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INTRODUCTION

Remote intracerebral hemorrhage (ICH) is defined as an ICH 
that occurs at a site distant from the treated lesion and is a con-
siderable post-neurointerventional complication.1,2 Research-
ers have indicated that remote ICH after endovascular treat-
ment of unruptured intracranial aneurysms occurs in 0.46% 
of patients.3 In the SAMMPRIS trial, remote ICH occurred in 
3.1% of patients.4,5

Recently, the Wingspan stent (Stryker Neurovascular) for in-
tracranial atherosclerotic stenosis (ICAS) has been found to 
exhibit a low periprocedural complication rate and excellent 
safety profile when performed by experienced interventional-
ists with proper patient selection following on-label usage 

guidelines.6 However, delayed remote ICH after Wingspan 
stenting following the on-label usage guidelines has not been 
reported. Because such a life-threatening complication should 
not be neglected, we report our experience with delayed re-
mote ICH after Wingspan stenting in a patient with symptom-
atic ICAS.

CASE REPORT

A middle-aged person presented to our institution because of 
right sided weakness lasting 10 minutes. On admission, there 
was one small diffusion restriction on the left frontal lobe (Fig. 
1A). Images from magnetic resonance angiography and digital 
subtraction angiography showed 70% stenosis of the left inter-
nal carotid artery communicating segment (Fig. 1B and C). 
Because the patient’s medications included antihypertensive 
medication, a statin, and aspirin (100 mg), we administered 
daily clopidogrel (75 mg). The patient was discharged without 
neurological deficit. Three months later, the patient experi-
enced four episodes of transient right-sided weakness. There 
was no diffusion restriction, and antiplatelet (P2Y12) resistance 
testing was within normal range (60–240 PRU). Ten days after 
the second attack, the patient underwent endovascular treat-
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ment for ICAS.
Under general anesthesia, a 2.5×9 mm-sized Gateway (Stryk-

er Neurovascular) was used with step-wised inflation (4 atm, 
5 atm, and 6 atm for 30 seconds each). Then, a Wingspan stent 
(4.0×20 mm) was deployed. Post-operative angiography indi-
cated good patency of the internal carotid artery, and the stent 
covered the carotid siphon (Fig. 2). The patient was discharged 
without neurological deficit on the fifth postoperative day.

However, the patient returned with deep drowsy conscious-
ness and right hemiparesis grade 3 on the 22nd postoperative 
day. On computed tomography scan, there was a lobar-type 
subcortical ICH on the left temporal lobe (Fig. 3A). We per-
formed ICH catheterization (Fig. 3B). Fourteen days later, the 

ICH was well resolved, and 12-month follow-up computed to-
mography scan showed encephalomalacic change on the left 
temporal lobe without any other abnormal lesion (Fig. 3C and D). 
The patient had minimal motor weakness on hand grasping at 
12-month clinical follow-up.

DISCUSSION

We report the case of a patient with symptomatic ICAS treated 
with the Wingspan stent following on-label usage guidelines 
who experienced delayed remote ICH at 22 days after the pro-
cedure. The ICH was lobar type in the subcortical white matter 
of the ipsilateral temporal lobe. The present case seemed to 
correspond with previous reports in which remote ICH tended 
to occur as an ipsilateral lobar-type hemorrhage within 1 week 
(up to 3 weeks).1-3

In the SAMMPRIS trial,4,5 remote ICH occurred in 3.1% (7/224). 

Fig. 1. (A) On the diffusion weighted image, a small high signal intensity 
lesion on the left frontal lobe indicating acute cerebral infarction is visible. 
Severe stenosis (70%) is noted in the left internal carotid artery communi-
cating segment on (B) magnetic resonance angiography and (C) digital 
subtraction angiography.
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Fig. 2. (A) A Wingspan stent (4.0×20 mm) was deployed. (B) Post-opera-
tive three-dimensional reconstructive angiography shows good patency 
of the internal carotid artery. Arrows indicate the distal and proximal 
markers of the Wingspan stent covering the carotid siphon.
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Fig. 3. On a computed tomography scan, (A) a lobar-type subcortical hemorrhage is noted on the left temporal lobe. (B) We performed catheterization for 
hematoma drainage. (C) Fourteen days later, the hemorrhage was well resolved. (D) On 12-month follow-up, encephalomalacic change (tissue defect) was 
detected on the left temporal lobe without any other abnormal lesions.
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Of the 224 patients randomized to the Wingspan arm, 13 had 
hemorrhagic strokes. Seven of the 13 were ICH, and all were 
remote from the stented vessels. Subgroup analysis of the pa-
tients with ICH revealed associations with higher degree ICAS, 
administration of a preoperative clopidogrel loading dose of 
600 mg, and high procedural activated clotting time >300 sec-
onds. In the WEAVE trial,6 a low periprocedural event rate of 
intracranial stenting was observed, compared to the SAMM-
PRIS trial (2.6% vs. 14.7%). Among the 152 patients, they did 
not report delayed remote ICH after Wingspan stenting, al-
though there was one (0.7%, 1/152) large reperfusion hemor-
rhage that resulted in death. In the present case, best medical 
treatment may have been insufficient because the patient had 
four episodes of transient ischemic attack with right-sided weak-
ness 3 months after the first stroke. However, the present case 
does correspond with on-label usage guideline. Thus, delayed 
remote ICH after Wingspan stenting following on-label usage 
guidelines is possible.

The etiology of this hemorrhage remains unknown. Howev-
er, the use of any intracranial stent, a coil-assistant stent, a flow 
diverter, or a Wingspan stent, can be complicated by remote 
ICH. The mechanism of delayed remote ICH that occurs after 
endovascular treatment has been explained in several ways:3 
First, dual antiplatelet therapy is the most common cause of 
hemorrhagic complications. The annual risk of major ICH is 
1.1–1.8% with dual antiplatelet therapy for secondary stroke 
prevention.7 The present case used dual antiplatelet therapy 
due to ischemic stroke. Thus, dual antiplatelet therapy could 
increase bleeding risk and might cause delayed remote ICH. 
Second, hemorrhagic transformation is another common cause 
of hemorrhagic complications. However, the present case dem-
onstrated no ischemic lesions on postoperative magnetic res-
onance images; therefore, hemorrhagic transformation might 
not have been a true cause of remote ICH. Third, flow modifi-
cation after intracranial stenting, called the “Windkessel ef-
fect,” could cause remote ICH. Reconstruction of the flexible 
arteries of the carotid siphon with stents could change blood 
pressure waveforms, thereby creating a larger pulse pressure 
that increases the pressure transmitted to the distal cerebral 
arteries.1-3,7 A reduced arterial compliance results in a higher 
systolic peak and a lower diastolic trough in the blood pressure 
waveform transmitted beyond the segment. This alteration 
could contribute to remote ICH that occurs in the same vascu-
lar distribution of the segment of stent deployment. In the pres-
ent case, the Wingspan stent covered the carotid siphon, and 
thus, the Windkessel effect might have contributed to the oc-
currence of remote ICH.

In conclusion, the present report described a case of de-
layed remote ICH in a patient with ICAS treated by a Wingspan 
stent following on-label usage guidelines. This complication 
should not be neglected and the potential risk of using the 
Wingspan stent covering the carotid siphon for ICAS should 
be considered.
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