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Case Report
Isolating an iatrogenic pseudoaneurysm in the cisternal 
segment of the ICA by deploying a Willis covered  
stent in the stenotic parent artery 
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Abstract: The Willis covered stent (WCS) has recently been shown to have a satisfactory effect in isolating pseudoa-
neurysms. Due to the strict requirement for the WCS diameter relative to the artery diameter, it remains unclear 
whether a WCS can be deployed in a severely stenotic parent artery to treat pseudoaneurysms. In this study, we 
report a case of an iatrogenic intracranial pseudoaneurysm, which was successfully isolated by deployment of a 3.5 
mm × 7.0 mm WCS in the severely stenotic parent artery with a diameter of only 1.7 mm. We elaborate in detail on 
the surgical procedure and treatment experience in this particular case. To best of our knowledge, deployment of a 
WCS in such a severely stenotic parent artery has not yet been reported. According to our experience, deployment of 
a WCS in a severely stenotic parent artery to isolate an intracranial pseudoaneurysm is safe and effective. However, 
assessing the original diameter of the stenotic parent artery is crucial before formulating a surgical plan.
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Introduction

The treatment of intracranial pseudoaneu-
rysms (iatrogenic or traumatic) in the cisternal 
segment of the internal carotid artery (ICA) is 
challenging [1]. Due to the lack of normal ves-
sel wall elements or a real aneurysm wall, intra-
cranial pseudoaneurysms can enlarge in a very 
short time period, and thus harbouring a high 
risk of rupture [2, 3]. With the continued devel-
opment of endovascular techniques, the debili-
tating or fatal complications that can occur 
after traditional treatment methods and the 
complicated or difficult procedures of high-flow 
bypass suggest covered stent placement as a 
potentially better alternative [4].

The Willis covered stent (WCS, MicroPort, 
Shanghai, China) has a good effect on intracra-
nial pseudoaneurysms, in addition to carotico-
cavernous fistulas (CCFs) and giant aneurysms, 
according to previously published data [5-10].

However, whether the WCS can be safely and 
effectively deployed to isolate intracranial 

pseudoaneurysms in severely stenotic or sp- 
astic parent arteries with an extremely small 
diameter of the WCS is unclear. Herein, we 
report a case of an iatrogenic pseudoaneurysm 
in the C6 segment of the ICA. Due to subarach-
noid haemorrhage caused by aneurysm rup-
ture, the diameter of the stenotic parent artery 
in this case was only 1.7 mm. Fortunately, a 3.5 
mm × 7.0 mm WCS was successfully deployed 
into the severely stenotic ICA, and the ruptured 
pseudoaneurysm was safely isolated. To best 
of our knowledge, no similar cases have been 
previously reported.

Case report

A 64-year-old woman was admitted to our cen-
ter on December 11, 2019 because of progres-
sive vision loss. The patient had no history of 
hypertension, diabetes or head trauma. A neu-
rological examination suggested a defect in the 
visual field on both temporal sides, with no 
abnormalities in limb sensation or movement. 
Magnetic resonance examination indicated a 
diagnosis of the tuberculum sellae meningio-
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ma. Seven days after admission, the patient 
underwent surgery for tumour resection (Figure 
1). However, the C6 segment of the right ICA 
was injured during the operation (Figure 2A). 
Intraoperative packing was performed to con-
trol the haemorrhage (Figure 2B). The estimat-
ed blood loss was 250 cc, but the patient 
remained haemodynamically stable with no 
need for blood transfusion. On the first day 
after surgery, computed tomography angiogra-
phy (CTA) examination did not indicate any 
abnormality of the right ICA or any haemor-
rhage in the operative area. The patient was 
discharged on the 7th postoperative day. Five 
days after discharge, the patient experienced a 
sudden headache and syncope. An emergency 
CTA examination revealed a suspicious newly 
developed aneurysm in the C6 segment of the 
right ICA (Figure 3A) and a subarachnoid haem-

enlargement of this aneurysm, we decided to 
try WCS treatment on the next day following  
the DSA examination. If it failed, we planned to 
immediately perform aneurysm trapping com-
bined with high-flow EC-IC bypass.

Before the procedure, a loading dose of 300 
mg of clopidogrel and 300 mg of aspirin was 
administered through a nasogastric tube. The 
endovascular procedure was performed under 
general anaesthesia. A 6-F, 80-cm sheath 
(Penumbra, Alameda, CA, USA) and 6-F, 115-
cm Sofia distal access catheter (DAC, Micro- 
Vention, CA, USA) were initially positioned into 
the C1 segment of the right ICA via the right 
femoral approach. Then, a 4000-unit heparin 
bolus was intravenously injected. Before treat-
ment of the aneurysm, angiography was per-
formed and showed that the stenosis in the 

Figure 1. (A) Axial, (B) coronal and (C) sagittal preoperative magnetic resonance imaging (MRI) showed a tuberculum 
sellae meningioma.

Figure 2. Intraoperative images showing (A) massive bleeding from the C6 
segment of the right ICA during meningioma recession and (B) compression 
to stop the bleeding. The black asterisk indicates the optic nerve, the black 
triangle indicates the ICA, and the white arrow indicates the injury in the ICA 
(bleeding).

orrhage in the corresponding 
area (Figure 3B). One day 
later, further digital subtrac-
tion angiography (DSA) exami-
nation confirmed the diagno-
sis of aneurysm and showed 
that the aneurysm was sig- 
nificantly enlarged compared 
with its size observed by CTA 
one day prior and that the par-
ent artery was severely ste-
notic (Figure 3C, 3D). Consi- 
dering the history of right ICA 
injury during meningioma re- 
section 15 days prior and the 
rapid growth of the aneurysm, 
the aneurysm was considered 
to be an iatrogenic pseudoan-
eurysm. Considering the rapid 
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parent artery had increased (Figure 4A); thus, 
nimodipine and verapamil were administered. 
Half an hour later, angiography was repeated, 
and limited relief of the stenosis was observ- 
ed (Figure 4B). As detected by 3D-DSA, the 
diameter of the parent artery reached 1.7 mm 
(Figure 4C). A 300-cm-long, 0.014-inch micro- 
guidewire (Transcend Floppy; Boston Scientific, 
Natick, MA, USA) was navigated into the distal 
branch of the right middle cerebral artery with a 
microcatheter (Headway 17, MicroVention, CA, 
USA) under roadmap guidance. Then, the Sofia 
DAC was slowly advanced to the C7 segment of 
the ICA, which was beyond the aneurysm orifice 
(Figure 4D). After microcatheter retrieval, a 3.5 
mm × 7.0 mm WCS was navigated over the 
microguidewire and placed to bridge the aneu-
rysm orifice through the Sofia DAC (Figure 4E, 
4F). Then, the Sofia DAC was slowly withdrawn 
to the C4 segment of the right ICA while the 
stent stayed in place (Figure 4G). The WCS was 
then slowly deployed with a pressure of 3 atm 

This study was approved by the hospital’s  
ethics committee (No. [2020]03-270-09), and 
informed consent was obtained from the pa- 
tient included in the study.

Discussion

In this study, we report a case of an iatrogenic 
intracranial pseudoaneurysm, which was suc-
cessfully isolated by the deployment of a 3.5 
mm × 7.0 mm WCS in the severely stenotic par-
ent artery with a diameter of only 1.7 mm. To 
date, deployment of a WCS in such a severely 
stenotic parent artery has not been reported. 

The WCS consists of three parts: a bare stent, 
an expandable polytetrafluoroethylene (ePTFE) 
membrane, and a low-pressure, flexible balloon 
catheter [11-14]. The stent is premounted on 
the balloon catheter with an outer diameter of 
1.27 mm [15]. WCSs with diameters of 3.5, 4.0, 
or 4.5 mm and lengths of 7, 10, 13, or 16 mm 

Figure 3. CTA and DSA films revealing the occurrence and rapid enlarge-
ment of the pseudoaneurysm. On the day of the second admission, (A) CTA 
showed a newly developed aneurysm in the C6 segment of the right ICA, 
and (B) CT showed subarachnoid haemorrhage in the area corresponding 
to the aneurysm. (C) 3D-DSA and (D) angiogram images obtained one day 
after admission showed that the aneurysm was larger than it was on the CTA 
image one day earlier.

(Figure 4H). Covering of the 
anterior choroidal artery and 
the ophthalmic artery was av- 
oided (Figure 4I). After defla-
tion of the balloon, DSA was 
performed immediately, which 
confirmed correct placement 
of the stent and satisfactory 
isolation of the aneurysm (Fi- 
gure 4J). The diameter of the 
parent artery was 2.3 mm 
after deployment of the WCS 
(Figure 4K).

The patient was discharged 5 
days later without any neuro-
logical symptoms and receiv- 
ed dual antiplatelet therapy 
with oral clopidogrel (75 mg/ 
d) and aspirin (100 mg/d) for 
6 months after surgery. DSA 
examination at the 12-mon- 
th follow-up showed that the 
pseudoaneurysm was not vis-
ible and that the diameter of 
the parent artery was 2.5 mm 
(Figure 4L), slightly wider th- 
an measured during the WCS 
surgery 12 months prior. The 
patient was free of neurologi-
cal symptoms at the 12-mon- 
th follow-up.
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Figure 4. DSA films showing the procedure of pseudoaneurysm isolation with the WCS and the follow-up outcome. 
(A) Intraoperative DSA showed that the parent artery was more stenotic than it had been on DSA the previous day. 
(B) The stenosis and spasm was barely relieved after the administration of nimodipine and verapamil, and (C) 3D-
DSA illustrated that the parent artery reached 1.70 mm in diameter after antispasmodic treatment. (D) Fluoroscopy 
showed that the DAC was advanced beyond the aneurysm orifice. (E) The WCS (3.5 mm × 7.0 mm) without complete 
expansion and deployment. (F) Fluoroscopy film showing the WCS without deployment. (G) The DAC was withdrawn 
to the C4 segment of the ICA after the WCS had reached the aneurysm orifice. The unexpanded WCS occupied most 
of the lumen of the parent artery. (H) Fluoroscopy showed inflation of the catheter balloon. Due to the severe ste-
nosis, the inflated balloon was squeezed back out from within the stent. (I) Fluoroscopy film showing the deployed 
WCS. (J) The pseudoaneurysm disappeared after deployment of the WCS with the stenotic parent artery remaining 
patent. (K) The 3D-DSA showing that the diameter of the parent artery reached 2.33 mm after WCS deployment. (L) 
DSA at 6 months after surgery showed an excellent outcome and that the diameter of the parent artery was greater 
than it was before the surgery.

are currently commercially available [13, 16]. 
The stent must extend at least 2 mm beyond 
the neck of the aneurysm on both sides [8]. To 
ensure complete coverage of the aneurysm ori-
fice (to avoid endoleakage) and avoidance of 
dissection or rupture of the parent artery, the 
diameter of the stent needs to be approximate-
ly 0.5 mm wider than the diameter of the par-
ent artery. In addition, a parent artery with a 
diameter of less than 2.5 mm is considered a 
contraindication to WCS application [10].

Because rupture may cause fatal subarachnoid 
haemorrhage, treatment of pseudoaneurysms 

in the cisternal segment (C6-7) of the ICA is 
much more risky and challenging than treat-
ment of pseudoaneurysms located elsewhere. 
To date, 17 cases of pseudoaneurysms in the 
cisternal segment of the ICA treated by WCS 
placement have been reported (Table 1) [5, 7, 
9, 17-19]. According to the diameter of the  
parent arteries provided in these articles, the 
smallest parent artery diameter was 2.9 mm (a 
3.5 mm × 10.0 mm WCS was adopted accord-
ingly) [7]. However, the diameter of the parent 
artery of the pseudoaneurysm in our case was 
only 1.7 mm, less than 1/2 the diameter of the 
smallest WCS (3.5 mm). This is the main differ-
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ence between our case and the previous 
reported cases; the deployment of a WCS in 
such a stenotic and spastic artery has not yet 
been reported. The risks were as follows: (1) If 
the stent and the ePTFE membrane were not 
fully deployed, not only may the stent reduce 
the blood flow of the ICA and affect cerebral 
blood flow perfusion but also the WCS may not 
completely cover the aneurysm orifice, result-
ing in a high risk of endoleakage. (2) Expansion 
of the balloon in a stenotic or spastic artery 
may cause dissection or even rupture of the 
parent artery, which is life-threatening. There- 
fore, for this patient, we prepared for the need 
for aneurysm trapping combined with EC-IC 
high-flow bypass before WCS treatment. For- 
tunately, we obtained a satisfactory result with 
WCS deployment. The deployment of a WCS in 
arteries with severe spasm or stenosis, even 
those with an extremely small diameter can be 
considered.

First, it is crucial to determine the original diam-
eter (without stenosis) of the stenotic parent 
artery. Although we successfully deployed a 
3.5 mm × 7.0 mm WCS in a stenotic ICA with a 

Second, it is essential to use lower pressure  
to inflate the WCS in a stenotic parent artery. 
Generally, a WCS should be deployed with a 
pressure of 5-6 atm [19, 20]. However, we 
inflated the WCS at 3 atm in this case, because 
3 atm is the lowest pressure at which the WCS 
will begin to inflate (the WCS will stay deflated 
at 1-2 atm), and we believed that a lower pres-
sure would carry a lower risk for dissection and 
rupture of the severely stenotic ICA. The result 
was that the pseudoaneurysm was successful-
ly isolated by deploying the WCS at 3 atm, and 
no endoleakage was observed during surgery 
or at follow-up.

Although we successfully deployed a WCS in a 
severely stenotic parent artery to isolate an 
intracranial pseudoaneurysm, this is only one 
case, and further experience is required, and 
the optimal antiplatelet regimen for WCS de- 
ployment remains uncertain.

Conclusion

Deploying a WCS in a severely stenotic parent 
artery to isolate an intracranial pseudoaneu-

Table 1. Previously reported cases of pseudoaneurysms in the 
cisternal segment (C6-7) of the ICA
Year Author Location Number of cases Outcome
2008 Minghua Li C7 1 complete exclusion
2010 Wu Wang C6-7 6 complete exclusion
2010 Yueqi Zhu C6-7 5 visual loss in 1 case
2017 Lunxin Liu C6 1 in-stent stenosis
2017 Yuxiang Zhang C6 1 complete exclusion
2019 Lunxin Liu C6 3 complete exclusion

Figure 5. (A) Angiogram and (B) 3D-DSA film observed during WCS surgery 
showing the diameter (3.1 mm) of the contralateral ICA.

diameter of 1.7 mm, this does 
not mean that it is always safe 
to inflate a WCS in such a 
small artery. Before we decid-
ed to adopt the WCS in this 
case, we repeatedly confirm- 
ed that the original diameter 
of the stenotic parent artery 
was suitable for a 3.5 mm 
WCS by both reviewing the 
original ICA diameter on CTA 
before the meningioma oper-
ation and measuring the con-
tralateral ICA diameter (3.1 
mm) on 3D-DSA during WCS 
surgery (Figure 5). We esti-
mated that the original diam-
eter of the parent artery was 
between approximately 2.5 
mm and 3.0 mm, which is 
absolutely suitable for treat-
ment with a 3.5 mm × 7.0 mm 
WCS. That is the reason why 
we made decision to try treat-
ment with a WCS in this case 
and succeeded.
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rysm can be safe and effective. Assessing the 
original diameter of the stenotic parent artery  
is crucial before formulating a surgical plan.
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