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Objective: This work aimed to retrospectively analyze Willis covered stent (WCS)’s therapeutic efficacy in intracranial pseudoa-
neurysms (PSAs) of the internal carotid artery (ICA).
Methods: Between June 2018 and July 2021, 56 individuals with intracranial PSAs of the ICA treated with WCS in three centers
were included to analyze information regarding medical records, operative parameters, imaging findings and follow-up data.
Results: All WCSs were successfully targeted to the ICA lesions. Total exclusion of PSA was found in 53 cases (94.6%) right upon
surgery, and mild endoleak into the aneurysm remained in 3 cases (5.4%). Intraoperative thrombosis occurred in 1 case (1.8%), and
tirofiban was utilized for recanalization. Follow-up by angiography showed total aneurysm occlusion in the total number of
individuals, including in the 3 above cases with residual endoleak. In-stent stenosis occurred in 7 (12.5%) patients. No stent-related
ischemic event was encountered. Predictive factors of late in-stent stenosis following WCS implantation in this patient group were
irregular post-operative antiplatelet treatment (p = 0.015) and C4-C5 segment of the ICA (p = 0.043).
Conclusion: WCSs are effective in treating intracranial PSAs of the ICA.
Keywords: Willis covered stent, intracranial pseudoaneurysms, internal carotid artery, endoleak, in-stent stenosis

Introduction
Intracranial pseudoaneurysm (PSA) of the internal carotid artery (ICA) represents a rarely diagnosed but serious
cerebrovascular problem, causing death in 20% or more cases.1 The commonest factor causing PSA is blunt or
penetrating traumatic injury. In addition, iatrogenic parameters, infections, radiation, connective tissue pathologies and
unknown reasons have been implicated.1 PSA formation is due to completely disrupted arterial wall, causing extra-
vascular hematoma in communication with the ruptured artery.2 Therefore, PSA is difficult to manage by surgical
clipping, mainly due to the friable nature, the fusiform morphology, and the lack of true neck.3 Microsurgical treatment
has transitioned to endovascular therapy for intracranial PSAs recently, improving parent artery preservation and
decreasing morbidity and death rate.4 In recent years, Willis covered stents (WCSs; MicroPort, China) have been
considered a promising tool for treating intracranial PSAs. WCSs are balloon-expandable stents specially made for
intracranial vessels, and comprise 3 parts: bare stent, expandable polytetrafluoroethylene (ePTFE) membrane and balloon
catheter.5 Theoretically, WCSs are ideal for the treatment of intracranial PSA to immediately exclude aneurysm from the
circulation. However, currently available data stemmed from small-sized case reports and single-center experiences
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because such cases are extremely scarce. In this large case series, our multi-center experience with endoluminal
reconstruction of intracranial PSAs with WCS is presented.

Materials and Methods
Study Design and Patients
The present retrospective, observational, single-arm trial was carried out at three participating institutions in China (Air Force
Medical University Affiliated Tangdu Hospital, Xi’an; Northwest University Affiliated Xi’an International Medical Center
Hospital, Xi’an; and Xi’an Jiaotong University Affiliated Xi’an Central Hospital, Xi’an). The study followed the recom-
mendations of the Declaration of Helsinki, and was approved by the ethics committees in the Tangdu Hospital, the Xi’an
International Medical Center Hospital, and the Xi’an Central Hospital. We obtained informed consent from all the patients to
have their records retrospectively examined. All the patients in the illustrative cases gave informed consent to have their case
details and any accompanying images published. The databases of these three institutions in computerized patient record
(CPR) systems were retrospectively examined. Only patients with a definite diagnosis of PSAs with intracranial internal
carotid artery (ICA; Bouthillier’s C2-C7 segment) involvement were included. In the screening stage, a total of 67 patients
treated via implantation of WCS were assessed. Of these, 11 were excluded for loss to follow-up (8 cases), incomplete patient
information and/or surgical report (2 cases) and lost imaging data (1 case). Finally, 56 patients between June 2018 and
July 2021 were included in the analysis. Patient demographic data, radiological images, endovascular procedure data and
post-procedural data, as well as follow-up procedures and angiographic findings were reviewed.

Endovascular Technique
According to the condition of the aneurysm, single- or double-covered stent implantation was applied to treat intracranial
PSAs. Single-covered stents are generally utilized first; double-covered ones are applied in case the parent artery is
extremely tortuous or for aneurysms with >10-mm wide necks, for reducing endoleak incidence. In this study, no patient
was implanted a covered stent plus coiling. The totality of cases received WCS implantation under general anesthesia. In
brief, a 6-French long sheath (Neuron MAX, Cook, USA) or 8-French guiding catheter (MP 90 cm, Boston Scientific,
USA) was first placed into the targeted ICA through the right femoral approach. In case the pathway was too tortuous, the
use of a 5-French intracranial support catheter (Navien, EV3, USA; Catalyst, Stryker, USA) would enable stent delivery
by providing enough support. Sometimes, the support catheter underwent navigation throughout the lesion segment to
guarantee a safe navigation of the covered stent more effectively. Under roadmap guidance, a 300-cm long (0.014 inch in
diameter) microguidewire (Synchro-14, Stryker, USA; Transcend, Boston Scientific, USA) underwent navigation into the
distal segment of the parent artery in the presence or absence of a microcatheter. Then, a WCS (MicroPort, China) was
delivered using the microguidewire to bridge the aneurysm orifice on the basis of the roadmap. Many reference
angiograms were acquired perioperatively to confirm the stent position and avoid covering a critical side branch.
Next, stent deployment via the aneurysm orifice was performed at 5–6 atm.6–8 The diameter of the stent utilized in
a given individual needs to be ≤0.5 mm wider than that of the parent artery, and the stent length needs to be ≥4 mm
greater than that of the aneurysm neck.9 In case of residual endoleak detection by immediate angiography, balloon re-
inflation was carried out in stent’s proximal and distal parts at 8 atm for ensuring maximal stent expansion, thus
ameliorating its stability and preventing endoleak. In the event of persistent endoleak following 2–3 balloon re-inflation
attempts, the following approach was applied. For an endoleak at the stent’s distal end, the procedure would be ceased,
and angiographic follow-up would be carried out after 3 months or more. In case of an endoleak at the stent’s proximal
end, a second covered stent was considered to be used. Both covered stents must achieve at least 3 mm overlap, and
the second stent must be at least 0.5 mm larger than the first. The patient was monitored for signs and symptoms post-
procedurally until discharge.

Antithrombotic Regimens
For unruptured aneurysms, the individuals received 100 mg aspirin and 75 mg clopidogrel per day for 3 days or more
before the covered stent undergoes implantation. For ruptured aneurysms, 300 mg clopidogrel and 300 mg aspirin were
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provided via a nasogastric tube 2 h prior to emergency surgery. Systemic intravenous heparin was administered in all
patients during the procedure. After introducing the femoral sheath, a bolus of 4000–5000 IU of heparin was adminis-
tered transvenously, with subsequent continuous infusion of 1000–2000 IU/h for maintaining an activated clotting time of
250–300s. Tirofiban was intra-arterially applied in individuals developing acute thrombosis or thromboembolism. Post-
procedure, all patients continued with the dual antiplatelet regimen (75 mg clopidogrel and 100 mg aspirin daily) for 3
months or more. Oral administration of aspirin (100 mg/day) was generally applied for 2 years or more if no side effects
occurred.

Outcomes and Definitions
In the 56 patients of this study, angiographic and clinical follow-ups were carried out approximately 3–12 months post-
procedure. Aneurysm localization and size, neck width and dome-to-neck (D/N) ratio were obtained on presurgical DSA
scans. Depending on the maximum diameter, aneurysms were categorized as small, large and giant (<10, 10–25 and
>25 mm, respectively). A wide-necked aneurysm was considered with neck width ≥4 mm and/or D/N ratio <2. The
modified Rankin scale (mRS) was utilized for assessing functional outcome at follow-up by certified neurosurgeons or
neurologists, with mRS scores of 0–2 and >2 indicating favorable and unfavorable outcomes, respectively. Digital
subtraction angiography (DSA) was performed to evaluate aneurysms in terms of residual endoleak, aneurysm regrowth
and in-stent stenosis.

The primary outcome of this study on the basis of cerebral angiography encompassed technical success, endoleak and
in-stent thrombosis/stenosis. Endoleak was reflected by any aneurysmal sac detected on the angiogram acquired right
after stent implantation (immediate endoleak) or at angiographic follow-up (persistent endoleak). Late in-stent stenosis
was considered with stent segment decreasing by >20% in diameter (encompassing the stent’s area and 5-mm segments
proximal and distal to the stent edges) at follow-up on angiograms. The secondary outcome was procedure-associated
morbidity or death rate. Neurological deficiency or death was considered procedure-associated if resulting from vessel
perforation, endoleak, acute thrombosis in the stent, vasospasm or perioperative side branch coverage.

Statistical Analysis
SPSS 23 (SPSS, USA) was utilized for data analysis. Continuous data are mean ± SD. Categorical variables were
presented as frequency or percentage. Multivariate logistic regression analysis of parameters showing p < 0.20 in
univariate analysis was performed to determine independent predictive factors of late in-stent stenosis. P < 0.05
reflected statistical significance. Odds ratios (ORs) and 95% confidence intervals (CIs) were obtained in the multivariate
model.

Results
Patient Demographics
The demographic information of the 56 patients are summarized in Table 1. The patients were 46.7 ± 13.0 years old,
including 58.9% men. In terms of etiology, 35 cases (62.5%) had direct craniofacial trauma and 10 (17.9%) had
iatrogenic injuries after transsphenoidal surgery. In the present series, 35 patients (62.5%) manifested hemorrhagic
symptoms, including intracranial hemorrhage, epistaxis and hematocele of the paranasal sinuses. A total of 21 patients
(37.5%) manifested non-emergency clinical symptoms, including headaches, dizziness, diplopia, seizures, neurological
deficits and compressive effect. Totally 5 individuals (5/56, 8.9%) had concurrent carotid-cavernous fistula (CCF) and
pseudoaneurysm. Skull base bone fractures were detected in 58.9% (33/56) of the patients.

Aneurysm and Treatment Characteristics
The features of WCS-treated pseudoaneurysms are depicted in Table 2. Aneurysms were found in the cavernous segment
(C4) in 20 cases (35.7%), the clinoid segment (C5) in 5 cases (8.9%), the ophthalmic segment (C6) in 21 cases (37.5%)
and the petrous segment (C2) in 10 cases (17.9%). Totally 59 covered stents underwent implantation into 56 target
arteries, encompassing 1 and 2 stents per aneurysm in 53 and 3 patients, respectively.
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Primary and Second Outcomes
Details of the endovascular procedure and follow-up are listed in Table 3. Technical success was achieved in all cases,
with no ruptured aneurysm, artery perforation or stent migration/collapse. Total PSA alleviation without endoleak was
obtained in 40 cases right upon the initial stent deployment. A mild endoleak was observed immediately in 16 (28.6%)
patients upon the initial covered stent implantation. The endoleak was readily resolved by balloon re-inflation or a second
covered stent in 13 patients. The remaining 3 patients had a minimal endoleak at the stent’s distal end and were followed-

Table 1 Baseline Characteristics of Patients

Characteristic Value

Mean age 46.7 ± 13.0
Sex

Male 33 (58.9%)

Female 23 (41.1%)
Clinical symptom

Urgent because of hemorrhage 35 (62.5%)

Non-emergency 21 (37.5%)
Etiology

Iatrogenic injury 10 (17.9%)
Trauma 35 (62.5%)

Unknown reason 11 (19.6%)

Accompanied by pseudoaneurysm
Carotid cavernous fistula 5 (8.9%)

Optic nerve injury 3 (5.4%)

Skull base fracture 33 (58.9%)
Comorbidities

Hypertension 11 (19.6%)

Hyperlipidemia 8 (14.3%)
Smoking 21 (37.5%)

Diabetes mellitus 4 (7.1%)

Cerebral arteriosclerosis 7 (12.5%)

Note: Values are number (%) or mean ± SD (range).

Table 2 Characteristics of the Study
Pseudoaneurysms and Treatment

Characteristics Values

Aneurysm location

C2 10 (17.9%)
C4 20 (35.7%)

C5 5 (8.9%)

C6 21 (37.5%)
Aneurysm maximum diameter

Small (<10 mm) 23 (41.1%)

Large (10–25 mm) 25 (44.6%)
Giant (> 25 mm) 8 (14.3%)

Wide-necked aneurysm 20 (35.7%)

Strategy
Single covered stent 53 (94.6%)

Double covered stents 3 (5.4%)

Covered stent plus coils 0 (0.0%)

Notes: Internal carotid artery classification is based on the
Bouthillier’s segmentation method. Values are number (%).
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up. Acute thrombosis was encountered in one patient (1.8%, 1/56) during the procedure. Totally, 10 mL of tirofiban
hydrochloride (Grandpharma, China) was injected immediately through the arterial pathway, and the affected artery was
then recanalized without lasting sequelae. In addition, angiography performed right after the procedure revealed occluded
ophthalmic artery in 9 individuals. Totally 6 cases initially presenting with vision loss had no changes indicating direct
optic nerve injury after the procedure. In addition, the remaining 3 patients manifested no abnormal vision.

All cases underwent follow-up DSA. Final angiographic follow-up times were 8.3 ± 2.8 months, ranging between 3
and 12 months. Angiographic follow-up revealed the absence of aneurysms in all individuals. Persistent endoleak was
not observed. Totally 49 cases had good parent artery patency, and the remaining 7 (12.5%) had mild-to-moderate
asymptomatic in-stent stenosis. No procedure-related morbidity or mortality was reported during follow-up. In this study,
mRS scores at follow-up were 0–2 and >2 in 50 and 6 cases, respectively.

Predictive Factors of Late in-Stent Stenosis
Table 4 shows the predictive factors of late in-stent stenosis post-WCS implantation as determined by multivariable
logistic regression analysis. Three variables (cerebral arteriosclerosis, irregular post-surgical antiplatelet treatment and
C4-C5 segment of the ICA) with P < 0.20 in univariable analysis were further examined by multivariable analysis. In
multivariate logistic regression analysis, only irregular post-surgical antiplatelet treatment (OR = 12.040, 95% CI 1.631–
88.863; p = 0.015) and C4-C5 segment of the ICA (OR = 11.394; 95% CI 1.080–120.246; p = 0.043) independently
predicted in-stent stenosis in the current patient group.

Illustrative Cases
Case 1
This 40-year-old patient had left vision loss following a severe fall injury. After the wound on the head had healed 1
month later, he was transferred to our hospital, complaining of massive epistaxis. A DSA examination detected
a pseudoaneurysm on the C5 segment of the left ICA, with the parent artery showing stenosis (Figure 1A and B).
A microguidewire was navigated into the left middle cerebral artery for the implantation of a covered stent. Perioperative
angiography indicated successful navigation of the covered stent to the aneurysm orifice (Figure 1C). After Willis stent

Table 3 Primary and Secondary Outcomes of the Patients

Outcomes Values

Primary outcomes
Target pseudoaneurysms resolution 56 (100%)

Endoleak

Immediate endoleak 16 (28.6%)
Persistent endoleak 0 (0.0%)

Thrombosis/stenosis

Acute thrombosis 1 (1.8%)
Late in-stent stenosis 7 (12.5%)

Second outcomes
Modified Rankin Scale score

0–2 50 (89.3%)

>2 6 (10.7%)
Permanent neurological deficiency

Procedure related 0 (0.0%)

Procedure unrelated 15 (26.8%)
Death

Procedure related 0 (0.0%)

Procedure unrelated 0 (0.0%)

Note: Values are number (%).
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implantation, the pseudoaneurysm also disappeared. The ophthalmic artery was occluded by the covered stent, and the
siphon curve was straighter (Figure 1D). Follow-up angiograms obtained at 8 months post-procedure showed total
aneurysm disappearance, with in-stent stenosis without symptoms (Figure 1E and F). During 8 months of follow-up, no
further epistaxis was detected, and left vision showed no improvement.

Figure 1 Illustrative case 1. (A and B) Presurgical DSA image shows a PSA (5.3×6.1 mm) on the C5 segment of the left ICA. (C) The WCS was positioned in the C5
segment. The white arrow shows the WCS. (D) The WCS (4.0×7.0 mm) was successfully deployed with proximal and distal ends of the stent covering the neck of the
aneurysm. The black arrow shows the pseudoaneurysm disappeared. (E and F) Follow-up angiogram at 8 months shows complete disappearance of the aneurysm with late
in-stent stenosis (black arrow).

Table 4 Univariate and Multivariate Analyses of Late in-Stent Stenosis

Covariates Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age > 46 1.086 0.219–5.377 0.919

Sex 0.533 0.094–3.022 0.478

Hypertension 0.563 0.094–3.376 0.529

Hyperlipidemia 1.000 0.104–9.614 1.000

Smoking 0.398 0.080–1.990 0.262

Diabetes mellitus 0.391 0.035–4.391 0.447

Cerebral arteriosclerosis 0.284 0.043–1.867 0.190 0.267 0.018–4.033 0.340

Wide-necked aneurysm 1.452 0.255–8.267 0.675

History of aneurysm rupture 0.563 0.094–3.376 0.529

Irregular post-procedure antiplatelet therapy 9.750 1.643–57.869 0.012 12.040 1.631–88.863 0.015

C4-C5 segment of the ICA 9.474 1.056–84.956 0.045 11.394 1.080–120.246 0.043

Stent number = 2 0.682 0.068–6.871 0.745

Balloon re-inflation 0.689 0.121–3.923 0.675

Note: Internal carotid artery classification is based on the Bouthillier’s segmentation method.
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Case 2
A 68-year-old woman with epistaxis following a car accident for 6 days was transferred to our hospital. She underwent
nasal packing for epistaxis in a local hospital. An emergency DSA examination was performed, confirming left internal
carotid artery pseudoaneurysm of the C5 segment (Figure 2A and B). The Willis covered stent successfully traversed the
support catheter and allowed a precise bridging of the aneurysm (Figure 2C). After the balloon was dilated, the covered
stent was deployed at the parent artery’s aneurysm orifice (Figure 2D). Cerebral angiography right after stent placement
showed total aneurysm disappearance with the parent artery having good patency (Figure 2E). Follow-up angiography at
10 months showed total aneurysm resolution and a patent parent artery (Figure 2F).

Case 3
A 56-year-old man was injured in a car accident. After the head injury had healed 5 months later, he was hospitalized in
our institution, complaining of episodic headache and right pulsatile tinnitus. On examination, vascular bruit can be
easily heard on the right tempus of the patient with a stethoscope. DSA examination revealed a giant pseudoaneurysm in
the C2 segment of the right internal carotid artery (Figure 3A). AWillis covered stent (WCS) underwent navigation to the
C2 segment, followed by balloon dilation and stent implantation (Figure 3B). After the initial deployment, an endoleak
occurred at WCS’ proximal end (Figure 3C). Another balloon dilation was carried out for endoleak prevention
(Figure 3D). Then, cerebral angiography immediately performed showed the endoleak and the pseudoaneurysm dis-
appeared (Figure 3E). Follow-up angiography at 12 months revealed total aneurysm resolution and a patent parent artery
(Figure 3F).

Figure 2 Illustrative case 2. (A and B) Lateral cerebral angiogram reveals a PSA (4.5×5.5 mm) on the C5 segment of the left ICA. (C) The WCS (4.0×7.0 mm) had
transferred to bridge the aneurysm orifice on the basis of the roadmap. The white arrow shows the WCS. (D) The white arrow shows the balloon was dilated at 6 atm, and
the WCS was successfully deployed. (E) Cerebral angiogram immediately after the procedure showed disappearance of the aneurysm. (F) Follow-up angiogram at 10
months shows complete disappearance of the aneurysm.

Neuropsychiatric Disease and Treatment 2022:18 https://doi.org/10.2147/NDT.S345163

DovePress
131

Dovepress Lu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
WCS Advantages
Pseudoaneurysms are composed of only a friable layer of connective tissue, with no normal vessel wall elements. Such
aneurysms are often devoid of a true neck, making complete clip occlusion difficult to achieve.10 Recently, endovascular
intervention has been considered an effective strategy for the treatment of pseudoaneurysms. Endovascular treatments
include a “destructive strategy” (sacrifice of the parent artery) and a “reconstructive strategy” (preservation of the parent
artery).11 With the growing popularity of special intracranial stents, reconstruction approaches have been increasingly
critical for the treatment of pseudoaneurysms. Aneurysm sac packing utilizing coils, balloons or fluids has been applied
to preserve parent artery patency, but pseudoaneurysm rupture likely occurs during the procedure due to the lack of true
vessel wall.12–14 The recently expanded use of flow diverting stents, such as Pipeline, has provided a potential
solution.15,16 Multiple case reports and series demonstrated the efficacy and safety of flow diverting stents in treating
pseudoaneurysms.17–19 Although flow diverting devices constitute striking advances in endovascular treatment of
intracranial pseudoaneurysms, some associated limitations do exist. First, use of flow diverting stents cannot provide
immediate exclusion of aneurysm from circulation, with total occlusion potentially requiring weeks. In the meantime, the
patient is at high risk of rehemorrhage upon subsequent antiplatelet treatment.20 Secondly, following flow diverting stent
implantation, the destabilization of the aneurysmal wall may promote aneurysm rupture, mostly because of the redirected
aneurysm inflow jet and altered intra-aneurysmal shear forces.21,22 Compared with a flow diverting stent, the WCS seems
safer and more efficient in treating pseudoaneurysms, and has several advantages: (1) WCSs allow instant exclusion of
the aneurysm sac from the circulation; (2) WCSs have no procedural manipulations in the aneurysm sac, reducing the

Figure 3 Illustrative case 3. (A) DSA examination revealed a giant pseudoaneurysm (12.8×21.3 mm) in the C2 segment of the right internal carotid artery. (B) The white
arrow shows the balloon was dilated at 6 atm, and the WCS (4.5×10.0 mm) was successfully deployed. (C) After the initial deployment, an endoleak occurred at WCS’
proximal end (black arrow). (D) The black arrow shows the balloon was dilated again (8 atm) to prevent the endoleak. (E) Cerebral angiogram immediately after the
procedure showed disappearance of the aneurysm. (F) Follow-up angiography at 12 months revealed total aneurysm resolution and a patent parent artery.
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odds of surgery-associated rupture; (3) the absence of coil embolization in the aneurysm sac results in no mass effects.23

In this study, the WCS had good efficacy in occluding ICA pseudoaneurysms.

WCS Navigation
Despite these advantages, there are still many concerns over the use of WCSs. The WCS was specially engineered for
utilization in intracranial vessels. It has advantages in flexibility, with an elevated odds of successful navigation.24

However, WCS navigation requires further attention, notably in the deep curves of the intracranial vasculature. Both stent
and parent artery might be injured as the stent laboriously navigates to pass the tortuous vasculature.25,26 The delivery
channel generated via the intracranial support catheter helps the WCS easily advance through the tortuous artery. In this
study, successful delivery to target vessels was achieved for all stents with no overt resistance, indicating the highly
effective delivery for this coaxial technique.

Limitations of the WCS
Occlusion of Side Branches
The coverage of side branches and/or perforating arteries accompanying WCS use are also a major consideration.
Important branches originating from the ICA are ophthalmic (OA), anterior choroidal (AchA) and posterior commu-
nicating (PcomA) arteries. It is rare to observe PcomA or AChA occlusion by the WCS, since pseudoaneurysm cases
occurring in the C7 segment are rare. In addition, the abundance of WCS versions with various diameters and lengths
can guarantee total aneurysm orifice coverage and vital perforator preservation. Prior to deploying the stent, the
surgeon must carefully evaluate the angiogram from several angles so that AChA and PcomA ostia are not covered.
For a pseudoaneurysm occurring in the C5 or C6 segment of the ICA close to the OA, it is difficult to avoid OA
occlusion using the WCS. However, deep and superficial anastomotic OA networks guarantee blood supply of the
central retinal artery, which is crucial for vision.27,28 Hence, some authors have proposed the sacrifice of OA if
needed.29 In this study, 9 cases showed OA occlusion after WCS implantation. Totally 6 patients with vision loss
after severe trauma had no changes after the procedure. The remaining 3 had no blindness post-procedure because of
the compensatory effects of anastomotic branches from the ipsilateral external carotid artery. However, in our
opinion, the surgeon must carefully select a WCS of adequate length to prevent OA occlusion during surgery.
Indeed, it is difficult to evaluate whether OA’s blood supply could be compensated by the anastomotic network during
surgery.

Endoleak
Endoleak after WCS placement remains a non-negligible issue featuring continuous blood flow in the aneurysm sac.
Persistent endoleak is a major factor contributing to continuous aneurysm dilation or rupture, notably in case of acute
aneurysm rupture.30 WCS deployment probably causes endoleak formation because of mismatched sizes of stent and
parent vessel, incompatible sectional shape, possible PTFE membrane rupture and potential stent shortening.31 In
previous reports assessing WCS, the rates of immediate endoleak ranged from 16% to 32%.32 As shown above, endoleak
was found in 16 (16/56, 28.6%) cases right after the initial balloon inflation. In general, most of immediate endoleak
events can be suppressed by balloon re-inflation at the stent’s proximal and distal parts. However, stent and lesion
mismatching represents the main reason for endoleak occurrence; therefore, confirming the accurate position using
several reference angiograms is indispensable prior to stent deployment, as well as selecting an indicated stent size, as
described in Methods. For ultra-wide necked aneurysms, double covered stents may be employed, using the “end-to-end”
technique. In this series, balloon re-inflation and double covered stents sealed 81.3% (13/16) of immediate endoleaks.
Minor endoleaks might be readily resolved during follow-up. Ma et al found that endoleaks had a high spontaneous
healing rate (7/9, 77.8%) during follow-up.25 In this study, minimal endoleak at the stent’s distal end in 3 patients healed
spontaneously at follow-up, and such cases might just undergo observation.
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In-Stent Stenosis
In this study, a perioperative thrombogenic event was found in one case (1/56, 1.8%). In the latter patient, intra-arterial
injection of tirofiban hydrochloride successfully recanalized the affected artery. Compared with other stents, WCSs have
relatively higher thrombogenicity.33 Hence, late in-stent stenosis represents an additional complication potentially
occurring during follow-up. In-stent stenosis rate for WCS has been reported to range from 8.4% to 29.0%.34–36 In
this study, 7 patients (7/56, 12.5%) showed asymptomatic in-stent stenosis at angiographic follow-up. Multivariate
analysis showed that C4-C5 segment of the ICA and irregular post-procedure antiplatelet therapy were powerful
predictors of late in-stent stenosis. As shown above, in-stent stenosis was found frequently in the C4-C5 segment of
the ICA. The possible explanations are as follows. First, the C4-C5 segment of the ICA generated in the skull base is
tortuous. Deploying a balloon-expanded stent would surely disrupt the endothelium of this vascular segment. Secondly,
this curved vascular segment causes obvious stent angulations after placement, and may limit stent expansion and
apposition. In addition, insufficient post-procedure dual antiplatelet therapy is another powerful predictor of late in-stent
stenosis. In-stent stenosis mostly results from neointimal hyperplasia.37 Dual antiplatelet treatment is considered a critical
factor in inhibiting in-stent neointimal hyperplasia.38

Conclusion
This retrospective, observational, single-arm study revealed that the WCS provides a safe and effective solution in
treating intracranial PSAs by reconstruction and preservation of the ICA. Irregular post-operative antiplatelet treatment
and C4-C5 segment of the ICA were predictors of long-term late in-stent stenosis.
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