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Treatment of blood blister-like aneurysms of the supraclinoid internal carotid artery using pipeline and lattice flow diverters and coiling
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Background: Flow diverters (FDs) have shown the potential to treat blood blister-like aneurysms (BBAs) of the supraclinoid internal carotid artery (ICA). We report a series of cases treated by both deploying FDs and coiling.

Methods: Based on the Bojanowski classification, the BBAs of the supraclinoid ICA were classified into types I–IV. Based on the approach used for endovascular treatment (EVT) of the BBAs, the EVTs were categorized into types 1–3. The modified Rankin scale (mRS) was used to assess the clinical follow-up outcome.

Results: Thirteen patients with 13 BBAs of the supraclinoid ICA who were aged 22–66 (49.8 ± 13.5) years were included. There were 12 females and 1 male. All patients had experienced subarachnoid hemorrhage. According to the Bojanowski’s et al. classification, a total of 2, 7, 3, and 1 BBAs were categorized as types I, II, III, and IV, respectively. Preoperative vasospasms were detected in 4 patients. EVT types 1, 2, and 3 were used to treat 4, 7, and 2 BBAs, respectively. After EVT, 2 patients with preoperative vasospasm experienced hemiparesis but later recovered. One patient with a preoperative vasospasm experienced multiple infarctions and died. One patient who discontinued antiplatelet therapy experienced multiple infarctions and suffered severe disability. ‌Twelve patients completed a post-EVT six-month follow-up, excluding the one with postoperative mortality.‌ The mRS scores were 0, 1, and 4 for 10, 1, and 1 patients, respectively. Eleven patients were subjected to angiographic follow-up. All BBAs were cured, and the supraclinoid ICAs were repaired.

Conclusion: For patients with BBAs, deploying an FD and coiling can yield good outcomes. However, ischemic complications should not be overlooked.
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1 Introduction

Blood blister-like aneurysms (BBAs) are rare ruptured lesions; they are often located at the supraclinoid internal carotid artery (ICA), and they account for 0.9–6.5% of all ICA aneurysms (1). BBAs of the supraclinoid ICA are located at the nonbranching site of the dorsal ICA wall; they present with a slight bulge and a conical, hemispherical, or saccular shape. These aneurysms have a focal wall defect with an absence of internal elastic lamina and media, and the arterial gap is only covered with adventitia and thin fibrinous tissue after bleeding. BBAs of the supraclinoid ICA are typically responsible for subarachnoid hemorrhage (SAH) in the absence of other adjacent associated intracranial aneurysms (2).

Due to the weak consistency of the wall, BBAs can rapidly grow. Therefore, BBAs of the supraclinoid ICA have a high risk of rerupture, which is associated with poor prognoses. Prompt treatment is necessary in these cases. Management is challenging, given the fragile walls of BBAs of the supraclinoid ICA. Previously, many surgical techniques, such as wrapping or trapping with bypass, have been described for the treatment of these lesions (3). However, these techniques are associated with high perioperative morbidity and mortality rates. Recently, endovascular treatment (EVT) has emerged as a feasible option (4).

Among EVT techniques, the flow diverter (FD) with a high metal coverage rate has shown the potential to cure BBAs of the supraclinoid ICA (5). However, several issues remain, such as the necessity of coiling assistance, BBA classification for EVT, and EVT types. Therefore, we conducted the current study to address these issues. At our institute, the Pipeline embolic device (PED) Flex (Medtronic, Irvine, CA, United States) and Lattice FD device (AccuMedical, Beijing, China) are used to treat these BBAs. Therefore, we also discussed these two devices in the context of EVT for BBAs of the supraclinoid ICA.



2 Materials and methods

The present study was approved by the Ethics Committee of our institute, and informed consent was obtained from the participants (No. 2025-200). Patient data were continuously collected from December 2022 to February 2025.


2.1 Inclusion and exclusion criteria

The inclusion criteria were as follows: (a) SAH; (b) angiography revealed a lesion on the supraclinoid ICA in accordance with the BBA diagnostic criteria (described in the Introduction section); (c) BBAs treated with both FDs and coiling; and (d) complete clinical data before treatment, after treatment, and during follow-up. Patients with BBAs treated by microsurgery or EVT without FD deployment were excluded.



2.2 BBA classification

This study used Bojanowski’s et al. (6) classification for BBAs. Type I BBAs have a small bulge and no neck. Type II BBAs resemble berry aneurysms and involve part of the ICA wall, but they have a sac with a large neck (although it is no larger than the diameter of the ICA). Type III BBAs involve a significantly larger longitudinal portion of the ICA, defined as longer than the diameter of the ICA. Type IV BBAs involve almost all or the entire circumference of the ICA, resulting in enlargement of the ICA on angiography.



2.3 Antiplatelet/anticoagulation management

At least 3 h before EVT, a loading dose of dual antiplatelet agents (aspirin 300 mg and ticagrelor 180 mg) was administered. During FD deployment and coiling, tirofiban (4–6 mL by intravenous bolus) was administered. ‌Post-EVT, intravenous tirofiban infusion was maintained at 4–6 mL/h until 2 h after the second dose of oral ticagrelor 90 mg. From the second day of EVT, antiplatelet agents (aspirin 100 mg/qd and ticagrelor 60 mg/bid) were continued until 6 months after EVT. One month after EVT, ticagrelor 60 mg/bid could be switched to clopidogrel 75 mg/qd.‌ After angiographic follow-up, ticagrelor or clopidogrel could be discontinued, but aspirin treatment continued for 6 months to 1 year or for lifetime.



2.4 EVT strategy

EVT was performed by a transfemoral approach under general anesthesia. A combination of a long sheath and a distal access catheter was used to provide sufficient support. The distal access catheter reached the cavernous segment of the ICA. BBAs were subsequently treated via FDs and coiling. EVT can be divided into three types according to the method of deploying an FD and coiling the BBA. Type 1 EVT involves first coiling the BBA sac and then releasing the FD to cover the BBA (Figure 1). Type 2 EVT involves releasing a partial FD to help coil the BBA and then completely releasing the FD to cover the BBA (Figures 2, 3). Type 3 EVT involves only deploying the FD to cover the recurrent BBA (Figure 4).

[image: A series of medical imaging scans labeled A to E. A: CT scan showing brain anatomy with label "Case 1." B: 3D angiogram of the internal carotid artery (ICA) with an aneurysm indicated by an arrow. C: Angiogram displaying coils and a lattice flow diverter (FD) implant. D: Angiogram of the anterior cerebral artery (ACA) and ICA showing coils and lattice FD. E: Angiogram illustrating vascular structures post-intervention. All images have an "L" mark possibly indicating left orientation.]

FIGURE 1
 Case 1: The patient was first treated by coiling and then by deploying a Lattice FD device (Type 1 EVT). (A) Computed tomography showing subarachnoid hemorrhage focused on the left suprasellar cistern. (B) DSA showing a Type II BBA (arrow) of the left supraclinoid ICA. (C) X-ray image showing that the Lattice FD device covered the BBA neck after coiling the BBA. (D) Left panel: Postoperative DSA image showing the patency of the supraclinoid vessels. Right panel: X-ray image showing the coils and Lattice FD device. (E) Six-month follow-up DSA showing that the BBA was cured, and the supraclinoid ICA was repaired. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; FD, flow diverter; ICA, internal carotid artery; L, left.


[image: CT and angiographic images from a medical case study. Image A shows a CT scan of the brain. Image B displays 3D vessel reconstruction with labeled ACA (anterior cerebral artery) and ICA (internal carotid artery). Image C presents a fluoroscopy with Lattice FD and Echelon-10 markers. Image D depicts angiographic imaging of ACA with a view of coils and Lattice FD. Image E illustrates another angiographic view highlighting the ACA.]

FIGURE 2
 Case 2: The patient was treated by both coiling and deploying a Lattice FD device (Type 2 EVT). (A) Computed tomography showing diffuse subarachnoid hemorrhage of the suprasellar cistern. (B) DSA showing a Type II BBA (arrow) of the right supraclinoid ICA. (C) X-ray image showing an Echelon-10 microcatheter tip (arrow) at the BBA neck and a partially deployed Lattice FD device beyond the BBA neck. (D) Left panel: Postoperative DSA showing the BBA embolized. Right panel: X-ray image showing the coils and Lattice FD device. (E) Six-month follow-up DSA showing that the BBA was cured and the supraclinoid ICA was repaired. However, the right ACA (arrow), covered by the FD, was nearly occluded. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; FD, flow diverter; ICA, internal carotid artery; R, right.


[image: CT and angiography images from Case 3 show cerebral arteries. Panel A displays a CT scan of the brain. Panel B shows a 3D rotational angiography with a visible internal carotid artery (ICA). Panel C depicts an angiographic view of an Echelon-10 microcatheter and Lattice flow diverter. Panel D illustrates the placement of coils and the Lattice flow diverter in the cerebral artery with labeled PCA, ACA, and ICA. Panel E presents another cerebral angiogram highlighting the ICA, ACA, and PCA. Labels indicate arteries and medical devices.]

FIGURE 3
 Case 3: The patient was treated by both coiling and deploying a Lattice FD device and a Neuroform Atlas stent (Type 2 EVT). (A) Computed tomography showing subarachnoid hemorrhage focused on the right suprasellar cistern. (B) DSA showing a Type I BBA (arrow) of the right supraclinoid ICA. (C) X-ray image showing an Echelon-10 microcatheter tip (arrow) at the BBA neck and a partially deployed Lattice FD device beyond the BBA neck. (D) Left panel: X-ray image showing that the BBA was embolized, and the Neuroform Atlas stent was used to fix the coil loop that escaped from the BBA due to the foreshortening of the Lattice FD device after deployment. Right panel: Postoperative DSA showing the patency of the supraclinoid vessels. (E) Six-month follow-up DSA showing that the BBA was cured, and the supraclinoid ICA was repaired. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; FD, flow diverter; ICA, internal carotid artery; PCA, posterior cerebral artery; R, right.


[image: Medical images depict cerebral angiography across four panels labeled A to D, demonstrating case four. Panel A shows before-treatment images with an aneurysm near the internal carotid artery (ICA). Panel B demonstrates coiling and stent placement. Panel C presents images after flow diversion with coils and Pipeline Embolization Device (PED) in place. Panel D shows post-treatment vascular flow in the ICA and anterior cerebral artery (ACA).]

FIGURE 4
 Case 4: The patient was treated by deploying a PED after incomplete EVT (Type 3 EVT). (A) DSA (left panel) and reconstructive DSA (right panel) images showing a Type II BBA with a residual neck (arrows) of the right supraclinoid ICA after incomplete EVT. (B) X-ray image showing the coils and a low-metal-coverage stent. (C) Left panel: Vaso-DSA showing that the PED was deployed to cover the BBA in the low-metal coverage stent. Right panel: Postoperative DSA showing the patency of the right supraclinoid vessels. (D) Six-month follow-up DSA showing that the BBA was cured and the supraclinoid ICA was repaired. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; ICA, internal carotid artery; PED, Pipeline embolic device; R, right.




2.5 Recorded data

The following data were recorded: patient age and sex, presentation, Hunt–Hess grade of SAH, BBA Bojanowski classification, BBA size and location, preoperative vasospasm of the ICA and middle cerebral artery (MCA), EVT type, post-EVT event, follow-up aneurysm occlusion and ICA status, and modified Rankin scale (mRS) score.




3 Results


3.1 General information

A total of 13 patients with 13 BBAs that affected the supraclinoid ICA, who were aged 22–66 (49.8 ± 13.5) years, were included.‌ There were 12 females and 1 male. Ten patients were admitted for SAH, and 1 patient had intracerebral and intraventricular hemorrhages; among these 11 patients, the Hunt–Hess grades were I, II, and III in 3, 6, and 2 patients, respectively. Two patients who experienced previous SAH underwent incomplete EVT. Upon admission, these 2 patients were asymptomatic, and the Hunt–Hess grade was recorded as 0.



3.2 Angiographic classification and EVT type

According to Bojanowski’s et al. classification, type I, II, III, and IV BBAs were detected in 2, 7, 3, and 1 patients, respectively. The size of the BBAs ranged from 2–5 mm (3.8 ± 1.1). The BBAs were located in the left and right supraclinoid ICAs in 5 and 8 patients, respectively. Preoperative vasospasm of the ICA and MCA was found in 4 patients. EVT types 1, 2, and 3 were used to treat 4, 7, and 2 BBAs, respectively. Among the 13 cases in which EVT was administered, 8 PED devices and 5 Lattice FDs were used. One EVT involved a Neuroform Atlas stent (Stryker Neurovascular, Fremont, CA, United States) (Case 3; Figure 3).



3.3 EVT outcomes and follow-up

EVT was successful in all patients (Figures 1–7). There were no procedure-related complications. After EVT, two patients (Case 5 and Case 9) with preoperative vasospasms experienced hemiparesis. These two patients subsequently recovered. After EVT, one patient (Case 12) with a preoperative vasospasm developed multiple infarctions of the bilateral hemispheres and died. One patient (Case 13) discontinued dual antiplatelet therapy and subsequently developed multiple infarctions of the bilateral hemispheres, resulting in severe disability. Of the 13 patients, 12 underwent a clinical follow-up for 6 months after EVT, excluding the one with postoperative mortality.‌ The mRS scores were 0, 1, and 4 for 10, 1 and 1 patients, respectively. Among the 12 surviving patients, one patient (Case 13), who refused the angiographic follow-up, had severe disability, and 11 patients were subjected to angiographic follow-up for 6 months. During follow-up digital subtraction angiography, all BBAs were cured, and the supraclinoid ICAs were repaired. The detailed clinical data are shown in Table 1.

[image: Composite medical images showing cerebral arteries:A) CT axial scan depicts a brain cross-section.B) 3D angiogram highlights intricate vessels.C) Angiogram of middle (MCA) and internal carotid arteries (ICA), with a box focus.D) Image displays anterior cerebral artery (ACA) with coils labeled.E) Angiogram and 3D rendering of ACA and ICA with marked coils and aneurysm.]

FIGURE 5
 Case 5: The patient was first treated by coiling and then by deployment of a PED (Type 1 EVT). (A) Computed tomography showing diffuse subarachnoid hemorrhage of the suprasellar cistern. (B) Computed tomography angiography showing mild dilatation (arrow) of the right intracranial ICA terminus. (C) DSA images showing a Type IV BBA (frames) of the right supraclinoid ICA. The right MCA was thin due to vasospasm. (D) Left panel: Roadmap image showing that the BBA was coiled first. Right panel: Vaso-DSA showing that the PED was deployed to cover the BBA neck. (E) Six-month follow-up DSA (left panel) and reconstructive (right panel) images showing that the BBA was cured and the supraclinoid ICA was repaired. The right ACA (arrows) was nearly occluded by PED coverage. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; ICA, internal carotid artery; MCA, middle cerebral artery; PED, Pipeline embolic device; R, right.


[image: Series of medical images showing endovascular treatment across three cases. Panel A (Case 9) displays pre- and post-treatment cerebral angiograms, showing the middle cerebral artery (MCA) and internal carotid artery (ICA) with coils and pipeline embolization device (PED). Panel B (Case 10) shows a similar sequence with focus on left-side structures. Panel C (Case 11) includes CT images and angiograms, highlighting the anterior cerebral artery (ACA) and anterior communicating artery (AQA) with coils and PED placements. The procedural details across the panels demonstrate aneurysm treatment techniques.]

FIGURE 6
 EVTs of Patients 9–11. (A) Patient 9 treated with Type 1 EVT. Panel 1: DSA showing a Type II BBA (arrow) of the right supraclinoid ICA, the ICA, and MCA were thin due to vasospasm. Panel 2: X-ray image showing the PED partially deployed after coiling the BBA. Panel 3: Postoperative DSA showing the embolized BBA. Panel 4: Six-month follow-up DSA showing complete aneurysm occlusion and supraclinoid ICA repair, with normal ICA and MCA size. (B) Patient 10 treated with Type 2 EVT. Panel 1: DSA showing a left Type II BBA (arrow). Panel 2: Vaso-DSA showing the patency of the supraclinoid vessels. Panel 3: X-ray image showing the coils and PED. Panel 4: Six-month follow-up DSA showing complete aneurysm occlusion and supraclinoid ICA repair. (C) Patient 11 treated with Type 2 EVT. Panel 1: Computed tomography showing multiple subarachnoid, intraventricular, and parenchymal hemorrhages. Panel 2: DSA showing a right Type II BBA (arrow). Panel 3: Vaso-DSA showing the BBA coiled by the combination of deploying FD. Panel 4: Six-month follow-up DSA showing complete aneurysm occlusion and supraclinoid ICA repair; the right ACA was stenotic after PED coverage. ACA, anterior cerebral artery; BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; ICA, internal carotid artery; L, left; MCA, middle cerebral artery; PED, Pipeline embolic device; R, right.


[image: Panel A displays six medical images related to Case 12. Image 1 shows a CT scan of the brain, Image 2 is an angiogram with a highlighted vessel, Image 3 is a 3D reconstruction of the middle cerebral artery (MCA), Image 4 shows a pipeline embolization device (PED), Image 5 features coils and PED in the vessel, and Image 6 presents a CT scan with marked regions.Panel B contains six medical images for Case 13. Image 1 shows a CT scan of the brain, Image 2 depicts a 3D vascular reconstruction, Image 3 highlights a lattice flow diverter and coils, Image 4 is an angiographic image, Image 5 displays a brain scan with marked lesions, and Image 6 provides another CT scan with emphasized areas.]

FIGURE 7
 EVT in Patients 12 and 13. (A) Patient 12 treated by Type 1 EVT. Panel 1: Computed tomography showing subarachnoid hemorrhage focusing on the left suprasellar cistern. Panel 2: At the time of onset, DSA showing a Type III BBA of the left supraclinoid ICA (arrow). Panel 3: After 1 week, DSA showing the enlargement of the BBA (arrow). Panel 4: DSA showing the PED across the BBA neck after coiling the BBA. Panel 5: Left panel: DSA showing the BBA embolized. Right panel: X-ray image showing the coils and PED. Panel 6: One-week postoperative computed tomography showing diffuse multiple infarctions (asterisks) of the bilateral hemispheres. (B) Patient 13 treated with Type 2 EVT. Panel 1: Computed tomography showing subarachnoid hemorrhage focusing on the right suprasellar cistern. Panel 2: DSA image showing a Type III BBA of the right supraclinoid ICA (arrow). Panel 3: X-ray image showing the Lattice FD partially deployed to assist in coiling the BBA. Panel 4: DSA showing the embolized BBA. Panel 5: After 1 week, diffusion-weighted magnetic resonance image showing multiple infarctions (asterisks). Panel 6: After 2 weeks, computed tomography showing multiple infarctions (asterisks). BBA, blood blister-like aneurysm; DSA, digital subtraction angiography; EVT, endovascular treatment; FD, flow diverter; ICA, internal carotid artery; L, left; MCA, middle cerebral artery; PED, Pipeline embolic device; R, right.



TABLE 1 Clinical data of the patients.


	Case
	Age/Sex
	Presentation
	HH grade
	Bojanowski classification
	Aneurysm size
	Side
	ICA and MCA vasospasm
	EVT
	Post-EVT event
	Aneurysm occlusion/ICA size at 6-month follow-up
	mRS

 

 	1 	59/M 	SAH 	I 	II 	5 mm 	L 	No 	Type 1: Lattice FD + Coiling 	No 	Complete/Normal size 	0


 	2 	22/F 	SAH 	II 	II 	4 mm 	R 	No 	Type 2: Lattice FD + Coiling 	No 	Complete/Normal size 	0


 	3 	48/F 	SAH 	II 	I 	2 mm 	R 	No 	Type 2: Lattice FD + Atlas + Coiling 	No 	Complete/Normal size 	0


 	4 	63/F 	SAH/Incomplete EVT 	0 	II 	5 mm 	R 	No 	Type 3: PED 	No 	Complete/Normal size 	0


 	5 	33/F 	SAH 	I 	IV 	5 mm 	R 	Yes 	Type 1: PED + Coiling 	Hemiparesis 	Complete/Normal size 	0


 	6 	35/F 	SAH 	II 	II 	4 mm 	L 	No 	Type 2: Lattice FD + Coiling 	No 	Complete/Normal size 	0


 	7 	46/F 	SAH 	II 	I 	2 mm 	R 	Yes 	Type 2: PED + Coiling 	No 	Complete/Normal size 	0


 	8 	52/F 	SAH/Incomplete EVT 	0 	II 	4 mm 	L 	No 	Type 3: PED 	No 	Complete/Normal size 	0


 	9 	61/F 	SAH 	III 	II 	4 mm 	R 	Yes 	Type 1: PED + Coiling 	Hemiparesis 	Complete/Normal size 	0


 	10 	66/F 	SAH 	I 	II 	3 mm 	L 	No 	Type 2: PED + Coiling 	No 	Complete/Normal size 	0


 	11 	65/F 	SAH + IH + IVH 	III 	III 	4 mm 	R 	No 	Type 2: PED + Coiling 	No 	Complete/Normal size 	1


 	12 	50/F 	SAH 	II 	III 	5 mm 	L 	Yes 	Type 1: PED + Coiling 	Multiple infarctions 	No 	Deceased


 	13 	47/F 	SAH 	II 	III 	3 mm 	R 	No 	Type 2: Lattice FD + Coiling 	Multiple infarctions 	No 	4





EVT, endovascular treatment; F, female; FD, flow diverter; HH, Hunt Hess; ICA, internal carotid artery; IH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; L, left; M, male; MCA, middle cerebral artery; mRS, modified Rankin scale; PED, Pipeline embolic device; R, right; SAH, subarachnoid hemorrhage.
 




4 Discussion

BBAs predominantly occur in middle-aged females and are commonly located in the ICA (7). In our report, 12 of 13 patients were female, averaging 49.8 years, aligning with the above characteristics. BBAs only consist of a platelet plug covering a thin l adventitia, with a defect in the intima and media that lacks the usual collagen layer belonging to pseudoaneurysms. Therefore, management remains challenging (2). To date, no consensus has been reached regarding the optimal treatment for BBAs of the supraclinoid ICA. Current therapies include aneurysm clipping or wrapping, endovascular or surgical trapping with or without extra bypass, coiling, and deploying multiple overlapping stents, covered stents, and FDs et al. (4, 8).

Among all the treatment options for BBAs of the supraclinoid ICA, FDs are an attractive option (5). With a > 30% metal coverage rate, FDs can reconstruct the supraclinoid ICA, redirect blood flow, and occlude the BBA, providing sufficient protection for these lesions. FDs can be used to cure BBAs. In 2025, Jin et al. (7) conducted a systematic review and meta-analysis of 30 studies involving 311 BBAs treated by FDs. They found that 76.3% of BBAs were in the ICA, with 85% of BBAs achieving complete occlusion after EVT. Furthermore, 84% of patients experienced an mRS score of 0–2, and the overall and periprocedural complications account for 16.8 and 9.1%, respectively. In 2023, Zhang et al. (1) conducted a pooled analysis of 233 ICA-BBAs treated by FDs. The outcomes revealed a complete occlusion rate of 79%, a recurrence rate of 2%, a perioperative stroke rate of 8%, a perioperative mortality rate of 4%, a long-term good clinical outcome rate of 85%, and a mortality rate of 6%.

In our report, complete aneurysm occlusion was achieved in 11 BBAs, as confirmed by a 6-month angiographic follow-up. This study used two types of FDs, including 8 PEDs and 5 Lattice FDs. PED Flex is a braided tube consisting of 48 strands with 75% cobalt chromium and 25% platinum. It can provide a 30% metal coverage when deployed within a matched vessel (9). The Lattice FD device is a Chinese product with compressed mechanical balloons. The mechanical balloons will expand, assisting during the device opening. Due to mechanical balloon incorporation in the design, when the device is deployed, the forward movement of the distal wire is minimal. The Lattice FD device comprises 36 cobalt-chromium wires and 12 platinum-tungsten wires, providing a metal coverage rate of 30–40% (10).

Although FD deployment to treat BBAs has shown patency, it is uncertain whether coiling is a necessary addition (11). According to Zhang’s et al. (1) analysis, the total occlusion rate of both deploying an FD and coiling is higher than that in the FD only subgroup, at 98 and 87%, respectively. The incidence rates of favorable prognostic outcomes in the FD and coiling subgroup and the FD only subgroup were 93.1 and 81.9%, respectively. Therefore, the combination of both deploying an FD and coiling is an effective treatment approach, as it can minimize the hemodynamic burden of the fragile BBA dome and accelerate thrombosis. In our study, all BBAs were treated by both deploying an FD and coiling, leading to favorable outcomes.

When performing FD deployment and coiling, BBA types were based on the EVT type. As described in the EVT strategy section, selecting the EVT approach according to BBA types was reasonable. This is the first study to propose the principle of using deploying FD and coiling in combination, which is highlighted in our report. However, for BBA EVT by deploying FD, the complication of severe vasospasm had to be considered. Preoperative vasospasms can be found in BBAs caused by SAH. In our study, 4 patients exhibited preoperative vasospasms, which resulted in multiple infarctions in 1 patient who died. However, one patient without a preoperative vasospasm suffered multiple infarctions and experienced severe disability, which was due to voluntary discontinuation of dual antiplatelet therapy. It was unclear how to avoid postoperative severe ischemic complications. However, when treating patients with preoperative vasospasms, both deploying an FD and coiling should be performed with caution. Once this type of the EVT is performed, adequate antiplatelet management and a sufficient blood volume may be necessary.


4.1 Limitations

This was a retrospective single-center study with a limited sample size. Only 13 patients were included, which may have led to biased results and limited generalizability of the conclusions. The EVT classification has been proposed by Bojanowski, but whether this classification can accurately guide treatment strategies and prognosis assessment requires validation in studies with larger sample sizes. In this study, the follow-up was conducted for only 6 months. For BBAs, a condition with the potential for long-term recurrence, the absence of longer-term follow-up data prevents a comprehensive assessment of long-term efficacy.




5 Conclusion

For BBAs of the supraclinoid ICA, deploying Pipeline and Lattice FDs and coiling can yield favorable clinical and angiographic outcomes. However, ischemic complications from vasospasm should not be overlooked.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the First Hospital of Jilin University (Approval Number: 2025-200). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XC: Writing – original draft, Data curation, Methodology, Investigation. ZZ: Data curation, Writing – original draft, Investigation, Software. JG: Data curation, Writing – original draft, Investigation. JY: Data curation, Methodology, Conceptualization, Investigation, Writing – review & editing, Supervision, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Zhang, YB, Yao, PS, Wang, HJ, Xie, BS, Wang, JY, Zhu, M , et al. Treatment with a flow diverter-assisted coil embolization for ruptured blood blister-like aneurysms of the internal carotid artery: a technical note and analysis of single-center experience with pooled data. Neurosurg Rev. (2023) 46:305. doi: 10.1007/s10143-023-02216-9 
	 2. Guo, Y, and Yu, J. Direct arteriovenous fistula due to a blister-like aneurysm of the supraclinoid internal carotid artery hijacking its adjacent vein. Interv Neuroradiol. (2023) 29:332–5. doi: 10.1177/15910199221084805 
	 3. Guo, Y, Zhang, J, Chen, H, Xu, K, and Yu, J. Suturing and dural wrapping for a blood blister-like aneurysm on the supraclinoid segment of the internal carotid artery due to dissection. World Neurosurg. (2018) 109:165–70. doi: 10.1016/j.wneu.2017.09.186 
	 4. Ji, T, Guo, Y, Huang, X, Xu, B, Xu, K, and Yu, J. Current status of the treatment of blood blister-like aneurysms of the supraclinoid internal carotid artery: a review. Int J Med Sci. (2017) 14:390–402. doi: 10.7150/ijms.17979 
	 5. Rouchaud, A, Brinjikji, W, Cloft, HJ, and Kallmes, DF. Endovascular treatment of ruptured blister-like aneurysms: a systematic review and meta-analysis with focus on deconstructive versus reconstructive and flow-diverter treatments. AJNR Am J Neuroradiol. (2015) 36:2331–9. doi: 10.3174/ajnr.A4438 
	 6. Bojanowski, MW, Weil, AG, McLaughlin, N, Chaalala, C, Magro, E, and Fournier, JY. Morphological aspects of blister aneurysms and nuances for surgical treatment. J Neurosurg. (2015) 123:1156–65. doi: 10.3171/2014.11.JNS141004 
	 7. Jin, D, Zhang, Z, Su, X, and Li, G. Comparative analysis of characteristics, management, and clinical outcome of blood blister-like aneurysms treated with flow diverter devices: a systematic review and meta-analysis of 30 studies. Int J Surg. (2025) 111:1427–39. doi: 10.1097/JS9.0000000000002072 
	 8. Yu, J, Xu, B, Guo, Y, and Xu, K. Direct clipping of a blister-like aneurysm in the supraclinoid segment of the internal carotid artery: a clinical analysis of nine cases. Int J Clin Exp Med. (2015) 8:21786–95.
	 9. Fiorella, D, Lylyk, P, Szikora, I, Kelly, ME, Albuquerque, FC, McDougall, CG , et al. Curative cerebrovascular reconstruction with the Pipeline embolization device: the emergence of definitive endovascular therapy for intracranial aneurysms. J Neurointerv Surg. (2009) 1:56–65. doi: 10.1136/jnis.2009.000083 
	 10. Zhu, H, Zhang, J, Liu, L, Zhang, Y, Zhang, L, Fu, X , et al. The Lattice flow diverter for the treatment of intracranial aneurysms: a single center experience in 117 consecutive aneurysms. J Neurointerv Surg. (2005). doi: 10.1136/jnis-2025-023615

	 11. Aydin, K, Arat, A, Sencer, S, Hakyemez, B, Barburoglu, M, Sencer, A , et al. Treatment of ruptured blood blister-like aneurysms with flow diverter SILK stents. J Neurointerv Surg. (2015) 7:202–9. doi: 10.1136/neurintsurg-2013-011090 


Copyright
 © 2025 Chen, Zhou, Gao and Yu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-16-1607683-g005.jpg





OPS/images/fneur-16-1607683-g006.jpg





OPS/images/fneur-16-1607683-g003.jpg





OPS/images/fneur-16-1607683-g004.jpg





OPS/images/fneur-16-1607683-g007.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Treatment of blood blister-like aneurysms of the supraclinoid internal carotid artery using pipeline and lattice flow diverters and coiling



		1 Introduction



		2 Materials and methods



		2.1 Inclusion and exclusion criteria



		2.2 BBA classification



		2.3 Antiplatelet/anticoagulation management



		2.4 EVT strategy



		2.5 Recorded data









		3 Results



		3.1 General information



		3.2 Angiographic classification and EVT type



		3.3 EVT outcomes and follow-up









		4 Discussion



		4.1 Limitations









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1607683-g001.jpg





OPS/images/fneur-16-1607683-g002.jpg
Lattice FD

“allj “Coils. 1

Lattice FD

el
“+ Echelon-10-%
ok






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Treatment of blood blister-like
aneurysms of the supraclinoid
internal carotid artery using
pipeline and lattice ofl w diverters
and coiling












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






