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ABSTRACT
Background: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is the 
most common hereditary cerebral small vessel disease (CSVD). Intracerebral hemorrhage (ICH) is reported to be increasing in 
CADASIL patients from areas where the p.R544C mutation is prevalent (e.g., Jeju and Chinese Taiwan) but is rare in Caucasians. 
We attempted to determine potentially genetic, clinical, and/or neuroimaging risk factors for ICH in Chinese CADASIL patients.
Methods: This retrospective observational study included 190 patients with CADASIL and 179 patients with sporadic CSVD. 
NOTCH3 genotypes as well as clinical and neuroimaging manifestations were compared between ICH and non-ICH patients, 
and both logistic regression and a subgroup analysis were used to adjust for confounding factors.
Results: Of 190 CADASIL patients in the present study, 43 patients (22.6%) had ICH lesions. A total of 62 ICH lesions were 
recorded. Thalamic ICH lesions were the most common (40.3%), followed by basal ganglia (32.3%) and temporal lobe (8.1%). In 
subgroup analysis, the ICH group had a higher prevalence of CMB than the non-ICH group, including in the basal ganglia region 
(58.3% vs. 23.3%, p = 0.037) and thalamus (75.0% vs. 38.3%, p = 0.020). The p.R544C mutation (aOR 6.390; 95% CI, 1.308–31.225; 
p = 0.022) and total SVD score (aOR 1.731; 95% CI, 1.003–2.990; p = 0.049) were independently associated with ICH.
Conclusions: ICH is a common clinical manifestation of CADASIL patients in southeast coastal China. Hypertension, total 
SVD score, and the p.R544C mutation are associated with CADASIL ICH.
Trial Registration: Clini​calTr​ials.​gov identifier: (NCT04318119)
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1   |   Introduction

Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) is the most 
common hereditary cerebral small vessel disease (CSVD), 
caused by mutations in the NOTCH3 gene [1]. The classical 
clinical manifestations of CADASIL are recurrent ischemic 
stroke, cognitive impairment, mood disorder, and migraine 
[2]. Intracerebral hemorrhage (ICH) was previously consid-
ered a rare clinical manifestation of CADASIL. In Caucasian 
patients with CADASIL, intracerebral hemorrhage (ICH) has 
primarily been reported in case reports [3–6], with a preva-
lence of 2%–3.7% [7, 8]. Whereas the prevalence of ICH in East 
Asian patients with CADASIL has been reported at 17%–42% 
[9–11].

In East Asia, the p.R544C mutation accounts for 70.5%–94.4% 
of CADASIL cases  [10, 12, 13]. However, the p.R544C muta-
tion is unfound in several Caucasian CADASIL studies, to-
taling more than 800 patients [14–16]. Recently, more studies 
have focused on hemorrhagic phenotypes in CADASIL. The 
cysteine-sparing NOTCH3 p.R75P mutation is associated with 
Pro-Hemorrhagic CADASIL [17]. The difference in the preva-
lence of ICH between Caucasian and East Asian patients with 
CADASIL may be attributable to genotype differences. The as-
sociation of the p.R544C mutation and ICH is yet unclear. ICH 
in CADASIL mostly occurs in patients accompanied by hyper-
tension, and it is more likely to occur in common sites of hyper-
tensive ICH [18]. It is currently believed that ICH in CADASIL 
is generally attributed to hypertension [9, 10]. Nonetheless, the 
prevalence of ICH in non-hypertensive CADASIL patients still 
remains unclear.

The present observational study was based on the Cerebral 
Small Vessel Disease Registry Study (NCT04318119). We aimed 

to assess potential risk factors for ICH in Chinese CADASIL 
patients and reveal the imaging characteristics of ICH in 
CADASIL.

2   |   Method

2.1   |   Participants, Standard Protocol Approvals, 
and Consent

This study was based on the prospective Cerebral Small Vessel 
Disease Registry Study (NCT04318119) cohort that enrolled 
participants with neuroimaging features of CSVD in the First 
Affiliated Hospital of Fujian Medical University. The inclusion 
criteria are as follows: CSVD burden score > 2 points, with at 
least one of the following manifestations: family history of 
stroke or cognitive impairment, young stroke (< 50 years old), 
no risk factors for cerebrovascular disease, or special imaging 
signs such as temporal pole lesions. A total of 455 participants 
underwent NOTCH3 gene testing. CADASIL was diagnosed by 
identifying a cysteine-altering mutation in the NOTCH3 gene 
(n = 190). Participants with suspected sporadic CSVD were en-
rolled if they had at least two MRI markers of CSVD and un-
derwent NOTCH3 gene testing to exclude the most common 
hereditary forms of CSVD. We then excluded patients with he-
reditary cerebral small vessel disease as much as possible based 
on clinical and neuroradiological features. They were confirmed 
to have no family history of ICH through interviews and medi-
cal record reviews to rule out potential hereditary ICH. Sporadic 
CSVD patients were matched with CADASIL patients based on 
the severity of WMH (Figure 1). Informed consent was obtained 
from all the patients and/or their relatives.

The study was approved by the Ethics Committee of the First 
Affiliated Hospital of Fujian Medical University. The study was 

FIGURE 1    |    Flowchart of participant recruitment: CSVD, cerebral small vessel disease; ICH, Intracerebral hemorrhage; MRI, magnetic reso-
nance imaging; sCSVD, sporadic cerebral small vessel disease; WMH, white matter hyperintensity.
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conducted in accordance with the principles of the Declaration 
of Helsinki.

2.2   |   Clinical Assessment

The following clinical information was collected for patients 
with CADASIL: sex; age at examination; symptoms (migraine, 
migraine with aura, psychiatric disorders, ICH and cognitive 
impairment); cerebrovascular risk factors, including hyper-
tension, diabetes, dyslipidemia, and smoking. The diagnos-
tic criteria for hypertension were a systolic blood pressure 
≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg 
measured three times independently and/or the use of anti-
hypertensive medication. Regarding the diagnosis of ICH 
patients without hypertension, we reviewed old medical re-
cords of 13 patients with ICH without hypertension, and re-
viewed their blood pressure values. The blood pressure of 10 
patients had normal values, while the blood pressure values 
of 3 patients were unavailable. Details about the definition of 
the clinical symptoms and cardiovascular risk factors can be 
found in the Table S1.

2.3   |   Brain MRI Acquisition and Analysis

Among the 190 patients with CADASIL, 128 patients had un-
dergone a 3.0 Tesla scanner. T1-weighted imaging (T1WI), T2-
weighted imaging (T2WI), fluid attenuation inversion recovery 
(FLAIR), and susceptibility-weighted imaging (SWI) were ob-
tained. One experienced neuroradiologist, blinded to clinical 
data, reviewed all the images. WMH, Lacunes of presumed vas-
cular origin (abbreviated as lacunes in the following), CMBs, 
and perivascular space (PVS) were identified according to the 
neuroimaging standards for research into small vessel disease 
[19]. The severity of WMH in the periventricular and deep white 
matter was evaluated by the Fazekas scale [20]. The number of 
lacunes in the cerebral lobes (including frontal, parietal, occip-
ital, and temporal lobes), infratentorial, and basal ganglia was 
counted by using FLAIR images [21]. PVS at the basal ganglia 
and centrum semiovale was assessed on axial T2WI with a 4-
point rating scale (grade 0 = no PVS, grade 1 = < 11 PVSs, grade 
2 = 11–20 PVSs, grade 3 = 21–40 PVSs, grade 4 = more than 40 
PVSs) [22]. CMBs were evaluated by the Microbleed Anatomical 
Rating Scale (MARS) [23]. We assess the global burden of SVD 
by counting the presence of each of the four MRI features [24].

2.4   |   Genetic Analysis

DNA was extracted from patient peripheral blood samples. PCR 
and Sanger sequencing were performed on exons 3–6, 11–12, 
and 18–19 of the NOTCH3 gene. Patients who tested negative 
for NOTCH3 gene hotspot mutations but had a CADASIL score 
≥ 15 [25] received testing of all 33 exons of the NOTCH3 gene 
using Sanger sequencing or targeted next-generation sequenc-
ing. Missense mutations that lead to the gain or loss of a cys-
teine residue in one of the 34 epidermal growth factor-like 
repeat (EGFR) domains of the notch3 protein were identified 
(Table S2). Additionally, genotyping of ε2/ε3/ε4 variants in the 
APOE gene was conducted.

2.5   |   Statistical Analysis

Variables conforming to a normal distribution were expressed 
as mean ± SD, and independent sample Student's t-tests were 
used. Variables that did not conform to a normal distribution 
were expressed using the median (interquartile range), and the 
Mann–Whitney U test was used. Count data were expressed as 
percentages, and comparisons between two groups were per-
formed using the chi-square test or a continuously corrected 
chi-square test. We applied logistic regression models to esti-
mate the impact of the p.R544C mutation on ICH and calculated 
the odds ratio (OR) and 95% confidence interval (CI). Age, sex, 
hypertension, lacunes, and total SVD score were adjusted in the 
multivariate analysis [9, 26, 27]. All statistical analyses were 
performed in SPSS (version 25.0). Two-sided p < 0.05 was con-
sidered statistically significant.

3   |   Results

3.1   |   Comparison of Demographic and  
Cerebrovascular Risk Factors Between ICH Group 
and Non-ICH Group

Patients in the ICH group were older than those in the non-ICH 
group (59.4 ± 8.4 vs. 55.2 ± 10.9, p = 0.020). The ICH group had 
a significantly higher prevalence of hypertension (69.8% vs. 
30.6%, p < 0.001) and diabetes (25.6% vs. 8.2%, p = 0.002) com-
pared to the non-ICH group. Additionally, the proportion of pa-
tients with the p.R544C mutation was higher in the ICH group 
than in the non-ICH group (93.0% vs. 61.9%, p < 0.001). There 
were no significant differences between the two groups in anti-
thrombotic therapy (35.9% vs. 35.7%, p = 0.901) and APOE gen-
otype. There was no significant difference in the prevalence of 
ischemic stroke (39.5% vs. 52.4%, p = 0.138), cognitive dysfunc-
tion (81.4% vs. 76.2%, p = 0.473), psychiatric disorders (16.3% 
vs. 17.0%, p = 0.911), and migraine (7.0% vs. 10.2%, p = 0.734) 
between the ICH group and the non-ICH group (Table 1).

In subgroup analysis, we excluded patients with hyperten-
sion. The ICH group had a significantly higher prevalence of 
diabetes than the non-ICH group (30.8% vs. 4.9%, p = 0.006). 
The ICH group also had a higher carriage rate of the p.R544C 
mutation than the non-ICH group (84.6% vs. 51.0%, p = 0.022) 
(Table S3).

3.2   |   Comparison of Neuroimaging Characteristics 
Between ICH Group and Non-ICH Group

A total of 128 participants had heme-sensitive MRI sequences. 
The ICH group had a higher incidence of CMBs in brain 
lobes (78.9% vs. 45.6%, p < 0.001), brainstem (68.4% vs. 36.7%, 
p = 0.001), cerebellum (52.6% vs. 20.0%, p < 0.001), basal ganglia 
region (78.9% vs. 27.8%, p < 0.001), thalamus (86.8% vs. 46.7%, 
p < 0.001), and deep periventricular white matter (DPWM) 
(26.3% vs. 11.1%, p = 0.030) than the non-ICH group. The ICH 
group had a higher prevalence of lacunes than the non-ICH 
group (97.4% vs. 80.0%, p = 0.012). Compared to the non-ICH 
group, the ICH group had a higher total SVD score (median 
[IQR]; 4 [3–4] vs. 3 [2–4] p = 0.002) (Table 2).
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In subgroup analysis, we excluded patients with hypertension. 
The ICH group had a higher incidence of CMBs in the basal gan-
glia region (58.3% vs. 23.3%, p = 0.037) and thalamus (75.0% vs. 
38.3%, p = 0.020) than the non-ICH group (Table S4).

3.3   |   Factors Associated With ICH in Patients With 
CADASIL

In model 1, after adjusting for age, hypertension, and diabetes, 
the p.R544C mutation (adjusted odds ratio [aOR] 6.660; 95% CI, 
1.383–32.080; p = 0.018) and hypertension (aOR 2.485; 95% CI, 
1.023–6.038; p = 0.045) were independently associated with ICH. 
In model 2, after adjusting for age, hypertension, diabetes, and 
Presence of lacunes in the whole brain, the p.R544C mutation 
(aOR 7.240; 95% CI, 1.496–35.033; p = 0.014) was independently 
associated with ICH. In model 3, after adjusting for age, hyper-
tension, diabetes, and total SVD score, the p.R544C mutation 
(aOR 6.390; 95% CI, 1.308–31.225; p = 0.022) and total SVD score 
(aOR 1.731; 95% CI, 1.003–2.990; p = 0.049) were independently 
associated with ICH (Table 3).

3.4   |   ICH Characteristics of Patients With 
CADASIL

Of the 43 patients with CADASIL who had ICH lesions, 40 
(93.0%) patients harbored the p.R544C mutation, and 3 (7.0%) 
patients harbored the other mutations (p.R182C, p.C457S, 
p.R607C). 10 of the 43 patients had two or more ICH lesions, 
and all of them harbored the p.R544C mutation. Among the 
190 CADASIL patients in the cohort, 21 had ICH as their first 
clinical manifestation (Table S5). A total of 62 ICH lesions were 
recorded, of which 27 were asymptomatic. The most common 
asymptomatic ICH lesions were in the basal ganglia (37.0%), 
followed by the thalamus (29.6%), temporal lobe (14.8%), frontal 
lobe I (7.4%), occipital lobe (3.7%), brainstem (3.7%), and periven-
tricular (3.7%). According to brain regions, deep ICH lesions were 
the most common (74.2%), followed by the cerebral lobe (16.1%), 
and the least common was infratentorial (9.7%). According to 
the specific location, thalamic ICH lesions were the most com-
mon (40.3%), followed by basal ganglia (32.3%), temporal lobe 
(8.1%), cerebellum (4.8%), brainstem (4.8%), parietal lobe (3.2%), 
frontal lobe (3.2%), occipital lobe (1.6%), and paraventricular 
(1.6%) (Table S6). For patients without hypertension, thalamic 
ICH lesions were the most common (35.3%), followed by basal 
ganglia (23.5%), temporal lobe (5.9%), cerebellum (5.9%), brain-
stem (5.9%), parietal lobe (5.9%), frontal lobe (11.8%), occipital 
lobe (5.9%), and paraventricular (0%) (Table S7).

We enrolled patients with sporadic CSVD who had similar cere-
brovascular disease prevalence and white matter hyperinten-
sity severity. Patients with the p.R544C mutation had a higher 
prevalence of ICH than patients with sporadic CSVD (35.9% vs. 
18.2%, p = 0.006) (Table 4).

4   |   Discussion

The present study demonstrated that up to 22.6% (43 of the 190) 
CADASIL patients had ICH. There were three major findings 
from our study. First, in southeastern coastal China, ICH is a 
common clinical presentation in CADASIL patients. Second, we 
mainly revealed the association between the p.R544C mutation 
and ICH. This novel cysteine-altering NOTCH3 genotype–phe-
notype association enriches the concept of pro-hemorrhagic 

TABLE 1    |    Comparison of demographic and cerebrovascular risk 
factors in CADASIL patients with and without ICH lesions.

ICH (N = 43)
Non-ICH 
(N = 147) p

Male, n (%) 26 (60.5) 79 (53.7) 0.435

Age at 
examination, 
mean (SD), ya

59.4 (8.4) 55.2 (10.9) 0.020

Proband, n (%) 39 (90.7) 127 (86.4) 0.455

p.R544C 
mutation, n (%)

40 (93.0) 91 (61.9) < 0.001

Vascular risk factors, n (%)

Hypertension 30 (69.8) 45 (30.6) < 0.001

Diabetes 11 (25.6) 12 (8.2) 0.002

Dyslipidemia 27 (62.8) 72 (49.0) 0.111

Ever-smoking 22 (51.2) 54 (36.7) 0.089

Alcohol 
consumption

14 (32.6) 40 (27.2) 0.494

Family history, 
n (%)

35 (81.4) 99 (67.3) 0.076

Clinical manifestation

Ischemic stroke 17 (39.5) 77 (52.4) 0.138

Cognitive 
dysfunction

35 (81.4) 112 (76.2) 0.473

Psychiatric 
disorders

7 (16.3) 25 (17.0) 0.911

Migraine 3 (7.0) 15 (10.2) 0.734b

APOE genotyping, n (%)

APOE ε2/ε3 4 (9.3) 16 (10.9) 0.804c

APOE ε2/ε4 0 (0) 1 (0.7)

APOE ε3/ε3 33 (76.7) 110 (74.8)

APOE ε3/ε4 5 (11.6) 19 (12.9)

APOE ε4/ε4 1 (2.3) 1 (0.7)

Antithrombotic 
drug, n (%)

15 (35.7) 46 (35.9)d 0.901

Note: Data are presented as mean (standard deviation) or number (percent).
Abbreviations: APOE ε2/ε3, apolipoprotein E ε2/ε3 allele; APOE ε2/ε4, 
apolipoprotein E ε2/ε4 allele; APOE ε3/ε3, apolipoprotein E ε3/ε3 allele; APOE 
ε3/ε4, apolipoprotein E ε3/ε4 allele; APOE ε4/ε4, apolipoprotein E ε4/ε4 allele; 
ICH, intracerebral hemorrhage.
aAge at examination was defined by the time of data collection.
bUsing Chi-squared test with Yates' continuity correction.
cUsing Fisher's exact test.
d128 patients in the non-ICH group provided information on the use of 
antithrombotic medications.
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CADASIL. Third, hypertension and total SVD score were asso-
ciated with ICH lesions.

We found that 22.6% of patients with CADASIL had ICH lesions 
in southeastern coastal China. Similarly, ICH was identified in 
21.3% of the Chinese Taiwan patients with CADASIL [10]. In 
a study from Korea, there were 17% of patients with CADASIL 
who had ICH [9]. ICH is a common clinical manifestation of 
CADASIL in East Asia. Our study suggested that physicians 
should consider the possibility of CADASIL even in patients with 
ICH. Interestingly, all these studies came from areas where the 
p.R544C variant was prevalent. However, a study of 214 Chinese 
patients with CADASIL found that the prevalence of ICH was 
only 3%, which may be related to the fact that the p.R544C mu-
tation accounted for only 15.48% in the study [28]. The p.R544C 
mutation, an East Asian-specific genotype [29] was previously 

considered a potential risk mutation for ICH. However, a clear 
association has not been established, possibly due to the insuf-
ficient number of non-p.R544C mutation patients in Chinese 
Taiwan and Jeju Island, which makes it difficult to observe this 
association.

Studies have revealed that the phenotype of CADASIL is asso-
ciated with the NOTCH3 gene genotype [30–32]. The R544C 
mutation is located at the boundary of EGFR 13 and EGFR 14, 
distinguishing it from other NOTCH3 mutations [17]. CADASIL 
mutations result in the loss or gain of a cysteine residue, caus-
ing an odd number of cysteine residues within an EGF domain 
[33]. Previous research suggested that the deposition of NOTCH3 
extracellular domain (N3ECD) was due to unpaired sulfhydryl 
groups [34]. The NOTCH3 p.R544C mutation of cysteine resi-
due between EGFR 13 and EGFR 14 could have a partially free 

TABLE 2    |    Comparison of CSVD MRI Markers in CADASIL patients with and without ICH Lesions.

ICH (n = 38) Non-ICH (n = 90) p

Presence of CMBs, n (%)

Lobar 30 (78.9) 41 (45.6) < 0.001

Brain stem 26 (68.4) 33 (36.7) 0.001

Cerebellum 20 (52.6) 18 (20.0) < 0.001

Basal ganglia region 30 (78.9) 25 (27.8) < 0.001

Thalamus 33 (86.8) 42 (46.7) < 0.001

Callosum 1 (2.6) 0 (0) 0.297b

DPWM 10 (26.3) 10 (11.1) 0.030

Fazekas scale of WHM, median (IQR)

Periventricular 2.5 (2–3) 2 (2–3) 0.545

Deep 3 (2–3) 2 (2–3) 0.229

Total score 5 (4–6) 4.5 (3.75–6) 0.336

Lacunes

Number of lacunes, median (IQR) 7 (3–12.25) 6.5 (1–16) 0.712

Moderate-to-severe lacunes, n (%)a 22 (57.9) 53 (58.9) 0.917

Presence of lacunes, n (%)

Whole Brain 37 (97.4) 72 (80.0) 0.012

Lobar 33 (86.8) 65 (72.2) 0.074

Subtentorial 8 (23.7) 20 (22.2) 0.857

Basal ganglia 30 (78.9) 55 (61.1) 0.051

Moderate-to-severe EPVS, n (%)

Basal ganglia 29 (76.3) 59 (65.6) 0.230

Centrum semiovale 21 (55.3) 60 (66.7) 0.221

Total SVD score, median (IQR) 4 (3–4) 3 (2–4) 0.002

Note: Data are presented as number (percent) or median (interquartile range).
Abbreviations: CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; DPWM, deep periventricular white matter; EPVS, enlarged perivascular space; 
EPVS, enlarged perivascular space; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; NA, not applicable; WHM, white matter hyperintensity.
aThe grades of the lacunes were grouped as being absent, mild (1–3), moderate (4–10), or severe (> 10). Moderate-to-severe lacunes refer to the number of lacunes more 
than 4.
bUsing Fisher's exact test.
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cysteine thiol leading to the acquisition of the aggregation prop-
erty, which was lower than that of the conventional mutation with 
a completely free cysteine thiol [17]. In Alzheimer's disease and 
cerebral amyloid angiopathy, soluble amyloid-β oligomers inflict 
greater damage on cerebral vascular walls compared to insoluble 
amyloid-β aggregates [35]. Given the lower aggregation property 
in patients with the p.R544C mutation, Soluble or non-aggregated 
forms of N3ECD in the extracellular matrix may exert greater tox-
icity on vascular cells than aggregated forms, potentially result-
ing in microvascular rupture. We speculate that the hemorrhagic 
phenotype of patients with the p.R544C mutation is related to the 
unique EGFR domain where this mutation is located.

Consistent with previous study [10], we found that hypertension 
is a risk factor for ICH in CADASIL. Hypertension as a risk fac-
tor for spontaneous ICH [36, 37] is an important modifier for the 
disease severity of CADASIL patients [38]. A key pathological 
hallmark of hypertension is structural and functional changes 
in small arteries [39]. The NOTCH3 mutation typically causes 
damage to small arterial smooth muscle cells [40]. Several stud-
ies of patients hospitalized with a diagnosis of ICH have reported 
that antihypertensive therapy reduces the recurrence rate of ICH 
[41–43]. We found that CADASIL ICH lesions are mainly lo-
cated in the thalamus, followed by the basal ganglia. Consistent 
with our study, ICH in CADASIL mostly occurred in deep brain 

regions including the thalamus and basal ganglia [10]. Our study 
showed that the thalamus was also the most common location of 
ICH, followed by the basal ganglia for CADASIL patients without 
hypertension. The common sites of CADASIL ICH are similar 
to those of hypertensive ICH, both of which involve deep perfo-
rating arterioles, suggesting that their downstream pathogenic 
mechanisms may be similar. We speculated that CADASIL muta-
tions may damage deep perforating arterioles similarly to hyper-
tension. Given that both hypertension and the NOTCH3 mutation 
damage deep perforating arterioles, blood pressure control may 
need to be more intensive in CADASIL patients with ICH.

The present study found a higher total SVD score in the ICH 
group than in the non-ICH group. Consistent with our study, a 
study from Chinese Taiwan also found it [10]. Patients with a 
higher SVD score have a greater risk of ICH and should be more 
cautious in taking antithrombotic or anticoagulation measures. 

TABLE 3    |    Factors Associated with ICH in Patients with Cerebral 
Autosomal Dominant Arteriopathy with Subcortical Infarcts and 
Leukoencephalopathy.

All patients (N = 128)

pOR (95% CI)

Model 1

Age at examination, y 1.026 (0.982–1.072) 0.259

p.R544C mutation 6.660 (1.383–32.080) 0.018

Hypertension 2.485 (1.023–6.038) 0.045

Diabetes 2.701 (0.945–7.721) 0.064

Model 2

Age at examination, y 1.022 (0.976–1.070) 0.358

p.R544C mutation 7.240 (1.496–35.033) 0.014

Hypertension 2.345 (0.948–5.801) 0.065

Diabetes 2.456 (0.838–7.197) 0.101

Presence of lacunes 
in whole brain

6.935 (0.827–58.169) 0.074

Model 3

Age at examination, y 1.013 (0.968–1.061) 0.576

p.R544C mutation 6.390 (1.308–31.225) 0.022

Hypertension 2.164 (0.861–5.439) 0.101

Diabetes 2.464 (0.833–7.289) 0.103

Total SVD score 1.731 (1.003–2.990) 0.049

Abbreviations: CI, confidence interval; CSVD, cerebral small vessel disease; 
ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; OR, odds 
ratio.

TABLE 4    |    Comparison of ICH prevalence between CADASIL 
patients with p.R544C mutation and sCSVD patients.

Variable

p.R544C 
mutation 
(N = 92)

sCSVD 
(N = 99) p

Male, n (%) 50 (54.3) 64 (64.6) 0.147

Age of 
examination, mean 
(SD), ya

60.3 (9.6) 63.6 (10.4) 0.025

Vascular risk factors, n (%)

Hypertension 56 (60.9) 69 (69.7) 0.200

Diabetes mellitus 16 (17.4) 19 (19.2) 0.748

Dyslipidemia 56 (60.9) 53 (55.2)b 0.432

Smoking 39 (42.4) 40 (40.4) 0.781

Alcohol 
consumption

26 (28.3) 27 (27.6)c 0.913

Intracerebral 
hemorrhage, n (%)

33 (35.9) 18 (18.2) 0.006

Family history of 
ICH, n (%)

17 (18.5) 0 (0) < 0.001

Fezkas score, 
median (IQR)

5 (4–6) 5 (4–6) 0.191

Deep Fazekas scale, n (%)

2 score 40 (43.5) 52 (52.5) 0.211

3 score 52 (56.5) 47 (47.5) 0.211

Periventricular Fazekas scale, n (%)

2 score 35 (38.0) 46 (46.5) 0.239

3 score 57 (62.0) 53 (53.5) 0.239

Note: Data are presented as mean (standard deviation), median (interquartile 
range) or number (percent).
Abbreviations: ICH, intracerebral hemorrhage; sCSVD, sporadic cerebral small 
vessel disease.
aAge at examination was defined by the time of data collection.
b3 patients with sCSVD missing blood lipid data.
c1 patients with CSVD are missing alcohol consumption data.
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A study revealed that CADASIL patients with ICH had worse 
outcomes than those with ischemic stroke [11]. The Rotterdam 
study found that participants with a higher SVD score had a 
much greater risk for stroke, dementia, and mortality during fol-
low-up [44]. CADASIL patients with ICH probably had a greater 
burden of vasculopathy.

Our study has limitations that should be considered when in-
terpreting the findings. First, the estimation of the prevalence 
of hypertension and ICH in CADASIL is suboptimal, owing to 
the retrospective study design. Prospective studies would be 
needed to establish causal relationships between the p.R544C 
mutation and ICH. Second, the two-stage gene sequencing 
used in the present study could have missed the patients in 
the first step, although it should be noted that we examined all 
NOTCH3 exons for those patients whose CADASIL scale score 
was over 15. In addition, 96.8% of the CADASIL patients in 
our study were diagnosed by the first step, a finding consistent 
with previous studies [28]. Finally, not all CADASIL patients 
underwent the heme-sensitive sequences, which could have 
introduced bias.

In conclusion, ICH is a common clinical manifestation of 
CADASIL patients in southeast coastal China. Hypertension, 
total SVD score, and the p.R544C mutation are associated with 
CADASIL ICH.
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