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Abstract:

A young woman with microscopic polyangiitis (MPA) requiring hemodialysis showed repeated posterior
reversible encephalopathy syndrome (PRES) with spatiotemporal multiple lesions over a period of two
months. The first PRES episode with confusion and the second PRES episode with vertigo and nausea were
caused by MPA, hypertension and renal failure. These symptoms were improved by the reinforcement of
MPA treatment and blood pressure management. The third PRES episode with nausea, headache, seizure and
visual changes was induced by rituximab infusion and hypertension. The PRES was improved with blood

pressure and convulsant management. These conditions are challenging to diagnose and treat.
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Introduction

Microscopic polyangiitis (MPA) is a small- to medium-
vessel vasculitis and part of a spectrum of disorders called
antineutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) (1). Although neurological involvement, typi-
cally mononeuritis multiplex, is not uncommon in MPA,
central nervous system (CNS) involvement is relatively un-
common and presents a variety of imaging findings (2, 3).

Posterior reversible encephalopathy syndrome (PRES) is a
clinico-radiological syndrome with magnetic resonance im-
aging (MRI) findings characterized by acute, reversible cere-
bral endotheliopathy with consecutive disruption of the
blood-brain barrier and vasogenic edema (4). Vasogenic
edema predominantly occurs in the bilateral parieto-occipital
region, along with acute neurological deficits, but lesions af-
fecting the frontal lobe, cerebellum, or basal ganglia are
common (4). The thalamus and brainstem can also be af-
fected (4). Clinical manifestations of PRES include head-

ache, nausea, vomiting, seizures, visual disturbances, and al-
tered mental states (4). A wide variety of medical conditions
and medications, such as renal failure, hypertensive crises,
sepsis, cytotoxic drugs, preeclampsia, eclampsia, or autoim-
mune disorders, including AAV, have been implicated as
causes of PRES (5, 6).

We herein report a young woman with ANCA-associated
MPA requiring hemodialysis. She showed repeated episodes
of PRES with spatiotemporal multiple cranial lesions, prob-
ably due to different etiologies in the short periods. She also
had a rare cerebral aneurysm as a complication. These con-
ditions are rare and challenging for physicians to diagnose
and treat.

Case Report

A 19-year-old woman with renal failure on hemodialysis
was transferred to our hospital for further treatment. She
visited the outside hospital complaining of general fatigue,
nausea, vomiting, appetite loss and edema two months prior
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Table 1. Laboratory Data on Admission.

Urine
Protein 3+
Occult blood 3+
Red blood cell 10-19 /high power field
White blood cell 5-9 /high power field
Protein 5.9 g/g creatinine

a1-microglobulin

Complete blood count

Anti-dsDNA antibody

55.8 mg/L (<11.9)

WBC 10,700 /uL
Hb 12.0 g/dL
Platelet 19.2x10* /uL
Blood chemistry
Total protein 5.5 g/dL
Albumin 3.4 g/dL
Urea nitrogen 62.8 mg/dL
Creatinine 8.51 mg/dL
Aspartate aminotransferase 14 TU/L
Alanine aminotransferase 14 IU/L
Alkaline phosphatase 148 TU/L
7 glutamyltransferase 12 IU/L
Lactate dehydrogenase 239 IU/L
Na 137 mEq/L
K 4.1 mEq/L
Cl 100 mEq/L
Mg 1.8 mg/dL
Triglyceride 128 mg/dL
LDL cholesterol 16 mg/dL
Fe 24 pg/dL
TIBC 209 pg/dL
Ferritin 139.5 ng/mL
estimated GFR 5.9 mL/min/1.73 m?
Immunologic test
IgG 887 mg/dL
IgA 101 mg/dL
IgM 66 mg/dL
CHS50 17 U/mL
C3 21 mg/dL
C4 5 mg/dL
C-reactive protein 0.01 mg/dL
Antinuclear antibody x80

0.9 IU/mL (<9.0)

MPO-ANCA 7.0 U/mL (<3.4)
PR3-ANCA 1.0 U/mL (<3.4)
P-ANCA positive

Anti-GBM antibody 2.0 U/mL (<2.9)
Cryoglobulin negative

ASO 24.2 U/mL

HBs antigen negative

HCYV antibody negative

TIBC: total iron binding capacity, GFR: glomerular filtration rate,
MPO-ANCA: myeloperoxidase-anti-neutrophil cytoplasmic antibody,
PR3-ANCA: proteinase 3-anti-neutrophil cytoplasmic antibody, P-
ANCA: perinuclear-anti-neutrophil cytoplasmic antibody, GBM: glo-
merular basement membrane, HBs: hepatitis B surface antigen, HCV:
hepatitis C virus

The values in the parentheses show the normal range.

to admission to our hospital. Hemodialysis was introduced
because of uremic symptoms, with a serum creatinine level
of 18.78 mg/dL and C-reactive protein (CRP) level of 0.11
mg/dL. She was subsequently treated with steroid pulse
therapy with oral prednisolone at 50 mg/day for 3 weeks
and 2 cycles of low-density lipoprotein (LDL) apheresis for
severe renal failure with massive proteinuria and hematuria.

At admission, she was taking prednisolone at 40 mg/day
and cilnidipine at 10 mg/day. A physical examination re-
vealed a blood pressure of 140/68 mmHg, a heart rate of 93/
min, a body temperature of 37.0C and an oxygen saturation
of 98%. She was oriented, was not in acute distress and had
no significant neurological abnormalities; however, she had
leg edema. The laboratory data (Table 1) showed renal fail-
ure with massive proteinuria and hematuria. CRP and prote-
inase 3-anti-neutrophil cytoplasmic antibody (PR3-ANCA)
were negative, but myeloperoxidase (MPO)-ANCA was
positive at 7.0 U/mL, and perinuclear (P)-ANCA was also
positive. The MPO-ANCA titer was 11.8 U/mL after corti-
costeroid therapy at another hospital. She showed hypocom-
plementemia, and slight bilateral atrophy of the kidneys was
observed, with a hyperechoic cortex, suggesting chronic
damage.

A kidney biopsy revealed that 9 out of 12 glomeruli had
global sclerosis, with the disappearance of Bowman’s cap-
sule and capillary loop disruption, and the 3 remaining
glomeruli showed circumferential fibrocellular crescents,
with the disappearance of Bowman’s capsule (Fig. 1A, B).
Tubulointerstitial inflammatory cell infiltration and tubular
atrophy or degeneration were found in large areas of the
cortex (Fig. 1A). Immunofluorescence showed depositions
of IgM and C3 in a peripheral glomerulus (Fig. 1C, D), but
electron microscopy did not show significant electron-dense
deposits. Therefore, the depositions of IgM and C3 were
considered nonspecific, and C3 glomerulopathy was un-
likely, although she had hypocomplementemia upon admis-
sion (7). The advanced phase of MPO-ANCA-associated
crescentic glomerulonephritis due to MPA was diagnosed.
Maintenance hemodialysis was considered inevitable. Taper-
ing of prednisolone was planned because the MPO-ANCA
titer was low and CRP was negative.

On prednisolone at 30 mg/day, she suddenly presented
with nausea, vertigo and right ear pain, followed by right-
sided hearing loss, right-sided partial facial palsy and blis-
ters of the right auricle with pain over 7 days. She was di-
agnosed with Ramsay Hunt syndrome. At the occurrence of
facial palsy, she also showed confusion with restlessness and
irritability. She began to take valaciclovir hydrochloride and
prednisolone at 60 mg/day with planned short-term tapering
for Ramsay Hunt syndrome and clotiazepam for confusion.
Cranial MRI revealed bilateral occipital and bilateral cere-
bellar high-intensity lesions on T2-weighted imaging (T2
WI) (Fig. 2A, B) and fluid-attenuated inversion recovery
(FLAIR). The lesions showed a high intensity on apparent
diffusion coefficient (ADC) mapping (Fig. 2C, D), indicative
of vasogenic edema (8). Magnetic resonance angiography
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Figure 1.
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A

Light microscopic findings of the kidney biopsy. A: Tubulointerstitial inflammatory cell

infiltration and tubular atrophy, tubular dilatation or degeneration are found in large areas of the

cortex. There are two globally sclerotic glomeruli associated with the disappearance of Bowman’s

capsule and the disruption of capillary loops. No vasculitis of the small arteries is seen. Elastica-

Masson staining. Original magnification x200. B: Glomeruli show circumferential fibrocellular cres-

cents with the disappearance of Bowman’s capsule. Periodic acid-Schiff staining. Original magnifica-

tion x200. An immunofluorescent study shows depositions of IgM (C) and C3 (D) in a peripheral

glomerulus.

(MRA) did not show any abnormalities. Her condition was
considered to be indicative of PRES. At the onset of her
confusion, her blood pressure was 150/100 mmHg, which
was reduced to 140/80 mmHg by nifedipine CR at 80 mg/
day. Her nausea, vertigo and confusion improved within
three days. Although her blisters improved, hearing loss and
facial palsy remained.

On prednisolone at 20 mg/day, 14 days after the improve-
ment of her confused state, she suddenly complained of
nausea, vomiting and vertigo. Second cranial MRI per-
formed 17 days after the first procedure showed a reduction
in the previously observed lesions (Fig. 2E, F), but new le-
sions appeared in the left cerebellar white matter, the right
side of basilar part of pons, the right precentral gyrus sub-
cortical white matter and the right insular gyrus white mat-
ter (Fig. 3A-D). All of the lesions showed a high intensity
on T2WI and FLAIR. The lesions in the cerebellum and
pons showed a high intensity on ADC mapping, suggestive
of PRES. However, ADC mapping in the other sporadic
small lesions was equivocal. Complement fixing antibody
titers against varicella zoster virus (VZV) did not increase in
paired cerebrospinal fluid samples (both samples <1x). We
considered her CNS manifestations to be related to active
MPA. Therefore, steroid pulse therapy and subsequently oral

prednisolone at 60 mg/day was administered.

Her nausea and vertigo disappeared soon after steroid
pulse therapy. She received plasma exchange for two cycles.
Although CRP was continuously negative, MPO-ANCA was
later reported to be positive (Table 2). Third cranial MRI
performed 16 days after the second procedure showed the
resolution of the previous lesions but subacute hemorrhaging
within the area of the previous left cerebellar white matter
lesion and a new lesion at the dorsal surface of the right
medulla oblongata (Fig. 3E). Subsequent plasma exchange
using anticoagulants was stopped to avoid further brain
hemorrhaging. Fourth cranial MRI performed 12 days after
the third procedure showed that the brain lesions had im-
proved, except for the subacute hematoma of the left cere-
bellar white matter, with depositions of blood products de-
tected by susceptibility-weighted imaging (SWI) (not
shown).

For MPA treatment, rituximab at 500 mg/day was infused.
Six days after rituximab administration, she complained of
nausea and vomiting on prednisolone at 50 mg/day. Her
blood pressure was 172/120 mmHg on amlodipine besylate
at 2.5 mg/day, which was used after obstruction of the arte-
riovenous fistula for hemodialysis access occurred due to a
drop in her blood pressure. Her blood pressure was soon
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Figure 2. Cranial MRI. At the first cranial MRI procedure, T2-weighted imaging (T2WI) in the
coronal view showed a high intensity in the right occipital lobe (arrow) (A) and bilateral cerebellum
(arrows) (B). Increased apparent diffusion coefficient (ADC) mapping was found in the same lesions

(arrows) (C and D). At the second cranial MRI procedure, the corresponding lesions showed a re-
duced intensity on T2WI (E, occipital lobe and F, cerebellum).

managed with nicardipine hydrochloride intravenously. Just
after an emergency fifth cranial MRI procedure, she com-
plained of headache and had a generalized tonic-clonic sei-
zure. The seizure was controlled by phenytoin sodium and
then valproate sodium. She also complained of visual
changes. Fifth cranial MRI showed new high-intensity le-
sions in the left occipital lobe and bilateral cerebellar lesions
on FLAIR and ADC mapping (Fig. 4A-D), indicating PRES.
MRA further revealed a P2-segment fusiform aneurysm in
the left posterior cerebral artery (Fig. 4E). Her blood pres-
sure was finally controlled at approximately 140/80 mmHg
by oral antihypertensive drugs. All of her symptoms disap-
peared within seven days. As MPO-ANCA had become
negative (Table 2), reinforcement of treatment for MPA, in-
cluding steroid pulse therapy, was not chosen, and rituximab
was withdrawn, as these therapies are risk factors for PRES.

Follow-up cranial MRI performed 10 days after the fifth
procedure showed a reduction in the previous PRES lesions,

but microhemorrhaging or blood products in the right and
left cerebellum was found by SWI (Fig. 4F) as possible
complications of PRES. Seventh cranial MRI performed 14
days after the sixth procedure showed the disappearance of
PRES lesions and the existence of a subacute hematoma in
the left cerebellum as well as isolated cortical subarachnoid
hemorrhaging in the sulcus of the left occipital lobe (not
shown). MRA revealed no marked change in the aneurysm.
We considered her ANCA-associated MPA to be in remis-
sion, so prednisolone was gradually tapered. Eighth cranial
MRI (14 days after the seventh procedure) and ninth MRI
(21 days after the eighth procedure) showed no new lesions
except for a chronic hematoma with gradual regression. She
was discharged on prednisolone at 25 mg/day. Her comple-
ment levels of C3 and C4 had increased and were near the
lower end of the normal range throughout her clinical
course. Regular cranial MRA showed the presence of the
same-sized aneurysm. She had no vasculitic symptoms or
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T2WI
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Figure 3. Cranial MRI. At the second cranial MRI procedure, T2ZWI in the coronal view (A, C and
D) and sagittal view (B) showed high-intensity lesions in the left cerebellar white matter (arrow) (A),

the right side of the basilar part of the pons (arrow) (B), the right precentral gyrus subcortical white

matter (arrow) (C) and the right insular gyrus white matter (arrow) (D). At the third cranial MRI

procedure, T2WI in the coronal view (E) showed subacute hemorrhaging within the previous left
cerebellar white matter lesion (asterisk) and a high-intensity lesion at the dorsal surface of the right

medulla oblongata (arrow).

signs at the outpatient hemodialysis unit on prednisolone at
3 mg/day at the last follow-up 45 months post-discharge.

Discussion

We encountered a young woman with advanced crescentic
glomerulonephritis requiring hemodialysis due to ANCA-
associated MPA who experienced repeated PRES episodes,
probably due to different etiologies, over a period of two
months.

The first CNS manifestations in our patient on predniso-
lone at 30 mg/day developed with the onset of Ramsay
Hunt syndrome. Cranial MRI (Fig. 2) suggested PRES, and
all her symptoms were included in the clinical manifesta-
tions of PRES (4, 9). She had multiple risk factors for
PRES, including prednisolone use, elevated blood pressure,

renal failure on hemodialysis and ANCA-associated
MPA (5). With increased doses of prednisolone for Ramsay
Hunt syndrome and blood pressure management, her symp-
toms were cured within three days, and reversible brain le-
sions were confirmed. Thus, she was diagnosed with PRES
associated with active MPA. Interestingly, there has been
one reported case of herpes zoster ophthalmics (Ramsay
Hunt syndrome) presenting with PRES (10).

At the second CNS manifestation, she presented with nau-
sea and vomiting again approximately seven days after the
disappearance of previous symptoms. Second MRI showed
multiple newly developed white matter lesions. The lesions
in cerebellum and pons showed a high intensity on ADC
mapping, indicating reversible vasogenic edema (8). How-
ever, the other sporadic small lesions did not show a high

intensity on ADC mapping (8). Therefore, these lesions
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Table 2. Findings of MRI/MRA and Laboratory Data of MPO-ANCA, P-ANCA and CRP.

Number of MRI procedures 1 2 3 4 5 6 7 8 9
Days after admission 32 49 65 77 88 98 112 126 147
MRI new findings

Occipital lobe R L Hi(L)

Cerebellum Bil L H(L) H*(L) Bil H*(R), H*(L)

Pons R

Precentral gyrus R

Insular gyrus R

Medulla oblongata R
MRA new findings LPCA

aneurysm

MPO-ANCA (U/mL) 53 3.0 1.0> 1.0> 1.0> 1.0>
P-ANCA %80 negative
CRP (mg/dL) 0.01 0.04 0.01 0.01 0.01 0.02 0.01 0.01 0.01

MRI: magnetic resonance imaging, MRA: magnetic resonance angiography, MPO-ANCA: myeloperoxidase-antineutrophil cytoplasmic
antibody, P-ANCA: perinuclear-anti-neutrophil cytoplasmic antibody, CRP: C-reactive protein, Bil: bilateral lesions, L: left lesion, R: right
lesion, H: hemorrhaging, H*: deposition of blood products, Hf: subarachnoid hemorrhaging, LPCA: left posterior cerebral artery

FLAIR

ADC

SWI

Figure 4. Cranial MRI and MRA. At the fourth cranial MRI procedure, fluid-attenuated inversion
recovery (FLAIR) imaging in the coronal view showed high-intensity lesions in the left occipital lobe
(arrow) (A) and bilateral cerebellum (arrows) (B). Increased ADC imaging was found in the corre-
sponding lesions (arrows) (C and D). MRA revealed the left posterior cerebral artery fusiform aneu-
rysm (arrow) (E). Susceptibility-weighted imaging (SWI) showed the loss of signal within the right
cerebellar lesion (arrow) and at the periphery of the left cerebellar lesion, suggesting microhemor-
rhaging or deposition of blood products (F).
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Table 3. Reported Cases of P- or MPO-ANCA -associated MPA Complicated with PRES.

Reported  Age Medication Cr BP Neurological
year (years)/ ANCA (mg/ (mmHg) at MRI/MRA Treatment for PRES Outcome
at the onset symptoms
(ref) Sex dL) the onset
2002 73/F P- mPSL+PSL  0.97 200/100 H, S, AM, O, thalamus/ mPSL, clinical resolution in 13
(19) FMD NS antihypertensive days MRI normal in 47
days
2002 77/F P- mPSL+PSL. 3.08 186/123 AM, S O, thalamus, mPSL, MRI normal in 29 days
(19) C, brainstem/ antihypertensive death probably due to
NS pulmonary hemorrhaging
2006 76/F P- PSL 0.8 136/86 H, AM P,O,F/ mPSL death due to pulmonary
(15) arterial hemorrhaging
dilatation
2007 20/F MPO PSL 0.6 120/80 H,S O, T,F,P, anticonvulsant, clinical resolution on the
(20) pons/ PSL+IVCYC day MRI normal in 2
NS months
2012 18/F P- Non 4.5<  1st: norm 1st: S 1st: F, P, O, 1st: 1st: on HD MRI normal
(16) 2nd: hyper 2nd: S H/normal HD,PSL+CYC+PE in 3 weeks
2nd: NS 2nd: NS 2nd: NS
2014 40/M P- 1st: 24.48 1st: 160/90 1st: VS, S, Ist: T, 0, B/  Ist: HD, mPSL+PSL  1st: partial improvement
a7 mPSL+PSL FMD normal antihypertensive of vision, on HD
2nd: missed 2nd: S 2nd: intensive HD,  2nd: clinical resolution in
HD sessions, dose-up PSL 5 months after the initial
tapered PSL event
2015 10/F P- mPSL+PSL 6.3 1st: Ist: N, S, 1st: P/normal 1st: HD, 1st: clinical resolution in
(18) MPO IVCYC+PE HD 170/100 FMD 2nd: F, P, T, anticonvulsant, 2 days, on HD
2nd: 2nd: S O/normal antihypertensive 2nd: clinical resolution in
163/104 2nd: antihypertensive, 3 days, on HD
withdrawal of
IVCYC, rituximab
Our case 19/F MPO 1st: PSL HD 1st: 1st: N, AM 1st: O, C/ 1st: anticonvulsant, 1st: clinical resolution in
P- 2nd: PSL 150/100 2nd: N normal antihypertensive, PSL 3 days, on HD MRI
3rd: PSL, 2nd: 3rd: N, H, S, 2nd: C, pons, 2nd: mPSL+PSL+PE reduction in 17 days
rituximab 140/80 VS gyrus, H, 3rd: anticonvulsant, 2nd: clinical resolution in
3rd: (medulla antihypertensive 3 days, on HD MRI
172/120 oblongata)/ resolution in 28 days
normal 3rd: clinical resolution in
3rd: O, C, H/ 7 days, on HD MRI
aneurysm normal in 24 days except

hematoma

ref: reference, MRI: magnetic resonance imaging, MRA: magnetic resonance angiography, ANCA: antineutrophil cytoplasmic antibody, P-: perinuclear-ANCA,
MPO: myeloperoxidase-ANCA, mPSL: methylprednisolone pulse, PSL: prednisolone, IVCYC: intravenous cyclophosphamide, CYC: cyclophosphamide, PE:
plasma exchange, Cr: serum creatinine, HD: hemodialysis, BP: blood pressure, H: headache, S: seizure, AM: altered mental state, FMD: focal motor deficits, VS:

visual symptoms, N: nausea (or vomiting), NS: not stated, O: occipital lobe, C: cerebellum, P: parietal lobe, F: frontal lobe, T: temporal lobe, B: basal ganglia, H:

hemorrhaging

might have been ischemic lesions caused by vasculitis due
to MPA (6). Her symptoms improved soon after steroid
pulse therapy. Her brain lesions on MRI were reversible;
thus, the series of brain lesions could be regarded as PRES.
MPO-ANCA and P-ANCA were positive at the time of the
second MRI procedure (Table 2); therefore, it is likely that
the CNS manifestations were associated with MPA. VZV
vasculopathy is caused by productive VZV infection of cere-
bral arteries, most often leading to transient ischemic attacks
or stroke (11); however, the complement fixing antibody tit-
ers against VZV did not demonstrate any increase in the
paired cerebrospinal fluid samples.

A very recent analysis demonstrated a strong relationship
between PRES and autoimmune diseases, including AAV,
using a large population-based data set as the reference (12).
Autoimmune disease is considered to cause PRES by

mechanisms of both vasogenic edema and endothelial dys-
function (13). Interestingly, patients with autoimmune dis-
ease were reported to be more likely to have cerebellar in-
volvement (14), as in our case, than others. There was a
small number of cases of AAV complicated by PRES. Seven
cases with P-ANCA- or MPO-ANCA-associated MPA [four
from the English literature (15-18) and three from Japanese
literature (19, 20)] were reported in detail (Table 3). At the
onset of PRES, six patients were using corticosteroids. Four
patients showed hypertension, and four had renal failure.
Corticosteroid use with hypertension and renal failure, as in
our case, was found in three patients. The cause of PRES in
six patients was considered to be active MPA. Intravenous
cyclophosphamide was suspected to be the cause of PRES
in one patient.

Third cranial MRI showed a new lesion in the right me-
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dulla oblongata and hemorrhaging within the area of the
previous left cerebellar lesion. The medulla oblongata lesion
was considered to be included in the same series of previous
brain lesions as PRES or vasculitis. Intracranial hemorrhag-
ing is a frequent complication in PRES and occurs in 10-
20% of reported cases (4), and imaging findings in hemor-
rhaging may include focal hematomas, petechial gyral hem-
orrhaging and/or subarachnoid hemorrhaging (21). Our pa-
tient also showed the deposition of blood products and suba-
rachnoid hemorrhaging near the lesions at the second or
third PRES episodes. A high rate of microhemorrhaging and
deposition of blood products in PRES have been found us-
ing SWI, but their clinical significance is unclear (22). Sev-
eral studies have found that intracranial hemorrhaging is as-
sociated with incomplete recovery (5), but our patient
showed a full clinical recovery.

The third PRES episode included the typical symptoms of
headache, visual disturbance and a generalized tonic-clonic
seizure along with new left occipital and both cerebellar le-
sions at the fifth cranial MRI procedure. Unexpectedly, a
left posterior cerebral artery fusiform aneurysm was found.
To our knowledge, only four cases of AAV [two cases of
MPA and two cases of granulomatosis with polyangiitis
(GPA)] complicated by cerebral aneurysms have been re-
ported in the English literature (23-26). One case of GPA
showed an unruptured fusiform aneurysm in the internal ca-
rotid artery (24). Severe headache or unconsciousness due to
subarachnoid hemorrhaging from ruptured cerebral aneu-
rysms was reported in the other three cases. Necrotizing
changes in the affected vessels may occur, followed by
weakening of the vessel wall and aneurysm formation (27).
Since MPO-ANCA or P-ANCA and CRP had become nega-
tive (Table 2) and all of her symptoms disappeared quickly,
we assumed that her MPA was under control. However, the
newly appearing occipital lobe and cerebellar lesions
showed a high intensity on ADC mapping only at the pe-
riphery of the lesions (Fig. 4C, D). Therefore, given the
concomitant appearance of the cerebral aneurysm, vasculitis
by MPA might have contributed to the lesions.

CNS symptoms appeared six days after rituximab infu-
sion. Given the expression of CD20 in activated endothelial
cells, rituximab may cause direct cell damage, endothelin-
mediated vasospasm and dysfunction, which may lead to
PRES (28, 29). PRES was reported to occur soon after the
infusion of rituximab or five to six days after the last
weekly infusion of rituximab on a uremic background with
or without severe hypertension in patients with systemic lu-
pus erythematosus or systemic vasculitis (28-30). Therefore,
we suspected that her third PRES episode might have been
due to rituximab infusion associated with hypertension
rather than MPA. Cyclosporin (31), azathioprine (32), cyclo-
phosphamide (33) and mycophenolate mofetil have been re-
ported to induce PRES in patients with AAV.

In summary, physicians should pay attention to CNS
manifestations, including PRES and cerebral aneurysm, in
patients with MPA. Patients with AAV tend to have multiple

risk factors for PRES, which includes varied neurological
symptoms and many atypical imaging features. An evalu-
ation of the underlying causes of PRES is crucial, especially
when patients are treated with agents for AAV. Physicians
are faced with the challenging decision to discontinue the
agents or reinforce treatment. Therefore, causal or prognos-
tic biomarkers or imaging techniques for PRES are needed
to facilitate prompt and adequate management of PRES.

The authors state that they have no Conflict of Interest (COI).
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