

[image: image1]
Intracranial Large Artery Abnormalities and Association With Cerebral Small Vessel Disease in CADASIL












	
	ORIGINAL RESEARCH
published: 18 August 2020
doi: 10.3389/fneur.2020.00726






[image: image2]

Intracranial Large Artery Abnormalities and Association With Cerebral Small Vessel Disease in CADASIL

Chen Zhang1, Wei Li1, ShaoWu Li2, SongTao Niu1, XinGao Wang1, Xueying Yu1 and ZaiQiang Zhang1*


1Department of Neurology, China National Clinical Research Center for Neurological Diseases, Beijing Tiantan Hospital, Capital Medical University, Beijing, China

2Department of Neuroimaging, Beijing Neurosurgical Institute, Beijing Tiantan Hospital, Capital Medical University, Beijing, China

Edited by:
Ayrton R. Massaro, Hospital Sírio-Libanês, Brazil

Reviewed by:
Giuseppe Reale, Catholic University of the Sacred Heart, Italy
 Anne Joutel, Institut National de la Santé et de la Recherche Médicale (INSERM), France

*Correspondence: ZaiQiang Zhang, zzhang2016@126.com

Specialty section: This article was submitted to Stroke, a section of the journal Frontiers in Neurology

Received: 20 November 2019
 Accepted: 15 June 2020
 Published: 18 August 2020

Citation: Zhang C, Li W, Li S, Niu S, Wang X, Yu X and Zhang Z (2020) Intracranial Large Artery Abnormalities and Association With Cerebral Small Vessel Disease in CADASIL. Front. Neurol. 11:726. doi: 10.3389/fneur.2020.00726



Background and objective: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is an inherited systemic arteriopathy, the classic feature of which is small vessel lesions. Studies on intracranial large arteries in CADASIL are not common. We aim to evaluate intracranial large arteries, describing the characteristics of large arteries in CADASIL and their association with cerebral small vessel associated lesions.

Methods: Consecutive CADASIL patients from a single-center prospective cohort were analyzed. Brain magnetic resonance imaging and magnetic resonance angiography were performed to assess the intracranial large arteries and cerebral small vessels associated lesions' neuroimaging.

Results: The study included 37 CADASIL patients. Of the patients, 28 of them (75.7%) had intracranial large artery abnormalities. Eighteen (48.6%) had congenital variations such as fenestration, vertebral artery (VA) hypoplasia and agenesis, or common trunk and fetus posterior cerebral artery. Seventeen (45.9%) had acquired anomalies such as arterial stenosis, prolongation, or tortuosity (seven of them had both congenital and acquired anomalies). CADASIL patients with anterior circulation middle cerebral artery (MCA) or internal cerebral artery (ICA) severe stenosis were more likely to have ipsilateral asymmetric white matter hyper-density (WMH) distribution. Patients with posterior circulation VA hypoplasia had a higher prevalence of posterior subcortical zone dominant WMH distribution.

Conclusion: CADASIL patients can demonstrate various intracranial large artery abnormalities which might influence the development of microangiopathy. Assessment of great vessels seems essential in CADASIL.

Keywords: CADASIL, NOTCH3, cerebral small vessel disease, intracranial large artery, WMH


INTRODUCTION

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is an inherited systemic arteriopathy caused by mutations of the NOTCH3 gene (1). The arteriopathy is characterized by thickening of the arterial wall, deposits of granular osmiophilic material (GOM), and degeneration of smooth-muscle cells (SMCs) (2). Central nervous system disorders and cerebral small vessel associated neuroimaging abnormalities are common characteristics of CADASIL. However, studies on the characteristics of intracranial large vessels in CADASIL are rare. Whether great vessels play a role in the pathophysiology of cerebral small vessel disease (SVD), and the relationship between great vessels and small vessels in CADASIL, remains unclear. In this study, we describe the intracranial large artery abnormalities and the association of cerebral large artery and SVD-related imaging in a series of CADASIL patients.



METHODS


Study Population

We analyzed the data from a series of 46 consecutive patients admitted to Beijing Tiantan Hospital with a genetically or pathologically confirmed diagnosis of CADASIL between 2014 and 2018. The genetic or pathological screening was triggered in suspected cases with marked leukoencephalopathy on neuroimaging and at least one of the following: young age of stroke onset, migraine with aura, cognitive decline, gait disturbance, and/or family history of ischemic stroke or cognitive dysfunction. Only those who were over 18 years old were included. Nine patients without magnetic resonance angiography (MRA) were excluded, which left 37 patients in the case series. We also recruited 38 controls in patients with sporadic small vessel disease, matched for age and gender.



Clinical Data

Collected data included demographics (age, sex) and vascular risk factors (hypertension, smoking, hyperlipidemia, and diabetes mellitus). Hypertension was defined as previous diagnosis of high blood pressure (>140/90 mmHg) or use of antihypertensive treatment. Smoking was recorded as present in the case of current or previous history. Hyperlipidemia and diabetes were defined as previous diagnoses or current use of antihyperlipidemic and antidiabetic drugs, respectively.



Standard Protocol Approvals, Registrations, and Patient Consent

This study was performed with approval from and in accordance with the guidelines of the Ethics Committee of Beijing Tiantan Hospital, and informed consent was obtained from all patients or their families.



Neuroimaging Acquisition and Analysis

Images were obtained using a 3.0T magnetic resonance imaging (MRI) scanner (Magnetom Trio Tim; Siemens) and included whole brain T2-weighted images (repetition time [TR]/echo time [TE] 4,500/94 ms, 5 mm slice thickness, 1.5 mm interslice gap), fluid-attenuated inversion recovery (FLAIR; TR/TE 9,000/81 ms, inversion time [TI] 2,500 ms, 5 mm slice thickness, 1.5 mm interslice gap), sagittal T1-weighted images (TR/TE 2300/2.3 ms, 1 mm slice thickness, 0 mm interslice gap), and susceptibility-weighted imaging (SWI); repetition time [TR]/echo time [TE] 29/20 ms, 1.2 mm slice thickness, 0 mm interslice gap). Magnetic resonance angiography (MRA) was performed using the 3D TOF technique (TR 22 ms, TE 3.5 ms), 600 um slice thickness.

MRA was performed to assess intracranial large arteries including the internal carotid artery (ICA), middle cerebral artery (MCA), anterior cerebral artery (ACA), vertebral artery (VA), basilar artery (BSA), and posterior cerebral artery (PCA). VA hypoplasia was defined as a diameter ≤ 2 mm (3) involving the unilateral or bilateral artery, or an artery thinner than the other side. BSA elongation was defined as the height of bifurcation above the dorsum sellae (4); BSA tortuosity is assessed using a laterality score (0–3 score, higher score indicates more severe tortuosity) (4). We used a dichotomized classification of normality (0 score) and tortuosity (1–3 score).

Axial T2 and FLAIR were performed for WMH detection. We applied Fazekas Scale to assess the severity of WMH (5). MRIcro was used for computer-assisted determination of WMH volume (6, 7). Periventricular (PV) white matter hyperintensity (WMH), which touches the ventricles, was analyzed (8). We defined and visually assessed three different WMH patterns on FLAIR MRI (Figure 2). These included a symmetric pattern-WMH that was distributed symmetrically, a left-right asymmetric pattern-WMH that was located predominantly in one side, and an anterior-posterior asymmetric pattern-WMH that was predominantly in contact with the posterior bilateral ventricular horns (the posterior WMH volume was larger than the anterior WMH).

Enlarged perivascular spaces (EVPS) were assessed in the basal ganglia and centrum semiovale on axial T2-weighted imaging, using a 4-point visual rating scale (0 = no EPVS, 1 = < 10 EPVS, 2 = 11–20 EPVS, 3 = 21–40 EPVS, and 4 = >40 EPVS) (8–11). We used a dichotomized classification of EPVS in accordance with previous studies (8, 11, 12). Total SVD score [An ordinal “SVD score” (range 0–4)] which combines individual MRI feature (WMH, CMBs, PVS and lacunes) of SVD to capture the “total SVD burden” was assessed (13).

All MRI analyses for the presence, site, number, and size of the lesions (WHM, lacuna, perivascular space, and microbleeds) were assessed in line with the Standards for Reporting Vascular Changes on Neuroimaging (STRIVE) recommendations (14) by two investigators independently-blinded to clinical and genetic information. The concordance was studied and any divergence was reviewed by a third expert neuroradiologist. The kappa value of interrater agreement was 0.79 for the left-right asymmetric pattern (p < 0.01) and 0.81 for the anterior-posterior asymmetric pattern (p < 0.01).



Statistics

The statistical analysis was conducted using SPSS version 22.0 software. Continuous variables were compared using t-test or the Mann-Whitney U-test. Categorical variables were compared using Fisher's exact test. Demographic, clinical, and neuroimaging characteristics of CADASIL with cerebral large artery stenosis and those without stenosis were compared, using 2-sample t-test, Mann-Whitney U-test, and Fisher's exact test as appropriate. The frequency of WMH distribution in CADASIL patients with cerebral large artery involvement was compared by a Fisher's exact test. A two-sided p < 0.05 was considered to be statistically significant.




RESULTS


Baseline Characteristics and Frequency of Abnormal Intracranial Large Artery in CADASIL

Characteristics of the study population are presented in Table 1. The study included 37 CADASIL patients in total. There were 17 males and 20 females aged 47.5 ± 9.7. A total of 28 of the 37 patients in the study (75.7%) had intracranial large artery abnormalities (Table 1, Figure 1). Eighteen (48.6%) patients had congenital variations and 17 (45.9%) patients had acquired anomalies (seven of whom had both congenital and acquired anomalies). The congenital variations consisted of basilar artery (BSA) fenestration [n = 4 of 37, (10.8%)], vertebral artery (VA) hypoplasia [n = 12 of 37, (32.4%)], VA agenesis [n = 2 of 37, (5.4%)], anterior cerebral artery (ACA) shares common trunk [n = 2 of 37, (5.4%)], and fetal posterior cerebral artery [FPCA, n = 3 of 37, (8.1%)]. The acquired anomalies included artery stenosis [n = 8 of 37, (21.6%)], tortuosity [n = 13 of 37, (35.1%)], and prolongation [n = 1 of 37, (2.7%)] (Table 1). Sixteen (43.2%) patients harbored more than one type of intracranial large artery abnormality; the distribution of the involved artery was shown in Figure 2. Among the CADASIL patients with cerebral arterial stenosis (n = 8), the anterior circulation was involved in five; the posterior circulation in one and two had both anterior and posterior circulation affected. Only one of them was symptomatic. Two patients had severe arterial stenosis; the other six patients had mild stenosis. In the control group, 19 of 38 (50.0%) patients had intracranial large artery abnormalities; only FPCA or ACA shares common trunk had significant difference (13.5% vs. 0.0, p = 0.025, Table 2). We can also see that control patients had a much higher rate of risk factors for SVD with statistically significant differences regarding high blood pressure, smoking, and diabetes (Table 2).


Table 1. Principal characteristics of the CADASIL patients in this study.
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Table 2. Comparison of demographic and neuroimaging characteristics between CADASIL and leukoaraiosis without genetic SVD.
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FIGURE 1. Different types of intracranial large artery abnormalities of CADASIL. The figure shows different congenital variations including the congenital variations (VA hypoplasia, ACA shares common trunk, FPCA, VA agenesis, and basilar artery fenestration) and acquired anomalies (artery prolongation and tortuosity) observed among patients with CADASIL in our study. Only stenosis is not demonstrated in this figure. (A) BA prolongation. (B) Internal carotid artery tortuosity. (C) VA hypoplasia. (D) ACA shares common trunk and FPCA. (E) VA agenesis. (F) BA fenestration. ACA, Anterior cerebral artery; BA, Basilar artery; FPCA, Fetal posterior cerebral artery; VA, Vertebral artery.
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FIGURE 2. Abnormal intracranial large artery findings and its spectrum of CADASIL. (A) In total, 50 intracranial large artery abnormalities including stenosis (n = 13), tortuosity (n = 13), prolongation (n = 1), hypoplasia (n = 12), agenesis (n = 2), fenestration (n = 4), common stem (n = 2), and FPCA (n = 3) were detected in 28 patients, with 16 patients (43.2%) harboring more than one type of intracranial large artery abnormality. (B) Shows the distribution of the involved artery. The number was counted according to the involved artery. ACA, Anterior cerebral artery; BA, Basilar artery; FPCA, Fetal posterior cerebral artery; ICA, internal carotid artery; MCA, middle cerebral artery; PCA, fetal posterior cerebral artery; VA, vertebral artery.




Comparison of Abnormal and Normal Intracranial Large Arterial in CADASIL

We also compared in the CASADIL group patients with and without abnormal intracranial large arteries. The mean age of patients with abnormal intracranial large arteries was 46.6 ± 10.7, compared to 50.3 ± 5.6 for patients with normal MRA (p = 0.190). There were no significant differences in sex, cerebral vascular risk factors, clinical characteristics, and small vessel related imaging characteristics. The comparison of patients with intracranial large artery stenosis (n = 8) and without (n = 29) were compared; we found a higher percentage of male patients in the group with stenosis (7/8, 87.5%) than in the group without stenosis (10/29, 34.5%, p = 0.014). Patients with stenosis also had a higher presence of lacunes (p = 0.032), and a higher number of lacunes (p = 0.036), compared to the group without senosis (Table 3).


Table 3. Comparison of demographic, clinical, and neuroimaging characteristics between intracranial large artery stenosis and non-stenosis CADASIL patients.
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WMH Distribution in CADASIL With Abnormal Intracranial Large Artery

The WMH distribution between patients with intracranial large artery stenosis of anterior circulation and those without stenosis showed that patients with ICA or M1 segment of MCA stenosis were more likely to have unilateral asymmetric WMH distribution [Figures 3, 4, p = 0.032, OR = 27.73, CI (1.17–660.10)], and the degree of stenosis was ≥50%. The WMH distribution between patients with vertebral artery hypoplasia and those without was compared; patients with VA hypoplasia had a higher prevalence of posterior periventricular WMH distribution [Figures 3, 4, p = 0.006, OR = 10.27, CI (1.52–15.58)].


[image: Figure 3]
FIGURE 3. Large artery disorders and WMH distribution of CADASIL. (A) Normal intracranial large artery and symmetric WMH distribution. (B) MRA showed right MCA horizontal segment severe stenosis. Asymmetric WMH was seen on FLAIR, predominantly located in the right side, presenting with unilateral dominant WMH pattern (left-right asymmetric pattern). (C) MRA demonstrated VA hypoplasia. FLAIR displayed asymmetric WMH distribution, mainly in the posterior horn of the bilateral ventricle, presenting with a posterior WMH pattern (anterior-posterior asymmetric pattern).
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FIGURE 4. Association of intracranial large artery abnormality and WMH distribution. (A) CADASIL patients with unilateral ICA or M1 segment of MCA stenosis have a higher prevalence of ipsilateral dominant WMH pattern (WMH left-right asymmetry). (B) CADASIL patients with VA hypoplasia are more likely to have posterior zone dominant WMH pattern (WMH anterior-posterior asymmetry).





DISCUSSION

Our preliminary results suggest that patients with CADASIL may demonstrate various intracranial large artery abnormalities, including congenital variations (basilar artery fenestration, VA hypoplasia or agenesis, ACA shares common trunk, and FPCA) and acquired anomalies (stenosis, tortuosity, and prolongation). The group with intracranial large artery stenosis had a higher rate of lacunes at MRI. In addition, CADASIL patients present with an asymmetric WMH pattern may be associated with corresponding intracranial large artery disorders.

Intracranial arterial variants are frequent findings in the general population (15). Although a majority of the variations have little significant clinical impact, some may predispose individuals to the development of aneurysms or ischemic stroke (15, 16). Arterial fenestration has been identified in 10.5% of angiographic studies (17), the frequency of basilar artery fenestration was 2.5% (17) and about 5% in a post-mortem study (18). In our study, the frequency of arterial fenestration was 10.8% and all the locations were basilar arteries; although, this high rate among patients with CASADIL did not reach statistical significance when compared with control (p = 0.200). The reason for the relatively higher percentage of basilar artery fenestration may be attributed to the different study population and the ethnicity. Jong-Ho Park et al. (3) reported the incidence of hypoplastic vertebral artery to be 26.5% in a normal group and 35.2% in patients with ischemic stroke; our prevalence (27%) was consistent with that of the normal population. A previous study showed the frequency of vertebral artery agenesis was 3.4% (19) in healthy patients and 4.6% in asymptomatic people (20), similar to the 5.4% found in the current study. The prevalence of the absence of A1 segment (ACA shares common trunk) was reported to be 1–2% in a microsurgical anatomical study (21) and 9% (22) in a retrospective study with patients who underwent carotid and/or cerebral computed tomography angiography (CTA) examinations, and the present observations (5.4%) are compatible with published data. Kovac et al. found the FPCA in 23.3% of a prospectively reviewed study involving patients performing CTA examinations (15). In the present study, the FPCA was detected in 8.1% of the CADASIL patients, which was lower than the previously observed prevalence; this discrepancy might be attributable to the different study population and the ethnicity.

Interestingly, we found a relationship between intracranial large artery abnormality and SVD in CADASIL with a possible influence from the large artery disorders on the distribution of WMH. Generally, the WMH distribution is symmetric in CADASIL (2). Nonetheless, some cases in this study showed asymmetric WMH patterns, which can be divided into two types: left-right and anterior-posterior asymmetric distributions. The unilateral dominant WMH pattern was located in the anterior circulation artery supply area, which is associated with MCA or ICA severe stenosis. The posterior bilateral ventricular dominant WMH pattern was located mostly in the posterior circulation supply area, which is accompanied with VA hypoplasia. These special neuroimaging spatial distribution patterns may be an additional marker of CADASIL patients with intracranial large artery abnormalities.

Although CADASIL with small vessel diseases has been reported worldwide, the features of intracranial large artery involvement is rare. Only a few studies described the prevalence of large artery involvement in CADASIL, and most of them focused on the report of stenosis. A study from Korea revealed large cerebral artery stenosis or agenesis in 12 out of 49 (24.5%) CADASIL patients (23). Another Korean study found that five out 13 (38%) had angiographic abnormalities: three had MCA stenosis, one had distal vertebral artery stenosis, and one had proximal internal carotid artery stenosis and vertebral artery hypoplasia (24). The prevalence of large artery stenosis in our study is eight out of 37 (21.6%), which is similar to the above studies. More studies are warranted to verify the high incidence of large artery involvement (75.7%) observed in our study, and to elucidate the pathology features of the abnormal vessels.

Histologic studies of CADASIL have shown deposition of GOM in the basement membrane of SMCs and degeneration of SMCs (2), which results in the loss of the vasomotor reactivity of small vessel, leading to impaired autoregulation and cerebral hypo-perfusion (24–26). The total blood flow and cerebrovascular reactivity are inversely associated with WMH (26–29). The large artery abnormality (e.g., severe stenosis) may change the hemodynamics and may exacerbate the ipsilateral WMH. Furthermore, one study from Finland demonstrated increased thickness of the wall of white matter arterioles and the presence of stenosis of vascular lumen (30). In addition, the combination of NOTH3 genotype, environmental factors, traditional cerebral vascular risk factors, and ethnicity might contribute to the complexity of CADASIL phenotype.

Our work identifies the characteristics of various intracranial large artery abnormalities, and shows that there is an association between the intracranial large artery and SVD-related imaging markers: patients presenting with an asymmetric WMH pattern may correlate with corresponding intracranial large artery disorders. Intracranial large artery evaluation is necessary in CADASIL but is not confined to small vessels. Due to the small sample size, our findings will need to be further studied, to better understand the mechanism of the vascular pathology and determine whether it is exclusive of the small vessels or a general vascular pathology that affects all kind of vessels with dominant expression in the small vessels. In addition, our small study lacks the hemodynamic exploration needed to assess the impact of different types of arterial abnormalities in patients. Finally this is a cross-sectional study; a prospective follow-up of the CADASIL patients with ICA or MCA stenosis would have increased the significance of the study.
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range; SE, standard error; SVD, small vessel disease; VA, vertebral artery.
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Characteristics CADASIL Control P-value

(h=37) (n=38)

Risk factors
Age attime of study 47597 51377 0.066
entry, y, (mean + SE)
Meale, n (%) 17 (45.9) 20 (52.6) 0.647
Hypertension, n (%) 10(27.0) 31(816) 0.000
Smoking, n (%) 10(27.0) 21(65.3) 0.019
Hyperiipidenia, n (%) 15 (40.5) 12(316) 0.476
Diabetes, n (%) 2(5.4) 8(21.1) 0.086

Large vessels neuroimaging characteristics
Avtery stenosis, n (%) 8(21.6) 4(105) 0222
Tortuosity, n (%) 13(36.1) 8(21.1) 0.206
Prolongation, 1 (%) 1@2.7) 0(0.0) 0.493
BSA fenestration 4(108) 1(2.6) 0.200
VA agenesis, n (%) 2(5.4) 3079 1.000
VA hypoplasia 12 (32.4) 6(15.8) 0.111
FPCA or ACA share 5(18.5) 0(0.0) 0.025
common trunk

WMH characteristics
Fazekas score (IQR) 3(23) 2(2:9) 0.158

ACA, anterior cerebral artery; BSA, basilar artery; CADASIL, cerebral autosomal dominant
with subcortical infarcts and leukoencephalopathy; FPCA, fetal posterior cerebral artery;
IQR, interquartile range; SE, standard error; SVD, smallvessel disease. VA, vertebral artery.
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Characteristics Intracranial Intracranial P-value
large artery large artery
stenosis  non-stenosis
wN=8 (N =29)

Ageattimeof entry year, (mean = 459+32  480+19 0592
SE)

Male, n (%) 7875%)  10(34.5%) 0014
Hypertension, n (%) 2(250%  8(27.6%) 1.000
Diabetes, n (%) 0(0.0%) 2(6.9%) 1.000
Hyperlipidenia, n (%) 1(143%  0(00%) 0233
Smoking, n (%) 4(500%)  6(20.7%) 0.174
Disease duration, year, (median, ~ 5(0.3-16.0) 5 (0.7-29) 0868
range)

Ischemic stroke, n (%) 7(875%)  19(655%) 0391
Number of attacks, (median, range) 2 (0-5) 2(0-5) 0793
MRS, (median, range) 3(1-6) 1(0-6) 0.104
Fazekas score, median (IQR) 3(2-9) 2(2-9) 0.207
Total WMH, ml, median (IQR) 98.5 705 0.327

(54.3-138.8) (37.6-130.4)

Presence of lacune, n (%) 8(100%)  16(552%) 0032
No. of lacuna, median (IGR) 3(2-12) 2(0-5) 0.036
Presence of CMB, n (%) 4(66.7%) 15 (57.7%) 1.000
No. of CMB, median (QR) 4(0-30) 1(0-22) 0724
Presence of EPVS, n (%) 8(100%)  23(742%) 0566
CSO-EPVS (>20), n (%) 3(@75%)  13(44.8%)  1.000
BG-EPVS (>20), n (%) 3@75%  21(724%) 0100
Atrophy, n (%) 5(625%)  16(43.2%) 0254
Total SVD score, (median, range) 43-4) 5(1-4) 0,067

BG, basal ganglia; CSO, centrum semiovale; CADASIL, cerebral autosomal dominant
with subcortical infarcts and leukoencephalopathy; CMB, cerebral microbleeds; EPVS,
enlarged perivascular spaces; IQR, interquartile range; No, number of; SE, standard error;
SVD, small vessel disease; WMH, white matter hyperintensity.
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