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Abstract

The introduction of flow diverters (FDs) has represented a paradigm shift in the management of unruptured cerebral aneurysms (UCA).
Flow Re-direction Endoluminal Devices (FREDs) and Pipeline Embolization Devices (PEDs) have gained widespread popularity. We
aimed to investigate the cumulative incidence of aneurysm occlusion. A total of 195 patients with 199 UCAs were analyzed retrospec-
tively. The outcomes were aneurysmal occlusion during the follow-up, a modified Rankin Scale score of 0-2 at 90 days, additional
treatment, major stroke, and steno-occlusive events of FD. Propensity score-matched analysis was performed, controlling for age,
sex, aneurysmal size, and location of the internal carotid artery (ICA) aneurysm. Non-ICA aneurysms were excluded from matching.
During the follow-up period (median, 366 days), complete and satisfactory aneurysmal occlusions were observed in 128 (68%) and
148 (78%) of 189 UCAs in the unmatched cohort. The 142 (71 each) propensity score-matched cohort was complied. The FRED
group had a higher cumulative incidence of ICA aneurysm occlusion (complete: HR 2.7, 95% CI 1.4-5.1, p=0.0025; satisfactory:
HR 2.4,95% CI 1.1-5.2, p=0.025). The proportion of additional treatment was significantly smaller in the FRED group (OR 0.077,
95% CI 0.010-0.57, p=0.0007). Other outcomes showed no significant differences. Propensity score-matched analysis indicated that
FRED might have a higher cumulative incidence of aneurysmal occlusion in the treatment of unruptured ICA aneurysms. Whether a
cumulative incidence of aneurysmal occlusion may differ by the type of FDs warrants further investigation.
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Introduction different FDs have been published [6, 8], the relationship
between the time course of follow-up imaging and cumula-
tive incidence of aneurysm closure has not been well docu-
mented. In addition, the differences in the treatment results

of these FDs remain unknown. This study aimed to compare

The introduction of a flow diverter (FD), an endovascular
technique used to treat cerebral aneurysms by reconstruct-
ing the parent vessel, has represented a paradigm shift in the

management of unruptured cerebral aneurysms (UCA). FDs
change the flow dynamics at the interface between the parent
artery and the aneurysm, resulting in flow stasis and throm-
bosis in the aneurysm sac, as well as endoluminal recon-
struction of the parent artery by endothelial formation along
the FD surface [12, 19]. Although a few studies assessing
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the clinical and radiological results, including the cumulative
incidence of aneurysm closure, in patients with UCA treated
with the Flow-Re-direction Endoluminal Device (FRED;
MicroVention, Aliso Viejo, California, USA) or the Pipeline
Embolization Device (PED; Medtronic Inc., Dublin, Ireland).

Methods

The study was reported based on criteria from the Strength-
ening the Reporting of Observational Study in Epidemiol-
ogy statement [23]. The study protocol was approved by
the Institutional Ethics Committee (No. 3229). Consent
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was obtained from all patients. Between December 2015
and January 2022, 1222 patients with 1291 UCAs were
treated at our single institute. Among them, 1027 patients
with 1092 UCAs did not meet the inclusion criteria (Fig. 1).
FD placement was performed by a certificated and experi-
enced neurosurgeon (S.Y). Finally, a total of 195 patients
with 199 UCAs treated by FRED or PED were included and
retrospectively analyzed.

Clinical data were obtained through a review of the
patients’ medical records, such as age, sex, smoking history
(never or current/past), daily alcohol consumption, and pre-
operative modified Rankin scale (mRS) [22]. The following
data were also collected: medical history, medications (anti-
platelet agents and statins), platelet aggregability, P2Y12
reaction units, aspirin reaction units, aneurysm morphology
(location, size, shape, and branches from aneurysm sac, and
whether aneurysm was growing), whether UCAs undertook
previous treatment, whether the aneurysm was thrombosed,
type of FD, and adjunctive coiling. FRED indications were
defined as follows: dome size > 5 mm; neck >4 mm or dome/
neck ratio < 2; and aneurysm location from the petrous seg-
ment in the internal carotid artery (ICA) to the proximal
anterior and middle cerebral artery, basilar artery, and verte-
bral artery. PED indications were the same as those of FRED
except for dome size > 10 mm and aneurysm location from
the petrous to superior hypophyseal segments in the ICA.
The selection of FRED or PED was at the discretion of the
treating physician.

Platelet aggregability (adenosine disphosphate and
collagen) was measured and classified into 1 to 9 using
aPRP313M platelet aggregation analyzer (TAIYO

Aneurysm treatment between Dec 2015 and Jan 2022
1222 patients with 1291 aneurysms

Surgical treatment
377 patients with 401 aneurysms
EVT without flow diverter
646 patients with 687 aneurysms

Flow diverter treatment
199 patients with 203 aneurysms

PTRA
3 patient with 3 aneurysms
Combined treatment
1 patient with 1 aneurysm
Flow diverter treatment without PAO
195 patients with 199 unruptured aneurysms

FRED PED
93 patients with 95 aneurysms 102 patients with 104 aneurysms

Propensity matched cohort

FRED PED
71 patients with 71 ICA aneurysms 71 patients with 71 ICA aneurysms

Fig.1 Flow chart of the selection process for study subjects. EVT=end-
ovascular treatment; PAO=parent artery occlusion; PTRA =previously
treated ruptured aneurysm
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Instruments, Osaka, Japan) 2 days prior to treatment, and
P2Y12 and aspirin reaction units were measured using a
Verify system (Accriva Diagnostics, San Diego, CA) on the
day of the procedure. If platelet aggregability could not be
suppressed sufficiently (value of adenosine disphosphate
or collagen 7 to 9), 20 mg prasugrel or 200 mg cilostazole
was administered one day before the procedure. If platelet
aggregability was too suppressed (value of adenosine dis-
phosphate or collagen 1 to 3), clopidogrel or aspirin dosages
were decreased.

Outcomes

The primary and secondary outcome was complete and sat-
isfactory aneurysmal occlusion during the follow-up period.
Other secondary outcomes were an mRS score of 0-2 at
90 days and additional treatment for an FD-treated aneu-
rysm. Complete and satisfactory aneurysmal occlusions
[9, 17, 18] were defined using the Raymond-Roy occlusion
classification [15] I and I/II based on digital subtraction
angiography or no apparent aneurysm dome filling and only
aneurysm neck filling on magnetic resonance angiography
[24], respectively. The mRS score was evaluated at 90 days
by telephone interviews with the patient or family members
or during a physical examination in those who were able to
visit our hospital. The safety outcome was major stroke (>4
points on the National Institutes of Health Stroke Scale) and
steno-occlusive events of FD. Safety outcome was evalu-
ated periprocedurally (in-hospital stay) and during follow-up
(after hospital discharge).

Statistical analysis

Statistical analyses were performed using JMP Pro (version
15.2; SAS Institute, Cary, NC). Variables were expressed as
mean + standard deviation (SD), median (interquartile range
[IQR], 25th—75th percentile), or number of cases (%). Cat-
egorical variables were analyzed using Fisher’s exact test.
Pearson chi-square tests were used to assess associations
between categorical variables, complemented by adjusted
residual analysis. The normality of data was evaluated by
the Shapiro—Wilk test. Normally distributed continuous
variables were compared by the Student ¢ test, whereas
non-normally distributed variables were analyzed using
the Mann—Whitney U test. Because treatment indication of
FRED and PED was different, as stated above, propensity
score matching was performed using age, sex, aneurysm
size, and internal carotid artery (ICA) aneurysm location.
Non-ICA aneurysms were excluded from matching. Because
the number of cases with FRED was fewer than those with
PED, the cases with PED were matched to those with FRED
using a 1:1 matching technique [1, 21].
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At first, clinical and radiological characteristics were
compared between FRED and PED groups. Second, the
Kaplan—Meier method was used to assess the relationship
between the time course of the follow-up imaging and the
cumulative incidence of complete and satisfactory aneurys-
mal occlusions by FD type. Differences were considered
significant at p <0.05.

Results
Patient and aneurysm characteristics

One hundred sixty-six patients were female (85%), and the
mean age was 62+ 12 years. A preoperative mRS score of
0 to 2 was observed in 191 patients (98%). Dual antiplatelet
agents were prescribed in 178 patients (91%) (aspirin and
clopidogrel: 142 (73%), aspirin and prasugrel: 34 (17%),
clopidogrel and cilostazol: 2 (1.0%)), and 17 patients (8.7%)
took triple antiplatelet agents (aspirin, clopidogrel, and
cilostazol: 12 (6.2%), aspirin, prasugrel, and cilostazol: 5
(2.6%)). Fifty-three patients (27%) received statins. Forty-
three patients (22%) were administered prasugrel instead of
clopidogrel according to values of platelet aggregability.
Other patients’ characteristics are shown in Table 1.

The median aneurysm size and neck length were 10 mm
(IQR 6.7-15 mm) and 6.3 mm (IQR 4.6-8.2 mm), respec-
tively. Seventeen aneurysms (8.5%) underwent previous
treatment; coiling, 10 (5.0%), stent assist coiling, 4 (2.0%),
and surgical treatment, 3 (1.5%). Branch from aneurysm sac
was observed in 10 (5.1%) aneurysms, and the median pro-
cedure time was 74 min (IQR 60-90 min). Other aneurysm
characteristics are shown in Table 1.

Unmatched cohort

The proportion of female sex was significantly smaller,
and that of smoking history was larger in the FRED group
(p=0.0002 and p =0.0096). Median P2Y 12 reaction units
and base value of Verify Now were significantly lower in
the FRED group (p =0.022 and p <0.0001). The value
of platelet aggregability by adenosine diphosphate was
significantly higher, and that by collagen was lower in the
FRED group (p =0.036 and p =0.049). Other patients’
characteristics showed no significant difference between
the two groups. The median size of the aneurysm and
neck length was significantly smaller in the FRED group
(p <0.0001). The proportion of ICA was significantly
smaller, and that of the vertebral artery and basilar
artery was larger in the FRED group by residual analysis
(p <0.01). The proportion of saccular aneurysms was sig-
nificantly smaller in the FRED group (p =0.0040). Other

aneurysm characteristics showed no significant difference
between the two groups.

Among 104 PEDs, 9 (8.7%) were PED-shield (Medtronic
Neurovascular, Irvine, CA). During the median follow-up
period (366 days (IQR 210-552 days)), complete and satis-
factory aneurysmal occlusions were observed in 128 (68%)
and 148 (78%) of 189 aneurysms, respectively. The median
follow-up period was significantly shorter in the FRED
group (353 days (IQR 184—403 days) vs. 379 (IQR 358-711)
days, p<0.001). Among the 189 aneurysms, conventional
angiography, magnetic resonance angiography, and com-
puted tomography angiography were used for 132 (70%),
54 (29%), and 3 (1.6%) aneurysms, respectively.

The proportion of complete and satisfactory aneurysmal
occlusions showed no significance between the two groups
(p=0.68 and 0.33). The log-rank test revealed that FRED
was significantly related to complete and satisfactory aneu-
rysmal occlusions (p <0.0001 and p <0.0001). The FRED
group had a higher cumulative incidence of complete and
satisfactory aneurysm occlusion (complete: HR 3.4, 95% CI
1.8-6.4, p=0.0001; satisfactory: HR 3.1, 95% CI 1.5-6.4,
p=0.0026) (Table 2).

Other secondary and safety outcomes showed no signifi-
cant difference between the two groups. The proportion of
steno-occlusive events was marginally higher in the FRED
group. Major stroke (n=4) was intraoperative aneurysm
rupture (n=2) and aneurysm rupture after the FD treatment
(n=2), and aneurysm rupture was the cause of mortality.

Propensity score-matched cohort

The median base value of Verify Now and the value of plate-
let aggregability by collagen were significantly lower in the
FRED group (p <0.0001 and p =0.0016) (Table 3).

Other patients’ characteristics showed no significant dif-
ference between the two groups. Locations of ICA aneu-
rysms were paraclinoid (n=112, 79%), cavernous (n =24,
17%), and petrous portion (n =6, 4.2%). No aneurysm char-
acteristics showed a significant difference between the two
groups in a matched cohort.

The proportion of aneurysm occlusion showed no signifi-
cant difference between the two groups (Table 4).

The log-rank test revealed that FRED was significantly
related to complete and satisfactory aneurysmal occlusions
(»=0.0051 and p=0.0010) (Fig. 2). The FRED group had
a higher cumulative incidence of complete and satisfactory
aneurysm occlusion (complete: HR 2.7, 95% CI 1.4-5.1,
p=0.0025; satisfactory: HR 2.4, 95% CI 1.1-5.2, p=0.025).
The proportion of additional treatment was significantly
smaller in the FRED group (»p =0.0007). Other secondary
and safety outcomes showed no differences.
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Table 1 Clinical characteristics
of 195 patients with 199
unruptured aneurysms in an
unmatched cohort

Discussion

Variable Total FRED PED P
Patient characteristics N=195 N=93 N=102
Mean age, years (SD) 62 (12) 61 (11) 64 (12) 0.057
Female sex* 166 (85) 70 (75) 96 (94) 0.0002
Smoking* 64 (33) 39 (42) 25 (25) 0.0096
Alcohol consumption 38 (19) 17 (18) 21 (21) 0.68
Preoperative mRS score of 0-2 191 (98) 93 (100) 98 (96) 0.12
Median duration of stay, days (IQR)* 7(5-9) 6 (5-9) 8 (6-10) 0.012
Past medical history

Hypertension 86 (44) 36 (39) 50 (49) 0.15

Dyslipidemia 51 (26) 25 (27) 26 (25) 0.83

Diabetes mellitus 10 (5.1) 6 (6.5) 4(3.9) 0.52
Verify Now, median (IQR)

P2Y12 reaction units* 187 (149-223) 182 (138-212) 192 (156-237) 0.022

Base* 258 (223-293) 232 (204-263) 283 (247-308) <0.0001

Inhibition 27 (8.5-42) 25 (6.3-41) 31 (9.5-42) 0.16

Aspirin reaction units 473 (409-523) 484 (407-533) 467 (410-512) 0.41
Platelet aggregability, median (IQR)

Adenosine diphosphate* 5(4-5) 5(5-5) 5(4-5) 0.036

Collagen* 4 (3-5) 4 (3-5) 5(4-5) 0.049
Switch from clopidogrel to prasugrel 43 (22) 22 (24) 21 (21 0.61
Aneurysm characteristics N=199 N=95 N=104
Growing aneurysm 46 (23) 24 (25) 22 (21) 0.49
Thrombosis of aneurysm 20 (10) 13 (14) 7(6.7) 0.10
Median size of aneurysm, mm (IQR)* 10 (6.7-15) 7.2 (5.3-11) 11 (10-17) <0.0001
Median neck length, mm (IQR)* 6.3 (4.6-8.2) 5.0 (3.9-6.9) 7.0 (5.5-9.0) <0.0001
Aneurysm location*® <0.0001

Internal carotid artery 173 (87) 71 (75) 102 (98)

Posterior communicating artery 3(1.5) 1(1.1) 2(1.9)

Middle cerebral artery 2(1.0) 2.1 0

Vertebral arteryt 14 (7.0) 14 (15) 0

Basilar arteryf 7@3.5) 7(74) 0
Branch from aneurysm sac 10 (5.1) 3(3.2) 7 (6.8) 0.24
Aneurysm shape* 0.0040

Saccular 170 (85) 74 (78) 96 (92)

Non-saccular 29 (15) 21 (22) 8(7.7)
Adjunctive coiling 22 (11) 8(8.4) 14 (13) 0.26
Previously treated 17 (8.5) 7(7.4) 10 (9.6) 0.57
Number of FD 0.57

1 189 (95) 90 (95) 99 (95)

2 9(4.5) 5(5.3) 4(3.9)

3 1(0.50) 0 1 (0.96)

FD, flow diverter; FRED, Flow Re-direction Endoluminal Device; IQR, interquartile range; mRS, modified
Rankin scale; PED, pipeline embolization device; SD, standard deviation

Data expressed as number of cases (%)unless otherwise indicated

*Variables showing significant differences by univariate analysis

fIndicates p <0.01 by residual analysis

To our knowledge, this is the first study to compare two different
FDs using the Kaplan—-Meier method. The results of the present
study indicate that the FRED group had a higher cumulative

@ Springer

incidence of complete and satisfactory aneurysm occlusion than
the PED group in patients with unruptured ICA aneurysms.
Additional treatment was less frequently observed in the FRED
group, and no significant differences were identified in the good
clinical outcome at 90 days and safety outcomes.
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Table 2 Outcomes in
unmatched cohort

Variable Total FRED PED HR (95% CI) P
N=189 N=95 N=94

Primary outcome

Complete aneurysm occlusion™ 128 (68) 63 (66) 65 (69) 3.5 (1.9-6.5) <0.0001

Secondary outcome

Satisfactory aneurysm occlusion* 148 (78) 72 (76) 76 (81) 3.1(1.5-6.4) 0.0022
N=195 N=93 N=102 OR (95% CI) P

mRS scores of 0 to 2 at 90 days 188 (96) 92 (99) 96 (94) 1.1 (0.99-1.1) 0.12

Additional treatment’ 11 (5.5) 3(3.2) 8 (7.7) 0.41 (0.11-1.5) 0.16

Safety outcome

Major stroke 4(2.1) 1(1.1) 3(2.9) 2.8 (0.28-27) 0.62

Ischemic stroke 3(1.5) 1(1.1) 2(1.9) 1.8 (0.16-21) 1.0
Perioperative (minor) 3(1.5) 1(1.1) 2(1.9)

Hemorrhagic stroke 5(2.6) 1(1.1) 4(3.9) 3.8 (0.41-34) 0.37
Perioperative (major) 2 (1.0) 0 2(1.9) - 0.49
Perioperative (minor) 1(0.5) 0 1(0.98) - 1.0
During follow-up (major) 2 (1.0) 1(1.1) 1 (0.98) 0.91 (0.056-15) 1.0

Steno-occlusive events' 4 (2.0) 44.2) 0 - 0.050

Perioperative 2(1.0) 2(1.1) 0

During follow-up 2(1.0) 2(1.1) 0

Transient morbidity 3(1.5) 1(1.1) 2(1.9) 1.8 (0.16-21) 1.0
Aneurysm-related death 4(2.1) 1(1.1) 3(2.9) 2.8 (0.28-27) 0.62

ClI, confidence interval; FRED, Flow Re-direction Endoluminal Device; HR, hazard ratio; mRS, modified
Rankin scale; OR, odds ratio; PED, pipeline embolization device

Data expressed as the number of cases (%)

*Variables showing significant difference
TN=199 (total), N=95 (FRED), N= 104 (PED)

FD type and aneurysm occlusion

FDs provide a non-invasive modality of UCA treatment
that is difficult to treat via other endovascular and surgical
techniques. Currently, many FDs are available for clinical
use. The FRED has a unique structure of dual-layer stents:
an outer layer of 16 wires with a higher radial force and an
inner layer of 48 wires [13]. The PED is a 48-strand braided
mesh that provides 30-35% surface coverage at a nominal
diameter.

Aneurysm occlusion by FDs has traditionally been pro-
posed to occur by two main principles: intra-aneurysmal
thrombosis via disruption of blood flow and endothelial
formation at the aneurysmal neck [7]. As the lower aneu-
rysmal flow velocities were related to shorter occlusion
times in FD treatment [4], FRED structure might have an
impact on aneurysmal flow velocities. In addition, the spac-
ing between the two layers of FRED could disrupt the flow,
increase stasis, trap activated platelets, and serve as a nidus
for further thrombus accumulation [5]. Although Szikora
et al. observed the lack of intra-aneurysmal thrombosis and
endothelial formation in fusiform aneurysms [20], FRED
was related to a high cumulative incidence of aneurysm

occlusion even at a high proportion of fusiform aneurysm in
the FRED group in the present study. Although the propor-
tion of aneurysm occlusion showed no significant difference,
FRED may demonstrate a high angiographic occlusion rate
at an early stage in patients with unruptured ICA aneurysms.

Hemorrhagic, ischemic, and steno-occlusive events

The incidence of periprocedural and post-operative stroke
showed no significant difference between FRED and PED.
All steno-occlusive events (n=4, 2.0%) were observed in
the FRED group, and the difference was marginally sig-
nificant. In this regard, a previous study indicated that the
FRED may sometimes be associated with occasional unex-
plained acute or subacute thromboses unrelated to platelet
aggregability, which may be related to the fact that FRED
is the device shown to generate significant fibrin and have a
greater platelet response [10]. Since there are neither rand-
omized studies nor guidelines on antiplatelet regimens and
on testing of individual response to antiplatelet medica-
tions during neurovascular procedures, there is currently no
standard antiplatelet medication protocol resulting in het-
erogeneous antiplatelet regimens [11]. Our results showed
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Table 3 Clinical characteristics
of 142 patients with 142
unruptured internal carotid
artery aneurysms after
propensity score matching

that some values of Verify Now and platelet aggregability
showed differences between patients treated via FRED and
PED, but the proportion of switch from clopidogrel to pras-
ugrel was almost similar. Pre-procedural evaluation of Ver-
ify Now and platelet aggregation have failed to demonstrate

@ Springer

Variable Total FRED PED
Patient characteristics N=142 N=T1 N=T1
Mean age, years (SD) 59 (12) 60 (12) 58 (12) 0.26
Female sex 129 91) 62 (87) 67 (94) 0.15
Smoking 54 (38) 27 (38) 27 (38) 1.0
Alcohol consumption 24 (17) 11 (15) 13 (18) 0.65
Preoperative mRS scores of 0-2 141 (100) - - -
Median duration of stay, days (IQR) 7 (6-8) 7 (5-8) 7 (6-7) 0.70
Past medical history
Hypertension 46 (32) 19 (27) 27 (38) 0.15
Dyslipidemia 44 (31) 18 (25) 26 (36) 0.15
Diabetes mellitus 5(3.5) 34.2) 2(2.8) 1.0
Verity Now, median (IQR)
P2Y 12 reaction units 188 (141-233) 188 (152-216) 182 (129-262) 0.54
Base* 263 (230-286) 237 (209-265) 270 (250-291) <0.0001
Inhibition 25 (4.8-43) 23 (5-41) 35 (3-52) 0.39
Aspirin reaction units 480 (413-521) 489 (414-544) 479 (424-488) 0.058
Platelet aggregability, median (IQR)
Adenosine diphosphate 5 (4-5) 5(5-5) 5(4-5) 0.21
Collagen* 5(4-5) 4 (3-5) 5 (4-5) 0.0016
Switch from clopidogrel to prasugrel 23 (16) 15 (21) 8(11) 0.11
Aneurysm characteristics
Growing aneurysm 28 (19) 15 (21) 13 (18) 0.67
Thrombosis of aneurysm 5.5 2(2.8) 34.2) 1.0
Median size of aneurysm, mm (IQR) 6.8 (5.3-10) 6.6 (5.2-9.5) 6.1 (5.5-12) 0.49
Median neck length, mm (IQR) 4.5(3.3-6.4) 4.9 (3.6-6.4) 4.3 (3.3-6.8) 0.58
Aneurysm location 0.90
Paraclinoid 112 (79) 55(77) 57 (80)
Cavernous 24 (17) 13 (18) 11(15)
Petrous 6(4.2) 34.2) 34.2)
Branch from aneurysm sac 1(0.71) 1(1.4) 0 1.0
Aneurysm shape 0.51
Saccular 132 (93) 67 (94) 65 (92)
Non-saccular 10 (7.0) 4 (5.6) 6(8.5)
Adjunctive coiling 15 (11) 4(5.6) 11 (15) 0.056
Previously treated 16 (11) 5(7.0) 11 (15) 0.11
Number of FD treatment 0.49
1 140 (99) 69 (97) 71 (100)
2 2(1.4) 2(2.8) 0

FRED, Flow Re-direction Endoluminal Device; IQR, interquartile range; mRS, modified Rankin scale;

PED, pipeline embolization device; SD, standard deviation

Data expressed as the number of cases (%) unless otherwise indicated

*Variables showing significant differences by univariate analysis

benefits in clinical outcomes in the endovascular treatment
of aneurysms [2, 3, 16]. However, as platelet agent admin-
istration was modified according to platelet aggregability
testing, the rate of major ischemic stroke might be low in
the present series.
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Table 4 Outcomes in propensity vy, ;apje Total FRED PED HR (95% CI) P
score-matched cohort
N=142 N=T71 N=T71
Primary outcome
Complete aneurysm occlusion* 93 (66) 47 (66) 46 (65) 2.7(1.4-5.1) 0.0025
Secondary outcome
Satisfactory aneurysm occlusion* 108 (76) 55 (77) 53 (75) 2.4 (1.1-5.2) 0.025
OR (95% CI) P
mRS scores of 0 to 2 at 90 days 141 (99) 71 (100) 70 (99) 1.0 (0.98-1.0) 1.0
Additional treatment* 14 (9.9) 1(1.4) 13 (18) 0.077 (0.010-0.57) 0.0007
Safety outcome
Major stroke 1(0.7) 1(1.4) 0 - 1.0
Ischemic stroke 1(0.7) 1(1.4) 0 - 1.0
Perioperative (minor) 1(0.7) 1(1.4) 0 - 1.0
Hemorrhagic stroke 2(1.4) 0 2(2.8) - 0.49
Perioperative (major) 1(0.7) 0 1(1.4) - 1.0
Perioperative (minor) 1(0.7) 0 1(1.4) - 1.0
Steno-occlusive events 3@2.1D 34.2) 0 - 0.25
Perioperative 1(0.7) 1(1.4) 0 - 1.0
During follow-up 2(1.4) 2 (2.8) 0 - 0.49
Transient morbidity 1(0.7) 1(1.4) 0 - 1.0
Aneurysm-related death 1(0.7) 0 1(1.4) - 1.0

Cl, confidence interval; FRED, Flow Re-direction Endoluminal Device; HR, hazard ratio; mRS, modified
Rankin scale; OR, odds ratio; PED, pipeline embolization device

Data expressed as the number of cases (%)

*Variables showing significant difference

-
=)

Fig.2 Kaplan—Meier curves

of aneurysms comparing those
treated with FRED (solid line)
and PED (dotted line). The
FRED group had a higher com-
plete and satisfactory occlusion
rate (p=0.0051 and p=0.0010)
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Limitations

This study has some limitations. First, our study had a
retrospective design with inherent limitations leading to
potential ascertainment bias, despite the relatively large
number of UCA cases treated by FRED and PED. Sec-
ond, the PED group included two types of PEDs. PED
with Shield Technology refers to a surface modification in
which a synthetic phosphorylcholine polymer is covalently
bonded to the Pipeline braid, which has been shown to
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Satisfactory occlusion

e
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Follow up (days)

decrease thrombogenicity [5, 10, 14]. Because PED with
Shield Technology was used in 9 of 104 PED cases (8.7%),
this might have influenced the present result even though
acceleration of endothelial formation has yet to be clini-
cally demonstrated [19]. Third, as stated above, the indica-
tion of FRED and PED differs. Therefore, it was inevitable
that there would be residual confounding and selection
biases in the comparisons between FRED and PED, even
though we constructed propensity score—matched cohorts
were constructed to account for the factors associated with
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the selection of FD. Fourth, the duration of follow-up dif-
fered between the two groups. In this regard, aneurysm
occlusion was observed early in the FRED group using
the Kaplan—Meier method, although the follow-up period
was significantly shorter in the FRED group. Fifth, there
are institutional differences in indication for each device.
Although these differences are partially mitigated by the
propensity score matching but not eliminated. Sixth, the
generalizability of single-center experiences can be lim-
ited due to different populations of patients and different
comorbidities. Finally, although a recent study indicated
that magnetic resonance angiography can be used as a
first-line non-invasive imaging modality during follow-
up, especially for patients treated with a PED [24], there
is no definitive classification of aneurysm occlusion in FD
treatment. As noted above, the results of the present study
should be further clarified using an independent cohort.

Conclusion

The present study indicated that FRED might have a higher
cumulative incidence of complete and satisfactory aneurys-
mal occlusions compared to PED, although the proportion
of those events showed no significance between FRED and
PED in patients with unruptured ICA aneurysms. Whether
a cumulative incidence of aneurysmal occlusion may differ
by the type of FDs warrants further investigation.
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