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Abstract
Objective
We present here a case report of a patient with a family history of intracerebral hemorrhages
(ICHs) who presented with multiple large lobar hemorrhages in rapid succession, with cog-
nitive sparing, who was found to have a mutation in the β-amyloid coding sequence of amyloid
precursor protein (Leu705Val), termed the Piedmont-type mutation, the second ever reported
case of this form of hereditary cerebral amyloid angiopathy (CAA).

Methods
Targeted pathologic examination was performed aided by the use of ex vivo MRI.

Results
Severe CAA was observed mainly involving the leptomeningeal vessels and, to a far lesser
extent, cortical vessels, with no amyloid plaques or neurofibrillary tangles.

Conclusions
This leptomeningeal pattern of β-amyloid deposition coupled with multiple large hemorrhages
demonstrates unique pathophysiologic characteristics of CAA associated with the Piedmont-
type mutation, suggesting a potential association between leptomeningeal CAA and larger
ICHs.
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Cerebral amyloid angiopathy (CAA) is a disorder in which
β-amyloid peptide is deposited in leptomeningeal and cortical
vessels of the brain. This deposition is associated with both
cortical microbleeds and large lobar intracerebral hemorrhages
(ICHs); however, precisemechanisms leading to vessel rupture
remain undetermined. Although some degree of CAA is
commonly observed at routine neuropathologic examination,
hereditary CAA is relatively rare and typically more severe than
sporadic CAA. A number of mutations involving both the
coding and noncoding regions of amyloid precursor protein
(APP) have been described, each with distinct phenotypes and
pathologic features.1–4

The Piedmont-type mutation is a mutation in the coding region
of APP (Leu705Val).5 The single reported postmortem brain
with this mutation demonstrated vascular β-amyloid pathology

without neurofibrillary tangles or β-amyloid plaques within the
brain parenchyma.

We present here a second, independent case with similar
pathologic observations and focus on unique clinical and
pathologic features not previously described.

Methods
Neuropathologic examination and ex vivo MRI
Brain autopsy was performed after organ donation (with
a 67-hour postmortem interval before brain extraction). The
brain was fixed in 10% formalin, and the hemispheres were
separated by a midsagittal cut. The left hemisphere un-
derwent standard neuropathologic evaluation. The right
hemisphere was fixed for 2 months in 10% formalin and then

Figure 1 Clinical data

(A) CT scans demonstrating the time course of patient’smultiple lobar ICHs. (B) Pedigree of proband’s family. Black circles/squares represent familymembers
with ICHs. Gray square represents a familymember who died of stroke in his 60s, unknown if strokewas hemorrhagic or ischemic. Diamond symbol indicates
family members with autopsies confirming cerebral amyloid angiopathy. *Age at time of first symptomatic hemorrhage. ICH = intracerebral hemorrhage.

Glossary
APP = amyloid precursor protein;CAA = cerebral amyloid angiopathy;GRE = gradient echo; ICH = intracerebral hemorrhage;
TSE = turbo spin echo.
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scanned intact with high-resolution ex vivo 3T MRI, using
gradient echo (GRE) and turbo spin echo (TSE) sequences,
as previously described.6

Afterward, the right hemisphere was cut in coronal slabs and the
samples were taken from frontal, parietal, temporal, and occipital
lobes for histopathologic evaluation including standard hematox-
ylin and eosin (H&E) staining and immunohistochemistry against
β-amyloid (clone 6F/3D, Agilent). Additional samples were taken
from the areas with cortical microbleeds on MRI, and serial sec-
tioning was performed to evaluate the ruptured blood vessels.

Genetic analysis
Genetic sequencing was performed through Athena Diag-
nostics ADmark APP DNA Sequencing Test and Duplication
Test (test code 168), which confirmed a heterozygous mis-
sense mutation in APP (c.2113C>G; p.Leu705Val).

Standard protocol approvals, registrations,
and patient consents
TheMassachusetts General Hospital institutional review board
approved this study. Autopsy was performed with informed
consent of the patient’s family.

Family history was obtained through interviews with family
members.

Data availability
All data not published within this article will be shared on
request from any qualified investigator.

Results
Clinical data
A 62-year-old right-handed woman with a history of paroxysmal
atrial fibrillation (not on anticoagulation or antiplatelet agents)
presented with a severe right-sided retro-orbital headache,
word-finding difficulty, and issues with balance. She reported
one previous episode of 1–2 hours of confusion in the preceding
months and 2 previous episodes of spreading sensory symptoms
involving tingling on her left side in varied distributions, each
lasting approximately 10 minutes. A CT head demonstrated
a right-sided parietal ICH (figure 1A, upper left panel) and
a remote right frontal ischemic infarct. After this event, her
symptoms fully resolved and she continued working as a nurse.

Over the next 3 months, she was hospitalized 4 more times for
recurrent lobar ICHs (right temporal, left cingulate/left
frontal, right medial temporal, and left frontal respectively;
figure 1A). After each hospitalization, her cognition was ini-
tially impaired but quickly improved to close to her baseline.
Four months after initial presentation, she was found down and

Figure 2 Pathologic examination

(A) β-amyloid staining revealed severe widespread leptomeningeal CAA with relative sparing of the cortical vessels. CAA was observed in capillaries in the
occipital lobe (bottom right panel). (B) Cortical microinfarct and cortical microbleed shown with both H&E and β-amyloid staining. β-amyloid staining
demonstrated β-amyloid deposition in the walls of the vessels supplying the infarcted area (denoted by arrows). No β-amyloid staining was observed in the
segment of vessel with a microbleed (denoted by arrow). CAA = cerebral amyloid angiopathy; H&E = hematoxylin and eosin.
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a CThead demonstrated a new right temporoparietal ICHwith
associated midline shift (figure 1A; bottom right panel). Her
examination was consistent with brain death.

The proband had a family history of ICH consistent with
autosomal dominant inheritance, including her grandfather,
her father and 2 of his siblings, and 2 of the patient’s 3 siblings
(figure 1B). Her paternal family ancestry traces back to
England and Wales, with no known Italian lineage or overlap
with the single previously reported family with the Piedmont-
type mutation5; however, shared ancestry was not assessed
through further genetic analysis. Similar to the proband, all
affected family members were working and at their cognitive
baselines before their initial ICHs. Autopsy results of the
proband’s aunt confirmed CAA. Genetic testing has not been
performed on other family members to our knowledge.

Pathologic examination
The brain weight on autopsy was within the normal range for
women (1,550 g), with no evidence of significant atrophy.
Immunohistochemistry against β-amyloid revealed widespread
severe CAA, most pronounced in leptomeningeal vessels, al-
though also observed in cortical vessels and capillaries (figure
2A). Vascular thickening and focal splitting of the vessel wall,
consistent with Vonsattel grade 3/4,7 were frequently observed
in the leptomeningeal vessels and occasionally in the cortical
vessels. Immunohistochemistry against hyperphosphorylated

tau using AT8 antibody was negative. No evidence of in-
flammation was observed. No hypertensive arteriopathy was
observed in the larger vessels or the basal ganglia.

The GRE scan of the right hemisphere revealed 51 cortical
microbleeds and 3 sites of cortical superficial siderosis. These
hemorrhagic lesions were distributed across the cortex, with
no specific lobar predilection (figure 3). The detection of
cortical microinfarcts on TSE was hampered by widespread
diffuse hypoxic-ischemic tissue injury related to the long
postmortem interval in the setting of organ donation.

H&E-stained sections from each lobe were screened for old
microinfacts. Four cortical microinfarcts were identified in total
(across all 4 sections), fewer than typically observed in cases with
sporadic CAA using similar methodology.8 The cortical vessels
associatedwith eachmicroinfarct had substantialβ-amyloid in their
walls (figure 2B). Serial sectioning of MRI-guided samples yielded
3 microbleeds (2 recent, one old). The walls of vessels associated
with microbleeds did not contain β-amyloid (figure 2B).

Discussion
The neuropathologic evidence shown here, together with
a previously reported unrelated individual,5 suggests that the
Piedmont-type mutation in APP leads to a distinct form of

Figure 3 High-resolution ex vivo MRI

Top, ex vivo GRE scan, sagittal view. Large arrows point to lobar ICHs, smaller arrows to cortical microbleeds. Bottom, 3D representation of cortical
microbleeds (red) and larger ICH (yellow) locations, insets with scans of the cortical surface. GRE = gradient echo; ICH = intracerebral hemorrhage.
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hereditary CAA with exclusively vascular β-amyloid de-
position. We present a patient with a confirmed Leu705Val
mutation in APP, who suffered frommultiple large lobar ICHs
in rapid succession, with no preceding cognitive decline and
good cognitive recoveries from her hemorrhages until her
terminal event. Affected family members had similar clinical
courses, with no cognitive decline preceding their lobar ICHs.
This clinical course is similar to that of the previously reported
Italian family with this mutation5 and distinct from other
hereditary forms of CAA, suggesting that it is characteristic of
this mutation.

We demonstrated that β-amyloid deposits were primarily
found within the leptomeningeal vessels, with relative sparing
of the cortical vasculature. Based on this finding and the rapid
pace of recurrent hemorrhages, we hypothesize that extensive
leptomeningeal involvementmay predispose patients with the
Piedmont-type mutation to a more severe hemorrhagic phe-
notype than sporadic CAA and some other hereditary forms
of CAA.

The MRI-guided neuropathologic analysis offers potential
insights into themechanisms of CAA-related hemorrhage.We
examined vessels associated with cortical microbleeds and
observed no β-amyloid in the vessels at the bleeding site. This
finding is consistent with previous observations in sporadic
CAA,8,9 suggesting a mechanism in which severely affected
vessel segments undergo remodeling entailing loss of β-am-
yloid deposits before hemorrhage.8 Determining the exact
rupture site for leptomeningeal bleeds is more challenging
because these hemorrhages are often larger and more dis-
persed with significant damage to the surrounding tissue. It is
therefore unclear whether leptomeningeal vessel hemor-
rhages follow the same proposed pathophysiologic mecha-
nism as smaller cortical microbleeds, a topic for future
investigations.

Qualitative assessment of H&E-stained sections suggested
fewer chronic microinfarcts than typical in sporadic CAA.8

Similar to observations in sporadic CAA, the vessels feeding
the infarcted tissue demonstrated increased local β-amyloid
burden.8 These findings suggest that the relative sparing of
the cortical vasculature from CAA may lead to fewer
microinfarcts in patients with the Piedmont mutation,
a factor likely contributing to the lack of cognitive impair-
ment in these patients (in addition to the absence of plaques
and tangles).

Our findings demonstrate that the Piedmont-type mutation
leads to specific accumulation of β-amyloid within lep-
tomeningeal vessels. Further investigation into the molecular
properties of the mutated β-amyloid has the potential to

provide valuable insights into the mechanisms of β-amyloid
deposition and vessel damage.
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