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Objective: Cerebral amyloid angiopathy (CAA) is a major cause of spontaneous intracranial hemorrhage in older adults.
Epilepsy represents a possible sequela of the disease. To date, studies on epilepsy in CAA are lacking, and the few data available
mainly focus on CAA-related inflammation (CAA-ri), the inflammatory form of the disease. Methods: In this retrospective
observational study, we consecutively recruited CAA patients observed over a time span of |0 years, collecting demographic,
clinical, and instrumental data. Significant baseline characteristics were evaluated as potential risk factors for the development
of epilepsy in the CAA population, and in the subgroups of CAA-ri and CAA without inflammatory reaction (CAA-nri). The
effect of potential risk factors for epilepsy was measured as odds ratio with 95% confidence interval. Results: Within 96
recruited CAA cases, 33 (34.4%) developed epilepsy during follow-up (median = 13.5 months). The prevalent type of seizure
was focal (81.3%); 12.1% of the epileptic patients presented status epilepticus, and 6.1% developed drug-resistant epilepsy.
Electroencephalographic traces revealed slow and epileptic discharge activity in the majority of epileptic patients, but also in
those without epilepsy. The presence of focal or disseminated cortical superficial siderosis (cSS) was associated with an
increased risk of epilepsy in the CAA-nri group, and the association with CAA-ri and epilepsy was present in the overall
population. Significance: Epilepsy is a common manifestation during the course of CAA, where CAA-ri and cSS represent
predisposing factors for the development of seizures. These data suggest the importance of a deep characterization of CAA

patients, to better select those more prone to develop epilepsy.

Commentary

Cerebral amyloid angiopathy (CAA) is a cerebrovascular
disorder characterized by amyloidf deposition in the cerebral
blood vessels. It is associated with transient focal neurologic
episodes (TFNE), lobar intracranial hemorrhage (ICH), non-
traumatic subarachnoid hemorrhage (SAH), and cognitive
impairment.' The prevalence of CAA in cognitively normal
elderly individuals is 5% to 7% but in the setting of Alzhei-
mer’s disease the prevalence is 3-fold higher.” Seizures have
been described as a complication of CAA mostly in the setting
of acute ICH.? Given how common this disease is in the elderly
population, one would expect an increase in incidence and
prevalence of CAA-related seizures. However, studies exam-
ining the prevalence of epilepsy and epilepsy-related outcomes
have been limited.

In the current study,* a cohort of retrospectively identified
patients diagnosed with CAA over a 10-year period in a single
Center, San Gerardo, in Italy was identified. The diagnosis of
CAA was made based on the newly released Boston 2.0 cri-
teria® which rely heavily on MRI features suggestive of CAA.

The MRIs were reviewed for features of small vessel disease
and a global score was generated based on cerebral micro-
bleeds (CMB), cortical superficial siderosis (cSS), white matter
hyperintensities (WMH), and centrum semiovale enlarged
perivascular spaces. The charts were also reviewed to deter-
mine the seizure prevalence in the cohort after diagnosis,
the prevalence of epilepsy, and the long-term seizure out-
comes. Multivariate logistic regression models were used to
identify predictors of the development of epilepsy in the
setting of CAA.

The cohort consisted of 96 patients, 94 of them were
probable CAA and 2 were possible CAA. Twenty-five out of
96 had CAA-related inflammation (CAA-ri), while the others
were categorized as CAA without inflammatory reaction
(CAA-nri). There was a high prevalence of epilepsy, 33.4%,
with 28.2% in the CAA-nri group and 52% in the CAA-ri
group. Notably 5 patients presented with status epilepticus,
2 in the setting of an ICH. The overall prevalence of epilepti-
form abnormalities in the cohort was 25%. The rate of drug-
resistant epilepsy was low at 6.1%. In terms of predictors of
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developing epilepsy, the presence of CAA-ri conferred an odds
ratio of 3.18 (95% CI 1.08-9.38), while in the CAA-nri group
the presence of ¢SS conferred an odds ratio of 6.08 (95% CI
1.25-29.49). Surprisingly, a higher load of cortical microbleeds
was observed in the group without epilepsy.

Cerebral amyloid angiopathy is a very informative disease
to study from an epilepsy perspective given that several of its
pathologic features are pro-epileptogenic. First there is the
obvious risk factor of lobar ICH, but also other bleeding insults
such as ¢SS, nonaneurysmal SAH, and CMBs and the resulting
pro-epileptic blood-related products and hemosiderin deposits.
It is thus not surprising that the patients with ¢SS had a higher
risk of seizures, and that was the only predictor that was sig-
nificant. We know from studies in stroke and SAH that patients
with ICH® or SAH have a higher risk of epilepsy as compared
to patients with ischemic stroke. It is surprising that CMBs
were in fact more predominant in the group without a history
of seizures that could be due to their predominance in cortical
regions that are less likely to cause seizures (occipital, cerebel-
lar locations) in the non-epilepsy group. This was not an aspect
that was evaluated in the study. There was a trend for patients
with ICH as well to develop epilepsy (19/20 vs 40/51) but this
did not reach statistical significance.

Other than blood, inflammation was also associated with the
risk of epilepsy, with more than half of patients with CAA-ri
developing epilepsy. CAA-related inflammation is characterized
by prominent inflammation usually with mass effect with a pre-
dilection to the frontal and temporal lobes, and acute sympto-
matic seizures ultimately requiring treatment with steroids. This
study confirms our suspicions that any process leading to cortical
inflammation and edema is likely to trigger not only acute sei-
zures but also place someone at risk of epilepsy. The other
pathologic features that were investigated included white matter
ischemic disease and enlarged perivascular spaces.' Late onset
epilepsy has been linked to a higher burden of WMHs’ which
may reflect increased blood-brain barrier permeability. Alterna-
tively, some of these WMHs could strategically disconnect
regions of the temporal lobe and render them epileptogenic. The
newest additions to the Boston criteria are the enlarged perivas-
cular spaces indicating impairments in the glymphatic system.
The link to seizures could be that there is impaired clearance of
neurotoxic materials. Finally, patients can have coexisting
Alzheimer’s disease pathology and CAA, and thus could have
seizures due to parenchymal buildup of the pro-epileptogenic
proteins phosphorylated tau and amyloid p-42.°

The authors must be commended for being the first to
systematically review the neuroimaging features of CAA and
linking them to epilepsy. There are several limitations to their
approach, the most significant being their reliance on retro-
spective data. For example, the epilepsy group was more likely
to undergo an EEG study, and to be followed longer. It is also
unclear whether the EEGs were routine or prolonged EEG, and
whether they were ordered in the inpatient setting or in the
outpatient setting. It would have also been helpful to provide
further information on the acute symptomatic seizures and
whether they were a predictor of subsequent development of
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epilepsy. There is also the difficult task of differentiating TFNE
from seizures,” with the former lasting longer, associated with
negative symptoms, and linked to cortical spreading depres-
sion. The good news is that only 2 patients from the cohort
were drug resistant. This is a finding that should give us pause,
why would a brain that is so laden with multiple epileptogenic
lesions be so drug responsive? It could be that we are missing
subtle seizures in this population given their age, and the lower
prevalence of convulsive seizures. Or they are truly drug
responsive and their disrupted blood—brain barrier is allowing
the drug to have better access to the brain and become more
effective, alternatively the nature of the connectivity of the
epileptogenic lesion to the rest of the brain might be different
in CAA-related epilepsy/the older brain.

Another thing to keep in mind is that in addition to the
naturally occurring CAA with aging, we will also be seeing a
new wave of iatrogenic-induced CAA with the advent of anti-
amyloid antibodies. These are largely considered to be asymp-
tomatic and are termed amyloid-related imaging abnormalities
(ARIA) which could either include -E (edema) or -H (hemor-
rhage). Notably, seizures have not been described as a common
complication of ARIA in phase 3 clinical trials when the data
were published.'® In the real world, when strict patient selec-
tion is no longer the case, this might no longer hold. It is time to
further delve into the link between cerebrovascular disease and
seizures. There is much for us to learn.
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