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B W N e

Abstract: Background: Sporadic CAA is recognized as a major cause of sSICH and sABI. Even if
intensive rehabilitation is recommended to maximize functional recovery after sICH, no data are
available on whether CAA may affect rehabilitation outcomes. In this observational prospective
study, to explore the impact of CAA on rehabilitation results, functional outcomes after intensive
rehabilitation have been compared between patients affected by sICH with and without a diagnosis
of CAA. Methods: All adults affected by sABI due to sSICH and admitted to the IRU of IRCCS-Don-
Gnocchi-Foundation were consecutively enrolled for 12 months. Demographic and clinical data were
recorded upon admission and discharge. Results: Among 102 sICH patients (age: 66 (IQR = 16),
53% female), 13% were diagnosed as probable/possible-CAA. TPO and functional assessment were
comparable upon admission, but CAA patients were significantly older (p = 0.001). After a comparable
LOS, CAA patients presented higher care burden (ERBI: p = 0.025), poorer functional recovery (FIM:
p = 0.02) and lower levels of global independence (GOSE > 4: p = 0.03). In multivariate analysis, CAA
was significantly correlated with a lower FIM (p = 0.019) and a lower likelihood of reaching GOS-E > 4,
(p = 0.041) at discharge, independently from age. Conclusions: CAA seems to be independently
associated with poorer rehabilitation outcomes, suggesting the importance of improving knowledge
about CAA to better predict rehabilitation outcomes.
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1. Introduction

Sporadic cerebral amyloid angiopathy (CAA) is a cerebral small vessel disease, ini-
tiated by amyloid beta-peptide deposition within small- to medium-sized blood vessels
of the brain and leptomeninges. Resultant vascular changes, such as concentric splitting
of the vascular wall, microaneurysm formation, chronic inflammatory infiltrates, and fib-
rinoid necrosis, mainly trigger ischemic or hemorrhagic brain manifestations [1-3]. The
incidence of CAA is strongly age dependent [4]. By autopsy, the prevalence of CAA ranged
from 2.3% and 12.1% in patients over the age of 65 and it is higher in older patients with
dementia [5]. As recommended by the modified Boston Criteria (mBC) [6-8], definite CAA
is only diagnosed postmortem, while a diagnosis of CAA should be clinically suspected
in patients aged 55 years or older, with or without a clinical manifestation of CAA, who
have acute or chronic hemorrhagic findings on brain magnetic resonance imaging (MRI)
in the absence of an obvious alternative cause. Analysis of biopsied brain tissue further
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may support the diagnosis, defined as probable CAA with supported pathology, but is
uncommonly performed.

Clinically, CAA may present with several neurological manifestations, such as tran-
sient neurological symptoms, progressive cognitive impairment, or incidental leukoen-
cephalopathy, microbleeds or cortical hemosiderosis on MRI. Therefore, the most com-
mon and devastating clinical manifestation of CAA is acute spontaneous intracerebral
hemorrhage (sICH). The typical lobar location with subarachnoid extension of the hemor-
rhages reflects the underlying distribution of amyloid deposits and clinical presentation
varies with the lesion size and brain region involved [9]. A high number of survivors
of a CAA-related sICH often face severe acquired brain injuries (sABI), characterized by
alteration in consciousness, sensorial, motor, cognitive, or behavioral impairment [10] and
possibly permanent disability. Although, after the acute phase, most CAA-related sICH
survivors frequently need intensive rehabilitation, which is recommended to maximize
functional recovery [11-13]. SABI are defined as traumatic, post-anoxic, vascular, or other
brain damages that cause an alteration in consciousness for at least 24 h, a Glasgow Coma
Scale score that ranges between 3 and 8 after 24 h, and often lead to a permanent disability.
The incidence rate of sABI has been estimated around 15 per 100,000 persons and cere-
brovascular events are the second leading cause after traumatic brain injury. The sICH
incidence represents about 28% of all cerebrovascular events [14]. However, the accurate
impact of sSICH on sABI of hemorrhagic etiology is not well studied and limited data are
available about the explicit prevalence of sICH within sABI patients, whereas no data are
available about CAA-related sICH [15]. Concerning prognosis after sICH, early clinical
investigations have traditionally focused on mortality. Several studies have reported that
the 30-day mortality rate from a sICH ranged from 32 to 52% [16]; one-half of these deaths
occurred within the first two days. In population-based cohorts of patients hospitalized
after sICH, the 10-year survival rate ranged from 18 to 25% [17] and life expectancy was
decreased compared to the general population [18]. It is noteworthy that patients with
lobar sICH, most commonly associated with CAA, have high mortality from 10 to 30% and
a higher rate of recurrence if compared with non-CAA sICH patients [19,20]. Although
mortality may be considered as an important indicator of disease severity, recently, more
attention has been paid to disability outcomes in survivors [13,21]. Unexpectedly, few clini-
cal studies have addressed the rehabilitation outcomes of sSICH patients and, in the absence
of high-quality clinical data to guide practice, rehabilitation of these patients is largely
based on general principles learned from ischemic stroke recovery, even if some differences
have been reported [22]. This lack could be explained by their ‘disappearance’ behind the
diagnosis of sABI upon admission to the rehabilitation setting. As a consequence, specific
clinical characteristics of sSICH are usually lost because of such mischaracterization and
generalization. This leads to an important gap from a rehabilitation point of view because
one of the cornerstones of a successful rehabilitation pathway is the precise personalization
of treatment, which implies good knowledge of the peculiarities of the patients. To date, no
data are available regarding rehabilitation of CAA-related sICH survivors, neglecting an
important key point that may help to plan a personalized rehabilitation pathway and to
define an accurate long-term prognosis.

In this context, we hypothesized that the peculiar CAA clinical and neuroradiological
manifestations and the high rate of hemorrhagic recurrence, in addition to the delicate
management required to avoid complications, may negatively influence the functional
recovery during rehabilitation, if compared to n"CAA-sICH. The primary aim of this study
was to investigate the functional outcomes in patients with sABI caused by CAA-related
sICH, compared to a reference group of non-CAA sICH, and, as a secondary aim, to
evaluate the prevalence of CAA upon intensive rehabilitation unit (IRU) admission.

2. Materials and Methods

This was a single cohort prospective observational study and data were collected using
the framework of a multicenter prospective observational longitudinal study that explores
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the clinical, genetical and neurophysiological predictors of functional recovery in sABI that
involves four IRUs of the Fondazione Don Carlo Gnocchi Institute in Italy [23]. Ethical
approval was obtained by the local Committee and all patients or their principal caregivers
signed an informed consent to participate (N. 16606_OSS). The study was registered on
ClinicalTrials.gov with the following registration number: NCT04495192. The present
sub-analysis was conducted following STROBE guidelines [24] (Figure 1).

PRABI Study
(n=204)
)
Haemorrhagic . Excluded for
patients (n = 106) incomplete data
(n=4)

Y

Enrolled patients
(n=102)

v !

nCAA CAA
(N=289) (N=13)

Figure 1. Enrollment flowchart. Legend: PRABI study: clinical, neurophysiological and genetic, pre-
dictors of recovery in patients with severe acquired brain injuries; CAA: cerebral amyloid angiopathy;
nCAA: non-cerebral amyloid angiopathy.

2.1. Participants

All patients that came from an IRU with a diagnosis of sABI due to a sICH, with at
least one brain MRI performed after the sICH onset, aged > 18 years and admitted to IRU
of IRCCS-Don Carlo Gnocchi Foundation (Florence, Italy) from June 2020 to June 2021
were recruited. All patients who had a diagnosis of non-spontaneous (traumatic) ICH were
excluded. No additional exclusion criteria, other than the absence of a signed informed
consent or age out of range, were considered.

2.2. Clinical and Instrumental Assessment

At admission, demographic and clinical data were recorded, including those related
to the acute event of sSICH. In particular, sICH etiology (hypertensive hemorrhages, CAA-
related hemorrhage, related arteriovenous and other vascular malformations rupture
hemorrhage, hemorrhagic infarction, etc.), time post onset (TPO) and occurrence of clinical
complications were recorded. The presence of sepsis or epileptic crisis during the IRU stay
was also recorded.

Within the first week after admission, an extensive clinical and instrumental evaluation
was performed by a team of skilled professionals (including neurologists, speech therapists,
and physiotherapists) and included the following: (1) the consciousness state using the
Coma Recovery Scale-Revised (CRS-R) [25]; (2) the care burden using the Early Rehabil-
itation Barthel Index (ERBI) [26]; (3) the functional disability assessed by the Functional
Independence Measure (FIM) [27]; (4) the autonomy level using the Glasgow Outcome
Scale-Expanded (GOS-E) [28]; (5) the neurocognitive and behavioral assessment using
the Level of Cognitive Functioning scale (LCF) [29]. Additionally, a complete neurophys-
iological evaluation including (1) a standard electroencephalography (EEG), using the
American Clinical Neurophysiology Society’s Standardized Critical Care EEG Terminology
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classification [30,31], and an electromyography to assess the presence of critical polyneu-
romyopathy [32] were also performed. Full clinical assessment was repeated at discharge.

2.3. Diagnosis of CAA-Related sICH

Since the patients were not admitted with an etiologic definition of their hemorrhage,
they were all reviewed by a neurologist trained and experienced in CAA. According to the
mBC [6-8], the main diagnostic categories for clinical practice and research (<<probable
CAA>> or <<possible CAA>>) were considered for our purpose.

As formulated in mBC, CAA is suspected in patients aged 55 or older with a sICH, in
the absence of an obvious alternative cause. <<Probable CAA>> required neuroimaging
demonstration of multiple hemorrhages restricted to lobar brain regions, cortico-subcortical
junction and subcortical white matter or a singular hemorrhage in the above-mentioned
regions, plus cortical superficial siderosis (cSS). Presence of just one hemorrhagic manifes-
tation (hemorrhage or ¢SS) identified a <<possible CAA>>. Additionally, for the definition
of a <<possible CAA>>, we required at least one other CAA-related white matter lesion
(CSO-EPS: enlarged perivascular spaces of the centro semiovale or WMH-MS: with matter
hyperintensity with a multisport pattern) to improve the diagnostic accuracy.

Because CAA typically spares deep territories, the presence of hemorrhagic lesions in
basal ganglia, thalamus, or pons precluded the probable or possible CAA diagnosis. Based
on patients’ clinical history and available neuroimaging examinations, the <<probable
CAA>> and <<possible CAA>> diagnoses were reported and all misdiagnosis rectified.

2.4. Rehabilitation Treatment

During the IRU stay, all patients received a multi-professional interdisciplinary reha-
bilitation treatment. The Individual Rehabilitation Project (IRP) was based on the patient’s
cognitive level of functioning and clinical necessities upon admission. The treatment con-
sists of an average of 3 h of specific treatment per day delivered by an interdisciplinary team
of professionals, including physiotherapy, rehabilitation nursing management, and speech
and language therapy, occupational therapy, neuropsychological assessment and treatment
and psychological support to patients and families according to the emerging needs.

Discharge was planned with family and caregivers and carried out upon decision of
an interdisciplinary team, in agreement with the local Health Authority, either when the
patient reached a plateau, or when the patient achieved a functional improvement that
allowed home discharge or transfer to a less specialized intensive rehabilitation setting.

2.5. Pharmacological Treatment

According to our clinical protocol, pharmacological interventions were planned that
agreed with the patient’s emerging needs. Particularly in all our patients affected by sICH,
the main objective was to prevent hemorrhage extension and other neurologic and medical
complications (prevention of aspiration, venous thromboembolism, pressure-induced skin
injury, fever, hyperglycemia and hypoglycemia management, etc.). All anticoagulant
and antiplatelet drugs were discontinued and we managed elevated blood pressure as
recommended by the guidelines from the American Heart Association [33].

2.6. Outcomes

The primary outcome was the achievement of a moderate functional autonomy
(GOS-E > 4) at discharge. Secondary outcomes were as follows: (1) the improvement
of consciousness/cognitive state (CRS-R and LCF), (2) the improvement of the functional
disability (FIM) and (3) the reduction in the care burden weight (ERBI) at discharge.

2.7. Statistical Analysis

Descriptive analyses and group comparisons were carried out between admission
variables and the presence/absence of CAA. In particular, numerical independent vari-
ables underwent logistic regression and categorical independent variables underwent
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a chi-square analysis. Then, the outcomes at discharge were compared between patients
with (CAA) and without (nCAA). Numerical outcomes (CRS, LCF, FIM and ERBI) were
analyzed using either a t-test or a Mann-Whitney test conditioned to their significance to
a normality test (Shapiro-Wilk), with the grouping variable set to the presence of CAA.
Categorical outcome (GOS-E > 4) underwent a chi-square analysis with the presence of
CAA as the dependent variable.

Admission and discharge variables were compared for the CAA group to evaluate
whether a significant improvement was obtained during the rehabilitation stay (via either
paired samples t-tests or Wilcoxon sum rank tests, conditioned to normality results).

Lastly, multivariate regressions (logistic for the categorical outcome and linear for the
numerical ones) were conducted for each significantly different scale as the dependent variables
together with age, gender, TPO, LoS and diagnosis of CAA as the independent variables.

3. Results

One hundred and two patients affected by sSICH were enrolled in the study (54 (52.9%)
women, median age 66 years (IQR = 16), the median TPO was 64 days (IQR = 27)). Demo-
graphic and clinical characteristics are summarized in Table 1.

Based on patients’ clinical history and neuroimaging examinations, a total of thirteen
(12.7%) patients had a clinical diagnosis of CAA and in particular, seven (6.9%) were di-
agnosed as probable CAA and six (5.9%) as possible CAA. Within the non-CAA (nCAA)
group, 60 patients suffered from a primary or hypertensive intraparenchymal hemor-
rhage, 16 from a sICH caused by a ruptured aneurysm, and 13 from a sICH caused by
an arteriovenous malformation.

Except for the older age in the CAA group (median nCAA = 64 (IQR = 14) and
CAA =76 (IQR = 12), p = 0.005), no significant differences were found in the admission
variables related to the presence or not of CAA regarding the clinical and functional evalu-
ations, electroencephalographic and electromyographic characteristics, and the presence of
medical devices upon admission (Table 1).

Table 1. Characteristics of the study sample upon admission.

;Il’:)ltzll%;r)np le 8\?5?9) (Cl\?fm) OR/X? 95%CI p-Value
Clinical and Functional Evaluations
Age, years 66 {16} 64 {14} 76 {12} 1.109 1.032-1.191 0.005
Gender, F 54 (52.9) 48 (53.9) 6 (46.2) 0.275 - 0.768
TPO, days 40 {27} 40.5 {24} 36 {51} 0.996 0.977-1.015 0.659
CRS-R total score 17.5 {14} 16 {14} 19 {14} 0.995 0.914-1.084 0.916
ERBI score —275 {0} —275 {10} —275 {0} 0.990 0.970-1.012 0.379
FIM 18 {2} 18 {2} 18 {4} 1.022 0.936-1.116 0.627
LCF scale 3{2} 3{1} 3{2} 0.830 0.448-1.536 0.552
GOS-E 3{0} 3 {0} 3{1} 0.958 0.824-1.114 0.579
EEG
Symmetry 43 (42.6) 36 (40.9) 7 (53.8) 0.775 - 0.549
Frequency 0.000 - 1.000
Alpha 34(33.7) 30 (34.1) 4 (30.8) - - -
Theta 67 (66.3) 58 (65.9) 9(69.2) - - -
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Table 1. Cont.

;l;tzllizr)nple 8\?229) ((1:\??13) OR/X? 95%CI p-Value

Gradient AP 2.450 - 0.367
Absent 14 (13.9) 11 (12.5) 3(23.1) - - -
Present 71 (70.3) 64 (72.7) 7 (53.8) - - -
N/A 16 (15.8) 13 (14.8) 3(23.1) - - -

Reactivity 5.283 - 0.121
Present 9 (8.9) 6 (6.8) 3(23.1) - - -
Not Constant 32 (31.7) 28 (31.8) 4 (30.8) - - -
Not Clear 51 (50.5) 47 (53.4) 4 (30.8) - - -
Absent 9 (8.9) 7 (8.0) 2(15.4) - - -

Voltage 3.689 - 0.089
Normal 92 (91.1) 82(93.2) 10 (76.9) - - -
Low-Voltage 9 (8.9) 6 (6.8) 3(23.1) - - -

Continuity 3.468 - 0.505
Continous 96 (95) 84 (95.5) 12 (92.3) - - -
Quasi-continous 2(2) 1(1.1) 1(7.7) - - -
Discontinous 2(2) 2 (2.3) 0(0) - - -
Burst-suppression 1(1) 1(1.1) 0(0) - - -

Epileptic graphoelem 20 (19.8) 17 (19.3) 3(23.1) - - 0.718

EMG
CIPNM presence 58 (62.4) 52 (63.4) 6 (54.5) 0.325 - 0.742

Numerical variables are described via median and interquartile range (in brackets) and categorical independent
variables as count and percentages (in parenthesis). Logistic regressions were performed for numerical inde-
pendent variables and chi-square analysis for categorical ones. Odds ratio (OR) and 95% confidence intervals
(95%CI) refer to logistic regressions and X? refers to chi-square tests. Legend: TPO: time post-onset; CRS-R:
Coma Recovery Scale-Revised; ERBI: Early Rehabilitation Barthel Index; FIM: Functional Independence Measure;
LCF: level of cognitive function; GOS-E: Glasgow Outcome Scale-Extended; EEG: electroencephalography, EMG:
electromyography; CIPNM: critical illness polyneuropathy and myopathy.

At discharge, after a comparable length of stay (LOS) of 87 days (IQR = 75) for CAA
patients vs. 84 days (66) for nCAA patients; p = 0.52, the CAA group showed significantly
lower scores in the included functional scales (Table 2). The median ERBI in the CAA group
was —255 (IQR = 176) versus —160 (IQR = 113) in the nCAA, (p = 0.025) and the median
FIM score was 18 (IQR = 3) in the CAA group versus 24.5 (IQR = 19) in the nCAA group
(p = 0.02). A moderate functional autonomy (GOS-E > 4) was achieved in 15.9% of the CAA
group compared to 46.9% of the nCAA group (p = 0.032). No significant differences were
found for the consciousness/cognitive outcomes (CRS-R: p = 0.092; LCF: p = 0.081).

To address whether CAA patients had an improvement during the IRU stay, a paired
comparison between admission and discharge of the outcomes scores was performed using
the T-tests or Wilcoxon rank sum test for numerical variables, while McNemar chi-square
tests were used for categorical variables. Consciousness levels (CRS-R, p = 0.021) and
rehabilitation care burden (ERBI, p = 0.011) were found to be significantly different within
the CAA group (Table 3).
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Table 2. Demographic and clinical characteristics of the study sample at discharge.
To(tle:Il:Sig;[;le (II\IIC=A81;) (l\? =A?3) Test Statistics p-Value
GOS-E >4 32 (41.6) 30 (46.9) 2(15.4) 5.621 0.032
CRS-R total score 23 {0} 23 {0} 23 {4} 243.5 0.607
LCF 51{2} 5{1} 31{1} 133.5 0.081
FIM 24 {17} 24.5 {19} 18 {3} 98.5 0.020
ERBI —165 {113} —160 {113} —225 {176} 155.5 0.025
LOS, days 83 {68} 84 {66} 87 {75} 350.5 0.525
Sepsis during IRU stay 22 (21.8) 18 (20.5) 4 (30.8) 0.659 0.472
Epileptic seizures during IRU stay 5 (5.6) 5(4.9) 0(0) - 1.000

Numerical variables are described via median and interquartile range (in curly brackets) and categorical inde-
pendent variables as count and percentages (in parenthesis). Logistic regressions were performed for numerical
independent variables and chi-square analysis for categorical ones. Odds ratio (OR) and 95% confidence intervals
(95%CT) refer to logistic regressions and X? refers to chi-square tests. Legend: GOS-E: Glasgow Outcome Scale-
Extended; CRS-R: Coma Recovery Scale-Revised; LCF: level of cognitive function; FIM: Functional Independence
Measure; ERBI: Early Rehabilitation Barthel Index; LOS: length-of-stay.

Table 3. Admission-discharge comparisons.

z p-Value
GOS-E >4 —1.414 0.157
CRS-R total score —2.210 0.021
LCF —0.447 0.655
FIM —0.024 0.994
ERBI —3.145 0.011
GOS-E —1.807 0.071

Legend: GOS-E: Glasgow Outcome Scale-Extended; CRS-R: Coma Recovery Scale-Revised; LCF: level of cognitive
function; FIM: Functional Independence Measure; ERBI: Early Rehabilitation Barthel Index.

Considering that the two groups (CAA and n-CAA) had a significantly different
scores at discharge on GOS-E, FIM and ERBI (Table 2), further multivariate analysis (for
each scale as dependent variable) were performed including as independent variable:
CAA, sex, age, TPO, LOS and the value of the target scale itself in its assessment upon
admission. In the multivariate step, the presence of CAA was significantly correlated with
a lower FIM at discharge (p = 0.019, B = —14.627, 95%CI = —26.790/ —2.464), together
with a lower FIM score upon admission (p < 0.001), independently from age, gender,
time post-onset and length of stay. CAA was also significantly associated with a higher
probability to achieve good autonomy (GOS-E > 4) at discharge, (p = 0.041, OR = 0.232,
95%C.L for EXP (B) = 0.134-0.901), independently from age. CAA was not associated with
the ERBI (p = 0.091) whilst the ERBI upon admission influenced the related discharge value
(p < 0.001). (Table 4).



Diagnostics 2022, 12, 2458

Table 4. Multivariate analysis: (A) GOS-E > 4; (B) FIM score; (C) ERBI score at discharge.

A: GOS-E > 4 . o

Nagelkerke R? = 0.371 p-Value Odds Ratio 95%C.I. for EXP(B)
Age 0.220 0.969 0.923 1.019
Gender 0.078 0.371 0.123 1.117
CAA 0.041 0.232 0.134 0.901
TPO 0.528 0.994 0.977 1.012
LoS 0.389 0.995 0.983 1.007
GOS-E upon admission 0.022 5.256 1.271 21.735
S p-Value Odds Ratio 95%C.L. for EXP(B) p-Value
Age 0.869 0.014 —0.152 0.179
Gender 0.072 5.268 4.429 17.253
CAA 0.019 —14.627 —26.790 —2.464
TPO 0.161 —0.092 —0.221 0.038
LoS 0.076 —0.068 —0.143 0.007
FIM upon admission 0.000 1.155 0.693 1.617
Ez ER()lelzz p-Value Odds Ratio 95%C.I. for EXP(B) p-Value
Age 0.161 —0.809 —1.949 0.331
Gender 0.106 11.627 —6.037 21.291
CAA 0.091 —14.660 —18.366 9.045
TPO 0.087 —0.671 —1.441 0.100
LoS 0.345 —0.227 —0.702 0.249
ERBI 0.039 0.372 0.019 0.724

Legend: GOS-E: Glasgow Outcome Scale-Extended; TPO: time post-onset; LoS: length-of-Stay; CAA: cerebral
amyloid angiopathy; FIM: Functional Independence Measure; ERBI: Early Rehabilitation Barthel Index.

4. Discussion

Although CAA is well recognized as a major cause of sICH, with a high mortality
and disability risk, it continues to be largely misrecognized in rehabilitation settings and
its possible interference with the rehabilitation course underestimated. The present study
investigated the prevalence and the influence of CAA in sABI patients from a rehabilitative
perspective. In our cohort, while showing improvement in all functional assessment scales
during their stay at the IRU, patients with sICH affected by CAA had worse outcomes after
a comparable length of stay, when compared with the nCAA group.

After a median length of stay of 87 days in our IRU and an intensive rehabilitation
program, CAA patients showed a significant improvement of their consciousness state and
their care burden between admission and discharge. However, only 15.8% of the CAA
group reached moderate functional autonomy (GOS-E > 4) in comparison with 46.9% of the
nCAA group, even after a comparable LOS in the IRU. In addition, the achievement of some
rehabilitation milestones, such as reaching a higher functional ability and autonomy, seems
to be significantly penalized by the presence of CAA. Indeed, in the multivariate analysis,
the presence of CAA (independently from the older age) was significantly associated with
lower outcomes (FIM and GOS-E). These findings may be explained by the fact that CAA-
related sICH is characterized by a global progressive cerebral microangiopathy inducing
several neurological manifestations [3-6]. The amyloid beta-peptide deposition within
the cerebral vasculature in CAA patients is a progressive phenomenon that causes several
clinical features, even before the index event of the sSICH [1-3]. Pathological changes in
the small vessels can lead to chronic manifestations beyond the hyperacute presentation.
In clinical practice, the majority of patients diagnosed with CAA, either pre- and post-
sICH, appear to have full developed or hidden cognitive impairment, which may reflect the
comorbid Alzheimer’s disease, vascular dementia, or both [34,35]. Likewise, convexity sub-
arachnoid hemorrhage and cerebral microbleeds can also occur either remotely from acute
sICH or in the absence of sICH. These lesions may be associated with positive or negative
focal neurologic symptoms and behavioral signs [36]. Against the scientific background
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in which few clinical studies have addressed rehabilitation outcomes of sICH patients
and no data are available regarding the rehabilitation of CAA-related sICH survivors, our
results emphasize that the peculiarity of CAA should be considered in the IRP, to decide its
intensity and duration and to provide correct information about prognosis and expected
functional recovery to the caregivers.

Moreover, better knowledge of CAA in rehabilitation settings is required to improve
the pharmacological management of these patients. Indeed, survivors of lobar hemorrhage
and patients with other clinical manifestations of CAA are at high risk for future hemor-
rhagic complications. This risk should be factored into decision-making when assessing
the risks and benefits of other medications. In this scenario, risks and benefits of using
anticoagulant [37,38] and antiplatelet agents [39] may be carefully weighed and cardiovas-
cular risk factors should be closely controlled to avoid future complications. Moreover,
several drugs that interact with coagulation functioning and are commonly used in the
management of hemorrhagic sABI complications should be avoided.

Upon admission, no significant differences were found between the CAA and the
nCAA group regarding the clinical, functional evaluations and neurophysiological markers,
upon admission. However, patients affected by CAA were significantly older than non-
CAA patients, corroborating the well-known notion that incidence of CAA is strongly age
dependent [40,41]. Specifically, by autopsy, the prevalence of CAA ranged from 2.3% for
patients between the ages of 65 and 74 to 12.1% in patients over the age of 85 and even
higher in older patients with dementia [4,5]. Nevertheless, the limitation due to the small
sample size might have led to an underestimation of some differences between the two
groups that cannot be ignored and further studies on a larger cohort should be performed
to better address this issue.

The secondary aim of this work was to estimate the CAA prevalence in an intensive
rehabilitation setting. In a total of 102 patients affected by sICH and admitted to our IRU,
the prevalence of CAA was around 13%. This finding is in line with the finding reported
in the literature for patients with a similar median age to our sample [40,42]. It should be
noted, however, that in the absence of an etiological sICH diagnosis upon admission, the
CAA diagnoses were derived from a careful clinical review of all patients admitted with
a sICH. We decided to consider both diagnostic categories (possible and probable) to define
our CAA patients. In particular, in the definition of a <<possible CAA>> diagnosis, we took
into account the presence of at least one other CAA-related white matter lesion (CSO-PVS
or WMH-MS). As suggested by the new Boston Criteria v2.0 [43], this MRI finding, together
with the hemorrhagic marker of a single sICH, in the absence of any deep hemorrhagic
lesions and other cause of hemorrhagic lesions, was defined as a <<probable CAA>>,
improving sensitivity and providing overall superior diagnostic accuracy [43]. Numerous
rectifications of misdiagnosis have been required to calculate a reliable prevalence. The high
number of misdiagnoses might be due to the specialized ability required to make a proper
diagnosis [40,41] and also to the mischaracterization of these patients, who generically
are considered as common sABI due to sSICH. Additionally, there still exists the incorrect
assumption that patients affected by CAA can be considered and treated as common sICH,
and are consequently misdiagnosed [22].

The present study has some limitations that should be discussed. First, this study
was conducted in a single center with a small sample size of the patients admitted. Thus,
the generalization of our results should be carried out with caution, even if we consider
that our patients may represent the middle band of all hemorrhagic patients and if we
take into account the global prevalence of CAA in the general population [42]. Second,
this study focused on rehabilitation outcomes at discharge, while a long-term follow-up
would be necessary to better define the rehabilitation prognosis. Otherwise, this study
was a prospective cohort study performed within a longitudinal multicenter observational
cohort study, with a planned follow-up period of 24 months. Against this background,
our objectives will be to indagate long-term functional outcomes of CAA-related sICH in
a larger and multicenter cohort of sICH patients with a long-term follow-up period.
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5. Conclusions

To the best of our knowledge, this is the first study that assessed the CAA specificity
in a rehabilitation setting by exploring its impact on rehabilitation outcomes and its preva-
lence. Our results suggest a significant negative effect of CAA on rehabilitation efficacy in
patients with sSICH. Although the patients with CAA-related sICH are admitted to intensive
rehabilitation departments that gather all the sABI patients, clinicians must have high spe-
cialized competences to identify the peculiar clinical and neuroradiological manifestations
of this pathology. Making an accurate diagnosis of CAA and identifying the specific cause
of sICH provide important evidence about the prognosis of sABI patients and it guarantees
proper clinical and pharmacological management, avoiding inappropriate mistakes in daily
decision-making. In the absence of previous data, these findings should be confirmed in
large sample studies. Further data may be determinant to improve functional prognosis
and pharmacological management of these peculiar subgroup of patients.

Author Contributions: B.H. and F.C.: general study design, contribution to the draft of the whole
manuscript and manuscript draft. C.B.: contribution to the draft of the whole manuscript and
manuscript draft. P.L.: contribution to the manuscript draft and statistical analysis. A.M.R. and ED.:
contribution to neurological and functional assessment protocol design and administration. D.M.,
F.C. and A.M.: contribution to the functional assessment protocol design and administration. C.M.:
contribution to the draft of the whole manuscript and manuscript draft. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health within the “Ricerca corrente
RC2020-RC2021 Programs” and by the 5x mille funds AF2018 (“Data Science in Rehabilitation
Medicine”) and AF2019 (“Study and development of biomedical data science and machine learning
methods to support the appropriateness and the decision-making process in rehabilitation medicine”).

Institutional Review Board Statement: Ethical approval was obtained by the local committee (Comi-
tato Area Vasta, N. 16606_OSS). The study was registered on ClinicalTrials.gov with the following
registration number: NCT04495192.

Informed Consent Statement: All patients or their principal caregivers signed informed consent
to participate.

Data Availability Statement: Data will be made available upon request to the corresponding author.
The data are not publicly available due to still ongoing studies on the same dataset.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CAA: cerebral amyloid angiopathy; nCAA: non-cerebral amyloid angiopathy; mBC: Modified
Boston Criteria; MRI: magnetic resonance imaging. sICH: spontaneous intracerebral hemorrhage;
IRU: intensive rehabilitative unit; SABI: severe acquired brain injuries; CSO-PVS: centro semiovale-
enlarged perivascular spaces; WMH-MS: white matter hyperintensity in a multisport pattern; IRP:
Individual Rehabilitation Project; TPO: time post onset; CRS-R: Coma Recovery Scale-Revised; ERBI:
Early Rehabilitation Barthel Index; FIM: Functional Independence Measure; GOS-E: Glasgow Out-
come Scale-Expanded; LCF: Level of Cognitive Functioning scale; cSS: cortical superficial siderosis;
EEG: electroencephalography, EMG: electromyography; CIPNM: critical illness polyneuropathy
and myopathy.

1.  Tsubuki, S.; Takai, Y.; Saido, T.C. Dutch, Flemish, Italian, and Arctic mutations of APP and resistance of A to physiologically
relevant proteolytic degradation. Lancet 2003, 361, 1957-1958. [CrossRef]

2. Davis, J.; Xu, F,; Deane, R.; Romanov, G.; Previti, M.L.; Zeigler, K.; Zlokovic, B.V.; Van Nostrand, W.E. Early-onset and Robust
Cerebral Microvascular Accumulation of Amyloid 3-Protein in Transgenic Mice Expressing Low Levels of a Vasculotropic
Dutch/Iowa Mutant Form of Amyloid 3-Protein Precursor. J. Biol. Chem. 2004, 279, 20296-20306. [CrossRef]


http://doi.org/10.1016/S0140-6736(03)13555-6
http://doi.org/10.1074/jbc.M312946200

Diagnostics 2022, 12, 2458 11 of 12

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

Ferreiro, J.A.; Ansbacher, L.E.; Vinters, H.V. Stroke related to cerebral amyloid angiopathy: The significance of systemic vascular
disease. J. Neurol. 1989, 236, 267-272. [CrossRef]

Arvanitakis, Z.; Leurgans, S.E.; Wang, Z.; Wilson, R.S.; Bennett, D.A.; Schneider, J.A. Cerebral amyloid angiopathy pathology and
cognitive domains in older persons. Ann. Neurol. 2010, 69, 320-327. [CrossRef]

Keage, H.A,; Carare, R.O,; Friedland, R.P.; Ince, P.G.; Love, S.; Nicoll, J.A.; Wharton, S.B.; Weller, R.O.; Brayne, C. Population
studies of sporadic cerebral amyloid angiopathy and dementia: A systematic review. BMC Neurol. 2009, 9, 3. [CrossRef]
Knudsen, K.A.; Rosand, ].; Karluk, D.; Greenberg, S.M. Clinical diagnosis of cerebral amyloid angiopathy: Validation of the
Boston Criteria. Neurology 2001, 56, 537-539. [CrossRef] [PubMed]

Van Rooden, S.; Van Der Grond, J.; Boom, R.V.D.; Haan, J.; Linn, J.; Greenberg, S.M.; Van Buchem, M.A. Descriptive Analysis of
the Boston Criteria Applied to a Dutch-Type Cerebral Amyloid Angiopathy Population. Stroke 2009, 40, 3022-3027. [CrossRef]
Linn, J.; Halpin, A.; Demaerel, P.; Ruhland, J.; Giese, A.D.; Dichgans, M.; van Buchem, M.A.; Bruckmann, H.; Greenberg, S.M.
Prevalence of superficial siderosis in patients with cerebral amyloid angiopathy. Neurology 2010, 74, 1346-1350. [CrossRef]
[PubMed]

Zia, E.; Engstrom, G.; Svensson, PJ.; Norrving, B.; Pessah-Rasmussen, H. Three-Year Survival and Stroke Recurrence Rates in
Patients With Primary Intracerebral Hemorrhage. Stroke 2009, 40, 3567-3573. [CrossRef] [PubMed]

Castellanos-Pinedo, F; Cid-Gala, M.; Duque, P.; Ramirez-Moreno, ].M.; Zurdo-Hernandez, ]. M. Acquired Brain Injury: A Proposal
for Its Definition, Diagnostic Criteria and Classification. Revista de Neurologia 2012, 54, 357-366. Available online: https:
/ /pubmed.ncbinlm.nih.gov/22403149/ (accessed on 22 June 2022). [PubMed]

Jolink, W.M.; Klijn, C.J.; Brouwers, PJ.; Kappelle, L.J.; Vaartjes, I. Time trends in incidence, case fatality, and mortality of
intracerebral hemorrhage. Neurology 2015, 85, 1318-1324. [CrossRef]

Béjot, Y.,; Blanc, C.; Delpont, B.; Thouant, P; Chazalon, C.; Daumas, A.; Osseby, G.-V.; Hervieu-Bégue, M.; Ricolfi, F;
Giroud, M,; et al. Increasing early ambulation disability in spontaneous intracerebral hemorrhage survivors. Neurology 2018, 90,
€2017-e2024. [CrossRef] [PubMed]

Poon, M.; Fonville, A.F,; Salman, R.A.-S. Long-term prognosis after intracerebral haemorrhage: Systematic review and meta-
analysis. J. Neurol. Neurosurg. Psychiatry 2013, 85, 660-667. [CrossRef] [PubMed]

Feigin, V.L.; Lawes, C.M.; Bennett, D.A.; Barker-Collo, S.L.; Parag, V. Worldwide stroke incidence and early case fatality reported
in 56 population-based studies: A systematic review. Lancet Neurol. 2009, 8, 355-369. [CrossRef]

Feigin, V.L.; Stark, B.A.; Johnson, C.O.; Roth, G.A.; Bisignano, C.; Abady, G.G.; Abbasifard, M.; Abbasi-Kangevari, M.;
Abd-Allah, E; Abedi, V.; et al. Global, regional, and national burden of stroke and its risk factors, 1990-2019: A systematic
analysis for the Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795-820. [CrossRef]

Qureshi, A.I; Mendelow, A.D.; Hanley, D.F. Intracerebral haemorrhage. Lancet 2009, 373, 1632-1644. [CrossRef]

Carlsson, M.; Wilsgaard, T.; Johnsen, S.H.; Johnsen, L.-H.; Lachen, M.-L.; Njelstad, I.; Mathiesen, E.B. Long-Term Survival,
Causes of Death, and Trends in 5-Year Mortality After Intracerebral Hemorrhage: The Tromse Study. Stroke 2021, 52, 3883-3890.
[CrossRef] [PubMed]

Hansen, B.M.; Nilsson, O.G.; Anderson, H.; Norrving, B.; Saveland, H.; Lindgren, A. Long term (13 years) prognosis after primary
intracerebral haemorrhage: A prospective population based study of long term mortality, prognostic factors and causes of death.
J. Neurol. Neurosurg. Psychiatry 2013, 84, 1150-1155. [CrossRef]

Murthy, S.B.; Merkler, A.E.; Omran, S.S.; Gialdini, G.; Gusdon, A.; Hartley, B.; Roh, D.; Mangat, H.S.; Iadecola, C.; Navi, B.B.; et al.
Outcomes after intracerebral hemorrhage from arteriovenous malformations. Neurology 2017, 88, 1882-1888. [CrossRef]

Kase, C.S.; Williams, J.P.; Wyatt, D.A.; Mohr, J.P. Lobar intracerebral hematomas: Clinical and CT analysis of 22 cases. Neurology
1982, 32, 1146-1150. [CrossRef] [PubMed]

Pasi, M.; Casolla, B.; Kyheng, M.; Boulouis, G.; Kuchcinski, G.; Moulin, S.; Labreuche, J.; Henon, H.; Leys, D.; Cordonnier, C.
Long-term functional decline of spontaneous intracerebral haemorrhage survivors. J. Neurol. Neurosurg. Psychiatry 2020, 92,
249-254. [CrossRef] [PubMed]

Salvadori, E.; Papi, G.; Insalata, G.; Rinnoci, V.; Donnini, I.; Martini, M.; Falsini, C.; Hakiki, B.; Romoli, A.; Barbato, C.; et al.
Comparison between Ischemic and Hemorrhagic Strokes in Functional Outcome at Discharge from an Intensive Rehabilitation
Hospital. Diagnostics 2020, 11, 38. [CrossRef]

Hakiki, B.; Donnini, I.; Romoli, A.M.; Draghi, F.; Maccanti, D.; Grippo, A.; Scarpino, M.; Maiorelli, A.; Sterpu, R.; Atzori, T.; et al.
Clinical, Neurophysiological, and Genetic Predictors of Recovery in Patients With Severe Acquired Brain Injuries (PRABI):
A Study Protocol for a Longitudinal Observational Study. Front. Neurol. 2022, 13, 711312. [CrossRef] [PubMed]

Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol.
2008, 61, 344-349. [CrossRef]

Giacino, ].T.; Trojano, L. An Italian Multicentre Validation Study of the Coma Recovery Scale-Revised. Eur. |. Phys. Rehabil. Med.
2014. Available online: https://pubmed.ncbi.nlm.nih.gov/24603937/ (accessed on 22 June 2022).

Rollnik, ]J.D. The Early Rehabilitation Barthel Index (ERBI). Die Rehabilitation 2011, 50, 408—411. [CrossRef] [PubMed]

Kidd, D.; Stewart, G.; Baldry, J.; Johnson, J.; Rossiter, D.; Petruckevitch, A.; Thompson, A. The Functional Independence Measure:
A comparative validity and reliability study. Disabil. Rehabilitation 1995, 17, 10-14. [CrossRef] [PubMed]


http://doi.org/10.1007/BF00314454
http://doi.org/10.1002/ana.22112
http://doi.org/10.1186/1471-2377-9-3
http://doi.org/10.1212/WNL.56.4.537
http://www.ncbi.nlm.nih.gov/pubmed/11222803
http://doi.org/10.1161/STROKEAHA.109.554378
http://doi.org/10.1212/WNL.0b013e3181dad605
http://www.ncbi.nlm.nih.gov/pubmed/20421578
http://doi.org/10.1161/STROKEAHA.109.556324
http://www.ncbi.nlm.nih.gov/pubmed/19729603
https://pubmed.ncbi.nlm.nih.gov/22403149/
https://pubmed.ncbi.nlm.nih.gov/22403149/
http://www.ncbi.nlm.nih.gov/pubmed/22403149
http://doi.org/10.1212/WNL.0000000000002015
http://doi.org/10.1212/WNL.0000000000005633
http://www.ncbi.nlm.nih.gov/pubmed/29728525
http://doi.org/10.1136/jnnp-2013-306476
http://www.ncbi.nlm.nih.gov/pubmed/24262916
http://doi.org/10.1016/S1474-4422(09)70025-0
http://doi.org/10.1016/S1474-4422(21)00252-0
http://doi.org/10.1016/S0140-6736(09)60371-8
http://doi.org/10.1161/STROKEAHA.120.032750
http://www.ncbi.nlm.nih.gov/pubmed/34496620
http://doi.org/10.1136/jnnp-2013-305200
http://doi.org/10.1212/WNL.0000000000003935
http://doi.org/10.1212/WNL.32.10.1146
http://www.ncbi.nlm.nih.gov/pubmed/6889699
http://doi.org/10.1136/jnnp-2020-324741
http://www.ncbi.nlm.nih.gov/pubmed/33239438
http://doi.org/10.3390/diagnostics11010038
http://doi.org/10.3389/fneur.2022.711312
http://www.ncbi.nlm.nih.gov/pubmed/35295839
http://doi.org/10.1016/j.jclinepi.2007.11.008
https://pubmed.ncbi.nlm.nih.gov/24603937/
http://doi.org/10.1055/s-0031-1273728
http://www.ncbi.nlm.nih.gov/pubmed/21626475
http://doi.org/10.3109/09638289509166622
http://www.ncbi.nlm.nih.gov/pubmed/7858276

Diagnostics 2022, 12, 2458 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wilson, J.L.; Pettigrew, L.E.; Teasdale, G.M. Structured Interviews for the Glasgow Outcome Scale and the Extended Glasgow
Outcome Scale: Guidelines for Their Use. J. Neurotrauma 1998, 15, 573-585. [CrossRef]

Gouvier, W.; Blanton, P,; LaPorte, K. Reliability and validity of the disability rating scale and the levels of cognitive functioning
scale in monitoring recovery from severe head injury. J. Head Trauma Rehabil. 1987, 68, 94-97. [CrossRef]

Hirsch, L.J. Classification of EEG patterns in patients with impaired consciousness. Epilepsia 2011, 52 (Suppl. S8), 21-24. [CrossRef]
Scarpino, M; Lolli, F; Hakiki, B.; Lanzo, G.; Sterpu, R.; Atzori, T.; Portaccio, E.; Draghi, F.; Amantini, A.; Grippo, A. EEG and
Coma Recovery Scale-Revised prediction of neurological outcome in Disorder of Consciousness patients. Acta Neurol. Scand.
2020, 142, 221-228. [CrossRef]

Hakiki, B.; Draghi, F.; Scarpino, M.; Portaccio, E.; Romoli, A.; Mannini, A.; Atzori, T.; Lolli, F.; Macchi, C.; Grippo, A. Critical
illness polyneuromyopathy: Functional impact after severe acquired brain injuries. Acta Neurol. Scand. 2020, 142, 574-584.
[CrossRef] [PubMed]

Greenberg, S.M.; Ziai, W.C.; Cordonnier, C.; Dowlatshahi, D.; Francis, B.; Goldstein, J.N.; Hemphill III, ]J.C.; Johnson, R,;
Keigher, K.M.; Mack, W.].; et al. 2022 guideline for the management of patients with spontaneous intracerebral hemorrhage:
A guideline from the American Heart Association/American Stroke Association. Stroke 2022, 53, €282. [CrossRef] [PubMed]
Greenberg, S.M.; Bacskai, B.]J.; Hernandez-Guillamon, M.; Pruzin, J.; Sperling, R.; Van Veluw, S.J. Cerebral amyloid angiopathy
and Alzheimer disease—One peptide, two pathways. Nat. Rev. Neurol. 2019, 16, 3042. [CrossRef] [PubMed]

Boyle, PA.; Yu, L.; Nag, S.; Leurgans, S.; Wilson, R.S.; Bennett, D.A.; Schneider, ].A. Cerebral amyloid angiopathy and cognitive
outcomes in community-based older persons. Neurology 2015, 85, 1930-1936. [CrossRef]

Charidimou, A.; Fox, Z.; Peeters, A.; Vandermeeren, Y.; Laloux, P; Baron, J.-C.; Werring, D.].; Jager, R.H. Prevalence and
mechanisms of cortical superficial siderosis in cerebral amyloid angiopathy. Neurology 2013, 81, 626—632. [CrossRef]

Rosand, J.; Hylek, EM.; O'Donnell, H.C.; Greenberg, S.M. Warfarin-associated hemorrhage and cerebral amyloid angiopathy:
A genetic and pathologic study. Neurology 2000, 55, 947-951. [CrossRef]

Ward, R.; Ponamgi, S.; DeSimone, C.V.; English, S.; Hodge, D.O.; Slusser, ].P; Graff-Radford, J.; Rabinstein, A.A.; Asirvatham, S.J.;
Holmes, D. Utility of HAS-BLED and CHA2DS2-VASc Scores Among Patients with Atrial Fibrillation and Imaging Evidence of
Cerebral Amyloid Angiopathy. Mayo Clin. Proc. 2020, 95, 2090-2098. [CrossRef]

Biffi, A.; Halpin, A.; Towfighi, A.; Gilson, A.; Busl, K.; Rost, N.; Smith, E.E.; Greenberg, M.S.; Rosand, J.; Viswanathan, A. Aspirin
and recurrent intracerebral hemorrhage in cerebral amyloid angiopathy. Neurology 2010, 75, 693—698. [CrossRef]

Tanskanen, M.; Miékeld, M.; Myllykangas, L.; Notkola, I.-L.; Polvikoski, T.; Sulkava, R.; Kalimo, H.; Paetau, A. Prevalence and
severity of cerebral amyloid angiopathy: A population-based study on very elderly Finns (Vantaa 85+). Neuropathol. Appl.
Neurobiol. 2011, 38, 329-336. [CrossRef]

Robinson, J.L.; Corrada, M.M.; Kovacs, G.G.; Dominique, M.; Caswell, C.; Xie, S.X.; Lee, VM.-Y.; Kawas, C.H.; Trojanowski, ].Q.
Non-Alzheimer’s contributions to dementia and cognitive resilience in The 90+ Study. Acta Neuropathol. 2018, 136, 377-388.
[CrossRef]

Jakel, L.; De Kort, A.M.; Klijn, C.J.; Schreuder, EH.; Verbeek, M.M. Prevalence of cerebral amyloid angiopathy: A systematic
review and meta-analysis. Alzheimer’s Dement. 2021, 18, 10-28. [CrossRef] [PubMed]

Charidimou, A.; Boulouis, G.; Frosch, M.P; Baron, J.-C.; Pasi, M.; Albucher, ].F; Banerjee, G.; Barbato, C.; Bonneville, E;
Brandner, S.; et al. The Boston criteria version 2.0 for cerebral amyloid angiopathy: A multicentre, retrospective, MRI-
neuropathology diagnostic accuracy study. Lancet Neurol. 2022, 21, 714-725. [CrossRef]


http://doi.org/10.1089/neu.1998.15.573
http://doi.org/10.1097/00001199-198712000-00015
http://doi.org/10.1111/j.1528-1167.2011.03228.x
http://doi.org/10.1111/ane.13247
http://doi.org/10.1111/ane.13324
http://www.ncbi.nlm.nih.gov/pubmed/32740902
http://doi.org/10.1161/STR.0000000000000407
http://www.ncbi.nlm.nih.gov/pubmed/35579034
http://doi.org/10.1038/s41582-019-0281-2
http://www.ncbi.nlm.nih.gov/pubmed/31827267
http://doi.org/10.1212/WNL.0000000000002175
http://doi.org/10.1212/WNL.0b013e3182a08f2c
http://doi.org/10.1212/WNL.55.7.947
http://doi.org/10.1016/j.mayocp.2020.03.034
http://doi.org/10.1212/WNL.0b013e3181eee40f
http://doi.org/10.1111/j.1365-2990.2011.01219.x
http://doi.org/10.1007/s00401-018-1872-5
http://doi.org/10.1002/alz.12366
http://www.ncbi.nlm.nih.gov/pubmed/34057813
http://doi.org/10.1016/S1474-4422(22)00208-3

	Introduction 
	Materials and Methods 
	Participants 
	Clinical and Instrumental Assessment 
	Diagnosis of CAA-Related sICH 
	Rehabilitation Treatment 
	Pharmacological Treatment 
	Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

