
Carlo Salvarani, MD
Gene G. Hunder, MD
Jonathan M. Morris, MD
Robert D. Brown, Jr.,

MD, MPH
Teresa Christianson
Caterina Giannini, MD,

PhD

Correspondence to
Dr. Salvarani:
salvarani.carlo@asmn.re.it

Supplemental data at
www.neurology.org

Ab-related angiitis
Comparison with CAA without inflammation and primary CNS
vasculitis

ABSTRACT

Objective: To analyze the clinical findings, response to therapy, and outcomes of patients with
cerebral vascular amyloid-b (Ab) deposition with and without inflammatory vascular infiltration.

Methods: We report 78 consecutive patients with cerebral vascular Ab deposition examined at
Mayo Clinic Rochester over 25 years (1987 through 2011). Specimens reviewed by a neuropa-
thologist showed 40 with vascular Ab peptide without inflammation (cerebral amyloid angiopathy
[CAA]), 28 with granulomatous vasculitis (Ab-related angiitis or ABRA), and 10 with perivascular
CAA-related inflammation. We also matched findings in 118 consecutive patients with primary
CNS vasculitis (PCNSV) without Ab seen over 25 years (1983 through 2007).

Results: Compared to the 40 with CAA, the 28 with ABRA were younger at diagnosis (p 5 0.05),
had less altered cognition (p 5 0.02), fewer neurologic deficits (p 5 0.02), and fewer intracranial
hemorrhages (,0.001), but increased gadolinium leptomeningeal enhancement (p 5 0.01) at presen-
tation, and less mortality and disability at last follow-up (p , 0.001). Compared with PCNSV, the
28 patients with ABRAwere older at diagnosis (p, 0.001), had a higher frequency of altered cognition
(p 5 0.05), seizures/spells (p 5 0.006), gadolinium leptomeningeal enhancement (p , 0.001), and
intracerebral hemorrhage (p 5 0.02), lower frequency of hemiparesis (p 5 0.01), visual symptoms
(p 5 0.04), and MRI evidence of cerebral infarction (p 5 0.003), but higher CSF protein levels (p 5

0.03). Results of treatment and outcomes in ABRA and PCNSV were similar.

Conclusions: ABRA appears to represent a distinct subset of PCNSV. Neurology� 2013;81:1596–

1603

GLOSSARY
Ab5 amyloid-b;ABRA5 amyloid-b–related angiitis;AD5 Alzheimer disease;CAA5 cerebral amyloid angiopathy;CAA-RI5
cerebral amyloid angiopathy–related inflammation; PCNSV 5 primary CNS vasculitis.

Sporadic cerebral amyloid angiopathy (CAA) is characterized by deposition of amyloid-b (Ab) in the
media and adventitia of cortical and leptomeningeal vessels.1–5 This vascular amyloid is composed of
the same 39- to 43-amino acid Ab peptide observed in the neuritic plaques of Alzheimer disease (AD).
Vascular amyloid deposition may lead to vessel fragility, rupture, and intracerebral hemorrhage.1,2

Lobar intracerebral hemorrhage is the most frequently recognized clinical manifestation of CAA. In a
subset of patients with Ab vascular deposition, vascular inflammation is also present. Such patients
often present with findings of subacute cognitive decline, seizures, headaches, and T2-hyperintense
lesions, and respond to immunodepressive treatment.6–12 Two pathologic subtypes have been
described: one with a perivascular nondestructive inflammatory infiltration, so-called CAA-related
inflammation (CAA-RI),9,10 and the second with a vasculitic transmural, often granulomatous, inflam-
matory infiltrate (Ab-related angiitis or ABRA).11,12

Some have proposed that ABRA is more closely related to primary CNS vasculitis (PCNSV) than
to CAA without inflammatory infiltrates.11,12 However, because of the lack of uniform histopatho-
logic criteria, small numbers of patients in most previous series, and the paucity of comparisons to
PCNSV and CAA, the spectrum of ABRA and its long-term outcome remain uncertain.
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In this study, we reviewed all cases of patho-
logically diagnosed Ab vascular deposition seen
at the Mayo Clinic (Rochester, MN) from 1987
through 2011. Uniform histopathologic criteria
were used to identify patients with vascular Ab
with and without inflammation. To explore the
relationship between ABRA and PCNSV, we
compared the clinical and radiographic findings,
response to therapy, and outcome of patients
with CAA and ABRA to patients with PCNSV
identified at Mayo Clinic over a 25-year period
(1983–2007).12–15

METHODS Identification of the patients. The study

included 78 patients seen at Mayo Clinic Rochester from January

1987 through December 2011 who were diagnosed pathologically

with CNS Ab vascular deposition either on in-house specimens or on

Mayo review of pathologic material obtained at a different institution

before our examination of the patient. The 78 cases were originally

diagnosed by a neuropathologist at Mayo Clinic. All available patho-

logic specimens (n 5 62) were re-reviewed by one neuropathologist

(C.G.) of which 37 were obtained by open biopsy, 4 stereotactically,

and 21 from hematoma evacuation. The re-reviewed specimens were

reassessed for extent and distribution of Ab vascular deposition and

inflammation and divided in CAA, CAA-RI, and ABRA. In this study,

we use CAA to designate cases without any type of vascular inflam-

mation. Twenty-eight patients had histologic evidence of ABRA, 40

CAA, and 10CAA-RI (figure 1).We also included in this analysis data

from our cohort of 131 consecutive patients with PCNSV seen at

Mayo Clinic Rochester from January 1983 through December

2007.13,14 The identification of patients with PCNSV was described

in previous studies.13,15 Of the total of 131 patients, 41 were diagnosed

by CNS biopsy and the remainder by classic angiograms. All were

followed. Thirteen of this group were diagnosed with ABRA, and for

this study were combined with the amyloid group, leaving 118 patients

Figure 1 Pathologic findings related to cerebral vascular amyloid deposition

Extensive vascular amyloid-b depositionwithout inflammation is present in the leptomeningeal and parenchymal vessels in this case
of cerebral amyloid angiopathy (CAA) (A), as confirmed by immunohistochemistry (B), while mild perivascular inflammation oftenwith
giant cells surrounding leptomeningeal (C) and cortical (D) small vessels is characteristic ofCAA-related inflammation, and transmural
inflammation, often granulomatous and associated with vascular wall disruption, is typical of amyloid-b–related angiitis (E, F).
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with PCNSV without vascular amyloid. Patients with pathologic evi-

dence of AD were excluded.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Mayo Clinic Institutional

Review Board.

Clinical data collection. The same data collection form used for

PCNSV studies was completed for all present cases.13,15 It included

comprehensive information about clinical manifestations at presenta-

tion and follow-up, other medical conditions, laboratory investigations,

radiologic imaging, results of CNS biopsy or autopsy, treatment,

relapses, follow-up functional status, and cause of death. To assess the

effect of treatment, we used the treating physician’s global opinion

about the response to therapy. A neurologist examined all patients at

the time of diagnosis and on subsequent visits including the last visit or

death. Median follow-up was 11.3 months.

Relapse was defined as a recurrence of or increase in symptoms,

or evidence of worsening of existing lesions and/or new lesions on

subsequent MRI examinations while the patient received no medi-

cation or received a stable dosage of medication. Patients with

relapse required an increase in therapy. The degree of disability at

presentation and at the last visit was defined by a review of the

detailed clinical data in the medical record and was categorized by

using the modified Rankin Scale.16

Statistical analysis. Numeric parameters were compared by using a

2-sided 2-sample t test or a Wilcoxon rank-sum test when the distri-

butions were skewed. Comparisons of categorical variables were per-

formed using the x2 or Fisher exact test when cell counts were small.

Survival was estimated with the Kaplan-Meier method. Cox propor-

tional hazards modeling was performed for age-adjusted survival com-

parison. Significance was defined at p , 0.05. The statistical analysis

was performed using SAS version 8 (SAS Institute, Cary, NC).

RESULTS Demographic and clinical features. The demo-
graphics and clinical manifestations at diagnosis of the 4
patient groups are compared in table 1. Females and
males were relatively equally represented in all groups.

Patients with ABRAwere younger and had a longer time
from symptom onset to diagnosis than patients with
CAA (p 5 0.05 and p 5 0.06). Altered cognition was
the most common symptom at presentation in both
groups, but the frequency was higher in the patients
with CAA (p 5 0.02). Persistent neurologic deficit at
follow-up or stroke, and intracranial hemorrhage were
also more frequent in those with CAA than in those with
ABRA (p 5 0.02 and p , 0.001, respectively). Other
major medical disorders were similar in the 2 groups
(data not reported).

Table 1 also compares the clinical findings of the 28
patients with ABRA and 118 with PCNSV. The median
age at diagnosis was lower in patients with PCNSV (p,
0.001), while the frequencies of altered cognition and
seizures/spells at presentation were higher in patients with
ABRA (p 5 0.05 and p 5 0.006, respectively). Hemi-
paresis and visual symptoms at presentation were less
frequent in patients with ABRA (p 5 0.01 and p 5

0.04, respectively). Statistical analysis was not performed
in CAA-RI because of small numbers.

Laboratory investigations.The results of CSF examinations
and erythrocyte sedimentation rates at diagnosis are
noted in table 2. CSF findings were abnormal in 96%
of the patients with ABRA who had lumbar punctures,
in 80% with CAA, and in 80% with CAA-RI. Median
CSF protein levels were higher in patients with ABRA
than in PCNSV (103 mg/dL, range 41–522 mg/dL, vs
67 mg/dL, range 15–1034 mg/dL, respectively; p 5

0.03).However, no differences in the frequency of patients
with CSF abnormalities were observed in the 2 groups.

The median erythrocyte sedimentation rate was
normal in all groups. It was normal in 88% of 25

Table 1 Findings at diagnosis in 4 patient groups

Clinical findings ABRA (n 5 28), A CAA-RI (n 5 10), B CAA (n 5 40), C PCNSV (n 5 118), D p Value, A vs C p Value, A vs D

Sex, male 13 (46) 6 (60) 18 (45) 50 (42) 0.9 0.70

Age at diagnosis, y 66 (42–84) 72 (53–80) 71 (48–86) 47 (17–81) 0.05 ,0.001

Onset to diagnosis, mo 1.6 (0.2–37) 1.2 (0–21) 0.7 (0–48) 1.4 (0–63) 0.06 0.53

Clinical manifestations at presentation

Headache 14 (50) 1 (10) 20 (50) 75 (64) 1.00 0.19

Cognitive dysfunction 20 (71) 5 (50) 37 (92) 60 (51) 0.02 0.049

Persistent neurologic deficit or stroke 7 (25) 5 (50) 21 (52) 48 (41) 0.02 0.12

Hemiparesis 5 (18) 3 (30) 15 (38) 51 (43) 0.08 0.013

Seizures/spells 11 (39) 9 (90) 10 (25) 19 (16) 0.2 0.006

Visual symptoms (any type) 6 (21) 3 (30) 8 (20) 50 (42) 0.9 0.040

Intracranial hemorrhage 4 (14) 2 (20) 30 (75) 10 (8) ,0.001 0.35

Systemic manifestationsa 0 (0) 0 (0) 1 (2) 10 (8) 1.00 0.21

Abbreviations: ABRA 5 amyloid-b–related granulomatous angiitis; CAA 5 cerebral amyloid angiopathy; CAA-RI 5 CAA-related inflammation; PCNSV 5

primary CNS vasculitis.
Continuous data are presented as median and range. Categorical data are presented as number and percentage of patients.
aDefined as the presence of at least one of the following: fatigue, anorexia, weight loss, or fever.
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patients with ABRA, in 53% of 15 patients with
CAA, in 80% with CAA-RI, and in 81% of patients
with PCNSV.

Radiologic imaging. The MRI findings at presentation
are reported in table 2. Gadolinium leptomeningeal
enhancement was more frequent in patients with ABRA
than CAA (p5 0.01), whereas intracerebral hemorrhage
was more frequent in CAA (p 5 0.003). Subarachnoid
hemorrhage was observed in only one patient with CAA,
and none in ABRA. Infarctions were the most common
type of lesion observed in patients with PCNSV and were
more frequent in patients with PCNSV compared to
those with ABRA (p5 0.003). The patients with ABRA
had a higher frequency of gadolinium leptomeningeal
enhancement and intracerebral hemorrhage compared
to those with PCNSV (p , 0.001 and p 5 0.020,
respectively). Subarachnoid hemorrhage was observed
in only 3 patients with PCNSV. Gadolinium leptome-
ningeal enhancement was the most frequently observed
radiographic finding in the 9 patients with CAA-RI.

The neuroimaging findings (brain CT and/or MRI)
at the time of diagnosis were available for 56 of the 78
patients and were reviewed by a neuroradiologist (J.M.)
who was blinded to the histologic diagnosis. The imag-
ing of 2 patients was excluded because there were only
postoperative imaging studies. Therefore, the neuro-
imaging findings of 22 patients with ABRA, 26
patients with CAA, and 6 patients with CAA-RI
were analyzed (table e-1 on the Neurology® Web site
at www.neurology.org). Leptomeningeal enhancement
as the only lesion and leptomeningeal disease with
underlying nonenhancing mass-like infiltrative white
matter abnormalities were more frequently observed in

patients with ABRA and CAA-RI compared to those
with CAA (25% vs 3.8%, p 5 0.05; and 35.7% vs 7.
7%, p 5 0.02, respectively). Lobar hemorrhage and
vasogenic edema/mass effect were more frequent in
the patients with CAA (61.5% vs 10.7%, p , 0.001;
and 100% vs 78.6%, p 5 0.02, respectively), while no
differences were present in the 2 groups comparing the
patients with nonenhancing mass-like infiltrative white
matter abnormalities without overlying leptomeningeal
enhancement (mimicking a low-grade glioma) (15.4%
vs 14.3%; p5 not significant) and the patients with foci
of hemosiderin deposition (30.8% vs 46.4%, p 5 not
significant).

Other abnormalities were observed in 8 patients.
Two patients with ABRA had multiple cortical infarcts,
and leptomeningeal disease overlying cortical infarcts (no
white matter abnormalities), respectively. One patient
with CAA-RI presented with multiple bilateral acute
hemorrhages. Five patients with CAA had the following
findings at diagnosis: one focal subarachnoid hemor-
rhage at the vertex; one multiple bilateral hemorrhages
of varying ages; one enhancing intraparenchymal mass
(similar to a high-grade glioma); one enhancing hemor-
rhagic mass crossing corpus callosum; and one multiple
cortical infarcts and multiple intraparenchymal hemor-
rhages of different ages.

Cerebral angiography was performed in 14 patients
with ABRA, 4 with CAA-RI, and 14 with CAA.
Changes characteristic of vasculitis were observed in 2 pa-
tients (14%) with ABRA and 1 patient (7%) with CAA.

Treatment and outcome. The details of treatment are
shown in table 3. Glucocorticoids alone were pre-
scribed for 10 patients (36%) with ABRA and 5

Table 2 CSF and MRI results in 4 patient groups

ABRA (n 5 28), A CAA-RI (n 5 10), B CAA (n 5 40), C PCNSV (n 5 118), D p Value, A vs C p Value, A vs D

CSF

Protein >45 mg/dLa 22/23 (96) 3/5 (60) 12/15 (80) 64/86 (74) 0.1 0.03

WBCs >5/mL 11/22 (50) 1/5 (20) 5/15 (33) 44/87 (51) 0.3 1.0

Protein >45 mg/dL or WBCs >5/mL 22/23 (96) 4/5 (80) 12/15 (80) 68/88 (77) 0.1 0.05

Protein >70 mg/dL or WBCs >10/mL 18/23 (78) 3/5 (60) 9/15 (60) 51/86 (59) 0.2 0.09

ESR, mm/hb 13 (2–77) 23 (1–82) 22 (1–94) 8 (0–110) 0.3 0.1

Initial MRI findings

Infarcts 7/28 (25) 1/9 (11) 5/20 (25) 59/105 (56) 1.00 0.003

Gadolinium-enhanced lesions 18/28 (64) 5/9 (56) 6/20 (30) 38/105 (36) 0.02 0.007

Intracerebral gadolinium-enhanced lesions 3/28 (11) 0/9 (0) 3/20 (15) 28/105 (27) 0.7 0.08

Meningeal gadolinium-enhanced lesions 16/28 (57) 5/9 (56) 4/20 (20) 13/105 (12) 0.01 ,0.001

Intracerebral hemorrhage 5/28 (18) 1/9 (11) 12/20 (60) 5/105 (5) 0.003 0.02

Abbreviations: ABRA 5 amyloid-b–related granulomatous angiitis; CAA 5 cerebral amyloid angiopathy; CAA-RI 5 CAA-related inflammation; ESR 5

erythrocyte sedimentation rate; PCNSV 5 primary CNS vasculitis; WBC 5 white blood cell.
Continuous data are presented as median and range. Categorical data are presented as number and percentage of patients.
a The normal range of protein is 14–45 mg/dL.
bESR data were available for 25 patients with ABRA, 15 patients with CAA, and 100 patients with PCNSV.
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patients (12%) with CAA, whereas immunodepressants
and prednisone were used in 46% and 5% of the patients
of the 2 groups, respectively. More patients with ABRA
than CAA received treatment with one or both drugs
(82% vs 17%, p , 0.001). Cyclophosphamide was
the most frequently used immunodepressant. The total
duration of prednisone and cyclophosphamide therapies
was not different in the 2 groups. The frequency of
relapsing disease was higher in the ABRA group (18%
vs 5%), but the difference was not significant. At the end
of the follow-up, the frequency of patients free of immu-
nodepressant and/or prednisone was higher in patients
with CAA (57% vs 17%, p 5 0.04).

In patients with PCNSV, glucocorticoid therapy
alone was prescribed for 51 patients (43%) and an
immunodepressant (usually cyclophosphamide) was
added in 45% more. These treatments were similar to
ABRA. The duration of prednisone therapy in PCNSV
(median: 10 months) was higher than in ABRA
(median: 5 months) (p5 0.03), while the total duration
of cyclophosphamide therapy was similar in the 2 groups
(median: 6 vs 8 months). The frequencies of patients
with PCNSV who had relapsing disease (27%) and the
number free of immunodepressant and/or prednisone
(17%) at last follow-up were similar to ABRA.

Modified Rankin disability scores were recorded at
presentation and at last follow-up. The patients were
grouped into 3 populations: those with Rankin score of

0 through 3 (good outcome), those with scores of 4 or
5 (poor outcome) and those with score 6 (death). Rankin
scores at last follow-up are listed in table 3. The frequency
of patients with good outcome at last follow-up was
higher in patients with ABRA than in CAA, while the
frequency of poor outcome and death was lower in
ABRA (p , 0.001). The frequencies of the various out-
comes in ABRA and in PCNSV were similar.

Figure 2 shows the survival curves of patients with
ABRA, CAA, and PCNSV. Survival of the patients with
CAA was reduced compared to patients with ABRA
(p5 0.008). Significance remained after adjustment for
age at diagnosis. The differences in survival between the
patients who had ABRA and those with PCNSV were
not statistically significant, either in the univariate anal-
ysis or after adjustment for age.

DISCUSSION In our cohort of patients with biopsy-
proven amyloid angiopathy, evidence of vascular
inflammation was found in half (49%). Two types of
inflammatory response were observed, the first character-
ized by perivascular inflammation (CAA-RI), the second,
more destructive with features of a true vasculitis, most
frequently granulomatous (ABRA) in pattern. ABRA
(36%) was more frequent than CAA-RI (13%). In a pre-
vious study, the presence of CAA-RI was reported in 7
(16.6%) of 42 consecutive patients with pathologically
diagnosed CAA seen over 8 years at a large referral

Table 3 Treatment and outcome (Rankin score at last follow-up) in 4 patient groups

ABRA (n 5 28), A CAA-RI (n 5 10), B CAA (n 5 40), C PCNSV (n 5 118), D p Value, A vs C p Value, A vs D

Initial treatment

Prednisone alone 10 (36) 2 (20) 5 (12) 51 (43) 0.4a 0.94a

Prednisone 1 cyclophosphamide
(oral or pulse)

9 (32) 0 (0) 2 (5) 53 (45)

Prednisone 1 azathioprine 2 (7) 0 (0) 0 (0) 5 (4)

Prednisone 1 other drug 2 (7) 0 (0) 0 (0) 6 (5)

No therapy 5 (18) 8 (80) 33 (82) 1 (1)b

Duration of therapy, mo

Prednisone 5 (1–24) 3 (3–3) 2 (1–4) 10 (0.4–107) 0.2 0.025

Cyclophosphamide 8 (1–17) 4 (4–5) 6 (1–25) 1.00 0.9

Patients without relapse/recurrence 23 (82) 10 (100) 38 (95) 86 (73) 0.09 0.3

Patients not requiring therapy at
last follow-up

4/23 (17) 1/2 (50) 4/7 (57) 20/116 (17) 0.04 0.99

Rankin score at last follow-up ,0.001 0.2

0–3 22 (79) 5 (50) 13 (32) 91 (77)

4–5 4 (14) 2 (20) 8 (20) 7 (6)

Death 2 (7) 3 (30) 19 (48) 20 (17)

Abbreviations: ABRA 5 amyloid-b–related granulomatous angiitis; CAA 5 cerebral amyloid angiopathy; CAA-RI 5 CAA-related inflammation; PCNSV 5

primary CNS vasculitis.
Continuous data are presented as median and range. Categorical data are presented as number and percentage of patients.
a Comparison was between patients receiving any immunosuppressive therapy vs patients receiving prednisone only.
b Two patients had immunosuppressive therapy but not prednisone (not shown in table).
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hospital.9 Although our and the previous series included
patients with CAA similarly recruited, the previous study
identified only patients with CAA-RI. In our series, 10
of 78 patients (13%) had CAA-RI similar to that
observed by the previous study.9 However, considering
the full spectrum of vascular inflammation (ABRA plus
CAA-RI), the overall frequency was higher in our
series. The reasons for the differences between the 2
series are uncertain.

The results showed a number of differences between
ABRA and CAA: patients with ABRA had a lower
median age at diagnosis, a lower frequency of altered cog-
nition, less frequent neurologic deficit or stroke, and a
lower rate of intracerebral hemorrhage. MRI evidence
of gadolinium leptomeningeal enhancement was more
frequent in patients with ABRA. Patients with ABRA
had a more favorable response to treatment and out-
come. It seems unlikely that the lower rate of treatment
in patients with CAA influenced these results. The favor-
able response to treatment and better outcome in ABRA
suggest that the vascular inflammation was a major influ-
ence in determining the disease manifestations, in com-
parison with the noninflammatory form of CAA, which
is considered an untreatable condition. Neuroimaging
also revealed differences between ABRA and CAA. Lep-
tomeningeal changes with or without underlying nonen-
hancing infiltrative white matter abnormalities were
more common in ABRA and CAA-RI, whereas lobar
hemorrhage and vasogenic edema/mass effect were more
frequently observed in patients with CAA.

Differences were also noted between ABRA and
PCNSV. Patients with ABRA were older at diagnosis,

had an increased frequency of altered cognition and seiz-
ures/spells at presentation, and had a reduced frequency
of hemiparesis and visual symptoms. CSF protein levels
were significantly higher in patients with ABRA. Cere-
bral infarctions were less frequent in patients with
ABRA, whereas gadolinium leptomeningeal enhance-
ment and intracerebral hemorrhage were more common.
The response to treatment, duration of treatment, and
outcomes were similar. The finding that ABRA was
observed in 13 of 41 patients (31.7%) with biopsy-
proven vasculitis in the PCNSV cohort suggests that
ABRA may represent almost one-third of biopsy-proven
PCNSV. The data together indicate that ABRA forms a
definable subset of PCNSV characterized by older age,
high frequency of cognitive dysfunction and seizures/
spells, increased spinal fluid protein levels, high fre-
quency of enhancing leptomeningeal lesions, and favor-
able response to glucocorticoids alone or in combination
with cyclophosphamide.17

Our findings support the earlier studies,9,11 which
also suggest that ABRA andCAA-RImore closely resem-
ble PCNSV than CAA. It is possible that the perivascular
form (CAA-RI) and ABRA are part of the same patho-
logic spectrum, but the evidence is not definitive. In our
study, the number of patients identified with CAA-RI
was too small to make meaningful comparisons. Also, as
observed here and in previous studies, some patients with
CAA may have clinical and radiologic features sim-
ilar to those observed in ABRA and CAA-RI, but with-
out pathologic evidence of inflammation.18,19 Segmental
inflammatory involvement of cerebral vessels causing
false-negative biopsy results could explain such findings.

Recently, autoantibodies against Ab 1-40 and 1-42
forms of amyloid have been found to be increased in the
spinal fluid of 2 patients, one diagnosed with ABRA and
one with CAA-RI.20,21 A local intrathecal production of
these antibodies was demonstrated. These antibodies
decreased to normal levels after 3 months of steroid treat-
ment paralleling the patient’s clinical and radiologic
improvements. These data suggest that the inflammation
associated with ABRA and CAA-RI may result from an
immune response directly triggered by cerebrovascular
Ab deposits. It has also been noted that active or passive
immunotherapeutic approaches aimed at reducing the
cerebral Ab burden in AD may cause meningoenceph-
alitis or vasogenic edema producing clinical, radiographic,
and pathologic similarities to ABRA and CAA-RI.22,23

Imaging abnormalities suggestive of vasogenic edema/
mass effect were observed in 22 of 28 (79%) of our
patients with ABRA or CAA-RI. Vasogenic edema is also
part of imaging abnormalities associated with bapineuzu-
mab therapy, a humanized monoclonal antibody against
Ab.23 The similarities between these 2 syndromes raise
the question as to whether immunotherapy-related vaso-
genic edema represents a treatment-induced counterpart
to spontaneous inflammatory ABRA and CAA-RI.

Figure 2 Survival curves of patients with ABRA, CAA, and PCNSV

Survival of the patients with CAA was significantly reduced compared to patients with ABRA
(p 5 0.008). Significance remained after adjustment for age at diagnosis. The differences in
survival between the patients who had ABRA and those with PCNSV were not statistically
significant, univariately or after adjustment for age. ABRA 5 amyloid-b–related angiitis;
CAA 5 cerebral amyloid angiopathy; PCNSV 5 primary CNS vasculitis.
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Furthermore, spontaneous inflammatory CAA-RI
inflammation and immunotherapy-related conditions
share a common genetic association with the APOE e4
allele.10,23 These data raise the possibility that the E4 iso-
form of apolipoprotein E may have a role in promoting
an inflammatory response to CAA in both conditions.

Strengths of our study include the relatively large
number of unselected, consecutive patients with sporadic
CAA defined by uniform pathologic criteria, the extensive
clinical data available, and follow-up information. Limita-
tions include the retrospective nature of the study, incom-
plete datasets, possible referral bias of cases, sampling error
of the biopsy specimen because of the patchy nature of
the inflammatory response, and lack of tissue diagnosis
in the majority of comparison cases with PCNSV even
though the angiograms were highly suggestive of vasculi-
tis and long-term follow-up tended to confirm the diag-
nosis. Another potential limitation is that the majority of
cases of CAA were diagnosed during hematoma evacua-
tion. Other cases of CAA with small hematomas not
evacuated or in unresectable regions of the brain may
not have been diagnosed.

Our findings confirm earlier reports9–12 suggesting
that ABRA represents a definable subset of PCNSV
and that the vascular inflammation in ABRA more than
Ab deposition alone has a major influence in determin-
ing disease manifestations. Further study is needed to
determine whether ABRA and CAA-RI are the same
or separate conditions. An immune response directed
against Ab may represent a common disease mechanism
shared by ABRA and in complications of therapy for
AD. The recently observed presence of anti-Ab antibod-
ies in the CSF of patients with ABRA and CAA-RI
supports this linkage and points to a possible diagnostic
marker for these conditions. Furthermore, a better
understanding of the molecular mechanisms associated
with the pathogenesis of ABRA should provide oppor-
tunities to improve not only its treatment, but also to
develop more effective immunotherapy for AD.
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