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ABSTRACT
Background  More high-quality evidence for stent-
assisted coiling (SAC) of cerebral aneurysms is needed. 
Randomized controlled trials have shown lower 
recurrence with the HydroCoil Embolic System (HES) 
compared with bare platinum coils, and self-adjudicated 
LVIS Evo SAC studies have demonstrated favorable safety 
and technical success. The objective of the SEALANT 
study is to investigate the safety and effectiveness of this 
device combination.
Methods  SEALANT is an open-label, prospective, 
single-arm, multicenter study including patients with 
aneurysms up to a maximum size of 12 mm. The primary 
effectiveness endpoint was complete occlusion on digital 
subtraction angiography (DSA), and the primary safety 
endpoint was major ipsilateral stroke or neurological 
death. Adverse events and imaging were independently 
adjudicated.
Results  206 patients were enrolled; 193 had follow-up 
imaging for outcome assessment; and 164 satisfied all 
criteria, were treated with both study devices (including 
≥90% HES), and had DSA follow-up. The participants’ 
mean age was 56.8±11.6 years; 65% were female. Of 
212 aneurysms, 86.3% were bifurcation and 13.2% 
sidewall; 25.0% were previously treated and 17.9% 
previously ruptured; 89.6% were anterior circulation, 
34.0% at the anterior communicating artery, and 
30.7% at the middle cerebral artery; and 84.9% were 
wide-necked (neck ≥4 mm or dome/neck ratio <2). The 
primary effectiveness endpoint of complete occlusion 
was achieved in 82.1% (95% CI 76.4% to 87.9%) of 
aneurysms. 2.4% (95% CI 0.3% to 4.5%) of patients 
met the primary safety endpoint of major ipsilateral 
stroke or neurological death. The primary safety endpoint 
was significantly associated with baseline modified 
Rankin Scale and history of previous stroke.
Conclusion  1-year SEALANT results confirm the safety 
and effectiveness of SAC using LVIS Evo and HES.
Trial registration number  NCT04999423.

INTRODUCTION
Background/rationale
Stent-assisted coiling (SAC) is a standard method 
of treating patients with unruptured intracranial 
aneurysms (UIAs) in day-to-day use around the 

world, typically for wide-necked bifurcation aneu-
rysms. However, there is still a recognized need for 
more high-quality evidence—for example, from 
well-designed post-market studies evaluating device 
safety and effectiveness.1

Stents provide neck coverage to trap coils in an 
aneurysm, but they may also promote a healing 
response in the parent vessel, acting as a scaffold for 
endothelial growth across the neck while providing 
some degree of flow diversion.2 3 The fully visible, 
recapturable, low-profile braided design of the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Stent-assisted coiling (SAC) is widely used, 
but high-quality prospective evidence remains 
relatively limited. Randomized controlled 
trials (RCTs) have shown reduced recurrence 
with the HydroCoil Embolic System (HES), and 
retrospective studies suggest favorable safety 
and technical performance of the LVIS Evo 
stent.

WHAT THIS STUDY ADDS
	⇒ SEALANT is the first prospective, multicenter 
study with independent core lab and clinical 
event adjudication to assess SAC using LVIS 
Evo in combination with HES coils. At 1 year, 
82.1% of aneurysms were completely occluded 
and 2.4% of patients had experienced major 
ipsilateral stroke or neurological death. Baseline 
disability and prior ischemic stroke were 
significantly associated with the primary safety 
outcome.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ SEALANT provides robust prospective evidence 
supporting the safety and effectiveness of SAC 
using LVIS Evo and HES coils, in a population 
of predominantly wide-necked aneurysms. The 
results can be used to inform clinical decision-
making and as a benchmark against alternative 
endovascular strategies. They also provide 
a foundation for the design of future RCTs 
comparing SAC with other treatments.
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LVIS Evo stent (Low-profile Visualized Intraluminal Support) 
allows an operator to optimize deployment and neck coverage. 
Combined with smaller cell size compared with laser-cut stent 
designs, this could enhance coil packing and flow-diverting 
effect.4 5 Published early clinical experience using LVIS Evo, 
including a meta-analysis of seven self-adjudicated retrospec-
tive studies, has demonstrated favorable safety and technical 
success.6–11

On the other hand, three randomized controlled trials (RCTs) 
have shown benefit from Hydrogel coils compared with bare 
platinum.12–14 The most recent of these, HEAT (Hydrogel Endo-
vascular Aneurysm Treatment Trial), showed significantly lower 
rates of aneurysm recurrence in patients randomized to treat-
ment using second-generation HydroCoil Embolic System (HES) 
coils compared with bare platinum coils (BPC) (4.4% HES vs 
15.4% BPC, P=0.002) without increased harm.14

So, when used together, LVIS Evo and HES coils have the 
promise to be highly effective, with low rates of recurrence, while 
maintaining procedural safety. SEALANT is the first prospective 
clinical study examining this device combination.

Objective
The objective of this study is to investigate the safety and effec-
tiveness of cerebral aneurysm treatment using LVIS Evo and HES 
coils.

METHODS
Study design
SEALANT (Safety and Effectiveness Analysis of stent-assisted 
coiling with LVIS Evo and HydroCoil Embolic System in ANeu-
rysm Treatment) is an open-label, prospective, single-arm, 
multicenter clinical study. It was registered in the United States 
National Library of Medicine ​ClinicalTrials.​gov database before 
enrolling participants. All required local and national ethics 
and regulatory approvals were obtained for participating sites. 
Ethics committee details are supplied in the online supplemental 
material. All participants gave written informed consent, and 
the study was run in accordance with Good Clinical Practice 
standards.

Setting
The study is being conducted at 17 neurointervention centers in 
Europe, located in Germany, France, Italy, Belgium, and the UK. 
Two hundred and six patients were enrolled between January 
2022 and August 2023. This paper presents outcome data at 
1 year after aneurysm treatment. The study will continue to 
follow-up enrolled patients for up to 3 years.

Participants
Participants were adults with an unruptured or previously 
ruptured intracranial aneurysm (>30 days since occurrence) up 
to a maximum size of 12 mm, judged suitable for endovascular 
treatment using LVIS Evo and HES by the investigator. Patients 
with intracranial hemorrhage <30 days before treatment, 
partially thrombosed or fusiform aneurysms, and those whose 
target aneurysm had been previously treated with a stent were 
excluded. A complete list of inclusion and exclusion criteria 
is provided in the online supplemental material. Based on the 
intervention protocol of the HEAT RCT, patients were required 
to receive treatment with at least 90% HES of the total coil 
length used. The study protocol did not mandate a standardized 
antiplatelet therapy regimen.

Variables
The primary effectiveness endpoint is the proportion of aneu-
rysms with complete occlusion based on Raymond-Roy occlu-
sion classification (RROC) evaluated using digital subtraction 
angiograms (DSA). The primary safety endpoint is the propor-
tion of patients with major ipsilateral stroke or neurological 
death. Major stroke was defined as an ischemic or hemorrhagic 
stroke persisting for more than 24 hours and resulting in a ≥4 
point increase in the National Institutes of Health Stroke Scale 
(NIHSS) score compared with baseline or any subsequent lower 
score.

Data sources/measurement
Data were captured in an electronic case report form and 
independently monitored by a contract research organization 
(CRO). Adverse events were adjudicated by an independent 
clinical events adjudicator (CEA). Imaging was evaluated by an 
independent core laboratory (core lab). Statistical analysis was 
performed by a CRO statistician. The principal investigators had 
full access to all data in the study and take responsibility for its 
integrity and the data analysis.

Bias
The study protocol stipulated that consecutive eligible patients 
should be recruited to minimize selection bias. Independent 
adjudication of imaging and adverse events reduces the risk 
of investigator-related reporting bias. Presenting data for both 
intention-to-treat (ITT) and per protocol (PP) populations 
enhances transparency of reporting and helps reduce bias when 
interpreting results. Study reporting in this paper conforms to 
STROBE (STrengthening the Reporting of OBservational studies 
in Epidemiology) guidelines.15

Study size
The expected proportion of aneurysms with complete occlusion 
(RROC class I) at 1 year was estimated at 80% based on the 
pivotal US first-generation LVIS trial16 and Atlas IDE trial (Inves-
tigational Device Exemption).17 Calculating precision using the 
formula e=1.96 × √p × (1 p)/n, a sample size of 200 patients 
was necessary to allow estimation of the proportion of aneu-
rysms with complete occlusion ranging from 65% to 90% with 
precision from ±4.2% to ±6.6%. With 10% loss to follow-up 
this sample size maintained precision of ±4.4% to ±7% for 
effectiveness parameters.

Quantitative variables
Functional independence was defined as a modified Rankin Scale 
(mRS) score of 0 to 2. Aneurysms with neck ≥4 mm or dome-
to-neck ratio <2 were categorized as wide-necked aneurysms.18

Statistical methods
Quantitative data are summarized using descriptive statistics. 
Continuous variables are summarized by mean, SD, and number 
of observed and missing values, and categorical variables by 
using absolute and relative frequencies (percentages). Endpoint 
results are reported as the number of occurrences, their rela-
tive proportions (percentages), and 95% confidence intervals 
(95% CI). Missing data were not imputed, as the mechanism 
was considered missing not at random, and too complex in 
the uncontrolled study environment for reliable modeling 
without risk of bias. Subgroup comparisons were performed 
using inferential methods. Comparisons for nominal variables 
were conducted using the χ2 test, Fisher’s exact test, or the 

Protected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies. 

.
by guest

 
on July 23, 2026

 
http://jnis.bm

j.com
/

D
ow

nloaded from
 

23 July 2026. 
10.1136/jnis-2026-025179 on 

J N
euroIntervent Surg: first published as 

https://dx.doi.org/10.1136/jnis-2026-025179
https://dx.doi.org/10.1136/jnis-2026-025179
https://dx.doi.org/10.1136/jnis-2026-025179
http://jnis.bmj.com/


3Downer J, et al. J NeuroIntervent Surg 2026;0:1–7. doi:10.1136/jnis-2026-025179

New devices and techniques

Fisher-Freeman-Halton test for more than two categories, and 
continuous variables using the Student’s t-test. Statistical signif-
icance was defined as P<0.05. SAS software version 9.4 for 
Windows was used, in accordance with ISO 1455 and ICH E9 
guidelines.

RESULTS
Participants
The ITT population included all patients who were enrolled in 
the study and had at least one study device inserted into a micro-
catheter during their treatment procedure (206 patients). The 
1-year effectiveness ITT population included all patients who 
had successful placement of at least one study device at the target 
aneurysm, and core lab RROC assessment at 12±6 months using 
all imaging modalities (193 patients), but DSA was required for 
the primary effectiveness endpoint. The PP population included 
all patients who satisfied all inclusion and exclusion criteria, 
had successful placement of both study devices at the target 
aneurysm (including HES coils of at least 90% of the total coil 
length used) and DSA follow-up at 12±6 months (164 patients). 
Information on the analyzed populations is summarized in a 
CONSORT (CONsolidated Standards Of Reporting Trials) flow 
diagram (figure 1).

Descriptive data
Baseline patient characteristics
The mean age of the ITT population was 56.8±11.6 years, and 
65% were female; 46.6% had a smoking history, 57.8% a history 
of hypertension, and 9.7% had a family history of cerebral aneu-
rysms; 26.2% had previous hemorrhagic stroke, 3.9% prior 
ischemic stroke, and 5.8% transient ischemic attack; and 98.1% 
were functionally independent at baseline. Baseline patient 
data for ITT and PP populations is presented in table 1. There 
were no statistically significant differences between ITT and PP 
populations.

Aneurysm characteristics
Of the 206 patients in the ITT population, 200 had a single 
target aneurysm treated in the study, while six patients had two 
aneurysms treated using the study devices, making a total of 212 
aneurysms treated in the ITT population. Of these, 86.3% were 
bifurcation aneurysms and 13.2% sidewall. There was one fusi-
form aneurysm (0.5%); 25.0% of aneurysms had been previously 
treated, of which 84.9% had been coiled; 17.9% of aneurysms 
were previously ruptured; 34.0% were located at the anterior 
communicating artery and 30.7% at the middle cerebral artery; 
and 89.6% were anterior circulation aneurysms. The aneurysm 
mean height was 5.3±2.4 mm and width 5.2±2.1 mm, with a 
mean neck of 3.7±1.5 mm; 84.9% were wide-necked aneu-
rysms. The mean distal parent artery diameter was 2.3±0.7 mm 
and proximal 2.8±0.7 mm. A breakdown of target aneurysm 
characteristics for ITT and PP populations is provided in table 1. 
There were no statistically significant differences between ITT 
and PP populations. Further baseline patient and aneurysm data 
are provided in the online supplemental material.

Procedural data
LVIS Evo
All but one patient in the ITT population (99.5%) had successful 
implantation of LVIS Evo. In this case, a partially deployed stent 
was accidentally withdrawn with its delivery microcatheter, and 
the aneurysm was treated with coiling alone. Five ITT and four 
PP patients (2.4%) were treated with two LVIS Evo stents (two 
ITT/one PP with T-stenting, two H-stenting and one with tele-
scoped stents). Three ITT/two PP implanted stents had balloon 
inflation following deployment to address incomplete opening 
(1.4% ITT/1.2% PP).

≥90% HES
All but one aneurysm in the ITT population was treated with at 
least one HES coil. In this case, the jailed coiling microcatheter 
position was lost, no coils were placed, and the aneurysm was 

Figure 1  CONSORT flow diagram. *Two patients have two reasons for PP exclusion. CONSORT, CONsolidated Standards Of Reporting Trials; DSA, 
digital subtraction angiography; HES, HydroCoil Embolic System; LVIS, Low-profile Visualized Intraluminal Support; PP, per protocol.
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treated with LVIS Evo alone (with core lab adjudicated complete 
occlusion at 1 year). Of the remaining 211 aneurysms, 91.5% 
had at least 90% HES of the total coil length used.

Treatment procedure
A jailing technique was used to treat 53.8% of the aneurysms 
in the ITT population (49.7% PP), and a stent through balloon 
technique (coiling with balloon remodeling before stenting using 
a dual lumen balloon catheter) in 17.0% (17.8% PP); 85.4% of 
ITT patients were treated using femoral access and 13.6% radial 
(86.6%/12.8% PP). Mean procedure time was 106.4±40.2 min 
and fluoroscopy time 38.5±19.0 min. Further procedural data 
are provided in the online supplemental material.

Antiplatelet therapy
A total of 91.7% of the ITT population received pre-procedure 
antiplatelet loading (92.7% PP) and 71.4% had antiplatelet 
function testing (70.1% PP). Clopidogrel resistance was iden-
tified in 22.4% of these (19.1% PP), and in all but one case, 
the antiplatelet medication was changed as a result (in all cases 

in PP population); 15.0% were hyper-responders (16.5% PP), 
but no changes were made to their antiplatelet regimen. Overall, 
the most used P2Y12 inhibitor was clopidogrel; 93.2% of ITT 
patients were on dual antiplatelet therapy (DAPT) at discharge 
(94.5% PP), with most receiving aspirin and clopidogrel, while 
5.8% (4.9% PP) were on single antiplatelet therapy (SAPT). 
Two ITT patients were on no antiplatelets at discharge, in one 
case because no stent was implanted, and in the other DAPT 
was prescribed but the patient was non-compliant (one patient 
in PP population). At a follow-up of mean 11.8±3.6 months for 
ITT patients, 58.0% were on SAPT (57.9% PP), 30.1% were on 
no antiplatelets (30.5% PP), and 11.9% were on DAPT (11.6% 
PP). Where they had been stopped, the mean duration of post-
procedure P2Y12 inhibitors in ITT patients was 3.9±2.8 months 
for clopidogrel, 4.0±2.1 months for ticagrelor, and 5.3±2.7 
months for prasugrel. Further antiplatelet therapy data are 
provided in the online supplemental material.

Outcome data
Effectiveness data
Follow-up imaging was at a mean of 11.6±3.7 months for ITT 
patients and 11.5±3.7 months for PP. Effectiveness outcomes 
for both the ITT and PP populations are presented in table 2. 
Where the core lab was unable to assess the imaging, data were 
treated as missing.

Primary effectiveness endpoint
A total of 82.1% (95% CI 76.4% to 87.9%) of aneurysms in the 
PP population met the primary effectiveness endpoint of core 
lab adjudicated complete occlusion (RROC class I) (ITT 80.7%, 
95% CI 75.1% to 86.4%).

Secondary effectiveness endpoints
8.9% of PP aneurysms had RROC class II occlusion (ITT 10.1%), 
48.8% had improved occlusion compared with final intrapro-
cedural results, and 44.0% were unchanged. No patient in the 
study had been retreated.

Safety data
Clinical follow-up for safety outcome data was at a mean of 
11.8±3.6 months. Safety reporting included all 206 patients in 
the ITT population. For six patients (three withdrew, two lost to 
follow-up, and one no follow-up), data are up to the latest time 
point available. Safety results are summarized in table 3.

Primary safety endpoint
In total, 2.4% (95% CI 0.3% to 4.5%) of patients met the 
primary safety endpoint of CEA adjudicated major ipsilateral 
stroke or neurological death.

Secondary safety endpoints
Just 1.0% (95% CI 0% to 2.3%) of patients had major ipsilat-
eral stroke or neurological death adjudicated to be related to the 
study devices or treatment procedure. All-cause mortality was 
3.4%. Of the seven deaths, four were neurological (one related 
to ipsilateral ischemic stroke at day 4 post-procedure, one 
contralateral ischemic stroke at 8 months, one ischemic stroke 
following complications of treatment of another aneurysm after 
the study procedure at 3.5 months, and one traumatic acute 
subdural hematoma at day 15). Two deaths were not neuro-
logical (one cancer related at 2 years, one abdominal infection 
at 6 months). One death was of unknown cause at 4 months. 
In total, 96.5% of patients were functionally independent at 

Table 1  Baseline patient data and target aneurysm characteristics

Patients
ITT
n=206

PP
n=164

Female gender 134 (65.0%) 107 (65.2%)

Age (mean±SD) 56.8±11.6 55.8±11.5

Functional independence (mRS 0–2) 202 (98.1%) 160 (97.6%)

Systemic hypertension 119 (57.8%) 91 (55.5%)

Smoking 96 (46.6%) 73 (44.5%)

Family history of aneurysms 20 (9.7%) 14 (8.5%)

History of hemorrhagic stroke 54 (26.2%) 44 (26.8%)

History of ischemic stroke 8 (3.9%) 6 (3.7%)

Transient ischemic attack 12 (5.8%) 8 (4.9%)

Aneurysms ITT
n=212

PP
n=169

Anterior circulation 190 (89.6%) 151 (89.3%)

Posterior circulation 22 (10.4%) 18 (10.7%)

Bifurcation 183 (86.3%) 148 (87.6%)

Sidewall 28 (13.2%) 21 (12.4%)

Fusiform 1 (0.5%) N/A

Previously treated 53 (25.0%) 44 (26.0%)

Previously ruptured (validated) 38 (17.9%) 32 (18.9%)

Aneurysm size in mm (mean±SD)

 � Height 5.3±2.4 5.0±2.1

 � Width 5.2±2.1 5.0±2.0

 � Neck 3.7±1.5 3.6±1.4

Dome-to-neck ratio

 � <2 174 (82.1%) 142 (84.0%)

 � ≥2 38 (17.9%) 27 (16.0%)

Wide necked aneurysm (neck ≥4 mm or D/N 
ratio <2)

180 (84.9%) 143 (84.6%)

Parent artery size in mm (mean±SD)

 � Distal diameter 2.3±0.7 2.3±0.7

 � Proximal diameter 2.8±0.7 2.8±0.7

D/N, dome-to-neck; ITT, intention-to-treat; mRS, modified Rankin Scale; PP, per 
protocol.
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12±6 months follow-up (98.1% functionally independent at 
baseline). Major stroke occurred in 2.4%, and minor stroke 
in 3.9%. Three patients (1.5%) experienced intraprocedural 
subarachnoid hemorrhage, two of which were asymptomatic, 
and the other had only transient mild clinical impact; 3.4% of 
patients had device-related serious adverse events, and 2% stent-
related thromboembolic events.

Main results
One- year results of the SEALANT study showed 82.1% (95% 
CI 76.4% to 87.9%) of PP aneurysms were completely occluded, 
and 2.4% (95% CI 0.3% to 4.5%) of patients had experienced 
major ipsilateral stroke or neurological death.

Other analyses
Subgroup analysis for safety and effectiveness endpoints
Subgroup analysis for the primary safety endpoint showed a 
statistically significant association with baseline mRS (mRS 4: 
100% vs mRS 1: 7.7%, vs mRS 0: 1.2%, P=0.011) and history 
of prior ischemic stroke (25.0% vs 1.5%, P=0.012). No other 
statistically significant differences in safety outcomes were 

observed across subgroups. There were no statistically significant 
differences in effectiveness outcomes across subgroups defined 
by aneurysm type, location or percentage HES implanted. 
Subgroup analysis data are provided in the online supplemental 
material.

DISCUSSION
Key results
SEALANT is the largest and only prospective, independently 
adjudicated multicenter study both of LVIS Evo and its use with 
HES coils, for treating cerebral aneurysms. Device engineering 
characteristics and existing evidence suggest that this combina-
tion should be highly effective, without compromising safety and 
technical feasibility.6 14 The 1-year results of the study confirm 
the safety and effectiveness of SAC using LVIS Evo and HES 
coils.

Limitations
Despite the strengths of the study protocol, including measures 
to reduce bias, there are limitations inherent in its open-label, 
single arm design. The study does not include a control group, 
and investigators are not blinded to treatment allocation. So, rela-
tive to an RCT, a single arm study cannot directly quantify treat-
ment effect size, and interpretation of results requires knowledge 
outside the study—for example, from external comparators.19 
The protocol stipulated consecutive enrollment, but some risk 
of selection bias remains as inclusion was subject to investigator 
interpretation of cases suitable for treatment with study devices. 
The observational design of the study did not predefine bench-
marks for safety and effectiveness.20

Interpretation
Feasibility
Results of the SEALANT study show high levels of technical 
feasibility. LVIS Evo was successfully placed in 99.5% of the ITT 

Table 3  Safety outcomes at mean 11.8±3.6 months

n=206 95% CI

Major ipsilateral stroke or neurological death 5 (2.4%) 0.3% to 4.5%

Major ipsilateral stroke or neurological death 
related to study devices or procedure

2 (1.0%) 0% to 2.3%

Ischemic stroke

 � Minor 7 (3.4%) 0.9% to 5.9%

 � Major 4 (1.9%) 0.1% to 3.8%

Hemorrhagic stroke

 � Minor 1 (0.5%) 0% to 1.4%

 � Major 1 (0.5%) 0% to 1.4%

Intra procedural subarachnoid hemorrhage 3 (1.5%) 0% to 3.1%

 � Due to aneurysm rupture 2 (1.0%) 0% to 2.3%

 � Due to parent or branch artery perforation 1 (0.5%) 0% to 1.4%

Thromboembolic complication

 � In stent 3 (1.5%) 0% to 3.1%

 � Distal or proximal to stent 1 (0.5%) 0% to 1.4%

Device related SAE 7 (3.4%) 0.9% to 5.9%

Procedure related SAE 8 (3.9%) 1.2% to 6.5%

Major stroke defined as ischemic or hemorrhagic stroke that persists for >24 hours 
and results in a ≥4-point increase in the National Institutes of Health Stroke Scale 
score compared with baseline or any subsequent lower score.
SAE, serious adverse event.

Table 2  Effectiveness outcomes at mean 11.6±3.7 months ITT, and 
11.5±3.7 months PP

Imaging assessment by 
core lab using DSA

ITT
n=183 patients/189 
aneurysms

PP
n=164 patients/169 
aneurysms

Complete occlusion (RROC 
I) (95% CI)

151/187
80.7% (75.1% to 86.4%)

138/168
82.1% (76.4% to 87.9%)

Residual neck (RROC II) 
(95% CI)

19/187
10.2% (5.8% to 14.5%)

15/168
8.9% (4.6% to 13.2%)

Missing data* 2 1

Imaging assessment by 
core lab

ITT (all modalities)
n=193 patients/199 
aneurysms

PP (DSA)
n=164 patients/169 
aneurysms

Modified Raymond-Roy score (per aneurysm)

 � Class I: Obliteration 153/189 (81.0%) 138/168 (82.1%)

 � Class II: Residual neck 19/189 (10.1%) 15/168 (8.9%)

 � Class IIIa: Residual 
aneurysm with contrast 
within coil interstices

10/189 (5.3%) 9/168 (5.4%)

 � Class IIIb: Residual 
aneurysm along 
aneurysm wall

7/189 (3.7%) 6/168 (3.6%)

 � Missing data* 10 1

Change in aneurysm occlusion (per aneurysm)

 � Improved 92/189 (48.7%) 82/168 (48.8%)

 � Same 83/189 (43.9%) 74/168 (44.0%)

 � Worsened 14/189 (7.4%) 12/168 (7.1%)

 � Missing data* 10 1

In stent stenosis (per 
patient)

 �  

 No stenosis 156/181 (86.2%) 140/163 (85.9%)

 � Stenosis <50% 20/181 (11.0%) 18/163 (11.0%)

 � Stenosis ≥50% 5/181 (2.8%) 5/163 (3.1%)

 � Missing data* 12 1

*Images not assessable by core lab.
DSA, digital subtraction angiography; ITT, intention-to-treat; PP, per protocol; RROC, 
Raymond-Roy occlusion classification.
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population, consistent with meta-analysis of self-reported LVIS 
Evo SAC studies6 (99.3%, 95% CI 98.5% to 100% technical 
success). In the SEALANT ITT population, the mean percentage 
HES coil by length implanted was 97.6% (SD 7.5%), compared 
with the GREAT RCT of aneurysm treatment using ≥50% HES 
coil by length versus BPC, where the mean percentage HES coil 
by length implanted was 83.2% (SD 21.4%).13

Effectiveness
One-year effectiveness results are good (82.1%, 95% CI 76.4% 
to 87.9% complete occlusion), and can be compared with 
outcomes reported in similar studies of SAC, the pivotal US first 
generation LVIS trial16 (79.1% complete occlusion) and Atlas 
IDE trial17 (88.2%, 95% CI 82.0% to 92.9% complete occlu-
sion), as well as meta-analysis of self-reported LVIS Evo SAC 
studies6 (86.8%, 95% CI 80.4% to 93.2% complete occlusion). 
Effectiveness is in line with meta-analysis of published studies of 
intracranial aneurysm treatment for concluding positive results 
(median 78.8%, IQR 68.4–88.0% complete occlusion at final 
follow-up), recognizing that this paper identified methodolog-
ical flaws in the analyzed literature.20 The STAT RCT (Stenting 
in the Treatment of Aneurysm Trial)21 showed lower rates of core 
lab adjudicated 1-year complete occlusion with SAC at 44.7%, 
which may at least in part reflect differences in study design and 
inclusion criteria.

Safety
One-year primary safety outcome results are also good, with a 
2.4% (95% CI 0.3% to 4.5%) rate of major ipsilateral stroke 
or neurological death, which can be compared with the pivotal 
US first generation LVIS trial16 (5.2% major stroke or death 
within 30 days or major ipsilateral stroke or neurological death 
within 12 months) and Atlas IDE trial17 (4.4%, 95% CI 1.9% to 
8.5% major ipsilateral stroke and neurological death at 1 year), 
as well as meta-analysis of self-reported LVIS Evo SAC studies6 
(3.0% morbidity plus mortality). Safety is also comparable 
with meta-analysis of published studies of intracranial aneu-
rysm treatment for concluding positive results (median 3.8%, 
IQR 0–21.0% major complications), again accepting the paper 
identified methodological flaws in the analyzed literature.20 
The STAT RCT21 showed higher rates of major complications 
from SAC, with as-treated 1-year mortality and morbidity (mRS 
>2) at 9.6%, although this outcome measure included all-cause 
mortality or dependency, and study design differed. SEALANT 
demonstrates a significant association of the primary safety 
endpoint with baseline disability and a history of prior ischemic 
stroke, which adds to the published literature linking baseline 
frailty and cerebral ischemic comorbidity with postoperative 
complications after elective UIA treatment.22–25

How do results compare with intrasaccular treatment benchmarks?
While external comparison with studies of coiling and WEB 
(Woven EndoBridge) must be treated with caution scientifically, 
it provides an interesting context for SEALANT results. The 
coiling RCT HEAT14 estimated complete occlusion at 3 to 12 
months of 64.9% for HES and 49.0% for BPC, and found all-
cause mortality and morbidity (mRS >2) of 7.6% for HES and 
7.9% for BPC. But HEAT had a significantly different design and 
included both ruptured and unruptured intracranial aneurysms. 
For WEB, 1-year results of the WEB-IT pivotal study26 showed 
53.8% complete occlusion, and 0.7% primary safety events 
(any non-accidental death or major stroke within 30 days, or 
major ipsilateral stroke or neurological death within 12 months). 

One-year results of the CLEVER study of WEB-17, including 
both ruptured and unruptured intracranial aneurysms, reported 
73.1% complete occlusion and 1.8% primary safety events (any 
non-accidental death or major stroke within 30 days, or major 
ipsilateral stroke or neurological death within 12 months).27 28 
With caveats, this signals that SAC with LVIS Evo and HES may 
achieve higher rates of complete occlusion than coiling or WEB, 
with a question about comparative safety, as the 95% CI for the 
primary safety endpoint in SEALANT overlaps the lower results 
for WEB in WEB-IT and CLEVER.

Implications for future research
There is a wide and seemingly ever-expanding range of endovas-
cular UIA treatment options. Many physicians crave RCT data 
to inform their daily decision-making in clinics and angio-labs. 
A previous attempt at an RCT of UIA treatment (the TEAM 
trial), which failed due to poor recruitment, provides evidence 
of the practical challenges and potential solutions for RCTs in 
this area.29 SEALANT adds to the scientific base for designing a 
successful RCT comparing SAC with other endovascular treat-
ment approaches. Following patients in SEALANT out to 3 years 
will be valuable, as longer-term treatment outcomes matter to 
patients, and similar studies typically close when only short-term 
results are known. Iterative device innovation, improvements in 
technique, and research to define optimal antiplatelet therapy 
regimens have the potential to further enhance the safety and 
effectiveness of SAC beyond where we stand today.

Generalizability
The open inclusion criteria and pragmatic non-interventional 
study design, reflecting real-world practice, strengthen the 
external validity of SEALANT study results. The diversity of 
participating sites, with 17 centers in five countries, and treat-
ment heterogeneity—for example, in antiplatelet therapy regi-
mens—are also positive attributes for generalizability.
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