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Diffusion-weighted imaging-positive
lesions following endovascular
treatment for ruptured and unruptured
aneurysms: Its incidence according to
antithrombotic drugs
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Objective: Microembolic infarcts are frequently observed on diffusion-weighted imaging
(DWI) following endovascular treatment. We investigated DWI-positive lesions and
symptomatic ischemic complications (SICs) in patients with ruptured and unruptured
aneurysms following coiling and the relationship between DWI-positive lesions and
antithrombotic drugs.

Methods: Between January 2016 and December 2020, 83 patients underwent DWI
within 48 h following endovascular treatment for ruptured (n=30) and unruptured
(n=53) aneurysms.

Results: The overall rate of DWI-positive lesions was 55.4%. There were no significant
differences in the occurrence rate (45.3% vs. 43.3%, p=1.000) and the number of lesions
(2.744.6 vs. 4.015.3, p=0.237) between unruptured and ruptured aneurysms. SIC
occurred more frequently in patients with ruptured aneurysms than unruptured ones
(20.0% vs. 1.9%, p=0.015). The cutoff value of DWI-positive lesions for predicting SIC
was 5 (sensitivity 100%, specificity 78.9%). The procedure time was significantly longer
in patients with DWI-positive lesions >5 than those with DWI-positive lesions <5
(104.1+43.8 vs. 85.1+30.8 min, p=0.030). Patients with DWI-positive lesions <5 were
more frequently observed in the postprocedural heparinization group than in the no
heparinization group (85.7% vs. 58.5%, p=0.012).

Conclusions: The incidence of DWI-positive lesions did not differ significantly
between the ruptured and unruptured aneurysms. However, SIC occurred more
frequently in patients with ruptured aneurysms. Longer procedure time is a risk factor
for DWI-positive lesions, and postprocedural heparinization seems to reduce the
incidence of DWI-positive lesions.

Keywords Cerebral aneurysm, Endovascular treatment, Diffusion-weighted imaging,
Heparinization, Antithrombotic drugs
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INTRODUCTION

Microembolic infarcts appearing as tiny high-signal
intensity lesions on diffusion-weighted imaging (DWTI)
are often observed after endovascular procedures.
Previous studies have reported that the rate of ischemic
lesions on DWI ranges from 10% to 77% following
endovascular treatment for intracranial aneurysms.">”"""”
Most patients with microembolic infarcts are asymp-
tomatic, and the clinical significance of these lesions
remains controversial. However, these microembolic
infarcts reflect damage to brain tissue.

Antiplatelet preparation and heparinization are critical
for preventing thromboembolic complications.'”""
Antiplatelet preparation is accepted as standard therapy
in coil embolization for an unruptured aneurysm.”*"
Several studies have shown that heparin infusion during
or after the procedure is safe and effective in patients

9829 However, there has been

with ruptured aneurysms.
little research on the incidence of microembolic infarcts
according to antithrombotic agents.

We investigated the incidence of DWI-positive lesions
in patients with ruptured and unruptured aneurysms
following endovascular treatment. In addition, this
study evaluated the relationship between DWI-positive
lesions and symptomatic ischemic complications (SIC)
and the incidence of DWI-positive lesions according to

antithrombotic drugs.

MATERIALS AND METHODS

Patient population and characteristics

The Institutional Review Board approved this retro-
spective study (SCMC 2021-01-002) and waived the
requirement for informed consent. We contacted 304
patients treated with endovascular procedures for intra-
cranial aneurysms between January 2016 and December
2020. Patients who underwent DWI within 48 h after
the procedure were included in the study. Parent artery
occlusion, hypoxic brain damage due to increased intra-

cranial pressure, and branch artery occlusion due to coil

protrusion were excluded. Ninety-seven patients under-
went DWI within 48 hours. Among them, six patients
were excluded due to parent artery occlusion, four due
to hypoxic brain damage, and four due to branch artery
occlusion. Finally, 83 consecutive patients were included
in the study.

We evaluated multiple baseline factors previously
associated with patient outcomes after the procedure.
Outcome measures included developing high-signal
intensity on DWI, SIC, 3-month modified Rankin Scale
(mRS) score, complications after additional surgery, and
heparin-induced thrombocytopenia (HIT). SIC was
defined as any new neurological decline, such as hemipa-
resis, facial palsy, aphasia, and dysarthria, consistent with

a DWI-positive lesion within 1 week after the procedure.

Endovascular treatment and antithrombotic drugs

All procedures were performed under general anes-
thesia. For unruptured patients, dual antiplatelet medica-
tion (aspirin, 100 mg, and clopidogrel, 75 mg) was started
5-7 days before the procedure. If antiplatelet therapy was
not administered, a loading dose of aspirin and clopidogrel
(aspirin, 300 mg, and clopidogrel, 300 mg) was adminis-
tered the day before the procedure. At the beginning of
the procedure, a heparin bolus (3000-5000 IU) was
administered intravenously, depending on the patient’s
weight. The activated coagulation time was maintained
between 2 and 3 times during the procedure.

Patients with aneurysmal subarachnoid hemorrhage
(SAH) underwent endovascular treatment as soon as
possible, predominantly within 1 day after admission.
Dual antiplatelet preparations were not administered
to patients with a ruptured aneurysm. An intravenous
bolus of heparin was administered after the dome was
secured. Extra ventricular drainage (EVD) or lumbar
drainage was performed and maintained for 7-14 days
after the procedure.

Patients were assigned to one of three attending cere-
brovascular neurosurgeons, only one of whom favored
postprocedural heparinization. For patients undergoing
postprocedural heparinization, an infusion of unfrac-

tionated heparin was started immediately after the
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procedure. The activated partial prothrombin time was
monitored every 4 h and targeted between 50s and 70s
for 24 h.

MRI protocol and outcome evaluation

Within 48 hours after the procedure, DWI was performed
to check for any silent thromboembolic events, regard-
less of any neurological changes. In patients who under-
went continuous heparinization, DWI was performed
within 24 h after discontinuation. If hyperacute isch-
emic lesions on DWI were observed, the apparent
diffusion coefficient values in the corresponding region
were correlated with the findings. We then identified
the lesion size, number, and location, including both
target and non-target areas. Although there were no
size criteria for the DWI-positive lesions, we regarded
a lesion larger than 10 mm in maximum diameter as
an obvious infarct. All DWI-positive lesions, including
obvious infarct lesions, were counted by the reader.

Angiographic occlusion assessment was classified
using the simplified Raymond classification scale (1:
complete obliteration, 2: residual neck, 3: residual aneu-

rysm).'”

Statistical analysis

Data are presented as meantstandard deviation for
continuous variables and as frequencies and percent-
ages for categorical variables. The Fisher’s exact test or
the unpaired t-test was used to assess categorical and
continuous variables, respectively. The cutoff value of
the number of DWI-positive lesions for predicting SIC
was obtained using the receiver operating characteristic
(ROC) curve. Statistical analysis was performed using
R version 4.0.5, and correlation matrices were displayed
using the R language program package.

RESULTS

Endovascular treatments were performed for 60
unruptured aneurysms in 53 patients and 30 patients

with a ruptured aneurysm. Fifty-five patients (68.7%)

were female, and the mean age was 62.3, ranging from
37 to 87 years.

Table 1 presents a comparison between patients with
ruptured and unruptured aneurysms. There were no
significant differences in the sex or risk factors for
atherosclerosis. The ruptured aneurysms were signifi-
cantly larger than the unruptured aneurysms (6.7£2.5
mm vs. 5.3£1.9 mm, p=0.004). Stent use was signifi-
cantly more frequent in patients with unruptured aneu-
rysms than in those with ruptured aneurysms (69.8% vs.
36.7%, p=0.007).

According to the aneurysm rupture state, antithrom-
botic drugs were administered differently between
patients with ruptured and unruptured aneurysms (Table 1).
Twenty-six patients with ruptured aneurysms (86.7%)
did not receive any antithrombotic drugs (n=17, 56.7%)
or only underwent postprocedural heparinization (n=9,
30%). In contrast, 52 patients with unruptured aneurysms
(98.1%) were administered dual antiplatelet premedica-
tion alone (n=23, 43.4%) or antiplatelet premedication
with postprocedural heparinization (n=29, 54.7%).

The overall rate of DWI-positive lesions was 55.4%
(n=46). There were no significant differences in the
occurrence rate (45.3% vs. 43.3%, p=1.000) and the
number of DWI-positive lesions (2.7£4.6 vs. 4.0+5.3,
p=0.237) between patients with unruptured and
ruptured aneurysms. SIC occurred in seven patients
(8.4%), and all SICs occurred in patients with obvious
infarcts. SIC occurred more frequently in patients with
ruptured aneurysms than in those with unruptured
aneurysms (1/53 [1.9%] vs. 6/30 [20.0%], p=0.015). The
incidence of SIC was significantly higher in patients
without antithrombotic drugs than in those with
antithrombotic drugs (5/17 [29.4%] vs. 2/66 [3.0%],
p=0.003). The incidence of SIC did not differ between
patients with stent and those without stent (3/48 [6.25%]
vs. 4/35 [11.4%], p=0.661).

Symptoms of SIC were as follows: monoparesis (n=1),
hemiparesis (n=4), dysarthria (n=1) and aphasia (n=1).
The day of symptom developed was as follows: the day
of procedure (n=4), the second day after the procedure
(n=2), and the 5th day after the procedure (n=1). The
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Table 1. Comparison of baseline demographics, anti-thrombotic drugs, clinical outcomes, and postprocedural DWI-positive lesions
between unruptured and ruptured aneurysms

Unruptured aneurysm

Ruptured aneurysm

(n=53) (n=30) p-value
Female sex 38 (71.7%) 17 (56.7%) 0.250
Age, years, mean+SD 60.8+11.4 65.2£12.7 0.108
Hypertension 25 (46.2%) 12 (40.0%) 0.668
Diabetes mellitus 4 (7.5%) 6 (20.2%) 0.186
Smoking 9(17.0%) 7(23.3%) 0.678
Hyperlipidemia 24 (45.3%) 9(30.0%) 0.257
Previous stroke 5(9.4%) 2(6.7%) 0.980
Antiplatelet premedication 52 (98.1%) 4(13.3%) <0.001
Postprocedural heparinization 30 (56.6%) 12 (40.0%) 0.221
Antithrombotic drug <0.001
None 0(0.0%) 17 (56.7%)
Antiplatelet alone 23 (43.4%) 1(3.3%)
Heparin alone 1(1.9%) 9(30.0%)
Antiplatelet with heparin 29 (54.7%) 3(10.0%)
Anterior circulation 48 (90.6%) 24 (83.3%) 0.534
Aneurysm size, mean+SD 53%19 0.7£2.5 0.004
Stent use 37 (69.8%) 11 (36.7%) 0.007
Double microcatheter 44 (83.0%) 20 (66.7%) 0.152
Procedure time, min 90.5+38.0 90.1+31.8 0.968
Raymond, Il and Il 30 (56.6%) 12 (40.0%) 0.221
DWI (+) lesion 0.645
0 24 (45.3%) 13 (43.3%)
1-4 16 (30.2%) 7(23.3%)
>5 13 (24.5%) 10 (33.3%)
Mean number of DWI (+) 2.7+4.6 4.045.3 0.237
Obvious infarct 2 (3.8%) 8(26.7%) 0.006
Symptomatic infarct 1(1.9%) 6 (20.0%) 0.015
Procedural rupture 1(1.9%) 0(0.0%) 1.000
Postprocedural hemorrhage 0 (0%) 0 (0%) 1.000

DWI, diffusion-weighted imaging; SD, standard deviation

3-month mRS scores of the seven patients were 1 (n=4),
2 (n=2), and 3 (n=1).

The ROC curve analysis showed that the cutoff value
of DWI-positive lesions for predicting SIC was 5 (area
under the curve, 0.951; sensitivity, 100%; specificity,
78.9%; p<0.001). DWI-positive lesions >5 were observed
in 23 patients (27.7%). The number of DWI-positive
lesions was significantly more prominent in the SIC
group than in the asymptomatic one (11.9£4.3 vs.
2.4+4.1, p<0.001). Patients with DWI-positive lesions

<5 were more frequently observed in the postprocedural
heparinization group than in the no postprocedural
heparinization group (36/42 [85.7%] vs. 24/41 [58.5%],
p=0.012).

When divided into two groups according to the cutoff
value, there was a significant difference in the use of
antithrombotic drugs and procedure time (Table 2). The
procedure time was significantly longer in the group
with >5 DWI-positive lesions (p=0.030). Obvious infarct
and SIC occurred significantly higher in the DWI (+) =5

252 www.the-jcen.org



Journal of Cerebrovascular and
Endovascular Neurosurgery

Sang Hyuk Lee et al.

Table 2. Comparison of risk factors for thromboembolic complications between DWI-positive lesion <5 and =5 groups

DWI () <5 DWI (#) 25
(n=60) (n=23) el
Female sex 41 (68.3%) 14(60.9%) 0.701
Age, years, mean+SD 61.9+11.8 63.7£12.5 0.543
Hypertension 27 (45.0%) 10 (43.5%) 1.000
Diabetes mellitus 7(11.7%) 3(13.0%) 1.000
Smoking 12 (20.0%) 4(17.4%) 1.000
Hyperlipidemia 23(38.3%) 10 (43.5%) 0.859
Previous stroke 5(8.3%) 2 (8.7%) 1.000
Antiplatelet premedication 42 (70.0%) 14 (60.9%) 0.594
Postprocedural heparinization 0.012
Heparinization 36 (60%) 6 (26.1%)
No heparinization 24 (40%) 17 (73.9%)
Antithrombotic drug 0.049
None 10 (16.7%) 7 (30.4%)
Antiplatelet alone 14 (23.3%) 10 (43.5%)
Heparin alone 8(13.3%) 2(8.7%)
Antiplatelet with heparin 28 (46.7%) 4(17.4%)
SAH 20 (33.3%) 10 (43.5%) 0.545
Anterior circulation 52 (86.7%) 21(91.3%) 0.838
Aneurysm size 58423 5.8+2.2 0.964
Stent use 35 (58.3%) 13 (56.5%) 1.000
Double microcatheter 45 (75.0%) 19 (82.6%) 0.655
Procedure time, min 85.1£30.8 104.1¢43.8 0.030
Raymond class, Il and Ill 33 (55.0%) 9(39.1%) 0.294
Obvious infarct 1(1.7%) 9(39.1%) <0.001
Symptomatic infarct 0(0.0%) 7 (30.4%) <0.001

DWI, diffusion-weighted imaging; SAH, subarachnoid hemorrhage; SD, standard deviation

than in those with DWT (+) <5 (p<0.001).

Patients with postprocedural heparinization had signifi-
cantly fewer DWI-positive lesions than those without
postprocedural heparinization (1.8+2.8 vs. 4.5+6.1,
p=0.013). Patients with postprocedural hepariza-
tion had a lower incidence of SIC than those without
postprocedural heparinization (1/42 [2.4%] vs. 6/41
[14.6%]), however, the significance was not enough
(p=0.107). In patients with ruptured aneurysms (n=30),
twelve patients received postprocedural heparinization,
and eighteen patients did not receive postprocedural
heparization. Of them, six patients experienced SIC
(20.0%), including one patient in the postprocedural

heparinization group and five patients in the no post-

procedural heparinization group (1/12 [8.33%] vs. 5/18
[27.8%], p=0.402).

Seventeen patients with ruptured aneurysms (56.6%)
underwent postprocedural surgery, including EVD
(n=8), lumbar drainage (n=9), and ventriculoperito-
neal shunt placement (n=2). Of the 12 patients with
ruptured aneurysms who underwent postprocedural
heparinization, 9 underwent lumbar drainage without
complications, and 3 did not undergo any other surgery.
EVD-related focal hemorrhage occurred in two patients,
and none of them received antithrombotic drugs. There

were no cases of HIT.
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DISCUSSION

Clinically silent infarcts following endovascular proce-
dures remain relatively common despite the increasing
experience with endovascular techniques and routine
use of antithrombotic drugs. However, the clinical
significance and long-term effects of these events are
controversial and debatable. There is increasing evidence
that the cumulative burden of ischemic brain injury
might cause cognitive decline or neurological deficits.”*”
Studies from cardiac and orthopedic literature have also
found that DWI lesions after procedures have reduced
cognitive function on neuropsychological examina-
tions.”"?

A systematic review reported that one out of two
patients had infarcts on DWTI following endovascular
treatment of intracranial aneurysms.” Consistent with
this study, DWI-positive lesions occurred in 55.4% of
the patients in our study. Previous studies demonstrated
that risk factors for DWI-positive lesions were stent-as-
sisted coiling, larger aneurysm size, incomplete occlu-
712D In this study,

longer procedural time showed a positive association

sion, old age, and procedure time.

between endovascular treatment and postprocedural
DWI-positive lesions.

Kang et al. reported that the cutoff value of DWI-pos-
itive lesions for predicting SIC was 26, and there were
significantly more DWI-positive lesions in the SIC group
than in the asymptomatic group.'” Similar to their study,
the cutoff value of DWI-positive lesions for predicting
SIC was 25 in our study. However, SIC was not asso-
ciated with dot-like lesions but with obvious infarcts
greater than 10 mm on DWI. Our results showed that
all patients who developed obvious infarcts had five or
more DWI-positive lesions. Our study suggests that the
size of DWI-positive lesions and the number of lesions
also had a significant relationship with the SIC.

The optimal antiplatelet preparation for preventing
thromboembolic and hemorrhagic complications in
the endovascular treatment of ruptured aneurysms
remains controversial. Several studies have found that

preprocedural antiplatelet medication does not improve

outcomes in patients with ruptured aneurysms.”*” This
study showed no significant difference in the incidence
of DWI-positive lesions between patients with ruptured
aneurysms and those with unruptured aneurysms
despite the absence of antiplatelet preparation in patients
with ruptured aneurysms. Our results also showed that
SIC occurred more frequently in patients with ruptured
aneurysms than in patients with unruptured aneurysms.
However, SIC occurred less frequently in patients with
ruptured aneurysms who underwent postprocedural
heparinization than in those with ruptured aneurysms
who did not. This result suggests that postprocedural
heparinization in patients with ruptured aneurysms may
reduce the risk of DWI-positive lesions and SIC. Our
results showed that most SICs occurred within two days
after the procedure, which may suggest the effectiveness
of postprocedural heparinization for 24 hours after the
procedure.

Heparin is widely used to prevent or treat throm-
boembolism; however, concerns about hemorrhagic
complications limit its use in patients with ruptured
aneurysms. Previous studies have demonstrated that
intravenous heparin infusion is safe in the setting of
aneurysmal SAH after securing the aneurysm.”'”*”
Our findings also show that heparin infusion effectively
prevents embolism in patients with ruptured aneurysms,
with no increased risk of hemorrhagic or HIT complica-
tions. Heparin is the most negatively charged molecule
and has various effects, including anti-inflammatory
effects."”"*

infusion reduces delayed neurological deficits, cognitive
8)11)

7 Recent studies have suggested that heparin

dysfunction, and severe cerebral vasospasm.

This study has several limitations. First, it is a retro-
spective, single-center study with a small sample size.
There is a potential bias in the selection of patients
who underwent postprocedural heparinization and
DWTI. Second, some DWI abnormalities were difficult
to distinguish, and a perfect consensus was not always
achieved. Third, we did not consider cognitive dysfunc-
tion for checking neurologic status. Previous studies
reported that cognitive deficits could occur after endo-

vascular treatment for cerebral aneurysms, although
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neurological deficits did not occur. Fourth, our study did
not include cases of late thromboembolism. We focused
only on the analysis of acute perioperative DWI-positive
lesions within 48 hours following the procedure. Finally,
it may be necessary to compare magnetic resonance
imaging (MRI) immediately after the procedure with
MRI within 48 hours after the procedure to prove the
effectiveness of postprocedural heparinization. However,
in this study, there was no MRI immediately after the
procedure. Most MRIs were taken between 24 and 48
hours after the procedures. Further studies comparing
MRI immediately after the procedure with MRI within
48 hours after the procedure are needed to confirm

these preliminary results.

CONCLUSIONS

The incidence of DWI-positive lesions following endo-
vascular treatment did not differ significantly between
the ruptured and unruptured aneurysms. However,
SIC occurs more frequently in patients with ruptured
aneurysms. Postprocedural heparinization effectively
reduced the number of DWI-positive lesions following
endovascular treatment without complications, and
it also tended to reduce the incidence of SIC after the
procedures. Further studies with larger sample size are

needed to confirm these preliminary results.

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the findings

specified in this paper.

REFERENCES

1. Bond KM, Brinjikji W, Murad MH, Kallmes DEF, Cloft HJ,
Lanzino G. Diffusion-weighted imaging-detected ischemic
lesions following endovascular treatment of cerebral aneu-
rysms: a systematic review and meta-analysis. AJNR Am J
Neuroradiol. 2017 Feb;38(2):304-9.

2. Choi HH, Cho YD, Han MH, Cho WS, Kim JE, Lee JJ, et al.

10.

11.

12.

Antiplatelet premedication-free stent-assisted coil emboliza-
tion in acutely ruptured aneurysms. World Neurosurg. 2018
Jun;114:e1152-60.

Choi J, Koo Y, Whang K, Cho S, Kim J. Safety of heparin
loading during endovascular embolization in patients with
aneurysmal subarachnoid hemorrhage. Clin Neurol Neuro-
surg. 2021 Feb;201:106453.

Choi SH, Na DL, Chung CS, Lee KH, Na DG, Adair JC. Dif-
fusion-weighted MRI in vascular dementia. Neurology. 2000
Jan;54(1):83-9.

Chung SW, Baik SK, Kim Y, Park J. Thromboembolic events
after coil embolization of cerebral aneurysms: prospective
study with diffusion-weighted magnetic resonance imaging
follow-up. ] Korean Neurosurg Soc. 2008 Jun;43(6):275-80.

Hwang G, Huh W, Lee JS, Villavicencio JB, Villamor RB Jr.,
Ahn SY, et al. Standard vs modified antiplatelet preparation
for preventing thromboembolic events in patients with high
on-treatment platelet reactivity undergoing coil embolization
for an unruptured intracranial aneurysm: a randomized clin-
ical trial. JAMA Neurol. 2015 Jul;72(7):764-72.

Tosif C, Lecomte JC, Pedrolo-Silveira E, Mendes G, Boncoeur
Martel MP, Saleme S, et al. Evaluation of ischemic lesion
prevalence after endovascular treatment of intracranial an-
eurysms, as documented by 3-T diffusion-weighted imag-
ing: a 2-year, single-center cohort study. ] Neurosurg. 2018
Apr;128(4):982-91.

James RE Khattar NK, Aljuboori ZS, Page PS, Shao EY, Car-
ter LM, et al. Continuous infusion of low-dose unfraction-
ated heparin after aneurysmal subarachnoid hemorrhage: a
preliminary study of cognitive outcomes. ] Neurosurg. 2018
May;1-8.

Kang DH, Hwang YH, Kim YS, Bae GY, Lee S]. Cognitive
outcome and clinically silent thromboembolic events after
coiling of asymptomatic unruptured intracranial aneurysms.
Neurosurgery. 2013 Apr;72(4):638-45; discussion 45.

Kang DH, Kim BM, Kim DJ, Suh SH, Kim DI, Kim Y§, et al.
MR-DWI-positive lesions and symptomatic ischemic com-
plications after coiling of unruptured intracranial aneurysms.
Stroke. 2013 Mar;44(3):789-91.

Kole M]J, Wessell AP, Ugiliweneza B, Cannarsa GJ, Fortuny E,
Stokum JA, et al. Low-dose intravenous heparin infusion af-
ter aneurysmal subarachnoid hemorrhage is associated with
decreased risk of delayed neurological deficit and cerebral
infarction. Neurosurgery. 2021 Feb;88(3):523-30.

Lund C, Nes RB, Ugelstad TP, Due-Tonnessen P, Andersen
R, Hol PK, et al. Cerebral emboli during left heart cathe-
terization may cause acute brain injury. Eur Heart J. 2005
Jul;26(13):1269-75.

Volume 24 - Number 3 | September 2022 255



J

13.
14.

15.
16.
17.

18.

19.

20.

256

CEN

DWiI-positive lesions following coiling

Mousavi S, Moradi M, Khorshidahmad T, Motamedi M.
Anti-inflammatory effects of heparin and its derivatives: a
systematic review. Adv Pharmacol Sci. 2015;2015:507151.

Mulloy B, Hogwood ], Gray E, Lever R, Page CP. Pharmacology
of heparin and related drugs. Pharmacol Rev. 2016 Jan;68(1):
76-141.

Park JC, Lee DH, Kim JK, Ahn JS, Kwun BD, Kim DY, et al.
Microembolism after endovascular coiling of unruptured

cerebral aneurysms: incidence and risk factors. ] Neurosurg.
2016 Mar;124(3):777-83.

Raymond J, Guilbert F, Weill A, Georganos SA, Juravsky L,
Lambert A, et al. Long-term angiographic recurrences after
selective endovascular treatment of aneurysms with detach-
able coils. Stroke. 2003 Jun;34(6):1398-403.

Schubert GA, Thome C, Seiz M, Douville C, Eskridge J.
Microembolic signal monitoring after coiling of unruptured
cerebral aneurysms: an observational analysis of 123 cases.
AJNR Am ] Neuroradiol. 2011 Sep;32(8):1386-91.

Shimamura N, Naraoka M, Matsuda N, Katayama K, Kakuta
K, Katagai T, et al. Use of preprocedural, multiple antiplatelet
medications for coil embolization of ruptured cerebral an-
eurysm in the acute stage improved clinical outcome and re-
duced thromboembolic complications without hemorrhagic
complications. World Neurosurg. 2020 Jan;133:e751-6.

Simard JM, Aldrich EE, Schreibman D, James RE Polifka A,
Beaty N. Low-dose intravenous heparin infusion in patients
with aneurysmal subarachnoid hemorrhage: a preliminary
assessment. ] Neurosurg. 2013 Dec;119(6):1611-9.

Simard JM, Tosun C, Ivanova S, Kurland DB, Hong C, Radecki
L, et al. Heparin reduces neuroinflammation and transsynaptic

21.

22.

23.

24.

25.

26.

neuronal apoptosis in a model of subarachnoid hemorrhage.
Transl Stroke Res. 2012 Jul;3(Suppl 1):155-65.

Tokunaga K, Hatano T, Nakahara I, Ishii A, Higashi E, Kamata
T, et al. Factors associated with postprocedural diffusion-
weighted imaging-positive lesions in endovascular treatment
for unruptured cerebral aneurysms. World Neurosurg. 2019
Oct;130:e457-62.

van den Bergh WM, Kerr RS, Algra A, Rinkel GJ, Molyneux
AJ, ISAT Collaborative Group. Effect of antiplatelet therapy
for endovascular coiling in aneurysmal subarachnoid hemor-
rhage. Stroke. 2009 April;40(6):1969-72.

Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal
PJ, Breteler MM. Silent brain infarcts and the risk of dementia
and cognitive decline. N Engl ] Med. 2003 Mar;348(13):1215-
22.

Yamada NK, Cross DT 3rd, Pilgram TK, Moran CJ, Derdeyn
CP, Dacey RG Jr. Effect of antiplatelet therapy on thrombo-
embolic complications of elective coil embolization of cerebral
aneurysms. AJNR Am J Neuroradiol. 2007 Oct;28(9):1778-82.

Zachariah J, Snyder KA, Graffeo CS, Khanal DR, Lanzino G,
Wijdicks EF, et al. Risk of ventriculostomy-associated hemor-
rhage in patients with aneurysmal subarachnoid hemorrhage
treated with anticoagulant thromboprophylaxis. Neurocrit
Care. 2016 Oct;25(2):224-9.

Zhang L, Zhou X, Liu Y, Ding C, Wang Y, Yang H. The utility
of diffusion-weighted MRI lesions to compare the effects of
different heparinization schemes in intracranial aneurysms
treated by endovascular intervention. Front Neurol. 2020
Dec;11:609384.

www.the-jcen.org



