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To the Editor:
Cerebral amyloid angiopathy (CAA) is the deposition

of b-amyloid protein in the vessel walls (particularly the tu-
nica media) of arteries and arterioles of the central nervous
system. While CAA may be clinically silent, it is a frequent
underlying cause of intracerebral hemorrhage (ICH) and con-
tributor to cognitive impairment in elderly populations (1), al-
though there is significant variation in the incidence and
prevalence of CAA between cohorts (2). Although CAA (in-
cluding CAA causing ICH) can be found in individuals lack-
ing Alzheimer disease (AD) pathology, the vast majority of
AD patients have some degree of CAA pathology. Studies
have suggested that 83%–98% of AD patients have at least
mild CAA (normal appearing vessels with immunohisto-
chemical evidence of b-amyloid in smooth muscle cells) (2–
5), and approximately 25%–60% of these subjects were
reported to have moderate to severe levels of CAA (3, 4),
where “moderate CAA” was defined as b-amyloid replace-
ment of the tunica media in parenchymal vessels without
hemorrhage, and “severe CAA” was defined as moderate
CAA with additional evidence of vessel wall damage and
erythrocyte leakage (4–6). Examination of our own cohorts
revealed a 39.3% incidence of moderate to severe CAA in
patients with histopathologically confirmed AD. This vascu-
lar pathology and resulting hemorrhage have been associated
with the presence of the Apolipoprotein E (APOE) e2 allele
as well as the APOE e4 allele (7–9).

Primary age-related tauopathy (PART) is a b-amyloid-
independent tauopathy with some key similarities and differ-
ences to AD. PART is currently defined by the presence of
phospho-tau (p-tau)-immunoreactive neurofibrillary tangles

(NFTs) composed of both 3R- and 4R-tau isoforms primarily
deposited in the temporal allocortex, corresponding to Braak
stages I–IV, although unlike AD there is minimal to no NFT
spread to neocortical structures (10) and a different pathoana-
tomical pattern of hippocampal NFT deposition (11, 12). Fur-
thermore, PART is associated with an increased frequency of
the APOE e2 allele while sporadic AD is associated with in-
creased APOE e4 (13), and unlike AD, clinical symptoms in
PART do not correlate well with Braak staging (12, 14). The
diagnosis of PART is divided into 2 subcategories: “definite
PART,” comprised of cases completely devoid of b-amyloid
(Thal phase 0 and CERAD neuritic plaque score “none”), and
“possible PART,” or cases with a small degree of b-amyloid
deposition (Thal phase 1-2 and/or CERAD neuritic plaque
score “sparse”). Given the relative lack of parenchymal amy-
loid deposition in PART, we investigated the incidence of
moderate to severe CAA in 2 cohorts of PART, a multi-
institutional cohort (n¼ 477) and a smaller institutional co-
hort (n¼ 74), using standard neuropathologic methods.

Our results indicate a significantly higher frequency of
moderate to severe CAA in possible PART cases (those with
early stages of parenchymal b-amyloid deposition; 17.8%–
21.9%) compared to definite PART cases in both cohorts
(3.7–4.8%; p< 0.0001; Table). These groups were signifi-
cantly different in terms of the frequency of CAA using both
Thal and CERAD criteria to distinguish between definite and
possible PART cases. Previous work on the National Alz-
heimer’s Coordinating Center (NACC) dataset revealed a
similar trend, but higher frequencies of CAA in both neuritic
plaque-negative (19.3%; n¼ 166) and neuritic plaque-sparse
cases (54.1%; n¼ 205; p< 0.0001), although it is worth not-
ing that Thal phase was not available for the neuritic plaque-
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negative cases, so it is possible that this group includes cases
that meet the criteria of both “definite PART” and “possible
PART” (15). No significant relationship was identified be-
tween patient age or Braak stage and the frequency of CAA
(p¼ 0.3145 and p¼ 0.4562, respectively), and no significant
differences in the frequency of CAA were found with the
presence of any particular APOE allele (e2, e3, e4) or with
any APOE allele combination in the cases for which APOE
genotyping was available (Table).

These cohorts of definite and possible PART, in combina-
tion with previous observations regarding the high frequency of
CAA in cohorts of neuropathologically confirmed AD cases, re-
inforce the correlation between parenchymal and vascular b-am-
yloid deposition. The presence of any amyloid (by either Thal
or CERAD criteria) appears to increase the likelihood of CAA.
Unlike previous studies (7–9), we found no association between
APOE allele frequency and the presence of CAA, although
APOE status was only available in 142 of our 551 total cases. It
is worth noting, however, that the presence of CAA in cases
completely devoid of any cerebral b-amyloid positivity is con-
sistent with the idea that these 2 disease processes are not inex-
tricably linked and although rare, it is possible to have moderate

TABLE. Incidence of CAA in Subjects with PART

PART Cohort 1 PART Cohort 2

Definite Possible Definite Possible p Value

Age (years) 84.4 6 1.0 85.9 6 1.1 77.6 6 1.5 75.3 6 1.7 0.31

CAA frequency 3.7% (12/325) 17.8% (27/152) 4.8% (2/42) 21.9% (7/32) <0.0001

Braak stage

I 0% (0/50) 28.6% (4/14) 0% (0/10) 25.0% (1/4)

II 6.5% (3/46) 22.2% (4/18) 0% (0/6) 0% (0/6)

III 4.6% (4/87) 15.6% (7/45) 0% (0/12) 22.2% (2/9)

IV 3.5% (5/142) 16.0% (12/75) 14.3% (2/14) 30.8% (4/13) 0.46

Thal phase

0 3.7% (12/325) – 4.8% (2/42) –

1 – 19.6% (20/102) – 20.0% (4/20)

2 – 14.0% (7/50) – 25.0% (3/12) <0.0001

CERAD score

0 3.7% (12/325) 28.6% (2/7) 4.8% (2/42) 9.5% (2/21)

1 – 17.2% (25/145) – 45.5% (5/11) <0.0001

APOE genotype

e2,e2 0% (0/1) – – –

e2,e3 15.0% (3/20) 16.7% (2/12) – –

e2,e4 – 0% (0/2) – –

e3,e3 6.6% (4/61) 16.7% (6/36) – –

e3,e4 0% (0/5) 30.0% (3/10) – –

e4,e4 – – – – 0.33

APOE classification

�1 e2 Allele 14.3% (5/35) – –

Lacking e2 Allele 16.1% (8/112) – – 0.81

�1 e3 Allele 12.5% (18/144) – –

Lacking e3 Allele 0% (0/3) – – 0.66

�1 e4 Allele 20.0% (3/15) – –

Lacking e4 Allele 11.4% (15/132) – – 0.40

Bold values indicate significance <0.05. PART, primary age-related tauopathy; CAA, cerebral amyloid angiopathy, all cases included as positive for CAA had either moderate
or severe CAA (4–6); CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; APOE, Apolipoprotein E.

FIGURE 1. b-amyloid immunohistochemical stain (6E10) on a
representative neocortical section from a patient with definite
primary age-related tauopathy (PART) and moderate cerebral
amyloid angiopathy (CAA), scale bar ¼ 700 mm.
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or severe CAA in “definite PART” cases (Thal phase 0,
CERAD neuritic plaque score “none”; Fig. 1). Additionally,
previous studies have identified moderate or severe CAA in
9.2% of chronic traumatic encephalopathy cases, another 3R/
4R-tauopathy (4). Given the significant risk of morbidity and
mortality associated with CAA and ICH, as well as the finding
that CAA is an independent risk factor for dementia (4), these
data demonstrate that presence of CAA should not be ruled out
clinically, even in patients with amyloid-negative (A-), tau-
positive (Tþ) biomarkers.
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