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INTRODUC TION

Visual snow is a condition where patients see constant, innumera-
ble flickering dots throughout the whole visual field, similar to “TV 
static” [1,2]. Patients with visual snow syndrome (VSS) frequently 
have comorbid migraine, but visual snow appears to be a separate 

entity from persistent migraine aura [1– 4]. Not only is the patho-
physiology underlying visual snow unclear, also the localization is 
under debate [3,5]. Eye disease, thalamic dysfunctions, pure cortical 
phenomena, altered connection between visual networks and other 
large- scale networks have been proposed as possible causes of VSS 
[1,3]. Each mechanism could possibly coexist or be responsible for 
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Abstract
Background: Visual snow syndrome (VSS) is a neurological condition characterized by 
flickering dots throughout the entire visual field. Both the pathophysiology and possi-
ble location of VSS are still under debate. White matter abnormalities were investigated 
using diffusion tensor imaging (DTI) in a patient with VSS.
Methods: A 28- year- old patient with VSS and 10 healthy controls were investigated with 
DTI. Diffusion parametric maps were calculated and reconstructed using q- space dif-
feomorphic reconstruction. White matter pathways of the dorsal, ventral, integrative 
visual streams and thalamic connectivity were tracked. Then, they were applied to each 
subject's parameter map, stretched to the same length, and sampled along the tracts for 
regional analyses of DTI parameters.
Results: Compared with healthy controls, our patient displayed higher axial diffusivity 
(AD) and radial diffusivity (RD) in the dorsal visual stream (cingulum, arcuate fasciculus, 
horizontal indirect anterior segment of the superior longitudinal fasciculus), in the ventral 
visual stream (fronto- occipital fasciculus, inferior longitudinal fasciculus) and in the inte-
grative visual stream (indirect posterior component of the superior longitudinal fascicu-
lus, vertical occipital fasciculus). Higher AD and RD were also detected in acoustic and 
optic radiations, and in thalamic radiations distal to the thalamus.
Conclusion: This VSS patient displayed multiple, bilateral white matter changes in the 
temporo- parieto- occipital junction in white matter pathways related to vision. We en-
courage the study of white matter pathology using DTI in complex neurological syn-
dromes including VSS.
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the heterogeneity of the symptoms and clinical features linked with 
VSS [3]. While recent neurophysiological and neuroimaging studies 
have advanced our understanding, no previous study has investi-
gated patients with VSS using diffusion tensor imaging (DTI). DTI 
is able to determine the orientation and diffusion characteristics of 
white matter and therefore reveal myelin and axonal injuries [6,7]. 
We report here a case of patient with VSS investigated for white 
matter microstructural changes by DTI.

METHODS

Case description

We present the case of a 28- year- old female patient who has had 
symptoms typical of VSS for as long as she can remember. She is 
otherwise healthy besides migraine with visual aura, and she reports 
that her VSS symptoms deteriorate immediately prior to the onset of 
the visual aura. The patient fulfils the criteria [1,4] for VSS because 
of the presence of the following additional visual phenomena:

1. Palinopsia presenting as prolonged afterimages from stationary 
scenes

2. Enhanced entoptic phenomena such as floaters and clouds of 
denser visual snow that move around in the visual field, the latter 
appearing when she closes her eyes

3. Photophobia
4. Nyctalopia.

Control cohort

Ten healthy controls (HC) (mean age 26 ± 5 years; five females/
five males) with no previous traumatic brain injury, neurological or 
neuropsychiatric condition were utilized as a control group. This 
cohort was recruited as part of an ongoing research project on the 
consequences of sports- related concussions in young athletes. The 
Regional Research Ethics Committee in Uppsala granted permission 
for the study and written informed consent was obtained from all 
included HC.

Neuroimaging, DTI acquisition and processing

High- resolution 3D- T1- weighted (T1w), 3D- T2 fluid attenuated 
inversion recovery (T2- FLAIR) images were acquired for morpho-
logical evaluation. DTI on the patient was acquired using a single- 
shot echo- planar imaging sequence on a 3.0 Tesla scanner (Achieva 
dStream, Philips Medical System) with 32 sampling directions and 
a b- value of 800 s/m2. A total of 60 axial slices were acquired with 
an in- plane resolution of 1.75 mm and slice thickness 2 mm. DTI on 
HC were acquired using a single- shot echo- planar imaging sequence 
on a 3.0 Tesla scanner (Signa, PET/MR, GE Healthcare) with 32 

sampling directions and a b- value of 1000 s/m2. A total of 73 axial 
slices were acquired with an in- plane resolution of 2 mm and slice 
thickness 2 mm.

Data processing for the patient and HC was performed using 
the same principal methodology. Motion and eddy current correc-
tion were performed in eddy (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki) 
[8]. DTI data were reconstructed in Montreal Neurological Institute 
(MNI) space using q- space diffeomorphic reconstruction in DSI 
Studio (http://dsi- studio.labso lver.org/downl oad- images) [9]. Four 
groups of white matter pathways were reconstructed within the 
HCP- 1021 template and were applied to the patient and HC DTI 
datasets, respectively. In the first group, we included the cingulum, 
the indirect anterior segment of the superior longitudinal fascic-
ulus (hSLF) and the arcuate fasciculus (AF) as a part of the dorsal 
visual stream [10,11]. The second group included the inferior fronto- 
occipital fasciculus (IFOF) and inferior longitudinal fasciculus (ILF) 
as a part of the ventral visual stream [10,11]. The indirect posterior 
component of the SLF (vSLF) and the vertical occipital fasciculus 
(VOF) were reconstructed as an integrative visual stream [10]. Then, 
the major thalamic connections were reconstructed, including the 
acoustic radiation (AR), optic radiation (OR), and anterior, superior 
and posterior thalamic radiations (ATR, STR and PTR, respectively) 
[12] (see Electronic Supplementary Material 1 (Appendix S1) for 
tracking methods).

White matter pathways from HC and the patient were stretched 
to correspond to straight lines and normalized to a length of 100 
indices. DTI- based parameters − fractional anisotropy (FA), axial dif-
fusivity (AD) and radial diffusivity (RD) − were sampled along these 
lines and regressed using a kernel density estimator with default 
regression bandwidth at 1.0. For any given white matter pathway, 
100 indices of each DTI- based parameter were calculated. An HC 
average was calculated with standard deviation. White matter path-
ways from the patient were then compared to the HC average using 
a z- test. Indices in a given white matter pathway where the z- test 
reaches a significance level of <0.05 are highlighted in red; no cor-
rection for multiple comparisons was performed. Interpretation was 
solely based on the comparison of significant differences in white 
matter pathways between the examined patient and the HC average.

RESULTS

Standard magnetic resonance imaging (MRI) sequences were nor-
mal. DTI analysis showed, within the dorsal visual stream, higher AD 
and RD in the temporal segments and the cingulum bilaterally. The 
left AF and hSLF showed higher AD compared with HC in their pa-
rietal portions.

The ventral stream displayed regional changes with a higher AD 
in the IFOF (posterior part) and ILF (both temporal and occipital) of 
both sides, and higher RD in segments of IFOF on both sides (poste-
rior) and left ILF (posterior portion).

The integrative white matter pathways displayed higher AD in all 
pathways compared with the HC and higher RD in the vSLF right and 
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left VOF in their dorsal portions. The whole reconstructed connec-
tivity is displayed in Figure 1.

The acoustic radiation (AcR) displayed lower FA and higher 
AD and RD on both sides in their intermediate part between 
the thalamus and superior temporal gyrus. The OR displayed 
higher AD and RD in its occipital portion and predominantly on 
the left side.

The ATR, STR and PTR displayed small changes in AD (higher) 
in their segments away from the thalamus and especially for the 
PTR where even the RD was higher in the occipital segment of the 

pathway predominantly on the left side. The whole thalamic- cortical 
connectivity is displayed in Figure 2.

DISCUSSION

The first result of this short report is the evidence of white mat-
ter changes in our patient with VSS when compared with HC. We 
observed both higher AD and RD in many of the analysed white 
matter pathways. Increased AD has been attributed to higher 

F I G U R E  1  Regional white matter analysis of dorsal, ventral and integrative visual streams in visual snow syndrome (VSS) patient (red 
lines) and healthy controls (HC) group (black solid lines) with standard deviation (SD, black dotted lines). A z- test was used for white matter 
pathways comparison between the VSS patient and HC. Indices in a given white matter pathway where the z- test reached a significance 
level of <0.05 are highlighted with red in the lower part of the graphs, no correction for multiple comparisons was performed. AD, axial 
diffusivity; AF, arcuate fasciculus; Ci, cingulum; HC, healthy controls; hSLF, horizontal indirect component of the superior longitudinal 
fasciculus; IFOF, inferior fronto- occipital fasciculus; ILF, inferior longitudinal fasciculus; L, left; R, right; RD, radial diffusivity; VOF, 
vertical occipital fasciculus; vSLF, vertical indirect component of the superior longitudinal fasciculus [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  2  Regional white matter analysis of thalamic connectivity in the visual snow syndrome (VSS) patient (red lines) and healthy 
controls (HC) group (black solid lines) with standard deviation (SD, black dotted lines). A z- test was used for white matter pathways 
comparison between the VSS patient and HC. Indices in a given white matter pathway where the z- test reached a significance level of <0.05 
are highlighted with red in the lower part of the graphs, no correction for multiple comparisons was performed. AD, axial diffusivity; AR, 
acoustic radiation; ATR, anterior thalamic radiation; HC, healthy controls; L, left; OR, optic radiation; PTR, posterior thalamic radiation; R, 
right; RD, radial diffusivity; STR, superior thalamic radiation [Colour figure can be viewed at wileyonlinelibrary.com]
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extracellular water content consecutively to the atrophy of the 
white matter fibres and to alterations in axonal water content [13– 
15]. The increased extra- axonal space would be associated with 
faster water molecule movement in an axis parallel to the axons. 
Conversely, we found that RD was also increased in the same seg-
ments. RD reflects diffusivity perpendicular to the axonal fibres 
and appears to be more strongly correlated with myelin abnormal-
ities, with an increase in either dysmyelination or demyelination 
[13– 15]. Our results suggest that a combination of axonal/fibre 
atrophy and dysmyelination may coexist in several white matter 
pathways related to vision. In fact, the presence of white matter 
changes in both OR and the other visual streams supports the 
hypothesis that VSS is not strictly related to an eye disease or to 
pure cortical activation as has been suggested by other authors 
[1– 3].

The second result regards new insights into the possible lo-
calization of these white matter changes. Bilateral, regional white 
matter changes were detected in large white matter pathways of 
the four analyzed groups. To investigate the possible role of the 
thalamus as a source of the VSS symptoms, we used regional anal-
ysis of the DTI- based parameters to locate the possible origin of 
diffusion changes. In our patient, the thalamus did not appear to 
be directly responsible for the white matter changes since their 
locations were more distal in AcR, OR and PTR. Moreover, the ATR 
and STR did not show signs of consistent regional changes and 
therefore we may exclude a general thalamic dysfunction [3,16]. 
Of note is the fact that our patient did not report tinnitus as an 
additional symptom despite it having been described as a frequent 
co- symptom by up to 62% of patients with VSS [4]. In our patient, 
the AcR displayed abnormality of the white matter distally com-
pared with other thalamic- cortical pathways and closer to the 
primary auditory cortex. This possible location has also been sug-
gested by other authors [17] and therefore possible abnormalities 
of AcR may be responsible for the presence of this frequent co-
morbidity in patients with VSS. Moreover, despite VSS being con-
sidered a different entity to migraine, [1,3,4] white matter changes 
have been described in patients with migraine analyzed with DTI. 
In fact, patients with chronic migraine present diffuse axonal in-
tegrity impairment compared with episodic migraine patients [18– 
20]. It has been hypothesized that white matter changes in chronic 
migraine might reflect a set of maladaptive plastic changes [18]. 
This may also be a possible mechanism for VSS patients but with 
a more clear involvement of visual networks compared with other 
pathways such as ATR. DTI results in patients with migraine did 
not display consistent findings regarding locations or diffusion pa-
rameters [19,21] and therefore the two entities should be carefully 
compared since the clinical- pathological manifestation are clearly 
different.

According to our results, we were unable to identify a single re-
gion/pathway that is possibly responsible for the VSS. We observed 
multiple, bilateral and regional white matter changes predominantly 
in the temporo- parieto- occipital junction. Both myelin changes and a 
wider extracellular space appear to be responsible for the observed 

abnormalities, which may affect the efficient connectivity between 
the thalamus and primary visual areas but also the dorsal, ventral 
and integrative visual networks.

Since this report is based on a single case, our results should 
be interpreted with caution. First, there is no current consensus on 
the interpretation of changes in DTI- based parameters; and sec-
ond, we cannot exclude the fact that small differences between the 
acquisition of patient and HC group DTI may influence the results 
presented herein. We compared diffusion parameters with 10 age- 
matched HC, improving the possible detection of regional white 
matter differences. False- positives should be randomly distributed, 
and it is therefore unlikely that one would find consecutive signifi-
cant differences as we have detected.

In summary, with this report we encourage the study of white 
matter with DTI in complex neurological syndromes such as VSS 
when morphological MRI investigations do not detect macrostruc-
tural changes. Only studies that include larger cohorts of patients 
with VSS investigated with DTI are likely to confirm our results and 
possibly improve our comprehension of this fascinating and still 
poorly understood syndrome.
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