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Abstract
Background  To evaluate the effectiveness of 5-Tesla (T) magnetic resonance imaging (MRI) in the visualization of 
perivascular spaces (PVS).

Method  A total of seventeen subjects underwent three-dimensional (3D) T1- and T2-weighted imaging on both 
3-T and 5-T MRI systems. Twelve of these subjects underwent quantitative analysis of PVS in the semioval center 
(SOC) and basal ganglia (BG), with comparisons made between the two systems using paired-sample Wilcoxon tests. 
Additionally, high-resolution 5-T images were acquired for five other participants to examine the detailed anatomy of 
PVS in the SOC, BG, and cerebral cortex.

Results  Compared with 3-T MRI, 5-T MRI detected more PVS in the SOC and BG [39.5 (32.0–63.0) vs. 56.5 (44.0–75.5) 
and 49.5 (27.0–55.8) vs. 65.5 (53.0–72.0)] with p-values of 0.002 and 0.004, respectively. In these two regions, the PVS 
tortuosity, defined as the ratio of the actual path length to the straight-line distance between the start and end points 
of the PVS, was lower at 3-T compared to 5-T (p = 0.012 for the SOC and p = 0.006 for the BG). The length of PVS in the 
SOC on 5-T was longer than those on 3-T [4.6 mm (3.9–6.3 mm) vs. 5.1 mm (4.6–6.7 mm), p = 0.049]. In addition, the 
5-T MRI provided enhanced visualization of the morphology of PVS in vivo, and improved the depiction of PVS across 
various brain regions, especially in the cortex, illustrating their course and associated small vessels.

Conclusions  5-T MRI notably enhanced the visualization of PVS compared to 3-T, particularly in its ability to depict 
PVS anatomy in the cortex using high-resolution images. This advancement may pave the way for further research 
into the physiological roles of PVS and their involvement in related diseases.
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Introduction
Perivascular spaces (PVS), also termed Virchow–Robin 
spaces, are interstitial fluid-filled cavities [1, 2] predomi-
nantly located in specific brain regions such as the basal 
ganglia (BG), the semioval center (SOC), the hippocam-
pus, the midbrain, and the pons [3]. Among these, PVS 
in the BG and SOC have drawn increasing attention due 
to their associations with distinct diseases. For instance, 
PVS in the BG are often linked to cardiovascular diseases 
and risks [3, 4], whereas PVS in the SOC are associated 
with cerebral amyloid angiopathy (CAA) and Alzheimer’s 
disease [5, 6]. These differences may reflect regional ana-
tomical variations in PVS [6], yet the underlying patho-
physiological mechanisms remain poorly understood.

A major obstacle to understanding PVS is their small 
size, which limits clear in vivo visualization [7–9]. Nor-
mal PVS are typically 0.13–0.96  mm in diameter, with 
most being smaller than 0.5  mm [10]. On conventional 
1.5-T MRI, PVS visibility is often restricted to dilated 
structures (> 2 mm) [11]. The advent of 3-T MRI has sig-
nificantly improved the visualization of both normal and 
dilated PVS, while 7-T MRI has further advanced this 
capability. With its higher signal-to-noise ratio (SNR) 
(more than double that achievable with a 3-T MRI sys-
tem) and increased spatial resolution, 7-T MRI enables 
the detection of smaller PVS (< 1  mm) and facilitates 
more detailed anatomical studies [12]. Despite these 
advancements, challenges remain. Previous studies 
using 7-T MRI have described the morphology of PVS 
in various brain regions, but capturing cortical PVS in 
vivo remains difficult [7, 9, 13] due to their small size 
and insufficient spatial resolution [9]. As far as we know, 
detailed PVS images have not been obtained even at 7-T. 
Autopsy studies and ex vivo 7-T MRI have confirmed the 
presence of cortical PVS [8, 13]; however, this method 
lacks physiological relevance, as they do not reflect in 
vivo conditions.

The development of 5-T MRI systems offers a new ave-
nue for studying small brain arteries, providing a balance 
between ultra-high-field imaging capabilities and clinical 
feasibility [14]. However, the gains in PVS visualization 
afforded by 5-T MRI remain largely unexplored. Given 
the clinical significance of PVS in the BG and SOC and 
the challenges associated with cortical PVS visualiza-
tion, further investigation into the potential of 5-T MRI 
is warranted.

To address these gaps, this study employed a two-tiered 
approach. First, we assessed the clinical feasibility of 5-T 
MRI by comparing its performance to the widely used 
3-T MRI under clinically acceptable scanning conditions. 
Second, we leveraged the high-resolution capabilities of 
5-T MRI to explore the detailed anatomical structures of 
PVS and their surroundings.

Materials and methods
Study design
Study participants
This prospective study was approved by the institutional 
review board of Zhongshan Hospital, Fudan University, 
Shanghai, China (no. B2024-016R). Written informed 
consent was obtained from all participants. Seventeen 
healthy volunteers were recruited for the study. Based on 
their preferences, 12 participants consented to undergo 
clinical routine scanning using both 3-T and 5-T MRI 
sequences, while 5 participants agreed to the longer-
duration, high-resolution 5-T MRI scanning.

The inclusion criteria were [15]: (a) no medical history 
of psychiatric disorder, cognitive impairment, or central 
neural system disease; and (b) normal in physical exami-
nation of the central nervous system. The exclusion crite-
ria included images with artifacts (e.g., motion artifacts, 
magnetic susceptibility artifacts, and dielectric effects). 
Real-time motion monitoring was employed during 5-T 
acquisitions to minimize motion artifacts. Addition-
ally, participants were positioned comfortably, and foam 
padding was placed between the head and coil to fur-
ther reduce movement and enhance scan stability. To 
mitigate the risk of dielectric artifacts, a 2-Transmit and 
48-Receive head coil was used, optimizing signal recep-
tion and reducing potential interference.

MR Acquisitions
MRI data were collected on two scanners: (a) a 5-T MRI 
scanner (uMR Jupiter, United Imaging Healthcare) with a 
48-channel transmit-receive head coil; and (b) a 3-T MRI 
scanner (uMR 880, United Imaging Healthcare) with a 
64-channel receive-only head coil.

Clinically appropriate 3-T and 5-T MRI protocols for 
comparison
To assess whether 5-T MRI offers additional benefits 
over 3-T MRI in visualizing PVS within practical scan-
ning durations, we employed two clinically acceptable 
and commonly used whole-brain imaging sequences: (a) 
a whole-brain T2-weighted 3-dimensional (3D)-variable 
flip-angle fast spin-echo (FSE) sequence, and (b) a whole-
brain T1-weighted 3D fast spoiled gradient echo (FSP) 
sequence. To ensure clinical relevance, we optimized 
parameters to maximize the performance of 3-T MRI 
while maintaining appropriate scan times. Comparable 
parameters were applied to 5-T MRI without extending 
the scanning duration. Detailed imaging protocols are 
provided in Table 1.

High-resolution 5-T MRI protocols for better visualization
Due to the small size of PVS, standard clinical imaging 
protocols may not fully capture their in vivo state. To 
address this limitation, we used high-resolution imaging 
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(0.5-mm isotropic resolution) with extended but toler-
able scan times (~ 50  min) to explore the full potential 
of 5-T MRI for detailed anatomical visualization of PVS. 
Detailed imaging protocols are provided in Table 1.

Imaging analysis
Assessment of PVS
The scoring system used to visualize PVS quality in 
BG and SOC was a ten-point scale (0 = PVS invisible; 
10 = excellent depiction, PVS clearly visualized and PVS-
tissue contrast appears high). Two radiologists, with 
8 and 22 years of experience (SR L and Y S), indepen-
dently performed the evaluations. Both radiologists were 
blinded to the MRI field strength and spatial resolution 
during their assessments.

The reproducibility of the image analysis was assessed 
through intra- and inter-observer studies. To avoid bias, 
images were reviewed by one reader (SR L) twice with an 
interval of two weeks. The same MRI scans were inde-
pendently reviewed by another reader (Y S) for testing 
the inter-observer agreement during the first time mea-
sured by the first reader.

Three radiologists with 8, 18, and 22 years of experi-
ence (SR L, J W, and Y S) evaluated the course of PVS and 
its relationship with adjacent structures. They discussed 
their assessments to reach a consensus for each case.

Segmentation and quantification of PVS using clinically 
appropriate 3-T and 5-T images
Firstly, to acquire segmentation results of PVS, clinically 
appropriate T2-weighted sequences were transmitted 
to the uAI research portal (uRP, United Imaging Intelli-
gence) [16], which integrates various segmentation and 
quantification models for calculating morphological fea-
tures. Secondly, the automated segmentation results were 
checked and manually corrected on bilateral SOC and 
BG using ITK-SNAP 4.2.0 software (Cognitica, Phila-
delphia, PA, USA). PVS on MRI were identified by their 
signal and morphological characteristics [4]: exhibit-
ing cerebrospinal fluid-like signals (hyperintense on T2 

and hypointense on T1); having a linear, round, or ovoid 
shape; with a clear boundary; and no mass effect.

After manual correction, the number, length, tor-
tuosity, and volume of PVS in the BG and SOC were 
evaluated. Here, the number refers to the total count of 
independent PVS detected in each region. Length repre-
sents the average length of the PVS, quantified based on 
its skeleton and measured in millimeters (mm). Tortuos-
ity refers to the average PVS tortuosity, calculated as the 
ratio of the actual path length to the straight-line distance 
between the start and end points of the PVS, making it a 
dimensionless measure. Volume indicates the total PVS 
volume within each region and is expressed in cubic cen-
timeters (mm3).

Visualization of PVS on high-resolution 5-T images
For each area, we studied: (a) the shape features of PVS; 
(b) their association with related arteries and veins; 
and (c) their connections with cisterns and ventricles. 
To achieve this, 3D T1-weighted and T2-weighted MR 
images were studied in 3 orientations (sagittal, trans-
verse, and coronal). The transverse and coronal direc-
tions of slices were reformatted from the original data.

Vessels associated with PVS were defined as follows: 
(a) linear structures with hypointensity on T2-weighted 
images; (b) originating from the anterior or middle cere-
bral artery, or draining into the cerebral venous sinus; 
(c) located within PVS. To better illustrate the course of 
small vessels, minimum intensity projections (minIPs) 
of T2-weighted images were utilized. MinIPs are a visu-
alization technique that projects the lowest intensity val-
ues along a given viewing plane, creating a 2-dimensional 
image that highlights low-intensity structures within a 
3D dataset, such as small vessels or fluid-filled spaces.

Statistical analysis
The statistical analysis was performed using SPSS (ver-
sion 20; IBM, Inc., Armonk, NY, United States) and 
GraphPad Prism 10.3.0 for Windows (GraphPad Soft-
ware, www.graphpad.com). Paired sample Wilcoxon tests 
were utilized to compare quantitative measurements of 

Table 1  Imaging protocols for visualizing and quantifying PVS on 5-T and 3-T MRI
Aims Comparison of PVS Visualization of PVS
Field strength 3-T 5-T 5-T

Sequence name T1W_3D_FSP T1W_3D_FSP T2W_3D_FSE T2W_3D_FSE T1W_3D_FSP T2W_3D_FSE
TR (ms) 7.8 10.4 2077 3000 7.4 3000
TE (ms) 3 3.5 271.44 420 2.5 422.82
FA (°) 9 10 66 60 9 56
FOV (mm) 230 × 256 240 × 240 224 × 224 240 × 256 224 × 224 220 × 260
Slice thickness (mm) 1 0.5 0.5 0.8 1 0.6
TA (min: s) 2:25 22:23 24:26 4:27 1:46 3:30
PVS: perivascular spaces, T1W_3D_FSP: T1-weighted 3-dimensional fast spoiled gradient echo, T2W_3D_FSE: T2-weighted 3-dimensional variable flip-angle fast 
spin-echo, FA: flip angle, FOV: field of view, TA: acquisition time, TE: echo time, TI: inversion time, TR: repetition time

http://www.graphpad.com
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PVS. Kruskal-Wallis H tests were used to test the scoring 
of PVS among groups. Inter- and intra-observer agree-
ment was assessed using weighted kappa coefficients. 
Nonnormally distributed data were expressed as medians 
(interquartile ranges). Two-tailed P < 0.05 was considered 
indicative of a statistically significant difference.

Results
Comparison of PVS between 3-T and 5-T MR
Assessment of image quality of 3-T and 5-T images
The image quality of seventeen volunteers (11 males and 
6 females, mean age: 33.9 ± 8.4 years old) was assessed. 
None of the images exhibited motion artifacts, mag-
netic susceptibility artifacts, or dielectric effects. The 
inter- and intra-observer agreements for PVS scoring 
were found to be excellent across all imaging modalities, 

including clinically appropriate 3-T and 5-T sequences, 
as well as high-resolution 5-T sequences (Additional file 
1). The qualitative image scores of PVS differed signifi-
cantly among the sequences on 3-T and 5-T MRI (clini-
cally appropriate 3-T vs. clinically appropriate 5-T vs. 
high-resolution 5-T; scores in BG: 6.0 (5.0–6.0) vs. 6.0 
(6.0–7.8) vs. 10.0 (9.0–10.0), p < 0.001; scores in SOC: 5.5 
(5.0–6.0) vs. 6.0 (6.0–7.8) vs. 10.0 (9.0–10.0), p < 0.001).

When using clinically appropriate sequences, PVS on 
5-T MRI exhibited better continuity and clearer bound-
aries than on 3-T MRI (Fig.  1A, B), which improved 
segmentation accuracy (Fig. 2B, D, E, H). However, nei-
ther clinically appropriate 3-T nor 5-T MRI could depict 
cortical PVS (Fig.  1C, D). In addition, High-resolution 
5-T images demonstrated sharper boundaries of PVS 

Fig. 1  Visual comparison of PVS between 3-T and 5-T MRI using clinically appropriate sequences. Representative slices of the same person’s 3-T and 5-T 
MR images. A and B coronary T2-weighted images. C and D T2-weighted (4-mm mIP). Compared to 3-T (A) PVS in the head of the right caudate nucleus 
on 5-T (B) had better continuity and clearer boundaries (arrowhead). PVS in the frontal lobe terminate at the juxtacortical region without extending into 
the cortex on 3-T (C) and 5-T (D) images. PVS, perivascular spaces; MRI, magnetic resonance imaging; mIP, maximum intensity projection
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compared to clinically appropriate 3-T and 5-T images 
(Fig. 2).

Quantitative comparison of PVS between clinically 
appropriate 3-T and 5-T sequences
Twelve participants (8 males and 4 females, mean age: 
30.8 ± 7.4 years old) were included. Figure  2 shows the 
PVS segmentation results.

Table  2; Figs.  3, and 4 compare the quantitative fea-
tures of PVS between 3-T and 5-T MRI. Compared to 

3-T MRI, 5-T MRI detected more PVS in the SOC and 
BG regions [39.5 (32.0–63.0) vs. 56.5 (44.0–75.5) and 49.5 
(27.0–55.8) vs. 65.5 (53.0–72.0); p = 0.002 and p = 0.004; 
respectively]. In these two regions, 3-T had statistically 
lower PVS tortuosity than 5-T [1.5 (1.4–1.7) vs. 1.8 (1.7–
2.2) for the SOC, and 1.7 (1.6–2.1) vs. 2.3 (2.0–2.6) for 
the BG]. In addition, the length of PVS in the SOC on 
5-T was longer than that on 3-T [4.6 mm (3.9–6.3 mm) 
vs. 5.1  mm (4.6–6.7  mm), p = 0.049]. However, the vol-
ume difference of PVS between these two scanners was 
not statistically significant.

Visualization of PVS on high-resolution 5-T images
To allow better observation of PVS, five participants (3 
males and 2 females, mean age: 41.6 ± 5.0 years old) were 
included.

Semioval center and cerebral cortex
All subjects had PVS in the SOC on 5-T MRI. PVS were 
shaped as smooth arcs with relatively uniform diameters. 
PVS started 3 to 10 mm from the wall of the lateral ven-
tricles, passed through the SOC, and then radiated to the 
frontal and parietal lobes in a direction parallel to the 
gyrus, some of which penetrated white matter along their 
way into the cortex (Fig. 5A, B). They had no connections 
with the lateral ventricles. PVS in the juxtacortical region 

Table 2  Comparison of quantitative measurements of PVS 
between 5-T and 3-T MRI

3-T 5-T P-value
PVS in the semioval center
  Number 39.5 (32.0–63.0) 56.5 (44.0–75.5) 0.002*
  Length (mm) 4.6 (3.9–6.3) 5.1 (4.6–6.7) 0.049*
  Tortuosity 1.5 (1.4–1.7) 1.8 (1.7–2.2) 0.012*
  Volume (mm3) 477.6 (207.1–1099.9) 470.1 (297.8–1061.7) 0.347
PVS in the basal ganglia
  Number 49.5 (27.0–55.8) 65.5 (53.0–72.0) 0.004*
  Length (mm) 5.8 (5.2–6.8) 5.8 (5.4–7.5) 0.272
  Tortuosity 1.7 (1.6–2.1) 2.3 (2.0–2.6) 0.006*
  Volume (mm3) 752.0 (621.1–1139.8) 758.8 (556.6–1151.5) 0.875
PVS: perivascular spaces

Data were expressed as medians (interquartile ranges); *P < 0.05

Fig. 2  Segmentation and visualization of PVS on the 3-T and 5-T MRI. A and C axial T2-weighted images on 3-T from a healthy 53-year-old male. E and 
G equivalent clinically appropriate T2-weighted 5-T slices acquired from the same volunteer showed more PVS than 3-T. B and D, PVS segmentation 
results on 3-T, which show overestimation, particularly for the smaller PVS. F and H PVS segmentation results on 5-T, with improved accuracy. I and J axial 
high-resolution T2-weighted images on 5-T from a healthy 50-year-old male reveal sharper boundaries and greater clarity than both 3-T and clinically 
appropriate 5-T sequences. PVS, perivascular spaces; MRI, magnetic resonance imaging
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were seen. PVS around the venules were sometimes 
observed (Fig. 6).

Basal ganglia
PVS on 5-T MRI were seen throughout the BG in all sub-
jects. PVS in the lower part of the BG moved along with 

perforating arteries; they started from the basal cisterns; 
dilated in the lower third of the capsular nucleus with a 
length of 3 to 4 mm; and then tapered toward the caudate 
nucleus (Fig. 5D). The upper part of the BG had few PVS 
and were small in size. They gradually moved toward the 
outside of the lenticular nucleus (Fig.  5C). Connections 

Fig. 4  Line plots of each individual’s quantitative measurements of PVS between 3-T and 5-T MRI. PVS number (A), length (B), tortuosity (C), and volume 
(D) in SOC. PVS number (E), length (F), tortuosity (G), and volume (H) in BG. PVS, perivascular spaces; MRI, magnetic resonance imaging; BG, basal ganglia; 
SOC, semioval center. *P < 0.05

 

Fig. 3  Violin plots of quantitative measurements of PVS between 3-T and 5-T MRI. PVS number (A), length (B), tortuosity (C), and volume (D) in SOC. PVS 
number (E), length (F), tortuosity (G), and volume (H) in BG. PVS, perivascular spaces; MRI, magnetic resonance imaging; BG, basal ganglia; SOC, semioval 
center. *P < 0.05
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between PVS and the lateral ventricle were observed. 
Lenticulostriate arteries inside PVS were sometimes seen 
(Fig. 7).

Discussion
The present study first compared the ability of 3-T and 
5-T MRI to display PVS in vivo under clinically available 
conditions. It then explored the full potential of high-res-
olution 5-T images for detailed anatomical visualization 
of PVS. This dual approach provides a balanced perspec-
tive on the clinical utility and imaging potential of 5-T 
MRI, advancing the understanding of PVS in both rou-
tine and high-resolution imaging contexts.

In this study, using the clinically feasible sequences, 5-T 
MRI detected more PVS in both the SOC and BG com-
pared to 3-T MRI. The enhanced continuity of PVS visu-
alization on 5-T contributed to longer measured lengths 
and higher tortuosity. Notably, the higher PVS volume 
observed with high-resolution 3-T sequences compared 
to prior studies [12, 17] may be attributed to thinner slice 
thickness and differences in participant demographics. 
Despite the improved resolution of 5-T MRI, the differ-
ence in PVS volume between 3-T and 5-T was not sta-
tistically significant. This discrepancy is likely due to the 
blurred boundaries of PVS on 3-T images, which can lead 

Fig. 5  High-resolution 5-T MRI visualization of perivascular spaces in the cerebral cortex and basal ganglia. A T2-weighted images. B T1-weighted images. 
C T2-weighted (11-mm mIP). D T2-weighted (8-mm mIP). A and B PVS in the white matter extended into the cortex (arrow). PVS in the upper part of the 
basal ganglia moved toward the outside of the lenticular nucleus (C). PVS in the lower part of the basal ganglia dilated at the beginning and then tapered 
toward the caudate nucleus (D). MRI, magnetic resonance imaging; PVS, perivascular spaces; mIP, maximum intensity projection
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to overestimation during segmentation, particularly for 
smaller PVS [11].

For a more detailed anatomical analysis of PVS, we 
employed a 0.5-mm isotropic high-resolution protocol 
on 5-T MRI, which provided deeper insights into PVS 
structural characteristics by offering sharper delineation 
of their boundaries compared to standard 3-T and 5-T 
clinical imaging. This high-resolution approach detected 
PVS extending into the cortex, a feature not observed in 
conventional clinical 3-T and 5-T scans, nor in previous 
in vivo 7-T studies [7, 9, 13]. The resolution used in this 
study (e.g., 0.7 × 0.7 × 0.7 mm3) might not be high enough 

to show subtle structures, so future studies using a higher 
resolution on 7 T MRI may be able to depict cortical PVS 
more clearly. 5-T MRI also had a good performance on 
PVS in the juxtacortical region, which was highly asso-
ciated with CAA [13]. The observation of cortical and 
subcortical structures has always been the focus and diffi-
culty of neuroscience research. The findings of our study 
suggested that the utilization of 5-T MR could improve 
the visualization of submillimeter-sized PVS.

Since the relationship between MRI-visible PVS and 
whether they surround arterioles, venules, or both 
remains under debate [3, 18], our study explored this 

Fig. 6  Venules and inside PVS from a 50-year-old man. A T2-Weighted images (zoomed in to show right-hemisphere). B a T2-weighted (16-mm minIP) 
image. An example of a venule’s course (arrow) within PVS (A and B). The patent vein was a branch of the septal cerebral vein that drained into the straight 
sinus (arrowhead). PVS, perivascular spaces; minIP: minimum intensity projection
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aspect and observed the presence of arteries and venules 
within PVS in the basal ganglia and semioval center, 
respectively. This observation is consistent with previous 
3-T and 7-T MRI studies [6, 18–20].

At present, the association between anatomic-specific 
changes of PVS (e.g., number, volume, location) and vari-
ous disease states has been established [2, 19, 21–23]. 
Given that pathological changes in PVS were anticipated 
to commence at submillimeter scales [24], the utiliza-
tion of 5-T MRI, which enhances the visibility of PVS 
in various brain regions, is fundamental not only for the 
detection of early and subtle pathological alterations of 
PVS but also for the analysis of physiological non-dilated 
PVS. However, the normal distribution and the patho-
genic alterations of PVS in human brains are not yet fully 
understood, limiting the ability to confidently define PVS 
pathogenic alterations, especially in subclinical stages 
[11]. Therefore, identifying features of PVS helps distin-
guish between physiological and pathophysiological PVS, 
thereby providing insights into the diagnosis of various 
diseases related to PVS [11].

Although 3-T MRI has fewer physiologic consider-
ations and B1 inhomogeneity [25] compared to 5-T 
MRI, it is less effective in visualizing PVS in this study. 

In theory, a higher magnetic field can give a higher SNR 
[14]. Previous studies [7, 11, 20, 26, 27] have shown that 
7-T improves the accuracy of PVS visualization and 
quantitation. However, in our study, the ability to visual-
ize PVS was not compared among all three MRI systems. 
Therefore, future studies should include direct compari-
sons of 3-T, 5-T, and 7-T MRI to fully assess the strengths 
and weaknesses of each system for PVS imaging.

This study had some limitations. First, the sample size 
was relatively small, but the number of PVS detected in 
each participant was high. In addition, the sample size 
was indeed in line with previous comparable studies 
using ultra-high field strength MRI [7, 14, 28]. Second, 
we did not compare the dataset with that at 7-T to tell 
more usefulness of 5-T MRI. Third, the sequences used 
to enhance the visualization of PVS required a relatively 
long acquisition time. Fourth, we evaluated PVS in pre-
defined regions, which might not adequately reflect the 
distribution and morphological characteristics of PVS in 
the whole brain.

Fig. 7  An example of the perforating artery inside PVS. Representative slices of high-resolution T2-weighted images on 5-T from a 38-year-old man (mag-
nified to show the right hemisphere). A lenticulostriate artery (arrow) originating from the middle cerebral artery (arrowhead) is observed within PVS in 
the right basal ganglia. PVS, perivascular spaces
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Conclusion
In conclusion, 5-T MRI enhanced the visualization of 
PVS in the human brain than 3-T MRI, especially in the 
cortex. Our findings extended the existing knowledge of 
PVS and contributed to an increased understanding of 
the neuroanatomy of PVS in the human brain.
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