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INTRODUCTION

Endovascular coiling has become an effective therapeutic op-

tion for all intracranial aneurysms (IAs). However, endovascu-
lar coiling for large (10–25 mm) and giant (>25 mm) IAs remains 
controversial due to the high recurrence and retreatment rates 
with the risk of perioperative complications.1-3 Recently, the 
development of flow diverting stent (FDS) have offered a sim-
ple way to treat these difficult lesions with acceptable morbid-
ity and mortality rates. Since the approval of Pipeline emboli-
zation device (PED, Medtronic, Minneapolis, MN, USA) in 2011 
and the publication of good results of Pipeline for Uncoilable 
or Failed Aneurysms study, FDS has been widely used for 
complex IAs, including large and giant aneurysms.4 In addi-
tion, indication for the use of FDS has expanded to various IAs 
regardless of size, location, or complexity.5-8
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crovention, Aliso Viejo, CA, USA) has a unique integrated dou-
ble-layered system that consists of 16-strand stent-like outer 
layer and 48-strand inner layer for flow diversion. This design 
has some advantages, including 1) navigability improvement, 
2) improved device opening, as well as 3) good wall apposi-
tion and easy deployment. One year follow-up results of the 
Safety and efficacy Analysis of FRED Embolic device in aneu-
rysm treatment (SAFE) trial have shown that FRED is an effec-
tive (81.1% of adequate occlusion rate) and safe (2.9% of mor-
bidity and 1.9% of mortality) device for aneurysm treatment.9 
However, most aneurysms included in the SAFE trial were 
small, with diameters of less than 10 mm (71 out of 103 patients, 
68.9%).9 Several investigators have demonstrated that the 
complication rate of FDS is significantly increased in large and 
giant IAs.10-13 To the best of our knowledge, there has been no 
report that mainly focuses on procedure-related complications 
after the treatment of large and giant IAs with FRED. In this 
study, we reported our experiences in using a single FRED for 
treating large and giant IAs, and evaluated the incidence and 
risk factors of procedure-related complications. 

MATERIALS AND METHODS

Study population and indication for FRED 
This retrospective study was approved by Yonsei University 
Severance Hospital Institutional Review Board (4-2021-0867), 
and the requirement for informed consent was waived. A total 
of 33 unruptured aneurysms in 33 patients who were treated 
with FRED in two tertiary centers between January 2018 and 
July 2020 were included in this study. The indication for the use 
of FDS in South Korea is very strict, under the national insur-
ance system. FDS can only be used for an unruptured aneu-
rysm. The maximal diameter of the aneurysm should be over 
15 mm, with the exception of fusiform aneurysm or vertebral 
artery dissecting aneurysm. Additional coil insertion along 
with FDS is not allowed. Moreover, one FDS is permitted in a 
single procedure. Therefore, our indications for FRED in this 
study were as follows: 1) large and giant unruptured saccular 
aneurysms with maximal diameter greater than 15 mm re-
gardless of aneurysm location on the anterior circulation and 
2) unruptured fusiform aneurysm over 10 mm in maximal di-
ameter. The clinical and radiologic characteristics and out-
comes were retrospectively reviewed from each center’s data-
base, including the clinical information, radiological findings, 
outcome, and complications. 

Periprocedural angiographic evaluation and 
endovascular procedure 
All patients underwent preprocedural diagnostic four-vessel 
digital subtraction angiography (DSA) with ipsilateral external 
carotid artery angiography. Morphological characteristics of the 
aneurysm, including the shape, size, location, and the presence 

of intramural thrombus formation, the relationship between 
aneurysm and parent artery, and parent artery diameter, were 
evaluated using 3-dimensional rotational angiographic images.

All procedures were conducted under general anesthesia. 
Preprocedural dual antiplatelet agents (aspirin 100 mg and 
clopidogrel 75 mg qd) were administered for at least 7 days in 
all patients. Platelet function test (PFT) using the VerifyNow 
(Accumetrics, San Diego, DA, USA) system was done in all pa-
tients, but we did not change the antiplatelet regimen accord-
ing to the result of PFT. Systemic heparinization (50 IU/kg) was 
routinely conducted after the placement of femoral sheath. If 
the procedure was prolonged, additional heparin (1000 IU) was 
injected intravenously according to the activated clotting time 
that was maintained at twice that of the baseline. A co-axial 
guiding system using 5- or 6-French Sofia (Microvention, Aliso 
Viejo, CA, USA) within 6-French shuttle and Headaway 27 (Mi-
crovention) microcatheter were mainly used for our procedure. 
Adjunctive balloon angioplasty was performed by the treating 
physicians, if necessary. After completing the procedure, we 
checked the two-dimensional DSA and three-dimensional ro-
tational angiography as well as VasoCT to confirm the appropri-
ate placement and wall apposition of FRED. Dual antiplatelet 
agents were maintained for 6 months after the procedure and 
were changed to aspirin monotherapy for at least 2 years. 

Follow-up protocol and outcome assessment
Clinical follow-up was performed at 1 to 31 months (mean 
14.1 months) in all patients. Clinical outcomes were assessed 
by the modified Rankin Scale (mRS) at the last follow-up day. 
Good clinical outcome was defined as either 1) mRS=0 or 2) the 
same mRS score as pre-treatment status. Diffusion weighted 
image with gradient echo image within 24 h after the proce-
dure was conducted to confirm postprocedural ischemic and 
hemorrhagic complications. All procedure-related and peri-
procedural complications were registered in each center’s da-
tabase. We chronologically categorized the timing of proce-
dure-related complications as acute (within 7 days), subacute 
(8–21 days), and delayed (after 21 days) periods. Procedure-
related complication was defined as 1) development of new 
neurological deficits after treatment, 2) occlusion of related large 
vessels after treatment regardless of symptom development, or 
3) neurological death.

We conducted magnetic resonance angiography with time-
of-flight image or computed tomography angiography as the 
initial follow-up modalities. These first follow-up examinations 
were performed at 3 to 6 months after the procedure in the out-
patient clinic. Follow-up DSA was performed at 2 to 27 months 
(mean 9.7 months) in all patients. The angiographic results 
were classified by the O’Kelly-Marotta filling grade (OKMG) sys-
tem as follows: 1) total filling of aneurysm sac (A), 2) subtotal 
filling with 5%–95% filling of aneurysm sac (B), 3) entry rem-
nant with less than 5% filling of aneurysm sac (C), and 4) no 
filling (D).14
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Statistical analysis 
Statistical analysis was performed by SPSS version 24 (IBM 
Corp., Armonk, NY, USA). We performed chi-square test or 
Fisher’ exact test for categorical variables and independent t-
test or Mann-Whitney U test for continuous variables. Multi-
variate logistic analysis was conducted after including variables 
with p values <0.1 in univariate analysis to identify the risk 
factors for periprocedural and delayed complications. P val-
ues <0.05 were considered statistically significant. 

RESULTS

Patient baseline characteristics 
Of the 33 patients who were treated with FRED, 23 (69.7%) pa-
tients were female, and the mean age of all patients was 57.8 
years. Of 33 lesions, 16 (48.5%) were incidentally detected. 
The most common presenting symptoms were eye symptoms, 
including visual disturbance (n=4) and ophthalmoplegia (n=4), 
followed by cerebral infarction (n=3), and headache (n=3). 
Recanalization after initial treatment on follow-up examina-
tion was observed in four patients. Distal internal carotid ar-
tery (ICA, n=22), including ICA-ophthalmic segment (n=11), 
ICA-cavernous segment (n=9), and posterior communicating 
artery (n=2), was the most common location, followed by the 
middle cerebral artery (MCA, n=7) and anterior cerebral ar-
tery (n=4). Of the 33 aneurysms, 24 were saccular type and 
9 were fusiform. Intramural thrombosis was found in 10 of 33 
aneurysms (30.3%). The mean aneurysm size was 19.5±5.2 
mm, and there were six giant aneurysms that were greater than 
25 mm in size. The mean neck size was 10.5±4.9 mm. 

Procedure-related complication and follow-up results 
A total of 6 (18.2%) procedure-related complications occurred 
after treatment with FRED. The demographic and clinical 

characteristics are described in Table 1. Two (6.1%) complica-
tions developed in the acute period, 1 (3.0%) in the subacute pe-
riod, and 3 (9.1%) in the delayed period. There were 5 (15.2%) 
thromboembolic complications, including symptomatic cere-
bral infarction (n=2) and transient ischemic attack (n=3). 
Among them, four recovered without neurologic deficit, and 
one had mild sequelae (mRS=2) (Fig. 1). All six patients with 
procedure-related complications were responders to aspirin 
[aspirin reaction unit (ARU) 494.3±47.2] and clopidogrel [P2Y12 
reaction unit (PRU) 146.2±39.5]. One (3.0%) hemorrhagic com-
plication occurred due to aneurysmal rupture in a delayed 
period, and the patient finally died. Intra-procedural fore-
shortening of FRED occurred in four patients, and additional 
FRED deployment was needed in one patient. The foreshort-
ening occurred in the distal part of the device in all four pa-
tients. On multivariate logistic regression analysis, non-ICA 
location (odds ratio 6.532; 95% confidence interval, 1.335–
17.816; p=0.034) was the only independent risk factor for pro-
cedure-related complication. Other clinical and radiologic fea-
tures showed no statistical significance on uni- and multivariate 
analyses (Table 2). Additionally, ARU and PRU were not sig-
nificantly associated with the prevalence of ischemic compli-
cations.

Follow-up DSA showed that complete (OKMG D, n=16) or 
near-complete (OKMG C, n=10) occlusion was achieved in 26 
out of 33 patients (78.8%). There was no aneurysm with total fill-
ing (OKMG A) after a mean follow-up period of 9.4±6.8 months. 
The mean clinical follow-up period was 14.1±11.5 months, and 
the rate of good clinical outcome at the last follow-up was 93.9% 
(31 out of 33 patients). 

DISCUSSION

The present study demonstrated that the total complication rate 

Table 1. Demographic and Clinical Data of Six Patients with Large and Giant Intracranial Aneurysms Who Had Procedure-Related Complications

Case 
No.

Presentation Location Type
Maximum 
diameter 

(mm)

Neck 
size 
(mm)

PreOP 
ARU

PreOP 
PRU

Causes and onset 
of complications

Clinical 
manifestation 

of complications

mRS at 
discharge

FU 
mRS

FU period 
(months)

Acute period (within 7 days)
1 Infarction MCA Fusiform 14.4   9.8 412 128 Thromboembolism (POD 0) TIA 0 0 19
2 Mass effect ICA Saccular 17.7   6.4 503 125 Thromboembolism (POD 0) Hemiparesis 1 0 18

Subacute period (8 to 21 days)
3 Incidental MCA Saccular 18.9 11.4 531 100 Thromboembolism (POD 11) TIA 0 0   6

Delayed period (after 21 days)

4 Infarction MCA Saccular 34.5 25.8 526 152 Thromboembolism (POD 23) Hemiparesis
2 

(due to initial 
infarction)

2   8

5 Incidental MCA Fusiform 10.1   9.8 528 215 Thromboembolism (POD 176) TIA 0 0   6
6 Mass effect ICA Saccular 18.2 11.1 466 157 Rupture (POD 275) Death 0 6   9

ARU, aspirin reaction units; FU, follow-up; ICA, internal carotid artery; MCA, middle cerebral artery; mRS, modified Rankin Scale; POD, post-operative day; PRU, 
P2Y12 reaction units; TIA, transient ischemic attack.
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after treatment with FRED for large and giant IAs was 18.2% 
(6 out of 33 patients). Although the morbidity (n=1, 3.0%) and 
mortality (n=1, 3.0%) rates were low in this study, the compli-
cation rates were not negligible. Safety issue can be a potential 
limitation of flow diversion compared to the traditional coil 
embolization.4,15-17 Moreover, periprocedural complications of 
FDS occurred more frequently in cases of large and giant an-
eurysms rather than in small sized aneurysms.10,12 The results 
of the International Retrospective Study of the Pipeline Embo-
lization Device have demonstrated that the complication rates 
were the lowest in the small ICA aneurysm (<10 mm) group.10 
Aneurysms located at posterior circulation or other anterior 
circulation, and large ICA aneurysms (≥10 mm) showed high-
er complication rates.10 Morbidity and mortality rates (25.8%) 
were the highest in cases with giant IAs. In addition, the mor-
bidity and mortality rates (26 out of 275 patients, 9.5%) in pa-
tients with large ICA aneurysm were much higher than in pa-
tients with small ICA aneurysm (12 out of 294 patients, 4.1%).10 

Recently, SAFE study analysis at 1 year have shown that FRED 
device has excellent safety profile with low morbidity and 
mortality rates (2.9% and 1.9%, respectively).9 However, most 
aneurysms (71 out of 103 patients, 68.9%) included in the 
SAFE study were small-sized aneurysms (<10 mm).9 In addi-
tion, there were two delayed hemorrhage (one aneurysm rup-
ture and one remote intraparenchymal hemorrhage) cases of 
large supraclinoid aneurysms.9 We thought that the complica-
tion rate was relatively high in this study for the following rea-
sons: 1) we treated large and giant IAs with the maximal diam-
eter larger than 15 mm, except for three fusiform aneurysms; 
and 2) the proportion of non-ICA locations, including the mid-
dle and anterior cerebral arteries (n=11, 33.3%), was relatively 
high. Choi, et al.18 have reported that the complication and 
mortality rates of FDS for large and giant IAs in a single-center 
series were 18.7% and 8.3%, respectively. These results were 
similar to the findings of the current study, as the indication 
for the use of FDS is the same in our country.

Fig. 1. Illustrative case. A 57-year-old male presenting with acute infarction on left basal ganglia. (A) In November 2003, the patient underwent surgical 
clipping for unruptured large aneurysm located at the left MCA. After the surgery, small neck remnant was observed on postoperative CTA (lower box). 
(B) In May 2019, the patient developed right hemiparesis with acute infarction on left basal ganglia on diffusion-weighted image, and follow-up CTA (lower 
box) showed major recurrence of the previously clipped aneurysm. (C) DSA showed a giant aneurysm involving MCA trifurcation and the inferior trunk 
had the largest diameter of about 1.92 mm. (D) We successfully deployed FRED from the inferior trunk to M1 without procedural complication in Decem-
ber 2019. (E) One month later, the patient had right hemiparesis again due to acute infarction on the left periventricular white mater. Follow-up DSA dem-
onstrated left M1 occlusion with leptomeningeal collateral from the ACA. The aneurysm was completely occluded on DSA. ACA, anterior cerebral artery; 
CTA, computed tomography angiography; DSA, digital subtraction angiography; FRED, Flow Re-direction Endoluminal Device; MCA, middle cerebral artery.

A
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Delayed aneurysmal rupture is one of the most fatal compli-
cations of FDS. We experienced one case of aneurysmal rup-
ture in the delayed period (ICA aneurysm at postprocedural 
275 days), and the patient finally died. The most effective meth-
od to prevent this fatal complication was adjunctive coil pack-
ing along with FDS. The efficacy and safety of partially dense 
coil packing with FDS were reported by Nossek, et al.19 They 
showed a high complete occlusion rate (23 out of 27 patients, 
85.2%) without delayed aneurysmal ruptured at the 1-year fol-
low-up period. Oishi, et al.20 also inserted additional coils when 
an aneurysm was located in subarachnoid space with jet flow, 
narrow neck, irregular shape, and size larger than 15 mm. They 
reported two cases of delayed rupture with carotid cavernous 
fistula, and there was no delayed subarachnoid hemorrhage in 

cases of FDS with additional coil packing. However, additional 
coil packing is not permitted in South Korea, as we previously 
described.18 Strict blood pressure control to lower direct hemo-
dynamic stress on aneurysm wall and steroid therapy to reduce 
thrombus-related inflammation can be used to avoid this fatal 
complication.18

Ischemic complications are the most common complication 
of FDS treatment. Therefore, dual antiplatelet agents (aspirin 
and clopidogrel) should be administered prior to the procedure. 
Our previous study has demonstrated that clopidogrel resis-
tance did not show significant relationship between thrombo-
embolic complication and stent-assisted coil embolization.21 
Ghandi, et al.22 have reported that a routine PFT prior to neuro-
interventional procedures was not routinely recommended 

Table 2. Risk Factors for Procedure-Related Complications in Patients with Large and Giant Aneurysms Treated by FRED

Variables No. of patients
Procedure-related complications (%)

p, Univariate p, Regression (OR, 95% CI)
Yes (n=6) No (n=27)

Age (yr) 56.5±16.0 58.3±14.6   0.768*
Sex 0.208

Male 10 3 (30.0) 7 (70.0)
Female 23 3 (13.0) 20 (87.0)

Hypertension 0.467
Yes 12 2 (16.7) 10 (83.3)
No 21 4 (19.0) 17 (81.0)

Diabetes 0.625
Yes   5 1 (20.0) 4 (80.0)
No 28 5 (17.9) 23 (82.1)

Smoking 0.094 0.169 (1.682, 0.874–5.984)
Yes   4 0 (0) 4 (100)
No 29 6 (20.7) 23 (79.3)

Dyslipidemia 0.108
Yes   3 0 (0) 3 (100)
No 30 6 (20.0) 24 (80.0)

Location of aneurysm 0.018 0.034 (6.532, 1.335–17.816)
ICA 22 2 (9.1) 20 (90.9)
Non-ICA 11 4 (36.4) 7 (63.6)

Type of aneurysm 0.352 
Saccular 24 4 (16.7) 20 (83.3)
Non-saccular   9 2 (22.2) 7 (77.8)

Aspirin reaction units 494.3±47.2 462.5±44.9   0.354*
P2Y12 reaction units 146.2±39.5 176.4±50.2   0.286*
Maximum diameter (mm) 19.0±8.3 19.7±4.6   0.889*
Neck size (mm) 12.4±6.8   9.7±4.4   0.216*
Adjunctive procedure 0.086 0.207 (0.885, 0.429–2.723)

Yes   5 0 (0) 5 (100)
No 28 6 (21.4) 22 (78.6)

Intraaneurysmal thrombus 0.296 
Yes 10 1 (10.0) 9 (90.0)
No 23 5 (21.7) 18 (78.3)

CI, confidence interval; ICA, internal carotid artery; OR, odds ratio; SD, standard deviation; FRED, Flow Re-direction Endoluminal Device.
Data are presented as mean±standard deviation or n (%).
*Mann-Whitney U test.
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due to insufficient data. Moreover, some studies have shown 
no significant association between the use of PFT and the 
rates of symptomatic ischemic complications for FDS treat-
ment.23,24 Based on our experience and previous studies, we did 
not change the antiplatelet regimen according to the results of 
PFT. However, some investigators have suggested the impor-
tance of PRU results in neurointerventional field and the effi-
cacy of changing medication from clopidogrel to prasugrel or 
ticagrelor in PRU hypo-response group.25-27 Although this issue 
is under debate, we thought that changing the antiplatelet 
agents based on the PFT results should be considered due to 
the increasing evidence regarding the efficacy of prasugrel or 
ticagrelor. Additionally, we found no significant difference in 
PRU values between the groups with and without ischemic 
complications. Moreover, since all six patients with procedure-
related complications were responders to aspirin and clopi-
dogrel, we think that tailor-made antiplatelet therapy cannot 
be a solution to avoid complications.

In the present study, ischemic/thromboembolism events oc-
curred in four out of seven patients with MCA aneurysms. Gen-
erally, treatment morbidity after FDS is reported to be between 
4%–10%.10,28,29 MCA aneurysms present with a particularly com-
plex anatomy due to the frequency of wide-neck configuration 
with the incorporation of MCA branches. Recently, FDS has 
been used as an alternative technique for complex wide-neck 
MCA aneurysms. However, MCA location appears to be associ-
ated with a higher risk of ischemic injury compared to the gen-
eral rate of ischemic complications related to FDS.30 Factors such 
as smaller diameters of the arteries, the technical challenges of 
distal navigation, and the coverage of bifurcation branches and 
perforators may increase the risk of treatment-related compli-
cations.30-32 A systematic review of treating MCA aneurysms with 
FDS showed that the rate of treatment-related complications 
was 20.7%, and approximately 10% of the complications were 
permanent. Ischemic/thromboembolic events were the most 
common type of complication (16.3%), followed by perianeu-
rysmal inflammation (2.6%), hemorrhage (2%), and dissection/
perforation (1.8%).30 A meta-analysis showed that the compli-
cation rate was higher for MCA aneurysms (18%) compared to 
anterior communicating artery aneurysms (8%) and distal an-
terior cerebral artery aneurysms (9%).33 Complication rates af-
ter the PED (9.2%) and Silk devices (8.2%) were slightly lower 
compared with the FRED (11.7%). Multivariate analysis con-
firmed larger size aneurysms (≥10 mm) and MCA location as 
factors independently associated with higher rates of compli-
cations.33 In our study, we treated seven large and giant MCA 
aneurysms, which resulted in MCA occlusion due to delayed 
in-stent thrombosis in one (mRS=2) and transient ischemic at-
tack in three patients. Accordingly, FDS may present some limi-
tations among MCA and large aneurysms, especially related to 
the higher rate of complications. Therefore, FDS for large and 
giant MCA aneurysms should only be considered as salvage 
therapy when traditional treatment methods are unfeasible.

Large and giant IAs have tragic natural history and prone to 
rupture.18 In addition, those IAs have high postprocedural com-
plication rates regardless of treatment modalities (coil emboli-
zation, FDS, surgery, or parent artery occlusion) due to specific 
pathological configurations, including brainstem compression, 
wide neck, complex branching vessels and perforators. Since 
the introduction and approval of PED, FDS has become a main-
stream for the treatment of IAs regardless of the size, location, 
and complexity; however, the treatment outcome of FDS for 
large and giant IAs is still relatively unfavorable due to the high 
rate of procedure-related complications. However, with the 
evolution of new devices, techniques, and medications, proce-
dure-related thromboembolic and hemorrhagic complications 
can be reduced. We thought that FRED would be an excellent 
device for the distal opening and wall apposition by its own 
radial forces among FDS. Additionally, post-deployment bal-
looning for making good wall apposition after using FRED 
seemed to be the least required. Due to its good navigability, 
ease of distal opening, and good wall apposition, FRED may be 
a good recommendation for beginners during their early expe-
riences with FDS. Distal landing zone with single outer layer 
(external stent) can afford some space to allow accurate posi-
tioning of the device without the flow diverting effect and to 
anchor it to the vessel wall. Therefore, we tend to choose FRED 
for large and giant IAs in tortuous arteries with the segment 
that has acceptable size discrepancy. However, FRED seemed 
to have more foreshortening phenomenon in the arterial seg-
ment that has large size discrepancy between proximal and 
distal diameters. Since wall apposition may be challenging in 
tortuous anatomies and short distal landing zone, we do not 
recommend using FRED in a segment of the parent artery with 
two or more acute angles.

The current study had some limitations. First, this was not a 
population-based study, and the number of patients was rela-
tively small. Consequently, the results of our study may not be 
sufficient to draw definitive conclusions. Second, this study was 
retrospectively analyzed, although the data were prospectively 
collected. Third, the follow-up protocol was not standardized 
and showed wide variation in the follow-up periods, which 
differed by each institution. Finally, our study mainly focused 
on the aneurysm size, as we presumed that the risk of proce-
dure-related complications would not differ according to the 
aneurysm types (saccular or non-saccular) in large and giant 
aneurysms on the anterior circulation. Moreover, additional 
subgroup analysis according to vascular pathology could not be 
performed due to the small number of cases in this study. Fur-
ther multi-center large-volume data are needed to analyze the 
clinical and radiologic outcomes of large and giant IAs treated 
with FRED.

In conclusion, the rate of procedure-related complications 
of FRED for large and giant IAs was not negligible in this study. 
In addition, procedure-related complication rate might increase 
when treating large and giant IAs located on the non-ICA, espe-
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cially on the MCA. Therefore, neurointerventionists and endo-
vascular neurosurgeons are recommended to pay attention to 
the location of IAs when treating large and giant IAs with a sin-
gle FRED.
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