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ABSTRACT

Objectives: To evaluate the occurrence of rewiring through one of the panels of the Tryton stent
(instead of the assumed re-wiring in-between the panels) and the influence on stent geometry and

mechanics.

Background: Tryton is a side branch stent used in combination with a main branch device. It is
placed without the need of rotational orientation. However, it is unknown whether main branch

re-wiring accidentally may occur through a panel, instead of in-between the panels.

Methods: We used three-dimensional optical coherence tomography to evaluate the location of
distal main branch re-wiring through Tryton. Furthermore, we used computer simulations to evalu-

ate the influence on stent geometry and mechanics.

Results: Rewiring through a panel (instead of in-between two panels) occurred in 45% of the
cases. By using virtual stent deployment, we found minimal differences in ostial side branch sten-
oses (44.8% in-between the panels and 39.0% through a panel). There were no differences in
minimum stent areas of the distal main branch (6.38 mm? vs. 6.39 mm?). In both scenarios, the re-
wired Tryton cell was large enough for main branch stenting (expressed as the diameter of the larg-
est possible circle that fits within the cells): 3.40 mm (in-between the panels) vs. 3.02 mm (through

a panel).

Conclusions: In 45% of the Tryton implantations, distal main branch rewiring (and subsequent
main branch stenting) was performed through one Tryton panel, instead of the assumed rewiring
in-between the panels. However, this did not result in unfavorable stent geometries or mechanics,

as evaluated with computer simulations.

KEYWORDS
computer simulation, coronary bifurcation, dedicated stent, intravascular imaging, optical coher-
ence tomography, virtual bench testing

1 | INTRODUCTION

Abbreviations: 3D, three-dimensional; D1, first diagonal branch; FDA, Food
and Drug Administration; IFU, instructions for use; LAD, left anterior
descending coronary artery; OCT, optical coherence tomography; PCI,
percutaneous coronary intervention; POT, proximal optimization technique;
QCA, quantitative coronary angiography; RCA, right coronary artery; RCx,
ramus circumflex.

Maik J. Grundeken and Claudio Chiastra contributed equally to this work.

The Tryton Side Branch Stent™ has been developed for a “simplified
culotte” technique with the hope to improve outcomes of percutane-
ous coronary interventions (PCls) of bifurcation lesions [1,2]. The Try-

ton stent shares its proximal part with the main branch stent proximal
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to the bifurcation. The Tryton stent consists of three zones [1,2]: a
proximal main branch zone, the central transition zone, and a distal side
branch zone. The proximal main branch zone has two proximal “wed-
ding bands”, from which three undulating fronds connect these wed-
ding bands with three “panels” of the transition zone. This part of the
stent has a minimal amount of metal, resulting in large sized cells,
enclosed by the distal margin of the wedding bands, the undulating
fronds, and the proximal margins of the panels. The potential benefit of
this design is that due to these large sized cells, main branch re-wiring
and main branch stent implantation (after Tryton implantation, which is
performed first) will become easier and the so called ‘napkin ring’ effect
may be avoided [3,4].

The Tryton stent is placed without (the need of) rotational orienta-
tion. However, it is unknown whether main branch rewiring acciden-
tally may occur through one of the panels, instead of through the large
sized cells. Moreover, if this may occur, it is unknown what the impact
will be on the mechanical behavior of the Tryton stent. Therefore, we
performed a study using three-dimensional (3D) reconstructions of
optical coherence tomography (OCT) pullbacks to evaluate the occur-
rence in vivo of main branch rewiring through the panels (instead of
through the large cells in-between the undulating fronds, distal wed-
ding band and proximal margins of the panels). Furthermore, we per-
formed virtual stent deployment in a bifurcation model to investigate
the influence of main branch stent placement through the panels on

Tryton stent mechanics.

2 | METHODS

2.1 | Device

The Tryton Side Branch Stent™ is discussed in detail elsewhere [1,2].
Briefly, it is a cobalt-chromium bare metal stent with a strut thickness
of 84 um (0.0033 in.). It is a slotted-tube, balloon-expandable stent and
is 5 or 6 Fr compatible (depending on the size used), delivered using a
single rapid exchange system over a conventional 0.014-in. guidewire.
The stent is mounted on a single delivery balloon which is tapered with
a larger proximal than distal diameter [1,2].

The Tryton stent consists of three zones. The distal side branch
zone has a conventional tubular stent design with out-of-phase zigzag
hoops connected with one link per crown. The second zone is the tran-
sition zone with three panels that can be independently deformed to
adjust to a wide range of bifurcation anatomies. The third zone is the
proximal main branch zone which has two “wedding bands” to mount
the proximal part of the stent on the delivery balloon and to “anchor”
the stent in the proximal main branch after implantation. The wedding
bands are connected with the panels of the transition zone by three
undulating struts. Because of this design there is a minimal amount of
metal in the proximal main branch, with a large cell size in-between the
most distal wedding band, the undulating struts, and the proximal mar-
gin of the panels. This theoretically allows easy delivery of a conven-
tional stent, through the Tryton stent, in the main branch, avoiding
problems with deployment of the main branch stent (such as the “nap-
kin ring” effect).

The stent deployment sequence, as recommended by the manu-
facturer, is described in the instructions for use (IFU). First, both
branches (main and side branch) are wired. Predilatations of the main
branch and/or side branch are performed at the discretion of the oper-
ator. Hereafter, the Tryton stent is advanced into the side branch and
positioned using the four radio-opaque markers on the stent delivery
system [1,2]. The stent is positioned in such a way that the carina lies
in-between the two middle markers, without the need for rotational
orientation. After stent deployment, it is recommended to perform a
proximal optimization technique (POT) by dilatation of the proximal
main branch zone to ensure adequate apposition of the wedding bands
to the vessel wall. Then, the side branch wire, used for Tryton stent
delivery, is retracted and advanced through the Tryton stent into the
distal main branch. To avoid rewiring in-between the Tryton stent cells
and the vessel wall, the side branch wire is not further retracted than
the proximal main branch zone (proper rewiring may be further facili-
tated by leaving the tip of the balloon catheter used for the POT in the
proximal main branch; also known as the “Stella Manoeuvre”). Rewiring
is facilitated by the large sized cells in-between the distal margin of the
distal wedding band, the undulating fronds, and the proximal margins
of the panels in the transition zone. The “trapped” main branch wire
could then be retracted. Subsequently, a balloon is advanced over the
rewired main branch wire, through the Tryton stent, to predilate the
main branch. After dilatation, a conventional tubular stent is advanced,
crossing the side branch, and deployed in the main branch. Finally, the
side branch is rewired through the main branch stent and a final kissing
balloon dilatation is performed. Ideally, the procedure is finished with a
final POT to correct for the oval-shaped stent distortions in the proxi-
mal main branch created by overlap of the kissing balloons in the proxi-
mal main branch [5].

The stent is commercially available in multiple countries within
Europe (CE marked since 2008), Middle East and Africa, and recently
the Food and Drug Administration (FDA) granted approval for its use in
the United States.

2.2 | Three-dimensional optical coherence
tomography

We used OCT data from two observational studies to evaluate where
the Tryton stent was rewired (through a large sized cell in-between the
panels or through a panel). The first study was a follow-up study using
quantitative coronary angiography (QCA) and OCT to evaluate the per-
formance of the Tryton stent [6]. All patients provided written
informed consent prior to the repeat angiography. In the second study
we reported clinical, QCA, and OCT data on 10 patients which were
treated for bifurcation lesions with the Tryton stent in combination
with the Absorb bioresorbable vascular scaffold (BVS) (Abbott Labora-
tories, Abbott Park, IL) [7]. The necessity to obtain written informed
consent was waived by the institutional review committee because the
procedures were performed as part of routine clinical care (both
devices were CE-marked).

OCT pullbacks were performed with the llumien frequency-
domain system (St Jude Medical. St Paul, MN). After advancing the
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OCT imaging catheter over a conventional, 0.014-in. guidewire, pull-
backs were performed during continuous X-ray contrast injection of 4
mL sec™ ! at a maximum pressure of 300 psi using an injection pump.

1 at a pullback speed of 20

Images were acquired at 100 frames s~
mm s~ *. Calibration was performed based on the reflection of the
imaging catheter. From every OCT pullback, each individual strut was
detected by hand in each OCT frame. Hereafter, 3D-OCT images were
reconstructed offline using the volume rendering software AMIRA (FEI,
Hillsboro, OR) [7,8]. For every 3D-OCT reconstruction, the site of distal
main branch fenestration was scored visually by one of the investiga-

tors (MJG) as follows:

1. “in-between two panels,” through the large sized cells which are
enclosed by the distal wedding band, the undulating fronds and
the proximal margin of the panels; and

2. “through the panel,” in which the distal main branch rewiring was

performed through a cell of one of the panels.

2.3 | Virtual stent deployment

A bifurcation model of the left anterior descending (LAD) coronary
artery with its first diagonal (D1) branch was used for the virtual Tryton
stent placement. The geometry of the bifurcation model was based on
the clinical literature [9]. The lumen diameters of the three branches
obeyed Finet's law [10] and were 3.50 mm (proximal main branch),
2.76 mm (distal main branch), and 2.40 mm (side branch), respectively.
The distal bifurcation angle was set to 45° while the proximal-to-distal
main branch angle was set to 180°. The vessel wall thickness was
defined as the 30% of the lumen diameters according to experimental
measurements [11]. The vessel wall was divided into three layers,
namely intima, media, and adventitia. The material of each layer was
modeled using an isotropic hyperelastic constitutive law based on ex
vivo experimental data on human coronary specimens [11], in accord-
ance with previous studies [12,13].

A validated model of the Tryton stent (length of 19 mm and step
delivery system of 2.5-3.5 mm) was used. Details of this model are
reported elsewhere [14]. Briefly, the cobalt-chromium alloy that char-
acterizes the stent was defined as an elasto-plastic isotropic material.
The polymeric material of the balloon was described by means of an
elastic linear isotropic model. Two different elastic moduli were
assigned to the proximal and distal parts of the balloon to comply with
the manufacturer pressure-diameter relationship. The model of the
Tryon stent was validated by comparing an experimental free-
expansion with the corresponding computer simulation.

Models of the 3 X 15 mm Xience V stent (Abbott Laboratories)
[13] and NC Sprinter RX noncompliant balloon (Medtronic, Fridley,
MN) (sizes 2.5 X 15 mm, 3 X 15 mm, and 3.5 X 9 mm) were also cre-
ated. All balloon models were calibrated to replicate the manufacturer
pressure-diameter curve following the same procedure used for the
Tryton step balloon [14].

Two different experiments were performed with virtual stent
placements of the Tryton stent in combination with the Xience V stent.

The two scenarios were simulated in the bifurcation model using the
finite element software ABAQUS/Explicit (Dassault Systémes Simulia
Corp., Providence, RI). Simulation settings were those adopted in previ-
ous studies from our group [12,13,15]. In the first virtual stent place-
ment experiment, we assumed an ideal scenario (with rewiring “in-
between two panels”) and the deployment sequence consisted of the

following steps, in agreement with the IFU (Figure 1):
1. Insertion of a 19 X 2.5, 3.5 mm Tryton stent in the side branch;
2. Expansion of the Tryton stent at 10 atm;
3. POT by expanding a 3.5 X 9 mm balloon at 8 atm;
4

. Rewiring from the proximal to distal main branch in-between two
panels of the Tryton stent, through one of the large sized cells;

5. Insertion of a 3 X 15 mm NC Sprinter RX balloon from the proxi-
mal to distal main, through the Tryton stent struts;

6. Inflation of this balloon at 8 atm to allow main branch stent

delivery;

7. Insertion of a 3 X 15 mm Xience V in the main branch, through
the Tryton stent;

8. Deployment of the Xience V stent (9 atm);

9. Final kissing balloon dilatation by expanding 2.5 X 15 mm and 3 X
15 mm NC Sprinter RX balloon balloons at 8 atm in the side

branch and main branch, respectively;

10. Finalization of the procedure with a POT by expanding a 3.5 X
9 mm NC Sprinter RX balloon at 9 atm.

In the second virtual stent placement experiment, we assumed that after
Tryton stent placement, one of the panels was located in front of the dis-
tal main branch ostium. The deployment sequence and the subsequent
steps were identical as described above with the exception that main
branch rewiring (step 4) was performed through one of the panels
instead of through the large sized cells in-between two panels (Figure 2).

The two scenarios were compared by quantifying geometrical
changes after stenting procedure. The side branch ostial area stenosis
(expressed as percentage) was calculated as follows [16]: (total side
branch ostium surface area — largest area free from struts)/total side
branch ostium surface area X 100. The minimum stent area at the dis-
tal main branch ostium was defined as the cross-sectional inner lumen
stent area without considering the stent struts [17]. The minimum
lumen diameter at the distal main branch ostium was calculated as the
cross-sectional minimum diameter from one strut edge to the opposite
one [17]. The malapposition area was defined as the percentage of
stent area with malapposed stent struts with respect to the total stent
area. The geometries of the deployed Tryton stents were compared by
evaluating the cell opening of the large sized cells of the proximal zone
and the panels of the transition zone of the device. The diameter of
the largest possible circle which fits within the stent cell struts was
used as an estimate of the cell opening [17].

In addition to geometrical changes after stenting, the arterial wall
stress (expressed as maximum principal stress) and the stress in the
stents (expressed as von Mises stress) were calculated as previously
reported [18].
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FIGURE 1 Virtual deployment sequence of the Tryton stent in combination with the Xience V stent in a left anterior descending/first
diagonal coronary bifurcation model. A, Expansion of the Tryton stent in the side branch. B, Proximal optimization technique. C, Opening of
the main branch access. D, Expansion of the Xience V stent in the main branch. E, Kissing balloon inflation. F, Proximal optimization
technique. For each step, (1) insertion, (2) expansion, and (3) recoil of the balloon/stent is shown [Color figure can be viewed at

wileyonlinelibrary.com]

3 | RESULTS
3.1 | Three-dimensional optical coherence

tomography

From the 20 patients available, 11 were suitable for the current analy-
sis (Figure 3). In nine cases it was not possible to assess the location of
distal main branch rewiring. All these cases were from the Tryton OCT
follow-up study in which the Tryton stent was used in combination
with a metallic stent in the main branch. Therefore, the Tryton stent
could not be distinguished from the metallic main branch stent, which
prevented 3D-OCT reconstruction of the Tryton stent. One case from
this study was suitable for the current analysis since in this case Tryton
was used to treat a Medina 0,0,1 lesion without the placement of a
main branch stent [19]. Therefore, we were able to 3D reconstruct the
Tryton stent during the follow-up OCT, even though it was covered
with some neointima. We were able to use all cases (all OCTs were
from baseline pullbacks) from the Tryton-Absorb registry, because the
metallic Tryton struts could be distinguished from the polymeric
Absorb struts.

From these 11 patients, in only 5 (45%) patients main branch re-
wiring was performed through the large sized cells, in-between the
panels (a case example is shown in Figure 4 and Supporting Information
video 1). In 5 (45%) other cases, main branch re-wiring was performed
through one of the panels (a case example is shown in Figure 5 and
Supporting Information video 2). In the remaining case (9%), main
branch rewiring occurred even further, distal to the panels of the mid-

dle zone.

3.2 | Virtual stent deployment

Figure 6A shows a cross-sectional view of the side branch ostium for
the two investigated scenarios. The side branch ostial area stenosis
was numerically larger in the case with correct main branch rewiring
(in-between two panels) than in that with main branch re-wiring
“through a panel” (44.8% versus 39.0%, respectively). The minimum
stent area at the distal main branch ostium was similar in both scenar-
ios (6.38 and 6.39 mm? for the cases with correct re-wiring and main
branch re-wiring through a panel, respectively) (Figure 6B). Similarly,

comparable values of minimum lumen diameter were found at the
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B) ‘Correct’ main branch Main branch re-wiring
re-wiring ‘through panels’

FIGURE 2 Main branch rewiring after Tryton stent implantation. A, Rewiring through one of the panels of the stent: (1) insertion of the
balloon, (2) expansion, and (3) recoil after balloon deflation. B, Comparison between the “correct” rewiring and the rewiring “through
panels”: (1) expansion of the balloon, (2) recoil after balloon deflation, and (3) geometrical configuration at the end of the procedure [Color
figure can be viewed at wileyonlinelibrary.com]

Registry on Tryton use Tryton OCT follow-up
distal main branch ostium for the two analyzed cases (2.82 mm for V:i;hp::?;?‘:?: 1 Osstajg:;:ts
both cases). T T
Malapposed struts are indicated in red in Figure 6C for both sce- 20 patientslconsidered
narios. The malapposition area was numerically smaller in the case with for analysis
rewiring in-between two panels (18.7% versus 20.3%, respectively). 9 patients not suitable due to

— inability to distinguish Tryton

The percentage of malapposed area at the side branch ostium with Fram metallicrmain Branchstent

respect to the total malapposed area was 19.2% in the case with rewir-

o ] ) - 11 suitable for analysis:
ing in-between two panels and 14.9% in that with re-wiring through a - 10 peri- and postprocedural OCT of Tryton with Absorb
patients considered for analysis

panel. - 1 follow-up OCT of a Tryton implantation without a main
In Figure 7 the Tryton stent geometry at the end of the procedure branch stent
is compared for the two investigated scenarios. The cell opening of the [ I ]
large sized cells of the proximal zone and the panels of the transition RE‘Wilfing thfﬁUQh a Re-wiring thIFOUQh a | |Re-wiring disitalto the
arge cell: anel: anels:
zone of the device is reported in Table 1. The assumed main branch re- 5 pgatients 5 Eatients 1ppatient

wiring in-between panels induces a uniform expansion of the stent cells
in the proximal and transition zones of the device, with a well-opened FIGURE 3 Flowchart reporting the patients included in the
large cell in-between the panels (through which the main branch stent analysis
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FIGURE 4 Clinical example of “correct” main branch rewiring. This
case example was a 53-year-old male with recent STEMI for which
he underwent a primary PCl with drug-eluting stent placement in
the ramus circumflex (RCx). A, angiography showed a distal LAD
lesion and a Medina 1,1,1 lesion of the LAD/D1 bifurcation. The
distal LAD was treated with a bioresorbable vascular scaffold (not
shown). B,C, then, the D1 was predilated. D, hereafter, an Absorb
BVS was implanted in the D1. E, a 3.5-3.0 X 15 mm? Tryton was
positioned from the proximal LAD into the D1 using the four radio-
paque markers on the delivery system (red arrows; most proximal
marker not visible). F, Tryton was deployed at 10 atm, overlapping
with the previously placed BVS. G, 3D-OCT reconstruction from a
pullback from the side branch to the proximal main branch shows
precisely how re-wiring of the guidewire into the distal main
branch is in-between the undulating fronds (“correct” rewiring). H,
3D-OCT reconstruction from the same pullback as in “G,” but from
a view perpendicular at the distal main branch ostium. I, final
angiographic result after main branch BVS implantation [Color fig-
ure can be viewed at wileyonlinelibrary.com]

is implanted) with a diameter of the largest possible circle of 3.40 mm
(Figure 7, Circumference A). Main branch re-wiring through a panel
induces a high distortion of one of the panels of the transition zone of
the Tryton stent, resulting in a stent cell diameter of 3.02 mm (Figure
7, Circumference D), which is approximately three times larger than the
other cells of the other panels (Figure 7, Circumferences E,F). The stent
cell diameter of 3.02 mm however is well beyond the 2.76 mm of the
distal main branch diameter.

FIGURE 5 Clinical example of main branch rewiring “through a
panel.” This case example was a 48-year-old male with a history of
PCI of the right coronary artery (RCA) and ramus circumflex (RCx)
branch. He presented with progression of his stable angina with an
exercise test suggestive for ischemia in the anterolateral wall. Diag-
nostic angiography showed a chronic total occlusion of the RCA, pat-
ent stents in the RCx (not shown) and, as displayed in panel A, a
bifurcation lesion of the LAD-D1 branch with a second subtotal ste-
nosis in D1. A PCl was performed. First, both branches were wired.
B, then, the side branch was treated, after predilatation, with a 2.5 X
18 mm? Absorb BVS. C, hereafter, a 3.5-2.5 X 19 mm? Tryton stent
was positioned using the four radiopaque markers on the delivery
system. Panel D show the angiogram after deployment of the Tryton
stent. An OCT pullback from the side branch to the proximal main
branch was performed. E, 3D reconstruction of this pullback shows
that one of the three panels of the Tryton stent is located just before
the ostium of the distal main branch. F, the main branch was re-
wired and a main branch balloon dilatation was performed with a 3.0
X 15 mm NC Trek balloon. G, This is followed by implantation of a
3.0 X 18 mm? Absorb BVS (10 atm). Final kissing balloon dilatation
was not performed in this case. H, the final angiogram shows a good
angiographic result. |, 3D reconstruction of a final OCT pullback from
distal-to-proximal main branch showing how the struts of the panels
are widened after main branch dilatation and BVS placement through
the panel (BVS struts not colored). J, 3D reconstruction of the Tryton
stent from the same viewing angle as in panel “I,” now without BVS
and without vessel wall behind. Note that the distal side branch part
of the Tryton stent could not be visualized in panels “I" and “J”
because these 3D reconstructions are obtained from a main branch
pullback [Color figure can be viewed at wileyonlinelibrary.com]
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‘Correct’ main branch
re-wiring

A)

B)

C)

B Malapposed
B Well-apposed

Main branch re-wiring
‘through panels’

FIGURE 6 Comparison of the two investigated scenarios in terms of geometrical changes at the end of the stenting procedure. A, Cross-
sectional view of the side branch ostium from the side branch extremity. B, Cross-sectional view of the distal main branch ostium from the
distal main branch extremity. C, Quantification of stent strut malapposition; malapposed struts are highlighted in red [Color figure can be

viewed at wileyonlinelibrary.com]

‘Correct’ main branch re-wiring

FIGURE 7 Tryton stent geometry at the end of the procedure for
the two investigated scenarios. The circumferences fitted within
the large sized cells of the proximal zone (red) and the panels of
the transition zone of the stent (blue) were used to estimate the
Tryton cells’ opening [Color figure can be viewed at
wileyonlinelibrary.com]

Figure 8A compares the two analyzed cases in terms of stress dis-
tribution in the arterial wall at the end of the procedure. In both scenar-
ios, the high stress was confined in the proximal main branch, which
was characterized by an overexpansion of the vessel due to kissing bal-
loon inflation. The peak wall stress was localized at the side branch
ostium opposite to the carina in both cases and was 0.38 MPa in the

TABLE 1 Cell size of the Tryton stent at the end of the stenting
procedure for the two investigated scenarios

A 3.40 3.08

C 3.05 2.99

E 0.50 0.90

Tryton cells under investigation are indicated in Figure 4.
Table legend: MB = main branch.
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‘Correct’ main branch
re-wiring

A)

B)

Von Mises Stress [MPa]
- -

250

Max Principal Stress [MPa]
[ E

Main branch re-wiring
‘through panels’

0 0.2 0.4

FIGURE 8 Comparison of the two investigated scenarios in terms of biomechanical outcomes at the end of the stenting procedure. A,
Contour maps of maximum principal stress in the arterial wall. B, Contour maps of von Mises stress in the two deployed stents (top) and in
the Tryton stent (bottom). The locations characterized by peak stress are indicated by black arrows [Color figure can be viewed at

wileyonlinelibrary.com]

case with “correct” main branch rewiring and 4.00 MPa in the case
with main branch rewiring “through a panel.” Figure 8B shows the dis-
tribution of stress in the stents, which was similar in both scenarios.
The peak stress occurred in the Tryton stent in both scenarios at the
crown of the transition zone that is connected with one link to the dis-
tal zone and was 629 MPa with “correct” main branch rewiring and

619 MPa with rewiring “through a panel.”

4 | DISCUSSION

The main findings of the current study are:

1. After Tryton stent implantation, as shown with 3D-OCT, distal
main branch re-wiring and subsequently main branch stenting is
performed through a Tryton panel (instead of the assumed sce-
nario of rewiring through the large sized cells in-between the pan-
els) in 45% of the evaluated cases.

2. We evaluated the implications of these two clinical scenarios on
mechanical stent behavior using virtual stent deployments and we
found differences in stent geometries and mechanical stent behav-

ior between the two different clinical scenarios.

3. The main differences with virtual stent deployment were: (a) ostial

side branch stenosis of 44.8% (“in-between the panels”) versus

39.0% (“through a panel”); (b) diameter of the largest possible
circle that fit the rewired stent cells after main branch implanta-
tions of 340 mm (“in-between the panels”) versus 3.02 mm
(“through a panel”); and (c) peak wall stress which was 0.38 MPa
(“in-between the panels”) versus 4.00 MPa (“through a panel”).

In contrast to other dedicated bifurcation stents, such as the Nile-
CroCo or Nile-PAX (Minvasys, Gennevilliers, France) [20], the Tryton
stent does not need rotational orientation during implantation. How-
ever, when analyzing one of the Tryton stent implantations performed
in our catheterization lab (Academic Medical Center, Amsterdam, The
Netherlands), using 3D-OCT (the case example of Figure 5, Supporting
Information video 2), we noticed that after Tryton implantation, one of
the panels “blocked” the distal main branch ostium. When carefully
analyzing the 3D-OCT reconstruction of the Tryton stent from the
main branch pullback after main branch stenting (possible because of
the use of Absorb BVS), we noticed that re-wiring and main branch
stent placement was performed through one of the panels, instead of
the assumed placement through the large cells in-between the panels.
Therefore, we have systematically analyzed the occurrence of this
phenomenon by evaluating all 3D-OCT reconstructions available from
earlier studies. To our surprise, we found an incidence of 45% of “cor-
rect” rewiring and main branch stent placement (through the large sized
cells in-between the panels), and 45% of “incorrect” placement
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(through the panels). This posed the question whether this was clini-
cally relevant. However, a clinical study to investigate this question
necessitates the inclusion of hundreds to thousands of patients to have
enough power to evaluate clinical outcomes (such as side branch reste-
nosis) and such a study is not feasible.

As an alternative, we used computer simulations to investigate the
influence of the “through a panel” rewiring on the geometry and
mechanical behavior and of the Tryton stent. This methodology, known
as “virtual bench testing,” has been widely accepted as a valuable alter-
native to in vitro bench testing [21,22]. The advantages of virtual over
traditional bench testing is that it allows the assessment of quantities
that are impossible to measure in an experimental bench test environ-
ment, such as the stent stress state.

By using virtual bench testing in the current study, we found that
the geometrical differences between the two scenarios were only mini-
mal: ostial side branch stenoses were 44.8% (in-between two panels)
versus 39.0% (through a panel) and minimum stent areas of the distal
main branch ostium were 6.38 mm? (in-between two panels) versus
6.39 mm? (through a panel). Importantly, in both scenarios there was
an adequate cell opening for main branch stenting as the diameters of
the largest possible circles that fit the re-wired stent cells after main
branch implantations were 3.40 mm (in-between two panels) and
3.02 mm (through a panel), which is sufficient for the 2.76 mm distal
main branch diameter. Therefore, it is unlikely that the “napkin ring”
effect will occur in both scenarios [3,4].

Areas of high stent stresses are associated with stent strut frac-
tures [23]. However, the fenestration of the panel in the rewiring
“through a panel” scenario did not lead to excessive peak stresses of
the stent. In both scenarios, the peak stent stresses remained lower
than the ultimate tensile strength of the cobalt-chromium alloy (~1
GPa [24]). Thus, the Tryton stent did not break during the implantation
steps. Because the panels showed large deformations in the scenario in
which rewiring was performed through the panel, we would have
expected critical stress values in the transition zone. However, peak
stress values were comparable in that region in both scenarios. In both
scenarios the highest stresses were located at the crown of the transi-
tion zone that is connected with one link to the distal zone (in the side
branch ostium opposite to the carina) (Figure 8B). It is therefore
unlikely that strut fractures will occur more often in the rewiring
“through panel” scenario after implantation, although formally, this will
need a fatigue testing study.

Our article has several limitations. The clinical OCT data used in
this study was obtained in only 11 patients in one center. Our findings
may not be generalizable to all procedures performed with the Tryton
stent and rewiring through the panels may occur less frequently. We
used an idealized bifurcation model without stenosis. It is conceivable
that stenosis and plaque content (lipid-rich plaques versus calcified pla-
ques, for instance) would yield different results. We were not able to
investigate the influence of the two scenarios on clinical outcomes
directly. For such an analysis, hundreds to thousands of patients are
needed. Furthermore, this analysis is complicated by the inability to dis-
tinguish the Tryton stent from a metallic main branch stent. We were

able to investigate Tryton rewiring because of the use of BVS as main

branch stent. However, with the more recent reports of increased risk
of stent thrombosis with BVS [25,26], its se is no longer recommended,

which will hamper future in vivo studies on Tryton rewiring.

5 | CONCLUSIONS

The Tryton stent is implanted without the need for rotational orientation.
However, we found in 11 patients that distal main branch rewiring and
subsequent main branch stent implantation may occur through one of
the Tryton panels, instead of the assumed implantation through the large
sized cell of its proximal portion, in-between the panels. This difference
in rewiring resulted in subtle differences in stent geometries and
mechanical stent behavior, as evaluated using computational models of
stent deployment. Additional studies are needed to investigate whether

these differences will influence clinical outcomes on the long-term.
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