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Abstract
Purpose Endovascular treatment of unruptured intracranial aneurysms may increase cerebral microbleeds (CMBs) in
postprocedural T2*-weighted MRIs, which may be a risk for future intracerebral hemorrhage. This study examined the charac-
teristics of postprocedural CMBs and the factors that cause their increase.
Methods The patients who underwent endovascular treatment for unruptured intracranial aneurysms from April 2016 to
February 2018 were retrospectively analyzed. Treatment techniques for endovascular treatment included simple coiling,
balloon-assisted coiling, stent-assisted coiling, or flow diverter placement. To evaluate the increase in CMBs, a head MRI
including diffusion-weighted imaging and T2*-weightedMRIs was performed on the preprocedural day; the first postprocedural
day; and at 1, 3, and 6 months after the procedure.
Results Among the 101 aneurysms that were analyzed, 38 (37.6%) showed the appearance of new CMBs. In the multivariate
analysis examining the causes of the CMB increases, chronic kidney disease, a higher number of preprocedural CMBs, and a
higher number of diffusion-weighted imaging–positive lesions on the first postprocedural day were independent risk factors.
Furthermore, a greater portion of the increased CMBs was found in cortical and subcortical lesions of the treated vascular
perfusion area within 1 month after the procedure.
Conclusion In endovascular treatment for unruptured intracranial aneurysms, CMBs tended to increase in patients with small
vessel disease before the procedure, and it was also implicated in hemorrhagic changes after periprocedural microinfarction.
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Introduction

Antiplatelet therapy, in combination with multiple drugs to
prevent periprocedural thrombotic complications associated
with endovascular treatment for unruptured intracranial aneu-
rysms, has become a standard treatment because of the spread
of stent-assisted coil embolization and flow diverter place-
ment. However, there is a concern that the administration of
multiple antiplatelet drugs may increase the risk of bleeding
complications. One of the significant bleeding complications
in endovascular treatment of aneurysms is delayed

intracerebral hemorrhage (ICH), especially after flow diverter
placement [1–3]. Head-gradient-echo T2*-weighted MRIs
(T2*WI) after endovascular treatment for unruptured intracra-
nial aneurysms often show emergence of new cerebral
microbleeds (CMBs). The presence of CMBs is generally
considered to be a risk factor for future cerebral hemorrhage
and may also be related to delay ICH [4–7]. Although previ-
ous study reported that new CMBs after neuroendovascular
surgery developed in 8.0–21.9% of patients, the occurrence
rate of CMBs after endovascular treatment for intracranial
aneurysms has not been well known [8–10]. Additionally,
the involvement of antiplatelet therapy and other triggers for
the increase of CMBs after endovascular treatment for intra-
cranial aneurysms has not been thoroughly investigated yet.

In this study, we analyzed MRI scans before and after
endovascular treatment for unruptured intracranial aneurysms
and examined the characteristics of CMBs, such as their trig-
gers, distribution, and timing of appearance.
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Methods

Study population

After Institutional Review Board approval from our hospital
was obtained for this study, we enrolled consecutive adult
patients who were scheduled to undergo endovascular treat-
ments for untreated unruptured intracranial aneurysms, be-
tween April 2016 and February 2018. Cases with complex
aneurysms treated combined traditional open surgery and
endovascular technique, those in which T2*WI or diffusion-
weighted images (DWI) inMRI were not imaged at the sched-
uled period, and those with intraprocedural thrombus forma-
tion or postprocedural symptomatic cerebral ischemic lesions
who were treated by additional antithrombotic treatment were
excluded.

Data on the clinical characteristics of participants were ob-
tained from our single-center prospective database, including
age, sex, comorbidities (hypertension, dyslipidemia, diabetes
mellitus, and chronic kidney disease [eGFR < 60 ml/min/
1,73m2]), stroke history, smoking status, maximum aneurysm
diameter and neck diameter, treatment technique, and platelet
reactivity measured using the VerifyNow assay (Accumetrics,
San Diego, CA, USA). Aneurysms and the neck diameters of
aneurysms were determined using preprocedural 3D
reformatted images derived from rotational catheter angio-
grams. Treatment techniques were classified into one of the
following four categories: simple coiling, balloon-assisted
coiling, stent-assisted coiling, and flow diverter placement.

Treatment methods

All patients were administered antiplatelet therapy with oral
aspirin (100 mg/day) and clopidogrel (75 mg/day) 2 weeks
before treatment. Aspirin reaction unit (ARU) and P2Y12
reaction unit (PRU) values using the VerifyNow assay were
measured 24 h before surgery. If the platelet inhibition did not
achieve the satisfactory levels, ARU > 550 or PRU > 240, the
patient received additional cilostazol (200mg/day) before pro-
cedure and continued for 1 week. For simple coiling and
balloon-assisted coiling, the combination of two drugs was
administered for 1 week after the procedure and then was
switched to a single drug, which was continued for 1 month
[11]. For stent-assisted coiling, the two drugs were adminis-
tered for 3 to 6 months and then were switched to a single drug
[12, 13]. For flow diverter placement, the two drugs were
administered for at least 6 months and then were switched to
a single drug [14]. Antihypertensive medication was aggres-
sively prescribed to achieve blood pressure lowering below
140/90 mmHg for all patients with hypertension and contin-
ued after discharge.

All treatments were performed under general anesthesia
using standard approaches from the common femoral artery.

During the procedure, the activated clotting time was checked
every hour with a target of 250 to 300 s, and heparin was
injected intravenously as needed. The appropriate treatment
technique was selected according to the characteristics of the
aneurysm. Simple coiling was chosen if the aneurysm mor-
phology was saccular with a narrow neck. Aneurysms with an
unfavorable angioarchitecture including dome-to-neck ratio <
2 or a neck diameter ≥ 4 mm required adjunctive techniques,
such as balloon-assisted or stent-assisted coiling (Neuroform
[Stryker, Kalamazoo, MI, USA], Enterprise [Johnson &
Johnson Codman,Miami, FL, USA], or low-profile visualized
intraluminal support [MicroVention Terumo, Tustin, CA,
USA]). According to the Japanese government approval of
flow diverters (pipeline embolization device [Covidien,
Irvine, CA, USA]), we chose flow diverter placement for the
aneurysms of ≥ 10 mm in maximum diameter with a neck of
≥ 4 mm arising between the petrous and the superior hypo-
physeal artery segments of the internal carotid artery.

MRI evaluation

Head MRI imaging, including DWI and T2*WI, was per-
formed using a 3.0-T MRI system (Signa Excite HDx 3.0T;
GE Healthcare, Chicago, IL, USA). The protocol for DWI
imaging included a repetition time if 5500 ms, an echo time
of 73 ms, a matrix size 128 × 192 mm, a b-value of 1000 s/
mm2, a slice thickness of 5 mm, and an interslice gap of 1 mm.
The protocol for T2*WI included a repetition time of 560 ms,
an echo time of 16 ms, a flip angle of 18°, a matrix size of
180 × 256mm, a slice thickness of 5 mm, and an interslice gap
of 1 mm. DWI was imaged the day after the procedure, and
positive lesions indicating ischemia were counted. T2*WI
was imaged on the preprocedural day; the first postprocedural
day; and at 1, 3, and 6 months after the procedure, and CMBs
were counted. CMBs in T2*WI were defined as low intensity,
punctate, or patchy signals that were smaller than 10 mm [15].

The distribution of increased CMBs was divided into two
categories: (1) deep CMBs in the basal ganglia, thalamus,
caudate nucleus, internal and external capsules, and in the
brainstem and cerebellum under the tent, and (2) lobar
CMBs in the cortex and subcortex. Furthermore, whether or
not CMBs were in the perfusion area of the blood vessels of
the treated aneurysm was evaluated. The MRI scans obtained
from the headwere evaluated by two neurosurgeons (E.H. and
S.S.). Disagreements between these neurosurgeons were re-
solved by discussion with a third reviewer.

Statistical analysis

Patients were classified into two subgroups according to the
occurrence of CMBs. Clinical characteristics were compared
between these subgroups using the Pearson chi-square test, the
unpaired t test, or the Mann-Whitney U test as appropriate.
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The multivariate logistic regression analysis was performed
for CMBs while adjusting for factors significantly associated
with CMBs in univariate analyses. Values of p < 0.05 were
considered statistically significant. Interobserver agreement
for assessing the appearance of CMBs and DWI-positive le-
sions was assessed using the kappa statistic. Statistical analy-
ses were performed using the JMP version 12.1.0 statistical
software (SAS Institute, Cary, NC, USA).

Results

One hundred thirty-one aneurysms in 126 consecutive pa-
tients who underwent endovascular treatment for unruptured
intracranial aneurysms were enrolled. After excluding 30 an-
eurysms in accordance with the exclusion criteria, 101 aneu-
rysms were included. Of these cases, 38 (37.6%) showed the
appearance of new CMBs during follow-up and there was no
difference between treatment techniques (simple or balloon-
assisted coiling 38.1%, stent-assisted coiling 39.2%, flow
diverter placement 34.5%). All lesions were asymptomatic.
The appearance of DWI-positive lesions on the day after the
procedure was detected in 73 (72.3%) cases and there was no
significant difference between treatment techniques (simple or
balloon-assisted coiling 65.5%, stent-assisted coiling 72.5%,
flow diverter placement 81.0%). Figure 1 shows one of these
cases. The kappa statistics for the appearance of CMBs
showed a high level of agreement (κ = 0.81), and the appear-
ance of DWI-positive lesions also showed an excellent agree-
ment (κ = 0.94). The characteristics of patients, aneurysms,
and images were divided into two groups according to wheth-
er new CMBs appeared or not. Univariate analysis of the
factors that increase CMBs revealed that chronic kidney dis-
ease (p = 0.038), the presence of preprocedural CMBs
(p < 0.001), the maximum diameter of the aneurysm (p =
0.003), and the presence of many DWI-positive lesions on
the day after the procedure (p = 0.001) were significantly in-
volved (Table 1). A multivariate analysis showed that chronic
kidney disease (odds ratio, 6.47; 95% confidence interval,
1.44–35.50; p = 0.015), the higher number of CMBs before
the procedure (odds ratio, 1.69; 95% confidence interval,
1.17–2.69; p = 0.003; per 1 lesion), and the higher number
of DWI-positive lesions on the day after procedure (odds ratio,
1.10; 95% confidence interval, 1.02–1.20; p = 0.013; per 1
lesion) were independent risk factors for increased CMBs
(Table 2).

The rate of increase in CMBs was between 34 and 38%
among all treatment techniques, and the majority of cases
increased within 1 month after the procedure. All CMBs
found within 1 month after the procedure were still visible
on the 3 and 6 months. Regarding the site of increase, most
of the new CMBs were located in cortical and subcortical

lesions and the perfusion area of the blood vessels of the
treated aneurysm following all treatment techniques (Table 3).

Although delayed ICH was not detected after coil emboli-
zation, only one case after flow diverter placement at a left
internal carotid artery aneurysm had delayed ICH. In this case,
CMBs increased in T2*WI 1 month after the procedure and
delayed ICHwas found in the left frontal lobe 1.5 months after
the procedure.

Discussion

Delayed ICH is known to be one of the complications of
endovascular treatment for unruptured intracranial aneurysms,
and it is reported to occur in 1.5 to 8.5% of flow diverter
placements and 0.46 to 2.2% of coiling cases [1–3, 16–19].
We evaluated the factors that increase CMBs after
endovascular treatment and their distribution characteristics
based on the assumption that the appearance of CMBs, which
is a potential risk factor for future cerebral hemorrhage [4–7],
will lead to delayed ICH. In our study, 37.6% of the cases
exhibited increased CMBs, and there was no difference be-
tween treatment techniques. Previous reports regarding CMBs
after endovascular treatment for intracranial aneurysms,
which are very few, demonstrated the same occurrence rate
after flow diverter placement (36.7%) but a lower rate after
stent-assisted coiling (11.1%) [20]. The high occurrence rate
of CMBs in our study might be associated with the high prev-
alence of hypertension and preprocedural CMBs at baseline.
The major findings of this study were that chronic kidney
disease, the presence of a higher number of postoperative
DWI-positive lesions, and a higher number of preprocedural
CMBs were independent risk factors. Furthermore, CMBs
increased within 1 month after treatment, and the distribution
tended to be higher for lobar CMBs in the perfusion area of the
blood vessels of the treated aneurysm.

CMBs generally have been reported to result from hemor-
rhagic changes after microinfarction as well as blood leakage
due to an impaired blood-brain barrier and neurovascular unit
from hypertensive microangiopathy and amyloid angiopathy
[21, 22]. The results from this study of the factors that in-
creased CMBs after endovascular treatment suggest at least
two mechanisms. One mechanism is that the administration of
antiplatelet drugs induces vascular leakage. Having CMBs
before treatment indicates that microangiopathy predisposed
to bleeding was already present. Furthermore, several studies
have shown that the presence of CMBs is associated with
chronic kidney disease [23–25]. The two may occur together
by a similar mechanism such as hypertensive microvascular
damage because the kidney and brain have similar microvas-
cular beds, and inflammation and endothelial dysfunction in
chronic kidney disease affects the microvascular system of the
brain [24]. Blood leakage may be induced by the
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administration of an antiplatelet drug in the presence of such
microangiopathy.

Another mechanism is hemorrhagic infarction. Several pre-
vious reports have suggested the involvement of hemorrhagic
infarction as a cause of delayed ICH [1–3, 20]. These findings
might result from flow diverter placement, which is more
likely to lead to delayed ICH than other treatment techniques
and is estimated to cause many postprocedural DWI-positive
lesions. Similarly, in this study, CMBs increased as the num-
ber of postoperative DWI-positive lesions increased,

suggesting the involvement of hemorrhagic infarction.
Furthermore, in our study, the findings that most of the in-
creased CMBs were located in cortical and subcortical lesions
of treated vascular perfusion areas and appeared within
1 month after a procedure may also have been the result of
hemorrhagic infarction.

Long-term dual antiplatelet therapy increases bleeding risk
in secondary prevention of cerebral infarction [26], but it re-
mains unclear whether antiplatelet therapy used for
endovascular treatment of unruptured intracranial aneurysms

Table 1 Patient and aneurysm
characteristics according to the
appearance of new cerebral
microbleeds

New CMB-positive
(n = 38)

New CMB-negative
(n = 63)

p value

Patient

Age, years 65.1 ± 12.7 61.5 ± 11.9 0.156

Female sex 33 (86.8) 52 (82.5) 0.779

Hypertension 26 (68.4) 34 (54.0) 0.211

SBP on admission, mmHg 130 (112–140) 128 (118–136) 0.672

Diabetes mellitus 4 (10.5) 7 (11.1) 1.000

Dyslipidemia 9 (23.7) 19 (30.2) 0.647

Chronic kidney disease 9 (23.7) 5 (7.9) 0.038

Smoking 13 (34.2) 25 (39.7) 0.673

History of cerebral infarction 3 (7.9) 2 (3.2) 0.351

History of cerebral hemorrhage 3 (7.9) 1 (1.6) 0.137

Preprocedural PRU value 210 (146–246) 197 (168–238) 0.602

Preprocedural ARU value 433 (399–528) 437 (403–489) 0.636

Aneurysm

Maximum diameter, mm 8.3 (5.9–14.1) 6.2 (5.4–7.8) 0.003

Neck diameter, mm 4.5 (3.2–6.8) 4.1 (3.3–4.9) 0.067

Treatment technique 0.914

Simple or balloon-assisted coiling 10 (26.3) 19 (30.2)

Stent-assisted coiling 20 (52.6) 31 (49.2)

Flow diverter placement 8 (21.1) 13 (20.6)

MRI

Preprocedural CMBs, lesion 1 (0–3) 0 (0–0) < 0.001

Postprocedural DWI-positive area, le-
sion

7 (2–12) 2 (0–5) 0.001

Values are presented as the mean ± SD, the median (interquartile range), or number (%)

SBP, systolic blood pressure; ARU, aspirin reaction units; PRU, P2Y12 reaction units; CMBs, cerebral
microbleeds; DWI, diffusion-weighted imaging

Table 2 The multiple logistic
regression model for the
appearance of new cerebral
microbleeds

Odds ratio 95% CI p value

Chronic kidney disease 6.47 1.44–35.50 0.015

Maximum diameter, per mm 1.03 0.91–1.16 0.663

Preprocedural CMBs, per lesion 1.69 1.17–2.67 0.003

Postprocedural DWI-positive area, per lesion 1.10 1.02–1.20 0.013

CMBs, cerebral microbleeds; DWI, diffusion-weighted imaging; CI, confidence interval
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increases CMBs and symptomatic cerebral hemorrhages.
Several studies have shown that PRU values are associated
with postoperative bleeding complications [19, 27–29]. To
our best knowledge, little has been reported on the association
between new CMBs appearance and platelet function. In our
study, we examined preprocedural platelet function using
ARU and PRU, but the values of ARU and PRU were no
discrepancy between two groups. This result may suggest that
increased CMBs are not so much because of the effects of
antiplatelet drugs but because of factors that increase the like-
lihood of bleeding, such as the aforementioned angiopathy or
hemorrhagic infarction due to microinfarction.

This study has several limitations. First, the study followed
a single-center design; thus, the results may be specific to our
techniques and equipment. Second, our study did not consider
the progression of hypertension. In all cases with hyperten-
sion, drug therapy was proactively performed to achieve blood
pressure lowering below 140/90 mmHg and continued after
discharge by family physicians, but the concrete values of

blood pressure after discharge was not recorded in our hospital
database. In general, there is a correlation between CMBs and
hypertension. This relationship may have influenced the fact
that no significant differences were observed in hypertension,
which was one of the factors that increased CMBs. Third, air
bubble embolisms during the procedure, small atheromatous
embolisms due to catheter manipulation in the aorta, or other
vessels or foreign bodies (hydrophilic coating materials, metal
fragments) can be represented as hypointense signals on
T2*WI [30]. Fourth, there is a potential risk of missing
CMBs because T2*WI protocol has an interslice gap of
1 mm. However, all CMBs recognized once were still visible
on the later MRI in this study. Finally, only one patient after
flow diverter placement had delayed ICH, and the direct cor-
relation between CMBs and delayed ICH could not be shown.
The low number of treatments using flow diverters, which are
more likely to cause delayed ICH, may also have influenced
these findings. A larger number of cases must be considered in
the future.

Fig. 1 Stent-assisted coiling for a 5.7 mm unruptured basilar tip
aneurysm. a Left vertebral artery angiogram obtained immediately after
the procedure, showing near-complete obliteration of the aneurysm and
good patency of the parent artery. b Diffusion-weighted imaging on the

first day after procedure, revealing positive lesions. c T2*-weighted MRI
obtained 1-month post-procedure, revealing a new cerebral microbleed in
the left occipital lobe parenchyma (arrowhead)

Table 3 The appearance area and
timing of new cerebral
microbleeds

Simple or balloon-assisted coiling
(n = 10)

Stent-assisted coiling
(n = 20)

Flow diverter placement
(n = 8)

Lobar CMBs 8 (80) 17 (85) 7 (88)

Treated vascular
area

7 (70) 19 (95) 8 (100)

Post-procedure

1st day 3 (30) 10 (50) 3 (38)

1 month 7 (70) 20 (100) 5 (63)

3 months 5 (50) 2 (10) 1 (13)

6 months 1 (10) 2 (10) 1 (13)

Values are presented as the number of cases (%)
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Conclusions

In endovascular treatment for unruptured intracranial aneurysms,
postprocedural CMBs increased in 36.6% of cases. Risk factors
for increased CMBs were chronic kidney disease, a higher num-
ber of CMBs before treatment, and a higher number of DWI-
positive lesions after a procedure. CMBs were likely to increase
in patients with small vessel disease before a procedure, and
hemorrhagic changes after periprocedural microinfarction were
likely involved.
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