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Purpose The balloon-stent technique (BST) has certain strengths as an assisted technique for
the treatment of complex aneurysms. After Atlas release, the BST can be executed without an
exchange maneuver of the balloon to the stent-delivery catheter. The purpose of this article is
to share our experience with the BST using the Scepter-Atlas combination.

Materials and Methods Device inspection led us to a simple method to avoid failure in loading
Atlas to the Scepter. From March 2018 to December 2019, 57 unruptured distal internal carotid
artery (dICA) aneurysms were treated with coil embolization; among which, 25 aneurysms in 23
patients were treated with BST. Clinical and angiographic data were retrospectively collected
and reviewed.
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Results The technical success rate of the Scepter-Atlas combination increased from 50% to 100% af-
ter careful inspection. BST angiographic results were comparable to the stent-assisted coil (SAC)
group treated during the immediately post-embolization same period (modified Raymond-Roy classi-
fication [MRRC] 1 & 2 84% in BST, 96.3% in SAC) and during short-term follow-up (MRRC 1 &2 95.8% in
BST, 88.4% in SAC). A small number of patients showed periprocedural complications, but none had
clinical consequences.

Conclusion BST using the Scepter-Atlas combination can provide an effective and safe method for
the treatment of dICA aneurysms. Scepters can be used as delivery catheters for Atlas.

Index terms Intracranial Aneurysm; Stent; Endovascular Procedure

INTRODUCTION

Even though it seems that stent-assisted coil embolization (SAC) has been adopted as the
main endovascular treatment (EVT) for intracranial wide-neck aneurysms, the balloon re-
modeling technique (BRT) still has advantages in the stabilization of microcatheters by pre-
venting premature kickback and subsequent undercoiling. BRT followed by stent deploy-
ment, so-called balloon-stent technique (BST) may maximize advantage of EVT and achieve
better initial and long term radiographic results compared to SAC alone (1, 2). During BRT,
unconstrained adjustment and easier repositioning of microcatheter during coil emboliza-
tion may enhance coil packing whereas conversion from jailing to stent-through technique
requires high risk manipulation of microwire and catheter crossing just-deployed metal
struts. With BST, by deploying a stent at the last part of the coil packing, very important
strengths of SAC can be adopted too: bailout strategy for coil protrusion to the parent artery,
potential flow diverting effect, and scaffolding endothelial growth fostering aneurysm heal-
ing. Traditionally, BST necessitates manipulation of devices when exchanging a balloon cath-
eter with a stent-delivery catheter. But with introduction of low-profile stents (such as Neuro-
form Atlas, LVIS Jr., LEO Baby, and ACCLINO Flex), now it is possible to utilize BST without
need for catheter exchange, which means in turn, without risk of compromising coil mass
shaped as intended or risk of dragging out coils to the parent artery during back-and-forth
movement of catheters.

There have been some literatures advocating BST (1-4). Some recent case reports demon-
strated the feasibility of BST using a low-profile visualized intraluminal stent (LVIS Jr, Mi-
crovention, Tustin, CA, USA) with double lumen balloons in the treatment of middle cerebral
artery (MCA) aneurysms (5, 6). A study of Martinez-Galdamez et al. (3) specifically addresses
“‘combined remodeling technique” using various types of low-profile stents available in the
market, delivered through double lumen balloons. The article suggests that BST with low-
profile stents and double lumen balloons can be safe and effective way to treat intracranial
aneurysms, without extra manipulation of catheter exchange.

The Neuroform Atlas™ (Stryker Neurovascular, Fremont, CA, USA) is a relatively new, open-
cell stent with characteristics of high conformability for the treatment of aneurysms. Early us-
ers have reported its safety and efficacy (7-9). Its biggest advantage over its former versions in
the Neuroform family is that it is designed to be delivered through 0.0165- or 0.017-inch micro-
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catheters. The inner diameter of compliant double-lumen balloon catheters, Scepter C or XC
(Microvention), is also 0.0165 inch. However, the Scepter-Atlas combination is not recom-
mended by both manufacturers, due to possibility of failure to load the stent into the balloon.
Probably, that is why Scepter-Atlas combination has not been explored in the literature yet.

At our institution, a high proportion of distal internal carotid artery (dICA) aneurysms have
been treated with the BST. We have learned that with a little caution attended while handling
the devices, Atlas stent works perfectly well with Scepter balloon catheter. The purpose of
this article is to share our technical experience over the Scepter-Atlas combination in treat-
ment of unruptured distal ICA aneurysm, along with immediate and short-term angiograph-
ic results of this specific type of BST.

MATERIALS AND METHODS

PATIENTS

From March 2018 to December 2019, a total of 142 intracranial aneurysms were treated
with EVT by our neurointervention team in the authors’ institution. Among them, we retro-
spectively sorted out unruptured, dICA aneurysms under 15 mm in size (dICA aneurysms
over 15mm in size were treated with flow diverters). Fifty-seven unruptured dICA aneurysms
of 55 patients were identified, 43 female and 12 male patients with mean age of 62 for female
patients (range 43-79) and 59 for male patients (range 34-79). Locations of those dICA aneu-
rysms includes 31 paraclinoid ICA, 10 ICA dorsal wall, 9 posterior communicating artery
(PCom), 3 anterior choroidal artery (ACho), 2 ophthalmic artery, and 2 cavernous ICA aneu-
rysms. The mean size of the treated aneurysms was 4.7 mm, ranging from 2 mm to 12 mm,
and most of them were wide neck aneurysms (45 of 57, 78.9%). For BST group, average size of
aneurysms was 4.2 mm (range 2-8 mm), and 88% was wide-neck aneurysm. Patient demo-
graphics of all unruptured dICA aneurysms are summarized in the Table 1.

Table 1. Summary of All Unruptured dICA Aneurysms that Underwent Coil Embolization

Total dICA Simple SAC BST

Total No. of aneurysm (cases) 57 (55) 5 27 25(23)
Mean age (range) 61.5 (34-82) 66.6 (53-82) 60.1 (34-72) 61.8 (38-79)
Female (%) 43/57 (75.4) 4/5 (80.0) 21/27 (77.8) 18/23 (78.3)
Location

Paraclinoid 31 3 18 10

Cavernous 2 0 1 1

Ophthalmic 0 0 2

PCom 1 5 3

ACho 1 2 0

Dorsal wall 10 0 1 9
Mean size (range, mm) 4.7(2-12) 4.5 (3-7) 5.2(3-12) 4.2 (2-8)
Wide neck (%) 45/57 (78.9) 1/5 (20.0) 22/27 (81.5) 22/25 (88.0)

ACho = anterior choroidal artery, BST = balloon-stent technique, dICA = distal internal carotid artery, PCom = posterior communicating artery,
SAC = stent-assisted coil
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Decision for mode of EVT in our neurointervention team is made through case-by-case ap-
proach, largely based on opinion of an experienced interventional neuroradiologist (more
than 20 years of experience), not only considering neck of the aneurysm, but parent vessel
environment (atherosclerotic change, angulation of carotid siphon and its distal segment),
patient factors (age and co-morbidity), and aneurysm morphology (location, projection,
shape, and etc.). One of the most important indication for BST in our team is presumed mi-
crocatheter position and its stability based on diagnostic angiography findings. If stable cath-
eter position seems achievable with commercially available pre-shaped microcatheters, sim-
ple coiling or SAC is considered as primary method. But unfavorable projections (dorsal wall
aneurysms) or curvature of the ICA is present, primary BRT is planned at the beginning of
the procedure. At times, catheter stability could not be accurately predicted but it only
turned out to be unstable after advance of microcatheters to the aneurysm, then whether to
utilize BRT first or proceed straight to stenting was decided at the moment.

Accordingly, 25 aneurysms (in 23 patients) were treated with BST. Other mode of EVT for
dICA aneurysms were SAC (27 aneurysms), and simple coil embolization (5 aneurysms).
There was no BRT case within same period. High proportion of assisted techniques used in
our patient pool (52/57, 91.2%) can be partially explained by high proportion of wide neck
aneurysms. Locations of 25 aneurysms managed with BST were as follows: 10 paraclinoid
ICA, 9 dorsal wall (supraclinoid ICA with superior or lateral projection), 3 Pcom, 2 ophthal-
mic artery, and one cavernous ICA.

COIL EMBOLIZATION PROCEDURE

All procedures included in this study were done under local anesthesia, with or without
conscious sedation using remifentanil (0.05-0.2 mcg/kg/min IV). Main operator of those pro-
cedures had been either one of the two interventional neuroradiologists working in our
team, with three years and more than 20 years of experience, respectively. Senior operator
conducted the procedure himself or supervised the junior operator all the time. Systemic
heparinization was done with initial bolus IV of 50 U/kg and maintenance dose of 10 U/kg ev-
ery hour of the procedure, with target active clotting time of 200-300 sec.

Patients were managed during the peri-procedure period as our institution’s routine prac-
tice, and pre-medicated with oral dual-antiplatelet regimen (100 mg of aspirin and 75 mg of
clopidogrel daily) for a week prior to EVT. For patients ended up with stenting, oral anti-
platelet medications (100 mg aspirin qd and 75 mg clopidogrel qd) were continued for at least
6 months after embolization, but preferably for 12 months to prevent delayed thromboem-
bolic event. Anti-platelet agent resistance test was performed at the day of the procedure
(Verify Now™ Instrumentation Laboratory, Bedford, MA, USA). If the patient were resistant
to clopidogrel, it would be replaced with other anti-platelet agent, such as cilostazol. Aspirin
was sustained even in resistant patients.

When frank thrombosis noted during embolization or on the final angiography, intra-arte-
rial (TA) tirofiban infusion was done (ranging 0.25-1.25 mg), followed by intravenous (IV) in-
fusion of the drug for the next 24 hours, according to our institution’s protocol (0.1 pg/kg/min
IV infusion for 24 hours) (10, 11). Some patients received IV infusion of tirofiban even with-

out evidence of frank thrombus formation, when subtle halo was seen along the exposed
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portion of coil mass (at the neck of the aneurysm) or stent strut, when flow velocity of incor-
porated vessel (i.e. Pcom or ophthalmic artery) was compromised, or when the treated aneu-

rysm was incorporated with highly eloquent vessel such as ACho or ophthalmic artery.

DEVICES

For cases of BST, either Scepter C or XC balloon catheters were used for both balloon re-
modeling and stent-delivery. Twenty-three Neuroform Atlas stents (not counting failed-to-de-
liver stents), all of them in size of 4.5 X 21 mm, were used to cover neck of 25 aneurysms (in
two patients with two aneurysms nearby, the procedures were started as BRT for both aneu-
rysms and single stent simultaneously covered both at the end). For 27 cases of SAC, 2 Neuro-
form EZ stents were used and one Atlas with size of 3 X 15 mm was used in ACho aneurysm in
which case the stent was deployed in the ACho to cover neck of aneurysm. In the other 24 SAC
cases, Atlas stents in size of 4.5 X 21 mm were inserted.

During the early experience of Scepter-Atlas combination after release of Neuroform Atlas,
our team faced some technical difficulties which is failure to load the stent into the balloon
catheter and subsequent deformity of the stent. Photography of the devices used were taken,
especially of the Scepter balloon catheters and introducer sheath of the Atlas stent from the
failed cases. In the cases we failed to introduce Atlas stents through Scepter, additional mi-
crocatheter (Excelsior SL-10, Stryker) was advanced to dICA and stent was deployed with that
catheter.

CLINICAL AND ANGIOGRAPHIC DATA

We retrospectively collected imaging and clinical data of patients not only including BST
group but all dICA aneurysms treated during the same period. Immediate angiographic re-
sults were assessed by one interventional neuroradiologist, according to modified Raymond-
Roy classification (MRRC) (12) on the final angiography at the procedure day. For the most of
the patients included for analysis, 6-months follow-up angiography were available for analy-
sis of angiographic result (50/55 patients, 90.9%). Of 5 patients without 6-months follow-up
study, two patients had 12-months follow-up angiography so those were regarded as short-
term result together with those with 6-months imaging. Among the other three patients, two
patients were lost for follow-up, and one had only one-year MR angiography (MRA) which
was negative for recanalization evidence. But MRA findings were not considered as proper
follow-up study on this analysis. Only 4 patients had 2-year follow-up angiography, for those
cases had been treated quite recently, so 2-year results were not taken into analysis.

Periprocedural complications and any morbidity or mortality results during the follow-up
period were collected, based on the patients’ medical records on our institution’s electronic
medical record system. Our Institutional Review Board approved this retrospective study and
waived the requirement of informed consents (IRB No. 05-2021-060). Patient demographics,
angiographic results and complication events are going to be displayed in descriptive manner
in this article. Comparison between BST group and SAC group was done with Fisher’s exact
test, using SPSS (IBM SPSS Statistics for Windows, version 26.0. IBM Corp.; Armonk, NY, USA).
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RESULTS

SCEPTER-ATLAS COMBINATION

For the first 3 months of our early experience after release of Neuroform Atlas stent, we
embolized 6 aneurysms with BST, but failed to put Atlas into Scepter in 50% of cases (3/6). In
successful cases, only minor bump was felt when the stent was passing the transition zone
from the introducer sheath and the balloon catheter hub, and once the stent was loaded
within the balloon, deployment was uneventful and identical to deploying it with compatible
microcatheters (Excelsior SL-10, Stryker Neurovascular). But in unsuccessful cases, stents
could not be introduced to balloon catheters at all, stents were wrecked in the hub of the bal-
loon when pushed into the balloons. Failure to put Atlas to Scepter did not result in adverse
event, except for damaging the device itself, so the balloons were exchanged to SL-10 micro-
catheters (or retrieved and new microcatheter was advanced) and rest of the procedure went
on as usual.

After the initial experience, to address this problem, we carefully inspected the devices
used in the failed and successful cases. At first, we reviewed balloon catheters, however, we
could not find any structural differences between the failed and successful ones. Balloons
used in failed cases did not seem defective, and failure happened in both C and XC balloons.

The authors also looked at the introducer sheaths of failed-to-deliver stents, to figure out
whether any mechanical change had occurred, and compared them with the ones used in
successful cases. We discovered that there was a dent at the tip of the sheath that might have
compromised its inner lumen. The Neuroform Atlas stent is designed to be delivered through
0.0165-inch microcatheters, preferably with the Excelsior SL-10 made by the same manufac-
turer. Therefore, the morphology of the introducer sheath of the stent delivery system is
(probably) optimized to fit into the SL-10 catheter’s hub (Fig. 1A).

We tried to apply an intact introducer sheath left out from other procedures to the failed
Scepter XC catheter; close-up images were taken when the sheath was in contact with the
hub (Fig. 1B) and forced into the hub (Fig. 1C). There is a gap between the tip of the sheath
and the starting point of the balloon catheter lumen. Obviously, there is a discrepancy be-
tween the diameter at the hub of the Scepter XC catheter and that of the introducer sheath of
the Atlas stent. The gap cannot be overcome even under forceful push (to make it fully en-
gaged to the hub), but it only makes the sheath deformed, with dents at the tip (Fig. 2), simi-
lar to the dent we observed from failed cases.

On the other hand, if the sheath is not pushed hard enough to create a dent, although there
may be a small gap between the catheter and the tip of the sheath, an Atlas stent shall pass
the transition zone unbroken. This is probably why the authors noted a slight bump when
passing the stent into the Scepter balloon catheter.

After this realization, we have been paying extra attention while loading the stent into the
Scepter XC balloon catheter, not pushing the sheath but rather keeping it in contact with the
wall of the hub. Since then, 19 aneurysms in 17 patients (with 17 stents, for single stent cov-
ered two aneurysms in two patients) have been managed with BST using Scepter-Atlas com-
bination without any problem, regardless of C or XC type. In total, overall technical success

rate to deliver Atlas stent through Scepter balloon was 87.0% (20/23). Technical success rate
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Fig. 1. Photographs of devices demonstrating relationship between mi-
crocatheter hub and introducer sheath.

A. Introducer sheath of the Neuroform Atlas stent is engaged into the
Excelsior SL-10 microcatheter hub to demonstrate how well it fits in pro-
file compared to Scepter balloon catheters.

B. The same introducer sheath is engaged in the Scepter XC balloon
catheter (the very same one that failed during the procedure), and due
to disagreement between those and the device structure, a gap oc-
- curred between the starting point of the catheter lumen and the tip of the
sheath.

C. When the sheath is pushed hard enough to be fully engaged, the tip
may become dented, but still, the gap cannot be reduced.

before the petit discovery was only 50%, but it went up to 100% after we figured out how to
handle the devices. Ideal position of sheath within the hub we suggest is demonstrated in
the Fig. 3.

ANGIOGRAPHIC RESULTS OF BST
At the final angiography taken immediately after BST, 84% (21/25) showed complete (18/25,

72%) or near complete (3/25, 12%) occlusion. During the same period, 91.2% (52/57) of all
dICA aneurysms showed complete or near complete obliteration of sac (MRRC 1 & 2) after
EVT, and 96% of aneurysms treated with SAC showed same result (26/27). Angiographic re-
sults of all unruptured distal ICA aneurysms underwent EVT are summarized in Table 2.

BST group showed slightly higher MRRC 1 & 2 percentage of 95.8% (23/24) on 6-12 months
follow-up compared to SAC group (88.4% showed MRRC 1 & 2), but the difference was not sta-
tistically significant (p = 0.870). Total percentage of complete or near-complete occlusion was
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Fig. 2. Photographs of introducer sheath of Neuroform Atlas stent.
The tip of the introducer sheath of the Neuroform Atlas stent is crushed after being forced into the hub of the
Scepter XC balloon catheter (left), compared to the normally-delivered introducer sheath (right).

Fig. 3. Schematic illustration of the recommended position for an in-
troducer sheath tip.

Introducer sheath of the Atlas is not yet touching the wall of the Scepter
hub. There is a discrepancy between the diameter of the first portion of —
the catheter lumen and that of the sheath tip (upper). Ideal position of
the introducer sheath in the hub (middle). A forceful push of the sheath
results in deformation of the introducer sheath tip and subsequent fail-
ure to load the stent into the Scepter (lower).

https://doi.org/10.3348/jksr.2020.0119 1265
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Table 2. Angiographic Results of Unruptured Distal Internal Carotid Artery Aneurysms

Immediate Post-Embolization Short-Term Follow-Up (6 m or 12 m DSA)

Total n=57 n=54
MRRC 1 48/57 (84.2) 48/54 (88.9)
MRRC 2 4/57 (7.0) 2/54 (3.7)
MRRC 3a 3/57 (5.3) 0
MRRC 3b 2/57 (3.5) 2/54 (3.7)

Simple coil =5 n=4
MRRC 1 5/5 (100) 3/4(75)
MRRC 2 0 1/4 (25)
MRRC 3a 0 0
MRRC 3b 0 0

SAC n=27 n=26
MRRC 1 25/27(92.6) 22/26 (84.6)
MRRC 2 1/27(3.7) 1/26 (3.8)
MRRC 3a 0 0
MRRC 3b 1/27 (3.7) 3*/26 (11.5)

BST n=25 n=24
MRRC 1 18/25 (72) 23/24(95.8)
MRRC 2 3/25 (12) 0
MRRC 3a 3/25(12) 0
MRRC 3b 1/25 (4) 11/24 (4.2)

Data are presented as number (%).

*Including two major recanalization and regrowth of the aneurysms.

fIncluding one major recanalization and regrowth of the aneurysm.

BST = balloon-stent technique, DSA = digital subtraction angiography, m = months, MRRC = modified Ray-
mond-Roy classification, SAC = stent-assisted coil

92.6% for all coiled dICA aneurysms (50/54).

Four lesions that showed residual filling to the aneurysm sac at immediate post-BST
(MRRC 3a or b from BST group) spontaneously occluded to MRRC 1 at 6-months follow-up.
Three aneurysms with residual neck (MRRC 2) after BST turned into one complete occlusion,
one major recanalization and regrowth at first follow-up, and the other one had been lost for
follow-up. For the SAC group, immediate near complete occlusion rate was higher than BST,
but on short-term follow-up, the rate dropped to 88.4%, with two cases of major recanaliza-

tion which seemed to require additional treatment.

PERIPROCEDURAL COMPLICATION
In two patients of BST (2/23, 8.7%), IA tirofiban infusion was necessary to resolve frank

thrombosis at the parent vessel during the embolization procedure. Those thrombosis were
non-obstructive thrombi, and none of those patients experienced focal neurologic symptom
or sign. In one patient from BST group, there was no definite thrombosis on angiography but
the patient started to complain left upper extremity weakness at the last stage of coil filling,
so IA tirofiban was given (0.75 mg) followed by IV infusion for the next 24 hours. The patient’
s symptom improved by the end of the procedure and immediate post-procedure diffusion
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weighted imaging did not show any positive lesion, motor power completely returned to nor-
mal at the next day. Those three periprocedural events makes complication rate of (13%), but
none of them resulted in clinical consequences.

IV tirofiban was given in many cases for various reasons (16/23, 69.6%), for the first day of
the post-procedure (0.1 pg/kg/min IV infusion for 24 hours). Reasons for IV tirofiban infusion
were as follows: 1) continued after IA loading dose in frank thrombosis cases (2 cases), 2) con-
tinued after IA loading in a patient with left upper extremity weakness without evidence of
thrombosis or arterial occlusion (1 case), 3) suspicious halo around stent strut or at the mar-
gin of coil mass seen on final angiography (not obvious thrombosis) (1 case), 4) suspicious
decrease in flow velocity demonstrated as slowed ophthalmic artery flow or reversal of Pcom
flow (2 cases), and 5) highly susceptible environment for thrombosis, i.e. protrusion of coil to
the parent artery, large area of coil mass exposed to parent vessel, or highly eloquent incor-
porating vessel such as ACho (8 cases).

In the patients treated other methods (SAC and simple coil, 32 aneurysms in 32 patients),
we experienced four events of intra-procedural complications (12.5%): clinically silent small
thrombus formation on angiography in 2 cases (kept stable and symptom-free with TA and IV
tirofiban infusion), one M2 occlusion necessitated thrombectomy (discharged without any
permanent neurologic deficit), and one coil stretching resulted in additional stent insertion
to secure the stretched coil segment with no clinical consequences. None of the patients
treated in the same period (total 57 cases of unruptured dICA aneurysms) had thromboem-
bolic event during the follow-up period.

To summarize, among the all 55 patients treated for unruptured dICA aneurysms, there
were 4 clinically silent thrombosis (2 BST, 1 SAC, 1 simple coil), one major vessel occlusion
without clinical consequence (SAC group), and one transient focal neurology without evi-
dence of arterial occlusion (BST group). There was no technical complication seemed specifi-
cally associated with Scepter-Atlas combination.

DISCUSSION

Regardless of mode of procedure, primary and ultimate goal of EVT for intracranial aneu-
rysm is its complete obliteration. Various techniques have been proposed and being prac-
ticed, and BRT is known for its paramount advantage in terms of catheter stability. Under
temporary inflation and deflation of a balloon, microcatheters barely located at the neck of
an aneurysm can transfer coils into the sac even in anatomically most-challenging cases.
Also, unconstrained catheter manipulation within the sac is possible, and fewer difficulties
noted repositioning catheters (2) which may prevent significant undercoiling. On the con-
trary, primary stenting may have potential drawbacks, once a jailed microcatheter pushed or
kicked out of the sac during coil filling, catheter moving to re-access the sac can be risky at
times, either one moves catheters in between arterial wall and stent, or within the lumen of
just-now-deployed stent.

BST is often preferred by our team for certain cases, wide-necked aneurysms, unfavorable
parent artery curvature, or out-of-plane orientation of sac projection to parent artery course.

One of the best candidates for BST is ICA dorsal wall aneurysm (superior or lateral projection
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aneurysms located in supraclinoid segment). Percentage of dorsal wall aneurysm in our BST
group (9/25, 36%) was much higher than SAC group (1/27, 3.7%), though the difference was
not statistically significant (p = 0.360) probably owing to small number of cases. One case out
of 9 dorsal wall aneurysms embolized with BST resulted in major recanalization and re-
growth, but 7 of the other 8 lesions regressed with complete occlusion at the first follow-up
(6-months). Fig. 4 illustrates a successful BST case, about 8 mm sized dorsal wall aneurysm
with large neck (> 4 mm), complex shaped, and unfavorable projection.

Before Neuroform Atlas was available, we adopted Neuroform EZ stents for BST in many
cases of dICA aneurysms, and there was an inconvenient step of exchanging double lumen
balloons to stent-delivery catheter (XT-27, Stryker Neurovascular). Scepter-Atlas combination
means exchange-free BST. This implies more than merely cutting one step down, because
numerous potential problems may occur during the exchange maneuver. There are risks as-
sociated with moving of the microcatheter, including degradation or even migration of the
coil mass. Therefore, exploring balloon catheters for stent deployment can strengthen the ef-
ficacy of the BST with negligible cost.

Not many, but a few articles about BST advocates use of a balloon prior to stent deploy-
ment. Spiotta et al. (2) published their single center data retrospectively reviewing 260 intra-
cranial aneurysm patients underwent SAC between 2003 and 2010. In 94 (36.2%) patients ‘bal-
loon-stent’ technique was facilitated, with immediate complete occlusion of 63% and 79% at
follow-up (16 & 12 months). BST was most likely to be chosen in cases of side-wall aneurysms
arising from curved vessels, especially for ophthalmic artery aneurysms, among which 48%
(39/80) were treated with BST. This preference toward BST in cases of side-wall aneurysms in
unfavorable curvature is also noted in our treatment group.

Gentric et al. (1) reported subgroup data from Safety and Efficacy of Neuroform for Treat-
ment of intracranial Aneurysms (SENAT) registry, including 97 unruptured aneurysm pa-
tients treated by stenting combined with or without balloon (51 BRT+ group, 46 BRT- group).
In their results, primary BRT group prior to stenting had significantly better angiographic
outcome at 12-18 months follow-up (p = 0.03), with similar peri-procedural morbidity and
mortality.

Another retrospective study by Velasco Gonzélez et al. (4) demonstrated low rates of recan-
alization for wide neck aneurysms treated with stenting after BRT, in 87 aneurysms of 80 pa-
tients treated between 2009-2012. This relatively old patient pool had long-term follow-up re-
sults. Complete (60.9%) or near-complete (32.2%) occlusion were achieved at initial stage,
and relatively long-term follow-up (34.68 = 25.26 months) angiography revealed stability and
further thrombosis in 92.4%.

Nowadays, various low-profile stents have become available (eg. Neuroform Atlas, LVIS Jr.,
LEO Baby, and ACCLINO Flex). Two brief reports presented MCA aneurysms successfully
treated using combination of LVIS Jr. and double-lumen balloons, without technical compli-
cations (5, 6). Those two reports commonly emphasized the fact that this type of device com-
bination can be useful reducing number of procedure steps and subsequently diminishing
potential complications.

The first original article regarding specific use of low-profile stents and double lumen bal-
loon catheters was reported by Martinez-Galdamez et al. (3). In this retrospective multicenter
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Fig. 4. An example case of BST. A 57-year-old female patient with an ICA dorsal wall aneurysm, up to 8 mm
in its largest dimension, with a wide neck that measured more than 4 mm in diameter.

A-F. The pre-embolization DSA image (A) and volume rendering image from rotational angiography (B) are
shown. Most of the coils were filled under BRT, and the neck portion of coil mass becomes herniated down to
the parent vessel (D, arrow), compared to its morphology under balloon inflation (C, arrow). The final angi-
ography native fill image after stent was deployed through the balloon catheter (E). Six-month follow-up
DSA (F) demonstrates the sac has remained completely occluded.

BST = balloon-stent technique, DSA = digital subtraction angiography, ICA = internal carotid artery
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study, 86 aneurysms of 84 consecutive patients (9 ruptured, 62 unruptured, and 15 recana-
lized aneurysm) from 8 centers from 2015 to 2017 were analyzed. Scepter C or XC and Eclipse
2L double-lumen balloons were used with either LVIS Jr. (n = 63), LEO baby (n = 15), ACCINO
Flex (n = 14), or Neuroform Atlas (n = 1). Immediate angiographic results were 77.9% of com-
plete and 19.7% of near-complete occlusion, and for those had follow-up at average of
7-months (71/84), complete and near complete occlusion rate was 90.1%. They said there
were 2 minor clinical events (2.4%) and one major event (1.2%), and 11.6% of intraprocedural
technical complication rate.

Our results of BST seems comparable to those reports (1, 3, 4) in that anatomical results of
95.8% (23/24) near complete occlusion on 6-12 months follow-up, and acceptable spectrum
of periprocedural complications. It seems that there is tendency of better angiographic re-
sults of BST compared to BRT or SAC, though further accumulation of scientific evidence is
needed. Tt sounds logical that BST shows better outcome than BRT in the long term because
it takes advantage of stenting, scaffolding endothelialization over aneurysm neck and subse-
quently promoting aneurysm healing process. Also, there seems to be certain cases of chal-
lenging anatomy which cannot be overcome by simply deploying stent covering the neck, es-
pecially in those with unfavorable projections and locations.

Novelty of our report lies in that this is the first article focusing on BST using Scepter and
Atlas combination in unruptured dICA aneurysms. The reason why we chose Atlas stents for
dICA lesions is its open-cell characteristics and conformability. In principle, better wall ap-
position of open-cell stent to the parent artery of aneurysms may reinforce scaffolding effect
of neointima formation, while minimizing risk of thromboembolic complication, and conse-
quently, maximizing long-term efficacy of stenting. However, providing scientific evidence
of which stents works better in BST is beyond the scope of this study.

A valuable finding of our study is that BST using Scepter-Atlas combination may be techni-
cally feasible and safe, and angiographic results of BST group for unruptured dICA in our
single center pool were comparable to those of SAC, even when BST was applied to more
complicated anatomies. Only a small number of patients had intraprocedural complications
that did not result in clinical problem.

Another key finding from our experience is successful delivery of the Atlas stent through
the Scepter catheter is possible, even though there is a discrepancy in profiles between hub
of Scepter and sheath of Atlas. If the operators pay careful attention loading the stent into the
catheter following our tips, stents can be introduced into the catheter unharmed. Once the
Atlas stent is settled within the catheter, stent deployment is not different from deploying it
with any other catheters.

Based on our experience, here are our recommendations for those who are planning to use
Scepter as Atlas delivery catheter. First, do not push the introducer sheath into the hub of the
Scepter catheter, but only have it in contact with the wall of the hub (Fig. 3). Second, carefully
watch the hub under operating light, and hold the introducer sheath steady while advancing
the stent into the Scepter. A second operator (who pushes the wire) may feel a minor bump
when the stent passes the gap between the tip of the introducer sheath and the first part of
catheter lumen.

There are several limitations in our study. Not only small number of patients enrolled
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made it difficult to show statistical significance of superiority or non-inferiority of BST com-
pared to SAC, lack of comparison with BRT (due to there was no case of BRT in the pool) also
makes it hard to clarify advantage of stenting in BST. Furthermore, it is a single center expe-
rience and choice over treatment method was selected on case-by-case basis, directly com-
paring results of different methods may not play as scientific evidence proving superiority (or
non-inferiority) in efficacy and safety of BST. Average size of aneurysms included in this
study is small (4.2 mm), and that may partly contribute to good results. Therefore, cautions
must be taken when interpreting the results of our BST group, for they are only confined to
small, unruptured aneurysms located in dICA. As far as we know, despite our experience,
Scepter-Atlas combination is still not recommended by both manufacturers. And lastly, our
experience is limited to a single size (4.5 X 21 mm) of Atlas carried through Scepter balloons
and to dICA aneurysm cases.

In conclusion, BST using Scepter-Atlas combination can be an effective and safe method in
treatment of unruptured dICA aneurysms, with comparable immediate and short-term angi-
ographic results to SAC and acceptable peri-procedural complication. Scepters can be used
as delivery catheters for Atlas when the operators carefully engage the introducer sheath of
the stent system into the balloon catheter hub. Acknowledging that the Scepter-Atlas combi-
nation is actually possible can be a valuable asset to neurointerventionists, for it helps us to

cut down one step of exchange during procedures, thereby maximizing advantages of BST.
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