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INTRODUCTION:  Cerebral  amyloid  angiopathy-related  inflammation  (CAA-ri),  a rare  and  treatable  variant
of cerebral  amyloid  angiopathy,  lacks  specific  imaging  and  clinical  features,  and  requires  invasive brain
biopsy  to  confirm  the  diagnosis.  We  report  the  case  of  a patient  with  nonconvulsive  status  epilepticus
(NCSE)  caused  by CAA-ri  in  the  right  occipital  lobe.
PRESENTATION  OF  CASE:  A 78-year-old  man  with  a history  of hypertension  and  rheumatoid  arthritis  was
admitted  to  our  hospital  following  an  episode  of seizures.  CT scan  showed  a low-attenuating  subcortical
lesion  in  the  right  occipital  lobe.  MRI  revealed  the  lesion  as  hypointense  on  T1-weighted  imaging  (WI) and
hyperintense  on  T2-WI,  showing  no  enhancement  on T1-WI  contrast-enhanced  with  gadolinium.  In addi-
tion,  T2*-weighted  gradient-recalled  echo  (T2*-GRE)  and  susceptibility-weighted  imaging (SWI) revealed
extensive  cortical  microbleeds.  Biopsy  to determine  the  exact  diagnosis  revealed  histological  findings  of
reactive  changes  and  perivascular  inflammatory  infiltration  associated  with  amyloid  deposition  in ves-
sel walls.  These  findings  were  consistent  with  CAA-ri.  Corticosteroid  therapy  with  dexamethasone  was
initiated  for a short  period  as  a diagnostic  and  therapeutic  maneuver,  resulting  in marked  reductions  in
the  lesion.
DISCUSSION:  CAA  is  generally  associated  with  intracerebral  hemorrhage,  dementia,  and  small  cerebral

infarctions  in  the elderly  population,  but in a small  proportion  of  cases  is related  to inflammatory
responses  to vascular  deposits  of A�, as  so-called  CAA-ri.
CONCLUSION:  CAA-ri  should  be considered  among  the  differential  diagnoses  for  causes  of  unprovoked
seizure  onset  in elderly  individuals,  when  associated  with  petechial  hemorrhages  on T2*-GRE  and  SWI
sequences  on  MRI.

©  2018  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CC
access  article  under  t

. Introduction

Cerebral amyloid angiopathy (CAA), a common small vessel dis-
ase of the brain, is characterized by progressive deposition of

-amyloid (A�)  protein in the walls of small to medium-sized
rteries and capillaries in the cerebral cortex and overlying lep-
omeninges [1–4]. The typical presentation of CAA is spontaneous

Abbreviations: CAA, cerebral amyloid angiopathy; A�, �-amyloid; CAA-ri,
erebral amyloid angiopathy-related inflammation; NCSE, nonconvulsive status
pilepticus; EEG, electroencephalogram; CT, computed tomography; MRI, mag-
etic resonance imaging; WI,  weighted image; FLAIR, fluid-attenuated inversion
ecovery; Gd, gadolinium; T2*-GRE, T2*-weighted gradient-recalled echo; SWI,
usceptibility-weighted imaging; PET, positron emission tomography; H&E, hema-
oxylin and eosin; DFS, direct fast scarlet; GFAP, glial fibrillary acidic protein.
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lobar intracerebral hemorrhage in an elderly patient [2,4]. How-
ever, CAA can also manifest as subacute cognitive impairment,
dementia, transient neurological symptoms, or epilepsy [1]. This
could be a manifestation of an uncommon subtype of CAA, dis-
tinguished as CAA-related inflammation (CAA-ri, also known as
A�-related angiitis) [3,5–7]. CAA-ri represents the coexistence of
CAA and vascular inflammation, and is thought to result from an
inflammatory response to A� protein in the blood vessel walls. Cog-
nitive and behavioral changes are the most common symptoms of
CAA-ri, followed by focal neurological signs, headache, and seizures
[3,5]. In addition to this, CAA-ri can also mimic brain tumor from
clinical and radiological point of view [3,4,8,9]. In this paper, we
report an elder case of nonconvulsive status epilepticus (NCSE) due

to CAA-ri in the right occipital lobe. It appears like an intraparenchy-
mal  tumor at first, and can be finally diagnosed only through biopsy.
Therefore, we  also demonstrat the pathological features of this
unique and cryptic entity.
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ig. 1. Images from preoperative axial T1-weighted imaging (A), T2-weighted imag
ecovery (FLAIR) (D), T2*-weighted gradient-recalled echo (T2*-GRE) (E), and susc
ccipital lobe. The lesion demonstrates no enhancement with Gd. T2*-GRE and SWI.

Thiswork has been reported in line with the SCARE criteria [10].

. Case description

A 78-year-old man  with a history of hypertension and
heumatoid arthritis was  admitted to our hospital with sus-
ected unprovoked seizure. His family had first noted new
nset of irritability and confusion as uncharacteristic behaviors.
eurological examination on admission showed mild left-sided
emiparesis and a visual field defect. Laboratory examina-
ions, including cerebrospinal fluid studies, revealed no abnormal
ndings, and the concentrations of tumor markers remained
ith normal limits. Routine scalp electroencephalogram (EEG)

howed frequent epileptogenic discharges in the right occipi-
al region. Computed tomography (CT) scan of the head showed

 low-attenuating subcortical lesion in the right occipital lobe.
agnetic resonance imaging (MRI) demonstrated the lesion as

ypointense on T1-weighted imaging (WI) and hyperintense on
2-WI and fluid-attenuated inversion recovery (FLAIR) imaging,
ithout enhancement on T1-WI using gadolinium (Gd) contrast.

n addition, T2*-weighted gradient-recalled echo (T2*-GRE) and
usceptibility-weighted imaging (SWI) demonstrated extensive
ortical microbleeds (Fig. 1). Cerebral angiography did not show
ny vascular abnormalities. Positron emission tomography (PET)
can of the brain revealed slightly increased uptake of methionine
n the right occipital region, consistent with the lesion shown on

RI  (maximum standardized uptake value for methionine, 2.4). On
nitial consideration, the history and results of laboratory exam-

nations and radiological studies seemed most consistent with

ultifocal glioma, rather than any infectious, an inflammatory
isease, or acute stroke. Therefore, the patient was  first loaded
ith levetiracetam for epilepsy control. The dose of levetiracetam
),  gadolinium (Gd)-enhanced T1-weighted imaging (C), fluid-attenuated inversion
ility-weighted imaging (SWI) (F) show an area of abnormal intensity in the right
s reveal multiple spotty cortical and subcortical hypointensities in the same region.

was increased after confirming a recurrent episode of intermit-
tent confusion and aphasia as a manifestation of NCSE. In order
to obtain the exact histological diagnosis and plan effective treat-
ment for the primary disease, we  performed surgical biopsy of the
right occipital lesion with the assistance of image-guided navi-
gation. Postoperative histopathology obtained from hematoxylin
and eosin (H&E) staining demonstrated reactive changes includ-
ing vacuolization, which suggests edema and gliosis, and thickened
blood vessels (Fig. 2A–C). Most subcortical glial cells were small and
pyknotic, indicating ischemic changes. Some subcortical vessels
showed evidence of thrombosis and hypertrophied vessel walls.
Fresh perivascular hemorrhage and several areas of hemosiderin
deposition, and infiltration of small inflammatory cells were also
present (Fig. 2D). Lymphocytes and epithelioid macrophages had
infiltrated not only around the blood vessels, but also into the
vessel walls (Fig. 3A). Immunohistochemical studies were per-
formed using antibodies for CD3, CD20, CD68, Congo red and
direct fast scarlet (DFS). Perivascular inflammatory cells mostly
comprised monocyte/microglial cells (positive staining for CD68)
(Fig. 3B). T lymphocytes (positive staining for CD3) were also
present (Fig. 3C), whereas a neoplastic increase in B lymphocytes
was absent (negative staining for CD20) (Fig. 3D). In addition,
Congo red and DFS staining after permanganic acid treatment
showed A� deposition in the vascular walls (Fig. 4). The H&E
staining and immunohistochemical studies revealed morpholog-
ical characteristics consistent with CAA-ri. Corticosteroid therapy
with dexamethasone was started as a diagnostic and therapeutic
maneuver. Two weeks after starting this treatment, MRI  showed
marked size reduction of hyperintense lesions on T2-WI (Fig. 5) and

we stopped the administration of dexamethasone. The postopera-
tive course was  uneventful, with no relapse of epileptic symptoms.
With entirely resolving of speech difficulties and confusion, he
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Fig. 2. Histopathology of the biopsy specimen. H&E staining shows reactive changes, including vacuolization suggestive of edema and astrocytosis (A–C). Most subcortical
glial  cells are small and pyknotic, and perivascular hemorrhage and infiltration of small inflammatory cells are detected (D). Magnification, A: ×100. Scale bar, 1000 �m. B,
C:  ×400. Scale bar, 100 �m.  D: ×200. Scale bar, 500 �m.
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ig. 3. H&E staining shows lymphocytes and macrophages infiltrating not only arou
or  CD68 (B) and CD3 (C),  but negative staining for CD20 (D).  Magnification, ×400. S

ould communicate with good response, and follow verbal com-

ands normally. Also, left-sided hemiparesis became unnoticeable.
t the time of 6 months after starting treatment, MRI  showed no
ggravation of the lesion and no neurological deficits were apparent
ithout taking dexamethasone.
 blood vessels, but also in their walls (A). These immune cells show positive staining
ar, 100 �m.

3. Discussion
CAA is generally associated with intracerebral hemorrhage,
dementia, and small cerebral infarctions in the elderly popula-
tion, but in a small proportion of cases is related to inflammatory
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Fig. 4. Pathological findings show thickened blood vessels with perivascular hemosiderin deposition on H&E staining (A). Direct fast scarlet (DFS) staining (B) and Congo red
staining (C: bright field; D: polarizing microscope) after permanganic acid treatment shows amyloid deposition in the vascular walls, displayed as apple green in (D) (black
arrow). Magnification, A: ×200. Scale bar, 500 �m.  B–D: ×400. Scale bar, 100 �m.
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Fig. 5. Serial FLAIR images two weeks after treatment with dexamet

esponses to vascular deposits of A�, as so-called CAA-ri [1–4,11].
AA-ri generally presents with subacute cognitive decline, mild
eadaches and new-onset seizures, rather than the chronic types of
ementia or hemorrhagic strokes associated with CAA. The patho-
hysiology is considered to result from autoimmune responses
o A� deposition in cerebral small or medium arteries and lep-
omeninges [12,13]. CAA-ri has histologically been described as

rimary angiitis of the central nervous system associated with CAA,

ncluding cerebral amyloid inflammatory vasculopathy [8,13].
CAA-ri is found in 23–57% of the asymptomatic elderly pop-

lation, with increased rates among individuals with dementia,
e. The right occipital subcortical lesion has clearly decreased in size.

epilepsy or intracerebral hemorrhage [13,14]. Men  and women are
equally affected, and its onset is generally in the seventh decade,
significantly younger than hemorrhagic CAA [13,15,16]. These clin-
ical manifestations are associated with asymmetrical white matter
lesions and multiple cortical-subcortical micro hemorrhages [16].
MRI  findings in CAA-ri include fluctuating multifocal white mat-
ter T2 hyperintensity with petechial hemorrhages on T2*-GRE and

SWI  [13,15]. In previous reports, the detection of asymmetrical
white-matter hyperintense signal on T2-WI and of multiple, scat-
tered, cortical or subcortical microhemorrhages is highly predictive
of CAA-ri [3,13,15,16]. Therefore, in the presence of delirium- and
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troke-like symptoms as not quite matching the findings on routine
T and MRI, performance of MRI  for T2*-GRE and/or SWI  should be
onsidered for the detection of cerebral micro-bleeds. Since CAA-
i lacks specific clinical and radiological features, brain biopsy is
ssential to make the exact diagnosis of CAA-ri [5,8].

Microscopically, the histopathological characteristics of CAA-ri
emonstrate amyloid deposition within vessel walls and perivas-
ular, transmural, or intramural inflammatory changes with or
ithout granuloma formation [3,4,8,13]. These findings are basi-

ally consistent with CAA and the details are as follows. H&E
taining showed reactive changes including vacuolization sugges-
ive of edema and astrocytosis or gliosis [2,13]. Glial fibrillary
cidic protein (GFAP) staining highlighted reactive astrocytes. H&E
taining also revealed thickened blood vessels with intralumi-
al thrombosis and perivascular hemosiderin deposition [2,13]. In
ddition, confirming the presence of A� deposition in blood vessel
alls by Congo red staining, DFS staining or A� immunohistochem-

stry is very important [2,13]. While Congo red staining is widely
nown as a conventional dye for amyloid protein, recently DFS
taining has been considered more desirable to ascertain the depo-
ition of amyloid protein, and many facilities perform this staining
outinely [2]. In the present case, we used DFS staining to detect
myloid protein in addition to Congo red staining. Moreover, the
iagnosis of CAA-ri requires clear histological findings of angiitis of
he central nervous system in addition to the findings mentioned
bove [2–4,16]. Characteristically, perivascular inflammatory cells
ostly comprise monocyte/microglial cells (positive staining for

D68). T lymphocytes (positive staining for CD3) are also present,
hereas neoplastic increases in B lymphocytes are absent (nega-

ive staining for CD20) [4]. In the present case, the biopsy specimen
rom the right occipital lobe revealed amyloid deposition in sub-
rachnoidal and cortical vessel walls and transmural infiltration
f numerous T lymphocytes and macrophages. The patient was
herefore diagnosed with central nervous system vasculitis asso-
iated with cerebral amyloid angiopathy, representing so-called
AA-ri.

The optimal treatment for CAA-ri remains to be determined [8].
everal published cases and case series have described immuno-
uppressive treatment, including administration of corticosteroids
ith or without additional immunosuppressive therapies such

s methotrexate, mycophenolate mofetil, or, most commonly,
yclophosphamide [8,13]. Rapid clinical and radiologic responses
ave been reported after introduction of steroids alone or

n conjunction with other immunosuppressive agents such as
yclophosphamide. However, the optimal duration of treatment
emains unclear, and relapse upon withdrawal of treatment has
een reported [8,13]. While spontaneous improvement has also
een reported, the rate of favorable outcomes has tended to be
igher among patients who received steroids (with or without
yclophosphamide) than among those who received no treatment
78% vs 58%) [4,8]. In the present case, only a short course of dexam-
thasone proved sufficient to elicit rapid and persistent clinical and
adiologic improvements, resulting in excellent epilepsy control
hroughout follow-up period of 6 months.

. Conclusion

CAA-ri is an unusual form of CAA, which could be treatable at a
igh rate. Therefore, this entity should be considered among the dif-

erential diagnoses of the cause for unprovoked seizures in elderly

opulations, particularly in association with fluctuating multifo-
al T2 hyperintensities and petechial hemorrhages on MRI. Further
xperience with therapy for this pathological entity and longer
atient follow-up is required.
PEN  ACCESS
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