two-Way ANOVA: Effect of Visual Snow, Migraine, and Their Interaction (Bonferroni-corrected p-values for 11 comparisons)

Effect of VSS

1.000
1.000
0.055

0429

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

(2025) 26:241

1.000
<0.001

Effect of Migraine

Effects of VSS x Migraine
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Abbreviations

cDT Cold Detection Threshold

CPT Cold Pain Threshold

DMA Dynamic Mechanical Allodynia
HPT Heat Cold Pain Threshold

MDT Mechanical Detection Threshold
MPS Mechanical Pain Sensitivity
MPT Mechanical Pain Threshold
MWU  Mann-Whitney-U Test

PHS Paradoxical Heat Sensation
PPT Pressure Pain Threshold

QST Quantitative Sensory Testing
TSL Temperature Sensory Line
VDT Vibration Detection Threshold
VEP Visual Evoked Potential

VSS Visual Snow Syndrome

WDT Warm Detection Threshold
WUR Wind-Up Ratio
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