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INTRODUCTION

Surgical clipping for ruptured intracranial aneurysms (RIA) is a well-established treatment.[2,14,27,28] 
However, difficulty performing the procedure due to issues such as brain swelling and obscured 
natural planes by blood, and a certain degree of morbidity has been reported.[3,9,20] In particular, 
intraoperative aneurysmal rupture is the most concerning and catastrophic complication for 
neurosurgeons and is a complication that may cause intraoperative death.

ABSTRACT
Background: Evidence supports endovascular coiling for ruptured intracranial aneurysms (RIAs). However, in 
some cases, it is difficult to achieve complete occlusion by coiling, such as with wide-neck aneurysms. We report 
our experience with intentional staged RIA treatment using targeted endovascular coiling at the rupture point in 
the acute phase, followed by delayed stent-assisted coiling, flow diverter stenting, or surgical clipping.

Methods: Consecutive patients with RIAs treated between April 2015 and June 2021 were retrospectively 
investigated. Clinical characteristics, treatment complications, and patient outcomes data were collected.

Results: Among 108 RIAs treated in our hospital, 60 patients underwent initial coiling; 10 patients underwent 
staged treatment. e aneurysm locations were the anterior communicating artery (n = 5), internal carotid-
posterior communicating artery (n = 3), internal carotid-paraclinoid (n = 1), and vertebral artery-posterior 
inferior cerebellar artery (n = 1). e mean ± standard deviation aneurysmal diameter was 9.6 ± 5.4 mm and the 
mean aspect ratio was 1.2 ± 0.7. As the second treatment to obliterate blood flow to the neck area, we performed 
five stent-assisted coiling, two flow-diverter stentings, and three surgical clippings. Only one minor perioperative 
complication occurred. e median duration between the first and second treatments was 18 days (range, 14–
42 days). Good clinical outcome (modified Rankin scale score 0–2) at 90 days was achieved in 5 (50%) cases. e 
median follow-up duration was 6.5 months (range, 3–35 months); no rerupture occurred.

Conclusion: Intentional staged treatment with a short time interval for RIA was effective and feasible.
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Evidence supporting endovascular coiling for RIA has been 
established.[22-24] Over 10  years of follow-up, patients in 
the endovascular treatment group were more likely to be 
alive and independent than were patients in the clipping 
group.[23] e safety and efficacy of endovascular coiling for 
RIA as a primary choice have also been reported.[1,6] In our 
country, the use of neck bridge stent or flow diverter (FD) 
for coil embolization in the acute stage of rupture is not 
permitted, and basically balloon-assisted embolization is 
required. However, cases often exist in which it is difficult 
to achieve complete occlusion by coiling, such as wide-neck 
aneurysms.[18]

Although stent-assisted coil embolization is effective in 
wide-neck aneurysms, there is no good evidence supporting 
stent-assisted coiling in RIA due to the high complication 
rate, especially thromboembolic complications under an 
insufficient effect of antiplatelet agents.[5,7] In these situations, 
the efficacy of stenting, including neck bridge stents and FD 
stents with or without coils, after initial coiling of acutely 
ruptured wide-neck intracranial aneurysms, so-called staged 
treatment, has been reported recently.[8,11,21] However, there is 
a paucity of data regarding staged treatment with a short time 
interval for RIA. In this study, we report a consecutive series 
of intentional staged treatment of RIA with targeted coiling 
mainly in the ruptured point in the acute phase to reduce 
the early rebleeding risk followed by surgical clipping, stent-
assisted coiling, or FD stenting in the subacute phase.

MATERIALS AND METHODS

is study was approved by the Institutional Ethics 
Committee of our institution and was performed in 
accordance with the committee’s guidelines (Approval 
number: 18025). All patients provided consent. Using a 
prospectively collected neurovascular database, consecutive 
patients with RIAs managed at our hospital between April 
2015 and June 2021 were retrospectively investigated. 
All patients who underwent intentional staged treatment 
for RIAs with targeted endovascular embolization at the 
ruptured point in the acute phase followed by a second 
treatment with stent-assisted embolization, FD stenting, or 
surgical clipping were enrolled in this study. In all cases, 
operations were performed under general anesthesia and 
patients were kept under severe sedation for a few days after 
initial embolization to prevent rerupture, as we considered 
that thromboses of the aneurysms were occurred during 
those days. e second treatment was selected based on 
imaging evaluation at the time of presentation. e patients’ 
clinical characteristics were collected, namely, age, sex, 
location of the aneurysm, World Federation of Neurosurgical 
Societies (WFNS) grade, treatment complications, days 
between the two treatments, and final modified Rankin scale 
(mRS) score.

RESULTS

Between April 2015 and June 2021, 108 RIAs were treated 
in our hospital. Sixty patients were treated with coil 
embolization, and 10 of these patients underwent staged 
treatment [Figure  1]. e patients’ characteristics are 
summarized in Table 1. e mean age was 75.3 ± 11.8 years, 
and seven patients were female. e aneurysm locations were 
the anterior communicating artery (AcomA) (n = 5), internal 
carotid-posterior communicating artery (IC-PcomA) (n = 3), 
IC-paraclinoid (n = 1), and vertebral artery-posterior inferior 
cerebellar artery (n = 1). e mean aneurysmal diameter was 
9.6 ± 5.4  mm, the mean dome-to-neck ratio was 1.6 ± 1.0, 
and the mean aspect ratio was 1.2 ± 0.7.

Treatment, complications, and clinical outcomes

As the second treatment to obliterate blood flow to the neck 
area, five stent-assisted coil embolization, three surgical 
clippings, and two FD stentings were performed. In the 20 
treatment procedures (10 cases undergoing two procedures), 
only one perioperative complication occurred. Specifically, 
intraparenchymal hemorrhage occurred about 10  h after 
stent-assisted coil embolization for an AcomA aneurysm; 
however, the patient was discharged with an mRS score of 1. 
e median duration between the first and second treatments 
was 18  days (range, 14–42  days). Rerupture between these 
treatments did not occur. Good clinical outcome, defined 
as an mRs score of 0–2, at 90 days, was achieved in 5 (50%) 
cases. e median follow-up duration was 6.5 months (range, 
3–35  days), with no rerupture. Recanalization occurred in 
one case 8  months after stent-assisted coil embolization 
for an AcomA aneurysm. Additional embolization was 
performed successfully, and the patient has been free from 
complications.

Figure 1: Flowchart of the patient selection.
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Representative cases

Case 4

A 78-year-old female patient was brought to our hospital 
because of impaired consciousness. Computed tomography 
(CT) and CT angiography showed subarachnoid hemorrhage 
(SAH) due to rupture of a 4 mm AcomA aneurysm; the WFNS 
grade was 5 [Figure 2a]. e aneurysm was treated on the 
day of presentation with balloon-assisted coil embolization 
[Figures 2b and c]. We judged that coiling the neck region of 
the aneurysm without a stent would be associated with a high 
risk of coils protruding into the parent artery; thus, we decided 
to perform staged treatment [Figure 2d]. Dual antiplatelet 
therapy was started 34  days after the initial embolization, 
and stent-assisted coil embolization was performed 42  days 
after the initial embolization without complications [Figures 
2e and f]. Rerupture of the aneurysm did not occur during 
hospitalization. e patient was transferred to a rehabilitation 
hospital with an mRS score of 4.

Case 6

A 78-year-old female was brought to our hospital because 
of impaired consciousness. CT and CT angiography showed 
SAH due to rupture of a 6.5 mm left IC-PcomA aneurysm; 
the WFNS grade was 4 [Figure 3a]. Endovascular treatment 
was performed on the day of presentation. Because the 
PcomA originated from the neck of the aneurysm, it was 
difficult to completely embolize with the balloon-assisted 
technique [Figure 3b]. erefore, we decided to perform 
staged treatment [Figures 3c and d]. e patient had another 
aneurysm located at the bifurcation of the left IC and anterior 
choroidal artery. is aneurysm was difficult to coil owing 
to its small size. To treat both aneurysms, surgical clipping 
was performed 24  days after the initial coiling, without 

complications [Figures 3e and f]. Rerupture of the aneurysm 
did not occur during hospitalization, and she was transferred 
to a rehabilitation hospital with an mRS score of 4.

DISCUSSION

e present study demonstrated the feasibility and efficacy 
of intentional staged treatment for RIA with targeted 
endovascular embolization at the rupture point in the acute 
phase followed by a second treatment comprising stent-
assisted embolization, FD stenting, or surgical clipping.

Surgical clipping is a well-established treatment for RIAs;[2,14,27,28] 
however, intraoperative aneurysmal rupture is the most 
concerning complication and causes substantial mental stress 
for neurosurgeons, especially when the operation is performed 
solitary during a night sift. Although the inclusion criteria 
vary, not infrequently, the reported incidence of intraoperative 
aneurysmal rupture ranges from 6% to 20%.[4,12,13,17]

e International Subarachnoid Aneurysm Trial 
concluded that the survival rate and favorable outcome 
(mRS score: 0–2) rate 10  years after SAH treated with 
coil embolization are higher than those obtained after 
surgical clipping.[23] Since these results were published, a 
growing number of SAH patients have been treated with 
coil embolization.[1,29] However, physicians often encounter 
cases in which it is difficult to achieve complete occlusion by 
endovascular coiling, such as with wide-neck aneurysms.[18] 
A subgroup analysis using the barrow ruptured aneurysm 
trial data concluded that the aneurysm obliteration rate 
was lower, and the retreatment rate was higher, in the 
coiling group compared with that in the clipping group, 
with ruptured wide-neck aneurysms.[18] In these situations, 
rerupture after coil embolization is a problem that must 
be considered. Regarding the acute phase, the cerebral 

Table 1: Summary of clinical characteristics in patients treated with staged treatment.

Case Gender Age Location Max 
diameter 

(mm)

Aspect 
ratio

WFNS 
grade

Second 
treatment

Time interval between 
beginning of DAPT and 
initial coiling (Days)

Time interval 
between two 

treatments (days)

1 Male 70 AcomA 23.0 3.1 2 Clipping NA 40
2 Female 79 AcomA 8.2 0.8 2 Clipping NA 14
3 Female 77 IC-PcomA 6.8 0.7 1 SAC 1 14
4 Female 78 AcomA 7.2 0.8 5 SAC 34 42
5 Female 74 AcomA 14.3 0.6 4 SAC 3 15
6 Female 78 IC-PcomA 5.8 1.2 4 clipping NA 23
7 Female 88 VA-PICA 5.2 1.0 2 SAC 7 14
8 Female 85 IC-PcomA 8.1 1.4 4 FD 18 34
9 Male 45 AcomA 7.5 1.3 1 SAC 10 18
10 Male 79 IC-paraclinoid 9.5 1.1 2 FD 1 18
WFNS: World Federation of Neurosurgical Societies, DAPT: Dual antiplatelet therapy, AcomA: Anterior communicating artery, IC: Internal carotid artery, 
PcomA: Posterior communicating artery, VA: Vertebral artery, PICA: Posterior inferior cerebellar artery, SAC: Stent-assisted coiling, FD: Flow diverter 
stenting
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aneurysm rerupture after treatment study demonstrated that 
the degree of aneurysmal occlusion was strongly related to 
rerupture. Aneurysms that were <70% occluded had a 17.6% 
rerupture rate with a median time to rerupture of 3 days.[16] 
Notably, Jartti et al. reported that the early rebleeding rate of 
8.8% among incompletely coiled ruptured aneurysms could 
be decreased to 2.0% with neck remnant occlusion.[15] For 
this reason, we try to embolize as far as possible up to the 
neck remnant in the initial embolization.

Considering previous findings, staged treatment of ruptured 
wide-neck aneurysm by placing coils as safely as possible 
without stents in the acute phase and treating the remaining 
area around the aneurysmal neck by clipping, stent-assisted 
coiling, or FD stenting might be an effective treatment 
concept.[8,11,21,30] Mine et al. evaluated the strategy of staged 
endovascular treatment of RIAs, including coiling, in the acute 
phase with complementary stenting with or without coiling 
in the subacute phase in 23 cases.[18] No rebleeding occurred 
during the mean delay of 24.3 days between the initial coiling 
and stenting.[21] Feng et al. evaluated the same strategy in 

47 cases.[17] No rebleeding occurred during the median interval 
of 4.2 weeks between the initial coiling and stenting.[11] Brinjikji 
et al. evaluated the strategy of staged endovascular treatment 
of RIAs with coiling in the acute phase followed by delayed 
FD stenting in 27 cases.[16] One case of aneurysmal rebleeding 
occurred during the mean interval of 16  weeks between the 
initial coiling and FD stenting.[8] e time interval between 
the initial coiling and definitive treatment might be important. 
In the present study, the median time between intentional 
partial coiling and definitive treatment was 18 days. Excluding 
three surgical clipping cases as definitive treatment, patients 
received dual antiplatelet therapy in the acute phase. None of 
the patients experienced rebleeding in the time between the 
intentional partial coiling and definitive treatment. Our study 
suggests a possible beneficial effect of staged treatment in a 
shorter period than that reported previously.

Using vessel wall magnetic resonance imaging, wall 
enhancement of a cerebral aneurysm has been revealed as 
a characteristic of ruptured aneurysms.[10,19,25] Omodaka 
et al. investigated the vessel wall imaging of ruptured and 

Figure  2: Representative case. (a) Computed tomography image showing diffuse subarachnoid 
hemorrhage and intraparenchymal hemorrhage in the right frontal lobe. (b) Working projection of the 
initial angiogram. (c) Working projection of the angiogram obtained during the first treatment showing 
coil embolization with balloon-assisted coil embolization. (d) ree-dimensional reconstruction image 
of the final angiogram of the first treatment showing obstruction of the aneurysmal dome except for the 
neck region. (e) Working projection of the final angiogram (native image) of the definitive treatment 
showing obstruction of the entire aneurysmal dome. (f) Working projection of the final angiogram of 
the definitive treatment showing obstruction of the entire aneurysmal dome.
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unruptured intracranial aneurysms using three-dimensional 
T1-weighted fast spin echo sequence images.[30] e authors 
found that the bleb of the aneurysm, which was likely to 
be the ruptured site, was locally enhanced in some cases. 
e authors suggested that a thrombus or the platelet plug 
within or around the ruptured site might be enhanced in 
these cases.[26] With research developments in imaging of the 
aneurysmal wall, the ruptured point of the aneurysm might 
be identified more specifically in the near future, and staged 
treatment comprising intentional partial coiling around the 
ruptured point followed by delayed definitive treatment 
could be performed more safely and effectively.

Limitations

e most critical limitation of this study is its retrospective 
nature, which may have resulted in selection bias. However, 
there were no failed cases among the intentional staged 
treatment cases. In addition, this study reviewed patients over 
an approximately 5-year period, during which new therapeutic 
devices and techniques were developed, particularly FD stents. 
Considering this limitation, treatment bias could not be 
avoided. Finally, this case series is limited by its small sample 
size. ere were only a few aneurysms in each location, and 

the appropriate second treatment method and our conclusions 
require a large prospective study for confirmation.

CONCLUSION

Intentional staged treatment of RIAs with coil embolization 
in the acute phase followed by a second treatment with stent-
assisted embolization, FD stenting, or surgical clipping was 
effective and feasible with a short time interval. is strategy 
could be an option for cases in which both surgical clipping 
and primary coil embolization are challenging.
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