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ORIGINAL RESEARCH

Treatment of Unruptured Small and 
Medium-Sized Wide Necked Aneurysms 
Using the 64-Wire Surpass Evolve: 
A Subanalysis From the SEASE 
International Registry
Mahmoud Dibas , MD; Juan Vivanco-Suarez , MD; Demetrius K. Lopes, MD; Ricardo A. Hanel , MD;  
Aaron Rodriguez-Calienes , MD; Gustavo M. Cortez , MD; Johanna T. Fifi , MD; Alex Devarajan , BS; 
Gabor Toth , MD; Thomas E. Patterson , MD; David Altschul , MD; Vitor M. Pereira, MD; Xiao Y. E. Liu, 
MSc; Ajit S. Puri, MD; Anna L. Kühn , MD; Waldo R. Guerrero , MD; Priyank Khandelwal , MD; 
Ivo Bach , MD; Peter T. Kan , MD; Gautam Edhayan , MD; Mario Martinez-Galdamez , MD; 
Curtis Given, MD; Bradley A. Gross , MD; Sandra Narayanan , MD; Milagros Galecio-Castillo , MD; 
Shahram Derakhshani , MD; Santiago Ortega-Gutierrez , MD, MSc

BACKGROUND: Flow diversion has revolutionized the management of wide-necked intracranial aneurysms (IAs). We aimed to 
assess the effectiveness and safety of the new generation 64-wire Surpass Evolve for the treatment of unruptured small/
medium-sized IAs.

METHODS AND RESULTS: This is a subanalysis from the SEASE (Safety and Effectiveness Assessment of the Surpass Evolve) 
registry, an observational cohort study including 15 academic institutions in North America and Europe between July 2020 and 
October 2022. Patients with wide-necked saccular IAs, measuring <12 mm along the internal carotid artery and vertebrobasi-
lar system, and treated with the Surpass Evolve were included. Primary effectiveness was complete occlusion (Raymond-Roy 
class 1) at follow-up (core laboratory adjudicated), and primary safety was major stroke (ischemic/hemorrhagic) in the territory 
supplied by the target artery or death. A total of 129 cases with 135 IAs were included (median age 59 years, 85.3% women). 
Median maximum IAs size and neck size were 5.1 and 3.9 mm, respectively. Most IAs were in the internal carotid artery C6 
(65.9%, 89/135) and C7 (14.1%, 19/135) segments. At a median follow-up time of 10.2 months (interquartile range, 6.4–12.8), 
complete occlusion was 77.1% (101/131), ≥50% in-stent stenosis was 8.8% (11/125), and retreatment was 0.8% (1/125). Major 
stroke and mortality were reported in 2 (1.6%) patients and 1 (0.8%) patient, respectively. Size was the only factor associated 
with higher odds of incomplete occlusion (adjusted odds ratio, 1.2 [95% CI, 1.02–1.5]; P=0.03).

CONCLUSIONS: Patients with small/medium-sized IAs can be effectively treated using the Surpass Evolve, a new generation, 
64-wire, cobalt-chromium flow diverter.
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The management of wide-necked intracranial an-
eurysms (IAs) is technically challenging and has 
led to the development of several novel endovas-

cular devices to manage these lesions.1,2 Specifically, 
the emergence and approval of flow diverters (FDs) by 
the Food and Drug Administration in 2011 marked a 
fundamental change in the conceptual understand-
ing of how wide-necked IAs can be treated.3 Several 
high-quality studies initially demonstrated their safe 
and effective profile for the treatment of large/giant 
IAs. Because most IAs in clinical practice are small/
medium-sized,4,5 several studies evaluated the per-
formance of FDs in small/medium-sized IAs, showing 
promising results.

The PREMIER (Prospective Study on Embolization of 
Intracranial Aneurysms With the Pipeline Device) study 
was the first to demonstrate high rates of complete oblit-
eration of small/medium-sized IAs after implantation of 
the 48-wire cobalt-chromium pipeline embolization de-
vice (Medtronic).6 This was followed by a progressive 
evolution and development of various nitinol-based FDs 
to further target this population.7–10 In 2019, the cobalt-
chromium Surpass Evolve (SE; Stryker) was introduced 
as an upgraded low-profile iteration of the Surpass 
Streamline, offering a cobalt-chromium 64-wire to pro-
vide a consistent mesh density that ensures a more 
even effect on flow reduction. The initial experience with 
the SE for the treatment of 26 wide-necked IAs, 17 of 
which were small/medium-sized, showed promising re-
sults with an overall occlusion of 57% at a short median 
follow-up of 4 months.11 There are limited long-term data 
evaluating the outcome of SE for the treatment of these 
IAs. This study aimed to evaluate the safety and effec-
tiveness of the SE in the treatment of wide-necked small/
medium-sized IAs, located along the internal carotid ar-
tery (ICA) and the vertebrobasilar system, using data 
from an international, multicenter real-world registry.

METHODS
Data generated or analyzed during the study are avail-
able from the corresponding author upon reasonable 
request.

Study Selection
This is a subanalysis from the SEASE (Safety and 
Effectiveness Assessment of the Surpass Evolve) 
registry, a single-arm, retrospective, observational, 
multicentric international cohort study involving 15 
academic institutions in North America and Europe 
between July 2020 and October 2022. This study fo-
cused on all consecutive adult patients (≥18 years of 
age) who underwent SE implantation for wide-necked 
(neck ≥4 mm or dome/neck <2 mm) saccular IAs, 
measuring ≤12 mm in size along the ICA segments 
and vertebrobasilar system up to the junction. IAs that 
were ruptured or previously treated were excluded 
from the analysis (Figure 1). Institutional review board 
approval was obtained at all the participating centers, 
and informed consent was waived because the study 
was purely observational. This study followed the 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines.12

Data Collection and Core Laboratory 
Adjudication
The following data were collected by the enrolled cent-
ers: demographics and patient characteristics (age, 

CLINICAL PERSPECTIVE

What Is New?
•	 This is the first multicenter study to investigate 

the outcomes of the 64-wire Surpass Evolve for 
the treatment of small/medium-sized intracra-
nial aneurysms.

•	 Complete occlusion was achieved in 77.1% 
(101/131) of small/medium-sized intracra-
nial aneurysms at a median follow-up time of 
10.2 months.

•	 Major stroke and mortality were reported in 2 
(1.6%) patients and 1 (0.8%) patient, respec-
tively, whereas retreatment was needed in 1 
patient only.

What Are the Clinical Implications?
•	 A 64-wire Surpass Evolve can be effectively and 

safely used to treat small/medium-sized IAs.

Nonstandard Abbreviations and Acronyms

DSA	 digital subtraction angiography
FD	 flow diverter
IA	 intracranial aneurysm
ICA	 internal carotid artery
mRS	 modified Rankin Scale
OKM	 O’Kelly-Marotta
PED	 pipeline embolization device
PREMIER	 Prospective Study on Embolization of 

Intracranial Aneurysms With Pipeline 
Device

SE	 Surpass Evolve
SEASE	 Safety and Effectiveness Assessment 

of the Surpass Evolve
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sex, smoking, comorbidities, and baseline modified 
Rankin Scale [mRS] score), peri- and postprocedural 
treatment details (access site, number/size of FDs 
implanted, and posttreatment antiplatelet and antico-
agulation regimen), intrahospital complications, and 
follow-up assessments (ischemic/hemorrhagic events, 
mRS, retreatment, and mortality).

Central imaging laboratory assessment with 2 in-
dependent imaging reviewers blinded to the outcome 
adjudicated the procedural and follow-up radiographic 
outcomes: IA characteristics (number, location, mor-
phology, maximum size, neck size, and the presence of 
a vessel branch arising from dome/neck), vessel dimen-
sions (proximal and distal landing zones), intraprocedural 
use of balloon-assisted angioplasty or adjunctive coils or 
stents, IA occlusion status at last follow-up, and the par-
ent artery status at follow-up. Any disagreements were 
solved by discussion until consensus was achieved.

Study Device and Procedural Strategy
The SE is a braided cobalt-chromium alloy that is 
made of 48 and 64 wires based on its diameter (2.5 
and 3.25–5 mm, respectively). It also has a high braid 
angle that preserves its consistent diamond cell shape 
and high mesh density (15–32 pores/mm2). In this 
study, the 64-wire SE was used for all patients. Briefly, 
the 64-wire SE is deployed through a 0.027-inch mi-
crocatheter due to its low profile and expands immedi-
ately upon emerging from the microcatheter. The distal 

portion is identifiable through the presence of 2 mark-
ers and is safeguarded by a Teflon petal. It features a 
radiopaque distal tip wire measuring 15 mm in length. A 
third marker designates the limit for resheathing, which 
is feasible until 90% of the FDs remain unsheathed. 
Lastly, it can expand to a maximum of 0.2 mm beyond 
its nominal diameter.11

The implantation of the SE was performed follow-
ing the established protocols as outlined in existing 
literature and in accordance of the manufacturer’s di-
rections (Tables S1 and S2), with minor potential devi-
ations dependent on the specific treating center and 
proceduralist’s preferences.11,13,14 All procedures were 
performed under general anesthesia, and the choice 
of access (femoral or radial) and intraprocedural hep-
arinization or administration of IIb/IIIa inhibitors was as 
per the operator’s preference. The use of adjunctive 
treatments including coiling, balloon-assisted angio-
plasty, or stenting was based on the individual treating 
operator’s preference.

Dual Antiplatelet Therapy and Follow-Up 
Assessments
The preprocedural and postprocedural administration 
of antiplatelet and anticoagulation regimens were left 
to the discretion of the interventionalists (Table S3). In 
most cases, patients would initiate a dual antiplate-
let therapy regimen before the procedure (5–7 days). 
This regimen included aspirin (maintained for at least 

Figure 1.  Flowchart for the patients and aneurysms included in this study.
ICA indicates internal carotid artery; and SEASE, Safety and Effectiveness Assessment of the Surpass Evolve.
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6 months postprocedure), in addition to either clopi-
dogrel, prasugrel, or ticagrelor (maintained at least 
6 months postprocedure).

The follow-up time for clinical and angiographic out-
comes was determined according to the protocol of each 
center. Clinical assessments for ischemic/hemorrhagic 
events and mRS score were performed at discharge, 
3 months, 6 months, and 1 year. Angiographic evalua-
tions were performed with digital subtraction angiography 
(DSA), magnetic resonance angiography, or computed 
tomography angiography at 6 months and 1 year as per 
the usual practice at each center. Retreatment of the tar-
get IAs was also collected. The decision to retreat was at 
the discretion of the operator.

Study Outcomes
The primary effectiveness outcome was IA occlusion 
(without retreatment) at the last follow-up, adjudi-
cated by neuroimaging experts at the core laboratory. 
Complete occlusion was considered by Raymond-
Roy class 1.15 Secondary effectiveness outcomes in-
cluded final follow-up mRS score, worsening in mRS 
score between baseline and final follow-up, and oc-
clusion using the O’Kelly-Marotta (OKM) class D16 on 
patients with DSA only at follow-up. Additionally, the 
parent vessel flow status at follow-up was extracted 
by the core laboratory and classified as no steno-
sis, <50% stenosis, ≥50% stenosis, and complete 
occlusion.

The primary safety end point was the occurrence 
of major strokes (ischemic or hemorrhagic) within the 
territory supplied by the target vessel or procedure-
related deaths within a 1-year timeframe. A major 
stroke was defined as an increase of at least 4 points 
on the National Institutes of Health Stroke Scale score. 
Secondary safety outcomes encompassed minor 
procedure-related incidents within 30 days postim-
plantation, including complications at the access site 
and minor neurological events characterized by a tran-
sient change of <4 points on the National Institutes of 
Health Stroke Scale score within 24 hours. Moreover, 
mortality related and unrelated to the SE implantation 
was also collected.

Statistical Analysis
Statistical analysis was conducted using the packages 
table 1 and lme4 through R version 4.3.2 (R Foundation 
for Statistical Computing) software. Continuous vari-
ables were expressed by the median and interquartile 
range (IQR) and compared using the Mann-Whitney U 
test. Categorical variables were presented as frequen-
cies with percentages and compared using the χ2 or 
Fisher exact test, as appropriate. Univariable and mul-
tivariable mixed effects binary logistic regression mod-
els to account for treatment heterogeneity between 

centers were used to identify IA characteristics that 
were significantly associated with incomplete occlu-
sion and to calculate the adjusted odds ratio (aOR) and 
95% CI. Variables that were significant to P<0.15 in the 
univariable analysis were included in the multivariable 
model. Detection of multicollinearity was done using 
the Spearman rank correlation and variance inflation 
factors, and variables that had high variance inflation 
factors were excluded from the final model. All tests 
were 2-sided, and P values <0.05 were considered 
statistically significant.

RESULTS
Characteristics of Patients and IAs
This study included 129 patients with 135 unruptured 
small/medium-sized wide-necked IAs. The median 
age of patients was 59 years (IQR, 51–67 years), 85.3% 
(110/129) were women, 39.1% were smokers, and 40.6% 
had hypertension. Table 1 describes the details of the 
patient and IA characteristics. The majority of the pa-
tients had a baseline mRS score 0 to 2 (122/127, 96.1%), 
and only 6 (4.7%) patients had 2 IAs in the parent vessel.

The SE was most used to treat IAs located in the 
C6 ophthalmic artery (65.9%, 89/135), followed by the 
C7 communicating artery (14.1%, 19/135). The median 
maximum sizes of the IAs, along with the sizes of the 
neck and dome to neck ratio, were 5.1 mm (IQR, 3.6–
7.2 mm), 3.9 mm (IQR, 2.9–5.1 mm), and 1.2 mm (IQR, 
1.0–1.6 mm), respectively. A vessel branch arising from 
the IAs’ neck or dome was found in 3 (2.3%) and 7 
(5.4%) IAs, respectively. The vessel diameters are pre-
sented in Table S4.

SE Procedures
Details of the SE procedures are reported in Table 2. 
Successful implantation of the SE was done in 100% 
(129/129) of patients. A single SE was deployed in 
most of the patients (93.8%, 121/129) through the 
femoral access (75.2%, 97/129). Of those who had 
>1 SE deployed, all patients had a single IA that was 
mostly located in the C6 ophthalmic artery (75.0%, 
6/8). Balloon-assisted angioplasty was performed in 
58 (45.0%) patients. A comparison of baseline char-
acteristics and outcomes between those who had 
balloon-assisted angioplasty and those who did not is 
shown in Table S5. In addition, adjunctive coiling was 
done in 6 (4.7%) patients, whereas 3 (2.3%) patients 
had stenting. Of those who had stenting, 2 had poor 
wall apposition in the midportion that did not respond 
to angioplasty, whereas 1 had proximal braid collapse. 
All patients continued to receive a dual antiplatelet regi-
men for up to 6 months postprocedure, with the most 
common combination being aspirin and clopidogrel 
(65.6%, 84/129).
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Effectiveness Outcomes and Predictors of 
Incomplete Occlusion
The primary and secondary outcomes are summa-
rized in Table 3. In regard to the primary effectiveness 
outcome, of the 125 patients who had imaging follow-
up at a median time of 10.2 months (IQR, 6.4–12.8 
months), the core laboratory-adjudicated complete 
occlusion rate was 77.1% (101/131, Figure 2). In terms 
of the secondary effectiveness outcome, the complete 
occlusion rate measured by the OKM class D on DSA 
exclusively was 75.5% (74/98). The majority of patients 
exhibited an mRS score of 0 to 2 (96.8%, 122/126) dur-
ing their last clinical follow-up, and worsening in mRS 
baseline score was only observed in 2.4% (3/125).

IA characteristics and their association with occlu-
sion status at the last follow-up are illustrated in Table 4. 

After adjusting for confounders, larger size was sig-
nificantly associated with higher odds of incomplete 
occlusion at follow-up (aOR, 1.2 [95% CI, 1.02–1.5]; 
P=0.03). For every 0.1-mm increase in IA diameter, the 
odds of experiencing incomplete occlusion increased 
by 1.2 times.

Safety Outcomes
Major stroke (ischemic/hemorrhagic) was observed 
in 2 (1.6%) patients. One of those afflicted patients 
received aspirin and prasugrel and had left-sided 
embolic strokes with right-sided weakness during hos-
pitalization, whereas the other had an ischemic stroke 
in the territory of the parent vessel of the target IA. The 
latter patient was on aspirin and clopidogrel and died 
33 days after the SE procedure. The overall procedure-
related mortality rate in this study was 0.8%.

Other secondary complications included access-
site complications (1, 0.8%), minor stroke (5, 4.0%), 
and unrelated mortality (1, 0.8%) due to lung cancer. 
Retreatment was needed in 1 (0.8%) patient, whereas 
11 (8.8%) had ≥50% stenosis and 7 (5.6%) had fish-
mouthing at follow-up. A comparison of the rates of 
stenosis between the antiplatelet regimens is shown in 
Table S6. There were no significant differences in rates 
of stenosis on the antiplatelet regimen.

DISCUSSION
Our study presents a focused subanalysis of the 
SEASE registry, an international, multicenter, real-
world investigation into the angiographic and clinical 

Table 1.  Patient and Aneurysm Characteristics

Characteristics Values

Patients (n=129)

Age, y, median [IQR] 59.0 [51.0–67.0]

Women 110 (85.3%)

Baseline mRS score

0–2 122 (96.1%)

3–4 5 (3.9%)

Comorbidities

Hypertension 52 (40.6%)

Hyperlipidemia 43 (33.6%)

Diabetes 11 (8.6%)

Coronary arterial disease 5 (3.9%)

Stroke or transient ischemic 
attack

19 (14.8%)

Smoking (current or past) 50 (39.1%)

Patients with >1 aneurysm 6 (4.7%)

Aneurysms (n=135)

Location

Anterior circulation

ICA C6 ophthalmic segment 89 (65.9%)

ICA C7 communicating 
segment

19 (14.1%)

ICA C4 cavernous segment 15 (11.1%)

ICA C5 clinoid segment 8 (5.9%)

ICA C2 petrous segment 2 (1.5%)

Vertebrobasilar 2 (1.5%)

Dimensions, mm, median [IQR]

Maximum size 5.1 [3.6–7.2]

Aneurysm neck 3.9 [2.9–5.1]

Dome-to-neck ratio 1.2 [1.0–1.6]

Branch arising from aneurysm

Neck 3 (2.3%)

Dome 7 (5.4%)

ICA indicates internal carotid artery; IQR, interquartile range; and mRS, 
modified Rankin Scale.

Table 2.  Procedural Characteristics

Characteristics Values

Successful SE implantation 129 (100%)

Access

Femoral 97 (75.2%)

Radial 32 (24.8%)

Cases with >1 SE implanted 8 (6.2%)

Balloon-assisted angioplasty 58 (45.0%)

Adjunctive treatments

Coils 6 (4.7%)

Stent 3 (2.3%)

Intraprocedural IIb/IIIa inhibitor use 10 (7.8%)

Postprocedural antiplatelet regimens*

Aspirin + clopidogrel 84 (65.6%)

Aspirin + prasugrel 12 (9.4%)

Aspirin + ticagrelor 31 (24.2%)

Other (clopidogrel + cilostazol) 1 (0.8%)

SE indicates Surpass Evolve.
*Anticoagulation was additionally given to 4 patients due to other medical 

reasons.
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outcomes associated with the use of the new 64-wire 
SE for the treatment of IAs. This analysis specifically 
evaluates the effectiveness and safety of the 64-wire 
SE in treating small/medium-sized wide-necked IAs 
located at the ICA or the vertebrobasilar system. Our 
results demonstrate that the 64-wire SE is associated 
with high rates of complete occlusion, confirming its 
effectiveness in occluding IAs and preventing further 

blood flow into the IA sac. Equally important, the de-
vice exhibited a favorable safety profile, characterized 
by low rates of major ischemic/hemorrhagic stroke, 
mortality, and the need for retreatment.

Our effectiveness outcomes suggest that the 64-
wire SE is a highly effective option for patients with 
small/medium-sized wide-necked IAs in critical in-
tracranial locations. Our overserved core laboratory-
adjudicated complete occlusion rate of 77.1% notably 
surpasses the initial self-adjudicated rate of 57% re-
ported by Orru et al11 and underscores the 64-wire SE’s 
effectiveness. This high occlusion rate is attributed to 
the treatment of smaller IAs (average size 5.1 versus 
7.5 mm in previous reports) and a longer duration of 
angiographic follow-up (10.2 months), which provides 
a more comprehensive assessment of the device’s 
effectiveness. More importantly, our results remain 
consistent when obliterations are evaluated in patients 
with DSA follow-up exclusively using the dynamic OKM 
class D scale.16 In those patients, the complete occlu-
sion rate measured by the OKM class D scale on DSA 
exclusively was 75.5% (74/98), confirming that results 
are consistent, independent of the methodology used, 
and suggesting that noninvasive imaging might be 
suitable to evaluate effectiveness in those patients.

Our study’s occlusion rate slightly exceeds the rate 
reported by a previous meta-analysis (75%) for differ-
ent FDs in small/medium-sized IAs.17 Additionally, the 
SE’s effectiveness is consistent with previous studies 
using a pipeline embolization device to treat small/
medium-sized IAs (70%–91.7%).2,18–24 A particular 
noteworthy comparison is with the PREMIER study, 
a prospective core laboratory-adjudicated single-arm 
study with the exact inclusion criteria, where we found 
similar complete occlusion rates between our 64-wire 
SE and the 48-wire pipeline embolization device (77.1% 
versus 76.8%).6 Moreover, when examining studies in-
volving nitinol-based FD studies that included a sim-
ilar population of predominantly small/medium-sized 
wide necked IAs, our observed complete obliteration 
rates were higher than in the SAFE (Safety and efficacy 
Analysis of FRED Embolic device in aneurysm treat-
ment) trial)10 (77.1% versus 73.3%), which studied the 
outcomes for the flow direction endoluminal device, 
and lower than the Diversion-p64 trial25 (76.5% versus 
83.7%), which studied the outcomes for the p64 device 
(Table 5). Finally, our study also reinforces the concept 
that among small/medium-sized IAs, the greater the 
size, the lower the chances of complete occlusion rate, 
regardless of their location, when using the SE.

The low rates of major ischemic/hemorrhagic stroke 
(1.6%) as well as mortality (0.8%) underscore the safety 
profile of the SE for treating small/medium-sized wide-
necked IAs, aligning with previously reported findings 
in the literature.11 These rates were also similar to the 
combined major morbidity and mortality rate reported 

Table 3.  Safety and Effectiveness Outcomes

Characteristics Values

Primary outcomes

Effectiveness

Complete occlusion (RR 1)* 101 (77.1%)

Safety

Major stroke (ischemic/
hemorrhagic)

2 (1.6%)

Procedure-related mortality 1 (0.8%)

Secondary outcomes

Effectiveness

Follow-up mRS score

0–2 122 (96.8%)

3–6 4 (3.2%)

Worsening from mRS score 
from baseline

3 (2.4%)

Complete occlusion on DSA 
(OKM D)†

74 (75.5%)

Safety

Access site complications 3 (2.3%)

Minor stroke 5 (3.9%)

Unrelated mortality 1 (0.8%)

Additional outcomes

Retreatment 1 (0.8%)

Parent vessel stenosis at follow-up

No stenosis 91 (72.8%)

<50% stenosis 23 (18.4%)

≥50% stenosis 11 (8.8%)

Fish-mouthing

Intraoperative‡ 11 (8.5%)

At follow-up‡ 7 (5.6%)

Follow-up characteristics

Time to follow-up, mo, median 
[IQR]

10.2 [6.4–12.8]

Type of imaging modality

DSA 94 (75.2%)

MRA 19 (15.2%)

CTA 12 (9.6%)

CTA indicates computed tomography angiography; DSA, digital 
subtraction angiography; IQR, interquartile range; MRA, magnetic resonance 
angiography; mRS, modified Rankin Scale; OKM, O’Kelly-Marotta; and RR, 
Raymond-Roy.

*N=131 aneurysms from 125 patients.
†N=98 aneurysms from 94 patients had DSA at follow-up.
‡Proximal/distal flow diverter end ≥50%: 1 intraoperatively and 2 at 

follow-up.
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by the PREMIER6 study for the pipeline embolization de-
vice (2.1%) and was lower than the composite safety out-
come (7.8%) reported by Fiorella et al.17 Compared with 
the SCENT (Surpass Intracranial Aneurysm Embolization 
System Pivotal Trial to Treat Large or Giant Wide Neck 
Aneurysms) trial for the Surpass Streamline device, 
which included larger (>12 mm) IAs,26 our study’s safety 
outcomes were more favorable, further emphasizing the 
SE’s applicability to a broader range of IA sizes with a 
high safety margin. As compared with the p64 device 

in the Diversion-p64 trial, our SE was associated with 
similar rates of major stroke (1.6% versus 1.9%) and mor-
tality (0.8% versus 1.0%).25 This supports not only an ad-
equate effectiveness but also the high safety profile of 
the 64-wire SE for the treatment of small/medium-sized 
IAs comparable with other available flow diverters.

Notably, our study observed higher rates of parent 
vessel stenosis, with <50% and ≥50% stenosis oc-
curring in 18.4% and 8.8% of patients, respectively. 
The rates of the ≥50% stenosis of the parent vessel 

Figure 2.  RR occlusion scale.
RR indicates Raymond-Roy.

Table 4.  Aneurysm Characteristics of Incompletely Occluded Aneurysms at Last Follow-Up

Characteristics Complete Incomplete

P value

Univariable Multivariable*

Aneurysms (n=131) (n=101) (n=30)
Odds ratio (95% 
CI), P value

Odds ratio (95% 
CI), P value

Location

Anterior circulation

ICA C6 ophthalmic 
segment

63 (62.4%) 24 (80.0%) 0.506 Reference

ICA C7 communicating 
segment

14 (13.9%) 4 (13.3%) 0.8 (0.2–2.3), P=0.64

ICA C4 cavernous 
segment

12 (11.9%) 2 (6.7%) 0.4 (0.1–1.8), P=0.30

ICA C5 clinoid segment 8 (7.9%) 0 (0%) NA

ICA C2 petrous segment 2 (2.0%) 0 (0%) NA

Basilar 2 (2.0%) 0 (0%) NA

Dimensions, mm, median [IQR]

Maximum size 4.7 [3.4–6.5] 6.4 [4.2–9.3] 0.01 1.3 (1.1–1.5), 
P<0.001

1.2 (1.02–1.5), 
P=0.03

Aneurysm neck 3.4 [2.72–4.7] 4.4 [3.6–6.6] 0.002 1.4 (1.1–1.80), 
P=0.003

Dome-to-neck ratio 1.2 [1.0–1.6] 1.2 [1.1–1.5] 0.523 2.10 (0.7–6.0), 
P=0.16

Branch arising from aneurysm

No 93 (93.9%) 22 (84.6%) 0.214 Reference Reference

Yes 6 (6.1%) 4 (15.4%) 2.8 (0.7–10.7), 
P=0.13

2.4 (0.6–9.8), P=0.21

ICA indicates internal carotid artery; IQR, interquartile range; and NA, not applicable.
*Mixed-effects binary logistic regression was conducted for variables significant to P<0.15. Aneurysm neck was not included due to collinearity.
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in this study were higher than what is reported in the 
PREMIER (2.9%)6 and SAFE (2.2%)10 trials. Of impor-
tance, none of those patients who had ≥50% steno-
sis of the parent vessel in this study were reported to 
have major stroke or required additional endovascular 
treatments at follow-up. Only 3 patients with stenosis 
of the parent vessel had minor strokes. However, this 
is a finding that might require further investigation. We 
hypothesize that the increased use of balloon-assisted 
angioplasty following SE deployment (45.0%) might 
explain the increased occurrences of parent vessel 
stenosis in this study.27 Of note, the high rate of an-
gioplasty in this study may be attributed to varying 
practices at each of the enrolled centers, where in 
some of these centers, balloon angioplasty is routinely 
performed as a supplementary procedure following 
SE deployment. Alternatively, it can also be reasoned 
back to the relationship between the vascular charac-
teristics (tortuosity, diameter, aneurysm location) and 
the mechanical properties of the SE (wires, naviga-
bility, radial force).7,28 To date, there has not been any 
research that has compared the radial force among 
various FDs and its correlation with the most effective 
implantation.28 Moreover, we could not reliably differ-
entiate the cause due to the retrospective nature of our 
data. Nevertheless, when comparing those who had 
balloon-assisted angioplasty to those who did not, we 
found no significant difference in rates of stenosis of 
the parent vessel between the 2 groups. Future stud-
ies are warranted to explore if the higher occurrence 
of stenosis could be linked to the inherent traits of the 
SE and Surpass Streamline (both featuring a greater 
number of wires, which theoretically increases the 
endothelium-metal surface reaction after implantation), 
or if it is caused by the supplementary postinflamma-
tory reaction to balloon angioplasty.

LIMITATIONS
This study is limited by its nonrandomized design, lack 
of a control arm, and its retrospective direction. The 

selection of patients with IAs for inclusion was left to the 
interventionalists and was not influenced by the authors, 
which is intended to produce a real-world experience. 
Although the cases presented in this study were consec-
utive, treatment with other FDs for specific cases could 
have been encountered during the period of this study. 
Furthermore, the inclusion of multiple centers resulted in 
variability in the management of patients on antiplatelet 
regimens, adjunctive treatments, and follow-up timings. 
Also, most of the included IAs were in the C6 segment 
of the ICA, which calls for future studies to investigate in 
more depth the use of the SE for small/medium-sized 
wide-necked IAs of the other ICA segments. Similarly, 
the extrapolation of our findings to the vertebrobasilar 
system is limited because we only included 2 (1.5%) 
vertebrobasilar system IAs. Although a central core 
laboratory was used to ensure consistency in imaging 
interpretations, there was no established protocol on the 
minimum angiographic follow-up. Considering that 25% 
of the patients had noninvasive imaging follow-ups, we 
note that the rate of complete occlusion could be over-
stated due to the inadequate assessments of small rem-
nants that may only be visualized during a late venous 
phase on DSA. Nevertheless, the rate of complete occlu-
sion at follow-up remained consistent when exclusively 
assessed on DSA using the OKM scale. Most impor-
tantly, the safety clinical outcomes were self-adjudicated 
by the principal investigator at each center, which might 
result in an underestimation of all safety events com-
pared with those reported in a prospective study. Also, 
magnetic resonance imaging was only performed dur-
ing the hospitalization or at follow-up when there was a 
clinical suspicion of major or minor stroke. In addition to 
the 1.6% rate of major stroke, only 3 had minor strokes, 
and for that no treatment was needed. Unfortunately, we 
did not perform follow-up magnetic resonance imaging 
postprocedure or at follow-up in patients without clinical 
symptoms and therefore cannot evaluate the incidence 
of silent strokes in that subgroup. Finally, the rationale 
for angioplasty was not collected; therefore, it was not 
possible to differentiate whether the use of angioplasty 

Table 5.  Comparison With Other Reports That Studied Flow Diversion for Predominantly Small and Medium-Sized Wide-
Necked Intracranial Aneurysms

Characteristics
Meta-analysis (Fiorella 
et al)17 PREMIER (Hanel et al)6 SAFE (Pierot et al)10* Our results

No. of patients/aneurysms 2614 patients 141/141 103/103 129/135

Device Multiple PED FRED SE

Follow-up time, mo 12 12 Mean: 14.7 Median: 10.2

Complete occlusion 74.9% 76.8% 73.3% 77.1%

Composite safety (major stroke/mortality) 7.8% 2.1% 4.9% 2.3

In-stent stenosis 50% NA 2.9% 2.2% 8.8%

*31% of the aneurysms had size >10 mm.
FRED indicates flow direction endoluminal device; NA, not applicable; PED, pipe embolization device; PREMIER, Prospective Study on Embolization of 

Intracranial Aneurysms With the Pipeline Device; SAFE, Safety and efficacy Analysis of FRED Embolic device in aneurysm treatment; and SE, Surpass Evolve.
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was related to routine postimplantation maneuver or im-
paired device wall apposition.

CONCLUSIONS
Our findings underscore the 64-wire SE’s effectiveness 
and safety in managing small/medium-sized wide-
necked IAs. The device demonstrates a favorable 
profile for achieving complete occlusion and maintain-
ing a high safety margin, even in the context of higher 
stenosis rates associated with balloon-assisted angio-
plasty. These insights contribute to the growing body 
of evidence supporting the SE’s role in neurointerven-
tional surgery and underline the need for continued 
evaluation of procedural techniques to optimize patient 
outcomes.
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