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Diagnostic utility of amyloid PET in cerebral amyloid
angiopathy-related symptomatic intracerebral hemorrhage
Jean-Claude Baron1,2, Karim Farid3, Eamon Dolan4, Guillaume Turc2, Siva T Marrapu1, Eoin O’Brien4, Franklin I Aigbirhio5, Tim D Fryer5,
David K Menon6, Elizabeth A Warburton4 and Young T Hong5

By detecting b-amyloid (Ab) in the wall of cortical arterioles, amyloid positron emission tomography (PET) imaging might
help diagnose cerebral amyloid angiopathy (CAA) in patients with lobar intracerebral hemorrhage (l-ICH). No previous study has
directly assessed the diagnostic value of 11C-Pittsburgh compound B (PiB) PET in probable CAA-related l-ICH against healthy
controls (HCs). 11C-PiB-PET and magnetic resonance imaging (MRI) including T2* were obtained in 11 nondemented patients
fulfilling the Boston criteria for probable CAA-related symptomatic l-ICH (sl-ICH) and 20 HCs without cognitive complaints or
impairment. After optimal spatial normalization, cerebral spinal fluid (CSF)-corrected PiB distribution volume ratios (DVRs) were
obtained. There was no significant difference in whole cortex or regional DVRs between CAA patients and age-matched HCs.
The whole cortex DVR was above the 95% confidence limit in 4/9 HCs and 10/11 CAA patients (sensitivity¼ 91%, specificity¼ 55%).
Region/frontal or occipital ratios did not have better discriminative value. Similar but less accurate results were found using visual
analysis. In patients with sl-ICH, 11C-PiB-PET has low specificity for CAA due to the frequent occurrence of high 11C-PiB uptake in the
healthy elderly reflecting incipient Alzheimer’s disease (AD), which might also be present in suspected CAA. However, a negative
PiB scan rules out CAA with excellent sensitivity, which has clinical implications for prognostication and selection of candidates for
drug trials.
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INTRODUCTION
Cerebral amyloid angiopathy (CAA) is an age-associated brain
condition secondary to excess deposition of b-amyloid (Ab) in the
leptomeningeal and cortical arterioles.1,2 With aging of the
population, CAA has become a major cause of intracerebral
hemorrhage (ICH) and is the main cause of lobar ICH (l-ICH).1

Furthermore, CAA contributes significantly to cognitive and gait
dysfunction in the elderly.1 The clinical diagnosis of CAA-related
ICH is currently based on the Boston operational criteria, which
have been validated against pathologic gold standard.3 According
to these criteria, after symptomatic lobar ICH (sl-ICH), diagnosing
probable CAA requires the occurrence of a second sl-ICH or the
presence of at least one definite lobar microbleed (lMB) or cortical
superficial siderosis (cSS) on gradient echo (GRE) magnetic
resonance imaging (MRI), and no other cause identified.3

Patients with first-ever sl-ICH who do not have lMBs or cSS
therefore are diagnosed as ‘possible CAA’. Given the high risk of
recurrent sl-ICH which is attached with high morbidity and
mortality,1 a more precise diagnosis would be important at this
early stage. In addition, novel therapeutic approaches for CAA are
approaching,4 and being able to enroll into trials CAA-related first
sl-ICH at an early stage of the disease is an important objective.

11C-Pittsburgh compound B (PiB) has been developed
as a positron emission tomography (PET) ligand for imaging
cerebral fibrillar Ab.5 Pittsburgh compound B binds not only to

parenchymal Ab deposits associated with Alzheimer’s disease (AD)
but also to cerebrovascular Ab deposits.5–7 Amyloid PET may
therefore directly detect vascular amyloid in living patients, which
would help diagnose CAA in patients with sl-ICH not fulfilling the
Boston criteria for probable CAA, and also perhaps be added to
the latter to increase their sensitivity and specificity. To assess the
diagnostic value of 11C-PiB-PET in sl-ICH, the first step is to test its
sensitivity and specificity in patients diagnosed with probable
CAA-related sl-ICH based on the Boston criteria as a reference.

Although a few 11C-PiB-PET studies on sporadic CAA have
appeared recently,6,8–12 comparison with age-matched healthy
controls (HCs) (HAMCs) is reported in three papers only.6,10,12 In
two of these reports, half of the CAA sample included nonICH
presentations such as encephalopathy and seizures,6,12 which may
have different burden/distribution of Ab deposition and hence
blur the assessment of the diagnostic value of 11C-PiB-PET. In the
remaining article, the sample was a mix of possible and probable
CAA-related sl-ICH,10 which may affect the sensitivity of the study.
Hence, no study so far has directly assessed the diagnostic value
of amyloid PET imaging in probable CAA-related sl-ICH
against HAMCs. The present pilot study was designed to address
this issue. Given the risk of brain distortions from previous
hemorrhage in CAA affecting spatial normalization of the PET and
magnetic resonance images, state-of-the-art image processing
was also applied here.
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SUBJECTS AND METHODS
Cerebral Amyloid Angiopathy Patients and Control Group
Eleven nondemented patients fulfilling current Boston criteria for
probable CAA3 (9 men, 2 women; age 70±7 years; mini-mental
state examination (MMSE): 26.7±1.8) were recruited through the
Addenbrooke’s Hospital Stroke Unit or ICH clinic. Consecutive eligible
patients were approached and proposed to participate in the study. As a
large number of patients turned down the offer, admission records and
clinic files were searched for discharged eligible patients who were then
contacted by telephone. Demographic and main clinical characteristics are
presented in Table 1. 11C-PiB-PET was performed within 3 years of first
sl-ICH. Definite lMBs were assessed at the time of PET study on GRE 3T-MRI
performed as part of this protocol (see below), using the microbleed
anatomical rating scale procedure.13

Twenty unmedicated HCs (15 men; 5 women; distribution not signi-
ficantly different from the patient group; Fisher’s exact test, P¼ 1.00)
with no memory or cognitive complaints and with normal
MMSE results (MMSE X29) were also recruited through advertisements
posted at the University of Third Age and hospital advert board. This
sample deliberated comprised 10 HCs p55 years of age (all males; NS
compared with the patient group), and 10 HCs aged X60 to match the age
of the CAA group (5 men, 5 women; NS compared with the patient group).
One HC (male) was excluded post hoc due to the presence of three lMBs on
GRE imaging, as although lMBs are not common in healthy aged subjects,
they suggest underlying CAA and are predictive of high PiB uptake.14 The
final HAMC group therefore comprised nine subjects (65±5 years, NS
relative to CAA; 4 men, 5 women, NS compared with CAA; MMSE range 29
to 30, Po0.001).

In all subjects, white-matter hyperintense lesions were scored using the
Fazekas scale15 on fluid attenuated inversion recovery imaging (see below).

The age limit of 55 years for the young group was based on the previous
studies showing no rise in amyloid tracer uptake until this age in large
samples,16–21 including ours.22

The Cambridgeshire Regional Ethics Committee approved this study and
all participants provided signed informed consent.

Imaging Procedures: Positron Emission Tomography and Magnetic
Resonance Imaging
The methodology for [11C]-PiB production and PET scanning including 68Ge
transmission and dynamic emission scans in our center has been previously
published22 and is summarized below.

The [11C]-PiB was produced at the Wolfson Brain Imaging Centre radio-
chemistry laboratories at high radiochemical purity (495%) and specific
activity (4150 GBq/mmol) under good medicinal practice conditions.

The PET scanning was performed on a GE Advance PET scanner (General
Electric, Milwaukee, WI, USA). After a 68Ge/68Ga transmission scan
(15 minutes) for attenuation correction, B550 MBq of [11C]-PiB was
injected as a bolus through an antecubital vein. Dynamic PET emission
scanning in 3D mode was undertaken for 90 minutes after injection (58
frames: 18� 5 seconds, 6� 15 seconds, 10� 30 seconds, 7� 1 minutes,
4� 2.5 minutes, and 13� 5 minutes).

Magnetic Resonance Imaging
To facilitate segmentation, spatial normalization, and delineation of
anatomic regions of interest (ROIs), participants also underwent a structural
T1-weighted MRI scan on a 3T Siemens Tim-Trio (Siemens Medical Solutions,
Erlangen, Germany), using a 3-dimensional MPRAGE scan (magnetization-
prepared rapid GRE sequence; repetition time/echo time/inversion
time¼ 2,300 milliseconds/2.98 milliseconds/900 milliseconds; flip angle, 91;
1 average; 176 slices; 256� 256 matrix size; 1� 1� 1 mm voxel size).

The magnetic resonance protocol for this study also included standard
T2* GRE and fluid attenuated inversion recovery.

Image Analysis
Generic image processing and analysis have been previously published in
detail,22 except that in the present study we implemented advanced image
processing for spatial normalization (see below). Briefly, each dynamic 11C-
PiB-PET scan was reconstructed using the PROMIS 3D filtered
backprojection algorithm,23 with corrections applied for randoms, dead

Table 1. Patients demographics and main clinical characteristics

Patient Age
(years)

M/
F

l-ICHa VRF Main symptoms Current medications MMSE Lobar
MBs

Fazekas
score

cSS

1 58 F L
Hippocampus

D, AHT Amnesia,
dysphasia

Insulin, atorvastatine,
losartan, lecardipine,
paroxetine

26 45 2 —

2 80 M R Occ AHT, AF Visual field
deficit

Simvastatine, candesartan,
bendrofluazide,
tamsulosin, gabapentin

25 1 2 Disseminated

3 78 M L Temp Smoking Dysphasia,
disinhibited
behaviour

Haloperidol 27 3 3 Disseminated

4 75 M R Front (L
Front)

— L hemiparesis Lisinopril, alendronate 25 2 3 Disseminated

5 64 M L Par, R Occ-
Temp-Par

Ischemic heart
disease

Poor
concentration

Diltiazem, nicorandil,
ezetimibe, lansoprazole

25 2 2 Disseminated

6 77 F L Front — language
difficulties,
facial weakness

Simvastatine, alendronate,
zopiclone

29 4 3 —

7 61 M R Temp-Par AHT, PAD,
Dyslipidemia

R hemiparesis
and visual field
deficit

Rosuvastatin, allopurinol 30 45 2 —

8 78 M R Front, L
Occ-Temp

D, AHT Confusion Perindopril, metformin,
giglizide

28 45 3 —

9 72 M L Front (L
Tempb)

Ischemic heart
disease, ex-smoker,
AHT, dyslipidemia

R hemiparesis,
partial complex
seizures

Simvastatine, candesartan,
lansoprasole, levetiracetam

26 45 3 Disseminated

10 71 M R Occ, R Occ,
L Occ-Temp

— visual fields
disturbance

Thyroxine 28 45 3 Focal

11 71 M R Front, R Par AHT L hemiparesis,
visual
disturbances

Lisinopril, bendrofluazide 25 5 2 —

AF, atrial fibrillation (paroxystic); AHT, arterial hypertension; cSS, cortical superficial siderosis; D, diabetes; Disseminated, cSS affecting X4 sulci; Front, frontal
cortex; Focal, cSS affectingo4 sulci; l-ICH, lobar intracerebral hemorrhage; L, left; M/F, gender; VRF, vascular risk factors; PAD, peripheral arterial disease;
MBs, microbleeds; MMSE, mini mental state examination; R, right; Temp, temporal cortex; Par, parietal cortex; Occ, occipital cortex. aAssociated asymptomatic
ICHs are shown in brackets. bICH revealed by seizures only.
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time, normalization, scatter, attenuation, and sensitivity. To reduce any
deterioration due to head motion, PET images were realigned using SPM8
(www.fil.ion.ucl.ac.uk/spm/software/), which was also used to coregister
the mean realigned PET image to the T1-weighted MRI and reslice all the
PET images to the MRI. To allow the use of standard space ROIs and limit
the risk of spatial normalization errors from stroke-induced brain
distortions, the MRI, and thence the coregistered PET images, was
spatially normalized to the MNI/ICBM152 T1-weighted template using
the symmetric image normalization method (SyN).24 Each normalized T1
image was segmented using SPM8 to produce gray, white, and cerebral
spinal fluid (CSF) probabilistic maps, which were then smoothed with an
isotropic Gaussian to approximate the PET resolution 5 cm off-axis (6.8 mm
full width at half maximum).

Regions of interest were defined on these spatially normalized images25

as the intersection between 65% and above thresholded gray-matter
segments and automated anatomic labeling ROIs.26 On the basis of
previous studies in CAA, normal aging, and AD, the following cerebral gray-
matter ROIs were chosen from the automated anatomic labelling atlas:
calcarine, anterior cingulate, posterior cingulate, frontal, hippocampus,
lateral temporal, occipital, inferior parietal, and superior parietal; in
addition, a whole cortex ROI was also obtained by summing all cortical
ROIs in automated anatomic labeling. To mitigate the effects of cortical
atrophy from partial voluming, the smoothed CSF map was used to correct
GM of each ROI time-activity curve for CSF fraction (fCSF) through division
by (1� fCSF).27,28 Cerebral spinal fluid-corrected ROI distribution volume
ratio (DVR) was estimated using the reference tissue Logan graphical
method Logan29 fitted for the 35 to 90 minutes post injection interval, with
the cerebellum as the reference tissue.30 To this end, a cerebellar cortex
ROI was defined from automated anatomic labeling.

We verified that standardized uptake value (SUV) for the cerebellar ROI
was not significantly different between CAA and HAMC groups (P¼ 0.65).

Given that relative PiB uptake has previously been reported as highest in
frontal and lowest in occipital regions in the AD-like profile6,10 (expected to
be present in a fraction of the aged HCs) as opposed to high in posterior
cortical regions in CAA6 (consistent with postmortem data31), we also
computed the Occipital/whole cortex and Frontal/whole cortex ratios, as
used before,6,10 as well as the Occipital/Frontal ratio, expected to be high
in CAA.

Visual Assessment
To mimic the clinical situation, visual assessment was also undertaken.32

Standardized unit value images were created using the 50 to 70 minutes
postinjection interval.27 Two experienced raters (JCB and KF)
independently assessed for each subject a set of 20 axial SUV images
(i.e., in native space) spanning the whole brain and normalized to the
cerebellar standardized uptake value with reference, displayed in pseudo-
color scale (see Figure 2). This was performed blind to the subject’s group,
that is, HC or CAA (N¼ 19 and 11 subjects, respectively). Before the visual
assessment and to avoid any classification bias, brain regions showing
structural damage from l-ICH on MRI in the CAA group were independently
masked on the coregistered MRI by an experienced physician not
participating in the study, using black squares. Similar regions were also
randomly masked in an equal proportion of controls.

Each assessor classified each subject as PiB� or PiBþ , looking for
cortical PiB retention (classified as PiBþ ) or only nonspecific white-matter
uptake (PiB� ).19 Interrater reproducibility was computed as Cohen’s
kappa. Consensus between the same two assessors was subsequently
implemented for discrepant cases. The PiBþ scans were then further
classified as consistent with the classic AD profile (i.e., high uptake
predominantly affecting the nonmotor frontal cortex, posterior cingulate
area, and posterior parieto-temporal regions, but relatively sparing the
occipital cortex6,10) or not, denoted as ‘nonAD profile’. Consensus and
Cohen’s kappa followed this secondary classification.

RESULTS
Study Group Characteristics
All CAA patients presented with sl-ICH (Table 1). Four patients had
two sl-ICHs and one had three; in addition, two had a ‘silent’ l-ICH
on follow-up MRI, and all had at least one lMB and significant
white-matter hyperintensities (Fazekas X2); cSS was present in six
patients. The MRI was unremarkable in the nine HAMCs apart from
mild white-matter ischemic changes (Fazekas o2 in all).
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Figure 1. Whole-cortex DVR (wcDVR) values in the 9 age-matched
healthy controls (HAMCs) and the 11 probable cerebral amyloid
angiopathy (CAA)-related symptomatic lobar intracerebral hemor-
rhage (sl-ICH) patients. The horizontal line at 1.22 distribution
volume ratio (DVR) denotes the cutoff for abnormally elevated
whole cortex DVR (wcDVR) determined from healthy subjects p55
years of age (see Subjects and Methods). The wcDVRs stand above
this cutoff in 10/11 CAA patients (with the value for the last patient
sitting just below it, at 1.20), as well as in 4/9 controls (circled), 3 of
whom sitting above the highest wcDVR observed in the CAA
patients.

PiB +
AD
profile

Healthy aged Probable CAA

PiB +
non-AD
profile

PiB -

Figure 2. Representative standardized uptake value images (normal-
ized to the subject’s cerebellar value, and overlaid onto the subject’s
T1-weighted magnetic resonance imaging (MRI) in native space)
illustrating in three subjects each from the age-matched healthy
controls (HAMCs) and probable cerebral amyloid angiopathy (CAA)-
related symptomatic lobar intracerebral hemorrhage (sl-ICH) groups
the Pittsburgh compound B (PiB� ) profile (top row), the PiBþ
Alzheimer’s disease (AD)-type profile (middle row) and the PiBþ
non-AD profile (bottom row). The white arrows point to the
posterior occipital region, which typically shows relatively low PiB
uptake in the AD profile, and relatively high uptake in the PiBþ
non-AD profile CAA patient shown. The pink arrow points to a right
frontal cortical area with abnormal uptake in a PiBþ nonAD profile
HAMC. This figure illustrates one axial slice only but the visual
analysis was performed on 20 slabs per patient, covering the whole
brain (see Subjects and Methods).
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Pittsburgh Compound B Distribution Volume Ratio Values
There was no significant difference in either weighted-mean
whole cortex DVR (wcDVR) or prespecified ROI DVRs between the
CCA and HAMC groups (Table 2).

Following previously published methodology,33 the cutoff for
abnormally elevated wcDVR was derived as the upper 95%
confidence interval of the young HC sample. Given the mean
(±1s.d.) wcDVR in this sample was 1.108±0.060 (no correlation
with age, r¼ 0.281), the 95% upper confidence limit was 1.22,
close to previously published values for DVR.16,34 Relative to this
cutoff, 10/11 CAA patients were PiBþ , as compared with 4/9
HAMCs (P¼ 0.049, Fisher’s exact test) (Figure 1). This corre-
sponded to a sensitivity of 91%, a specificity of 55%, a positive
predictive value of 71%, and a negative predictive value of 83%.

The Occipital/wc, Frontal/wc, and Occipital/Frontal ratios were
not significantly different between the CAA and HAMC groups
(Table 3).

Visual Analysis
Cohen’s kappa for concordance of PiBþ vs. PiB� between the
two assessors was 0.68 (95% confidence interval: 0.44 to 0.91)
indicating substantial agreement. After consensus, 9/11 CAA
patients were classified as PiBþ vs. 5/9 in the HC group (Fisher’s
exact test P¼ 0.336), leading to a sensitivity of 82%, a specificity of
44%, a positive predictive value of 64%, and a negative predictive
value of 67%.

Subclassification of PiBþ scans as AD profile or nonAD profile
demonstrated only fair interobserver reproducibility (kappa¼ 0.23;
95% confidence interval: � 0.18 to 0.64). After consensus, 3/9
patients were classified as AD profile and 6/9 as non-AD profile in
the CAA group, versus 3/5 and 2/5, respectively, in the HAMC
group, a nonsignificant trend (Fisher P¼ 0.58). The sensitivity for
the nonAD profile being present in PiBþ CAA patients and absent
in PiBþ age-matched controls was 67%, with a specificity of 60%.
Illustrative images for each group are displayed in Figure 2.

DISCUSSION
Our findings show a good sensitivity (91% and 82% for the
quantitative and visual analysis, respectively) but a poor specificity
(55% and 44%, respectively) of 11C-PiB-PET to differentiate
probable CAA from HAMCs, reflecting an almost universal PiB
positivity in CAA but its frequent occurrence in healthy aged
controls as well. Accordingly, there was no significant difference in
PiB uptake between the two groups for any cortical region. The
same applied to regional ratios expected to be sensitive to the
previously reported difference in PiB pattern in CAA relative to the
classic AD pattern. This is also supported by the only fair results of
the visual analysis assessing the presence of a nonAD profile in
PiBþ subjects. Although as will be discussed below these results
are overall consistent with previous reports, this is the first study
to directly assess the diagnostic value of PiB PET in probable CAA-
related sl-ICH against age-matched healthy subjects.

The observed limited specificity resulted from the frequent
occurrence of PiBþ healthy elderly. Indeed, based on the
quantitative analysis 4/9 (44%) HAMCs were PiB positive, as
compared with 10/11 CAA patients. Given the biphasic distribu-
tion in the HAMCs (Figure 1), using a more conservative wcDVR
cutoff such as 1.535 would further strengthen, rather than weaken,
this observation, since using this cutoff would result in 3/9 HAMCs
versus 2/11 CAA patients being PiBþ . As reviewed recently,18,36

20% to 40% of healthy elderly 460 years of age (and up to 50%
above 80) have a significant amyloid burden on PET imaging,
despite normal general cognition.37 Our prevalence of 44% is
therefore high but consistent with these ranges. It is also
consistent with the CAA study of Johnson et al,6 where 6/15
(40%) of their HAMCs were PiBþ . Pittsburgh compound B
positivity in healthy aged people is predictive of cognitive
decline35,38 and therefore likely represents asymptomatic AD.
Not surprisingly, if we excluded post hoc the PiBþ HAMCs from
our analysis, the wcDVR would become significantly higher in CAA
patients (1.31±0.11 vs. 1.13±0.03, respectively, P¼ 0.006; similar
P-values for all ROIs except the hippocampus). However, excluding
PiBþ HCs is unwarranted merely because incipient AD might also
be present in patients suspected of CAA, particularly given the
frequent cooccurrence and overlapping pathophysiology of these
two amyloid-related conditions.31 Conversely, the healthy elderly
may harbor incipient CAA, given the incidence of asymptomatic
CAA at autopsy in healthy aged subjects is up to 50%.31

Importantly, despite the poor specificity of PiB for CAA, our
finding that almost all CAA patients were PiBþ , particularly with
the quantitative analysis (91%; note that the last patient was
borderline, see Figure 1), indicate that PiB imaging has high
sensitivity for CAA. Accordingly, the negative predictive value was
high (83%), that is, CAA can be ruled out with good confidence if
11C-PiB imaging is negative. Consistent with clinical experience,
the quantitative analysis was more efficient than visual inspection
in our study. This finding of high sensitivity of PiB positivity for
CAA is consistent with previous reports, with 6/6 (100%) and 9/12
(75%) CAA patients being PiB positive in the Johnson6 and Ly10

studies, respectively. However, only 2/6 patients presented with
ICH in the former,6 while in the latter 3/12 had possible CAA only.
Although Gurol et al12 did not formally report sensitivity, applying
their reported cutoff for PiB positivity on their Figure 2 suggests

Table 2. PiB DVR in CAA patients (n¼ 11) and healthy age-matched controls (n¼ 9) (mean±s.d.), and P value for the between-groups two-sample
t-tests

Whole
cortex

Calcarine Ant
cingulum

Post
cingulum

Frontal Hippocampus Lateral
temporal

Occipital Parietal Inf Parietal
Sup

CAA 1.31±0.11 1.33±0.18 1.55±0.23 1.38±0.09 1.40±0.14 1.10±0.08 1.20±0.13 1.23±0.13 1.33±0.15 1.32±0.16
Controls 1.38±0.29 1.36±0.31 1.60±0.44 1.46±0.29 1.47±0.32 1.14±0.09 1.27±0.27 1.29±0.24 1.48±0.34 1.46±0.34
P 0.49 0.80 0.80 0.41 0.55 0.40 0.47 0.52 0.24 0.26

CAA, cerebral amyloid angiopathy; DVR, distribution volume ratio; PiB, Pittsburgh compound B.

Table 3. Occipital/Whole cortex, Frontal/Whole cortex and Occipital/
Frontal PiB ratios in CAA patients (n¼ 11) and healthy age-matched
controls (n¼ 9) (mean±s.d.)

Occipital/Whole
cortex

Frontal/Whole
cortex

Occipital/
Frontal

CAA 0.92±0.06 1.04±0.04 0.88±0.07
Controls 0.94±0.04 1.06±0.03 0.88±0.06

CAA, cerebral amyloid angiopathy; DVR, distribution volume ratio; PiB,
Pittsburgh compound B. No comparison was statistically significant (two-
sample t-tests).

Amyloid imaging in CAA-related symptomatic ICH
JC Baron et al

756

Journal of Cerebral Blood Flow & Metabolism (2014), 753 – 758 & 2014 ISCBFM



that only around 14/42 (33%) CAA patients were PiBþ ; however,
only 23 patients in their sample had sl-ICH, making comparison
with our results difficult.

The present pilot study enrolled a relatively small CAA sample,
so confirmation of our observations is warranted. However, all our
probable CAA patients had clinically well-characterized sl-ICH, and
all patients and HCs underwent T2* scans, which allowed us to
exclude one control who had three lMBs. As already pointed out,
previous similar studies did not have such homogeneous CAA
samples, which may explain their reported significant difference in
wcDVR between patients and HAMCs.6,10,12 In addition, in the Ly
et al10 study, 2/12 patients did not have T2* scans, and whether
PiBþ HCs were excluded or not remains unclear. All our patients
were on at least one, and several on up to four oral medications
(Table 1). Although we cannot exclude that some of these agents
may have affected nonspecific PiB uptake, it has to be noted that
the DVRs used to assess specific PiB uptake were derived using the
cerebellum as a reference region, so in all likelihood cancelling out
any such effect on nonspecific binding; furthermore, there was no
significant difference in cerebellar PiB SUV between patients and
controls (see Subjects and methods). Although our sample of
HAMCs was also relatively small, these were strictly selected for
their optimal health and lack of lMBs, cSS, or marked white-matter
fluid attenuated inversion recovery hyperintensities, and it is
unlikely that a larger sample would have changed the main results
given the reported high incidence of PiB positivity in the aged
population.18,36 Finally, and at variance with previous studies, we
used advanced image processing involving SyN for accurate
spatial normalization and CSF correction of the quantitative data.
This provided for optimal results though precluded the use of
publicly available databases.

As already alluded to, the main issue raised by our study is the
complication, intrinsic to amyloid imaging, that many aged HCs may
have incipient AD and/or CAA, while probable/possible CAA patients
may have incipient AD. However, a possible algorithm in suspected
CAA could entail first determining PiB positivity, then assessing
whether the visual PiB pattern differs from classic AD. Unfortunately,
adjudicating a nonAD profile proved somewhat unrewarding in our
study, as only 6/9 PiBþ CAA patients had a nonAD profile after
consensus, and interobserver reproducibility was only fair. However,
the quantitative analysis may perform better, given previous reports
that suggest significantly higher occipital/frontal ratio in CAA as
compared with AD.6,10 We tested this hypothesis in a post hoc
analysis using a sample of seven probable AD patients39 (mean age:
66, range 59 to 73) from our center’s database, which recovered the
expected difference in calcarine/frontal DVR (0.94±0.10 vs.
0.86±0.07 in CAA and AD groups, respectively; one-tailed
P¼ 0.027). Although preliminary, these findings support the idea
that amyloid imaging may be of use in diagnosing suspected CAA-
related ICH according to the above two-step procedure according to
a quantitative analysis. Future studies are needed to confirm this
observation. Note however that 3/9 CAA patients had a definite AD
profile visually (Figure 2), consistent with the recent report of a
patient diagnosed as probable AD with typical AD pattern on 11C-
PiB-PET but pure CAA at autopsy.40

CONCLUSION
An early diagnosis of CAA using amyloid imaging would have
important clinical impact on prognostication (i.e., risk of recur-
rence of sl-ICH and other complications of CAA), medical
management (e.g., the issue of antiplatelet therapy in patients
who have experienced an ICH) and selection of candidates for
trials of disease-modifying therapies. This study found that 11C-
PiB-PET has low specificity for the diagnosis of CAA-related lobar
ICH due to the well-established high incidence of elevated 11C-PiB
uptakes in the healthy elderly reflecting incipient AD, which might
also be present in suspected CAA. However, our study also

suggests that a negative PiB scan reliably rules out CAA, which has
significant clinical implications. Further studies in possible CAA-
related sl-ICH including either pathologic verification of presence
of CAA or long follow-up to determine whether they convert to
probable CAA will also be of considerable interest. Furthermore,
using both a young HC group and an AD group as dual reference
may provide an interesting approach for improved specificity.
Prospective studies in large samples are warranted to confirm or
refute these observations.
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