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Abstract
BACKGROUND 
Arterial perforation has inevitably increased as endovascular treatments have 
become more common for intracranial large vessel occlusions, and even distal, 
medium vessel occlusions. A distal, medium vessel has a tortuous course and 
thinner wall compared to large arteries, making it more susceptible to damage. 
Here, we review the treatment strategies for arterial perforation during 
mechanical thrombectomy, and we report the case of a patient treated with 
gelfoam embolization.

CASE SUMMARY 
A 63-year-old woman presented to the emergency department with sudden 
neurologic symptoms of right hemiparesis and global aphasia. The initial 
National Institutes of Health Stroke Scale score was 15. Computed tomography 
(CT) and CT angiography revealed hyperacute infarction and emergent arterial 
occlusion of the left middle cerebral artery M2-3 portion. During endovascular 
mechanical thrombectomy, arterial rupture occurred. The patient’s vital signs 
were stable, but delayed angiography showed persistent active bleeding. 
Therefore, selective embolization of the injured artery was performed using 
gelfoam. Subsequent left vertebral and internal carotid angiography was 
performed to confirm hemostasis. A localized subarachnoid hemorrhage (SAH) 
was confirmed on a follow-up CT scan. A repeated CT scan after 12 d showed 
resolution of the SAH, and rebleeding did not occur.

CONCLUSION 
Rescue embolization with gelfoam could be considered an additional option in 
distal, medium vessel perforation.
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Core Tip: Arterial perforation has inevitably increased as endovascular treatments have 
become more common for intracranial large vessel occlusions, and even for distal, 
medium vessel occlusions (DMVOs). Perforation tends to occur particularly with 
DMVOs, increases mortality, and lowers the rate of good functional outcomes. The 
optimal rescue technique for vessel perforation during mechanical thrombectomy has 
not been established. This case report reviews the treatment strategy of rescue 
embolization for arterial perforation and presents the case of a patient treated with 
gelfoam embolization.
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INTRODUCTION
Endovascular treatments for acute ischemic stroke are becoming more common, and 
the associated technical complications are also inevitably increasing. Arterial 
perforation is one of the most serious procedural complications, with a reported 
incidence of 0.6% to 4.9%[1,2]. Perforation tends to occur particularly with distal, 
medium vessel occlusions (DMVOs), increases mortality, and lowers the rate of good 
functional outcomes[2]. Arterial perforation may resolve spontaneously without 
additional intervention due to hemostasis, but in cases of more severe injury or the 
concomitant use of intravenous tissue plasminogen activator (IV-tPA), extravasation 
tends to persist. However, the optimal rescue technique for vessel perforation during 
mechanical thrombectomy has not been established. Techniques that have been 
reported include permanently leaving a microcatheter in place or embolization with 
coil or glue. The use of gelfoam embolization for controlling extravasation in cases of 
arterial perforation has not been reported previously. Here, we review the treatment 
strategies for arterial perforation during mechanical thrombectomy, and we report a 
patient case involving gelfoam embolization.

CASE PRESENTATION
Chief complaints
A 63-year-old woman presented to the emergency department with a sudden onset of 
right hemiparesis and global aphasia beginning 30 min prior to arrival.

History of present illness
Neurologic examination revealed decreased level of consciousness, right hemiparesis, 
aphasia, and a score of 15 on the National Institutes of Health Stroke Scale (NIHSS).

History of past illness
The patient had a history of atrial fibrillation and was taking aspirin, but her pre-
stroke modified Rankin scale score was 0.

Imaging examinations
Brain computed tomography (CT) and CT angiography were performed. The Alberta 
stroke program early CT (ASPECT) score was 8 points, and occlusion of the left middle 
cerebral artery (MCA) M2-3 segment was demonstrated (Figure 1). Although the 
occlusion was in a distal branch of the left MCA, presentation within 6 h and NIHSS 
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Figure 1 A 63-year-old woman presented with sudden onset of right hemiparesis and global aphasia (National Institutes of Health Stroke 
Scale = 15). A: Initial brain computed tomography (CT) showed subtle decreased cortical densities at the left insula and temporal lobe, and CT ASPECT score was 
judged as 8 points; B: CT angiography showed occlusion of the inferior division of the M2-3 segment of the left middle cerebral artery (arrow).

score of 15 were indications for mechanical thrombectomy according to the guidelines 
for healthcare professionals from the American Heart Association/American Stroke 
Association[3].

FINAL DIAGNOSIS
CT and CT angiography revealed hyperacute infarction and emergent arterial 
occlusion of the left MCA M2-3 portion.

TREATMENT
The patient was treated with intravenous alteplase immediately after the CT scan. 
Subsequent intra-arterial mechanical thrombectomy was planned, and written 
informed consent to conduct the procedure was obtained from the patient’s family. 
The procedure was performed with a transfemoral approach under conscious 
sedation. An 8-French balloon guide catheter (Optimo; Tokai Medical Products Inc., 
Kasugai, Japan) was advanced into the left internal carotid artery (ICA), then the tip of 
the guiding catheter was localized in the proximal ICA with a continuous flushing 
system. Initial cerebral angiography revealed occlusion of the inferior division of the 
MCA at the M2-3 segment (Figure 2A and B). A Rebar 18 microcatheter (ev3, Covidien, 
Irvine, CA, United States) with a 0.014-inch microguidewire (Synchro 14, Stryker, 
Kalamazoo, MI, United States) was advanced in a coaxial fashion through an 
intermediate catheter (Catalyst 6, Stryker Neurovascular, Mountain View, CA, United 
States) to reach the occluded MCA branch. Advancement of the microcatheter along 
the microguidewire was attempted, but some resistance was encountered at the 
occlusion point, and the microcatheter was not advanced further. After the tension on 
the microcatheter was released, cautious angiography was performed through the 
microcatheter. This revealed contrast extravasation at the M3 branch due to vascular 
injury (Figure 2C). After 5 min with the microcatheter in place, delayed angiography 
confirmed that the active bleeding persisted. Then, a mixture of 1400-2000 µm gelfoam 
(EGgel S Plus, Engain, Seongnam, South Korea) with contrast agent and normal saline 
was injected for selective embolization. A total of 3 mL of mixture was injected, and 
repeat angiography confirmed hemostasis of the vessel (Figure 2D). Subsequent left 
vertebral and ICA angiography confirmed hemostasis and leptomeningeal collaterals 
via the guiding catheter.

OUTCOME AND FOLLOW-UP
On the day following the procedure, the patient’s NIHSS score decreased to 5, and 
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Figure 2 Cerebral angiography and endovascular management. A and B: Initial cerebral angiography revealed occlusion of the inferior division of the 
middle cerebral artery at the M2-3 segment (arrow); C: During advancement of the microcatheter, resistance was encountered at the occlusion point, and the tension 
of the microcatheter was released. Cautious angiography was performed, revealing extravasation at the M3 branch due to vascular injury; D: Extravasation of 
contrast medium persisted in delayed angiography, and embolization was performed using gelfoam (1400-2000 μm). Repeat angiography confirmed hemostasis of 
the injured vessel.

repeat brain CT imaging revealed a localized subarachnoid hemorrhage (SAH) at the 
left sylvian cistern and cerebral cortical sulci (Figure 3A). A follow-up brain CT 4 days 
after the procedure showed some resolution of the SAH, and the infarct had not 
increased in size compared to the initial preprocedural MRI. Twelve days after the 
procedure, follow-up brain CT imaging revealed complete resolution of the SAH 
(Figure 3B). The patient’s recovery progressed well, and she was discharged 2 wk after 
admission with an NIHSS score of 1.

DISCUSSION
Since mechanical thrombectomy has been proven superior to intravenous tissue 
plasminogen activator (IV-tPA) alone for treating acute stroke with emergent large 
vessel occlusion, endovascular treatment has evolved as the standard of care[3]. Since 
development of the 3rd generation thrombectomy devices such as Solitaire, Trevo, and 
Penumbra 5 Max, the success rate of endovascular treatment has also increased.[4] 
However, arterial injury during the endovascular procedure is still an inevitable and 
serious complication, and its incidence is reported to be 0.6% to 4.9%[1,2]. Although 
mechanical thrombectomy for DMVOs still requires a larger prospective controlled 
study, it may be reasonable for the recovery of important functional independence in 
selected patients, and it is now emerging as a promising endovascular treatment 
frontier with advances in catheter technology[3,5,6]. However, in performing 
mechanical thrombectomy of DMVOs, the smaller vessels tend to have a higher risk of 
vascular damage than do MCA M1 segments, as they have more tortuous courses and 
thinner walls compared to large arteries[2,7].
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Figure 3 Immediate post-procedure and 12-d follow-up brain computed tomography images. A: Immediately after the procedure, subarachnoid 
hemorrhage was identified in the left sylvian cistern on brain computed tomography (CT); B: On the follow-up CT 12 d after the procedure, the subarachnoid 
hemorrhage was resolved, and a focal low density of infarction was seen in the temporal lobe.

The optimal rescue technique for vessel perforation that occurs during mechanical 
thrombectomy has not been established[2]. Depending on the grade of injury, vessel 
perforation may resolve spontaneously without additional intervention due to 
hemostasis caused by the clot itself. However, in cases of more severe injury or the 
concomitant use of IV-tPA, extravasation tends to persist. In these instances, 
permanently leaving the microcatheter in place or embolization with coil or glue can 
be options for treatment (Figure 4)[8-10]. Among these treatment strategies, rescue 
embolization using coils can be easily applied permanently or temporarily. It is better 
to occlude both the proximal and distal portions, including the injured point, to 
control extravasation through distal collateral flow. In cases with little collateral flow, 
extravasation can be controlled with only proximal obstruction, but as in this case, it is 
better to evaluate for continuing extravasation due to collateral flow.

Glue embolization using N-butyl-2-cyanoacrylate (NBCA) can also be used for 
rescue embolization, but the use of NBCA requires special precautions and significant 
expertise to handle, especially for the distal, medium vessels. This is because 
embolization-related complications such as reflux of NBCA may hinder accurate 
occlusion of the intended site and may affect uninvolved vascular territory, and the 
microcatheter may become “glued” to the vessel wall[11]. NBCA was not chosen as an 
embolic agent in this case because of the possibility of triggering a secondary event in 
an already injured fragile vessel. Rescue embolization was performed using gelfoam 
particles to prevent persistent extravasation in this case. To the best of our knowledge, 
gelfoam embolization of arterial rupture during mechanical thrombectomy in patients 
with acute ischemic stroke has not been reported in the literature to-date. In fact, it is 
presumed that gelfoam is not widely used in neurointervention, because it is difficult 
to perform delicate procedures selectively occluding the target point, and rebleeding 
may occur because it is a temporary occlusive agent lasting about 2 wk[12]. However, 
the advantage is that occlusion can be performed in the proximal portion, as in glue 
embolization, for cases in which access to the injured point is difficult due to vascular 
tortuosity. In addition, it is expected that selective occlusion of the target point can be 
achieved by using gelfoam of an appropriate size.

To occlude a ruptured vessel, an appropriate size of gelfoam should be used, 
because larger particles occlude too proximally, and smaller particles occlude too far 
distally. In general, vessel diameters of the MCA M1 and MCA M2 are 3.1 ± 0.4 mm 
and 2.4 ± 0.4 mm, respectively[13]. In our case, the perforated arterial diameter was 
measured as 1.5-1.7 mm. Currently, ready-to-use gelfoam products in sizes ranging 
from 150-350 μm to 2000-4000 μm are commercially available, and we used gelfoam of 
1400-2000 μm.

The advantage and strength of gelfoam embolization is that gelfoam products are 
mixed in a size range that broadly includes the proximal and distal portions of the 
injured vessel (Figure 4). Also, it is easy to handle and the incidence of fatal adverse 
events is lower than with NBCA glue embolization. However, as mentioned earlier, it 
is necessary to selectively occlude the target point while performing delicate 
procedures. As gelfoam is an embolic agent that causes temporary occlusion, it is 
necessary to check for rebleeding through follow-up CT or CT angiography after 



Kang JY et al. Gelfoam embolization for intracranial vessel injury

WJCC https://www.wjgnet.com 5673 July 16, 2021 Volume 9 Issue 20

Figure 4 Treatment strategies for rescue embolization of a distal, medium vessel injury during mechanical thrombectomy. A: Coil 
embolization of both the proximal and distal portions, including the injured point; B: Coil embolization of the proximal portion only (permanent or temporary); C: Glue 
embolization using N-butyl-2-cyanoacrylate; D: Gelfoam embolization.

gelfoam embolization. For this reason, we performed a follow-up CT in our patient 
after about 2 wk, and confirmed that there was no rebleeding.

CONCLUSION
Intracranial vessel perforation during mechanical thrombectomy in acute ischemic 
stroke is a rare complication that can have a fatal outcome if not correctly managed. 
Rescue embolization with coils or glue is effective to deal with the arterial perforation. 
However, when the injured point cannot be covered due to vascular tortuosity in 
distal, medium vessel perforation, gelfoam embolization could be considered an 
additional option in the arsenal of neurointerventional methods.
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