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Abstract
Cerebral amyloid angiopathy-related inflammation (CAA-RI) is a rare but increasingly recognized subtype of CAA. CAA-RI
consists of two subtypes: inflammatory cerebral amyloid angiopathy and amyloid b (Ab)-related angiitis. Acute or subacute onset of
cognitive decline or behavioral changes is the most common symptom of CAA-RI. Rapid progressive dementia, headache, seizures,
or focal neurological deficits, with patchy or confluent hyperintensity on T2 or fluid-attenuated inversion recovery sequences and
evidence of strictly lobar microbleeds or cortical superficial siderosis on susceptibility-weighted imaging imply CAA-RI. The gold
standard for diagnosis is autopsy or brain biopsy. However, biopsy is invasive; consequently, most clinically diagnosed cases have
been based on clinical and radiological data. Other diagnostic indexes include the apolipoprotein E e4 allele, Ab and anti-Ab
antibodies in cerebral spinal fluid and amyloid positron emission tomography. Many diseases with similar clinical manifestations
should be carefully ruled out. Immunosuppressive therapy is effective both during initial presentation and in relapses. The use of
glucocorticoids and immunosuppressants improves prognosis. This article reviews the pathology and pathogenesis, clinical and
imaging manifestations, diagnostic criteria, treatment, and prognosis of CAA-RI, and highlights unsolved problems in the existing
research.
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Introduction

Cerebral amyloid angiopathy (CAA) is a common small
vessel disease characterized by the deposition of amyloid b
(Ab) protein mainly in the media and adventitia of small-
and medium-sized leptomeningeal and cortical blood
vessels. There are two major types of CAA: one is
hereditary CAA, which is associated with Down syndrome
or mutations in the Ab protein precursor (APP) gene or
presenilin gene,[1] and the other one is age-related sporadic
CAA. In sporadic CAA, vascular amyloid is composed of
the same 39- to 43-amino acid Ab peptide observed in the
neuritic plaques of Alzheimer’s disease (AD).[2] CAA is
clinically diverse. It may present with symptomatic acute
lobar intracerebral hemorrhage (ICH), chronic progressive
cognitive decline, transient focal neurological episodes,
and subacute cognitive disorder or behavioral changes
caused by CAA-related inflammation (CAA-RI).[3] CAA
related lobar ICH has been identified as the second most
common form of spontaneous ICH following hypertensive
angiopathy.[4] With the development of imaging technolo-
gy, more clinical “silent” patients are identified by the
classic imaging abnormalities, including multiple strictly
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lobar cerebral microbleeds (CMBs), cortical superficial
siderosis (cSS) or cortical subarachnoid hemorrhage, and
cortical atrophy.[3]

CAA-RI is now widely recognized as a relatively rare and
aggressive subtype of CAA with diverse clinical presenta-
tions and characteristic radiological findings. Reid and
Maloney first described CAA with vascular inflammation
in a patient with AD in 1974, and subsequent cases were
reported.[5] Unlike non-inflammatory CAA, acute or
subacute onset of cognitive decline or behavioral changes
are the most common symptom of CAA-RI.[6-8] Other
features include seizures, headaches, T2-weighted white
matter hyperintense (WMH) lesions on magnetic reso-
nance imaging (MRI), and pathological evidence of
inflammation against vascular Ab, which is the hallmark
of CAA.[9,10] Two pathological subtypes are now generally
accepted: non-destructive perivascular inflammation (in-
flammatory CAA [ICAA]) and transmural or intramural
inflammation (Ab-related angiitis [ABRA]).[11] The gold
standard test for diagnosis is autopsy or brain biopsy.
However, biopsy is invasive; consequently, some criteria
for the diagnosis of CAA-RI have been based on clinical
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and radiological data.[12,13] Because immunosuppressive
therapy is effective for the disease, timely diagnosis and
early commencement of therapy are very important.

Thus, in this review, we present the main pathological,
clinical, neuroimaging, therapeutic, and prognostic fea-
tures and the diagnostic criteria of CAA-RI to shed some
light on its clinical practice, and then discuss issues that
remain unresolved.
Pathology and pathogenesis

CAA-RI shares pathologic characteristics of CAA, which is
Ab deposition in the cortical or leptomeningeal vessels,
with positive Congo red staining. Amyloid can be
confirmed when the Congo red-stained section shows
green birefringence under polarized light.[14] In addition to
Ab deposition, CAA-RI also demonstrates pronounced
perivascular or transmural inflammatory infiltration.
Historically, only ICAA was initially considered to be
the only inflammatory form of CAA,[9] while ABRA was
thought to represent coexisting primary angiitis of the
central nervous system (PACNS) and CAA.[15] In fact,
these two types sometimes do coexist.[16,17] However, the
terms used to describe this disease are confusing. Phrases
such as “CAA associated with inflammation,” “CAA-RI,”
“ICAA,” and “ABRA” are used interchangeably. Some
authors are consistent with the terms we have used here,
while some call the two subtypes CAA-RI and
ABRA.[2,17-19] In addition, some researchers still believe
that CAA-RI/ICAA and ABRA are two different disease
entities. The former represents the inflammatory form of
CAA, while the latter is an independent disease or a
subtype of PACNS associated with CAA.[20-23] In recent
years, it has gradually come to be accepted that these two
pathological types are essentially similar.

The mechanism underlying CAA-RI remains unclear.[24]

There are three current hypotheses: (1) coexistence of
vascular Ab and vascular inflammation implies that Ab is a
bystander of angiitis; (2) inflammation promotes accumu-
lation of Ab in the vessel wall; (3) Ab deposition triggers
the inflammatory response.[20] Currently, most evidence
favors the hypothesis that inflammation is triggered by an
autoimmune response to the deposited Ab protein. Similar
clinical processes and radiological changes of CAA-RI
appear in amyloid-related imaging abnormalities (ARIA),
initially during the clinical trial of bapineuzumab, the
monoclonal antibody for AD, and later in that of other
amyloid modification therapies.[25-27] ARIA is also divided
into two categories: ARIA-E, which manifests as focal or
confluent vasogenic edema on fluid-attenuated inversion
recovery (FLAIR) sequence images, and ARIA-H, charac-
terized by CMBs or cSS on T2∗-weighted gradient-echo/
susceptibility-weighted imaging (SWI) sequence scans,
corresponding to the image hallmarks of CAA-RI. Almost
half of those with ARIA-E also developed ARIA-H, with
co-located lesions.[28] CAA-RI is thought to be a
spontaneous ARIA, while ARIA is considered to be
iatrogenic CAA-RI. AD patients who are apolipoprotein
E (APOE) e4 gene carriers are more likely to develop ARIA
after anti-Ab treatment,[25,26] in accordance with the
findings in CAA-RI. Because of the similarity between
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CAA-RI and ARIA, the first theory seems unreasonable. In
addition, it has been observed that immune activation in
the parenchyma near the affected blood vessels increased
significantly and the Ab load decreased accordingly.[20]

The incidence of ARIA gradually increased with an
increase in the therapeutic antibody dose.[28] This strongly
suggests that an immune response to Ab is responsible for
CAA-RI.

Ab is deposited segmentally, but can be found in all those
inflammation sites.[9] Cells such as CD3+, CD4+, and CD8+

T lymphocytes, CD20+ B lymphocytes, and CD68+

monocytes, including macrophages (sometimes multinu-
cleated giant cells) in the vessel wall and reactive astrocytes
can be found in the surrounding parenchyma.[19,29,30]

Usually, B lymphocytes are fewer compared to T cells. Ab
engulfed in macrophages can be observed at times.[14]

Angio-destructive changes, such as fibrinoid necrosis can
also be found in some of the vessel walls in patients affected
by ABRA.[22] The mainstream view is that granulomatous
inflammation is the pathological hallmark of ABRA, but
not of ICAA.[22,31] In fact, both ICAA and ABRA can
present with or without granulomatous inflammation.[32]

In a systematic review, of the 142 cases with available data,
27.5% presented with both perivascular inflammation and
vasculitis with granuloma formation, which is the most
common pathological pattern. Perivascular and vascular
inflammatory patterns without granulomas accounted for
22.5% of cases. That is, 50% of all cases showed overlap
between ICAA and ABRA patterns.[18] However, these
results should be carefully considered because the high
proportion of granulomatous inflammation may be due to
the higher biopsy rate in those cases showing more serious
clinical and imaging manifestations and a tendency of
malignant diseases.[22]

Moreover, ABRA was considered to be different from
ICAA because it has the same vascular destructive
pathological changes as PACNS. However, some studies
have questioned the idea. First, ABRA has the same
radiological characteristics as ICAA, which are not
common in PACNS. Second, vasculitis and the vascular
areas affected by Ab co-localize. Third, Ab was engulfed
by macrophages expressing MHC class II antigens near
CD4+ T cells, suggesting that Ab plays a pathogenic role in
inducing inflammation in ABRA.[14,29] Finally, in terms of
clinical manifestations and prognosis, there was no
difference between the two pathological subtypes of
CAA-RI.[18] It can be concluded that these pathologically
similar diseases constitute a spectrum from CAA to
PACNS [Table 1].
Clinical manifestations

There have been few epidemiological studies on CAA-RI.
A nationwide survey demonstrated that its prevalence is
about 0.13 per 100,000 population in Japan.[33] Findings
from several systematic reviews have shown that there is no
obvious gender difference, but a slight male predominance
was observed.[17,18] The main patient group is the elderly,
with an average age of 67 at diagnosis; yet, this is still
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Table 1: A spectrum from CAA to PACNS: pathological differences between CAA, ICAA, ABRA, and PACNS.

Disease Pathology Location Diagram

CAA Ab deposition and associated vasculopathy Cortical and
leptomeningeal
vessels

ICAA Ab deposition and perivascular inflammation Cortical and
leptomeningeal
vessels

ABRA Ab deposition and angio-destructive transmural
or intramural inflammation

Cortical and
leptomeningeal
vessels

PACNS Angio-destructive transmural or intramural
inflammation without Ab

Not fixed

The brown lines within the blood vessel wall represent Ab deposition. The inflammatory cells around and in the blood vessel wall include multinucleated
giant cells, monocytes, and lymphocytes. Ab: Amyloid b; ABRA: Ab-related angiitis; CAA: Cerebral amyloid angiopathy; ICAA: Inflammatory CAA;
PACNS: Primary angiitis of the central nervous system.
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younger than that of CAA patients.[17] And the youngest
case with pathologic evidence ever reported was 42 years
old.[34]

The major clinical manifestations of CAA-RI are subacute
mental disorders and behavioral or cognitive changes,
headaches, seizures, and focal neurological deficits, which
are different from CAA. The most recent systematic review
included 213 pathologically confirmed cases of CAA-
RI.[17] In this review, cognitive decline was the most
common clinical manifestation, accounting for 48%,
followed by seizures (32%), headache (32%), encephalop-
athy (27%), presenting as confusion or disturbance of
consciousness, weakness (16%), and aphasia (14%).
Thirteen percent of patients were affected with some
forms of visual impairment.

However, many patients present with atypical symptoms
other than those mentioned above, which may easily lead
to an incorrect diagnosis. Some cases presented with
involuntary movement,[35,36] while others had systemic
diseases,[14] cerebral hernia caused by severe edema,[37]
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uveitis,[21] multiple malignancies,[14,15,38] extracranial
vasculitis, or vascular dysplasia at baseline.[39] One patient
with a history of Parkinson’s disease (PD) was mistakenly
thought to have developed the mental manifestation of PD
when he presented with the symptoms of CAA-RI.[40]

Whether the etiology of these comorbidities, such as
autoimmunity, or their treatment, such as radiation
therapy,[41] are related to CAA-RI requires further study.
Due to these atypical symptoms, advanced imaging is very
meaningful for clinical diagnosis.
Neuroimaging

Brain MRI, particularly FLAIR and T2∗/SWI sequences, is
the most important imaging modality for the identification
of patients suspected of CAA-RI. Findings supporting
CAA-RI include patchy or confluent T2 hyperintensity of
subcortical white matter lesions, which are mostly
asymmetric, in addition to the presence of multiple, strictly
lobar CMBs and cSS on T2∗ or SWI, which is also a typical
finding in CAA [Figure 1]. WMHs sometimes extend to the
cortex with a mass effect showing hyperintensity in maps
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Figure 1: Typical images of cerebral amyloid angiopathy-related inflammation. (A) Confluent WMH. (B) Strictly lobar CMBs. (C) No enhancement was seen. After treatment with corticoids,
(D) WMH faded significantly. (E) No significant changes with CMBs. CMBs: Cerebral microbleeds; WMH: White matter hyperintensity.
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of apparent diffusion coefficient suggesting vasogenic
edema.[10,42,43] SWI is considered to be more reliable than
T2∗ imaging, with greater reliability and sensitivity for
detection of CMBs.[44,45] However, sometimes the burden of
CMBs is so obvious that hypointense lesions seen on SWI can
also be identified onT2 or FLAIR images. The distribution of
CMBs does not follow the regional pattern of occipital
dominance in non-inflammatory CAA. The incidence of
multiple lobar CMBs, as well as the total number of CMBs is
significantly higher in CAA-RI patients.[46,47] A possible
explanation for this finding is that, once an immune response
to vascular amyloid protein is generated, it affects multiple
regions of brain via the spread of antibodies.[17] Multiple
lobar CMBs were found on SWI or T2∗ images in most
patients, but some cases of pathologically confirmedCAA-RI
were without CMBs on MRI.[48,49]

Gadolinium enhancement of parenchyma or leptome-
ninges may or may not be present [Figure 1],[43,50]

although the proportion of enhancing cases in CAA-RI
is significantly higher than that in non-inflammatory CAA
cases.[14] Based on the criteria of leptomeningeal enhance-
ment, the sensitivity and specificity of recognizing CAA-RI
from CAA patients are reported to be 70.4% and 92.6%,
respectively.[46] Two-thirds of ABRA patients and only
31.3% of ICAA patients showed contrast enhancement on
MRI.[11] This phenomenon may be explained by the
fact that the blood vessel wall in cases of ICAA is less
destroyed than that in cases of ABRA. Leptomeningeal
enhancement may be a unique imaging manifestation
in some cases with confirmed CAA-RI.[50,51] In these
extreme cases, brain biopsy seems to be the only choice.
However, given the segmental distribution of the lesions,
they may be missed by the biopsy, which will lead to a
missed diagnosis. Thus, amyloid positron emission
tomography (PET) might be important for the diagnosis
of CAA-RI, by showing sites with markedly elevated
amyloid deposition.[11,52,53]

Magnetic resonance angiography (MRA) or cerebral
angiography is unremarkable in CAA-RI, due to the small
caliber of the involved blood vessels, which prevents the
lesion from being captured.[14] However, findings from
another study have suggested that non-specific vascular
changes in ABRA may be observed when medium-sized
arteries are involved.[22] Nevertheless, in our experience,
this is not typical and may not be meaningful in clinical
practice.
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Serologic and cerebrospinal fluid (CSF) tests

Blood tests may reveal signs of inflammation. An increase
in inflammatory biomarkers has been observed in CAA-RI
patients in different studies.[12,14,18] The erythrocyte
sedimentation rate was increased in 37.5% of patients,
while C-reactive protein (CRP) was elevated in 60%.[18]

Sakai et al[32] reported a case of CAA-RI at the chronic
stage, with persistently elevated proteinase 3-antineutro-
phil cytoplasmic antibody levels. This case was reminiscent
of ANCA-associated vasculitis, although the relationship
between proteinase 3-antineutrophil cytoplasmic antibody
and the pathogenesis of CAA-RI remains unclear.

The APOE e4 allele is currently the only confirmed risk
factor for CAA-RI. Many studies have reported that
APOE e4/e4 homozygosity is significantly correlated with
CAA-RI,[47] accounting for 76.9% of CAA-RI patients.[10]

The carriage rate in non-inflammatory CAA patients was
only 5.1%,[10] and it is rarely seen in healthy people or
stroke patients.[54] Therefore, the presence of the APOE
e4/e4 genotype may be meaningful for the diagnosis of
CAA-RI. The possible mechanism is that APOE e4
increases Ab deposition, and has a pro-inflammatory
effect.[18] Although the APOE e2 allele is considered a
protective factor against AD, it clearly increases the risk of
vascular disease. There are also cases of CAA-RI patients
reported with genotype APOE e2/e2 and APOE e2/
e3.[55,56] Thus, e2 carriers may also be predisposed to
CAA-RI. However, due to the relatively few e2 alleles or
genotypes detected in cases, it is difficult to determine the
role of e2 in CAA-RI in small sample studies.[55] AnAPOE
e4/e4 homozygous patient with a rare SORL1 mutation
has been reported.[57]SORL1 encodes a 250-kDa protein
called sorting protein-related receptor with A-type repeats
(SorLA), which reduces the production and deposition of
Ab peptides by regulating the processing of APP.[58,59]

Thus, a variant in SORL1 may lead to dysfunction of
SorLA, eventually adding to the risk of CAA-RI.

The results of lumbar puncture revealed that more than
80% of patients had increased CSF protein, 44% had
pleocytosis,[17] and generally no oligoclonal bands were
detected.[14] Previous studies have revealed that, compared
with multiple sclerosis and healthy people, anti-Ab
autoantibodies in the CSF of CAA-RI patients increased
during the acute phase, which is consistent with what
was observed in ARIA, supporting the aforementioned
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hypothesis of an Ab-induced immune response.[28] Anti-
body levels decrease after corticosteroid therapy,[2,42]

indicating that anti-Ab autoantibody may be used as a
biomarker for both diagnosis and monitoring the effect of
treatment. In addition, some researchers found that,
compared with non-inflammatory CAA, PACNS, and
healthy controls, patients with CAA-RI have relatively low
levels of Ab42 and Ab40 in the CSF.[47,60] In the future, the
significance of these indicators for the differential diagnosis
of CAA-RI mimics should be studied.
Diagnostic criteria

Conclusive diagnosis of CAA-RI requires histopatholog-
ical confirmation, but it is invasive and has certain risks. It
is generally recommended that brain biopsy should be
performed from an area with abnormal radiologic
manifestations, preferably at a lesion in the cortex or
leptomeninges. Biopsy obtained from the white matter
showed no evidence of inflammation in one case.[61]

Despite this, negative brain biopsy findings are insufficient
to exclude the diagnosis of CAA-RI, because of the
segmental distribution of pathological changes.

In order to make a diagnosis before histopathology, Chung
et al[12] proposed the Boston criteria using clinicoradio-
logical data in 2011. Auriel et al[13] updated the criteria in
2016, defined the WMH pattern specific for distinguishing
between probable and possible CAA-RI, and proposed cSS
as a marker of hemorrhage. The accuracy of the standard
was verified, and yielded a sensitivity and specificity of
82% and 97% diagnosing probable CAA-RI, respective-
ly.[13] For patients diagnosed with probable CAA-RI by
means of these criteria, immunosuppressive therapy can be
given empirically to avoid brain biopsy. If there is no
response to corticosteroid therapy within 3 weeks, biopsy
should be reconsidered to confirm the diagnosis.[13]

Nevertheless, these criteria are still imperfect, as samples
included in the validation trial was small. The diagnostic
efficiency for possible CAA-RI is low, with a specificity of
only 68%. Therefore, other biomarkers are needed to
enrich the criteria. Besides, the study did not propose a
specific treatment or plan for further examination for
patients meeting a diagnosis of possible CAA-RI.

Diagnostic procedures in this setting include blood tests,
neuroimaging, CSF analysis, and brain biopsy when
necessary to make a diagnosis of CAA-RI, as well as to
exclude other conditions.
Differential diagnosis

It is easy for doctors to diagnose CAA-RI when patients
were APOE e4/e4 homozygotes with typical clinical
characteristics and image. However, there are many
atypical cases or cases without T2∗/SWI sequence that
were initially misdiagnosed, in whom the diagnosis was
later revised.[62,63] Thus, it is very important to recognize
the clinical and radiological properties of CAA-RI and bear
some differential diagnoses in mind; those substantial
differential diagnoses should be ruled out before CAA-RI
was diagnosed. It is conceivable that posterior reversible
encephalopathy syndrome (PRES) is a very important
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differential diagnosis. Due to the potentially reversible
WMH in ICAA,[43] when clinical manifestations are
present and findings on conventional MRI sequences are
suggestive, it must be distinguished from PRES, which also
has the characteristic of bilateral confluent T2 WMH, but
is often associated with hypertension or other conditions.
One case was initially suspected of PRES or cerebral
venous sinus thrombosis and was treated with anticoagu-
lant and steroid. However, anticoagulation was later
suspended due to cerebral hemorrhage, and the patient was
finally diagnosed with CAA-RI.[64] Another patient was
first diagnosed with PRES, which was responsive to anti-
edema intravenous steroid and antihypertensive therapy.
After several recurrences, WMH and CMBs progressed
and long-term follow-up led to a diagnosis of CAA-RI.[65]

Therefore, these two diseases are sometimes difficult to
distinguish, and it may be necessary to observe changes
during follow-up to obtain the correct diagnosis. This also
reflects the importance of the SWI sequence.

Tumors including primary central nervous system lym-
phomas and metastases should be taken into consideration
when making a diagnosis in such patients. WMH and
vasogenic edema accompanied by a mass effect make brain
tumors a highly suspected differentiation.Many cases have
reported that patients were misdiagnosed with tumors, and
the diagnosis was modified to CAA-RI when the data were
retrospectively analyzed or after the biopsy results became
available.[6,66] In addition, these two conditions may be
present concurrently. It would be more difficult to identify
patients who also have a history of tumors. Kirshner et al[8]

reported a CAA-RI patient with pathologically confirmed
grade III anaplastic astrocytoma. In another case, the
patient had clinical and imaging characteristics of CAA-RI,
but because of bicytopenia and an increase in CRP and
lactate dehydrogenase, lymphoma was suspected. The
biopsy result revealed intravascular large B-cell lympho-
ma.[67] For such patients, a clinicoradiological diagnosis
only may result in missing a coexisting tumor, and thus the
pros and cons of biopsy should be weighed carefully. These
cases emphasize that CAA-RI is a diagnosis by exclusion.
Another option is to follow the patient up closely. Since the
treatment does not obviously harm the tumor, the response
of the lesion to the given treatment can be observed to
figure out whether it deteriorates as time goes by.

The clinical manifestations of PACNS can also mimic the
pattern of CAA-RI. Thus, PACNS is on the list of
differential diagnoses whenever multifocal hyperintensity
is seen on FLAIR images, although it is a diagnosis of
exclusion. PACNS usually occurs in younger patients
(mean age, 45 years), while CAA-RI is common in slightly
older people. Since there is no Ab deposition in the blood
vessels supplying the spinal cord, symptoms of myelopathy
have not been reported in ICAA and ABRA; thus, PACNS
is a more likely diagnosis when symptoms involving the
spinal cord occur.[22] Moreover, ischemic stroke is more
common in PACNS than in CAA-RI,[24] and there have
been only a few cases of patients with CAA-RI presenting
with ischemic stroke.[2,46,68] The most common abnor-
mality found in PACNS is the presence of proximal or
distal stenosis onMRA or conventional digital subtraction
angiography; this is not commonly seen in CAA-RI.
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Other differential diagnoses include viral or autoimmune
encephalitis, cerebral venous thrombosis, acute dissemi-
nated encephalomyelitis (ADEM), Hashimoto encepha-
lopathy, neurosarcoidosis, and acute toxic-metabolic
leukoencephalopathy. Some of these diseases can be ruled
out by T2∗ MRI or SWI. This highlights the significance
of the T2∗/SWI sequences in differentiation. Although
tumors, neurosarcoidosis, Hashimoto encephalopathy,
ADEM, or PACNS are unlikely to be aggravated by
empirical usage of corticosteroids, the treatment may
obscure the diagnosis of those diseases. Hence, in such
cases, close follow-up should be performed. In addition,
when starting the treatment, infection needs to be ruled out
first, to avoid pervasion due to corticosteroid therapy.
Treatment and prognosis

In contrast to CAA, which is currently without effective
treatment, most studies have shown that empirical high-
dose corticosteroids with or without additional immuno-
suppressive therapy can mitigate symptoms and imaging
abnormalities and can improve the prognosis of CAA-
RI.[69] A systematic review of both pathological subtypes
revealed that, during an average follow-up period of 24
months, 55% of patients eventually end up being
asymptomatic or with mild disability.[17] While another
systematic review showed that the functional outcome of
most patients was not ideal. About 60% of patients died or
were severely disabled after immunotherapy, and there
was no statistically significant difference in terms of
prognosis between the two pathological types.[18] No
difference in outcome was found between patients
receiving mono-therapy of corticosteroid and patients
receiving a combination of immunosuppressant and
corticosteroid therapy.[18] The clinical and radiological
manifestations may be initially relieved after glucocorti-
coid therapy, but can relapse after withdrawal of steroids
or during dose decrease.[14] The recurrence probability of
CAA-RI has differed across studies.[70] The clinical
features of relapse are widely distributed, among which
the decline of cognitive function and encephalopathy are
the most common symptoms.[17] Steroid therapy is also
effective during recurrence, but increased microbleeds may
be detected with T2∗/SWI sequences in that case.[57]

A reduction of CMBs was found in one case after
immunotherapy, but it cannot be ruled out that the natural
course of CAA-RI may include a spontaneous reduction in
CMBs.[19] Spontaneous remission has been reported in
some cases,[7,71] the fundamentals of which are not yet
known. However, the prognosis of most untreated patients
is poor.

Overall, it is believed that immunotherapy would result in
better clinical outcomes in patients. Our clinical experience
also supports this conclusion [Figure 1]. At present, the
main recommendation is that high-dose glucocorticoids
should be used. Immunosuppressants can be administered
in cases showing no response to glucocorticoids or for
preventing recurrence. A study has shown that more
patients with ABRA (33.0%) require a combination of
steroids and immunosuppressants than do patients with
ICAA (12.8%), to achieve similar outcomes.[11] The most
commonly used immunosuppressants are cyclophospha-
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mide (33.9%), azathioprine (5.0%), mycophenolate
mofetil (5.0%), methotrexate, immunoglobulin, and so
on.[14] The dosage used is based on individual selection.
There is currently no study giving recommendations on
the choice of medication, dosage, and the time span of
treatment. In one case, heart transplantation was per-
formed because of sarcoid cardiomyopathy, followed by
long-term use of immunosuppressants, and CAA-RI
occurred during hospitalization after mycobacterial infec-
tion.[72] It is worth noting that this case involved a patient
who had been using immunosuppressive agents. In
addition, the treatment of infection and other comorbid-
ities should be considered in such cases.
Future work on CAA-RI

There are still many questions related to CAA-RI that
require investigation. It is not clear why only a small
proportion of patients with CAA develop inflammation
against Ab. The aim of future research should focus on
specific pathogenic mechanisms and inflammatory path-
ways to determine which types of CAA patients are prone
to developing inflammation, whether other genes or alleles
besidesAPOE e4 are also risk factors, how they play a role
in the mechanism, and so on. In addition, there is a need to
determine more biomarkers by which to modify the
diagnostic criteria and further improve diagnostic efficien-
cy. Moreover, the efficacy of treatment was evaluated by
observational studies; consequently, more clinical trials
and even randomized clinical trials are required. It also
remains unclear what should be done for those diagnosed
with possible CAA-RI, and whether they still need to
undergo brain biopsy. If the brain biopsy result is negative,
but the patient meets the clinicoradiological diagnostic
criteria, the course of action remains uncertain. In
addition, CAA is a disease caused by disordered Ab
clearance, and CAA-RI is in fact the body’s immune
response aimed at clearing Ab. Thus, it needs to be
established whether excessive immune suppression would
have an adverse effect on the long-term prognosis of
patients. There is currently no long-term follow-up cohort
to establish prognosis, and differences in prognoses
associated with different therapies for different subtypes
are worth investigating. Finally, a multi-center prospective
cohort study, using unified standards for the collection of
data, application of designed therapies, and follow-up
strategy is necessary.

Although CAA-RI is relatively rare at present, it may
become more common in future with the improvement of
diagnostic techniques. When rapid progressive dementia
occurs in people over 40 years of age, accompanied by
headache, seizures, or focal neurological deficits, with
patchy or confluent T2 or FLAIR hyperintensity and
evidence of CMBs or cSS, a diagnosis of CAA-RI should be
suspected. Early diagnosis and timely treatment may
improve prognosis. Clinicians should have a comprehen-
sive understanding of the disease and order an MRI with
multiple sequences, including T2∗ or SWI, in patients with
suspected CAA-RI, particularly in those cases whose T2/
FLAIR images show hypointense dots. If only routine
sequences are performed, it is easy to mistakeWMH as the
only image manifestation and consequently delay diagno-
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sis and treatment. In addition to clinical symptoms and
image findings, detection of genotypes, CSF biomarkers,
such as anti-Ab autoantibodies, and amyloid PETmay also
provide diagnostic evidence and serve as tools for
evaluating treatment efficacy. However, antibody titer
determination kits are currently not commercially avail-
able and are still worth developing. Amyloid PET is also
unavailable in most hospitals in China. It is worth noting
that CAA-RI is a diagnosis by exclusion. Thus, other
differential diagnoses should be carefully ruled out. Once
the diagnosis is made, glucocorticoids or even immuno-
suppressants should be adopted in order to improve the
prognosis.
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