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Background: This study aimed to investigate the clinical characteristics of perivascular space (PVS)
and cerebral blood flow (CBF) in stroke-free patients with intracranial and extracranial atherosclerosis of
different extents.

Methods: Two hundred and twenty-two patients received carotid artery ultrasonography, magnetic resonance
imaging (MRI), cranial computed tomography angiography (CTA) and computed tomography perfusion
(CTP). PVS was scored. The extents of intracranial and extracranial arteriosclerosis were evaluated based on
the scores of intracranial and extracranial arteriosclerosis. CTP was done to determine the CBF in the region
of interest (ROI). The risk factors of vascular disease were assessed in patients with and without PVS. The
relationship between PVS and CBF was evaluated among patients with different scores of intracranial and
extracranial atherosclerosis.

Results: The incidences of intracranial atherosclerosis and extracranial carotid plaque were higher in PVS
patients. Subjects with intracranial and/or extracranial arteriosclerosis also had a higher incidence of PVS
as compared to controls. The score of intracranial and/or extracranial arteriosclerosis was positively related
to the score of basal ganglia PVS. Patients with intracranial and/or extracranial arteriosclerosis had lower
CBF as compared to controls. The CBF was negatively associated with the intracranial and/or extracranial
arteriosclerosis and the PVS score.

Conclusions: The incidence of PVS in patients with intracranial and extracranial arteriosclerosis is higher
than in patients without arteriosclerosis. The extent of intracranial and extracranial atherosclerosis is related
to PVS, especially the basal ganglia PVS. The decreased CBF may be associated with the occurrence of PVS.
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Introduction

Perivascular space (PVS) refers to a fluid-filled space that
traverses the distribution of blood vessels across the gray
matter and white matter of the brain (1). Around the
cortical arteries at the centrum ovale, PVS is composed
of monolayer pia mater; around the cortical arteries at
the basal ganglia, PVS is composed of double-layered pia
mater; the veinlets in the cortex and basal ganglia are not
capsulated by the pia mater, and thus the PVS directly
communicates with the subdural space, but the PVS
disappears when it reaches the capillary bed (2).

Studies have shown that PVS is associated with brain
atrophy (including the cortical and central atrophy) (3), p
amyloid protein deposition (4), dysfunction of intracranial
vascular endothelial and inflammatory response (5),
heritability (6), age and hypertension (7). van Swieten
et al. found that PVS was not associated with cerebral
atherosclerosis of nine dilated PVS (8), but Gutierrez et 4l.
revealed for the first time that non-stenotic carotid plaques
were associated with PVS (9). Thus, the relationship
between atherosclerosis and PVS is still controversial.

Little is known about whether the decline in the cerebral
blood flow (CBF) caused by arteriosclerosis is related to
the PVS. To date, various methods have been employed
to clinically determine the CBEF, and the most common
methods are CT and magnetic resonance imaging (MRI).
Computed tomography perfusion (CTP) has been widely
used in clinical practice due to the convenient operation,
fast imaging, low cost and favorable tolerance. Arterial spin
labeling (ASL) in MRI does not require the use of contrast
agents, but white matter perfusion is often underestimated
and ASL is highly sensitive to the motion of the subject.
Blood oxygen level-dependent functional magnetic
resonance imaging (BOLD-fMRI) can indirectly reflect
CBF by detecting the blood oxygen content in the brain.
It has high spatial and temporal resolution, but is often
affected by the oxyhemoglobin and nerve activity.

PVS is not a focal lesion and both hemispheres are often
symmetrically involved. The focal intra or extracranial
arteriosclerosis usually causes damage to the structure and
function of focal brain tissues. We speculate that the overall
cerebral arteriosclerosis has a strong relationship with PVS.
The increased intracranial and extracranial arteriosclerosis
may involve the cerebral arterioles, especially the arterioles
close to the carotid artery in the basal ganglia. The arterial
plaques may damage the wall of arterioles, reduce the CBF
and increase the interstitial fluid around the PVS, leading
to the expansion of the PVS. This study was conducted
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to investigate the exposure factors related to PVS, and
to assess the relationship among intracranial/extracranial
atherosclerosis, CBF and PVS in stroke-free patients. Our
findings may provide evidence on the etiology of PVS.

Methods
Inclusion criteria and exclusion criteria

From January 2016 to October 2018, 222 patients with
no history of stroke were consecutively recruited from the
Department of Neurology Stroke Screening Clinic in Tongji
Hospital of Shanghai. Informed consent was obtained
from each patient before study. There were 101 males
and 121 females with the mean age of 69.55+9.81 years
(range, 35-94 years).

The inclusion criteria were as follows: (I) patients were
admitted due to the complaints of “dizziness, headache,
limb numbness and transient limb weakness”, including
those with transient ischemic attack (TTA); (II) all patients
underwent brain CTP, computed tomography angiography
(CTA), MRI and carotid ultrasonography, which were
done within 1 week after initial admission; (III) all patients
had complete medical record; (IV) informed consent was
obtained.

The exclusion criteria were as follows: (I) patients had
previous or new non-lacunar ischemic stroke or cerebral
hemorrhage; (II) patients had lacunar infarction with >2
lesions; (III) patients had a history of Alzheimer’s disease,
atrial fibrillation, mental illness, severe anxiety and
depression, and severe Parkinson’s disease; (IV) patients
received placement of metal stents and pacemakers, or had
severe visual impairment/aphasia; (V) patients had serious
infections, organ failure, brain trauma and tumors; (VI) the
medical record was incomplete.

Study methods

Carotid ultrasonography and scoring of extracranial
atherosclerosis

Carotid artery ultrasonography was performed with the
Sonosite X-Porte color Doppler ultrasound diagnostic
apparatus (USA) equipped with 5-10 MHz linear
array probe. All patients were examined by a full-time,
experienced ultrasound doctor, the carotid artery was
scanned and the dynamic and static images were stored
according to standardized procedures. All the images were
analyzed by two experienced neurologists who were blind
to the study. Patients lied in a supine position and the side

Ann Transl Med 2020;8(5):215 | http://dx.doi.org/10.21037/atm.2020.01.35



Annals of Translational Medicine, Vol 8, No 5 March 2020

Page 3 of 13

Figure 1 Representative images of CCA, BIF and ICA and PI of different segment. (A) CCA, BIF and ICA; (B) PI of BIF was 1; (C) PI of
BIF was 2; (D) PI of BIF was 3. PI, plaque score; ICA, internal carotid artery; BIF, carotid bifurcation; CCA, common carotid artery.

neck was exposed. The blood vessels were scanned, and
following parameters were measured: (I) carotid intima-
media thickness (IMT) (vertical distance from the leading
edge of the endovascular interface to the medial-adventitial
interface leading edge) was measured at the internal carotid
artery (ICA), carotid bifurcation (BIF), common carotid
artery (CCA) (about 1 cm of vessel at each site) (Figure 1A);
the scanning angle was normalized, and the selected angle
was: right side 90, 120 and 150; left side 210, 240 and 270.
(IT) The location, morphology, size and echo characteristics
of carotid atherosclerotic plaques were also determined. A
carotid plaque was defined as a structure that protrudes into
the lumen with the intima-media thickness greater than or
equal to 1.5 cm (10).

According to the Sutton-Tyrrell’s method (11), the
extracranial arteriosclerosis was scored as follows: 0, IMT
<1.5 mm; 1, one plaque (IMT: 1.5-2.0 mm); 2, one plaque
or multiple plaques (one of the plaques IMT: 2.1-4.0 mm);
3, one large plaque (IMT: >4.1 mm). The sum score of
extracranial arteriosclerosis was calculated as the sum of the
bilateral carotid CCA, BIF, and ICA intravascular plaque
scores (Figure 1B,C,D).
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CTP and CTA scanning and scores of intracranial
arteriosclerosis
The whole brain was examined by using an Aquilion One
320 row of dynamic volume CT (Toshiba, Japan). The
upper edge of the aortic arch was scanned to the cranial
apex. Following scanning parameters were used: voltage,
100 kV; current, 150-310 mA; matrix, 512x512; slice
thickness, 0.5 mm; coverage, 14 cm. A double-tube high-
pressure syringe was used to sequentially inject 50 mL
of non-ionic contrast agent (350 mgl/mL Lohexol) and
30 mL of physiological saline through the right middle
elbow vein at a rate of 5 mL/s. After injection, the scanning
was initiated 7 s later, the arterial phase last for 2 s, the
venous interval was 5 s, and the total scanning time was
about 60 s. The whole brain dynamic volume data of
19 phases were obtained. After brain CTP, the non-ionic
contrast agent (350 mgl/mL) was added at 0.6 mL/kg,
and the aortic arch was scanned to the skull base by CTA.
Images of the arteries and veins of the neck were obtained
at an injection rate of 4.0 mL/s. The trigger threshold was
150 HU.

All volumetric data were imported into Toshiba’s 3D
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CTP MRI

Basal ganglia

Centrum ovale

Figure 2 Intracranial arteriosclerosis, PVS of basal ganglia and centrum ovale, and cerebral perfusion. (A) Intracranial arteriosclerosis (red

arrow); (B) ROl in the basal ganglia; (C) ROI in the centrum ovale; (D) cerebral perfusion in the basal ganglia; (E) cerebral perfusion in the

centrum ovale; (F) basal ganglia PVS; (G) centrum ovale PVS. CTA, computed tomography angiography; ROI, region of interest; MRI,

magnetic resonance imaging; CTP, computed tomography perfusion imaging.

CTA software package, and the vascular subtraction
imaging was performed automatically to obtain CTA three-
dimensional image data. The morphology of intracranial
arteries was analyzed and evaluated comprehensively. The
intracranial arteries included the anterior cerebral artery
(ACA), middle cerebral artery (MCA), posterior cerebral
artery (PCA), intracranial segment of the internal
carotid artery and intracranial segment of the vertebral
basilar artery (VBA). Intracranial arteriosclerosis was
analyzed according to Samuels method (12). Stenosis
rate =(1- Ds/Dn) x100% (Ds: intracranial artery stenosis
diameter; Dn: normal diameter). The stenosis rate of
any intracranial artery >50% was defined as intracranial
atherosclerosis (Figure 24). Then, the number of vessels
with the stenosis rate of any intracranial artery greater
than or equal to 50% was determined as the sum score of
intracranial arteriosclerosis in each patient. In addition
to the basilar artery, the number of intracranial stenotic
arteries was also determined at both sides. The sum
score of intracranial and extracranial arteriosclerosis was
calculated as the sum of intracranial arteriosclerosis score
and carotid plaque score.
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CBF acquisition

The volume data were analyzed using the Perfusion
Mismatch Analyzer software (PMA version 5.0.5358.55864,
http://asist.umin.jp/) to obtain a brain perfusion parameter
map including the CBF. The PMA reconstructed perfusion
map was imported into Mango software version 4.1
(http://rii.uthscsa.edu/mango/). The region of interest
(ROI) was manually delineated in the centrum ovale layer
with the largest number of PVS and in basal ganglia layer
with the largest number of PVS, and the CBF of both sides
was measured with the mirror method. The blood vessel
and the sulcus return zone were avoided as much as possible
in the measurements (Figure 2B,C,D,E).

Cranial MRI and PVS scoring

Cranial MRI was done by using the SiemensVerio 3.0T
superconducting nuclear magnetic resonance equipment
(Germany), with conventional TIWI, T2WI, FLAIR
scanning (slice thickness: 5 mm; interval: 1 mm; field of
view: 230 mm x 230 mm). The spin echo sequence was
used: TR/TE, 1530/9 ms; the fast spin echo sequence was
used in the T2WI: TR/TE, 4,210/96 ms; FLAIR: TR/TE/
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TI, 5,000/94/1,800 ms.

PVS was determined according to the following criteria:
(I) depending on the image plane, the PVS was spotty
or strip-like, with clear and smooth borders and usually
<3 mm in diameter (13); (II) the PVS was consistent with
the passage of the perforating vessels; (III) on all MRI
sequences, the density of the PVS was equal to that of
cerebrospinal fluid; (IV) there was no enhancement and
occupancy effect. The Doubal’s method (13) was used to
classify PVS into five grades by an experienced neurologist
on T1WI, T2WI, and FLAIR images. The diameter and
number of gaps around the tube were recorded on the
T2WI. When measuring the size, the circular and elliptical
gaps were selected to measure their maximum diameter,
and the strip gap was used to measure the maximum
diameter of the short axis. The layer with the largest
number of PVS was selected independently in the
centrum ovale and basal ganglia, and then centrum ovale
and basal ganglia were further divided into four regions
based on the left and right hemispheres. The PVS of
each region was graded as follows: 0, none; 1, <10; 2,

11-20; 3, 21-40; 4, >40 (Figure 2F,G).

Statistical analysis

Continuous variables are expressed as mean + standard
deviation (+SD) and categorical variables as frequency
or percentage. Comparison between groups was
performed using 7-test or Chi-square test. Logistic
binary nonconditional regression analysis was used for
multivariate analysis. Chi-square test and LSD-z-test
were used for pairwise comparison. Correlation analysis
was done with Spearman correlation analysis. Partial
correlation analysis was used to assess the relationship
between CBF and PVS score. Statistical analysis was
performed with SPSS version 21.0.

Results

Vascular risk factors, intracranial atberosclerosis, carotid
plaque and medications in patients with and without PVS

The traditional vascular risk factors in these patients
were as follows: hypertension (n=119), hyperlipidemia
(n=115), diabetes mellitus (n=35), homocysteine (n=41),
smoking (n=33), and drinking (n=25). Among them, 92 had
intracranial artery stenosis, 122 had carotid plaque and 76
had coronary atherosclerotic heart disease. Of 222 patients,
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there were 173 patients in the PVS group and 49 patients in
the non-PVS group. PVS patients were older (70.62+9.67 vs.
65.76£9.44, P<0.01) and had high incidences of intracranial
arterial stenosis (49% vs. 16%, P<0.001), carotid plaque
(65% vs. 18%, P<0.001) and coronary heart disease (39%
vs. 18%, P<0.01) as compared to non-PVS patients. There
were no significant differences in the hypertension, diabetes
mellitus, hyperlipidemia, hyperhomocysteinemia, gender,
smoking status and drinking status between PVS patients
and non-PVS patients (P>0.05). In terms of medication,
there was difference in the percentage of patients receiving
treatment with statin between two groups (P<0.05). There
was no significant difference in the percentage of patients
receiving antiplatelet therapy, antihypertensive therapy,
and glucose-lowering therapy between two groups (P>0.05)
(1able 1). Logistic binary unconditional regression analysis
showed that the risk factors of basal ganglia PVS were age,
intracranial and extracranial atherosclerosis (Tuble 2), but
there were no evident vascular risk factors for the PVS in
the centrum ovale (Tiable 3).

Incidence of cevebral PVS in patients with intracranial
and/or extracranial atherosclerosis

According to CTA and carotid vascular ultrasonography,
patients were divided into control group (no carotid
plaque and no intracranial arteriosclerosis; n=70), carotid
plaque group (presence of carotid plaque, but absence of
intracranial atherosclerosis; CP group, n=60); intracranial
atherosclerosis group without carotid plaques (IA group,
n=30) ; carotid plaques and intracranial arterial stenosis
group (CP + IA group, n=62). The incidences of cerebral
PVS and basal ganglia PVS in patients with arteriosclerosis
were significantly higher than in controls (cerebral PVS:
IA group: 76.67%; CP group: 86.67%; CP + IA group:
98.39%; control group: 52.86%), (basal ganglia PVS:
IA group: 60.00%; CP group: 68.33%; CP + IA group:
85.48%; control group: 28.57%). The incidence of centrum
ovale PVS in patients of CP group, IA group, CP + IA
group was similar to that in control group. The incidence
of PVS in the whole brain, centrum ovale and basal ganglia
was comparable between CP group and IA group. The
incidences of PVS in the whole brain and basal ganglia of
patients in the CP + IA group were significantly higher than
in the TA group (98.39% vs. 76.67%, 85.48% vs. 60.00%;
P<0.05) and CP group (98.39% wvs. 86.67%, 85.48% uvs.
68.33%, P<0.05), but there was no marked difference in the
incidence of centrum ovale PVS (Figure 34).
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Characteristics PVS group (n=173) Non-PVS group (n=49) P

Age (mean + SD) 70.62+9.67 65.76+9.44 0.002
Gender (female) 90 (52%) 31(63%) 0.163
Hypertension 92 (53%) 27 (55%) 0.812
Diabetes 29 (17%) 6 (12%) 0.444
Hyperlipidemia 90 (52%) 25 (51%) 0.901
Homocysteine 32 (18%) 9 (18%) 0.984
Smoking 26 (15%) 7 (14%) 0.897
Alcohol consumption 20 (13%) 5(10%) 0.791
Intracranial stenosis 84 (49%) 8 (16%) <0.001
Carotid atherosclerotic plaques 113 (65%) 9 (18%) <0.001
Coronary atherosclerotic heart disease 67 (39%) 9 (18%) 0.008
Antiplatelet therapy 55 (32%) 12 (24%) 0.326
Statin treatment 76 (44%) 13 (27%) 0.028
Pressure-lowering therapy 77 (45%) 18 (37%) 0.332
Glucose-lowering therapy 26 (15%) 4 (8%) 0.215

PVS, perivascular space.

The score of basal ganglia PVS was positively related
to the scores of intracranial arteriosclerosis, extracranial
arteriosclerosis, intracranial and extracranial arteriosclerosis
(r=0.285, 0.366 and 0.411, respectively; P<0.01), but there
was no relationship between centrum ovale PVS score
and arteriosclerosis score (Figure 3B,C,D,E,F,G). The
basal ganglia PVS score at one side was positively related
to the scores of contralateral intracranial arteriosclerosis
and contralateral extracranial arteriosclerosis (r=0.178 and
0.276, respectively; P<0.01). There was no correlation
between centrum ovale PVS score at one side and score of
contralateral intracranial arteriosclerosis or contralateral
extracranial arteriosclerosis (Figure 3H,1,7,K).

CBF and its relationship with PV'S score
In the CP group and CP + IA group, the CBF in the basal

ganglia and centrum ovale was significantly lower than in the
control group [basal ganglia: 34.01£10.96 vs. 38.48+7.42 (CP
vs. control), 30.6+8.38 vs. 38.48+7.42 (CP + IA vs. control),
P<0.05; centrum ovale: 27.85+9.29 vs. 33.69+6.92 (CP vs.
control), 25.16+7.09 vs. 33.69+6.92 (CP + IA vs. control);
P<0.05]. The CBF in the basal ganglia and centrum ovale
was comparable between IA group and control group. The
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CBF in the basal ganglia and centrum ovale of patients in
the CP group was also similar to that in the IA group and
CP + IA group. The CBF in the basal ganglia and centrum
ovale of patients in the CP + IA group was significantly
lower than in the IA group (basal ganglia: 30.60+8.38
vs. 36.52+8.57, P<0.05; centrum ovale: 25.16£7.09 vs.
31.09+7.67, P<0.05) (Figure 44).

The scores of intracranial arteriosclerosis, extracranial
arteriosclerosis, and intracranial and extracranial
arteriosclerosis were negatively related to the CBF in the
basal ganglia (r=-0.212, -0.334 and -0.340, respectively;
P<0.01) and the centrum ovale (r=-0.250, -0.386 and
-0.411, respectively; P<0.01) (Figure 4B,C,D,E,FG).

Correlation between CBF and PVS

In the basal ganglia and centrum ovale, the CBF was
negatively related to the corresponding PVS score (r=-0.375
and -0.220, respectively; P<0.01) (Figure 5A4,B). The sum
score of intracranial and extracranial atherosclerosis and
age were used as control variables, and partial correlation
analysis showed the CBF was negatively related to PVS
score in the basal ganglia and centrum ovale (r=-0.294 and
-0.226, respectively; P<0.01) (Figure 5C,D).
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Risk factors Regression coefficients  Standard error Wald P OR (95% Cl)
Age 0.051 0.019 7.305 0.007* 1.052 (1.014-1.092)
Gender 0.085 0.356 0.057 0.811 1.089 (0.542-2.187)
Hypertension 0.016 0.434 0.001 0.971 1.016 (0.434-2.380)
Diabetes -0.677 1117 0.367 0.545 0.508 (0.057-4.538)
Hyperlipidemia -0.297 0.346 0.740 0.390 0.743 (0.377-1.463)
Homocysteine -0.773 0.425 3.306 0.069 0.462 (0.201-1.062)
Smoking 0.371 0.528 0.492 0.483 1.449 (0.514-4.079)
Alcohol consumption 0.013 0.593 0.000 0.983 1.013 (0.317-3.236)
Intracranial stenosis 1.094 0.354 9.555 0.002* 2.985 (1.492-5.972)
Carotid atherosclerotic plaques 1.466 0.370 15.673 0.000* 4.332 (2.097-8.953)
Coronary atherosclerotic heart disease 0.566 0.420 1.816 0.178 1.761 (0.773-4.013)
Antiplatelet therapy 0.088 0.466 0.036 0.850 1.092 (0.438-2.722)
Statin treatment 0.004 0.408 0.000 0.992 1.004 (0.451-2.234)
Pressure-lowering therapy -0.655 0.468 1.960 0.161 0.519 (0.207-1.300)
Glucose-lowering therapy 0.880 1.209 0.530 0.467 2.411 (0.225-25.799)
*, P<0.05. PVS, perivascular space.

Table 3 Multivariate logistic binary unconditional regression analysis of the centrum ovale PVS

Risk factors Regression coefficients  Standard error Wald P OR (95% Cl)
Age 0.005 0.016 0.088 0.767 1.005 (0.973-1.037)
Gender -0.311 0.312 0.993 0.319 0.733 (0.398-1.350)
Hypertension -0.156 0.376 0.173 0.678 0.855 (0.409-1.788)
Diabetes -0.802 0.959 0.699 0.403 0.449 (0.069-2.937)
Hyperlipidemia -0.031 0.305 0.010 0.920 0.970 (0.533-1.764)
Homocysteine -0.379 0.373 1.031 0.310 0.685 (0.329-1.423)
Smoking -0.308 0.441 0.488 0.485 0.735 (0.309-1.745)
Alcohol consumption -0.266 0.481 0.306 0.580 0.766 (0.298-1.968)
Intracranial stenosis 0.085 0.310 0.076 0.783 1.089 (0.593-2.001)
Carotid atherosclerotic plaques 0.340 0.338 1.012 0.314 1.405 (0.724-2.726)
Coronary atherosclerotic heart disease 0.688 0.373 3.396 0.065 1.990 (0.957-4.135)
Antiplatelet therapy -0.308 0.399 0.596 0.440 0.735 (0.337-1.605)
Statin treatment -0.408 0.355 1.323 0.250 0.665 (0.332-1.333)
Pressure-lowering therapy 0.297 0.402 0.545 0.460 1.346 (0.612-2.961)
Glucose-lowering therapy 0.322 1.040 0.096 0.757 1.380 (0.180-10.591)

PVS, perivascular space.
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Figure 3 The incidence of PVS in different groups and the relationship between intra-/extracranial arteriosclerosis score and PVS score.
(A) Incidence of PVS in the whole brain, centrum ovale and basal ganglia in different groups. (B,C) Correlation between intracranial
arteriosclerosis score and PVS score in the centrum ovale and basal ganglia. (D,E) Correlation between extracranial arteriosclerosis score and
PVS score in the centrum ovale and basal ganglia. (F;,G) Correlation between sum score of intracranial and extracranial arteriosclerosis and
PVS score in the centrum ovale and basal ganglia. (H,I) Correlation between PVS score in one side of the centrum ovale and basal ganglia
and contralateral intracranial arteriosclerosis score. (J,K) Correlation between PVS score in one side of the centrum ovale and basal ganglia
and contralateral extracranial arteriosclerosis score. *, P<0.05, control group vs. IA group; ¥, P<0.05, control group vs. CP group; *, P<0.05,
control group vs. CP + IA group; *, P<0.05, IA group vs. CP + IA group; ', P<0.05, CP group vs. CP + IA group. PVS, perivascular space; IA
group, intracranial atherosclerosis group without carotid plaque; CP group, carotid plaques group without intracranial atherosclerosis; CP +
IA group, carotid plaques and intracranial atherosclerosis group.

Discussion PVS, and the centrum ovale PVS may be more related to
Studies have suggested that the pathogenesis of PVS is the nontraditional vascular risk factors (such as p amyloid
related to age (7). Until now, the exact pathogenesis of protein deposition) but not hypertension, because the

PVS is still unknown. Our results showed age was related centrum ovale is located at the farthest point of the branch

to the incidence of PVS, which might be explained as the
deterioration of arteriosclerosis over age. The present
study showed no significant difference in the hypertension
between patients with or without PVS, which was
inconsistent with previous findings (7). Considering that
more patients in the PVS group had only centrum ovale
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of cerebral vessels, the collateral circulation is abundant
and the centrum ovale is less affected by the hypertension
induced vascular wall damage. Our study showed that PVS
patients had a higher prevalence of coronary heart disease,
intracranial artery stenosis and carotid plaque, and there
were no significant differences in the use of antiplatelet
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Figure 4 CBF in different groups and relationship between intra-/extracranial arteriosclerosis score and CBF in the centrum ovale and basal

ganglia. (A) CBF in the centrum ovale and basal ganglia of different groups. (B,C) Correlation between intracranial arteriosclerosis score

and CBF in the centrum ovale and basal ganglia. (D,E) Correlation between extracranial arteriosclerosis score and CBF in the centrum

ovale and basal ganglia. (F,G) Correlation between sum score of intracranial and extracranial arteriosclerosis and CBF in the centrum ovale

and basal ganglia. *, P<0.05, control group vs. CP group; %, P<0.05, control group vs. CP + IA group; ™, P<0.05, TA group vs. CP + IA group.

CBF, cerebral blood flow; IA group, intracranial atherosclerosis group without carotid plaque; CP group, carotid plaques group without

intracranial atherosclerosis; CP + IA group, carotid plaques and intracranial atherosclerosis group.

treatment and statins treatment between the two groups,
suggesting that PVS may be associated with atherosclerosis,
and statins and antiplatelet treatments may prevent the
occurrence of PVS while improving atherosclerosis.

Few studies about the etiology of PVS have focused
on the atherosclerosis, and little is known about the
relationship between carotid arteriosclerosis and PVS.
Thus, the correlation between extracranial carotid
atherosclerosis and intracranial PVS is still poorly
understood. In the study of Gutierrez et al., 706 subjects

© Annals of Translational Medicine. All rights reserved.

from Manhattan, North America were investigated and
results indicated the PVS was closely related to carotid
plaque (9). In the present study, ultrasonography was
done to assess the carotid arteriosclerosis and results
showed the prevalence of PVS in patients with carotid
plaque increased significantly. Furthermore, the carotid
plaque was scored for the assessment of arteriosclerotic
severity. Results showed the severity of PVS was positively
related to the score of arteriosclerosis. In recent years, the
correlation between intracranial large vessel atherosclerosis
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and intracranial PVS is still controversial. Pathological
studies reveal a close relationship between intracranial
microarteriosclerosis and PVS (14,15). Our study showed
the incidence of PVS significantly increased in patients with
intracranial arteriosclerosis, in which CTA was employed
to assess the extent of intracranial arteriosclerosis. Further
analysis showed the intracranial arteriosclerosis was
positively related to the severity of PVS. Of interest, the
incidence of PVS was higher in the patients with intra-/
extracranial arteriosclerosis, and the relationship between
sum score of intra-/extracranial arteriosclerosis and PVS
score was stronger. These results indicate that intracranial
arteriosclerosis or extracranial atherosclerosis is positively
related to the basal ganglia PVS: the greater the extent of
intracranial and extracranial arteriosclerosis, the higher the
incidence of PVS is. This suggests that the pathogenesis of
PVS is associated with the load of overall arteriosclerosis
in the brain. Correlation analysis further supported this
hypothesis: the severity of PVS increased with the elevation
of arteriosclerosis score. This implies that the higher the
score of intra-/extracranial arteriosclerosis, the higher the
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incidence of PVS is and the more severe the PVS is.

There is still controversy on the CBF in stroke-free
patients with carotid plaque. There is evidence showing that
the mild to severe carotid stenosis due to carotid plaque may
cause CBF reduction (16). However, the CBF fails to reduce
significantly in patients with carotid plaque, and only >90%
carotid stenosis can cause significant CBF reduction (17).
Our results showed that the CBF of patients with carotid
arteriosclerosis due to carotid plaque reduced markedly
as compared to the controls, and the score of extracranial
arteriosclerosis was negatively related to CBF. Few studies
have been conducted to investigate the intracranial
arteriosclerosis and CBF in patients without stroke. Cheng
et al. found intracranial arteriosclerosis had no relationship
with reduced CBF (18). In the study of Ran er a/., results
showed intracranial arteriosclerosis was associated with
reduced CBF (19). Our results indicated that the CBF was
similar between patients with intracranial arteriosclerosis
and controls. We speculate that intracranial arteriosclerosis
has little influence on the CBF and hemodynamics due
to abundant intracranial arteries and Willis cycle in the
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brain. Further analysis showed the CBF in patients with
intra-/extracranial arteriosclerosis was significantly lower
than in those with intracranial arteriosclerosis alone, but
the CBF was comparable between patients with carotid
arteriosclerosis and those with intracranial arteriosclerosis.
This indicates that intra-/extracranial arteriosclerosis has
significant influence on the CBEF. Correlation analysis
indicated that the relationship between intra-/extracranial
arteriosclerosis score and CBF reduction was stronger. This
implies that the CBF reduces with the elevation of overall
load of arteriosclerosis in the brain if intra-/extracranial
arteriosclerosis score is employed for the assessment of
overall cerebral arteriosclerosis.

Our results showed the higher the overall load of
cerebral arteriosclerosis, the higher the incidence of PVS
was and the lower the CBF was. PVS score was negatively
related to CBFE. This indicates the reduced CBF in focal
cerebral tissues due to intra-/extracranial arteriosclerosis
may be related to the elevated incidence of PVS, and the
higher the load of intra-/extracranial arteriosclerosis, the
more severe the PVS is. Of interest, our results showed the
PVS in patients with intracranial arteriosclerosis, carotid
plaque or intra-/extracranial arteriosclerosis was mainly
found in the basal ganglia. However, Tao et 4/. (20) found
basal ganglia PVS was negatively related to the intracranial
arteriosclerosis assessed by intracranial carotid calcification,
which was inconsistent with the results reported by Del
Brutto et al. (21). This discrepancy might be ascribed to small
number of patients with PVS at score 3-4 and different
distributions of PVS scores. Our results were consistent
with those reported by Del Brutto ez 4/., but contrary
to those reported by Tao et a/. This might be ascribed
to the differences in the methodology, risk factors and
sample size. We speculate that the elevation of incidence
and severity of basal ganglia PVS with the increase in
arteriosclerosis score might be related to the susceptibility
of basal ganglia to hemodynamic change because the basal
ganglia is mainly supplied by the lenticulostriate artery
being vertically branched from the middle cerebral artery
and the hemodynamic change may cause damage to the
arteriole wall, resulting in arteriosclerosis and lipid hyaline
degeneration (22). In addition, pathological studies have
confirmed that there are small arteries and veins in the
enlarged PVS, and the enlarged PVS can reduce the volume
of surrounding brain parenchyma (22), which decreases
the number and density of local capillaries, thus leading to
the decrease of regional CBF. Studies have shown that the
order of blood vessels that affect the local brain perfusion
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is aorta, arterioles, capillaries and veins (23). In our study,
the PVS diameter was less than 3 mm, and the whole CBF
in the centrum ovale and basal ganglia was investigated in
the study. The contribution of intracranial and extracranial
arteriosclerosis to the CBF reduction was more than that
of parenchymal volume reduction secondary to PVS. The
low perfusion or ischemia in this area may cause secondary
inflammatory reaction and cell metabolism disorder (24),
which may damage the vascular endothelium, increase
blood-brain barrier permeability, induce the atrophy of
small vessels, and enlarge the PVS. Our results showed the
incidence of centrum ovale PVS was comparable between
patients with intracranial arteriosclerosis, carotid plaque
or intra-/extracranial arteriosclerosis and controls. This
indicates that the pathogenesis of centrum ovale PVS has
involvement of factors other than arteriosclerosis. The PVS
is susceptible to intracranial and extracranial atherosclerosis
because (I) atherosclerosis causes inflammatory reaction
and intracranial vascular endothelial dysfunction, which
increases the permeability of blood-brain barrier and
therefore elevates the leakage of intravascular fluid,
resulting in PVS; (II) arteriosclerosis decreases the CBE,
which increases the expression of intracranial matrix
metalloproteinase-2 (MMP-2) (22), leading to the
acetylation of nitric oxide synthase (25) and redistribution
of AQP4 in the cerebral small vessels (26). These change
the cerebral small vascular permeability and cause the
imbalance of energy metabolism in vascular endothelial
cells, increasing the incidence of PVS.

Currently, the mechanism of PVS dilation is still poorly
understood, and it was primarily explored in the present
study. The intergroup comparison might be affected by
the age and other potential factors, but our results were
still clinically important considering the close relationship
between intra-/extracranial arteriosclerosis and PVS score.
There are still some limitations in the present study. (I)
The complex patients with a wide range of mixed stenosis
were not excluded from this study. (II) The severity of
intracranial vascular stenosis was not refined, and the PVS
at stenosis and non-stenosis sides were not independently
investigated. (III) PVS counting and grading according to
the location is easy to cause the “ceiling effect”. (IV) The
PVS was basically <3 mm in diameter in our study. (V) The
PVS was macroscopically classified. In future research,
it is better to automatically analyze the PVS lesions with
the aid of a computer, which will make our results more
convincing. (VI) This was a cross-sectional study and the
relationship between intra-/extracranial arteriosclerosis and
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PVS should be further confirmed in more studies with large
sample size.

Conclusions

In summary, the incidence of PVS in patients with intra-/
extracranial arteriosclerosis is higher than in those without
arteriosclerosis. The extent of intracranial and extracranial
atherosclerosis is related to PVS, especially the basal
ganglia PVS. Decreased CBF may be associated with the
pathogenesis of PVS.
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