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Clinical and Angiographic Outcomes of Aneurysms 
Treated with Two Self-expanding Stent-assisted Coiling 
Systems: A Comparison of Solitaire AB and Enterprise 
VRD Stents
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Department of Neurosurgery, 1Bongseng Memorial Hospital, 2Dongrae Bongseng Hospital, Busan, Korea

Objective : The purpose of this study was to compare clinical findings 
and outcomes of Enterprise and Solitaire stent-assisted coiling (SAC).

Materials and Methods : Between January 2012 and March 2014, 86 pa-
tients (mean age, 60.3 years) harboring 89 aneurysms were treated with 
Enterprise (n = 57) or Solitaire (n = 32) SAC. The patients' demographics, 
angiographic results, and clinical outcomes were reviewed retrospectively.

Results : There were no cases of stent navigation, deployment failure, ar-
terial dissection, or intraoperative aneurysmal rupture. Angiographic follow-up 
imaging was available for 86 (96.6%) aneurysms (Enterprise group, n = 55; 
Solitaire group, n = 31). Immediate postoperative and follow-up angiographic 
results showed no flow or only minimal flow into the neck in 83% 
(Enterprise group, 77.2%; Solitaire group, 93.8%) and 95.3% (Enterprise group, 
92.7%; Solitaire group, 100%) of SAC-treated aneurysms, respectively. Both 
stent groups showed good immediate postoperative and follow-up clinical 
outcomes. Excepting 2 cases, all patients achieved modified Rankin Scale 
scores of 0. Coil loop or tail protrusion into the parent artery was ob-
served in 17 (29.8%) and 7 (21.9%) cases in the Enterprise and Solitaire 
groups, respectively. No statistically significant difference in terms of an-
giographic results or clinical outcomes was observed between the groups.

Conclusion : Excellent and comparable clinical and angiographic outcomes 
for wide-neck intracranial aneurysms were achieved using both stents. 
Because of its higher radial strength and better vessel wall apposition, 
we cautiously propose that the Solitaire stent may be more effective for 
SAC of aneurysms harboring a large or severe tortuous parent artery.
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INTRODUCTION

As a result of recent, revolutionary developments in 

endovascular treatment, self-expanding stent-assisted 

coiling (SAC) is now widely accepted for wide-neck 

or complex intracranial aneurysms, which are techni-

cally challenging for conventional coil embolization.5)9) 

SAC has various advantages. For example, it creates 

a barrier which can prevent coil herniation into the 

parent vessel lumen, facilitates increased overall coil 
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packing density,16) and provides flow diversion. Currently, 

two self-expanding closed-cell stents, the Enterprise VRD 

stent (Codman, Miami, FL, USA) and the Solitaire AB 

stent (Covidien, Irvine, CA, USA), are widely used for 

SAC of wide-neck or complex intracranial aneurysms. 

Several studies have reported results relevant to each 

stent, including clinical and angiographic outcomes, 

procedural feasibility, and complications.4)5)12)16)18) However, 

few studies have compared the results of Enterprise 

and Solitaire SAC for wide-neck or complex intra-

cranial aneurysms. The purpose of this study was to 

compare Enterprise and Solitaire SAC in terms of sev-

eral clinical findings and the related follow-up results.

MATERIALS AND METHODS

Case selection

Between January 2012 and March 2014, 94 patients 

with 98 aneurysms underwent SAC of intracranial 

aneurysms at our institutions. Nine of the aneurysms 

were treated with Neuroform SAC and were therefore 

excluded from this study. The remaining 86 patients 

(male:female ratio, 19:67; age range, 41-89 years; mean 

age, 60.3 years) harbored 89 aneurysms, which were 

treated with Enterprise (57 aneurysms) or Solitaire (32 

aneurysms) SAC. SAC was performed for aneurysms 

with a neck width of ≥ 4 mm or a dome-to-neck ratio 

of < 2, as well as for broad-based aneurysms that were 

not approachable via conventional coiling. The stent 

device employed for SAC was determined according 

to the endovascular neurosurgeon's preferences, with 

attention to the easiness of manipulation, delivery, 

and deployment. This study was approved by our in-

stitution's review board and informed consent was 

obtained from all patients included in the study. 

In addition to clinical presentation and patient dem-

ographics, data were collected on the aneurysm di-

mensions, location, morphology (saccular, blister-like, 

or dissecting aneurysms), parent artery diameter and 

tortuosity (graded qualitatively by the treating endo-

vascular neurosurgeon: mild, moderate, or severe), 

description of the stent, delivery and deployment fail-

ure of the stent, presence of coil protrusion into the 

parent artery, thromboembolic events, periprocedural 

morbidity and mortality, and immediate postoperative 

and follow-up angiographic results from digital sub-

traction angiography with 3-dimensional rotational 

imaging. The immediate postoperative and follow-up 

clinical outcomes were also evaluated. 

Standard follow-up angiography was performed 12 

months after SAC. Immediate postoperative and fol-

low-up angiographic results, including degree of aneur-

ysm occlusion and presence of in-stent stenosis or in-stent 

thrombosis, were assessed according to the Raymond-Roy 

classification as follows: Class I (no filling of the 

aneurysm or dome), Class II (residual filling of the neck, 

but not the dome), and Class III (residual filling of the 

neck and dome). Clinical outcomes at discharge and 

follow-up were determined using the modified Rankin 

Scale (mRS).17) All data were reviewed retrospectively. 

All of the treated aneurysms were graded independently 

by two endovascular neurosurgeons.

Endovascular procedures, follow-up protocol, and 

perioperative medication

The modality of treatment was decided by a neuro-

surgeon and an endovascular neurosurgeon after con-

sidering the patient's co-morbidities, clinical status, 

and surgical feasibility in an interdisciplinary discussion. 

SAC was performed under general anesthesia in all 

patients. In unruptured cases, patients were pre-medi-

cated with dual antiplatelet agents: 75 mg of clopidog-

rel and 100 mg of aspirin daily for seven days before 

SAC. Subsequently, they received full anticoagulation 

with heparin during SAC. In cases of rupture, pa-

tients were not preloaded with antiplatelet agents and 

heparin coagulation was delayed until placement of 

the framing coil. The activated clotting time was kept 

at 200 to 300 seconds during all procedures. SAC was 

performed using the "jailing" or "semi-jailing" techni-

que in all cases.11) During stent deployment, we most 

often performed microcatheter-pullback and micro-

wire-push techniques sequentially in order to optimize 

stent deployment and minimize stent malposition.6) In 
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Solitaire Enterprise p value

Mean age (yearsSD) 59.8 ± 8.19 59.9 ± 11.13 0.761

Sex (F/M) 25/7 42/12 0.928

Follow-up period (months) 20.5 20.5 0.451

Un-ruptured/ruptured 29/3 51/6 1.0

Mean percent artery diameter (mm) 3.81 (2.5-4.63) 3.41 (2.8-5.52) 0.315

Parent artery tortuosity
Mild
Moderate
Severe

11
14
7

27
18
12

0.436

Location of aneurysm
ICA

PcoA
Distal

Supraclinoid
Cavernous
Paraclinoid

ACA
Posterior circulation

VA

0
0
2
1

24
0

5

3
1

10
4

32
1

6

Aneurysm size (mm) 5.95 (2.9-1.7) 5.69 (2.4-2.0) -

Aneurysmal morphology
Fusiform
Saccular
Blister-like

6
25
1

1
54
2

0.170

Continuous values are expressed as mean ± SD or mean (range). 
SD = standard deviation, F = Female, M: Male, ICA = Internal carotid artery, PcoA = Posterior communicating artery, ACA = Anterior 
cerebral artery, VA: Vertebral artery 

Table 1. Baseline data of the 89 aneurysms treated with Solitaire and Enterprise stent assisted coil embolization in 86 patients

cases involving coil loop herniation into the parent ar-

tery, the position of the coil loop between the parent 

artery and the stent was confirmed using 3-dimen-

sional digital subtraction angiography. 

After treatment, all patients were prescribed a dual 

antiplatelet regimen including 75 mg/day of clopidog-

rel and 100 mg/day of aspirin for 6-12 months, after 

which they were prescribed only 100 mg/day of aspir-

in for the rest of their lives. During follow-up, plain 

images of the skull with the same working projection 

images of SAC were examined every three months. 

At 12 months after SAC, cerebral angiography and 

magnetic-resonance angiography were performed to 

evaluate the degree of aneurysm occlusion, in-stent 

stenosis, stent migration, and any need for retreatment. 

Statistical analysis

The Pearson Chi-square and Fisher exact tests were 

used for assessment of between-group differences for 

demographic and clinical characteristics. The Student 

t-test was performed for evaluation of the statistical 

significance of differences in continuous parameters. 

Statistical significance was set at a p-value of less than 

0.05 using SPSS ver. 22.0 (SPSS Inc., Chicago, IL, USA)

RESULTS 

Patient and aneurysm characteristics

Eighty-nine aneurysms in 86 patients qualified for 

treatment with SAC (57 in the Enterprise stent group 

and 32 in the Solitaire stent group). The patients' 

demographic profiles and aneurysm features are 

shown in Table 1. Overall, the patient cohort included 

19 men and 67 women. The mean age of patients was 

60.3 years (range, 41-89 years). Headache was the 

most common symptom of aneurysms at presentation. 

In the Enterprise group, the locations of aneurysms 

were as follows: cavernous segment (n = 4), para-

clinoid (n = 32), supraclinoid (n = 10), posterior com-
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Solitaire Enterprise p value

Stent malposition 0 0 -

Delivery/deployment fail 0 0 -

In-stent stenosis/thrombosis 0 0 -

Thromboembolic event 2 1 0.293

Coil protrusion into vessel lumen 7 17 0.417

Table 2. Periprocedural complications in stent-assisted coiling

municating artery (n = 3), distal internal carotid ar-

tery (n = 1), anterior cerebral artery (n = 1), and ver-

tebral artery (n = 6). In the Solitaire group, aneurysms 

were found in the cavernous segment (n = 1), para-

clinoid (n = 25), supraclinoid (n = 1), and vertebral ar-

tery (n = 5). Seventy-eight (87.6%) of the aneurysms 

were located in the anterior circulation and 11 (12.4%) 

were located in the posterior circulation. The mean 

aneurysm size was 5.69 mm (range, 2.4-20 mm) in the 

Enterprise group and 5.95 mm (range, 2.9-17 mm) in 

the Solitaire group. In the Enterprise group, one 

aneurysm was fusiform, two had a blister-like shape, 

and 54 were saccular. In the Solitaire group, six 

aneurysms were fusiform, one had a blister-like 

shape, and 25 were saccular. Of the SAC-treated 

aneurysms, nine were ruptured (10.1%), six in the 

Enterprise group and three in the Solitaire group. The 

mean diameter of the parent artery was 3.41 mm 

(range, 2.5-4.63 mm) in the Enterprise group and 3.81 

mm (range, 2.8-5.52 mm) in the Solitaire group. In the 

Enterprise group, 47 aneurysms had mild or moderate 

parent artery tortuosity and 12 had severe tortuosity. 

In the Solitaire group, 25 aneurysms had mild or 

moderate and seven had severe tortuosity. 

Procedural feasibility and coil protrusion 

There were no cases of stent navigation or deploy-

ment failure in either stent group, and there was no 

occurrence of arterial dissection and intraoperative 

aneurysmal rupture. All aneurysms were treated suc-

cessfully with SAC, without procedural complications. 

We observed three cases (3.37%) of thromboembolic 

events, all of which occurred in ruptured aneurysms 

(Enterprise group, n = 2; Solitaire group, n = 1). 

However, each case had reverted to its baseline by 

the last follow-up visit. Coil loop or tail protrusion in-

to the parent artery was observed in 17 cases (29.8%) 

in the Enterprise group and seven cases (21.9%) in the 

Solitaire group. No difference in terms of the in-stent 

thrombosis or stenosis rate, thromboembolic event 

rate, or overall clinical outcomes was observed be-

tween the two stent groups (Table 2).

Angiographic and clinical follow-up results

On immediate postoperative angiograms, the occlu-

sion grades in the Enterprise group were as follows: 

Class I in 21 (36.8%) aneurysms, Class II in 23 (40.4%) 

aneurysms, and Class III in 13 (22.8%) aneurysms. In 

the Solitaire group, Class I was observed in 16 (50%) 

aneurysms, Class II in 14 (43.8%) aneurysms, and Class 

III in two (6.2%) aneurysms. Angiographic follow-up 

imaging was available for 86 aneurysms (96.6%; 55 in 

the Enterprise group and 31 in the Solitaire group) 

with a mean follow-up period of 12.8 months. On fol-

low-up angiograms, the occlusion grade in the Enterprise 

group was as follows: Class I in 32 (58.2%) aneur-

ysms, Class II in 19 (34.5%) aneurysms, and Class III in 

four (7.3%) aneurysms. In the Solitaire group, Class I oc-

clusion was found in 25 (80.7%) aneurysms and Class 

II occlusion in six (19.3%) aneurysms. There were no 

cases of in-stent stenosis or stent migration, and there 

was no need for retreatment in either stent group.

Regarding clinical results, most patients achieved a 

mRS score of 0 within a mean follow-up period of 20.8 

months (Enterprise group, 21 months; Solitaire group, 

20.5 months). However, the two ruptured cases in the 

Enterprise group had mild disability with mRS scores 

of 2. No statistically significant difference in terms of 
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Solitaire Enterprise p value

Immediate postoperative
occlusion grade 0.054

Class I 16 (50%) 21 (36.8%)

Class II 14 (43.8%) 23 (40.4%)

Class III 2 (6.2%) 13 (22.8%)

Follow-up available 31 55 -

Mean follow-up (months) 12.4 13.4 -

12-month follow-up
occlusion grade 0.184

Class I 25 (80.7%) 32 (58.2%)

Class II 6 (19.3%) 19 (34.5%)

Class III 0 4 (7.3%)

Table 3. Angiographic results of 89 aneurysms treated with Solitaire and Enterprise stent-assisted coiling

mRS Solitaire Enterprise p value

At discharge 0.213

0 32 51

1 0 3

2 0 3

Last 1.0

0 32 55

1 0 1

2 0 1

Mean follow-up (months) 20.5 21 -

mRS: Modified Rankin Scale

Table 4. Clinical results of 89 aneurysms treated with Solitaire and Enterprise stent-assisted coiling

clinical (p = 1.0) or angiographic results (p = 0.184) was 

observed between the two stent groups (Table 3, 4).

DISCUSSION

SAC has become an effective treatment for wide-neck 

intracranial aneurysms. Self-expandable closed-cell stents, 

such as the Enterprise and Solitaire, have been used 

with increasing frequency because of their excellent 

navigability, flexibility, and high rates of successful 

deployment.2)4)7)18) They are retrievable and can be re-

positioned even after full deployment, particularly 

when using the Solitaire stent.7)9) Previous studies re-

ported excellent results of stent navigation and de-

ployment in both stent groups (success rate: 97.1% for 

Enterprise stents and 98.1% for Solitaire stents).1)2)9)10)13)15-19) 

Among our cases, there were no failures or difficulties 

in stent navigation or deployment. Clinical and angio-

graphic outcomes did not show significant correlation 

with patient age, patient sex, aneurysm size, or aneur-

ysm type. 

Several studies have reported good initial and fol-

low-up angiographic results in both stent groups. In 

long-term angiographic results, Fargen et al. reported 

a > 90% rate of occlusion in 81% of 229 patients who 

underwent Enterprise SAC.4) Examining postoperative 

angiographic results, Klisch et al. observed a > 90% 

rate of occlusion in 94% of 53 patients harboring ante-

rior and posterior circulation aneurysms treated with 

Solitaire SAC.12)13) In our study, the immediate post-

operative and follow-up angiographic results showed 

no flow or minimal flow into the neck in 83% 
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Enterprise stent Aneurysms
Tortuosity (p = 0.052) Mean parent artery 

diameter (mm)Mild Moderate Severe

Coil protrusion (+) 17 4 7 6 3.48

Coil protrusion (-) 40 23 11 6 3.36

Table 5. Factors affecting coil protrusion after Enterprise stent-assisted coiling

Solitaire stent Aneurysms
Tortuosity (p = 0.540) Mean parent artery 

diameter (mm)Mild Moderate Severe

Coil protrusion (+) 7 1 4 2 3.61

Coil protrusion (-) 25 10 10 5 3.58

Table 6. Factors affecting coil protrusion after Solitaire stent-assisted coiling

(Enterprise group, 77.2%; Solitaire group, 93.8%) and 

95.3% (Enterprise group, 92.7%; Solitaire group, 100%) 

of aneurysms treated with SAC. These results are con-

sistent with those of previous studies. Izar et al. re-

ported that 36.1% of 84 aneurysms followed in a SAC 

group showed progressive occlusion on angiographic 

follow-up imaging.10) This observation further sup-

ports the advantages of SAC, as it facilitates increased 

packing density and thrombosis, as well as providing 

flow-diversion and a framework for endothelialization. 

At first, the occlusion grades of aneurysms in the 

Solitaire group appeared to be superior to those in the 

Enterprise group. However, this observation may have 

been associated with our initial clinical inexperience 

when primarily using the Enterprise stent, and the as-

sociated learning curve. Alternatively, this may reflect 

the relatively poorer vessel wall apposition of the 

Enterprise stent, as compared with the Solitaire stent.3)11)14) 

However, there were no significant differences in im-

mediate postoperative (p = 0.054) or follow-up angio-

graphic results (p = 0.184), and there were no cases of 

in-stent thrombosis/stenosis or stent migration.

In our study, both stent groups showed good imme-

diate postoperative and follow-up clinical outcomes, a 

finding consistent with previous reports.17) Only 2 pa-

tients did not achieve a mRS score of 0. Both of these 

patients presented with subarachnoid hemorrhage in 

the Enterprise group and achieved a mRS score of 2. 

Mocco et al. reported a permanent morbidity rate of 

2.8% and a mortality rate of 2% in a study of 141 cas-

es treated with Enterprise SAC.19) Heller and Malek 

reported a 0% 6-month follow-up permanent morbid-

ity rate and a 0% mortality rate in their study of 62 

patients treated with Solitaire SAC.6) In the current 

study, there were no significant differences between 

the immediate postoperative (p = 0.213) or follow-up 

clinical outcomes (p = 1.000) in the 2 stent groups.

Coil loop or tail protrusion into the parent artery (24 

cases, 26.9%) was observed more frequently in our study 

cohort than in the series by Mocco et al. (9.9%), prob-

ably because our study included a very small partial 

coil loop and tail herniation into the parent artery.18) 

Of 24 aneurysms with coil protrusion (Enterprise 

group, n = 17; Solitaire group, n = 7), 21 were located 

in the paraclinoid internal carotid artery and 3 were 

located in the vertebral artery. Although these events 

presented more frequently when the parent artery 

had a relatively larger diameter or severe vessel tor-

tuosity, the differences were not statistically sig-

nificant (Enterprise group, p = 0.052; Solitaire group, p 

= 0.540) (Table 5, 6). In an in vitro study of curved 

vascular models with simulated aneurysm necks, 

Ebrahimi et al. pointed out that Enterprise stents 

showed an increasing trend to flatten and kink with 

vascular curvatures that were more acute.3) This phe-

nomenon may contribute to adverse effects, such as 

in-stent thrombosis/stenosis or insufficient buttress 

resulting in coil herniation into the parent artery. As 
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such, we can assume that this phenomenon caused 

the relatively lower initial occlusion grade of aneur-

ysms in the Enterprise group, as compared with those 

in the Solitaire group. Heller and Malek, who noted 

the important role of the delivery technique when 

employing a Enterprise stent,6) argued that incomplete 

stent apposition could be minimized in both inner 

and outer vascular curves by deploying the stent using 

a dynamic push-pull technique designed to keep the 

delivery microcatheter centered during deployment. 

We also used this technique in most cases.

According to data on the functional and physical 

properties of self-expanding intracranial stents, the 

Solitaire stent (0.0106 N/mm) has approximately 30% 

more radial strength than the Enterprise stent (0.0082 

N/mm).12)14) In evaluations with 3/4-mm tubes hav-

ing a 3.9/4.4-mm radius, Krischek et al. reported that 

the vessel wall apposition of the Solitaire stent is similar 

to that of the Neuroform stent, but better than that of the 

Enterprise stent.8)14) These observations may support the 

idea that the Solitaire stent is superior to the Enterprise 

considering the role of the buttress in preventing coil 

herniation, particularly for paraclinoid aneurysms with 

tortuous vessel curvature or a relatively large parent 

artery. Krischek et al.14) also mentioned that the area 

of the Solitaire stent cell is larger than that of the 

Enterprise stent. Although an increased cell area may 

cause coil protrusion into the parent artery, this did not 

occur in our series. Regardless, we observed no stat-

istically significant correlation between coil herniation 

into the parent artery and clinical or angiographic 

outcomes in the stent groups. Nonetheless, due to the 

limitations of our study, including a retrospective de-

sign, the limited number of patients, and results of 

long-term follow-up were lacking, some caution is 

warranted when interpreting our results.

CONCLUSION 

The results of our study suggest that patients receiv-

ing Enterprise and Solitaire SAC for wide-neck intra-

cranial aneurysms show excellent and comparable 

clinical and angiographic outcomes. Because of its 

higher radial strength and better vessel wall apposi-

tion, we cautiously propose that the Solitaire stent 

may be more effective than the Enterprise stent for 

SAC of aneurysms harboring a large or severe tor-

tuous parent artery. More extensive follow-up and a 

larger patient cohort would be necessary in order to 

establish any definite conclusions.
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