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Abstract

Background Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) often causes peripheral nervous
system impairments. However, little is known about subclinical involvements of the central nervous system in AAV. We
investigated the frequency and progression of cerebral small vessel disease (SVD) in patients with AAV.

Methods This single-center, case—control study comprised 56 patients with myeloperoxidase (MPO)-ANCA-positive AAV.
Cerebral SVD presenting periventricular and deep white matter hyperintensities was assessed using brain magnetic resonance
imaging (MRI). Seventy-five patients with non-stroke-associated neurological diseases were employed as controls.

Results At clinical diagnosis of MPO-ANCA-positive AAV, the frequency of periventricular hyperintensities in the AAV
group was significantly higher than that in the control group (P =0.014). Shinohara and Fazekas grades of periventricular
hyperintensities in the AAV group were significantly higher than those in the control group (P=0.019 and 0.020, respec-
tively). In the AAV group, atherosclerosis-related factors, such as age and hypertension, were not associated with the Shino-
hara grades of periventricular hyperintensities, whereas serum CRP levels were significantly associated (odds ratio =6.000,
95% confidence interval 1.648-21.840, P =0.004). MRI changes were followed in 23 patients with AAV until 2 years after
6 months of diagnosis. Six of these patients worsened the grades of periventricular hyperintensities, while two of 27 in the
control group worsened the grades (P=0.013).

Conclusion Inflammatory events are associated with the occurrence of cerebral SVD before clinical diagnosis of
MPO-ANCA-positive AAV. The patients may be continuously exposed to the risk of cerebral SVD after immunosuppres-
sive therapy.
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Introduction (MPO) and proteinase 3 (PR3) are strongly related to diag-

nosis and pathogenesis of AAV [2]. It is proposed that

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is a primary vasculitic disease patho-
logically characterized by inflammation of the small and
medium-sized vessels of the body [1]. More than ten types
of neutrophil granule-containing substances have been iden-
tified as ANCA antigens. Among them, myeloperoxidase
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classification according to the type of ANCA is useful for
understanding the clinical features and genetic background
of AAV [3]. In addition, the reactivity with immunosup-
pressive therapy is dependent on the type of ANCA, and the
recurrence rate in PR3-ANCA-positive AAV is significantly
higher than that in MPO-ANCA-positive AAV [4-6].
ANCA-associated vasculitis often causes peripheral nerv-
ous system impairments [7]. Generally, MPA and EGPA
cause central nervous system impairments much less fre-
quently than peripheral neuropathy [7-9]. 7-11% patients
with GPA are shown to cause central nervous system
impairments [10]. However, it is unclear as to the subclini-
cal involvement of the central nervous system in AAV. To
address this issue, we focused on periventricular and deep
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white matter hyperintensities on T2- and FLAIR-weighted
magnetic resonance imaging (MRI) as cerebral small vessel
disease (SVD) in MPO-ANCA-positive AAV and assessed
the frequency and progression of cerebral SVD. Here, we
report the association of MPO-ANCA-positive AAV with
subclinical occurrence of cerebral SVD.

Methods
Subjects

The subjects of this study were 97 patients with AAV who
were serially admitted to Osaka Medical College Hospi-
tal between January 2013 and October 2018. All patients
were newly diagnosed as AAV according to the EMEA
algorithm [11] and had received no immunosuppressive
treatments elsewhere. Among the patients with AAV, 74
underwent brain MRI at clinical diagnosis of AAV before
starting immunosuppressive therapy to assess the central
nervous system involvements despite the presence and
absence of neurological symptoms. They included 53 with
MPO-ANCA-positive AAV, 8 with PR3-ANCA-positive
AAYV, 3 with ANCA-double positive AAV and 10 with
ANCA-negative AAV (Fig. 1). In this study, 56 patients
were enrolled as MPO-ANCA-positive AAV. They were
classified into 7 with EGPA, 19 with GPA, 25 with MPA
and 5 with unclassifiable AAV.

As a control group, there were 75 patients with non-
stroke-associated neurological and neuromuscular junc-
tion diseases. They serially came to our hospital during
the same period and included 11 with myasthenia gravis, 8

AAV
n=97
Brain MRI
_— No
n=23
Brain MRI
Yes
n=74
MPO(-), PR3(+)
5 n=8
MPO(-), PR3(-)
n=10
MPO(+), PR3(-)
n=53
MPO(+), PR3(+)
n=3

Fig. 1 Flowchart of this study. 74 of 97 patients with AAV underwent
brain MRI. Of these patients, 56 patients with MPO-ANCA-positive
AAV were enrolled in this study. As the control group, 75 patients
with non-stroke-associated neurological and neuromuscular junction
diseases were employed

with Guillain—Barré syndrome, 5 with chronic inflammatory
demyelinating polyneuropathy, 4 with multifocal motor neu-
ropathy, 17 with Parkinson’s disease, 11 with amyotrophic
lateral sclerosis and 19 with spinocerebellar degeneration.
In these patients, brain MRI was performed to differentiate
the organic brain abnormalities. Clinical information of the
patients was collected from the medical records.

Clinical findings and laboratory examinations

Information on age at diagnosis, sex, smoking status, and the
presence of diabetes mellitus, hypertension and dyslipidemia
was collected. Smoking status was evaluated by the Brink-
man index. The presence of diabetes mellitus, hypertension
and dyslipidemia was first checked by the medical history or
by laboratory examinations on admission. Diabetes mellitus
was judged according to World Health Organization criteria
[12] or by current medication. Hypertension was defined as
resting blood pressure > 140/90 mmHg or by current use of
antihypertensive agents. Dyslipidemia was defined as low-
density lipoprotein cholesterol levels > 160 mg/dL or triglyc-
eride levels > 150 mg/dL [13] or by current medication. For
assessment of disease activity for AAV, serum CRP levels,
serum MPO-ANCA titers and Birmingham Vasculitis Activ-
ity Score (BVAS version 3) just before starting the treatment
were used [14, 15]. Serum MPO-ANCA was measured by
the CLEIA method. BVAS is an index to assess the dis-
ease activity of systemic vasculitis by scoring five systemic
symptoms and symptoms of eight organs [14, 15].

Assessment of cerebral SVD on brain MRI

Diffusion-, T2- and FLAIR-weighted images at 2-mm slices
and MR angiography were performed on 3.0T MRI (GE
Signa HDxt). For assessment of periventricular and deep
white matter hyperintensities at baseline, T2- and FLAIR-
weighted transverse images entirely covering the bodies of
the lateral ventricles were used at diagnosis of AAV. The
grades of periventricular and deep white matter hyperin-
tensities were assessed by the Shinohara classification with
minor modification and Fazekas scale (Table 1) [16, 17].
For assessment of the progression of periventricular and
deep white matter hyperintensities, follow-up MRI images
until 2 years after onset were analyzed in 44 MPO-ANCA-
positive AAV patients and 39 patients in the control group.
Clinical information was collected by K. N., and the assess-
ment of MRI was performed by H. T. blind to the diagnosis
and clinical information. We did not find patients with severe
sclerotic changes in the internal carotid, middle cerebral,
vertebral and basilar arteries on MR angiography in the
AAV and control groups.
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Table 1 Shinohara classification and Fazekas scale of periventricular and deep white matter hyperintensities on brain MRI

Shinohara classification

Fazekas scale

Periventricular hyperintensities

Absence
“Caps” or pencil-thin lining
Smooth “halo”

Irregular PVH extending
into the deep white matter

Absence

Punctate foci

Beginning confluence of foci
Large confluent areas

Grade 0 Absence or periventricular “rim” only

Grade 1 Localized lesions like “caps”

Grade 2 Extended along the whole periventricular area

Grade 3 Irregular PVH extending into the deep white matter

Grade 4 Extending throughout deep and subcortical white matter -
Deep white matter hyperintensities

Grade 0 Absence

Grade 1 Punctate foci (diameter <3 mm) or dilatation of perivascular spaces

Grade 2 Patchy foci (diameter >3 mm)

Grade 3 Confluent foci in deep white matter

Grade 4 Confluence widely distributed in most white matter -

PVH periventricular hyperintensity

Statistical analysis

To compare categorical and continuous variables between
groups, Pearson’s Chi square test and Student’s ¢ test were
used. Frequency of cerebral SVD was assessed by Pearson’s
Chi square test. Comparison of the grades of periventricular
hyperintensities between groups was performed by Student’s
t test. To analyze independent contributing factors for cer-
ebral SVD, a linear logistic regression analysis was used.
Analysis for rates of progressive SVD cases was performed
by the Kaplan—-Meier method and differences between sur-
vival curves were assessed by the log-rank test. The values
of each factor were expressed as mean + standard deviation,
and P value <0.05 was considered statistically significant.
Statistical analysis was performed using JMP Pro 13 soft-
ware (SAS Institute Inc., Cary, NC, USA).

Data availability

All data analyzed during this study are included in this
article.

Results

Comparison of demographic data
between MPO-ANCA-positive AAV and control
groups

Patient profiles are summarized in Table 2. The mean age of
the AAV group was 74.6 +9.6 years old, while that of the
control group was 72.0+9.2 years old. There was no signifi-
cant difference in the mean age between the two groups. The
rates of men were comparable between the two groups. There
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Table 2 Comparison of demographic data between MPO-ANCA-pos-
itive AAV and control groups

AAV (n=56) Control (n=75) P value
Age 74.6+9.6 72.0+9.2 0.128
Men, n (%) 25/56 (44.6%) 35/75 (46.7%)  0.818
Diabetes mellitus, 1 (%) 14/56 (25.0%) 16/75 (21.3%) 0.241
Hypertension, n (%) 22/56 (39.3%) 26/75 (34.7%)  0.588
Dyslipidemia, n (%) 14/56 (25%)  19/75 (25.3%)  0.965
Smoking (Brinkman 216.7+54.8 194.6+42.2 0.782

index)

ANCA titer (IU/mL) 184 +£37.6 - -
CRP (mg/dL) 8.6+0.9 0.2+0.1 <0.001
BVAS 18.0+7.5 - -

Data are expressed as mean + standard deviation or n (%)

ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive pro-
tein; BVAS, Birmingham Vasculitis Activity Score

were no significant differences in the rates of patients with
hypertension, diabetes mellitus and dyslipidemia. Addition-
ally, the Brinkman index for smoking status showed no signifi-
cant difference between the two groups. The levels of serum
CRP in the MPO-ANCA-positive AAV group (8.6+0.9 mg/
dL) were significantly higher than those in the control group
(0.2+0.1 mg/dL, P<0.001). These findings showed that
general risk factors for atherosclerosis were comparable
between the two groups, whereas inflammation occurred in
the MPO-ANCA-positive AAV group at clinical diagnosis.

Frequency of cerebral SVD at clinical diagnosis
of MPO-ANCA-positive AAV

On brain MRI, 11 of 56 patients (19.6%) with
MPO-ANCA-positive AAV showed acute and subacute



Journal of Neurology (2019) 266:1708-1715

1711

symptomatic lesions: 6 with acute cerebral infarction
(10.7%) that was observed as the presence of high inten-
sities on diffusion-weighted images, 1 with cerebral hem-
orrhage (1.8%), 1 with subarachnoid hemorrhage (1.8%)
and 3 with hypertrophic pachymeningitis (5.4%) (Table 3).
Acute and subacute intracranial lesions were not seen in
the control group. In the brain stem, cerebellum, and cor-
tical and subcortical areas of the cerebrum, a total of 21
of 56 patients (37.5%) with MPO-ANCA-positive AAV
showed chronic ischemic changes observed as high inten-
sities on T2- and FLAIR-weighted images and iso-inten-
sity on diffusion-weighted images. Distribution of these
changes was 11 of the frontal lobe, 3 of the temporal lobe,
4 of the parietal lobe, 2 of the occipital lobe, 4 of the
brainstem and 3 of the cerebellum. In the control group, 23
of 75 patients (30.7%) showed chronic ischemic changes.
Distribution of these changes was ten of the frontal lobe,
five of the temporal lobe, four of the parietal lobe, three
of the occipital lobe, three of the brainstem and four of
the cerebellum. There was no significant difference in the

frequency of these chronic ischemic changes between the
two groups (P =0.724).

Afterwards, to clarify cerebral SVD in MPO-ANCA-pos-
itive AAV at baseline, we examined the frequency of perive-
ntricular and deep white matter hyperintensities on T2- and
FLAIR-weighted images at clinical diagnosis of AAV
(Table 3). In the MPO-ANCA-positive AAV group, perive-
ntricular hyperintensities were seen in 49 (87.5%) of 56
patients. In the control group, they were seen in 52 (69.3%)
of 75 patients. The frequency of periventricular hyperinten-
sities in the MPO-ANCA-positive AAV group was signifi-
cantly higher than that of the control group (P=0.014). We
then compared the grades of periventricular hyperintensi-
ties according to the Shinohara classification (PVH) and the
Fazekas scale (PVWM) (Table 3). The PVH grades in the
MPO-ANCA-positive AAV group (mean + standard devia-
tion, 1.64 + 1.09) were significantly higher than those in the
control group (1.20+1.03, P=0.019). Similarly, the PVWM
grades in the MPO-ANCA-positive AAV group (1.57 +0.95)
were significantly higher than those in the control group

Table 3 Comparison of cerebral

AAV (n=56) Control (n=75) P value
SVD between MPO-ANCA-
positive AAV and control Symptomatic lesions 11/56 (19.6%) 0/75 (0%) -
groups Periventricular hyperintensities 49/56 (87.5%) 52/75 (69.3%) 0.014%
PVH (Shinohara classification)
Grade 0 7 (12.5%) 23 (30.7%) 0.019°
Grade 1 21 (37.5%) 22 (29.3%)
Grade 2 17 (30.4%) 24 (32.0%)
Grade 3 7 (12.5%) 4 (5.3%)
Grade 4 4(7.1%) 2(2.7%)
PVWM (Fazekas scale)
Grade 0 7 (12.5%) 23 (30.7%) 0.020°
Grade 1 21 (37.5%) 22 (29.3%)
Grade 2 17 (30.4%) 24 (32.0%)
Grade 3 11 (19.6%) 6 (8.0%)
Deep white matter hyperintensities 47/56 (83.9%) 60/75 (80.0%) 0.563*
DSWMH (Shinohara classification)
Grade 0 9 (16.1%) 15 (20.0%) 0.134°
Grade 1 16 (28.6%) 27 (36%)
Grade 2 14 (25.0%) 17 (22.7%)
Grade 3 12 (21.4%) 14 (18.7%)
Grade 4 5(8.9%) 2(2.7%)
DWM (Fazekas scale)
Grade 0 9 (16.1%) 15 (20.0%) 0.196°
Grade 1 16 (28.6%) 27 (36%)
Grade 2 14 (25.0%) 17 (22.7%)
Grade 3 17 (30.4%) 16 (21.3%)

Data are expressed as n (%)

PVH, periventricular hyperintensity; PVWM, periventricular white matter; DSWMH, deep and subcortical
white matter hyperintensity; DWM, deep white matter

% and ® indicate Pearson’s Chi square test and Student’s ¢ test, respectively
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(1.17£0.96, P=0.020). In contrast, there was no differ-
ence in the frequency of deep white matter hyperintensities
between the two groups (83.9% in the MPO-ANCA-positive
AAV group vs 80% in the control group, P=0.563). The
DSWMH grades of the Shinohara classification showed no
difference between the MPO-ANCA-positive AAV group
(1.79 £ 1.22) and the control group (1.48 +1.09, P=0.134).
The DWM grades of the Fazekas scale also showed no dif-
ference between the MPO-ANCA-positive AAV group
(1.70 £ 1.08) and the control group (1.45+1.04, P=0.196).

Assessment of atherosclerosis and inflammatory
risk factors for cerebral SVD at clinical diagnosis
of MPO-ANCA-positive AAV

To clarify how MPO-ANCA-positive AAV affects the occur-
rence of cerebral SVD at clinical diagnosis of AAV, we ana-
lyzed the association of risk factors with the PVH grades in
MPO-ANCA-positive AAV. In the univariable analysis, we
assessed nine factors related to atherosclerosis and inflam-
mation (Table 4). Atherosclerosis-related factors, such as age
at diagnosis, the rate of men, hypertension, diabetes melli-
tus, dyslipidemia and smoking, were not associated with the
PVH grades. Serum CRP levels were significantly associated
with PVH grades [odds ratio (OR) 6.000, 95% confidence

interval (CI) 1.648-21.840, P=0.004], whereas ANCA
titers (OR 0.515, 95% CI 0.164-1.616, P=0.251) and
BVAS values (OR 0.800, 95% CI 0.259-2.468, P=0.697)
were not associated with PVH grades. In the multivariable
analysis, we assessed five factors related to atherosclerosis
and inflammation. Atherosclerosis-related factors, such as
age at diagnosis, the rate of men, and dyslipidemia, were
not associated with the PVH grades. Serum CRP levels were
significantly associated with PVH grades (OR 5.744, 95% CI
1.430-23.074, P=0.014), whereas ANCA titers (OR 0.438,
95% C10.114-1.687, P=0.230) were not associated.

Progression of cerebral SVD after clinical diagnosis
of MPO-ANCA-positive AAV

To assess whether patients with MPO-ANCA-positive AAV
continuously have the risk of cerebral SVD after introduc-
ing immunosuppressive therapy, we analyzed second brain
MRI images of patients with MPO-ANCA-positive AAV
until 2 years after diagnosis. 21 of the MPO-ANCA-positive
AAV group and 12 of the control group underwent a second
brain MRI within 6 months after diagnosis. In these patients,
there were no significant changes in the PVH and PVWM
grades for periventricular hyperintensities as compared with
the grades at baseline. 23 of the MPO-ANCA-positive AAV

Table 4 Analysis of risk factors for periventricular hyperintensities in MPO-ANCA-positive AAV

Parameters Univariate logistic regression model
OR 95% C1 P value
Lower Higher
Age 2.404 0.764 7.562 0.131
Men 0.500 0.155 1.608 0.238
DM 2.037 0.490 8.462 0.309
HT 0.729 0.233 2.279 0.588
DL 3.692 0.730 18.682 0.082
Smoking 0.929 0.264 3.271 0.908
BVAS 0.800 0.259 2.468 0.697
ANCA 0.515 0.164 1.616 0.251
CRP 6.000 1.648 21.840 0.004
Parameters Multivariate logistic regression model
OR 95% CI P value
Lower Higher

Age 2.120 0.568 7.910 0.264
Men 0.489 0.128 1.861 0.294
DL 3.128 0.532 18.381 0.207
ANCA 0.438 0.114 1.687 0.230
CRP 5.744 1.430 23.074 0.014

OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HT, hypertension; DL, dyslipidemia; BVAS, Birmingham Vasculitis Activity
Score; ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive protein
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group and 27 of the control group underwent a second brain
MRI after 6 months of diagnosis. A total of 6 of 23 (26.1%)
patients with MPO-ANCA-positive AAV worsened by one
grade in PVH and PVWM scales, whereas 2 of 27 (7.4%)
patients in the control group worsened by one grade in PVH
and PVWM scales (Fig. 2). The progression of periventricu-
lar hyperintensities in the MPO-ANCA-positive AAV group
was observed more frequently than that in the control group
(P=0.013). There were no clear trends in age, sex, smok-
ing, the grades of PVH, and ANCA titers at clinical diagno-
sis between the progressive and non-progressive groups in
patients with MPO-ANCA-positive AAV (Table 5). Addi-
tionally, serum CRP levels were variable in the two groups.

Discussion

Cerebral SVD encompasses the pathological processes that
affect the small arteries, venules, and capillaries of the brain,
consequently presenting lacunar infarcts in the subcorti-
cal and white matter areas, large hemorrhages and micro-
bleeds. Cerebral SVD is proposed to be classified into six
subgroups by various etiologies: type 1 is arteriolosclerosis
as age-related and vascular risk-factor-related SVD; type 2
is sporadic and hereditary cerebral amyloid angiopathy; type
3 is inherited or genetic SVD distinct from cerebral amyloid
angiopathy; type 4 is inflammatory and immunologically

1.0

Control group
0.8

AAV group
0.6

0.2

Rate of non-progressive SVD patients

0

6 8 10 12 14 16 18 20 22 24
Months after diagnosis

Fig.2 Progression of periventricular hyperintensities in patients
with MPO-ANCA-positive AAV. 23 patients with MPO-ANCA-pos-
itive AAV and 27 patients with non-stroke-associated disease control
underwent follow-up brain MRI after 6 months of diagnosis. The fol-
low-up period was 2 years. The graph shows the Kaplan—Meier curve
for rate of non-progressive cerebral SVD patients in the PVH grades
of the Shinohara classification. The data were analyzed by the log-
rank test

mediated SVD, type 5 is venous collagenosis; and type 6 is
other SVD [18]. According to this classification, we hypoth-
esized that AAV highly contributed to cerebral SVD through
inflammatory damage to the small vessels in the brain. How-
ever, it is unclear as to the pathological impact of AAV on
cerebral SVD because clinical attention has not been paid
to the involvement of cerebral SVD in AAV. In this study,
to elucidate the frequency of cerebral SVD in patients with
AAV, we analyzed the relationship of periventricular and
deep white matter hyperintensities in MPO-ANCA-positive
AAV. We found that the frequency of periventricular hyper-
intensities, but not deep white matter hyperintensities, was
significantly higher at initial diagnosis in MPO-ANCA-posi-
tive AAV than in the control group. Additionally, the grades
of periventricular hyperintensities expressing as PVH in the
Shinohara classification and PVWM in the Fazekas scale
were significantly higher in MPO-ANCA-positive AAV
than those in the control group. These findings showed that
MPO-ANCA-positive AAV was associated with subclinical
occurrence of cerebral SVD.

To address the mechanism of cerebral SVD in
MPO-ANCA-positive AAV, we assessed the risk factors
related to arteriosclerosis or inflammation. There were no
differences in risk factors related to arteriosclerosis, such
as age at diagnosis, smoking, hypertension, diabetes mel-
litus and dyslipidemia, between the MPO-ANCA-positive
AAV and control groups, and these risk factors were not
associated with the grades of periventricular hyperintensities
in MPO-ANCA-positive AAV. We found that serum CRP
levels were significantly associated with PVH grades in
MPO-ANCA-positive AAV at initial diagnosis. These data
suggested that inflammatory processes were involved in cer-
ebral SVD before clinical diagnosis of MPO-ANCA-positive
AAV. In support of this idea, previous studies indicated that
higher CRP levels were associated with the presence of cer-
ebral SVD in older adults, and serum CRP was a sensitive
systemic marker of inflammation in cerebral SVD [19, 20].
However, in older adults, higher CRP levels are considered
to reflect the inflammatory endothelial damage of atheroscle-
rotic processes in cerebral SVD. In MPO-ANCA-positive
AAV, higher CRP levels may primarily reflect vasculitic
endothelial damage because the frequency and grades of
periventricular hyperintensities were statistically independ-
ent of atherosclerosis-related risk factors.

We also found that patients with MPO-ANCA-positive
AAV showed progression of periventricular hyperintensities,
although this analysis was based on a small population. This
finding suggested that patients with MPO-ANCA-positive
AAV may be continuously exposed to the risk of cerebral
SVD after immunosuppressive therapy. However, we did not
find the association of serum CRP levels at clinical diagno-
sis with the progression of periventricular hyperintensities.
One may speculate that unknown factors other than CRP
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Table 5 Clinical and

X . . Patient# EMEA Age Sex DM HT DL Smoking BVAS ANCA CRP PVH

demographic data at diagnosis

in brain MRI follow-up patients PVH progressive AAV group

Wit MPO-ANCA-positive # MPA 79 F  + o+ + 0 14 2890 960 I
#2 a 78 M - - - 400 10 55.0 1087 3
#3 GPA 75 F - - - 0 27 229.0 003 2
#4 MPA 74 M + - - 0 29 300.0 008 O
#5 EGPA 64 F - - - 0 27 137.0 000 2
#6 GPA 79 M - + - 0 31 113.0 301 0

PVH non-progressive AAV group

#7 EGPA 79 F - - - 0 13 40.9 515 2
#8 GPA 73 F - - - 0 33 223.0 249 2
#9 GPA 82 M - - - 800 8 101.0 14.74 3
#10 MPA 72 M - - - 1600 22 1950 1224 3
#11 MPA 89 M - - - 0 15 35 1.13 1
#12 EGPA 54 M - + + 480 24 550.0 1.80 1
#13 EGPA 49 M - - - 220 25 11.5 6.12 1
#14 EGPA 50 F - - - 0 11 4.1 143 1
#15 EGPA 61 M + + - 400 25 133.0 228 2
#16 GPA 86 M + - + 1040 18 125.0 16.94 2
#17 GPA 68 F - - + 0 15 70.3 2278 2
#18 2 70 F - - - 0 11 166.0 457 0
#19 MPA 74 M + + + 0 29 300.0 021 4
#20 GPA 81 F - - - 300 20 90.1 11.63 2
#21 GPA 74 F - - - 0 17 82.2 012 1
#22 GPA 73 F - - - 0 30 384.0 006 0
#23 MPA 74 M - - - 0 16 262.0 004 0

In the columns, + and — mean the presence and absence of disease, respectively. Smoking represents the
Brinkman index. ANCA and CRP show MPO-ANCA titers (IU/mL) and values (mg/dL), respectively.

PVH expresses the grades

EMEA, European Medicines Agency algorithm; DM, diabetes mellitus; HT, hypertension; DL, dyslipi-
demia; BVAS, Birmingham Vasculitis Activity Score; ANCA, anti-neutrophil cytoplasmic antibody; CRP,
C-reactive protein. PVH, periventricular hyperintensity; MPA, microscopic polyangiitis; GPA, granuloma-
tosis with polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis; F, female; M, male

#Unclassifiable AAV on EMEA

could affect the progression of cerebral SVD. Alternatively,
a slight increase in serum CRP levels may be associated with
the progression of cerebral SVD. Further studies using the
larger cohort and more detailed follow-up dataset of serum
CRP are necessary to reduce an introduction of uncontrolled
bias and elucidate whether vasculitic changes affect the pro-
gression of cerebral SVD in MPO-ANCA-positive AAV.
Cerebral SVD is considered to associate with an
increased risk of stroke, cognitive decline and depression in
older adults [19]. Cerebral SVD precedes cerebral infarction
in 60-70% of patients [16] and is related to the onset and
recurrence of cerebral infarction [21]. Reciprocally, cerebral
infarction patients have been shown to have cerebral SVD
10-20 years before the onset of cerebral infarction [22]. The
results of this study showed that patients with MPO-ANCA-
positive AAV were the latent high-risk group of cerebral
SVD. In general, patients with AAV experience nonspecific
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symptoms, including fever, fatigue, appetite loss, weight
loss, myalgia and joint pain, before being diagnosed by vas-
culitis-specific symptoms of organs [23]. These preclinical
symptoms continue a few weeks or months [23]. In EGPA,
patients have bronchial asthma for a few years before clinical
diagnosis [24]. Although it is unclear when the elevation of
serum CRP levels starts before clinical diagnosis, small ves-
sel damage seems to occur silently in MPO-ANCA-positive
AAV. In addition, patients with MPO-ANCA-positive AAV
may be continuously exposed to the risk of cerebral SVD
after immunosuppressive therapy. Accumulating data for
cognitive decline and the occurrence of cerebral infarction
would provide important insights into understanding the
influence of cerebral SVD on the activities of daily living in
patients with MPO-ANCA-positive AAV.

It should be noted that the present results were obtained
from a single-center and case—control study. To validate
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the results, it is necessary to accumulate the data by pro-
spective analysis in a multi-center study. Additionally, to
clarify the association of MPO-ANCA-positive AAV with
cerebral SVD, assessment of cerebral microbleeds using
T2*-weighted MRI would be useful.
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