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A B S T R A C T

Background: In recent years, the effectiveness of flow diverters (FDs) for the treatment of intracranial aneurysms 
has been reported. While FDs are effective, their deployment involves advancing a delivery wire distally, which 
may pose a risk if a distal aneurysm exists within the same artery. In such cases, the delivery wire could 
potentially perforate the distal aneurysm. Here, we present two cases of tandem aneurysms in which an internal 
carotid artery (ICA) aneurysm was treated with an FD following the treatment of a distal cerebral aneurysm.
Case description: A 44-year-old woman and a 67-year-old woman underwent magnetic resonance imaging for 
headache or abducens nerve palsy. In both cases, two aneurysms were revealed: one at the ICA and the other 
either at the middle cerebral artery or the top of the ICA. Due to the risk of perforation by the delivery wire 
during FD deployment, the distal aneurysms were treated first—either with surgical neck clipping or stent- 
assisted coil embolization. One month after the initial treatment, FD placement for the ICA aneurysm was 
performed as planned without complications in either case.
Discussion: This is the first report where tandem aneurysms were successfully treated with treatment for distal 
cerebral aneurysms, followed by FDs for proximal ICA aneurysms. We emphasize the potential risk of perforation 
of the distal aneurysm by the delivery wire during FD placement.
Conclusion: Treatment of distal cerebral aneurysms beforehand can help ensure the safe and effective use of FDs 
in patients with tandem aneurysms.

1. Introduction

Historically, various surgical treatments have been employed for 
cavernous carotid aneurysms (CCAs).1 In recent years, flow diverters 
(FDs) have emerged as a promising alternative, gradually replacing 
conventional treatments for CCA.2,3 Initially in Japan, FD use was 
approved for internal carotid artery (ICA) aneurysms measuring 10 mm 
or more in maximum diameter and 4 mm or more in neck width, spe
cifically located at the petrous segment. More recently, the efficacy of 
FDs for smaller, intradural aneurysms has also been reported.4,5

Consequently, the approved indications for FD use in Japan have 
expanded to include aneurysms measuring 5 mm or more in diameter 
with wide necks located in the ICA, proximal anterior cerebral artery 
(ACA), middle cerebral artery (MCA), and vertebral artery (VA).

While FDs have demonstrated clinical effectiveness, their deploy
ment requires distal advancement of the delivery wire, which poses a 
risk of perforation if a distal aneurysm is present within the same 
vascular territory. In this report, we present two cases of tandem an
eurysms in which an ICA aneurysm was successfully treated with an FD 
following prior treatment of a distal cerebral aneurysm. This study was 

* Corresponding author. Department of Neurological Surgery, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, 
Japan.

E-mail addresses: potr4vrv@s.okayama-u.ac.jp (Y. Hirata), mhiramatsu@okayama-u.ac.jp (M. Hiramatsu), ksugiu@md.okayama-u.ac.jp (K. Sugiu), pjt04upy@s. 
okayama-u.ac.jp (F. Baba), j.fujita925@outlook.com (J. Fujita), ymu.5.baseball@gmail.com (Y. Sotome), me422033@s.okayama-u.ac.jp (M. Kawakami), r_ 
kimura036@s.okayama-u.ac.jp (R. Kimura), yebis.0927@gmail.com (Y. Ebisudani), j.haruma619@okayama-u.ac.jp (J. Haruma), thishi@med.kawasaki-m.ac.jp
(T. Hishikawa), stanaka@okayama-u.ac.jp (S. Tanaka). 

Contents lists available at ScienceDirect

World Neurosurgery: X

journal homepage: www.journals.elsevier.com/world-neurosurgery-x

https://doi.org/10.1016/j.wnsx.2025.100540
Received 3 August 2025; Accepted 7 October 2025  

World Neurosurgery: X 28 (2025) 100540 

Available online 8 October 2025 
2590-1397/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

https://orcid.org/0009-0007-7341-0026
https://orcid.org/0009-0007-7341-0026
https://orcid.org/0000-0002-1054-0612
https://orcid.org/0000-0002-1054-0612
https://orcid.org/0009-0004-5569-6516
https://orcid.org/0009-0004-5569-6516
https://orcid.org/0000-0002-2034-4009
https://orcid.org/0000-0002-2034-4009
mailto:potr4vrv@s.okayama-u.ac.jp
mailto:mhiramatsu@okayama-u.ac.jp
mailto:ksugiu@md.okayama-u.ac.jp
mailto:pjt04upy@s.okayama-u.ac.jp
mailto:pjt04upy@s.okayama-u.ac.jp
mailto:j.fujita925@outlook.com
mailto:ymu.5.baseball@gmail.com
mailto:me422033@s.okayama-u.ac.jp
mailto:r_kimura036@s.okayama-u.ac.jp
mailto:r_kimura036@s.okayama-u.ac.jp
mailto:yebis.0927@gmail.com
mailto:j.haruma619@okayama-u.ac.jp
mailto:thishi@med.kawasaki-m.ac.jp
mailto:stanaka@okayama-u.ac.jp
www.sciencedirect.com/science/journal/25901397
https://www.journals.elsevier.com/world-neurosurgery-x
https://doi.org/10.1016/j.wnsx.2025.100540
https://doi.org/10.1016/j.wnsx.2025.100540
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wnsx.2025.100540&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


approved by the Institutional Review Board of Okayama University 
Hospital (1911-023), and informed consent was obtained from all 
patients.

2. Case description

2.1. Case 1

A 44-year-old woman with a family history of subarachnoid hem
orrhage (SAH) underwent magnetic resonance imaging (MRI) due to 
headaches. MRI revealed two aneurysms: one at the anterior wall of the 
left ICA (IC-AW) and the other at the MCA. Digital subtraction angiog
raphy (DSA) demonstrated that the IC-AW aneurysm had two domes, 
with a maximum diameter of 6.2 mm and a neck width of 5.1 mm 
(Fig. 1A–C). The MCA aneurysm also had two domes, each measuring 
between 1 and 3 mm in diameter (Fig. 1D). The IC-AW aneurysm was 
situated near the anterior clinoid process.

2.2. Treatment plan

Treatment options for the IC-AW aneurysm included FD placement, 
stent-assisted coil embolization, and surgical neck clipping. Given the 
reported effectiveness of FDs, we initially planned to treat the IC-AW 
aneurysm using an FD. However, the advancement of the delivery 
wire during FD or stent placement raised concerns about potential 
perforation of the distal aneurysm. The MCA aneurysm had two domes 
with a short dome and a wide neck, making it unsuitable for endovas
cular treatment. Therefore, to avoid the risk of perforation during FD 
deployment, we decided to surgically clip the MCA aneurysm in 
advance, followed by FD treatment of the IC-AW aneurysm. Surgical 
neck clipping of the MCA aneurysm was performed first (Fig. 1E and F). 
During the operation, the anterior clinoid process was drilled to expose 
the IC-AW aneurysm. The aneurysm was found to be in close proximity 
to the oculomotor nerve, and the posterior aspect of the aneurysm could 

not be fully visualized. Given these findings, neck clipping of the IC-AW 
aneurysm was deemed high risk, and we opted to proceed with the 
original plan of FD placement. One month later, the IC-AW aneurysm 
was treated with FD placement along with one coil embolization as 
planned. Pipeline embolization device (PED; Medtronic Inc, Dublin, 
Ireland) sized 3.75 × 16 mm was applied. During the procedure, the 
delivery wire was advanced to a position near the previously clipped 
MCA aneurysm (Fig. 1G). Although it is not officially described, the 
length of the stent within the catheter is approximately two times as long 
as its fully deployed length. When 15.8 mm of the stent was deployed 
prior to full deployment, the delivery wire advanced approximately 
22.2 mm from the distal end of the stent on cone-beam CT. No com
plications were observed during or after the procedure (Fig. 1H). At five- 
month follow-up, complete occlusion of the IC-AW aneurysm was 
confirmed.

2.3. Case 2

A 67-year-old woman underwent MRI for evaluation of abducens 
nerve palsy. MRI revealed two aneurysms: one was the CCA and the 
other was at the top of the ICA (Fig. 2A and B). DSA showed that the 
maximum diameter of the CCA was 19.5 mm (Fig. 2C), while the 
aneurysm at the top of the ICA measured 2.6 mm in maximum diameter 
with a neck width of 1.8 mm (Fig. 2D).

2.4. Treatment plan

We chose to treat the CCA with an FD. However, considering the 
movement of the delivery wire during FD placement, there was concern 
about potential perforation of the aneurysm at the top of the ICA. 
Therefore, we planned to perform stent-assisted coil embolization for 
the aneurysm at the top of the ICA in advance. Stent-assisted coil 
embolization was performed first (Fig. 2E). One month later, FD place
ment for the CCA was carried out as planned. PED sized 3.5 × 35 mm 

Fig. 1. (A,B) DSA revealed two aneurysms: one at the IC-AW and the other at the MCA. An arrowhead shows the MCA aneurysm (C) The IC-AW aneurysm had two 
domes, with a maximum diameter of 6.2 mm and a neck width of 5.1 mm (D) The MCA aneurysm also had two domes, each measuring between 1 and 3 mm in 
diameter (E) Intraoperative view of the MCA aneurysm (F) Surgical neck clipping of the MCA aneurysm was performed first (G) During FD placement for the IC-AW 
aneurysm, the delivery wire was advanced to a position near the previously clipped MCA aneurysm. An arrow shows the tip of the delivery wire (H) Treatment with 
FD and one coil placement for the IC-AW aneurysm was accomplished as planned.
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was applied. During the procedure, the delivery wire was advanced close 
to the previously treated aneurysm at the top of the ICA (Fig. 2F). When 
31.5 mm of the stent was deployed prior to full deployment, the delivery 
wire advanced approximately 25.6 mm from the distal end of the stent 
on cone-beam CT. No complications occurred during or after the pro
cedure (Fig. 2G). At 11-month follow-up, DSA revealed a significant 
reduction in blood flow to the CCA and complete occlusion of the 
aneurysm at the top of the ICA (Fig. 2H).

3. Discussion

Here we present two cases where tandem aneurysms were success
fully treated with either clipping or coiling for distal cerebral aneurysms 
followed by FDs for proximal ICA aneurysms. We emphasize the po
tential risk of perforation of the distal aneurysm by the delivery wire 
during FD placement. Preceding treatment of the distal aneurysm would 
provide a safe procedure.

Despite the proven benefits of FD, several complications have been 
documented, including ischemic stroke, aneurysm rupture, stenosis, 
hematoma, transient ischemic attack, and death.6 In addition, various 
mechanical or device-related complications during FD placement have 
been reported, such as poor stent opening, inadequate wall apposition, 
prolapse into the aneurysm, and device migration.7–9 These complica
tions may result in incomplete aneurysm occlusion, ischemic stroke, or 
the need for additional FD deployment. These facts highlights the 
importance of careful FD placement.

Although a wide range of complications has been reported, perfo
ration of a distal cerebral aneurysm by the delivery wire has not yet been 
described.

FD placement is performed by carefully pushing and pulling the 
microcatheter to optimize the mesh density of the device.6 Advancing 
and withdrawing the delivery wire and microcatheter allows for better 
conformation of the FD along the vessel curves. It is recommended that 
the tip of the microcatheter be positioned at least 20 mm distal to the 

aneurysm. Since the delivery wire moves distally during FD deployment, 
the presence of an aneurysm in the distal segment of the same artery 
poses a risk of perforation by the delivery wire.

The length of the stent varies depending on the density of the mesh, 
and the advance of the delivery wire is also influenced by the position to 
start deploying the stent. Whlie it is difficult to argue in general, careful 
consideration of the position and the length of the stent is crucial. Such 
preparation may help avoiding the perforation of the aneurysm.

Multiple cerebral aneurysms are observed in approximately 10–30 % 
of patients,10,11 with a higher incidence in women than in men. The 
presence of multiple aneurysms is associated with increased vulnera
bility and dysplastic changes in the parent artery. Although the inci
dence of vasospasm after SAH does not significantly differ between 
patients with single and multiple aneurysms, outcomes following SAH 
tend to be more severe in patients with multiple aneurysms.

In cases of multiple aneurysms, it is crucial to identify which aneu
rysm is most likely to rupture. Shojima et al reported that the largest 
aneurysm among multiple lesions carries the highest risk of rupture, 
with a sensitivity of 0.76 and specificity of 0.86.12 They concluded that 
aneurysm size is a more important predictor of rupture risk than location 
or morphology. Therefore, treatment typically prioritizes the largest 
aneurysm due to its higher rupture risk. However, as demonstrated in 
our cases, where treating the larger aneurysm posed certain risks, it may 
be advisable to consider treating the smaller aneurysm first.

Treatment of tandem aneurysms presents challenges for both surgi
cal and endovascular approaches.13 Surgical intervention is often 
complicated by the dysplastic nature of the parent artery, while endo
vascular treatments such as coil embolization carry a risk of aneurysm 
perforation due to the multiple catheterizations required. Additionally, 
stent placement for one aneurysm may impede treatment of the adjacent 
lesion. Recently, FD treatment has been reported as a safe and effective 
option for adjacent tandem aneurysms, largely because it involves a 
simpler procedural approach.14

This report has several limitations. First, the sample size is small, 

Fig. 2. (A,B) DSA revealed two aneurysms: one was the CCA and the other was at the top of the ICA. An arrowhead shows the top of the ICA aneurysm (C) DSA 
showed that the maximum diameter of the CCA was 19.5 mm (D) The aneurysm at the top of the ICA measured 2.6 mm in maximum diameter with a neck width of 
1.8 mm (E) Stent-assisted coil embolization was performed first for the aneurysm at the top of the ICA (F) During the FD placement for the CCA, the delivery wire was 
advanced close to the aneurysm at the top of the ICA. An arrow shows the tip of the delivery wire (G) Treatment with FD for the CCA was accomplished as planned 
(H) At 11-month follow-up, DSA revealed a significant reduction in blood flow to the CCA and complete occlusion of the aneurysm at the top of the ICA.
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which limits the generalizability of our findings. Second, the follow-up 
period of the patients were relatively short, which may not fully eval
uate the long term outcome.

Although perforation of a distal cerebral aneurysm by the delivery 
wire has not been previously reported, the possibility of encountering 
multiple aneurysms during FD treatment does exist. In our cases, distal 
cerebral aneurysms were treated in advance, which effectively pre
vented perforation by the delivery wire during FD deployment for the 
proximal aneurysm. When an aneurysm is present in the distal segment 
of the same artery, preemptive treatment of the distal aneurysm should 
be considered.

4. Conclusion

We reported two cases of tandem aneurysms in which an ICA 
aneurysm was treated with an FD following prior treatment of a distal 
cerebral aneurysm. During FD placement, the delivery wire advances 
distally; therefore, if an aneurysm is present in the distal segment of the 
same artery, there is a risk of perforation by the delivery wire. Pre
emptive treatment of the distal cerebral aneurysm can help ensure a 
safer overall procedure in such cases.
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