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Cerebral amyloid angiopathy (CAA) is characterised by the progressive accumulation of
β-amyloid (Aβ) in the walls of cerebral capillaries and arteries representing a major cause
of haemorrhagic stroke including lobar intracerebral haemorrhage (ICH) and convexity
subarachnoid haemorrhage (SAH). Haemorrhaging from CAA predominantly involves
smaller arteries rather than arterial aneurysm. Restricted bleeding into the subarachnoid
space in CAA results in asymptomatic or mild symptomatic SAH. Herein, we present
an autopsied case of massive SAH related to CAA. An 89-year-old male with a history
of mild Alzheimer’s disease (AD) and advanced pancreatic cancer with liver metastasis
developed sudden onset of coma. Head CT illustrated ICH located in the right frontal
lobe and right insula, as well as SAH bilaterally spreading from the basal cistern to
the Sylvian fissure, with hydrocephalus and brain herniation. He died about 24 h after
onset and the post-mortem examination showed no evidence of arterial aneurysm.
The substantial accumulation of Aβ in the vessels around the haemorrhagic lesions led
to the diagnosis of ICH related to CAA and secondary SAH, which may have been
aggravated by old age and malignancy. This case suggests that CAA can cause severe
SAH resembling aneurysmal origin and thus may be overlooked when complicated by
atypical cerebral haemorrhage.

Keywords: case report, intracerebral haemorrhage, subarachnoid haemorrhage, cerebral amyloid angiopathy,
pathology

INTRODUCTION

Cerebral amyloid angiopathy (CAA) is a cerebrovascular amyloidosis and a known cause of
haemorrhagic stroke. Seven amyloid proteins have so far been reported in CAA including
β-amyloid (Aβ), cystatin C, transthyretin, gelsolin, prion protein, ABri/ADan, and immunoglobulin
light-chain amyloid (Yamada, 2015). The most common form is Aβ-type CAA, which is frequently
concomitant with Alzheimer’s disease (AD; Love et al., 2014).

Frontiers in Aging Neuroscience | www.frontiersin.org 1 November 2020 | Volume 12 | Article 538456

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2020.538456
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2020.538456&domain=pdf&date_stamp=2020-11-10
https://creativecommons.org/licenses/by/4.0/
mailto:saitou.satoshi.43m@kyoto-u.jp
mailto:ihara@ncvc.go.jp
https://doi.org/10.3389/fnagi.2020.538456
https://www.frontiersin.org/articles/10.3389/fnagi.2020.538456/full
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Saito et al. SAH Associated With CAA

FIGURE 1 | Head CT showed right frontal lobe (arrows) and insula (arrowheads) intracerebral haemorrhage (ICH) adjacent to the brain surface. Blood was also
noted in the subarachnoid space, spreading from the basal cistern to the bilateral Sylvian fissure with hydrocephalus and brain herniation.

Cerebrovascular Aβ accumulation induces smooth muscle
cell degeneration and vessel wall thickening, resulting in
variable degrees of intracerebral haemorrhage (ICH; Love et al.,
2014). Bleeding into the subarachnoid space is also common
in CAA, presenting as convexity subarachnoid haemorrhage
(SAH) in acute and superficial siderosis in the chronic phase.
However, CAA is seldom described as a cause of massive
SAH resembling aneurysmal rupture (Ohshima et al., 1990;
Charidimou et al., 2015; Ni et al., 2015; Raposo et al., 2018).
Here, we report an autopsied case of widespread SAH related
to CAA.

CASE DESCRIPTION

An 89-year-old male was admitted to our hospital due to
sudden onset of coma. Pancreatic cancer with liver metastasis
was diagnosed 8 months before admission, and palliative
care had been performed. He had a history of mild AD
at the age of 88 and brainstem haemorrhage at 82. He
was able to look after his own affairs without assistance
just before the admission. Amlodipine besilate, sitagliptin
phosphate hydrate and febuxostat were administered for
hypertension, diabetes mellitus and hyperuricemia. Heavy
drinking and smoking in middle age was reported by the
family of the patient. Blood pressure and pulse rate were
135/78 mmHg and 92/min. Glasgow Coma Scale score
was 6/15 (E4V1M1). Conjugate gaze deviation to the right,
anisocoria, facial nerve palsy on the left side and urinary

retention were noted. National Institutes of Health Stroke Scale
was 37/42. Head CT showed right frontal lobe and insula
ICH adjacent to the brain surface (Figure 1). Haematoma
volume was estimated as 14.9 and 5.9 cm3, respectively
(manual segmentation using OsiriX software: Pixmeo, Bernex,
Switzerland). Blood was also noted in the subarachnoid space,
spreading from the basal cistern to the bilateral Sylvian fissure
with hydrocephalus and brain herniation. MR/CT angiography
and digital subtraction angiogram were not performed based
on the living will. Complete blood count showed decreased
haemoglobin (11.0 g/dl) and haematocrit concentration (33.4%),
elevated white blood cells (14,100/µl) and normal level of
platelets (183,000/µl). Coagulation assays were normal except for
elevated d-dimer (193.6 µl/ml). Slightly decreased renal function
(estimated glomerular filtration rate: 67.4 ml/min/1.73 m2) and
elevated level of blood glucose (281 mg/dl) were observed.
Hepatic function was normal. He was diagnosed as ICH with
secondary SAH and subsequently died approximately 24 h
after onset.

At autopsy, the total brain weight, including intracranial
haematoma, was 1,285 g. Acute ICH was observed in the right
frontal lobe and insula. Bleeding into the subarachnoid space
widely spread to the sulcus of the frontotemporal cortex in
the right hemisphere, accompanied by an uncal and subfalcine
hernia (Figure 2A).We did not find any aneurysm in the cerebral
vasculature (Figure 2B). Histologically, abundant Aβ deposits
were observed within the leptomeningeal and cortical arteries
around the parenchymal haemorrhagic lesions (Figure 2C),
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FIGURE 2 | (A) Coronal section of the brain. ICH with subarachnoid haemorrhage (SAH) extension was observed in the right hemisphere. (B) Macroscopic image
showing the cerebral vasculature. We did not find any evidence of saccular aneurysm in these vessels. The posterior communicating arteries were not identified.
(C) Cerebrovascular immunostaining of Aβ (brown; M0872, DAKO, 1:50) with nuclear counterstain (blue). (D) Senile plaque with modified Bielschowsky staining.
Scale bars indicate 2 cm (B) and 20 µm (C,D). ACA, anterior cerebral artery; BA, basilar artery; ICA, internal carotid artery; Lt, left; MCA, middle cerebral artery;
PCA, posterior cerebral artery; Rt, right; VA, vertebral artery.

which led to the pathological diagnoses of ICH related to
CAA with SAH extension. Periarterial spaces were enlarged
around the ICH. There were no other lesions contributing to
the bleeding, including brain metastasis. Modified Bielschowsky
staining uncovered senile plaques and neurofibrillary tangles
(Figure 2D), which was compatible with the diagnosis of AD
(Hyman et al., 2012); Aβ plaque score, A1 (Thal et al., 2002),
neurofibrillary tangle stage, B2 (Braak and Braak, 1991), neuritic
plaque score, C3 (Mirra et al., 1991).

Written informed consent for autopsy and the publication
was obtained from his legal representatives.

DISCUSSION

The presented case was CAA-related ICH accompanied by
massive SAH, although the volume of parenchymal haematoma
was relatively small (Patel et al., 2009). Severe SAH resembling

that of aneurysmal origin is rare in CAA (Ohshima et al., 1990;
Charidimou et al., 2015; Ni et al., 2015; Raposo et al., 2018). Old
age and pancreatic cancer may have exacerbated the bleeding
from the Aβ-positive vessels into the subarachnoid space.

SAH is a life-threatening cerebrovascular disease with a high
mortality rate. It accounts for only 3% of all strokes, but for
5% of stroke deaths and more than one-quarter of potential
life years lost through stroke (van Gijn and Rinkel, 2001).
More than 80% of SAH arise from the rupture of saccular
aneurysms. The findings of digital subtraction angiogram are
well correlated with the pathology (Smith, 1963; Smith et al.,
1983). The angiogram is therefore regarded as the gold standard
for aneurysm detection. Approximately 30% of aneurysmal SAH
induce ICH (van Gijn and Rinkel, 2001). SAH is also caused by a
variety of conditions including perimesencephalic haemorrhage,
arterial dissection, cerebral arteriovenous malformation, dural
arteriovenous fistula, vascular lesions around the spinal cord,
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septic aneurysm, pituitary apoplexy, cocaine abuse and trauma
(van Gijn and Rinkel, 2001). CAA occasionally induce convexity
SAH, which are usually asymptomatic or mild symptomatic,
although the risk of future intracranial haemorrhage and death
of patients with CAA-convexity SAH is very high (Calviere et al.,
2019). Convexity SAH is excluded if the involvement of the
adjoining brain parenchyma is observed (Kumar et al., 2010).

Approximately 40% of ICH cases are associated with
moderate or severe CAA in the UK (Rodrigues et al., 2018).
Lobar, but not deep, ICH is especially related to CAA (Rodrigues
et al., 2018). The extension of SAH is a frequent finding
and recognized in about 80% of CAA-ICH cases (Rodrigues
et al., 2018; Renard et al., 2019), which could be attributed
to CAA predominantly affecting leptomeningeal and cortical
arteries compared to intracortical arteries and capillaries (Takeda
et al., 2003; Thal et al., 2008). Both the Boston MRI and
Edinburgh CT-based diagnostic criteria are now available for
the diagnosis of CAA-ICH (Greenberg and Charidimou, 2018;
Rodrigues et al., 2018). However, CAA is likely to be clinically
underdiagnosed due to multiple clinical phenotypes, especially in
the elderly (Sakai et al., 2019; Fakan et al., 2020). Early diagnosis
of CAA is important for guiding prognosis and treatment
decisions. A recent prospective study (a median follow-up time
of 2.5 years) showed progression to dementia was found in
more than a quarter of patients with CAA-ICH, even if no
dementia was recognized after the acute phase of ICH (Xiong
et al., 2019). High ICH recurrence rate was also reported in
patients with CAA-ICH, compared to other forms of ICH
(Pasi et al., 2018).

In conclusion, this case demonstrates that CAA-ICH
can mimic severe SAH resembling that of aneurysmal

origin, suggesting that CAA induces a wider spectrum of
cerebrovascular disorders than previously expected.
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