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The effective treatment of wide necked cerebral aneurysms located at vessel bifurcations
(WNBAs) remains a significant challenge. Such aneurysm geometries have typically
been approached with Y or T stenting configurations of stents and/or flow diverters,
often with the addition of endovascular coils. In this study, two WNBAs were virtually
treated by a novel T-stenting technique (Flow-T) with a number of braided stents and
flow-diverter devices. Multiple possible device deployment configurations with varying
device compression levels were tested, using fast-deployment algorithms, before a
steady state computational hemodynamic simulation was conducted to examine the
efficacy and performance of each scenario. The virtual fast deployment algorithm based
on a linear and torsional spring analogy is used to accurately deploy nine stents in
two WNBAs geometries. The devices expand from the distal to proximal side of the
devices with respect to aneurysm sac. In the WNBAs modelled, all configurations of
Flow-T device placement were shown to reduce factors linked with increased aneurysm
rupture risk including aneurysm inflow jets and high aneurysm velocity, along with areas
of flow impingement and elevated wall shear stress (WSS). The relative position of the
flow-diverting device in the secondary daughter vessel in the Flow-T approach was found
to have a negligible effect on overall effectiveness of the procedure in the two geometries
considered. The level of interventionalist-applied compression in the braised stent that
forms the other arm of the Flow-T approach was shown to impact the aneurysm inflow
reduction and aneurysm flow pattern more substantially. In the Flow-T approach the
relative position of the secondary daughter vessel flow-diverter device (the SVB) was
found to have a negligible effect on inflow reduction, aneurysm flow pattern, or WSS
distribution in both aneurysm geometries. This suggests that the device placement in this
vessel may be of secondary importance. By contrast, substantially more variation in inflow
reduction and aneurysm flow pattern was seen due to variations in braided stent (LVIS
EVO or Baby Leo) compression at the aneurysm neck. As such we conclude that the
success of a Flow-T procedure is primarily dictated by the level of compression that the
interventionalist applies to the braided stent. Similar computationally predicted outcomes
for both aneurysm geometries studied suggest that adjunct coiling approach taken in the
clinical intervention of the second geometry may have been unnecessary for successful
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aneurysm isolation. Finally, the computational modelling framework proposed offers an
effective planning platform for complex endovascular techniques, such as Flow-T, where
the scope of device choice and combination is large and selecting the best strategy and
device combination from several candidates is vital.

Keywords: T-stenting technique (Flow-T), virtual fast deployment algorithm, hemodynamic simulation, inflow
reduction, wide necked cerebral aneurysms

INTRODUCTION

Most cerebral aneurysms preferentially occur at vessel
bifurcations (1, 2). With the major advancements in endovascular
treatment over the last two decades, various of treatment
strategies along with dedicated devices have been developed to
deal with bifurcation aneurysms. When it comes to treating more
difficult Wide neck bifurcation aneurysms (WNBAs), devices
such as the pCONus and pCANvas devices (Phenox, Bochum,
Germany), the Pulserider (Pulsar Vascular, Los Gatos, California,
USA), and the eCLIPs devices (Evasc Medical Systems Corp.)
are used to cover the neck of aneurysm and assist aneurysm
coiling. Alternatively, devices such as the WEB (Microvention,
Aliso Viejo, California, USA) and Luna/Artisse (Medtronic,
Dublin, Ireland) are utilised to disturb intrasaccular flow and are
deployed within the aneurysm dome (3).

Stent-assisted coiling has shown good clinical results in the
treatment of WNBAs (4-6). During the treatment of WNBAs,
a mechanical scaffold is provided by stents to stabilise the
coils and prevent prolapse into the parent artery. To deal
with geometrically complex bifurcation aneurysms involving
both daughter branches of bifurcation, a single stent may not
be sufficient (7, 8). As a result, implanting double stents in
different configurations such as Y or T stenting are considered
frequently as endovascular treatment of WNBAs (9-11). The
conventional T-stenting technique, described as non-overlapping
Y-stent technique originally, is a successful method that proven
to stabilise aneurysm occlusion progressively (12, 13). Y-stenting
is another eligible but challenging techniques to treat WNBAs
(14), this approach uses large profile microcatheters to deliver
stents which makes manipulate during navigation through
sharply angled side branches difficult to operate. With the
development of new dedicated low-profile devices such as
the Baby Leo and LVIS EVO that can be deployed through
low-profile 0.17 in microcatheters, Flow-T stenting technique
merged as an advancement approach based on the conventional
T-stenting (13).

In the treatment of WNBAs, the clinical use of different
devices along with their detailed deployment strategy remains
empirical and is amenable to optimisation. There is series of
vital factors needed to be considered, such as the foreshortening
of FDs after placement in the aneurysm neck, which may
allow coil to prolapse into the parent vessel (15, 16), the
local haemodynamic environment before and after endovascular
treatment is complex (17, 18), the effect on the haemodynamics
inside the aneurysm by selecting different FDs (19). In the Flow-
T approach, whether coiling is necessary or not is left to be
proven. Clearly, the response of WNBAs following treatment

by FD is understudied. Therefore, patient-specific computational
fluid dynamics (CFD) models can be utilised to evaluate the
effectiveness of FD treatment in WNBAs (20).

In this study, two WNBAs were virtually treated by a novel
T-stenting technique (Flow-T) with Silk Vista Baby, Baby Leo
and LVIS EVO devices. Multiple possible device deployment
configurations were tested, using fast-deployment algorithms,
before a steady state computational hemodynamic simulations
were conducted to examine the efficacy and performance of
each scenario.

MATERIALS AND METHODS

Aneurysm Geometries and Clinical

Approach

Two WNBA geometries located on the Middle Cerebral artery
(MCA) that were identified for treatment were segmented
from CT angiography imaging data in OsiriX (OsiriX v.4.1.1,
Freeware) before being imported into Blender (Blender
Foundation, Amsterdam, The Netherlands) as stereolithography
(STL) format. As seen in Figure 1, the pre-intervention geometry
was trimmed to produce vessel lengths of about six vessel
diameters distal and proximal to the aneurysm site. Both
aneurysm geometries were treated using Flow-T stenting, with
the post-implantation 3D geometry and maximum intensity
project (MIP) also shown in Figure 1 for reference. In the clinical
approach the WNBA I case was treated with a 3 x 24 mm LVIS
EVO device deployed in the primary daughter vessel (left-hand
in the figure) and a 2.25 x 15mm Silk Vista Baby flow diverter
in the secondary daughter vessel. In the WNBA 1II case a 2.5 x
25mm Baby Leo device was deployed in the primary daughter
vessel (also left-hand in the figure) and a 2.25 x 15 mm Silk Vista
Baby flow diverter in the secondary daughter vessel.

Virtual Deployment

In order to model the Flow-T approach virtually the three
different types of devices used were reconstructed in simplified
form, as shown in Figure 2. In total nine variants of the devices
were created to quantify the effect of slightly different approaches
to the procedure. Stent I mimics the SVB device (2.25 x 15 mm)
deployed as per manufacturer instructions with a free expansion
of up to 2.5mm in diameter. Stents II-IX mimic both of the
devices deployed in the primary daughter vessel with varying
degrees of compression applied to the device, as these devices
are compressed at the aneurysm neck during deployment to
improve flow-diverting capacity. In both cases the middle third
of the device (~8 mm length) can be compressed; Stents II-V
represent the LVIS EVO device compressed in length by 0, 33,
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Pre- 3D Segmented

Pre- 3D Segmented

indicated with end (LVIS EVO) or helical (Baby Leo) markers.

Post- 3D Segmented

Post- 3D Segmented

FIGURE 1 | WNBA geometries | and Il reconstructed from CT angiography pre-intervention with Flow-T for virtual stenting (left) and post-intervention for reference
(right). Flow diverters placed in the secondary daughter vessel (right-hand in both orientations) are fully visible while the stent placed in the primary daughter vessel is

Post- CT MIP
o®

WNBA I

Post- CT MIP

WNBAII

50, and 67%, respectively, with an unconstrained diameter of
3.8 mm. Stents VI-IX represent the Baby Leo device compressed
by length to the same degrees, with an unconstrained dimeter
of 3.2mm. Visual inspection of the post-intervention imaging
confirmed in both clinical cases that the deployed configuration
of the primary daughter vessel stent was most consistent with the
50% compression devices (Stent IV and Stent VIII for WNBA I
and II, respectively).

The virtual deployment of devices is achieved using a
fast-deployment algorithm implemented in Visual Studio 2019
(Microsoft, Albuquerque, New Mexico, USA) and Blender.
Details of deployment algorithms were previously reported by the
authors (21, 22). In summary, the mechanical system is discrete
to a system with fictitious masses linked with springs, then
the movement of such mechanical system obeys the equations
of dynamic equilibrium. The contact between stent and vessel

is defined to occur when the distance between the vertex of
the vessel and any of the stents vertices becomes smaller than
a chosen parameter o. After contact is detected, the vertex
displacements in contact are still calculated in future iterations.
However, its position can only change if it is located within the a-
boundary of the vessel inner surface. A wireframe representation
of the device is compressed to reduce the radius and then
aligned with the vessel centreline to simulate the sheltering of
the device by the catheter. The unsheathing of devices is achieved
by the relaxing of the device along its length progressively. The
device expands to its stress-free shape (unconstrained diameter)
within the limit of vessel wall. The three-dimensional device is
created by adding thickness to the deployed device’s wireframe,
before being trimmed by removing the lengths in the parent
and daughter vessels to improve the efficiency of CFD mesh
generation subsequently. Device sizing, porosity and pore density

Frontiers in Neurology | www.frontiersin.org

November 2021 | Volume 12 | Article 726980


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Lyu et al.

Virtual Flow-T Stenting

Stent I
SVB
2.25x15mm

Stent II
LVIS EVO
3x24mm

Stent III
LVIS EVO 3x24mm
33% compressed

Stent IV
LVIS EVO 3x24mm
50% compressed

Stent V
LVIS EVO 3x24mm

67% compressed

Stent VI
Baby Leo
2.5x25mm

Stent VII
Baby Leo 2.5x25mm
33% compressed

SRRBRERRe

Stent VIII
Baby Leo 2.5x25mm
50% compressed

1 A
AT X >

Stent IX
Baby Leo 2.5x25mm
67% compressed

FIGURE 2 | SVB, LVIS EVO, and BABY LEO designs to be virtually deployed in each WNBA geometry. Stent | is flow-diverting stent whereas stent II-VIIl are
low-profile braided stents with different compression level at mid third part of the devices.
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TABLE 1 | Stent porosity and construction.

Device Compression Typical Porosity Typical Pore Density
[%] (compressed) (Compressed)
[%] [mm~]
Stent | SVB 0 60 (-) 45 ()
Stentll  LVISEVO 0 70 (-) 20
Stent Il LVISEVO 33 70 (65) 2@
Stent IV LVISEVO 50 70 (55) 2 (4)
StentV  LVISEVO 67 70 (35) 2(5)
Stent VI Baby 0 80 (-) 4
Leo
Stent VIl Baby 33 80 (70) 4(5)
Leo
Stent VIl Baby 50 80 (65) 4 (6)
Leo
Stent IX  Baby 67 80 (50) 4 (10)
Leo

is shown in Table 1 as per the for the SVB, LVIS EVO, and Baby
Leo as per manufacturers’ guidance (23).

In addition to modelling the over- and under-compression
of the stent placed in the primary daughter vessel, the relative
position of the SVB flow-diverter deployed in the secondary
daughter vessel was also varied. Three configurations of SVB
were considered: the realistic positioning of the device inferred
from visual inspection of the post-intervention angiography; an
idealised positioning of the device where the SVB perfectly abuts
the LVIS EVO or Baby Leo device creating a connected “T”;
and finally, a poorly positioned device where a substantial gap
between the SVB and primary daughter vessel device is present.
These configurations are referred to generally as “real,” “ideal,
and “poor.”

CFD Methodology

The aneurysm geometries with and without devices deployed
were meshed using CFD-VisCART (ESI Group, Paris, France)
using a projected single domain non-conforming unstructured
mesh, an Omnitree Cartesian tree type and three near-wall
Cartesian layers to give a smooth and well-resolved boundary
definition. The meshes were then imported into the multi physics
suite. CFD-ACE+ (ESI Group) and solved assuming steady
flow conditions.

Blood was modelled as an incompressible fluid with steady 3D
Navier-Stokes governing equations that were solved following
the finite volume approach, with a central differencing scheme
for spatial interpolations. The SIMPLE Consistent (SIMPLEC)
pressure correction method (24, 25) and an algebraic multigrid
method for convergence acceleration (26) were used. Given
previous studies in the literature that confirmed the non-
Newtonian effects of blood to be small in the cerebral circulation,
(27, 28) blood is modelled as a Newtonian fluid with a density of
1,000 kg/m> and a dynamic viscosity of 0.004 Pa s. Arterial walls
were modelled as rigid, with the effect of such an assumption on
flow patterns having been shown to be negligible (29). A no-slip

boundary condition was imposed on both the vessel walls and
device struts.

A radially symmetric inlet velocity boundary condition was
applied to each geometry scaling the corresponding velocity
to a mean internal carotid artery (ICA) flow rate of 230
ml/min. A fixed pressure outlet boundary condition was applied
to all geometry outlets; more complex outflow conditions
incorporating Windkessel models were considered but rejected
given very little variation in daughter vessel flowrates under a
constant pressure condition when compared to physiological
values (to within 5% of mean flow rates reported in the literature).
Convergence criteria of absolute or relative residual reduction to
1 x 1078 and 1 x 107> were employed.

Mesh independence to within 2% for both aneurysm inflow
and wall shear stress (WSS) magnitude was assumed by meshing
the geometries with a mesh density >5,000 elements per mm?,
as per similar studies by the authors (30, 31). This resulted
in mesh sizes of 4.69-10.7 million elements across the cases.
CFD simulation results are post processed by visualising the
WSS distributions and velocity streamlines withing the aneurysm
dome. A neck plane defining the boundary of the aneurysm is
place proximal to the deployed devices and allows the inflow into
the aneurysm to be monitored.

RESULTS AND DISCUSSION
Virtual Deployment

The fast virtual deployment algorithm was applied to each device
(Stents I-IX) in two WNBA geometries as shown in Table 1 and
Figure 1. Similar to clinical intervention, the release of flow-
diverter starts from the distal side of device to the proximal side
of the device with respect to aneurysm sac. Figure 3 demonstrates
snapshots of the LVIS EVO at three stages of deployment process
in the WNBA L.

The virtual deployment is developed in Visual Studio 2019
and executed on a single 2.60 GHz core without parallelization
such as multi-threading. The deployed position of each device
for each geometry was achieved after around 50 iterations,
and in a computation time of <1 min per case. The deployed
devices are in a good contact with the vessel wall, with the
wall considered as fixed throughout the deformation. Different
deployment configurations of the SVB are achieved by editing
the centerline of the secondary daughter vessel as shown in
Figures 3A-C, 4A-C. The realistic deployment is validated with
the post-intervention imaging, which give clear indication of
device’s position. Figures 3D-F, 4D-F shows the deployment
of LVIS EVO and BABY LEO with different compression
levels for the primary daughter vessel device (Stents II-IX).
These configurations of deployed devices in each geometry are
summarised in Tables 2, 3.

Pre- and Post-intervention
Haemodynamics

Calculations of inflow entering through the aneurysm neck in
each case (WNBA I and II) are shown in Tables 2, 3 with values
of 129.6 and 78.18 ml/min, respectively, representing ~100 and
60%, respectively, of the parent vessel (MCA) average flowrate.
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D

deployment of BABY LEO in WNBA II.

FIGURE 3 | Virtual deployment process. (A) Crimped LVIS EVO flow-diverter placed on the centerline of the target vessel. (B) Half way through the LVIS EVO
expansion process, starting from the distal to proximal side of the device with respect to aneurysm sac. (C) Configuration of full expanded LVIS EVO. (D-F) The

Velocity streamlines for both of these “No Device” cases are
shown in the top rows of Figures 6, 7 below, where in both
geometries relatively fast flow (~0.5 ms~!) can be seen to enter
deep into the aneurysm dome. These jets of flow, most prominent
in the WNBA I case, lead to regions of elevated WSS magnitude
within the aneurysm dome caused by both the impact of the jet
on the vessel wall (at the aneurysm tip) and the impingement
flow leaving the dome (at the neck). The high aneurysm inflow
rates (as a percentage of parent vessel flow rate), concentrated jet
inflow, and regions of flow impingement have all been correlated
with increased aneurysm rupture risk (32-34) and confirm the
fragile nature of the aneurysm cases prior to clinical intervention.

In WNBA I the deployment of both devices in a realistic
configuration (Case A in Table 2) can be seen to dramatically
reduce the inflow into the aneurysm dome by 64.3%. Closer
inspection of the second row of Figure6 shows that this
reduction has been achieved by eliminating the inflow jet almost
entirely (very little flow enters the left-hand portion of the
aneurysm) and by substantially reducing the velocity of the
flow that does enter aneurysm. Additionally, it is clear from
the velocity streamlines of WNBA I A that the vast majority of
flow entering the aneurysm dome then exits via the right-hand
daughter vessel through the SVB device. This change in flow
pattern has eliminated much of the flow impingement visible
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Ideal Realistic deployment Poor deployment
deployment

A B c
LVIS EVO 33% LVIS EVO 50% LVIS EVO 67%
compressed compressed compressed

FIGURE 4 | Deployed device positions in WNBA 1. (A) Ideal deployment of LVIS EVO in the side daughter vessel. (B) Realistic deployment of LVIS EVO in the side
daughter vessel. (C) Poor deployment of LVIS EVO in the side daughter vessel. (D-F) The deployment of LVIS EVO with 33, 50, 67% compression rate in the mid third
part of the devices.

in the No Device case, where some flow exits the aneurysm  WNBA I A in Figure 5 confirms the elimination of the flow
dome via the left-hand daughter vessel causing elevated WSS  jet and impingement zone with the entire aneurysm dome WSS
(~8Pa) at the aneurysm neck. The WSS magnitude plot for = remaining around 2 Pa—a value typical of healthy vasculature.
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TABLE 2 | Percentage reductions of total flow entering the sac of WNBA | with
different deployment strategies and different compression level.

WNBA |
ID Description Qin %
(ml/min) Reduction
ND No devices 129.6 -
A Real EVO (50%) and real SVB 46.32 64.3
B Real EVO (50%) and ideal SVB 4422 65.9
C Real EVO (50%) and poor SVB 48.93 62.3
D Uncompressed EVO (0%) and real SVB 67.9 47.6
E Undercompressed EVO (33%) and real 54.45 58.0
SVB
F Overcompressed EVO (67%) and real SVB 46.35 64.2

TABLE 3 | Percentage reductions of total flow entering the sac of WNBA Il with
different deployment strategies and different compression level.

WNBA I
ID Description Qin %
(ml/min) Reduction

ND  No devices 78.18 -

A Real Baby Leo (50%) and real SVB 22.93 70.7
B Real Baby Leo (50%) and ideal SVB 23.87 69.5
C Real Baby Leo (50%) and poor SVB 25.28 67.7
D Uncompressed Baby Leo (0%) and real SVB 39.42 49.6
E Undercompressed Baby Leo (33%) and real SVB 25.06 68.0
F Overcompressed Baby Leo (67%) and real SVB 11.82 84.9

Variation in the deployment position of the SVB device in
WNBA I cases B and C shown in Table 2 indicate very little
variation in inflow reduction with <5% difference in inflow
reduction across the “real,” “ideal,” and “poor” configurations.
This would suggest that the precise placement of the SVB device
in the secondary daughter vessel does not substantially affect
the overall flow-diverting effect of the Flow-T procedure in
this geometry.

More variation in inflow reduction is seen by the level of
compression of the LVIS EVO device in the WNBA I geometry
as shown for cases D, E, and F in Table 2. With no compression
of the EVO device (case D) the flow reduction drops by
more than a quarter, compared to the realistic compression of
50%, to a flow reduction of 47.6%. The third row of Figure 6
shows the corresponding velocity and WSS distributions for
this uncompressed case (D). While little difference in WSS
distribution is visible between cases A and D, the lack of
EVO compression in case D has resulted in a more substantial
aneurysm inflow jet visible in the velocity streamline plots.
The aneurysm flow pattern, with flow entering in the centre of
the aneurysm neck, is similar in case D compared to case A,
with the more open device pores in case D creating a single
jet with velocity magnitudes around 0.25 ms-1. Ver or under-
compressing the LVIS EVO device compared to the 50% length

reduction used in the clinical deployment has a much more
modest effect on inflow reduction as cases E and F in Table 2
illustrate. In these cases, the variation in inflow reduction of
around 6% (or <10 ml/min) due to levels of compression appears
to be dictated by the device pore size, and therefore the intensity
of the aneurysm inflow jet. However, a slight shift in aneurysm
flow pattern can be seen in the final row of Figure 6 whereby the
higher degree of compression in the mid third of the device (67%)
has resulted in not all of the aneurysm neck being covered by a
compressed portion of the device, hence the reemergence of flow
entering the left-hand portion of the neck where uncompressed
EVO device is exposed.

There are similarities in the performance of the different
configurations of devices for the WNBA II geometry as
summarised in Table 3. Deployment of both devices in the
realistic configuration (case A) results in an inflow reduction
of 70.7%. Comparing the first and second rows of Figure 7, the
result of the Flow-T intervention is similar to before: jets of
fast flow (>0.5 ms™!) entering the aneurysm are reduced and
the complex and impinged flow within the aneurysm dome is
arrested to relatively simple circulating flow with blood entering
the aneurysm on the right-hand side and exiting via the left.
In particular, the concentrated region of high WSS magnitude
(>8Pa) seen close to the amorphous neck of the aneurysm in
the No Device case is dramatically reduced following the device
placements in all configurations (cases A-F). As before in the
WNBA T case, the elimination of regions of elevated WSS and
complex impinging flow would suggest that the Flow-T proceed
substantially reduces the risk of aneurysm rupture and would
promote thrombosis and aneurysm stabilisation.

Once again variation in positioning of the SVB device in the
secondary daughter vessel in either the “poor;” “real,” or “ideal”
configurations does little to affect the overall flow-diverting effect
of the procedure. Less than 3% variation in inflow reduction is
seen across the three cases (A-C) as shown in Table 3. Although
it should be noted that the “ideal” SVB placement actually
reduces the inflow reduction slightly when compared to the “real”
position. This initially counter-intuitive effect results from the
“ideal” SVB placement increasing the resistance to flow exiting
the aneurysm dome compared to the “real” position, but the
effect is small.

The variation in inflow reduction by Baby Leo device
compression (cases D, E, and F in Table 3) is larger in the WNBA
IT geometry. A Flow-T configuration with compression applied
to the Baby Leo stent results in an aneurysm inflow reduction
of 49.6%—a figure similar to the first WNBA I geometry.
Comparing the first and third row of Figure 7 it is clear that
some flow complexity in the aneurysm dome remains when the
Leo stent is uncompressed, but the magnitude of aneurysm flow
velocity is substantially reduced compared to the No Device case.
Finally, the over-compressed Baby Leo device in case F with 67%
length reduction resulted in a very large increase in aneurysm
inflow reduction to 84.9%. From the bottom row of Figure 7 it
is clear that very little flow is entering the aneurysm dome in this
case, and no coherent jet of flow is visible at all.

WNBA II is a complicated geometry to treat with any
endovascular technique due to the extremely wide and
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Ideal
deployment

Realistic deployment

Poor deployment

Baby Leo
33% compressed

Baby Leo
50% compressed

Baby Leo
67% compressed

devices.

FIGURE 5 | Deployed device positions in WNBA II. (A) Ideal deployment of SVB in the side daughter vessel. (B) Realistic deployment of SVB in the side daughter
vessel. (C) Poor deployment of SVB in the side daughter vessel. (D-F) The deployment of BABY LEO with 33, 50, 67% compression rate in the mid third part of the

amorphous aneurysm neck, which creates additional problems
when defining the measurement plane through which aneurysm
inflow can be measured. In the clinical approach coils were
also added to the aneurysm sac prior to aid aneurysm isolation,
although the similarity in modelled response of both WNBA
I and WCNA 1I to Flow-T in this study suggest that such an
adjunct measure may have not been necessary.

CONCLUSIONS

This study detailed a computational workflow for virtually
modelling device deployment configurations and simulating
the resultant aneurysm haemodynamics for the novel Flow-T
technique. The results obtained illustrate the value of using such
tools to plan endovascular interventions and strategies, especially

in complex aneurysm geometries and with a choice of device
types and configurations—both key features of when the Flow-T
technique would be chosen.

In this study, a fast deployment algorithm was used to
deploy numbers of minimally invasive devices into the patient-
specific geometries. The algorithms provide fast and precise
deployment of devices which allows for the real time interaction
and positioning optimization.

In the two patient-specific wide-necked aneurysms considered
regardless of device configuration and compression aneurysm
inflow is reduced by at least ~50% and regions of elevated
WSS due to flow jetting and impingement are eliminated—
all features associated with successful aneurysm isolation.
These results reinforce the view that Flow-T represents
a good endovascular option for hard-to-treat wide necked
bifurcation aneurysms.
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FIGURE 7 | Velocity streamlines and WSS distributions for the No Device (ND) and selected device configurations (cases A, D, and F) for the WNBA Il geometry.
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Virtual Flow-T Stenting

In the Flow-T approach the relative position of the secondary
daughter vessel flow-diverter device (the SVB) was found to have
a negligible effect on inflow reduction, aneurysm flow pattern,
or WSS distribution in both aneurysm geometries. This suggests
that the device placement in this vessel may be of secondary
importance. By contrast, substantially more variation in inflow
reduction and aneurysm flow pattern was seen due to variations
in braided stent (LVIS EVO or Baby Leo) compression at the
aneurysm neck. As such we conclude that the success of a Flow-
T procedure is primarily dictated by the level of compression
that the interventionalist applies to the braided stent. The similar
positive results seen in both patient-specific geometries after
virtually completing the Flow-T procedure suggest that the
adjunct coiling that was utilised in the clinical approach to the
second aneurysm geometry may have not been necessary for
aneurysm stabilisation.
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