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Case Report

Clinical significance of the outside-stent
flow sign in vertebrobasilar dolichoectasia
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Abstract: Vertebrobasilar dolichoectasia (VBD) is a rare, progressive disorder characterized by significant expansion,
elongation, and tortuosity of the vertebrobasilar arteries. This case series introduces a novel imaging sign observed
in three patients with clinical manifestations of VBD. The presence of outside-stent flow (OSF) may serve as a poten-
tial predictor for aneurysm recurrence in VBD following endovascular intervention. Furthermore, OSF could indicate
the need for embolization of the contralateral vertebral artery after stenting, with or without coil embolization, in

patients with VBD aneurysms.
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Introduction

Vertebrobasilar dolichoectasia (VBD) is a pro-
gressive disorder marked by dilation, elonga-
tion, and tortuosity of the vertebrobasilar (VB)
arteries [1], which can result in a range of symp-
toms, including ischemic stroke, brainstem and
cranial nerve compression, and intracranial
hemorrhage [2]. The etiology and pathogenesis
of VBD remain unknown.

Due to its complex morphology and the absence
of randomized studies or clear treatment guide-
lines, management of VBD remains controver-
sial and challenging [3]. While endovascular
interventional treatments (EVT), such as flow
diversion, overlapping stents, and coil-assisted
stent reconstruction, show promise, recurrence
of aneurysms in VBD has been reported after
such interventions [3], necessitating evalua-
tion of the risk of recanalization. Therefore, an
imaging marker to identify factors predisposing
to VBD recurrence is essential.

Outside-stent flow (OSF) refers to the continu-
ous blood flow or significant stagnation outside
the stent wall. Following stent deployment from
the basilar artery (BA) to a vertebral artery (VA),
the stent obstructs blood flow in the contralat-

eral VA, resulting in OSF, which may influence
the effectiveness of EVT in VBD patients. A
review of the literature search revealed no pre-
vious reports or did not identify publications
specifically examining OSF. This study presents
our single-center experience with the predictive
value of OSF for VBD recurrence.

Case presentation
Case 1

A 58-year-old male with a history of hyperten-
sion presented to the neurology emergency
department with sudden-onset vertigo and
gait disturbance. Cerebral magnetic resonance
imaging (MRI) revealed long T1 and T2 signals,
along with high signals on diffusion-weighted
imaging (DWI) in the left pons. Cerebral angiog-
raphy showed dilated and tortuous distal right
VA (RVA) and proximal to middle BA in the pre-
pontine and premedullary cisterns (Figure 1A,
1B). The maximum BA diameter was 9.29 mm.

Dual antiplatelet therapy, consisting of aspirin
(100 mg/day) and ticagrelor (45 mg twice daily),
was initiated four days prior to stenting. Two
LEO stents (5.5 mm x 75 mm; Balt Extrusion,
Montmorency, France) were deployed in series
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Figure 1. Case 1. A, B. Angiographic images from the front view showing the dilated and tortuous distal right vertebral artery (VA) and the proximal and middle basilar
artery (BA). C, D. Angiography of the right VA after implantation of two LEO stents (5.5 mm x 75 mm) in the BA and right VA. E. Angiography of the left VA showing
outside-stent flow (OSF) on the left side of the vertebrobasilar junction (red arrow). F. Six-month angiographic follow-up showing complete reconstruction of the BA
and right VA. G. Left vertebral angiography revealing a significant increase in OSF on the left side of the stents. H. Image without bone subtraction showing coil em-
bolization with occlusion at the V4 portion of the left VA. I. Left vertebral angiography after embolization showing no blood flow within the coil mass. J. Twelve-month
angiographic follow-up demonstrating full reconstruction of the BA without aneurysm recanalization and complete elimination of OSF.

1215 Am J Transl Res 2026;18(2):1214-1220



Outside-stent flow sign in vertebrobasilar dolichoectasia

along the BA and RVA using the standard tele-
scopic technique with ~30% overlap (Figure 1C,
1D). Immediate left VA (LVA) angiography
revealed OSF at the left VB junction (Figure 1E,
red arrow). The first angiographic follow-up was
performed six months after the procedure.
Digital subtraction angiography (DSA) demon-
strated persistence of vertebrobasilar dolicho-
ectasia (VBD) without evidence of repair. RVA
angiography demonstrated that the parent
artery walls were well reconstructed by the tele-
scoping stents (Figure 1F). LVA angiography
showed a significant increase in OSF at the left
VB junction (Figure 1G). To prevent aneurysm
expansion, LVA embolization was performed
using steel coils. A 6-French Envoy guiding
catheter (Cordis, Johnson & Johnson, Miami,
FL, USA) was advanced over a 0.035-inch soft
glidewire into the V2 portion of the LVA. An
Echelon-10 microcatheter was introduced
through the guiding catheter into the V4 portion
of the LVA using a Synchro-14 micro-guidewire.
Five coils were deployed through the microcath-
eter as close as possible to the LEO stents until
angiographic extravasation was no longer evi-
dent (Figure 1H, 1l). Angiographic follow-up at
12 months showed complete VB artery recon-
struction and full resolution of OSF (Figure 1J).

Case 2

A 22-year-old man with no significant medical
history presented to our hospital with a
progressive headache that had persisted for
two months. Cerebral angiography revealed a
dilated and tortuous proximal and middle BA
(Figure 2A). The maximum BA diameter was
12.92 mm. Based on these findings, endovas-
cular treatment (EVT) was initiated. Standard
antiplatelet therapy with aspirin and clopido-
grel was started five days prior to stenting.
A 6-French guiding catheter was introduced
through a femoral sheath into the V2 segment
of the RVA. The Echelon-10 microcatheter was
initially placed within the aneurysm lumen
to deliver coils. A Vasco microcatheter was
advanced into the left posterior cerebral artery,
and two overlapping LEO stents (5.5 x 75 mm
and 5.5 x 40 mm) were deployed at its end,
ensuring two layers of metal coverage across
the BA and RVA. Four Axuim coils (Medtronic
PLC) were subsequently delivered into the
aneurysm via the Echelon-10 microcatheter
(Figure 2B). Immediate left vertebral (LV) angi-
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ography revealed partial occlusion of the dis-
secting aneurysm of the BA (Figure 2C) and
notable OSF on the left side of the stents
(Figure 2D, 2E, red arrow). At twelve months,
DSA indicated a marked rise in OSF supplying
the right posterior inferior cerebellar artery
(PICA) on the left side of the telescoping stents,
confirming VBD recurrence on follow-up (Figure
2F-H). Immediate embolization of the LVA was
performed using steel coils (Figure 2I). At the
three-month postoperative DSA via RVA, com-
plete occlusion of the basilar dissecting aneu-
rysm was observed, with no signs of OSF or
right PICA occlusion (Figure 2)J).

Case 3

A 38-year-old man with no significant medical
history was admitted to our hospital following
the onset of vertigo. Angiographic imaging
revealed a fusiform aneurysmal dilatation of
the tortuous BA (Figure 3A), with a maximum
diameter of 8.55 mm. The patient started daily
oral aspirin (100 mg) and clopidogrel (75 mg)
for seven days and was scheduled for stent-
assisted coil embolization. Two LEO stents (4.5
mm x 50 mm) were deployed in the BA and
RVA using the standard telescopic technique
(Figure 3B, 3C). Subsequently, an Echelon-14
microcatheter was advanced into the stent
lumen and through the stent struts into the BA
aneurysm with a guidewire. The aneurysm was
partially embolized with three detachable coils.
DSA revealed significant OSF to the left inferior
anterior cerebellar artery on the left side of the
LEO stents (Figure 3D, red arrow). A 6-French
guiding catheter was then advanced to the dis-
tal LVA, and the Echelon-14 microcatheter was
positioned in the V4 segment of the LVA.
Endovascular embolization of the LVA was per-
formed using two steel coils (Figure 3E, 3F).

Computational fluid dynamics (CFD) analysis
was employed to assess wall shear stress
(WSS) in the parent artery, predicting the effect
of OSF on recanalization of VBD after endovas-
cular embolization. Three-dimensional DSA
was performed to obtain raw data, which were
reconstructed using Mimics 17 (Materialise,
Leuven, Belgium) to create STL files. The STL
files were subsequently processed in Geomagic
Studio 12.0 (Geomagic, Research Triangle
Park, North Carolina) for model repairing, trim-
ming, and smoothing, yielding models for finite
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Figure 2. Case 2. A. Angiography of the right vertebral artery (VA) showing a tortuous and dilated proximal and middle basilar artery (BA). B. Image without bone
subtraction showing deployment of two LEO stents (5.5 mm x 75 mm and 5.5 mm x 40 mm) and insertion of four coils under stent protection. C. Angiography of the
right VA revealing partial occlusion of the dissecting aneurysm of the BA. D, E. Angiography in both front and lateral views of the left VA showing notable outside-stent
flow (OSF) on the left side of the LEO stents (red arrow). F-H. Twelve-month angiographic follow-up demonstrating a remarkable increase in OSF supplying the right
posterior inferior cerebellar artery (PICA). I. Image without bone subtraction showing coil embolization with occlusion of the left VA. J. Fifteen-month angiographic
follow-up showing complete occlusion of the basilar dissecting aneurysm with no sign of OSF.
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Figure 3. Case 3. A. Angiography of the right vertebral artery (VA) showing fusiform aneurysmal dilatation of the basi-

lar artery (BA). B, C. LEO stent-assisted coil embolization with two LEO stents (4.5 mm x 50 mm) using the standard
telescopic technique (unsubtracted view) with partial aneurysm occlusion. D. Angiography of the right VA revealing
significant OSF on the left side of the LEO stents. E, F. Complete coil embolization of the left vertebral artery.

element and fluid dynamics simulations. The
virtual treatment model then underwent fluid
dynamics analysis. The vascular and post-
deployment stent models were imported into
ICEM 16.2 (Ansys, Canonsburg, PA) for mesh
generation, and simulations were performed
using the Navier-Stokes equations under
steady-state assumptions. These were import-
ed into Geomagic Studio 12.0 (Geomagic,
Research Triangle Park, NC) for repair, trim-
ming, and smoothing to generate a model for
subsequent finite element and hydrodynamic
simulations. A LEO stent model was created in
SolidWorks (Dassault Systems, SolidWorks
Corp., MA) based on geometric specifications.
The virtual model was subjected to hy-
drodynamic simulation in ICEM 16.2 (Ansys,
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Canonsburg, PA) to generate mesh files.
Hemodynamic simulations followed the Navier-
Stokes equations for steady-state analysis.
WSS was calculated using Poiseuille’s law with
the following formula [4]: WSS = 4 x n x Vm/
inner diameter (dyne/cm3).

In this formula, n is blood viscosity, and Vm is
mean blood flow velocity.

Before stent placement, the BA aneurysm
showed low WSS distribution (Figure 4A1-C1).
After the first LEO stent was implanted,
there was an increase in WSS (1.79 Pa) (Figure
4A2-C2), and a further increase in WSS (1.97
Pa) with elevated flow velocity at the left proxi-
mal BA after deployment of the second LEO
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Figure 4. Case 3: Computational fluid dynamics (CFD) simulations. Wall shear stress (WSS) simulations of the aneu-
rysm in: (A1-C1) No LEO stent implantation, (A2-C2) After implantation of one LEO stent, (A3-C3) After implantation
of two LEO stents, and (A4-C4) After implantation of two LEO stents with embolization of the left vertebral artery.

stent (Figure 4A3-C3). Following LVA emboliza-
tion, fluid velocity and WSS decreased signifi-
cantly to 0.11 Pa (Figure 4A4-C4).

Discussion

The BA is the most complex hemodynamic ves-
sel in the cerebral circulation, and the occur-
rence and progression of VBD are closely linked
to hemodynamic factors. Therefore, blood flow
reconstruction plays a critical role in the treat-
ment of VBD.

Currently, stenting reconstruction and stent-
assisted coil embolization, based on aneurysm
morphology, are the preferred EVTs for VBD.
Stenting can reduce the size of the VBD aneu-
rysm, thereby alleviating mass effects associ-
ated with VBD. However, EVTs carry a high oper-
ative risk and complication rate, with incidence
estimates ranging from 10.5% to 22.2% [5, 6].
Consequently, careful manipulation during the
EVT procedure is essential.
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Previous studies have indicated that hemody-
namic factors are key in clinical treatment and
in evaluating the therapeutic outcomes of
aneurysms [7, 8]. For occlusion, regions of high
WSS and increased blood flow velocity within
the aneurysm lumen after EVT are considered
risk factors for aneurysm recurrence [9]. Frésen
[10] demonstrated that cerebral blood flow
leading to high WSS contributes to intracranial
aneurysm formation and induces wall remodel-
ing. However, the relationship between WSS
and VBD remains underexplored. In this study,
case 1 and case 2 illustrate the clinical pro-
gression and imaging findings of OSF immedi-
ately following stenting of the VB artery in VBD
patients. OSF was consistently observed near
the VB junction, a region prone to future recan-
alization, suggesting that OSF may play a sig-
nificant role in aneurysm recurrence after EVT.

Virtual treatment techniques that combine
finite element and CFD simulations offer a valu-
able tool for exploring the mechanisms underly-

Am J Transl Res 2026;18(2):1214-1220



Outside-stent flow sign in vertebrobasilar dolichoectasia

ing EVT modalities [11]. Simulating the treat-
ment of case 3 revealed that stent implantation
hindered the merging of blood flow from the
RVA and LVA, leading to blood flow from the RVA
into the aneurysm and creating a high-flow
region within the aneurysm lumen. WSS on the
aneurysm surface increased as the number of
stents increased. The stent obstruction imped-
ed smooth blood flow along the BA, resulting in
continuous pressure buildup within the aneu-
rysm lumen. This pressure increase is a key
factor contributing to aneurysm and branch
vessel expansion. Notably, WSS decreased sig-
nificantly after LVA occlusion, and the OSF signs
disappeared.

To our knowledge, this study is the first to
evaluate the predictive value of OSF for aneu-
rysm recurrence after EVT in VBD. OSF follow-
ing stenting with or without coil embolization
in VBD patients is an important indicator for
embolization of the contralateral VA. Further
research is needed to fully evaluate the efficacy
of the OSF sign in predicting aneurysm recur-
rence in VBD after EVT.
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