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Negative Susceptibility Vessel Sign and Underlying Intracranial
Atherosclerotic Stenosis in Acute Middle Cerebral Artery

ABSTRACT

Occlusion

S.K. Kim, W. Yoon, T.W. Heo, M.S. Park, and H.K. Kang

BACKGROUND AND PURPOSE: The role of MRimaging in predicting underlying intracranial atherosclerotic stenosis before endovascular
stroke therapy has not been studied. Our aim was to determine the diagnostic value of the negative susceptibility vessel sign on
T2*-weighted gradient-echo MR imaging for predicting underlying intracranial atherosclerotic stenosis in patients with acute MCA
occlusion.

MATERIALS AND METHODS: Ninety-one consecutive patients with acute stroke because of MCA occlusion underwent gradient-echo
MR imaging and MRA before endovascular therapy. The negative susceptibility vessel sign was defined as an absence of a hypointense
signal change within the occluded MCA on gradient-echo imaging. Underlying intracranial atherosclerotic stenosis was determined by
conventional angiography. The sensitivity, specificity, predictive values, and accuracy of the negative susceptibility vessel sign for predict-
ing the presence of underlying intracranial atherosclerotic stenosis were assessed.

RESULTS: The negative susceptibility vessel sign was identified in 42 (46.1%) of 91 patients, and 18 (19.8%) patients had an underlying
intracranial atherosclerotic stenosis responsible for acute ischemic symptoms. The negative susceptibility vessel sign was more frequently
observed in patients with intracranial atherosclerotic stenosis than in those without it (100% versus 32.9%, P < .001). In the prediction of an
underlying intracranial atherosclerotic stenosis, the negative susceptibility vessel sign had 100% sensitivity, 67.1% specificity, 42.9% positive
predictive value, 100% negative predictive value, and an accuracy of 73.6%.

CONCLUSIONS: The negative susceptibility vessel sign on gradient-echo MR imaging is a sensitive marker with a high negative predictive
value for the presence of an underlying intracranial atherosclerotic stenosis in patients with acute ischemic stroke because of MCA
occlusions. The susceptibility vessel sign can be used in decision-making when performing subsequent endovascular revascularization
therapy in patients with acute MCA occlusions.

ABBREVIATIONS: GRE = gradient-echo; ICAS = intracranial atherosclerotic stenosis; SBT = stent-based thrombectomy; SVS = susceptibility vessel sign

Intracranial atherosclerotic stenosis (ICAS) is one of the most
common causes of ischemic stroke worldwide and is particu-
larly prevalent in Asian, black, Hispanic, and Indian popula-
tions."> Underlying ICAS can be a hidden cause of refractory
occlusions following modern mechanical thrombectomy proce-
dures, such as stent-based thrombectomy (SBT) or manual aspi-
ration thrombectomy in patients with acute ischemic stroke.’
Thus, preprocedural identification of underlying ICAS in patients
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with intracranial large-vessel occlusions is of particular impor-
tance when performing endovascular stroke therapy.

On MR imaging, hypointense signal changes in the occluded
MCA on gradient-echo (GRE) sequences have been described as a
susceptibility vessel sign (SVS).*? The pathophysiologic basis for
this sign in patients with an acute MCA occlusion is a T2-short-
ening effect of the intracellular deoxyhemoglobin component in
erythrocytes within the clot.* Several researchers showed that the
SVS was more commonly seen in red blood cell-dominant and
mixed clots than in fibrin-dominant clots and could therefore
reflect the composition of the clots.® In addition, GRE SVS was
observed more frequently in patients with cardiogenic embolic
stroke than in those with other stroke subtypes.5 In contrast, the
absence of the GRE SVS might be associated with a smaller clot
burden or a fibrin-dominant clot that forms as a result of rupture
of the underlying atherosclerotic plaque. Thus, we hypothesized



that the absence of the GRE SVS despite the presence of intracra-
nial large-vessel occlusions could indicate an underlying ICAS in
patients with acute ischemic stroke within 6 hours of stroke onset,
and we termed this finding the “negative SVS.” Despite the wide-
spread use of MR imaging for the diagnosis of acute ischemic
stroke, the role of MR imaging in predicting underlying ICAS
before endovascular therapy has not been studied, to our knowl-
edge. In this study, we evaluated the diagnostic value of the neg-
ative SVS on GRE imaging for the prediction of underlying ICAS
in patients with acute MCA occlusion.

MATERIALS AND METHODS

Patients

From January 2011 to February 2013, 101 consecutive patients
presenting with acute ischemic stroke from MCA occlusion
within 6 hours of symptom onset were treated with multimodal
endovascular revascularization therapy at a tertiary university
hospital. Of these patients, those who did not undergo the GRE
sequence (n = 8) or had GRE images of insufficient quality for
reliable evaluation because of motion artifacts (n = 2) were ex-
cluded, leaving 91 patients in this study. This retrospective study
analyzed the radiologic and clinical data collected prospectively
from these 91 patients. The institutional ethics committee ap-
proved this retrospective analysis and waived the requirements
for informed consent on the basis of the study design.

MR Imaging Analysis

MR imaging examinations were performed by using a 1.5T unit
(Signa HDxt; GE Healthcare, Milwaukee, Wisconsin). Before the
endovascular procedure, patients underwent MR imaging, in-
cluding DWI, GRE, FLAIR, 3D TOF MRA, and perfusion imag-
ing. GRE sequence parameters included a TR of 750—800 ms, TE
of 14 ms, flip angle of 20°, section thickness of 4 mm, intersection
gap of 0 mm, and FOV of 230 X 230 mm. 3D TOF MRA param-
eters included a TR of 24 ms, TE of 6.9 ms, flip angle of 20°, and
FOV of 240 X 240 mm.

All MR images were retrospectively reviewed by 2 neuroradi-
ologists (with 1 and 3 years of experience, respectively) who were
blinded to the findings from conventional angiography. Conclu-
sions were reached by consensus regarding the presence or ab-
sence of the negative SVS on GRE imaging. A negative SVS was
defined as the absence of the GRE SVS in the occluded MCA. GRE
SVS was defined as a hypointense signal change on GRE imaging
within the occluded MCA, in which the diameter of the hypoin-
tense signal exceeds that of the contralateral MCA.*>

Catheter Angiography and Endovascular Therapy

On admission, a stroke neurologist performed an assessment
based on the NIHSS. The inclusion criteria for endovascular ther-
apy were as follows: presentation within 6 hours of stroke onset
for an anterior circulation stroke; baseline NIHSS score of =4; no
intracranial hemorrhage detected on the cranial CT or MR imag-
ing; no flow-related enhancement in the M1 or M2 segment of
MCA on the MRA; a target mismatch pattern on multimodal MR
imaging based on visual estimation (time-to-peak map of perfu-
sion imaging showing a lesion volume =30% larger than that

detected with DWI); infarct volume on DWI less than one-third
of the MCA territory; and a premorbid mRS score of =3.

Underlying ICAS was determined by conventional angiogra-
phy when the severe stenosis (=70%) of the MCA, measured by
the Warfarin-Aspirin Symptomatic Intracranial Disease criteria,”
was seen on the initial diagnostic angiography or on the follow-up
angiography after the first-line SBT. For underlying ICAS that was
seen after the first-line SBT, ICAS was determined if the stenotic
lesion remained unchanged on the follow-up angiography per-
formed >5 minutes after intra-arterial injection of a vasodilator
(50 g of nitroglycerin) through the guide catheter. Angiographic
images were retrospectively reviewed by a neuroradiologist (with
8 years of experience) who was blinded to the findings from MR
imaging.

All conventional angiography and endovascular therapy were
performed by a single interventional neuroradiologist with 12
years of experience in neurovascular intervention. For each pa-
tient, written informed consent for angiography and endovascu-
lar therapy was obtained from a family member. Cerebral angiog-
raphy and endovascular therapy were performed with the patient
under conscious sedation. In cases of agitation, an intravenous
bolus of midazolam was given and repeated if necessary. When
the initial diagnostic angiography showed arterial occlusion, SBT
with a Solitaire stent (Covidien, Irvine, California) was performed
as the first-line endovascular treatment. When SBT was unsuc-
cessful, additional mechanical approaches were performed, in-
cluding manual aspiration thrombectomy with a Penumbra Sys-
tem perfusion catheter (Penumbra, Alameda, California) and
intra-arterial urokinase infusion with or without clot disruption
with a microguidewire. The details of the techniques used for SBT,
manual aspiration thrombectomy, and clot disruption with a mi-
crowire were described previously.®’

All patients with underlying ICAS were treated with intracra-
nial angioplasty with or without stent placement. Intracranial an-
gioplasty was performed with a Gateway PTA balloon catheter
(Stryker, Kalamazoo, Michigan). The diameter of the balloon was
undersized to 80% of the normal vessel diameter just distal to the
stenosis, and the shortest length was used to cover the lesion. The
balloon was inflated slowly 1 or 2 times by using a screw-type
pressure inflation device at 4—6 atm for 30—60 seconds. When-
ever possible, intracranial stent placement with the Wingspan
stent system (manufactured by Stryker, Kalamazoo, Michigan, for
Boston Scientific, Natick, Massachusetts) was performed after in-
tracranial angioplasty. The stent diameter was sized to exceed the
diameter of the normal vessel by 0.5 mm. The stent length was
selected to cover the entire stenotic segment. Patients who under-
went intracranial angioplasty with or without stent placement
received aspirin and clopidogrel bisulfate (Plavix) orally via a na-
sogastric tube immediately after the procedure, and dual anti-
platelet therapy was continued for at least 3 months after the pro-
cedure. Revascularization status was assessed on the final
angiogram and was classified according to the modified TICI
scale,'” and successful revascularization was defined as a modified
TICI grade 2b or 3. Clinical outcome was assessed by a stroke
neurologist by using the mRS during an outpatient visit 3 months
after treatment. If patients were unable to attend the outpatient
clinic, outcomes were obtained via telephone interview. A good
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clinical outcome was defined as an mRS score of <2. Stroke sub-
types were determined by a stroke neurologist according to the
classification of the Trial of Org 10172 in Acute Stroke
Treatment.'!

Statistical Analysis

First, we compared differences between the patients with a nega-
tive SVS (negative SVS group) and those with a GRE SVS (positive
SVS group) and then differences between the ICAS group (pa-
tients with underlying ICAS) and the non-ICAS group (patients
without underlying ICAS) separately. Differences in baseline
characteristics and clinical outcomes between the 2 groups were
compared by using bivariate analysis. The Pearson x* or Fisher
exact test was used for categoric variables, and the Mann-Whitney
U test, for continuous variables. Next, diagnostic performance
parameters, including sensitivity, specificity, positive predictive
value, negative predictive value, and the diagnostic accuracy of the
negative SVS for the prediction of underlying ICAS, were calcu-
lated. Finally, independent associations of clinical outcomes with
other clinical and radiologic factors were determined with a mul-
tivariate logistic regression analysis. The variables tested in the
logistic regression models were those with P < .2 in the univariate
analysis. All statistical analyses were performed with SPSS soft-
ware (Version 20.0; IBM, Armonk, New York). P < .05 was a
statistically significant difference.

RESULTS

Of'the 91 patients (52 men and 39 women; age range, 40 —92 years)
with acute MCA occlusions treated with multimodal endovascu-
lar therapy, a negative SVS on GRE imaging was identified in 42
(46.1%) patients. On conventional angiography, 18 (19.8%) of 91
patients had an underlying ICAS in the MCA, which was respon-
sible for their acute ischemic symptoms. Of 18 patients with un-
derlying ICAS, 8 exhibited a severe (=70%) stenosis of the target
artery on the initial diagnostic conventional angiography despite
the 3D TOF MRA demonstrating an absence of flow-related en-
hancement in the M1 and M2 segments of the MCA. The remain-
ing 10 patients had an occlusion visible on the initial conventional
angiography and had a severe stenosis at the previous occlusion
site after SBT. Of these 10 patients, only 3 had visible thrombi that
were captured with a Solitaire stent. The remaining 7 patients had
no captured thrombi despite several passages of the Solitaire stent.
Thus, overall, 15 of 18 patients (83%) with underlying ICAS had
no apparent clot burden in our study. The occlusion sites were in
the M1 segment in all patients with underlying ICAS, while those
in the non-ICAS group were in the M1 (n = 66) and M2 (n = 7)
segments.

Negative SVS versus Positive SVS

The results of comparisons between the patients with a negative
SVS and those with a positive SVS are shown in Table 1. Diabetes
and dyslipidemia were more frequent in patients in the negative
SVSgroup (P = .046 and P = .011), whereas atrial fibrillation was
more frequent in the positive SVS group (P = .011). The mean
baseline NIHSS score was significantly lower in the negative SVS
group compared with the positive SVS group (9.5 versus 13, P =
.003). For stroke subtypes, the negative SVS was significantly as-
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Table 1: Comparison between the negative SVS group and
positive SVS group

Negative SVS  Positive SVS P
Group (n =42) Group (n=49) Value

Age (yr) 691+160 684+140 NS
Male sex 21(50%) 31(633%) NS
Risk factors
Hypertension 26 (61.9%) 27 (55.1%) NS
Diabetes mellitus 10 (23.8%) 4(8.2%) 046
Coronary artery disease 3(7.1%) 2(4.1%) NS
Dyslipidemia 19 (45.2%) 10 (20.4%) .on
Smoking 8(19.0%) 7(347%) NS
Atrial fibrillation 12(28.6%) 27 (55.1%) on
Congestive heart failure 1(2.4%) 1(2.0%) NS
History of stroke or TIA 7(16.7%) 5(10.2%) NS
Occlusion sites
M1 segment 38(90.5%)  46(939%) NS
M2 segment 4(9.5%) 3(6.1%) NS
IV thrombolysis 20 (47.6%) 34 (69.4%) NS
Time to procedure (min) 240 = 115.9 250 =743 NS
Procedure time (min) 315+93 30 +18.0 NS
Time to revascularization (min) 280 = 117.8 276 =783 NS
Baseline NIHSS score 9.5+*37 B*+37 .003
Stroke subtypes
Cardioembolic 11(26.2%) 29 (59.2%) 002
Large artery atherosclerosis 24 (57.1%) 9(18.4%)  <.001

Others 0% 0% NS

Undetermined 7(16.7%) 11(22.4%) NS
m-TICI 2b or 3 38(90.5%) 39(79.6%)  Ns
mRS 0-2 28 (66.7%) 21(42.9%) 023
Mortality 5(11.9%) 4(8.2%) NS

Note:—m-TICl indicates modified TICI; NS, non-significant.

sociated with large-artery atherosclerosis. Of the 33 patients with
large-artery atherosclerosis, 24 (72.7%) had a negative SVS (Fig
1), whereas 9 (27.3%) had a positive SVS (P < .001). In contrast,
a positive SVS was significantly associated with cardioembolic
stroke: Twenty-nine (72.5%) of 40 patients with cardioembolic
stroke had a positive SVS (Fig 2) and 11 (27.5%) had a negative
SVS (P = .002). Good outcomes occurred significantly more fre-
quently in the negative SVS group than in the positive SVS group
(66.7% versus 42.9%, P = .023).

ICAS versus Non-ICAS

The results of comparison between the ICAS group and the non-
ICAS group are shown in Table 2. Patients in the ICAS group were
younger than those in the non-ICAS group (P = .026). Diabetes
and dyslipidemia were more frequent in patients with ICAS (P =
.002 and P < .001, respectively), whereas atrial fibrillation was
more frequent in the non-ICAS group (P < .001). The mean
baseline NIHSS score was significantly lower in the ICAS group
compared with the non-ICAS group (9.8 versus 12.7, P = .003).
There were no significant differences between the 2 groups in
other risk factors, arterial occlusion sites, use of IV thrombolysis,
procedure time, and time to revascularization.

All patients with ICAS had a negative SVS, whereas only 24
patients in the non-ICAS group had a negative SVS (100% versus
32.9%, P < .001). The incidence of negative SVS according to
occlusion site is summarized in Table 3. In the prediction of an
underlying ICAS, a negative SVS had 100% (95% CI, 90%-100%)
sensitivity, 67.1% (95% CI, 55%-77%) specificity, 42.9% (95%
CI, 28%-59%) positive predictive value, 100% (95% CI, 90%-—
100%) negative predictive value, and 73.6% accuracy.

All 18 patients with underlying ICAS received intracranial an-
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FIG 1. Brain images from a 74-year-old man with acute ischemic stroke and atherosclerotic stenosis in the MCA. A, 3D TOF MR angiography
shows the occlusion in the proximal M1 segment of the left MCA. B, Axial gradient-echo image reveals a negative susceptibility vessel sign
(arrows) in the M1 segment of the left MCA. C, Angiography after 1 passage of the Solitaire stent identifies a severe stenosis (arrow) in the
proximal M1 segment of the left MCA. No thrombi were retrieved with the Solitaire stent. D, Angiography after intracranial angioplasty with
stent placement shows complete revascularization in the left MCA territory.

FIG 2. Brain images from a 74-year-old man with acute ischemic stroke and atrial fibrillation. A, 3D TOF MR angiography shows the occlusion in
the Ml segment of the left MCA. B, Axial gradient-echo image reveals a positive susceptibility vessel sign (arrows) in the distal M1segment of the
left MCA.. C, Conventional angiography shows the occlusion in the M1 segment of the left MCA. D, Angiography after 1 passage of the Solitaire
stent shows complete revascularization in the left MCA territory. E, Photograph demonstrates red clots retrieved with a Solitaire stent.

gioplasty with or without stent placement. Overall, successful re-
vascularization (modified TICI =2b) was achieved in 84.6% (77/
91) of patients. Successful revascularization was achieved more
frequently in the ICAS group than in the non-ICAS group (100%
versus 80.8%, P = .043). Good outcomes occurred significantly
more frequently in the ICAS group than in the non-ICAS group
(77.8% versus 47.9%, P = .034). There was no newly developed
arterial occlusion distal to the angioplasty site on postangioplasty
angiograms in all patients who underwent intracranial angio-
plasty with or without stent placement.

Predictors of Clinical Outcome
Multivariate analysis showed that age (OR, 1.067; 95% CI, 1.013—
1.124; P = .014) and revascularization (OR, 9.180; 95% CI, 1.545—

54.526; P = .015) were independent predictors of good clinical
outcome when adjusting for age, sex, dyslipidemia, atrial fibrilla-
tion, coronary artery disease, IV thrombolysis, baseline NIHSS
score, revascularization (modified TICI =2b), posttreatment in-
tracranial hemorrhage, ICAS, and SVS.

DISCUSSION

In the present study, a negative SVS on GRE imaging was a highly
sensitive marker with a high negative predictive value for the pres-
ence of an underlying ICAS in the setting of acute stroke because
of an acute MCA occlusion. A negative SVS on GRE imaging was
significantly associated with an underlying ICAS in the occluded
MCA (100% in the ICAS group versus 32.9% in the non-ICAS
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Table 2: Comparison between the ICAS group and non-ICAS
group

ICAS Non-ICAS
Group Group
(n=18) (n=73) PValue
Age (yr) 63.8£104 699174 026
Male sex 11(61.1%) 41(56.2%) NS
Risk factors
Hypertension 12(66.7%)  41(56.2%) NS
Diabetes mellitus 7 (38.9%) 7 (9.6%) .002
Coronary artery disease 0(0%) 5(6.8%) NS
Dyslipidemia 12(66.7%)  17(23.2%) <.001
Smoking 3(167%)  22(301%) NS
Atrial fibrillation 1(5.6%)  38(521%) <.001
Congestive heart failure 0(0%) 2(27%) NS

History of stroke or TIA 1(5.6%) 11(151%) NS
Occlusion sites

M1 segment 18 (100%)  66(90.4%) NS

M2 segment 0(0%) 7(9.6%) NS
IV thrombolysis 7(389%) 47(644%) NS

Time to procedure (min) 253.8 = 115.9 250.5+742 NS
Procedure time (min) 319+93  336*+180 NS
Time to revascularization (min) 285.8 = 117.8 2843 =782 NS

Baseline NIHSS score 9.8 +3.6 127 £37 .003
m-TICI 2b or 3 18 (100%) 59 (80.8%) .043
mRS 0-2 14(77.8%)  35(47.9%) .034
Mortality 1(5.6%) 8(10.9%) NS

N-SVS 18 (100%) 24(329%) <.001

Note:—N-SVSindicates negative susceptibility vessel sign; m-TICI, modified TICI; NS,
non-significant.

Table 3: Summary of GRE MRI findings according to occlusion
sites

ICAS Group Non-ICAS Group
(n=18) (n=73)
SVS SVS SVS SVS
Location Absent Present Absent Present
M1 18 0 20 46
M2 0 0 4 3
Total (n = 91) 18 0 24 49

group, P < .001) with a high sensitivity (100%) and a high nega-
tive predictive value (100%). For stroke subtypes, 72.7% (24/33)
of patients with large-artery atherosclerosis had a negative SVS
and 72.5% (29/40) of patients with cardioembolic stroke had a
positive SVS in our study. In comparison, Cho et al” reported that
83.7% of those with large-artery atherosclerosis had a negative
SVS and 77.5% of those with cardioembolic stroke had a positive
SVS.

Several studies reported that GRE MR imaging can be used to
depict blood clots within occluded intracranial arteries and to
evaluate the clot composition in the setting of acute ischemic
stroke.*®'? Paramagnetic intracellular deoxyhemoglobin is pres-
ent at high concentrations in acute clots, leading to a nonuniform
magnetic field that causes marked signal loss on the GRE sequence
because of dephasing of spins.'”> Recently, several investigators
reported the results of histologic studies analyzing the composi-
tion of the clots retrieved by mechanical thrombectomy in pa-
tients with acute ischemic stroke.”'*'® These studies demon-
strated that the presence of an SVS on GRE imaging was notably
associated with a higher red blood cell content in the clots,
whereas an absence of SVS was associated with fibrin-rich clots.
Fibrin-dominant clots are usually formed because of injury to the
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endothelium overlying the complicated atheromatous plaque.
Clots formed at the site of underlying ICAS mainly consist of a
fibrin network superimposed on the underlying platelet aggre-

gates>'”

and would not appear as a hypointense vessel on GRE
imaging because of the lack of deoxyhemoglobin. The results
from our study support this hypothesis; all patients with under-
lying ICAS in the occluded MCA had a negative SVS on GRE
imaging.

Another plausible explanation for the high incidence of nega-
tive SVSs in patients with underlying ICAS would be that such
patients had a smaller clot burden compared with those having
other stroke subtypes. In our study, 8 of 18 patients with under-
lying ICAS had a severe stenosis on the initial conventional an-
giography. Of the 10 patients who underwent SBT with the Soli-
taire stent because of an occlusion seen on the initial conventional
angiography, only 3 patients had visible thrombi that were cap-
tured with a stent. The remaining 7 patients had no captured
thrombi despite several passages of the stent and had a severe
stenosis at the previous occlusion site without angiographic evi-
dence of distal migration of thrombi on follow-up angiography.
Thus, overall, 15 of 18 patients (83%) with underlying ICAS had
no apparent clot burden in our study.

In our study, the negative SVS showed low specificity and low
positive predictive values for predicting ICAS because of a high
incidence of false-positive findings (24 cases) in the non-ICAS
group. The false-positive cases showing a negative SVS despite the
absence of ICAS in the non-ICAS group might be attributed to the
size or aging of the clots and their components. Red blood cell-
dominant clots that are smaller than the section thickness of the
GRE sequence may not demonstrate GRE SVS. In addition, fresh
clots cannot demonstrate hypointense signal changes on GRE MR
imaging because the main component of hyperacute clots would
be oxyhemoglobin.'®

ICAS also can be detected and evaluated with high-resolution
vessel wall MR imaging. Recent advances in MR imaging have
made it possible to reliably image intracranial vessel wall pathol-
ogies, including ICAS."” Vessel wall MR imaging can reveal the
presence of atherosclerotic plaques or focal thickening and en-
hancement of the intracranial vessel wall in patients with ICAS. In
addition, recent studies showed that vessel wall MR imaging
might be used for the characterization of intracranial atheroscle-
rotic plaques to assess the vulnerability of these plaques.”® A high-
resolution vessel wall MR imaging sequence may be included in
the clinical scan protocol for ischemic stroke in the future. How-
ever, it is generally not possible to obtain vessel wall images of
sufficient quality for interpretation from patients with stroke in
the hyperacute period because of long scan times.

Although the optimal treatment for underlying ICAS in pa-
tients presenting with hyperacute stroke remains unknown,” the
identification of underlying ICAS before endovascular therapy
could help interventionists make appropriate therapeutic deci-

sions.>'®?? Recently, Kang et al*>

reported that patients with un-
derlying ICAS who presented with acute stroke had an increased
tendency for instant reocclusion of the treated arteries after the
initial mechanical thrombectomy. They suggested that the infu-
sion of intra-arterial antiplatelet agents in combination with a

thrombolytic agent might reduce the rate of reocclusion in pa-



tients with acute stroke with underlying ICAS. In our study, we
performed intracranial angioplasty, with or without stent place-
ment, in all patients with underlying ICAS, which resulted in high
rates of revascularization (100%) and good outcome (77.8%) and
low mortality rates (5.6%). Although a randomized controlled
trial (Stenting and Aggressive Medical Management for Prevent-
ing Recurrent stroke in Intracranial Stenosis) failed to show a
benefit for intracranial stent placement over intensive medical
management in preventing stroke recurrence in high-risk patients
with symptomatic ICAS,** our study suggests that intracranial
angioplasty, with or without stent placement, remains a promis-
ing method in the setting of hyperacute stroke secondary to un-
derlying ICAS.

This single-center retrospective study has limitations inherent
to this type of case series, including the lack of a prospective study
design. In our study, the section thickness of the GRE sequence
was 4 mm. Red blood cell- dominant clots smaller than 4 mm may
not be seen on GRE images; this possibility might have affected
the results of the study. In addition, it might be difficult to differ-
entiate underlying stenosis from residual emboli after mechanical
thrombectomy on angiograms. However, there was no newly de-
veloped arterial occlusion distal to the angioplasty site when com-
paring pre- and postangioplasty angiograms in all patients, which
could confirm stenotic lesions not being caused by residual em-
boli. Finally, this study was conducted in an Asian country in
which ICAS is more prevalent than in Europe and the United
States. Thus, a high incidence (19.8%) of patients with ICAS re-
ceived endovascular therapy in the setting of hyperacute stroke.
However, the global burden of ICAS is increasing, and it is gener-
ally accepted that ICAS is now a major worldwide stroke problem
that cannot be ignored.?!

CONCLUSIONS

This study suggests that a negative SVS on GRE MR imaging is a
sensitive marker with a high negative predictive value for the pres-
ence of an underlying ICAS in patients with acute ischemic stroke
because of MCA occlusion. A predictor such as this would be
helpful for interventionists when performing subsequent endo-
vascular stroke therapy.
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