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Objectives: Nontraumatic convexal subarachnoid hemorrhages in the elderly can be
a manifestation of cerebral amyloid angiopathy associated with a high risk of future
intracerebral hemorrhage. The incidence in the elderly population is unknown.
Our objectives were to: 1) determine the incidence of convexal subarachnoid
hemorrhage in a population-based study, and, 2) to compare apopolipoprotein-E
genotype and amyloid positron emission tomographic (PET) imaging for those
with versus without hemorrhage. Methods: Between 11/29/2004 and 3/11/2017,
4462 individuals without hemorrhage at baseline participated in the population-
based Mayo Clinic Study of Aging. We used the Rochester Epidemiology Project
medical records-linkage system to identify intracerebral hemorrhages. Records and
images were reviewed to identify convexal subarachnoid hemorrhage. Neuroimag-
ing characteristics, demographics, medications, and apopolipoprotein-E genotype
were recorded. Results: Four cases were identified. The incidence of convexal
subarachnoid hemorrhage was 14.1 per 100,000 person years. Three occurred in
women, median age, 79 (range: 71-84). One patient had coexisting cerebral micro-
bleeds. Two participants developed a subsequent lobar intracerebral hemorrhage at
a median of 4.75 years after convexal subarachnoid hemorrhage. The apopolipopro-
tein-E -allele combinations of the 4 were: 3/3, 3/3, 2/2, and 2/3. On Pittsburgh
Compound B-PET imaging, median standardized uptake value ratio with convexal
subarachnoid hemorrhage was 1.86 (range: 1.38-2.34).
Conclusions: Convexal subarachnoid hemorrhage is rare in the older population,
occurring with an incidence of about 14 per 100,000 person years. Yet, when pres-
ent, it may be associated with a high risk of future intracerebral hemorrhage.
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Introduction

Nontraumatic convexal subarachnoid hemorrhage
(cSAH) represents 5% to 6% of all SAH and is most com-
monly caused by reversible cerebral vasoconstriction and
cerebral amyloid angiopathy (CAA). After age 60, CAA is
the most common cause of cSAH.1-3 Individuals present-
ing with cSAH related to CAA have a high risk of future
intracerebral hemorrhage (ICH).4,5 Despite the clinical
and prognostic significance of cSAH, studies to date have
primarily been clinical series and the population incidence
of cSAH remains unknown.
Cerebral amyloid angiopathy can have several clinical pre-

sentations, and these phenotypes have been associated with
APOE genotype.6-8 Both cSAH and cortical superficial sidero-
sis (cSS), which is thought to be along the same continuum as
cSAH,9 have been associated with the APOE e2 allele.5,10

Recently, amyloid positron emission tomographic
(PET) imaging has been shown to distinguish hyperten-
sive ICH from ICH related to CAA,11,12 and be positive in
cSAH.13 We hypothesized that cSAH would be associated
with the APOE e2 allele and with increased amyloid
deposition on PET in the general population.
The objectives of this study were to determine the inci-

dence of cSAH in a population-based study and to com-
pare the APOE genotype and amyloid PET scan findings
of participants with and without cSAH.
Materials and Methods

Study Design

We performed a retrospective descriptive study. TheMayo
Clinic Study of Aging (MCSA) is a population-based study of
Olmsted County, MN, residents. Details on this study have
been reported previously.10,14-17 Between 11/29/2004 and 3/
11/2017, 4462 MCSA participants (median age 75.2 years;
range 60-91) without known hemorrhage had a baseline visit.
We used the Rochester Epidemiology Project’s medical
records linkage system to identify MCSA participants who
came to medical attention for intracerebral hemorrhage.17

The hemorrhages were classified by hemorrhage type. The
clinical images (MRI or CT) of participants with nontraumatic
cSAH were reviewed (MY, CAF) and confirmed by a vascu-
lar neurologist (JG-R). Imaging characteristics, demographics,
medications, presence of cSS or cerebral microbleeds, and
ICHwere recorded from the electronic medical record.
Participants without contraindication were invited to

undergo imaging including MRI and Pittsburgh com-
pound B (PiB) PET scans. PiB-PET findings were classified
as PiB positive if the standardized uptake value ratio
(SUVR) was greater than 1.42.18 APOE genotype and PiB
PET scans were reviewed if available.
The Mayo Clinic Institutional Review Board and the

Olmsted Medical Center Institutional Review Board
approved all study protocols. Written informed consent
was obtained from all participants.
Statistical Analysis

Descriptive statistics were used to summarize partici-
pant characteristics. When comparing participants with
and without cSAH, Kruskal�Wallis tests were performed
for continuous measures whereas Fisher exact tests were
performed for categorical measures. Incidence of cSAH
was calculated directly by dividing the number of inci-
dental cases by the sum of observation time (in years) for
the entire cohort studied. All analyses were performed
using SAS, version 9.4 (SAS Institute, Cary, NC).
Results

Among the 4462 MCSA participants without known
hemorrhage at baseline, the cumulative follow-up for all
MCSA participants was 28,436.0 years (ranging: 0.9 to
12.2 years, mean: 4.88, SD= 2.83). 1523 participants under-
went amyloid-PET imaging and 4318 had APOE genotyp-
ing. Ten patients had nontraumatic SAH, 4 of whom had
cSAH. Four had aneurysmal SAH and 2 had perimesence-
phalic SAH. The incidence of cSAH was estimated to be
14.1 cases per 100,000 person years of follow-up.

Clinical Presentation/Location of Hemorrhage

The median age at cSAH was 79 years (range: 71-84),
and 3 of the 4 cSAHs occurred in women. Three of the 4
cSAH were symptomatic, with paresthesias and dysar-
thria being the most common symptoms. The fourth
cSAH was found incidentally during a routine scan per-
formed as part of the MCSA. The cSAH occurred 1, 3, 4,
and 10 years after entry into the MCSA, respectively. All
underwent MRI scans as part of their evaluation. Three
cSAHs occurred in the right frontal lobe and one in the
right parieto-occipital lobe. Two participants were on
antithrombotic medications at the time of SAH detection:
one on warfarin (INR 2.9) and one on aspirin 81 mg. Cere-
bral angiogram was performed in one patient and did not
reveal a cause for cSAH. All 4 participants had follow-up
imaging as part of the clinical work-up after their cSAH.
Three cSAH participants who had follow-up MRI with
hemosiderin-sensitive sequences were found to have cSS
which had not been noted previously. The fourth partici-
pant with cSAH had follow-up MRI after the cSAH, but
the scan did not include a hemosiderin-sensitive sequence
available to evaluate for cSS. Two participants developed
symptomatic lobar ICH which occurred 4 and 5.5 years
after the cSAH, one of these 2 was on aspirin at that time.
One of these 2 had new cerebral microbeeds first docu-
mented one year prior to the lobar ICH. No other partici-
pant with cSAH had cerebral microbleeds.
The APOE allele combinations of the 4 participants

were 3/3, 3/3, 2/2, and 2/3. Half of participants with
cSAH had an APOE e2 allele compared to 15.8% of partic-
ipants without cSAH (P = .062). The incidence of cSAH in
APOE e2 positive and negative participants was 45.0 and
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8.5 per 100,000 person years, respectively. All 4 partici-
pants with cSAH had amyloid-PET imaging performed in
the MCSA, and 2 of the 4 participants (50%) had elevated
brain amyloid, compared to 38.4% of participants without
cSAH (P = .64). On amyloid-PET imaging, the median
SUVR for participants with cSAH was 1.86 (range:
1.38-2.34). Table 1 describes characteristics for participants
with and without cSAH.
Discussion

The incidence of cSAHwas 14.1 per 100,000 person years
in the older general population (median age 75.2 years;
range 60-91). Despite the low rate of occurrence, identifica-
tion and recognition of cSAH has prognostic significance.
Our findings were consistent with previous studies, sug-
gesting that patients with cSAH are at increased risk for
subsequent ICH—2 of the 4 participants with cSAH suf-
fered a lobar ICH roughly 5 years after the cSAH.5,9,19

Additionally, the risk of ICH has been suggested to be
increased in individuals with a history of cSAH indepen-
dent of microbleed burden.9 In our study, 1 of the 2 partici-
pants with subsequent ICH did not have preceding
microbleeds. Three of the 4 participants with cSAH in our
study were subsequently confirmed to have cSS supporting
the concept that cSS and cSAH occur along a continuum.9

Previous work has suggested that the pattern of amy-
loid deposition in CAA may be related to APOE genotype
and that different genotypes may correspond to different
phenotypic presentations. CAA associated with cSAH
may be related to an APOE e2 genotype, whereas cerebral
microbleeds may be more associated with APOE e4.19,20

The proportion of participants with APOE e2 allele in our
study was greater among participants with cSAH (50%)
than among the rest of the population (16%), although
this difference cannot be interpreted with certainty due to
the low number of participants with cSAH.
Half of participants with cSAH had abnormal amyloid-

PET scans with a median SUVR of 1.86. This proportion
with elevated brain amyloid was only slightly higher than
Table 1. Distribution of relevant variable

Variablez No cSAH (n = 4458) c

Age 75.2 (70.7, 81.6) 7

Male 2267 (50.9%)

Education, years 14 (12.0, 16.0)

Presence of APOE e2 allele 683 (15.8%)

Global PiB ratio 1.37 (1.31, 1.60) 1

PiB positive 584 (38.4%)

Abbreviations: APOE, apolipoprotein E; cSAH,convexity subarachnoid

*Fischer exact test.
†Kruskal Wallis.
‡Data are presented as n (%), except for age, education, and globa
ized uptake value ratio (SUVR) determined by voxel size�weig
tial volume correction, and cerebellar crus reference.Positive
unavailable in 171 participants with negative cSAH.
in the overall cohort (38%). Amyloid-PET needs to be tested
in a larger number of cSAH cases to determine whether this
technique can be used for early recognition of CAA in
patients with this presentation and whether the amyloid
load might predict future risk of bleeding in these cases.
Our study has several limitations. The frequency of

cSAH was low and consequently our study lacked the
power to establish a definite relationship among cSAH,
APOE genotype, and amyloid PET imaging results and to
determine the frequency of future ICH among those with
cSAH. Another potential limitation of the study is that
some asymptomatic hemorrhages may have been missed
if the patient did not undergo imaging after the hemor-
rhage, since the presentation can be transient sensory-
motor symptoms, which may not prompt all individuals
to seek care.1,2

Summary

cSAH is rare in the older general population, but its rec-
ognition is prognostically important as it may identify
patients at a high future risk of lobar ICH. The association
of cSAH in older patients with APOE e2 genotype and ele-
vated amyloid on PET scan requires further investigation.
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2 (50.0%) 685 (15.9%) .062*

.86 (1.38, 2.34) 1.37 (1.31, 1.61) .11y
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