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Objective: Virchow-Robin-Spaces (VRS) are cerebrospinal fluid

(CSF)-containing perivascular spaces encompassing brain vessels while

coursing through the parenchyma. VRS can enlarge and become visible in

magnetic resonance imaging (MRI). While dilatated VRS are mostly incidental

findings, they were associated with degenerative brain disease in humans.

This study aimed to evaluate their occurrence and MRI morphology within

the ventral forebrain of structurally normal canine and feline brains and

physiological cerebrospinal fluid analysis.

Sample: Retro- and prospective, observational study reviewing medical

records of client-owned dogs and cats which underwent MRI brain scans

for unrelated reasons between 2011 and 2021. We comprised studies with

various magnetic field strengths (1 Tesla/3 Tesla). Out of 2500 brain scans,

three hundred thirty-five patients (293 dogs, 42 cats) presented with absent

intracranial pathology and physiological CSF analysis and were included.

Procedure: The ventral forebrain of the included animals was assessed

for bi- or unilateral CSF-isointense foci in the transverse plane. Statistical

correlations were evaluated between dilated VRS presence, field strength,

age, gender, weight, and cranium conformation. Additionally, a post-mortem

histopathologic analysis of one dog and one cat showing dilated VRS on

MRI was performed to confirm perforating arteries in the gray matter of the

ventral forebrain.

Results: 57% of patients presented dilated VRS (N = 191: 170 dogs,

21 cats). 43% did not display dilated VRS (control group; N = 144:

123 dogs, 21 cats). A significant relation between increased magnetic

field strength and detection of dilated VRS was observed in dogs; there

was a 2.4 increase (p = 0.0001) in detection using 3 Tesla vs. 1 Tesla.

There was a 2.4-fold increase in dilated VRS occurrence in male dogs

compared to female dogs. Detection also increased with the rise of body

weight. We detected no statistically significant di�erence between dilated

VRS and the control group in age, species or cranium conformation.
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Conclusion andClinical Relevance: Dilated VRS can be seenwithin the ventral

forebrain at the level of the rostral commissure on transverse MR images as

symmetrical or unilateral, dot-like, CSF-isointense areas. Understanding their

signal intensity features and localization prevents misinterpretation and helps

di�erentiate them from various pathological conditions.

KEYWORDS

(dilated) Virchow-Robin-Space, dog, cat, brain, MRI, CSF, perivascular

Introduction

Canine and felinemagnetic resonance imaging of the brain is

an invaluable, non-invasive diagnostic tool and is considered the

gold standard for intraparenchymal changes with a soft tissue

contrast superior to computed tomography (1). It allows for

the in vivo assessment of brain structure, function, maturation

and ageing (2, 3). Many intracranial diseases frequently occur

in cats and dogs; however, differentiation of subclinical brain

lesions from clinically significant ones remains challenging.

Neuroanatomical species and breed-associated variations in

small animals complicate this further (4). The appearance of

perivascular spaces separating blood vessels from the brain

parenchyma was first described in detail by the German

physician Rudolf Ludwig Carl Virchow in 1851 and confirmed

by the French anatomist Charles-Philippe Robin in 1859 (5, 6).

They are since known under the eponym Virchow-Robin-Space

(VRS). VRS are typically microscopic pial-lined extensions

of the subarachnoid space surrounding vessels entering the

brain parenchyma (7) see Figure 1. The relevance of these

dilated perivascular spaces is not fully understood yet and

presents a current field of research. Some authors define them

as the lymphatic drainage system of the brain by clearance

of the cerebral interstitial fluid derived from blood vessels

and grey matter (8). Newer studies describe VRS as part of

the glymphatic system, a metabolic waste elimination mainly

activated during sleep across all species (9, 10). Several human

clinical studies describe expansions of perivascular VRS (10).

Widening of VRS often occurs around penetrating arteries

and can be seen on transverse MRI slices in all age groups,

even in young subjects (7, 10). Their MRI signal intensity is

described as isointense to CSF (11). Many studies state they

may be physiological and occur independently without an

apparent underlying cause (12–19). On the other hand, they

are suggested to be associated with the ageing brain (10, 20),

present the overture to hypertension (6, 21, 22), white matter

hyperintensities (23, 24), small vessel disease (21, 22, 25–29),

deposition disorders (e.g., mucopolysaccharidosis) (10, 30), or

lacunar infarctions (16, 31, 32).

In a recent review of human medical literature, dilation

< 2mm diameter in the short axis within the basal ganglia,

convexity white matter and centrum semiovale and at

the mesencephalon were reported as normal findings (33).

Significant dilation of the VRS > 3mm is in humans associated

with neurological diseases such as Parkinsonism (34, 35),

Alzheimer’s disease (2, 8, 36) Multiple Sclerosis, Arteriosclerosis,

cerebral amyloid angiopathy (CAA) or small vessel disease (36–

39). It is believed, that perivascular enlargement occurs due to

impaired metabolic waste that is normally driven by cerebral

artery pulsatility. Given the impact of further case management,

it is crucial to differentiate dilated VRS from other focal T2

hyperintensities. A judgment on whether dilated VRS in an

individual patient is a normal variant or part of a disease

process, such as impaired perivascular drainage or perivascular

inflammation, can be made by considering the clinical context,

the adjacent tissue’s appearance on MRI and CSF abnormalities

(40). In humans, recognized locations of enlarged perivascular

spaces are among others described to be at the inferior basal

ganglia (41) or at the proximal part of the lenticulostriate artery,

a branch of the middle cerebral artery (31). Furthermore, they

are reported to be frequently seen at the level of the rostral

commissure (42) (equivalent to the anterior commissure in

human medical terminology).

We observed similar small CSF-isointense foci on either

side of the rostral commissure in the ventral forebrain of

many dog and cat brains within a wide age range. Even

though dilated VRS are considerably often reported in humans

and laboratory rodents (12–14, 18), to our knowledge, their

occurrence and MRI attributes in dogs and cats have not

been described other than a single canine report (43). Given

the controversies described in the literature, we conducted a

retro- and prospective study investigating the significance and

MRI morphology of dilated VRS in dog and cat brains. The

study aimed to determine the occurrence of dilated perivascular

spaces within the ventral forebrain of otherwise structurally

normal dog and cat brains. We hypothesized that the CSF-

isointense foci within this area present common physiologic

variants in the form of dilated Virchow-Robin-Spaces. Secondly,

we hypothesized that their occurrence would be similar between

dogs and cats and easier to detect using a higher magnetic field

strength (3 Tesla vs. 1 Tesla). We believe an understanding

and knowledge of their occurrence will help determine whether

Frontiers in Veterinary Science 02 frontiersin.org

https://doi.org/10.3389/fvets.2022.1002836
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Fischer et al. 10.3389/fvets.2022.1002836

FIGURE 1

Schematic representation of the neurovascular unit: Virchow-Robin spaces encompassing perforating arteries are filled with CSF as they

communicate directly with the subarachnoid space (light blue). VRS (red arrow) are enveloped in two leptomeningeal membranes (yellow), the

inner leptomeningeal cell layer facing the arterial wall and the outer membrane, contiguous with the pia mater, facing perivascular astrocytic

endfeet (green).

the presence of these findings should raise the neurologist’s or

reporting radiologist’s concern.

Materials and methods

Animals

In this single-centre, descriptive, retro- and prospective

observational study, medical records of canine and feline

patients that underwent a brain MRI scan performed between

November 2011 and November 2021 were reviewed and

considered for inclusion. MRI scans were performed for varying

purposes unrelated to this study. Clients provided informed

consent to use patient data and institutional animal care at

hospital admission. The use of ethics committee approval

was not necessary. Patients were eligible for inclusion when

a complete MRI examination of the brain was performed,

including at a minimum: T2-weighted (T2-W) sagittal, dorsal

and transverse plane, transverse fluid-attenuated inversion

recovery (FLAIR), transverse susceptibility-weighted-image

(SWI) (3 Tesla) or T2∗ (1 Tesla) and T1-weighted (T1-W)

pre-contrast sequences. T1-W post-contrast sequences were

included, if available. Dogs and cats had to be diagnosed

with structurally normal brains, and CSF analysis, performed

within 24 h of the MRI study, had to be physiological. For each

CSF sample, total nucleated cell count (TNCC), total protein

(TP) and cytological evaluation were recorded. Physiological

CSF values were considered with a TNCC ≤5 cells/µl and

TP ≤0.3 g/L. For definition of CSF blood contamination, a

Frontiers in Veterinary Science 03 frontiersin.org

https://doi.org/10.3389/fvets.2022.1002836
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Fischer et al. 10.3389/fvets.2022.1002836

500 RBCs/µl cut-off value was used and such samples were

excluded from the study (44). Animals were excluded if MRI

sequences were incomplete, were of low diagnostic quality,

displayed intracranial pathologies such as brain atrophy,

anomalies, vascular, infectious, degenerative, neoplastic,

traumatic or metabolic changes or if CSF abnormalities

were detected. Dogs and cats were consecutively enrolled,

provided they met no exclusion criteria. Out of more than

2,500 reviewed brain MRI scans, 335 client-owned animals

(293 dogs and 42 cats) were enrolled. Patients were of

various breeds, including dolichocephalic, mesocephalic and

brachycephalic cranium conformations and various weight

classes (<10, 10–30, >30 kg). Enrolment decisions were

made by consensus of three study investigators a radiology

resident, a board-certified radiologist, and a board-certified

neurologist. If dogs met inclusion criteria more than once,

only data from the initial examination was used. Patient data

collected from the medical records contained signalment,

including clinical history, presenting complaints, age at which

MRI study was conducted, weight, cranium morphology

and CSF analysis results. At initial presentation, all patients

were examined and their neurological status recorded by a

board-certified veterinary neurologist or veterinary neurology

resident-in-training under supervision. The reason for

the performed MRI study included one or more of the

following symptoms: epileptic seizure, peripheral vestibular

syndrome, facial nerve paralysis or blindness. Subsequent to

physiological brain MRI scans and normal CSF results, the final

clinical diagnosis was other than structural or inflammatory

intracranial disease (i.e., primary epilepsy, idiopathic facial

nerve paralysis, idiopathic vestibular syndrome, otitis media

or sudden acquired retinal degeneration). In some animals,

clinically showing behavioural changes such as compulsive

disorders or aggression, a definitive diagnosis could not

be achieved.

MRI scan

Our hospital’s diagnostic imaging department acquired all

MRI scans. Scans obtained between 2011 and 2016 were

acquired with a 1 Tesla field strength magnet (Philips Gyroscan

Intera). From 2016 to 2021, studies were performed with

a 3 Tesla scanner (MAGNETOM Verio 3 Tesla, Siemens

Healthcare GmbH). Images were obtained using a loop coil

for < 5kg patients and a medium flex coil for medium and

large patients. A standard clinical conventional MRI protocol

was conducted. The protocol included at least the following

sequences: T2-W dorsal, transverse and sagittal views, transverse

FLAIR, transverse SWI (3 Tesla) or T2∗ (1 Tesla), dorsal

Diffusion-weighted, as well as a T1-W 3D sequence pre and

post IV administration of a gadolinium-chelated contrast agent

(Omniscan R©). Depending clinical indication and included

neuroanatomical localisations, MRI acquisition time ranged

from 30 to 60min. 1 Tesla images were acquired using the

following sequence parameters: T2-W: sequence type 2D; field

of view range 18–22 cm; acquisition matrix range 288 × 196 –

352 × 294; slice thickness 3.0–4.0mm; TR (time of repetition)

4,000–5,500ms; TE (time of echo) 85–100ms; flip angle 90;

number of averages 3–6. FLAIR: sequence type 2D; field of

view range 17–21 cm; acquisition matrix range 288 × 212–

336 × 202; slice thickness 3.0–4.0mm; TR 7,000–8,000ms; TE

100–120ms; TI (time of inversion) 2,000–2,400; flip angle 90;

number of averages 2–4. T1-W: sequence type 3D; field of

view range 14–21 cm; acquisition matrix range 240 × 214–

416 × 358; slice thickness 2.0–3.0mm; TR 300–500ms; TE 7–

16ms; flip angle 30–90; number of averages 3. DIFF: sequence

type 2D; field of view range 13–15 cm; acquisition matrix

range 122 × 71–288 × 212; slice thickness 5.0mm; TR 2,300–

2,500ms; TE 130–150ms; flip angle 90; number of averages

3. T2∗-W: sequence type 2D; field of view range 15–18 cm;

acquisition matrix range 256 × 192–256 × 256; slice thickness

3.0–4.0mm; TR 800–1,200ms; TE 20–25ms; flip angle 20;

number of averages 1. 3 Tesla images were acquired using

the following sequence parameters: T2-W: sequence type 2D;

field of view range 9–14 cm; acquisition matrix range 256 ×

192–320 × 240; slice thickness 3.0mm; TR 4,000–5,500ms; TE

75–120ms; flip angle 90–130; number of averages 4. FLAIR:

sequence type 2D; field of view range 12–18 cm; acquisition

matrix range 256 × 179–256 × 192; slice thickness 3.0mm;

TR 300–600ms; TE 3–9ms; TI 2,000–2,200; flip angle 150;

number of averages 2. T1-W: sequence type 3D; field of view

range 12 16 cm; acquisition matrix range 128 × 118–256 × 256;

slice thickness 1.2mm; TR 300–600ms; TE 9–9ms; flip angle

150; number of averages 2. DIFF: sequence type 2D; field of

view range 12–16 cm; acquisition matrix range 120 × 76–120

× 120; slice thickness 3.0mm; TR 4,000–4,100ms; TE 64ms;

flip angle 180; number of averages 1–3. SWI: sequence type

3D; field of view range 19–22 cm; acquisition matrix 269 ×

384; slice thickness 1.2mm; TR 28ms; TE 20ms; flip angle

15; number of averages 1. All patients were anaesthetized.

Anaesthetic protocols were individually tailored to the patient by

the attending anaesthetist. Following endotracheal intubation,

anaesthesia was maintained with isoflurane (1–3 Vol% CP

Pharma, GmbH Germany), oxygen and room air. During

anaesthesia, the parameters monitored included heart rate,

oxygen saturation, and end-tidal carbon dioxide. Patients were

in standardized dorsal recumbency with flexed front limbs

fixated over the thorax.

Image review

MRI images were retrieved from the PACS (Picture

Archiving Communication System) and reviewed by the first
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author (ECVDI resident) under the supervision of a board-

certified radiologist and neurologist to reach a consensus.

Observers were blinded to medical record findings during

MRI image evaluation. Magnetic resonance images were

viewed using an open-source imaging viewer (HorosTM, The

Horos project, Purvis, Annapolis, Maryland, USA). Images

were reviewed in all available sequences and evaluated for

bilateral symmetrical or unilateral well-delineated, focal,

CSF-isointense (T2-W hyper-, FLAIR and T1-W hypointense)

areas in a predefined region of interest. The region of

interest was at either side of the rostral commissure within

the ventral forebrain’s grey matter, presenting the territory

of the lenticulostriate artery, which enters via the rostral

perforated substance ventrally. The presence of dilated VRS

within the ROI was best identified in T2-W transverse planes,

where dilated VRS had a dot-like, non-continuous shape, see

Figure 2. In dorsal and sagittal planes, they were identified

as fine, linear rostroventral and lateral coursing structures

continuous across multiple consecutive slices, see Figure 3.

The presence or absence of dilated VRS within the predefined

region was recorded. If present, their distribution (bilateral

or unilateral) within each cerebral hemisphere was further

recorded. Signal intensity was subjectively reported (strong or

faint). Furthermore, T1-W pre-and post-contrast images were

reviewed for contrast enhancement of the dilated VRS. SWI (3

Tesla) and T2∗ (1 Tesla) sequences were reviewed, if available,

to rule out microbleeds and Diffusion-weighted images to

rule out restricted diffusion within the region of interest.

Representative T2-W transverse plane images exemplifying

the presence of dilated VRS (including bilateral symmetric

strong and faint signal intensity and unilateral distribution),

and dilated VRS absence (control group) are shown in

Figure 2. Representative dorsal plane T1-W slices showing

the continuous linear CSF-isointense coursing of the dilated

VRS, as well as an exemplary diffusion-weighted apparent

diffusion coefficient (ADC) map (Supplementary Figure 1),

can be found online in the Supplementary material of

this article.

Histopathological analysis

Post mortem histopathologic analysis of one dog and one

cat of the VRS group, displaying unilateral T2 hyper-intensity

on MRI, euthanized for reasons unrelated to this study were

performed. The brains were harvested within 24 h following

euthanasia and stored in 10% neutral buffered formalin for at

least 10 days. The fixed neurological tissue was trimmed in 4mm

slices within the predefined region of interest and embedded in

paraffin. Blocks were sectioned in histopathological slices using

a microtome and stained with Factor VIII, GFAP (glial fibrillary

acidic protein), Iba.1 (ionized calcium-binding adapter molecule

1 antibody) and Luxol-Kresyl. A board-certified veterinary

pathologist confirmed the normal status of the tissue, the

presence of ventrally perforating arteries within the ventral

FIGURE 3

T1-W (3 Tesla) multiplanar reconstruction of a dog with bilateral

CSF-isointense foci in the ventral forebrain (red arrows)

presenting dilated VRS. Note a relatively round appearance

when scanned perpendicular to the imaging plane in the

transverse view (A); (B) corresponding T1-W dorsal plane,

demonstrating their linear presence when running along the

imaging plane. (C) corresponding parasagittal image.

FIGURE 2

T2-W (3 Tesla) transverse plane images of various dog brains at the level of the rostral commissure (green arrowheads) presenting: (A) bilaterally

symmetrical, strong focal T2 hyperintensities (yellow arrows) within the ventral forebrain; (B) bilaterally symmetrical, faint focal T2

hyperintensities (yellow arrows) within the ventral forebrain; (C) unilateral right-sided, strong focal T2 hyperintensity (yellow arrow) within the

ventral forebrain; (D) control group without CSF-isointense foci in the ventral forebrain at either side of the rostral commissure.
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FIGURE 4

(A) T2-weighted transverse MR image of a patient showing

left-sided, unilateral dilated VRS on 3 Tesla MRI. Note the

highlighted region (blue circle) within the grey matter of the

ventral forebrain, the territory of the lenticulostriate arterioles.

Corresponding macroscopic (B) and microscopic (C, D)

appearance of the same area of interest in Iba.1 (C) GFAP (D)

stain; note the regular round border of the dilated perivascular

spaces enclosing the perforating artery in the centre and the

surrounding gliotic nervous tissue.

forebrain and astroglial cells surrounding these perforating

vessels in GFAP and Iba.1 stain, see Figure 4.

Statistical analysis

Statistical analysis was performed by the head of the

biomathematics and data processing department using

commercial software (SAS R© Institute Inc., 2013. Base

SAS R© 9.4 Procedures Guide: Statistical Procedures, 2nd

edition ed. Statistical Analysis System Institute Inc., Cary,

NC, USA). A chi-square test of independence and Fisher’s

exact test were performed on categorical variables to

determine significant relationships between each variable.

Categorial variables included the appearance of the finding

and magnetic field strength (1 Tesla vs. 3 Tesla). Logistic

regression analyses were performed to quantify the strength

of association between the presence or absence of the

finding within the investigated species (dog vs. cat), age

when undergoing MRI examination, sex, weight group

(<10, 10–30, >30 kg). A chi-square test was also used to

test for any significant difference when comparing cranium

morphology between groups (brachycephalic, dolichocephalic,

mesocephalic). Unadjusted P-values <0.05 were considered

statistically significant.

Results

A total of three hundred thirty-five (335) animals were

eligible for enrolment based on the inclusion criteria. The study

population consisted of 293 dogs and 42 cats, of which 35

brachycephalic animals were included (34 dogs, one cat). 57%

(N = 191) of the animals were included in the dilated VRS

group (170 dogs, 21 cats). 43% (N = 144) of the dogs and cats

displayed no dilated VRS and formed the control (123 dogs, 21

cats), see Table 1. At the time ofMRI examination, animals of the

dilated VRS group had amean age of 5 years (dogs 3 months−15

years; cats 6 months−15 years). Dogs and cats of the control

group had a mean age of 5, 6 years (dogs 5 months−15 years;

cats 6 months−16 years). When both groups’ ages and species

were compared, no statistical significance was detected between

the dilated VRS group and the control group. Age distribution

was nearly normal in dogs and normally distributed in cats.

There was no statistically significant difference between the

occurrence of dilated VRS and species. There was a statistically

significant difference between field strength and dilated VRS

detection within the canine patient pool. 69.11% of the dilated

VRS group underwent 3 Tesla MRI scans, whereas only 48.25%

of the control group animals were examined using 3 Tesla MRI.

Dilated VRS were 2.4 times more conspicuous with 3 Tesla

acquired sequences compared to 1 Tesla acquired sequences (p

= 0.0001), see Figure 5. There was no statistical difference in

the occurrence of dilated VRS and field strength in cats. There

was a statistically significant correlation between sex and dilated

VRS occurrence; 68.59% of dilated VRS animals were male (p

= 0.0007). Within the entire patient pool, there was a 2.5 fold

increase (OR) of male patients presenting with dilated VRS.

In the group of dogs showing dilated VRS, 69.82% were male

(2.43 OR). There was no statistically significant difference in

dilated VRS detection in male entire vs. male neutered canine

patients. The patient weight distribution was nearly normal

in dogs and was normally distributed in cats. Cats did not

confirm a statistical difference in the occurrence of dilated

VRS and sex. A significant difference in weight between dogs

showing dilated VRS and dogs of the control group was noted.

Detection of dilated VRS in dogs weighing 10–30 kg was 2.5 fold

increased compared to animals weighing <10 kg (p = 0.0014),

and there was a 3.0-fold increase (p = 0.0091) of dilated VRS

in dogs weighing >30 kg compared to animals with a weight

of <10 kg. A significant difference in detection between weight

class 2 (10–30 kg) and weight class 3 (>30 kg) was not detected.

Statistical difference in the occurrence of dilated VRS and

weight was not confirmed in cats. Furthermore, no difference

was noted when comparing the weight of cats and small dogs

(>10 kg) with dilated VRS. There was no statistical association

between cranium conformation and dilated VRS occurrence

between both groups dogs p = 0.1704, cats p > 0.05). However,

brachycephalic dogs were underrepresented in both groups.
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TABLE 1 Demonstrating the distribution of patient criteria subdivided into both study groups (dilated VRS and control group).

335 patients (293 dogs, 42 cats)

Dilated VRS group Control group

Species Dogs Cats Both Dogs Cats Both

170 21 191 123 21 144

Field Strength

1 Tesla N= 133 52 7 59 64 10 74

3 Tesla N= 202 118 114 132 59 11 70

Weight class

<10 kg 29 13 42 45 11 56

10–30 kg 97 1 98 61 0 61

>30 kg 49 0 49 27 0 27

Sex

Male 118 13 131 (43,5% neutered) 60 12 72 (50% neutered)

Female 52 8 60 (65% neutered) 63 9 72 (63,8% neutered)

Age MRI performed 5 years 5.6 years

Craniummorphology

Dolicho-/mesocephalic 156 20 176 101 21 122

Brachycephalic 14 1 15 20 0 20

Due to the smaller feline sample size, an exact Pearson Chi-

square test further confirmed no statistical association between

cranium conformation and dilated VRS occurrence (p > 0.05).

In 16 patients (8%) with dilated VRS and 13 patients (9%)

of the control group a final diagnosis could not be reached,

those patients showed clinically behavioural changes such as

compulsive disorders or aggression.

Discussion

Based on our literature review, the present investigation

is the first to assess dilated VRS occurrence within a large

sample size of dogs and cats as a normal finding. In line

with human studies (7, 8, 12–15, 17–19) the results support

our hypothesis that these CSF-isointense foci at either side

of the rostral commissure, best seen on transverse plane T2-

W MR images, represent common normal imaging findings.

Histopathologic examinations confirmed our first hypothesis,

as penetrating arteries (lenticulostriate arteries, branching off

the middle cerebral artery) are seen bilaterally within the

ventral forebrain. The present work’s strengths include using a

relatively large, heterogeneous study population, including 335

patients of two different species and various breeds, a wide age

range, and the inclusion of different magnetic field strengths.

The stability of the characteristic MRI features combined

with the post-mortem histopathology results increased our

diagnostic confidence that the described foci demonstrate cross-

sections of dilated Virchow-Robin-Spaces, equivalent to human

neuroimaging findings. A judgement on whether a dilated

VRS in an individual patient is a normal variant or part of

a disease process can be made by considering the adjacent

tissue’s appearance on MRI and the clinical context (40). None

of our patients displayed any adjacent tissue abnormalities,

such as diffuse T2 and FLAIR hyperintensities surrounding the

described dilated VRS.

In human geriatric medicine, enlarged perivascular spaces

are associated with progressive degenerative brain diseases

such as Parkinsonism (34, 35), Alzheimer’s (2, 8, 36), Multiple

Sclerosis, Arteriosclerosis, cerebral amyloid angiopathy (CAA)

or small vessel disease (36–39). However, we did not find any

statistical association with patient age in the current study. Due

to the wide age distribution of included animals, a congenital

aetiology is supported by the dilated VRS in a dog as young

as 3 months and a cat as young as 6 months. Given the

occurrence within all age groups and breeds, dilated VRS could

also reflect changes occurring at varying stages of development

or genetic variability. As brains age and the brain parenchyma

atrophies, dilated VRS can become more apparent (22, 26, 36,

45), potentially playing a role in our geriatric dilated VRS group

patients. However, the eldest patient in the study group, a 16-

year-old dog, displayed no dilated VRS. Furthermore, animals

with objectively significant brain atrophy were excluded from

the study. Future studies investigating an increased prevalence

of dilated VRS in dogs and cats diagnosed with brain atrophy

would be interesting. Analysing an association between dilated

VRS occurrence and loss of cognitive function of the included

animals, as described in human dementia patients (45) was
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FIGURE 5

Transverse plane MR images of various dog (A–D) and cat (E–H) brains at the level of the rostral commissure with bilateral dilated VRS (yellow

arrowheads). T2-W (A,C,E,G) and corresponding FLAIR (B,D,F,H) sequences are shown. The top line (A,B,E,F) demonstrates sequences acquired

with a 3 Tesla scanner and the bottom line (C,D,G,H) presents 1 Tesla studies. Note the hypointense signal intensity in FLAIR, confirming

CSF-isointensity. Due to the decreased image resolution of the 1 Tesla FLAIR studies, the CSF-isointense foci cannot be detected (D,H).

beyond the scope of the present study. Moreover, cognitive

dysfunction is difficult to evaluate in pets and plays a minor role

compared to humans.

It is essential to notice a specific limit in MRI resolution

of subtle brain structures (40) such as dilated VRS; therefore,

we evaluated the ability to detect them by comparing different

magnetic field strengths. Based on our statistical analysis, the

CSF-isointense foci were 2.4 times more likely to be detected in

animals examined with higher magnetic field strength (3 Tesla

vs. 1 Tesla). This is not surprising as image resolution and signal-

to-noise ratio increase with magnetic field strength incline,

enabling excellent detail detection (46, 47); for comparison,

see Figure 3. We furthermore noticed a less evident FLAIR

hypointense signal intensity of the described dilated VRS in

1 Tesla acquired FLAIR images compared to 3 Tesla FLAIR

sequences, see Figure 5. A recent human medicine study offers

detailed 3D visualisation of perivascular spaces using 7 Tesla

(47). Our study also provides evidence that dilated VRS are

visible with 1 Tesla systems in dogs and cats; however, 1 Tesla

scanners are less sensitive than those using higher magnetic

field strengths (48). Comparing dilated VRS detection of one

patient examined in both included magnetic field strengths

would have enriched our study but was impossible due to the

retrospective study design. Furthermore, it would be interesting

to examine dilated VRS occurrence and detectability in low-field

MRI studies, given that they are still broadly used in veterinary

medicine. If dilated VRS are large enough, we postulate they

might be seen at least in the 3D sequences obtained with

those scanners.

We found no statistically significant disparity in signal

occurrence within our mixed-species population. Reports of

human medicine, studies of laboratory rodents (12–15, 18), and

previous canine reports (2, 43) equally support the interspecies

occurrence of dilated VRS. We believe the occasional unilateral

occurrence, faint signal intensity or absence of the examined

dilated VRS in the T2-weighed transverse MR images can

be explained by a relatively large slice thickness of 2–4mm

regarding the small short-axis diameter of the examined

structures. Alternatively, they present a normal variant of the

respective patient. Especially in small patients, relatively large

slice thicknesses or mild oblique angulation during image

acquisition could have precluded our ability to detect dilated

VRS within the ventral forebrain.

The weight class played a significant role in the signal

presence statistically; there was a 2.5-fold increase in dilated VRS

occurrence within weight class 2 (10–30 kg) and a three-fold

increase in weight class 3 (>30 kg). In cats, we did not confirm

this finding, likely due to the homogenous weight distribution

of this species (99% <10 kg). There was also no statistically

significant difference in dilated VRS occurrence comparing cats

with small dogs weighing <10 kg. As voxel size is adjusted

based on the patient head size (small patients: pixel spacing

0.2 × 0.2mm, medium patients: pixel spacing 0.31 × 0.31mm,

large patients: pixel spacing 0.43 × 0.43mm), we believe that

the higher dilated VRS incidence with increased patient weight

could be proportional to dilated VRS diameter. However, this

is an assumption; the impact of weight needs to be interpreted

with caution.

Comparable to results from human studies (22, 36, 45),

we found a statistically significant increased occurrence of

dilated VRS in male dogs, independent of neuter status. This

finding remains unexplained in humans as well as in veterinary
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medicine. There was no significant association in feline gender,

likely due to the smaller sample size of included cats. Care should

be taken not to confuse our findings with white matter or small

vessel disease, which prompt careful screening for risk factors

of stroke and dementia in humans (24). White matter lesions

are present if hyperintense on T2-W, FLAIR, and proton density

images, without prominent hypointensity on T1-W images (24).

In this study, we are not referring to white matter lesions, as

our described T2-W hyperintensities present hypointense in

FLAIR sequences and occur in the gray matter of the ventral

forebrain rather than white matter areas. Moreover, cerebral

white matter lesions often occur in cortical regions (6, 47)

rather than subcortical grey matter of the ventral forebrain, as

described in our study.

When comparing post-mortem gross or histopathology

samples with MRI images, changes resulting from fixation,

like shrinkage, must be considered (25). After cutting 1-2 cm

transverse sections, only taking macroscopically interesting

regions, the correct slice corresponding to the transverse MRI

image could have been missed. Nevertheless, lacunar strokes

in human medicine are often found within the territory of

the lenticulostriate arteries and usually present perivascular

edema and thickening, inflammation and disintegration of

the arteriolar wall (49); such changes were not found in

the histopathological analysis of our two included patients.

Furthermore, a previous MRI study claims lacunar infarcts

appear rather wedge-shaped in humans (31). Likewise, they

are triangular in dogs and cats (50) rather than uniformly

round as the dilated VRS we describe. Subsequent studies

evaluating an association of dilated VRS detection in brains with

concurrent brain disease (e.g., neoplasia, inflammatory changes,

haemorrhage) are required to expand our findings and improve

the overall diagnostic yield.

Interestingly, the results of this study did not support

any significant correlation between cranium conformation and

dilated VRS occurrence. However, within the study group,

brachycephalic breeds were too underrepresented compared

to dolichocephalic and mesocephalic breeds to conclude this

precisely. We had a moderate selection bias for animals with

epileptic seizures, as these are patients most likely presenting

for MRI evaluation of the brain. Primary epilepsy is defined

by structurally normal brain parenchyma and physiologic CSF

analysis (51); therefore, epileptic dogs and cats meeting these

criteria were not excluded from the study.

Inherent to the retrospective nature of the data analysis, the

main limitation of this study is the lack of histopathological

examination for the majority of the included animals. Definitive

microscopic confirmation remains challenging given that the

data analysis was obtained in client-owned animals with

normal brains and mainly medically treatable conditions,

such as primary idiopathic epilepsy. Furthermore, due to our

heterogenous study population, we did not investigate the cut-

off measurement of the dilated VRS short-axis diameter, similar

to human medicine studies (33), although the authors of a

human study claim the size of dilated VRS to be the most crucial

factor for discrimination from lacunar infarctions; reporting

a sensitivity of 86% and specificity of 91% if Virchow-Robin

spaces are no larger than 2 × 2mm (31). Future elucidations

potentially obtaining veterinary thresholds in homogenous

study populations are warranted. A further weakness of the

present study is the limited number of examined cofactors such

as hypertension, (inflammatory) blood parameters, cerebral

amyloid angiopathy, or use of medications known to affect the

cardiovascular system and cerebral perfusion (e.g., sedatives,

furosemide, pimobendane, propentofylline or corticosteroids).

Including these parameters would have enriched our study

and shed light on the relationship between cerebral and

systemic conditions and the occurrence of significantly enlarged

VRS. However, we did exclude patients with CSF changes in

an attempt to account for that. Besides, a previous human

medicine study found only a weak association between the

rise of inflammatory markers (increased CRP, IL-6) and visible

perivascular spaces (48).

In conclusion, this study represents the first step in

veterinary medicine investigating dilated perivascular Virchow-

Robin-Spaces as CSF-isointense, dot-like hyperintensities in the

transverse plane of the ventral forebrain in a large sample of

dogs and cats. Our results emphasize improved dilated VRS

detection using 3 Tesla vs. 1 Tesla and overrepresentation in

male dogs. No significant differences in dilated VRS occurrence

between species (dogs and cats), age and cranium conformation

were detected. Due to the high prevalence of dilated VRS

found in our study (57%), we believe they may be incidental

findings in dogs and cats. Care should be taken not to

misinterpret these CSF-isointense foci as pathological findings

when discovered in the grey matter at either side of the

rostral commissure.
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SUPPLEMENTARY FIGURE 1

(A,C) Transverse plane T2-W image of a canine brain with bilateral

CSF-isointense foci in the ventral forebrain at the level of the rostral

commissure. (B,D) corresponding dorsal plane Di�usion-Weighted ADC

map showing no sign of restricted di�usion at the same location,

indicated by the crosshairs.

SUPPLEMENTARY VIDEO

Representative dorsal plane T1-W slices showing the continuous linear

CSF-isointense coursing of the dilated Virchow-Robin-Spaces (VRS).
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