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Abstract
Objective

High-resolution vessel wall imaging (HR-VWI) often demonstrates strong and concentric vessel wall enhancement 
(VWE) in patients with central nervous system vasculitis (CNS-V). However, little is known about follow-up VWE 

characteristics and monitoring the response to treatments. The aim of this study was to investigate serial VWE patterns
 and its clinical practice through the management of CNS-V.

Methods
We extracted 9 patients with diagnosed of CNS-V who underwent serial HR-VWI (baseline, 1st follow-up, and 

2nd follow-up) from Cleveland Clinic CNS vasculopathy registry. VWE were analysed in 17 intracranial artery segments. 
VWE was graded on a 3-point scale (0; none, 1; mild/eccentric, and 2; strong/concentric). VWE grade for each arterial 

segment was summed to create a total VWE score. We investigated the relationship between serial VWE patterns and 
clinical course.

Result
In unique 153 intracranial arterial segments, 39 arteries (25.5%) had strong/concentric VWE on baseline HR-VWI. 

The positive rates of concentric VWE have decreased to 12.4% (19/153) at 1st follow-up and (10/153) 6.5% at 
2nd follow-up, respectively (p<0.001). Mean total VWE scores have significantly decreased over time courses (p=0.034). 
Two patients had relapse at 1st follow-up image. In relapse cases, mean total VWE scores have worsened at 1st follow-up 

(baseline:2.0 to 1st follow-up: 6.0). After intensive immunosuppressive treatment, mean VWE scores have improved at 
2nd follow-up (1st follow-up: 6.0 to 2nd follow-up: 2.0).

Conclusion
Decreasing contrast VWE at follow-up images may indicate good response to treatment in CNS-V. By contrast, relapse 

patients might have temporal VWE worsening during the clinical course.
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Introduction
Central nervous system vasculitis 
(CNS-V) is a rare inflammatory brain 
disease affecting the medium and small 
vessels of the CNS (1, 2). Although 
diagnostic criteria were proposed by 
Calabrese and Mallek in 1988 (3), es-
tablishing the diagnosis of CNS-V can 
be a challenging due to the presence 
of wide mimicking conditions and the 
lack of a specific diagnostic marker as 
opposed to systematic vasculitis (4, 5). 
With the advance of neuroimaging mo-
dalities, high-resolution vessel walls 
magnetic resonance imaging (HR-
VWI) has emerged as a non-invasive 
technique directly visualising vessel 
wall inflammation and oedema in pa-
tients with CNS-V (6-9). HR-VWI 
often demonstrates smooth, homoge-
neous, concentric arterial wall thicken-
ing and strong enhancement in patients 
with CNS-V, in comparison with the 
mild to no vessel enhancement of re-
versible cerebral vasoconstriction syn-
drome (RCVS) and other intracranial 
vasculopathies (6-10). Previous studies 
mainly focused on the technical aspects 
and utility in the differential diagnosis 
of intracranial artery disease, whereas 
only few studies described the tempo-
ral vessel wall enhancement (VWE) 
characteristics of CNS-V after immu-
nosuppressive treatments (11, 12).
CNS-V has been considered as a re-
lapsing-remitting disease with a het-
erogeneous disease course (13-16). 
Recently published long-term follow-
up studies showed that favourable 
outcome was observed in 50-70% of 
CNS-V patients (13-16). By contrast, 
relapse affected approximately 30-
50% of CNS-V patients (13-15) and 
the annual relapse rate was 1.4 under 
the immunosuppressive treatments 
(15). Repeated clinical, cerebral spinal 
fluid (CSF), and neuroimaging can be 
informative to assess the disease activ-
ity through the management of patients 
with CNS-V. We hypothesised that se-
rial HR-VWI may be helpful for moni-
toring the response to the treatments of 
patients with CNS-V. With immuno-
suppressive treatments, majority of re-
mission patients diminished the degree 
and extent of VWE or remained stable 
enhancement status on follow-up HR-

VWI in the previous reports (11, 12). 
However, no reports in the relevant lit-
erature appear to have described serial 
VWE findings in the relapse cases. The 
aim of this study was to evaluate the 
serial VWE patterns on HR-VWI and 
its clinical implications in patients with 
CNS-V.

Subjects and methods
Study design and cohort
Patients were identified from Cleve-
land Clinic prospective CNS vasculop-
athy registry. This bioregistry has been 
set up to analyse the clinical, neurora-
diographic, and laboratory features of 
patients with CNS-V, RCVS, and other 
intracranial vasculopathies seen at 
Cleveland Clinic. Data was collected, 
including history of signs and symp-
toms at presentation, as well as over 
time, diagnostic tests, including labo-
ratory work, neuroradiographic stud-
ies (i.e. computed tomography (CT), 
magnetic resonance image (MRI), and 
angiography), and biopsy data. For this 
study, we included patients with the 
following 1) diagnosis of CNS-V based 
on pathologic findings of vasculitis on 
brain tissue and/or radiologic findings 
of cerebrovascular abnormalities with 
an inflammatory CSF and exclusion of 
other entities, 2) demonstration of se-
rial HR-VWI (baseline, 1st follow-up, 
and 2nd follow-up), and 3) availability 
of information on treatment and out-
come. Cleveland Clinic Institutional 
Review Board approved the protocol 
for this study.

Diagnosis of CNS-V 
and definitionof relapse
The patients with CNS-V were di-
agnosed on the basis of established 
clinical diagnostic criteria proposed 
by Calabrese and Mallek (3). Biopsy 
proven CNS-V was considered to be 
the presence of granulomatous, lym-
phocytic or necrotising vasculitis of 
medium to small size vessels in the 
brain tissue specimens. In cases with-
out evidence of histological confirma-
tion, the diagnosis of CNS-V was made 
according to the clinical pictures, neu-
roimaging findings, and inflammatory 
CSF profiles (16). Finally, the diagno-
sis of all CNS-V cases was confirmed 
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by expert rheumatologist (R.HA) and 
neurologist (K.U.). All patients were 
followed over a mean time of 15.6 
month to ensure the accuracy of the fi-
nal diagnosis.
Relapse was defined as a new neu-
rological event associated with new 
significant radiological abnormali-
ties (new cerebral infarct, extension 
of white matter lesion, appearance of 
gadolinium enhancements, and wors-
ening of arterial stenosis), leading to 
an intensification of treatment by the 
treating physician (13-15).

HR-VWI and visual VWE scores
All neuroimages were evaluated by one 
neurologist (T.S), blinded to clinical, 
laboratory, and pathological findings, 
and assessments were adjudicated by 
consensus when necessary. Brain MRI 
was performed using a commercially 
available echo planar instrument oper-
ating at 3.0 Teslas (Skyra or Trio; Sie-
mens, Erlangen, Germany). HR-VWI 
protocol included 2D black-blood con-
trast-enhanced T1-weighted sequences 
and time-of-flight magnetic resonance 
angiography (MRA) of the circle of 
Willis. Detailed protocol, sequence, 
and acquisition of MRA and HR-VWI 
at Cleveland Clinic have been reported 
previously (11).
The following intracranial vessel seg-
ments were assessed on HR-VWI: in-
ternal carotid artery (ICA: C4-C7 seg-
ment), anterior cerebral artery (ACA: 
A1, A2 segment), middle cerebral artery 
(MCA: M1, M2 segment), posterior 
cerebral artery (PCA: P1, P2 segment), 
vertebral artery (VA: V4 segment), and 
basilar artery (BA: union-top).
The presence or absence of VWE was 
determined by comparing pre-gadolin-
ium and post-gadolinium vessel wall 
imaging. VWE grade was classified 
on a 3-point scale: 0, none or signal 
equal to that of the pre-contrast im-
age; 1, eccentric enhancement if there 
was clearly non-uniform and non-cir-
cumferential thin-wall artery with mild 
hyperintensity; 2, concentric enhance-
ment if there was the whole wall cir-
cumference and thick-wall artery with 
strong hyper intensity (11). We gen-
erated the quantitative VWE score to 
provide a more detailed assessment of 

VWE in the intracranial arteries. In this 
modification, we assigned VWE grade 
(0 for none, 1 for mild/eccentric, and 2 
for strong/concentric) for each arterial 
segments. The VWE grade assigned for 
each arterial segment was summed up 
to create a total VWE score (Fig. 1-3).
MRA findings were compared with 
the HR-VWI findings for concordance 
of abnormalities. We assessed the ap-
pearance of the arterial irregularity, 
and the presence of segmental arterial 
dilatation in proximal (ICA, M1, A1, 
P1, VA, BA) arterial segments, mid-
dle (M2, A2, P2) arterial segments, and 
small distal branches (16).

Statistical analysis
We evaluated following findings on 
serial HR-VWI (Baseline, 1st follow-
up, and 2nd follow-up); 1) the posi-

tive rates of concentric intraluminal 
enhancement, 2) visual VWE score, 
and 3) serial VWE patterns according 
to clinical course (relapse and without 
relapse). The changes of serial VWE 
were assessed on the basis of the previ-
ous report by Kwee et al. (Fig. 5) (18). 
Continuous variables are expressed as 
mean ± standard deviation (SD) in the 
text and tables. The significance of in-
tergroup differences was assessed us-
ing a χ2 test for categorical variables 
and a Mann-Whitney and Kruskal-
Wallis U-test for continuous variables 
in univariate analysis. Values of p<0.05 
were considered to indicate statistically 
significant differences. All statistical 
analyses were performed using Statis-
tical Package for the Social Sciences 
software for Windows (SPSS v. 26.0, 
Chicago, IL).

Fig. 1. Example of quantitative VWE score (Case 3: A 35-year-old woman with good clinical course).
Baseline 3T-HRMRI post-gadolinium (A: Coronal image and B: Axial image).
A, B: Multiple strong smooth, concentric wall enhancements (arrow-heads) were identified in the right 
ICA (2 points), M1 (2points), M2 (2 points) and the left ICA (2points). Baseline total visual VWE 
score was 8.
Follow-up 3T-HRMRI post-gadolinium at 19 months (C: Coronal image and D: Axial image)
C, D: Strong smooth, concentric wall enhancement (arrow-head) remained in the right M2 segment (2 
points). Interval resolution of vessel wall enhancement was observed  in the bilateral ICA and the right 
M1 segments. Follow-up total visual VWE vessel score was 2.
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Results
Total of the 201 patients were enrolled 
in Cleveland Clinic prospective CNS 
vasculopathy registry from March 
2012 to December 2019. Among 
them, 37 patients (22 males; mean age 
48.2±12.8 years) met the diagnostic 
criteria of CNS-V. Of these, we ex-
cluded 14 CNS-V patients without 
HR-VWI and 14 CNS-V patients with 
incomplete follow-up HR-VWI. The 
remaining 9 patients were analysed in 
the present study.

Clinical characteristics
Table Ⅰ shows the baseline clinical 
characteristics of this study. Patient 
mean age at registration was 40.2±11.6 
years, with 5 females and 4 males. 
Diagnosis of CNS-V was confirmed 
by histopathologic examination in 5 
patients; and the remaining 4 patients 
were diagnosed by the clinical pic-
tures, abnormal cerebral angiography, 
and inflammatory CSF findings. Mean 

interval from onset to initial HR-VWI 
was 5.6 months. Total of three patients 
received immunosuppressant therapy 
at the baseline HR-VWI; glucocorti-
coid in 3 cases, cyclophosphamide in 2 
cases, and azathioprine in 1case. Mean 
follow-up period was 15.6 months and 
2 patients had relapse during follow-up 
period.

Baseline MRA and HR-VWI findings
Table Ⅰ summarises the baseline brain 
MRA and HR-VWI findings. Arte-
rial involvements were observed in 
6 of 9 patients (66.6%; all vascular 
segments: 1 case, both proximal and 
middle segment: 2 cases, only middle 
segment: 2cases, middle segment and 
small distal branch: 1 cases). On the 
baseline HR-VWI, strong/concentric 
VWE was identified in 7 of 9 patients 
(77.8%) and only one patient (11.1%) 

had no VWE. Mean numbers of arterial 
segments with concentric VWE were 
5.2±4.7 and mean total VWE scores 
were 9.3±9.1. Table Ⅱ showed detailed 
brain images findings and clinical data 
in the 9 CNS-V patients.

Serial HR-VWI findings
We assessed the unique 153 intracra-
nial arterial segments of 9 patients on 
each image (baseline, 1st follow-up, 
and 2nd follow-up). Mean intervals 
from baseline to follow-up HR-VWI 
was 4.7±5.4 months for 1st follow-up 
and 10.0±5.6 months for 2nd follow-up. 
On the baseline HR-VWI, 39 of 153 
(25.5%) arterial segments had strong/
concentric VWE. The positive rates of 
strong/concentric VWE have decreased 
to 12.4% (19 of 153 arteries) at 1st fol-
low-up image and 6.5% (10 of 153 ar-
teries) at 2nd follow-up image, respec-

Table I. Clinical characteristics and base-
line MRI findings.

 All (n=9)

Age, (y)   40.2±11.6
Male, n (%) 4  (44.4)
Biopsy-proven, n (%) 5  (55.6)
Interval from onset to initial HR-             5.6±7.9
    VWI, (months) 

Immunosuppressive treatment before 
baseline HR-VWI, n (%)   3  (33.3)
Glucocorticoid 3  (33.3)
Cyclophosphamide 2  (22.2)
Azathioprine 1  (11.1)
Mean follow-up period, n (months)        15.6±7.4
Relapse cases during follow-up, (%) 2  (22.2)

Arterial involvement on baseline MRA, n (%) 
Proximal segment (ICA, M1, A1,  3  (33.3) 
   P1, VA, BA) 
  Middle segment (M2. A2, P2) 6  (66.6)
  Small distal branch 2  (22.2)
  No arterial stenosis 3  (33.3)

VWE patterns on baseline HR-VWI, n (%) 
Concentric VWE (Grade 2) 7  (77.8)
Eccentric VWE (Grade 1) 2  (22.2)
None (Grade 0) 1  (11.1)
Mean numbers of arterial segments         5.2±4.7 
    with concentric VWE 
  Mean total visual VWE scores               9.3±9.1

MRI: magnetic resonance imaging: HR-VWI: 
high-resolution vessel wall image; MRA: mag-
netic resonance angiography; ICA: internal ca-
rotid artery; VA: vertebral artery; BA: basilar 
artery; VWE: vessel wall enhancement.

Fig. 2. Numerous strong/concentric VWE with mild vessel narrowing. (Case 5: A 46-year-old man 
with good clinical course).
Baseline MRA (A) and 3T-HRMRI post-gadolinium (B).
A: MRA shows the mild irregularities in the bilateral A2 segments(arrows). 
B: Strong smooth, concentric wall enhancements (arrow-heads) were identified in the bilateral ICA, 
bilateral M2, and bilateral A2 segments.Baseline total visual VWE score was 20.
Follow-up MRA (C) and 3T-HRMRI post-gadolinium (D) at 4 months.
C: Follow-up MRA revealed the improvement of vessel irregularities in the bilateral A2 segments 
(arrows). 
D: Although the left ICA remained concentric VWE, most affected segments decreased the degree of 
intraluminal enhancements (arrows). Follow-up total visual VWE score was 11.
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tively (p<0.001; Fig. 4a). Moreover, 
total VWE scores have significantly 
decreased over time courses (Baseline: 
9.3±8.3, 1st follow-up: 6.0±6.3, 2nd fol-
low-up: 3.2±6.7, p=0.034; Fig. 4b).

Serial VWE patterns and 
clinical course
Fig. 5 showed the changes of VWE 
patterns according to clinical status. 
In 7 patients without relapse, the num-
bers of arterial segments with strong/
concentric VWE decreased over time 
course (baseline: 37 arteries (24.2%), 
1st follow-up: 14 arteries (9.2%), and 
2nd follow-up: 9 arteries (5.9%), Fig.5), 
as well as mean total VWE scores 
(baseline: 11.1, 1st follow-up: 6.0, and 
2nd follow-up: 3.6, Fig. 5). Two pa-
tients (Case 6 and 7: Table Ⅱ) remained 
stable degrees and extent of VWE on 
follow-up images (Case 6: Total VWE 
score; baseline: 26, 1st follow-up: 20, 
and 2nd follow-up: 21, Case 7: Total 
VWE score; baseline: 3, 1st follow-up: 
2, and 2nd follow-up: 2).
Two patients (Case 8 and 9: Table Ⅱ) 

had relapse at 1st follow-up image. 
The numbers of arterial segments with 
strong/concentric VWE increased at 
1st follow-up HR-VWI (baseline: 2 
to 1st follow-up: 5, Fig. 5), as well as 
mild/eccentric VWE (baseline: 0 to 1st 
follow-up: 2, Fig. 5). Mean total VWE 
scores have temporarily worsened at 1st 
follow-up (baseline:2.0 to 1st follow-up: 
6.0, Fig. 5). All of 2 cases were treated 
with intravenous high dose methylpred-
nisolone followed by cyclophospha-
mide and improved clinically stable. 
The numbers of arterial segments with 
strong/concentric VWE (1st follow-up: 
5 to 2nd follow up: 1, Fig. 5) and mean 
total VWE scores (1st follow-up: 6.0 
to 2nd follow-up: 2.0, Fig. 5) have de-
creased on 2nd follow-up HR-VWI.

Discussion
We investigated the serial VWE pat-
terns on HR-VWI and its implications 
regarding the clinical status in patients 
with CNS-V. The numbers of arterial 
segments with strong/concentric VWE 
gradually decreased over time course 

[baseline: 37 arteries (24.2%), 1st follow-
up: 14 arteries (9.2%), and 2nd follow-
up: 9 arteries (5.9%)], as well as mean 
total VWE scores (baseline: 11.1, 1st 
follow-up: 6.0, and 2nd follow-up: 3.6) 
in patients without relapse. A case report 
by Saam et al. reported strong vessel 
wall enhancement in multiple arteries of 
a patient with intracranial arteritis (19). 
Follow-up imaging at 3 months showed 
a slight decrease in enhancement, and at 
6 months, there was further substantial 
decrease with some persistent enhance-
ment (19). Tsivgoulis et al. reported the 
case of a 45-year-old with CNS-V (20). 
Repeat follow-up HR-VWI at 3 and 9 
months showed reduction and final reso-
lution of vessel wall enhancement with-
out relapse (20). Therefore, decreasing 
contrast VWE at follow-up images may 
indicate good response to treatment in 
patients with CNS-V.
By contrast, two of seven patients with-
out relapse remained stable enhance-
ments on repeat follow-up images (Case 
6, 7). Obsez et al. showed the concen-
tric VWE enhancement remained stable 

Fig. 3. Example of quantitative VWE score (Case 9: A 53-year-old woman with relapse).
Baseline MRA (A) and 3T-HRMRI post-gadolinium (B) Coronal image and (C) Axial image).
A: MRA shows the mild irregularity in the right A1 segment (arrow). 
B, C: Strong smooth, concentric wall enhancements (arrow-heads) were identified in the right A1 (2  points) and P2 (2points). Baseline total visual VWE 
score was 4.
Follow-up MRA (D) and 3T-HRMRI post-gadolinium (E) Coronal image and (F) Axial image) at 7 months.
D: Follow-up MRA revealed progressive severe narrowing at the junction of the right terminal ICA, MCA, and ACA origin (arrows).
E, F: New strong smooth, concentric wall enhancements (arrow-heads) appeared in the right ICA (2 points), M1 (2 points), and P1 (2 points). Follow-up 
total visual VWE score was 10.
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for a follow-up median of 13.5 months 
in 4 patients (11). Pfefferkorn et al. re-
ported the changes of HR-VWI findings 
in 4 patients with stable clinical course. 
After immunosuppressive therapy, fol-
low-up HR-VWI showed that 2 patients 
had stable enhancement for 2 months 
and 2 patients had resolution of en-
hancement by 6 months (12). Although 
the degrees and extent of VWE on fol-
low-up may be influenced by treatment 
duration and timing of evaluation, these 
findings suggest that persistent VWE 

may be common and not indicate wors-
ening of the disease activity in patients 
with CNS-V.
In the relapse patients, the numbers of 
arterial segments with VWE and mean 
total VWE have temporarily worsened 
at 1st follow-up image. Prolonged re-
mission rate (≥12 months after diag-
nosis) and good functional outcome 
were seen in approximately 60–70% 
of CNS-V patients in the previous long 
term follow-up studies (13-16). By con-
trast, relapses may occur 30% to 50% 

of CNS-V patients, leading to the risk 
of progressive neurological deteriora-
tion with severe disability (13-15). To 
our knowledge, on review of the litera-
ture, there are no studies that describe 
the serial vessel wall imaging charac-
teristics in the relapse patients. In our 
study, HR-VWI of the relapse cases 
showed substantial decrease in the con-
trast enhancement of the arterial wall 
at 2nd follow-up image after intensive 
immunosuppressive therapy. Salvarani 
et al. reported that 25 (13 %) of the 

Table II. Detailed serial neuroimage changes and clinical status.

Case no, Biopsy Treatments Arterial stenosis Concentric VWE Eccentric VWE Visual VWE score Relapse
Age (y),  proven before initial
Sex    HR-VWI Initial 1st F/U 2nd F/U Initial 1st F/U 2nd F/U Initial 1st F/U 2nd F/U Initial 1st F/U 2nd F/U 

1/27/M Yes None R.M2-3,  Improvement Improvement L.A2 None None None None None 2 0 0 No
   L.A2,Bil.P2 

2/19/M Yes None None No-change No-change Bil.P2 None None R. M2 R.M2 None 5 1 0 No

3/35/F No None R.M1-2 Improvement Improvement Bil.ICA,  R.M2 None None None None 8 2 0 No
      Rt.M1-2

4/53/F Yes GC Bil.ICA,  Improvement Improvement Bil.ICA, L.ICA, None None R.M1, LA2 None 16 6 0 No
   Bil.M1-2,    Bil.M1-2, L.M1
   Bil.A1-3,   Bil.A1-2 
   Bil.P1-3 

5/46/M Yes None Bil.A2 Improvement Complete  Bil.ICA, L.ICA, None None R.ICA, R.M2, 20 11 2 No
     resolution Bil.M1-2,  R.P2   Bil.M1-2, LA2
      Bil.A1-2    Bil.A1-2  

6/47/F No GC, CPA,  R.M2, Bil.A2 No-change No-change Bil.ICA, Bil.ICA, Bil.ICA, None R.M1, R.M1, 26 20 21 No
  AZP Bil.P2   Bil.M1-2,  R.M2, R.M2,  LA2 Bil.A2
      Bil.A2, Bil.P2, Bil.P2,
      Bil.P2, L.M1-2, L.M1-2,
      BA, Bil.VA R.VA, BA R.VA, BA    

7/50/F No None None No-change None None None None L.A2, BA,  BA,  BA, 3 2 2 No
         L.VA L. VA L.VA 

8/36/M Yes GC, CPA None Worsening Complete  None None None None Bil.M2 None 0 2 0 Yes
     resolution 

9/49/F No None R.A1, R.P2 Worsening Improvement R.A1, R.ICA,  R.A1 None None R.ICA, 4 10 4 Yes
      R.P2 R.A1,    R.P1
       R.M1,
       R.P1-2  

HR-VWI: high-resolution vessel wall image; VWE: vessel wall enhancement; F/U: follow-up; GC: glucocorticoid; CPA: cyclophosphamide; AZP: azathioprine

Fig. 4. Serial VWE patterns in patients with CNS-V.
A: Positive rates of concentric VWE in the 153 artery segments. B: Serial changes of VWE score in 9 cases.
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191 CNS-V patients had 2 or more re-
lapses during a median follow-up of 19 
months (14). Therefore, repeat follow-
up HR-VWI may be helpful for assess-
ing disease activity and tracking treat-
ment response especially in the relapse 
patients.
We found that concentric VWE in 
multi-vessel segments were frequently 
observed in patients with CNS-V on 
HR-VWI.  This technique has already 
been used to distinguish CNS-V from 
other intracranial vasculopathies and 
directly visualises vessel wall inflam-
mation and oedema (6-10). Vasculitis 
typically shows smooth, concentric, 
and long-segment wall thickening with 
strong enhancement of the vessel wall 
(6-10). By contrast, the vessel wall in 
RCVS is typically non-enhancing (or 
mildly enhancing) compared with the 
typical intense wall enhancement in ac-
tive vasculitis (6-8). Intracranial athero-
sclerotic plaque typically demonstrates 
arterial wall thickening, which eccentri-
cally involves the circumference of the 
arterial wall (6-8). Eiden et al. reported 
that vasculitic patients had significantly 
more numbers of arterial segments with 
VWE compared to non-vasculitic pa-
tients (21). Intracranial ICA, M1, M2, 
and V4 segments showed a higher in-

volvement in patients with cerebral 
vasculitis (21). We generated the simple 
quantitative VWE scores on the basis of 
VWE grade and the numbers of arterial 
involved segments. This scoring system 
might be a useful method in the differ-
ential diagnosis of CNS-V and moni-
toring the post-treatment follow-up. 
Larger samples are needed to confirm 
the accuracy and reliability of the quan-
titative assessments on HR-VWI in pa-
tients with intracranial vasculopathies.
The present study has several limita-
tions. First, this study conducted at a 
single center, and the number of the 
CNS-V was relatively small. Second, 
complete follow-up HR-VWI were 
available in only 25% of CNS-V pa-
tients from our cohort. Therefore, there 
have been missing data, and selec-
tion and referral bias that we cannot 
control. Third, three on nine patients 
already received immunosuppressant 
therapy at baseline HR-VWI. In our 
study, mean interval from onset to reg-
istration was 5.6 months. Obsez et al. 
reported that there was stable enhance-
ment for many months in some CNS-
V patients under immunosuppressive 
therapy (11). However, our results 
suggested that HR-VWI should be ex-
amined as soon as possible to assess 

the disease activity in CNS-V patients 
if immunosuppressive treatment was 
initiated. Finally, the management of 
immunosuppressive treatment and the 
timing for follow-up HR-VWI were 
conducted on the basis of the attending 
physician judgments. These differenc-
es may have had potentially significant 
confounding effects on the relation-
ship between serial VWE patterns and 
clinical status. To reach more definitive 
conclusions, further prospective stud-
ies with some other centres are needed.
In conclusion, decreasing contrast 
VWE at follow-up images were fre-
quently observed in CNS-V patients 
with good correlation to the clinical 
status of the patient. By contrast, some 
patients might have temporal VWE 
worsening at the relapse. Serial VWE 
patterns on HR-VWI may be useful for 
monitoring the response to treatment in 
patients with CNS-V.
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