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Abstract
Background: Since the advent of magnetic resonance imaging technology, cerebral micro-
bleeds can be diagnosed in vivo. However, the underlying mechanism of cerebral microbleed 
formation is not fully understood. Objectives: This study aimed to identify the factors associ-
ated with cerebral microbleeds after carotid artery stenting (CAS). Method: We retrospec-
tively examined 125 patients who underwent CAS for carotid stenosis. Cerebral microbleeds 
were investigated using T2*-weighted gradient-echo (GRE) imaging before and after CAS. We 
analyzed the possible association of new microbleeds with the following risk factors: the num-
ber of baseline microbleeds and ischemic cerebral lesions, the occurrence of cerebral hyper-
perfusion syndrome, and new ischemic cerebral lesions after CAS. Results: Baseline cerebral 
microbleeds were detected in 53 patients (42.4%). New cerebral microbleeds after CAS were 
observed in 13 of 125 patients (10.4%) and were exclusively associated with new ischemic le-
sions but not with other risk factors. No patient showed a merged image of a new cerebral 
microbleed on GRE imaging or a new ischemic lesion on diffusion-weighted imaging. Lobar 
and deep microbleeds were noted in 12/13 (92.3%) and 1 patient (7.7%), respectively. Of 12 
patients with new microbleeds, 10 (76.9%) and 2 (15.4%) had a new microbleed in the ipsilat-

Received: January 23, 2019
Accepted after revision: March 28, 2019
Published online: June 14, 2019

E X T R A

Akihiro Shindo, MD, PhD
Department of Neurology, Mie University Graduate School of Medicine
2-174 Edobashi
Tsu, Mie 514-8507 (Japan)
E-Mail a-shindo @ clin.medic.mie-u.ac.jp

www.karger.com/cee

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribu-
tion for commercial purposes as well as any distribution of modified material requires written permission.

DOI: 10.1159/000500112



58Cerebrovasc Dis Extra 2019;9:57–65E X T R A

Ogawa Ito et al.: Microbleeds after CAS

www.karger.com/cee
© 2019 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000500112

eral and contralateral hemispheres, respectively. Conclusions: We found that new cerebral 
microbleeds developed after CAS and that these might be associated with new ischemic le-
sions, mostly in the territory of the treated carotid artery. We speculate that these microbleeds 
result from the deoxygenation of hemoglobin in the embolus or, alternatively, small hemor-
rhagic transformation of ischemic lesions. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Cerebral microbleeds are small perivascular accumulations of hemosiderin-containing 
macrophages as a corollary of extravasated erythrocytes from cerebral small vessels on histo-
pathologic examination; they appear as small, hypointense, round lesions with a diameter of 
5–10 mm on T2*-weighted gradient-echo (GRE) imaging or susceptibility-weighted magnetic 
resonance imaging (MRI) sequences [1–3]. Histopathologic analyses of small vessels have 
identified 2 types of vascular pathologic changes: hypertensive vasculopathy and cerebral 
amyloid angiopathy (CAA). These 2 disorders are characterized by different patterns of 
microbleed distribution. Hypertensive vasculopathy is typically associated with deep micro-
bleeds in the basal ganglia, thalamus, brainstem, and cerebellum, whereas advanced CAA is 
associated with lobar microbleeds [3]. Damage to the blood-brain barrier and neurovascular 
unit may lead to blood leakage and the deposition of hemosiderin [4]. These cerebral micro-
bleeds are classified as primary and secondary microbleeds according to their mechanisms. 
Primary microbleeds can be caused by erythrocyte extravasation due to interruption of the 
vascular integrity, whereas secondary microbleeds may be caused by the hemorrhagic trans-
formation of infarction and microinfarction [5].

Cerebral ischemic lesions after cerebral angiography and neurointerventional proce-
dures have been recognized [6], and cerebral embolic lesions after carotid artery stenting 
(CAS) have been detected on diffusion-weighted MRI in approximately 50–70% of patients 
with protection devices [7, 8]. Interestingly, cerebral microbleeds are also found after CAS [9], 
but the underlying mechanism of cerebral microbleed formation after CAS remains unclear. 
This study aimed to retrospectively assess the incidence of cerebral microbleeds and identify 
the possible factors associated with their occurrence after CAS, in order to elucidate the 
underlying mechanism of their formation.

Materials and Methods

Patient Involvement
We performed 176 CAS procedures for symptomatic or asymptomatic carotid stenosis in 

our hospital from October 2007 to April 2017. Patients were eligible for CAS if they had symp-
tomatic carotid artery stenosis ≥50% or asymptomatic stenosis ≥80%, as assessed using 
digital subtraction angiography, which was performed by following the description in the 
North American Symptomatic Carotid Endarterectomy Trial [10]. Carotid artery stenosis was 
considered symptomatic if the patient had a history of ipsilateral ischemic events attributed 
to the affected carotid artery within the 120 days before CAS, and asymptomatic if no ischemic 
event had occurred during this period. We included patients who underwent (1) CAS for 
internal carotid artery stenosis and (2) MRI, including diffusion-weighted imaging (DWI) and 
T2*-weighted GRE imaging before and the day after CAS.
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The protocols of the CAS procedure, MRI, and single-photon emission computed tomog-
raphy (SPECT) are outlined in the online supplementary materials (for all online suppl. 
material, see www.karger.com/doi/10.1159/000500112).

Clinical Assessment
We obtained clinical, laboratory, and imaging data upon admission and after CAS. Patients’ 

characteristics including age, sex, hypertension, diabetes mellitus, dyslipidemia, atrial fibril-
lation, smoking, alcohol, antithrombotic therapy (e.g., dual antiplatelet therapy and in combi-
nation with an anticoagulant), and statin use were examined. Moreover, we detected the 
dominance of both anterior cerebral arteries on MR angiography and cerebral angiography.

Statistical Analysis
Continuous variables are presented as mean ± standard deviation or median (range), 

whereas categorical variables are reported as n (%). For the univariate analysis, we used 
Student’s t test to analyze continuous data and the χ2 test or Fisher’s exact test to analyze cate-

Table 1. Clinical, laboratory, and imaging characteristics of patients with or without new cerebral micro-
bleeds

P-group
(n = 13)

N-group
(n = 112)

p value

Age, years (mean ± SD) 72.2±5.9 72.2±7.2 0.99
Male gender 12 (92.3) 101 (90.2) 1.00

Risk factors
Hypertension 12 (92.3) 91 (81.2) 0.46
Diabetes 5 (38.5) 36 (32.1) 0.76
Dyslipidemia 10 (76.9) 90 (80.4) 0.73
Atrial fibrillation 1 (7.7) 4 (3.6) 0.43
Smoking 12 (92.3) 86 (76.8) 0.30
Alcohol 5 (38.5) 55 (49.1) 0.56

Carotid stenosis1, % (mean ± SD) 79.7±10.7 78.7±13.0 0.78

MRI findings before CAS
CMBs 5 (38.5) 48 (42.9) 1.00
Pure lobar CMBs 1 (7.7) 18 (16.1) 0.69
Pure deep CMBs 3 (23.1) 17 (15.2) 0.44
Mixed lobar and deep CMBs 1 (7.7) 13 (11.6) 1.00
Median number of deep MBs (range) 0 (0–2) 0 (0–18) 0.56
Median number of lobar MBs (range) 0 (0–1) 0 (0–7) 0.30
cSS on GRE imaging 3 (23.1) 3 (2.7) 0.02
Infarction on DWI 6 (46.2) 47 (42.0) 0.78

MRI findings after CAS
Embolic infarction on DWI 11 (84.6) 51 (45.5) 0.01

Statin use 11 (84.6) 90 (80.4) 1.00

CHS after CAS 0 (0) 11 (9.8) 0.60

Values represent n (%) unless otherwise indicated. CMBs, cerebral microbleeds; P-group, patients 
positive for new CMBs; N-group, patients negative for new CMBs; CAS, carotid artery stenting; GRE, 
T2*-weighted gradient-echo; DWI, diffusion-weighted imaging; cSS, cortical superficial siderosis; CHS, 
cerebral hyperperfusion syndrome.

1 According to the NASCET (North American Symptomatic Carotid Endarterectomy Trial) criteria.
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gorical data. A generalized linear model was used to examine the relationship between cerebral 
microbleeds before CAS, a new ischemic infarction after CAS, cortical superficial siderosis (cSS) 
before CAS, and new cerebral microbleeds after CAS. A p value < 0.05 was considered statisti-
cally significant. Statistical analyses were performed using SPSS v24 (IBM, Armonk, NY, USA).

Results

Patient Characteristics
During the study period, 176 patients underwent CAS at our hospital; 51 patients who 

did not undergo T2*-weighted GRE imaging before or after CAS were excluded. Thus, 125 
(113 males and 12 females) were included in the final analysis (online suppl. Fig. S1). The 
mean age at the time of CAS was 72.2 ± 7.0 (range 50–87) years.

Clinical, laboratory, and imaging characteristics of patients with (P-group) or without 
(N-group) new postprocedural cerebral microbleeds are shown in Tables 1, 2 and in online 
supplementary Table S1. The demographics of the P-group are summarized in Table 3. Figure 
1 shows representative MRI of the P-group. SPECT and angiographic findings in the P-group 
are shown in online supplementary Figure S2.

OR (95% CI) p value

CMBs before CAS 0.49 (0.12–2.02) 0.33
New ischemic lesions after CAS 6.54 (1.32–32.3) 0.02
cSS 12.9 (1.61–102.4) 0.02
HTN 2.56 (0.32–22.1) 0.39

CAS, carotid artery stenting; CMBs, cerebral microbleeds; cSS, cortical 
superficial siderosis; HTN, hypertension; OR, odds ratio; CI, confidence 
interval.

Table 2. Generalized linear 
model analysis of the 
 development of new CMBs

Table 3. Demographics of patients with new cerebral microbleeds

Case
No.

Age,
years

Side,
R/L

CHS New ischemic lesions New cerebral microbleeds Deep or
lobar

Hemisphere
to CASn location n location

1 62 R No 4 RF, RP, LF 1 LF lobar contralateral
2 78 L No 3 LF, LT, LO 1 LF lobar ipsilateral
3 74 L No 4 RF, LF 1 LF lobar ipsilateral
4 74 R No 1 RP 1 RP lobar ipsilateral
5 79 L No 4 LF, LT 1 LF lobar ipsilateral
6 73 R No 0 none 1 RF lobar ipsilateral
7 80 R No 2 RT, RP 1 RF lobar ipsilateral
8 73 L No 3 LO 1 LO lobar ipsilateral
9 75 R No 2 RF, RP 1 RF lobar ipsilateral

10 68 R No 3 RF, RT 1 RO lobar ipsilateral
11 75 L No 4 RP, LP, LO 1 RF lobar contralateral
12 72 L No 0 none 1 LT lobar ipsilateral
13 67 L No 3 RF, LF, LT 1 RM deep ipsilateral

M, male, F, female, R, right; L, left; F, frontal lobe; T, temporal lobe; P, parietal lobe; O, occipital lobe; M, midbrain; CAS, carotid 
artery stenting; CHS, cerebral hyperperfusion syndrome.
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MRI and SPECT Findings
Baseline cerebral microbleeds were detected in 53 patients (42.4%). Of these, 19 (35.8%), 

20 (37.7%), and 14 (26.4%) had pure lobar, pure deep, and mixed lobar and deep micro-
bleeds, respectively. New postprocedural cerebral microbleeds were detected in only 13 
patients (10.4%). Baseline ischemic lesions before CAS were noted in 53 patients (42.4%). 

a

R

c d

b

Fig. 1. Representative magnetic resonance images of a new cerebral microbleed after carotid artery stenting 
(CAS). a T2*-weighted gradient-echo (GRE) imaging 1 day before CAS did not detect a microbleed in a 
74-year-old man (case 3 in Table 2). b GRE imaging 1 day after CAS of the left internal carotid artery showed 
the development of a new cerebral microbleed (arrow) in the left frontal lobe. c Diffusion-weighted imaging 
(DWI) after CAS showed no ischemic lesion around the microbleed. d DWI indicated a new ischemic lesion 
in the left frontal lobe (arrowhead).
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New postprocedural ischemic lesions were detected in 62 patients (49.6%). Notably, no 
patient showed a merged image of a new cerebral microbleed on GRE imaging or a new 
ischemic lesion on DWI; cSS was detected in 6 patients (4.8%) on baseline GRE imaging.

Cerebral hyperperfusion syndrome (CHS) was detected in 11 patients after CAS based on 
the results of SPECT. All 11 patients belonged to the N-group.

Factors Associated with New Cerebral Microbleeds
New DWI-positive lesions after CAS were detected in 51 patients in the N-group (45.5%) 

and 11 in the P-group (84.6%). In the univariate analysis, cerebral microbleeds after CAS 
were significantly associated with the presence of new postprocedural cerebral ischemic 
lesions due to artery-to-artery embolism (p = 0.008). The frequency of cSS before CAS was 
higher in the P-group than in the N-group (p = 0.015). No significant differences in hyper-
tension, diabetes mellitus, hyperlipidemia, atrial fibrillation, smoking, alcohol, CHS, anti-
thrombotic therapy, or the presence of cerebral microbleeds and DWI-positive ischemic 
lesions before CAS were observed in the 2 groups (Table 1; online suppl. Table 1). In the 
multivariate analysis, the presence of a new embolic infarction after CAS and cSS before CAS 
was an independent predictor of the development of new cerebral microbleeds after CAS. 
Hypertension and the presence of cerebral microbleeds before CAS were not associated with 
the appearance of new cerebral microbleeds (Table 2).

Demographics of Patients with New Postprocedural Cerebral Microbleeds
Of 13 patients with new cerebral microbleeds, 12 (92.3%) and 1 (7.7%) had lobar and 

deep microbleeds, respectively. New lobar microbleeds in the ipsilateral and contralateral 
hemispheres were detected in 10 (76.9%) and 2 (15.4%) patients, respectively. Two patients 
showed cerebral microbleeds in the frontal lobe of the contralateral hemisphere after CAS 
and had a bilateral supply from the anterior cerebral arteries arising from the ipsilateral 
internal carotid artery with severe stenosis, indicating the possibility of contralateral embo-
lization. All newly detected lobar microbleeds were found in the territory of the treated 
carotid artery (Table 3).

Discussion

In this study, we showed a novel finding of cerebral microbleeds that might have been 
caused by artery-to-artery embolism after CAS, because all new lobar microbleeds after CAS 
were detected in the territory of the treated carotid artery and were spatially associated with 
a cerebral microembolism. This may indicate that small, hypointense lesions noted on T2*-
weighted GRE imaging might be caused by hemorrhagic microinfarction. Cerebral micro-
bleeds are associated with many risk factors, such as age, male sex, hypertension, and low 
total cholesterol [11].

Fisher [5] reported that cerebral microbleeds are classified as primary and secondary 
microbleeds based on the underlying mechanisms. Primary cerebral microbleeds represent 
the perivascular accumulation of hemosiderin-laden macrophages as a corollary of extrava-
sated erythrocytes from cerebral small vessels on histopathologic examination [1]. Secondary 
microbleeds may be caused by another mechanism including hemorrhagic infarction and 
microinfarction [5]. Pathologic analysis has shown that a substantial proportion of cerebral 
microhemorrhages are associated with microinfarcts [12]. Ischemia may cause the extracel-
lular transfer of iron stored in oligodendrocytes [5, 12].

Although the embolic mechanism may induce cerebral microbleeds, no patient showed 
a completely merged image of a new cerebral microbleed on GRE imaging or a new ischemic 
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lesion on DWI. If all new cerebral microbleeds were due to the hemorrhagic transformation 
of a new microembolism, some of them would have shown as a merged image of microbleeds 
and microinfarcts on MRI at the acute stage. Therefore, the absence of a merged image may 
indicate that cerebral microbleeds at the acute stage correspond to lodged emboli per se, or, 
alternatively, extravasated emboli, which is termed angiophagy [14, 15]. Angiophagy repre-
sents the phenomenon of the phagocytosis of microemboli by vascular endothelial cells and 
extrusion into the perivascular space [5, 13]. Angiophagy is a mechanism of microvascular 
recanalization that occurs in the terminal capillaries or arterioles 1–6 days after emboli-
zation [14, 15]. Irrespective of their location inside or outside of the microvessels, micro-
emboli can exhibit a paramagnetic effect via the deoxygenation of hemoglobin within a few 
hours at the earliest [16]. Moreover, imaging-histopathologic correlation studies have shown 
that cerebral microbleeds detected by blood-sensitive sequences on MRI can represent acute 
and chronic microhemorrhages [17, 18]. Histopathologic analysis showed a microbleed that 
corresponded to intact erythrocytes, indicating an acute hemorrhage [17]. Another case 
report described a microbleed at the subacute microhemorrhage stage on T2*-weighted 
GRE imaging [18]. In our study, microbleeds shown on GRE imaging the day after CAS might 
have reflected erythrocytes containing acute deoxyhemoglobin but not hemosiderin-
containing macrophages.

Previous studies have shown that microemboli in animal models enter the penetrating 
artery and can cause lacunar and microinfarction. In a monkey model, cortical and internal 
watershed infarcts were observed after the injection of > 2,000 microspheres per internal 
carotid artery. Moreover, MRI showed small, round hypointensities which met the criteria for 
microbleeds associated with ischemic lesions [19]. Moreover, microhemorrhages have been 
observed in a mouse model of embolic cerebral ischemia [20]. Thus, microembolism may lead 
to hemorrhagic (micro-)infarction or, alternatively, embolus extravasation at the capillary 
level which has been seen in animal models after embolization [21].

A previous study showed that cerebral microbleeds developed after CAS in 8.0% of 
patients [9]; this is in agreement with the 10.4% rate of occurrence noted in this study. The 
previous study suggested that the presence of baseline cerebral microbleeds was a predictor 
of the appearance of a new one, and hemodynamic changes during CAS might have damaged 
the small cerebral vessels. In contrast, our study showed that new cerebral microbleeds were 
associated with new ischemic lesions, mostly in the same vascular territory but not with 
baseline microbleeds.

In addition, the presence of cSS before CAS tended to be associated with the development 
of cerebral microbleeds after CAS. It has been suggested that cSS is a neuroimaging biomarker 
of CAA, with some studies reporting a high prevalence of cSS in CAA cases [2]. Our study may 
indicate that CAA might pose the risk of developing new microbleeds after CAS.

Our study has several limitations. First, the results of this research may have limited 
statistical implications because of the small number of cases. Second, our study had a retro-
spective design with the potential risk of selection bias. Third, although we described cerebral 
microbleeds and ischemic lesions using MRI, its histopathology remains unknown. Several 
previous studies reported foreign-body emboli following cerebral angiography, coronary 
angiography, or the endovascular treatment of intracranial angiography [22–25]. A hydro-
philic polymer could be an iatrogenic cause of infarction [22, 25], but this is not likely the 
cause of artifactual microbleeds; no patient presented with any symptom suggesting delayed 
allergic reactions after CAS. Although both cerebral microbleeds and microinfarction were 
observed closely together after CAS, it was difficult to find a new ischemic lesion that trans-
formed into a new microbleed in this study. Further studies are necessary to explore micro-
bleeds induced by small embolisms.
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Our study showed that new cerebral microbleeds developed after CAS, and that this 
phenomenon might be associated with new ischemic lesions. We speculate that the new 
microbleeds resulted from angiophagy or small hemorrhagic transformation of embolic 
infarctions.
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