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Objective: We evaluated the safety and efficacy of a new flow diverter in the treatment of unruptured wide-neck aneurysms.
Materials and Methods: Patients who had unruptured intracranial aneurysms with a neck diameter ≥4 mm or dome-to-neck 
ratio <2 and who met other eligibility criteria were enrolled from seven institutions. The patients were treated with a new 
flow diverter (FloWise; Taewoong Medical, Seoul, Korea) and followed at 1, 3, 6, and 12 months after treatment. The 
primary efficacy endpoint was the complete occlusion of the target aneurysm at 12 months. Safety endpoints included 
ipsilateral stroke (National Institutes of Health Stroke Scale score ≥5), newly developed neurological deficit (modified 
Rankin Scale score ≥3), death at 30 days, and ≥50% parent artery stenosis or occlusion at the 12-month follow-up. The 
superiority of FloWise over the predefined reference value (56.7%) was investigated using a one-sided binomial test with a 
statistical significance of P < 0.025.
Results: Seventy patients (59.0 ± 9.9 years; male:female = 16:54) with 93 aneurysms (median diameter, 5.2 mm [range, 1.6–
26.1 mm]; median neck diameter, 4.1 mm [range, 1.2–22.4 mm]) were included. Of these, 69 patients who completed the 
follow-up as planned constituted the efficacy analysis set. Complete aneurysm occlusion was achieved in 56 target aneurysms 
(81.2%; 95% confidence interval [CI], 69.9–89.6; P < 0.001). Procedural success and ≥50% aneurysm volume reduction were 
observed in 69 (100%) and 66 (95.7%; 95% CI, 87.8–99.1) target aneurysms, respectively. No ipsilateral strokes occurred in 
any of the 70 patients. Serious adverse events occurred in 6 patients; these events were causally related to the treatment in 4 
(5.7%) cases and possibly related to the device in 2 (2.9%) cases.
Conclusion: FloWise flow diverter is safe and effective for the treatment of unruptured wide-neck aneurysms.
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MATERIALS AND METHODS

This was a prospective, multicenter, single-arm, open-
label, pivotal clinical study that evaluated the safety and 
efficacy of FloWise in a predefined population. Seven 
hospitals participated in this study. 

This study was approved by the Institutional Review 
Boards of all participating institutions, and written informed 
consent was obtained from all the participants before 
enrollment (IRB numbers of the centers: 1-2020-0006, 
9-2020-0058, 2019-12-010-023, 3-2020-0068, 2020GR0250, 
1922-011-400, and IS19SSMV0079). Verbal explanations 
were provided twice to the participants as well as at least 
one first-degree relative, and written informed consent was 
obtained by the primary investigator in the presence of an 
observer. 

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: 1) age ≥19 years, 

2) modified Rankin Scale (mRS) score ≤2, 3) unruptured 
aneurysm with a neck diameter ≥4 mm or dome-to-neck 
ratio <2, 4) 2.5 mm ≤ parent artery diameter ≤ 5.0 mm, and 
5) written informed consent. 

Exclusion criteria were as follows: 1) currently 
pregnant, 2) intracranial hemorrhage of less than 30 days, 
3) an untreated aneurysm that had ruptured within the 
last 30 days, 4) any contraindication to antiplatelet 
medication, 5) major surgery within 30 days of treatment, 
6) platelet count of less than 100000, 7) untreated cancer 
or immunocompromising disease, 8) serum creatinine 
levels >2.5 mg/dL, 9) previously inserted stent in the 
parent artery with the target aneurysm, 10) nitinol allergy, 
11) uncontrolled hypersensitivity to iodine contrast material, 
12) active infection, and 13) life expectancy <5 years. The 

INTRODUCTION

Endovascular coiling is the standard treatment for 
intracranial aneurysms; however, it has limitations, such 
as a relatively high rate of recurrence and retreatment, 
particularly in wide-neck, large-giant, or fusiform 
aneurysms, which also have high rates of treatment-related 
morbidity and mortality [1-4]. The introduction of flow 
diverters has resulted in a paradigm shift in aneurysm 
treatment, and recent evidence has demonstrated their 
good clinical and radiological efficacy and safety [5]. Flow 
diverters are being increasingly used for almost all types of 
intracranial aneurysms globally, regardless of their size and 
shape. Various types of flow diverters have been introduced, 
and advancements in previous generations have resulted 
in improved technical success and fewer thromboembolic 
complications. 

In Korea, there are several hindrances to the liberal 
use of flow diverters for aneurysm treatment because the 
Korean National Health Insurance permits reimbursement 
of their usage only for large-sized aneurysms (equal to or 
greater than 10 mm in size), mainly because of their high 
price. As a result, no large-scale post-market flow-diverter 
study of small-sized aneurysms has been performed in the 
Korean population, even though small-sized aneurysms 
that are less than 10 mm in size comprise the majority of 
the cerebral aneurysms that have been treated. Thus, we 
developed a new flow diverter (FloWise; Taewoong Medical, 
Seoul, Korea) for domestic use with low production costs 
and favorable physical properties including high metal 
coverage (39%), acceptable foreshortening (38%), and 
high radial force (3.5 gf). This may lower the price of flow 
diverters and thus make it possible to widen the indications 
for the reimbursement of flow diverter-based treatments. 

In an animal model study, we showed that it had a 
technical success rate of 96.9%, and the rate of occlusion 
of the stent at the 3-month follow-up was 6.2% [6]. A pilot 
clinical study including ten patients with 14 internal carotid 
artery (ICA) aneurysms also showed a 100% technical 
success rate for FloWise and a 66.7% complete aneurysm 
occlusion rate at the 6-month follow-up, without any 
neurologic morbidity [7]. 

In this prospective, multicenter, single-arm, open-label, 
pivotal study, we aimed to evaluate the safety and efficacy 
of FloWise for the treatment of intracranial aneurysms.

Does not meet inclusion/exclusion criteria 
(n = 3)

Procedure not completed (n = 1)

Contraindication to combination of 
antiplatelet (n = 10)

Screening (n = 73)

Registration (n = 70)

Safety set (n = 70)

Efficacy set (n = 69)

Per-protocol set (n = 59)

Fig. 1. Flowchart of patient registration and analysis.
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flow of the study is summarized in Figure 1.

FloWise Flow Diverter 
The specifications of the FloWise stent, in vivo 

experimental results in a rabbit aneurysm model, and 
the results of a pilot clinical study have been previously 
reported [6]. Briefly, the FloWise flow diverter stent is 
composed of 48 strands of 0.0012-inch nitinol and platinum 
wires that are braided and heat-treated in the expanded 
configuration. After deployment, FloWise expands to cover 
the neck of the aneurysm, forming a high-coverage mesh of 
approximately 33%–41% by area, with a radiopacity similar 
to that of the pipeline embolization device. The distal tip 
of the delivery wire is preshaped to a J-shape. The stent-
contact portion of the delivery wire is coated with silicon 
such that it can grip FloWise, which allows for re-sheathing 
at any point prior to 70% deployment. This packaged 
device can be loaded into standard microcatheters with 
inner diameter of at least 0.021 inch. It is pushed through 
the microcatheter and deployed by using a combination 
of microcatheter withdrawal and forward pressure on 
the delivery wire. FloWise undergoes approximately 38% 
shortening when deployed completely and is available in 
diameters of 3.5, 3.75, 4.0, 4.25, 4.5, 4.75, and 5.0 mm, 
and in lengths of 10, 15, 20, 25, and 30 mm.

Implantation of the FloWise Flow Diverter 
All the patients were treated under general anesthesia. 

After the placement of a 6F guide sheath (Shuttle, Cook 
Medical, Bloomington, IN, USA) in the relevant parent 
artery, a 5 or 6F intermediate catheter (Sofia, Microvention, 
CA, USA; Navien, Medtronic, CA, USA) was advanced 
through the guide sheath in the parent artery as far as 
possible. A 0.021-inch microcatheter was navigated to the 
parent artery across the aneurysm neck. Subsequently, a 
FloWise stent corresponding to the largest diameter of the 
parent artery was introduced into the microcatheter and 
deployed, completely spanning the neck of the aneurysm. 
After deployment of FloWise, flat-panel CT with dilute 
contrast material (1:4 dilution) was performed. If needed, 
balloon angioplasty was performed to ensure adequate 
wall apposition of FloWise. Follow-up angiograms were 
obtained at least 2 times for 10 minutes each. Based on the 
operator’s experience, if sufficient flow diversion (shift of 
the inflow zone from the distal neck to the proximal neck 
of the aneurysm and disruption of the inflow jet) was not 
observed after the first FloWise was successfully implanted, 

another FloWise was inserted in an overlapping manner. If 
an acute in-stent thrombosis was detected, a glycoprotein 
IIb/IIIa inhibitor (tirofiban, 0.5–1.0 mg) was administered 
intra-arterially and maintained for 12 hours after completion 
of the procedure. 

Antiplatelet Medication
All enrolled patients received dual antiplatelet medication 

(100 mg aspirin with 75 mg clopidogrel) for at least 5 days 
before treatment. An antiplatelet drug resistance test was 
performed one day before treatment. If the test results 
were positive, an additional antiplatelet drug with a 
different mechanism of action was administered. After 
treatment completion, the dual antiplatelet medication 
was maintained for 6 months and then changed to aspirin 
monotherapy. 

Clinical and Imaging Follow-Up 
Outpatient clinical follow-ups were scheduled at 1, 3, and 

6 months. A CT angiogram was obtained at the 6-month 
follow-up. The patients were scheduled for readmission for 
a follow-up catheter angiography at 12 months ± 4 weeks. 
A data safety monitoring board (DSMB) was established to 
ensure patient safety. The DSMB comprised two independent 
physicians who did not work at the study hospital. During 
the clinical follow-up, telephone and e-mail contact with a 
clinical research assistant was possible at any time. If the 
patient complained of any symptoms potentially related to 
the treatment, they were reported to the primary investigator. 
These complaints were recorded and evaluated by the DSMB 
to determine whether they were related to the treatment. 

Endpoints
The efficacy and safety endpoints were assessed in the 

efficacy and safety sets, respectively (Fig. 1).
The primary efficacy endpoint was the rate of complete 

occlusion (Raymond class 1) on 12-month follow-up 
angiography. Secondary efficacy endpoints were the rates 
of technical success and ≥50% decrease in aneurysm sac 
volume at 12-month follow-up angiography. Technical 
success was defined as complete coverage of the neck of the 
target aneurysm using FloWise. 

The safety endpoints were ipsilateral stroke (National 
Institutes of Health Stroke Scale score ≥5), newly developed 
neurological deficit (mRS score ≥3), death at 30 days, and 
≥50% parent artery stenosis or occlusion at 12-month 
follow-up angiography. 
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Sample Size Calculation 
The number of participants required for the study was 

calculated based on the results of previously published 
reports on Food and Drug Administration (FDA)-approved 
flow diverters for intracranial aneurysms. The required 
number of participants was calculated to be 57 based on 
the reference value (p0) = 56.7%, success rate = 75.61%, 
P = 2.5% in a one-sided test, and power = 85% (see the 
Supplement for further details). Assuming a 20% loss to 
follow-up, the final number of participants required was 70. 

Statistical Analysis
The statistical analyses were performed using SAS (version 

9.4, SAS Institute Inc., Cary, NC, USA). The primary efficacy 
endpoint is presented as incidence (%; 95% confidence 
interval [CI]). To investigate the superiority of the FloWise 
over the reference values (56.7%), a one-sided binomial 
test was conducted. Statistical significance was defined as 
P < 0.025. 

RESULTS

Patient and Aneurysm Characteristics
Seventy patients from 7 hospitals were enrolled in the 

current prospective study between August 2020 and March 
2022 (Table 1), of whom 69 completed the planned clinical 
and angiographic follow-ups. Of the 70 patients, 52 were 

enrolled in the principal investigator’s hospital, and the 
other six hospitals enrolled 6, 4, 3, 3, 1, and 1 patients, 
respectively.

The average age of the participants was 59.0 years (standard 
deviation, 9.9). Of the 70 participants, 16 (22.9%) were 
male. Thirteen patients had symptomatic aneurysms that 
caused cranial nerve palsy and compressive neurological 
deficits, while 22.9% (16/70) had multiple aneurysms. 
In the preprocedural antiplatelet resistance test, 17.1% 
(12/70) of the patients exhibited aspirin resistance, while 
18.6% (13/70) showed clopidogrel resistance. 

The characteristics of the aneurysms and treatment 
groups are summarized in Table 2. In summary, 54 of the 
93 aneurysms (58.1%) were located in the paraclinoid 
region of the ICA. The mean size of all 93 aneurysms was 
5.7 ± 3.1 mm (median, 5.2 mm; range, 1.6–26.1 mm). 
The mean size of the target aneurysms was 6.3 ± 3.5 mm 
(median, 6.1 mm; range, 3.5–26.1 mm). Of the 69 patients 
who completed the follow-up, 53 received 1 (76.8%), 
15 received 2 (21.7%), and 1 patient received 3 (1.4%) 
FloWise flow diverters. Multiple FloWise flow diverters were 
used to cover the entire vessel segment harboring multiple 
aneurysms (n = 14) and to bridge the proximal and distal 
ends of the fusiform aneurysms (n = 2). Balloon angioplasty 
was performed in 20 procedures to achieve adequate 
wall apposition (28.6%), depending on the flat-panel CT 
findings. During the procedures, in-stent thrombosis was 
detected in 7.1% of the patients; this was completely 
resolved by administration of a glycoprotein IIb/IIIa 
inhibitor (tirofiban, 0.5–1.0 mg). 

Efficacy Outcomes
Sixty-nine patients were included in the efficacy 

analysis because the procedure was not completed in 
1 patient (Fig. 1). Of the 69 patients, 10 patients had 
contraindications to a combination of antiplatelet agents; 
therefore, the per-protocol set comprised 59 patients (Fig. 1). 
The primary and secondary endpoints are summarized in 
Table 3. Assessment of the complete occlusion rate, which 
was the primary endpoint, was conducted in both the 
intent-to-treat and per-protocol sets. In the intent-to-treat 
set, successful occlusion (Raymond I) was achieved in 56 
target aneurysms (81.2%, 95% CI: 69.9–89.6; Figs. 2-4). 
In the per-protocol set, complete occlusion was confirmed 
in 83.1% of the target aneurysms (95% CI: 71.0–91.6). In 
both the analysis sets, the lower limit of the 95% CI was 
higher than that of the reference point (56.7%, P < 0.001). 

Table 1. Summary of the patient characteristics (n = 70)

Characteristic Data
Age, yrs 59.0 ± 9.9
Sex, male 16 (22.9)
Symptomatic aneurysm 13 (18.6)
Multiple aneurysms   16 (22.9)
Number of aneurysm per patient 1.3 (1; 1–5)
Vascular risk factors

Smoking 12 (17.1)
Alcohol 26 (37.1)
Previous ischemic stroke 2 (2.9)
Previous hemorrhagic stroke 4 (7.1)
Hypertension 15 (21.4)
Coronary artery disease 5 (7.1)
Dyslipidemia 6 (8.6)

Antiplatelet resistance 19 (27.1)
Resistance to aspirin 12 (17.1)
Resistance to clopidogrel 13 (18.6)

Data are presented as number of patients with percentages in 
parentheses, mean ± standard deviation, or mean (median; range), 
unless specified otherwise.
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The technical success rate was 100%. In the 12-month 
follow-up angiographic evaluation, 66 target aneurysms 
(95.7%, 95% CI: 87.8–99.1) in the intent-to-treat analysis 
set and 57 target aneurysms (96.6%, 95% CI: 88.3–99.6) 
in the per-protocol set experienced ≥50% reduction in 
aneurysm volume. 

Safety Outcomes
One patient experienced parent artery rupture during 

balloon angioplasty after FloWise deployment; this was 
treated with ICA sacrifice followed by bypass surgery. 
The patient had an mRS score of 5 at 3 months. No major 
ischemic stroke was observed in the ipsilateral hemisphere. 
No deaths occurred within 30 days. At the 12-month 
radiological follow-up, ≥50% parent artery stenosis 
was noted in 4.3% of the patients, all of whom were 
asymptomatic. The adverse events were classified as mild, 
moderate, and severe degree. Mild degree was defined as 

Table 2. Summary of characteristics of all treated aneurysms and procedures (n = 93)

Characteristic Data
Side, right:left 33 (35.5):60 (64.5)
Location

ICA cavernous 5 (5.4)
ICA ophthalmic 18 (19.4)

ICA paraclinoid 54 (58.1)
ICA PcomA 6 (6.5)
ICA AChoA 5 (5.4)
Vertebral artery V4 segment 2 (2.2)
Posterior cerebral artery P1 segment 3 (3.2)

Recurred aneurysm 4 (4.3)
s/p clipping 2 (2.2)
s/p coiling 2 (2.2)

Mean size ± SD (median; range) of all aneurysms, mm   5.7 ± 3.1 (5.2; 1.6–26.1)
Mean size ± SD (median; range) of the target aneurysms, mm   6.3 ± 3.5 (6.1; 3.5–26.1)
Neck diameter, mm   4.4 ± 2.0 (4.1; 1.2–22.4)
Dome to neck ratio <2 92 (98.9)
Volume, mm3 1018.9 ± 4452.6 (316.5; 9.9–42989.4)
Parent artery, mm

Proximal diameter 4.2 ± 0.6 (4.3; 2.8–5.2)
Distal diameter 3.7 ± 0.5 (3.6; 2.7–4.8)

Number of deployed stents*
1 54 (77.1)
2 15 (21.4)
3 1 (1.4)

Balloon angioplasty* 20 (28.6)
Glycoprotein IIb/IIIa infusion* 5 (7.1)

Data are presented as number of aneurysms with percentages in parentheses, or as mean ± SD, unless otherwise specified.
*The percentage values in parentheses are calculated using 70 patients as the denominator.
SD = standard deviation, ICA = internal carotid artery, PcomA = posterior communicating artery, AChoA = anterior choroidal artery

Table 3. Summary of primary and secondary efficacy endpoints

Endpoint Intent-to-treat set (n = 69) Per-protocol set (n = 59) P
Primary endpoint (target aneurysm occlusion)

Success (Raymond I) 56 (81.2) [69.9–89.6] 49 (83.1) [71.0–91.6] <0.001 for both
Failure (Raymond II or III) 13 (18.8) 10 (16.9) 

Secondary endpoint
Procedural success 69 (100) 59 (100) 
Aneurysm volume reduction ≥50% 66 (95.7) [87.8–99.1] 57 (96.6) [88.3–99.6]

Data are number of patients with the corresponding percentage value in parentheses and its 95% confidence interval in brackets
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Fig. 2. A 67-year-old female with 5 aneurysms at the supraclinoid, ophthalmic, and cavernous segments of the left internal carotid artery. 
A: A 3D reconstruction image shows multiple aneurysms at the left internal carotid artery. B: The arterial phase image of the left carotid 
angiogram immediately after FloWise deployment shows markedly decreased contrast material filling in the aneurysms. C: The early 
venous phase of the left carotid angiogram reveals marked stagnation of the contrast material in the aneurysms. D, E: The 12-month 
follow-up angiogram (D) and 3D reconstruction (E) image show complete occlusion of the aneurysms with preservation of the 
incorporated ophthalmic artery.

Fig. 3. A 57-year-old female with two aneurysms at the left distal internal carotid artery. A: Left carotid angiography shows two 
aneurysms, one of which incorporated the ophthalmic artery (arrow). B: The 12-month follow-up angiogram reveals complete occlusion 
of both aneurysms and a well-preserved ophthalmic artery (arrow).

A B
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events that did not disrupt the patient’s daily life functions 
and were easily tolerable. Moderate degree was defined 
as events that caused the patient’s daily life function to 
be uncomfortable. Severe degree was defined as events 
that rendered the patient’s daily life function impossible. 
During the follow-up period, 82 adverse events were 

reported. Of these, 6 events in 6 patients were classified 
as serious adverse events (8.6%). Additionally, 73 events 
were classified as mild and 7 as moderate according to the 
severity definition. Seventy adverse events in 33 patients 
(47.1%) were adjudicated to be unrelated to the device, 
while 12 events in 9 patients (12.9%) were possibly related 
to the device (Table 4). Of the 12 possibly device-related 
events, 2 were classified as severe (Table 5). The most 
common adverse events were headache (n = 8), followed 
by nausea (n = 3), and skin rash (n = 1). Mild-to-moderate 
adverse events were completely resolved over several days 
with or without appropriate medication. 

The 6 cases of serious adverse events are listed in Table 5. Of 
these, 4 events were procedure-related, and 2 were related 
to the device. Procedure-related events included ICA rupture 
during balloon angioplasty, visual impairment, visual field 
defects, and puncture site hematoma. Among these events, 
the patient with an ICA rupture did not recover (mRS score, 
5), whereas another patient who complained of a visual 
field defect partially recovered (mRS score, 1). All the other 
adverse events resolved completely.

DISCUSSION

In this prospective, multicenter, single-arm, open-label, 
pivotal study, FloWise showed 1) complete occlusion in 
81.2% of the target aneurysms and ≥50% aneurysm volume 
reduction at 12-month follow-up angiography in 95.7% of 

Fig. 4. A 65-year-old female with two partially thrombosed aneurysms in the left posterior cerebral artery. A: Vertebral artery angiogram 
shows two partially thrombosed aneurysms at the left posterior cerebral artery. Arrows indicate ophthalmic artery. B: A 12-year follow-up 
angiogram reveals complete occlusion of both aneurysms in the left posterior cerebral artery.

A B

Table 4. Safety analysis (n = 70)

Adverse event
No. of 

patients
No. of 
events

Ipsilateral ischemic stroke (NIHSS score ≥5) 0   0
New neurologic deficit (mRS score ≥3) 1 (1.4)   1
30-day death 0   0
Parent artery stenosis or occlusion

≥50% stenosis 3 (4.3)
Occlusion 0

Any adverse event 40 (57.1) 82
Severity

Mild 38 (54.3) 73
Moderate 4 (5.7)   7
Severe 2 (2.9)   2

Device-related   
Not related 33 (47.1)   70
Possible   9 (12.9)    12*
Causal 0   0

Data are presented as number (%).
*Two was classified as severe degree and the remaining 10 events 
as mild to moderate. 
NIHSS = National Institutes of Health Stroke Scale, mRS = modified 
Rankin Scale
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the target aneurysms, 2) 100% technical success rate, and 
3) only one case of severe neurological deficits (1.4%), 
which was related to the treatment procedure (balloon 
angioplasty) and not to the device. These findings suggest 
that the FloWise flow diverter is at par with commercially 
available flow diverters in terms of effectiveness and safety 
[8-15].

Flow diverters have been developed to treat large or 
giant aneurysms with a wide neck or fusiform shapes [5]. 
Increasing evidence supports the efficacy and safety of 
flow diverters [11,16]. According to a recent meta-analysis 
including 11 long-term follow-up studies (>1 year), the 
complete occlusion rates were 83.5% and 85.2% in the 
first and third years of follow-up, respectively [17]. The 
retreatment rate was 5%, the in-stent stenosis rate was 
4.8%, and no delayed aneurysmal rupture was identified. 
Another report supported procedural safety, demonstrating 
procedure-related morbidity and mortality rates of 5% 
(95% CI, 4%–7%) and 4% (95% CI, 3%–6%), respectively 
[18]. These results confirm that the implantation of a 
flow diverter yields positive results in challenging types of 
aneurysms compared with that via conventional coiling. 
Currently, flow diverters are increasingly chosen as the 
primary modality for almost all types of intracranial 
aneurysms.

In Korea, several flow diverters have been introduced, 
and the indications for national insurance have gradually 
widened. However, there are still limitations in the use 
of flow diverters because the Korean National Health 
Insurance permits reimbursement of their usage only for 
large-sized aneurysms (equal to or greater than 10 mm in 
size), mainly because of their high price, in addition to the 
lack of domestic data supporting their efficacy and safety. 
As a result, no large-scale post-market flow diverter studies 
involving small-sized aneurysms have been performed in the 

Korean population, even though small-sized aneurysms less 
than 10 mm in size constitute the majority of the cerebral 
aneurysms that have been treated. Therefore, there is a 
strong need for deregulation and enhanced health insurance 
coverage by lowering the price of flow diverters. For this 
purpose, we developed a new flow diverter, FloWise, and 
reported its promising results in an animal study and in a 
pilot clinical study [6,7]. The FloWise used in this study was 
refined in its performance and thus had low deployment and 
trackability forces compared with that via the commercially 
available flow diverters used in in-vitro studies [19]. 
In addition, the compatibility of FloWise was improved, 
and the inner diameter of the delivery microcatheter was 
reduced from 0.027 to 0.021 inch. These improvements 
may make it more convenient to perform FloWise delivery 
and deployment than with the use of other commercially 
available flow diverters. 

The primary outcome was effectively achieved at the 
12-month follow-up angiography, at which point the per-
protocol set achieved 83.1% (49/59) and the intent-
to-treat analysis set achieved 81.2% (56/69) complete 
occlusion rates. These results are similar to those of a 
previous pilot study (83.3% target occlusion rate at 12 
months) [7]. These results are superior to the predefined 
reference values (56.7%, P < 0.001) and comparable to 
those of commercially available flow diverters [9-15]. The 
results of the present study are comparable to those of 
2 prospective studies, which reported 1-year radiological 
outcomes of currently available flow diverters. The SHIELD 
study, a prospective, single-arm, multicenter, post-market, 
observational study evaluating the pipeline-shield device, 
showed that the primary efficacy endpoint of complete 
occlusion without in-stent stenosis was met in 71.7% 
(143/200) of the patients [20]. The SAFE study, which 
included 103 patients using a Flow Direction Endoluminal 

Table 5. Summary of serious adverse events (n = 70)

Event All Procedure-related Device-related Event outcome
Any event 6 (8.6) 4 (5.7) 2 (2.9)

ICA rupture* 1 (1.4) Causal Not NR
Visual impairment 1 (1.4) Causal Possible CR
Visual field defect 1 (1.4) Causal Possible PR
Pancreatic cystadenoma 1 (1.4) Not Not CR
Cholecystitis 1 (1.4) Not Not CR
Puncture site hemorrhage 1 (1.4) Causal Not CR

Data are presented as number (%).
*ICA rupture during balloon angioplasty after FloWise deployment.
ICA = internal carotid artery, NR = not recovered, CR = completely recovered, PR = partially recovered with sequelae
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Device (FRED), showed that complete occlusion was 
observed in 66/90 aneurysms (73.3%), neck remnants 
were detected in 7/90 aneurysms (7.8%), and aneurysm 
remnants were identified in 17/90 aneurysms (18.9%) [14]. 

Several factors may have contributed to the favorable 
results of this study. First, FloWise deployment was easy 
and resulted in technical success in all the patients. In 
FloWise, the stent contact portion of the delivery wire is 
coated with silicon, which allows re-sheathing at any point 
prior to 70% deployment. Considering the parent vessel 
geometry and its relationship with the target aneurysm, the 
operators are considerably more comfortable and can easily 
reposition the FloWise with the distal and proximal end 
openings. Furthermore, FloWise can be introduced via any 
microcatheter with an inner diameter of 0.021 inch, which 
offers enhanced maneuverability and improved trackability 
compared with microcatheters with a larger bore. Secondly, 
as previously described, FloWise demonstrates a relatively 
high radial force, high metal coverage rate, and acceptable 
foreshortening [6]. These characteristics also contribute 
to a greater flow diversion effect. Third, flat-panel CT was 
performed immediately after FloWise placement in all cases. 
Balloon angioplasty was performed in all cases in which a 
gap between the FloWise and the vessel wall around the 
aneurysm neck was detected, and complete wall apposition 
was achieved around the aneurysm neck in all the cases 
(28.6%, 20/70). There was no significant difference in the 
target aneurysm occlusion rates of cases with and without 
balloon angioplasty. This may be because patients who 
did not undergo balloon angioplasty already had good wall 
apposition. Good wall apposition around the aneurysm 
neck prevented endoleaks and was eventually an important 
predictor of aneurysm occlusion after flow diverter 
treatment [21]. Finally, the mean aneurysm size in this 
study was smaller than that reported in previous studies, 
which may have improved the aneurysm occlusion rate.

In terms of safety outcomes, 6 (8.6%) serious adverse 
events occurred. However, only 2 (2.9%) of these events 
were possibly device related, and no mortality occurred. The 
12-month follow-up angiography revealed ≥50% stenosis 
of parent artery in only 3 patients (4.3%), without any 
symptoms. In real-world, multicenter, North American data 
using the FRED, the rates of morbidity and moderate or 
severe in-stent stenoses were considerably higher than 
those reported in previous intentional studies (8.6% and 
8.1%, respectively) [22]. Diversion-p64 that included the 
largest number of participants among flow diverter follow-

up studies reported a composite morbidity and mortality 
rate of 2.4% (10/413), and ≥50% in-stent stenosis was 
observed in 3.2% (11/343) of the patients at the one-year 
follow-up angiography [9]. Although these results should 
be interpreted cautiously because of a large discrepancy in 
the demographics and aneurysm characteristics of included 
patients, these comparisons showed that the safety results 
of FloWise were comparable to those of other commercially 
available flow diverters. 

This study has several limitations. An inherent limitation 
of the study design is that FloWise and other commercially 
available flow diverters were not directly compared. 
Therefore, we set a reference point to assess the efficacy 
of FloWise. However, we could only analyze its efficacy 
and safety in comparison with published results. The mean 
aneurysm size was smaller than that reported in previous 
studies, which may have affected the outcomes. In addition, 
although not intentional, multiple FloWises were used in 16 
patients, and there was no difference in the target aneurysm 
occlusion rate between the single and multiple FloWise-
usage groups. Therefore, the relatively good results of this 
study may have been overestimated, or could not be directly 
applied to the occlusion rates in larger aneurysms. 

In conclusion, the FloWise flow diverter showed 
acceptable safety and efficacy in the treatment of 
unruptured intracranial aneurysms. Its performance was 
superior compared with the predefined reference value and 
comparable to that of commercially available flow diverters. 
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