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ABSTRACT

Objective

Randomized comparison between the Tryton Side Branch Stent™ (Tryton Medical, 
Durham, N.C), used in combination with a main branch drug-eluting stent (DES), and 
side branch balloon angioplasty (SBBA, in combination with a main branch DES) using 
intravascular ultrasound (IVUS) and three-dimensional quantitative coronary angiogra-
phy (3D-QCA).

Background

The Tryton stent has been developed to improve clinical outcomes after PCI of bifurca-
tion lesions.

Methods

We present the pre-specified IVUS (n=159) and 3D-QCA (n=190) sub-group analyses of 
the Tryton coronary bifurcation trial (randomizing Tryton vs. SBBA).

Results

There were no differences in the main branch with regard to minimal lumen area (MLA) 
(5.33±1.37 in Tryton vs. 5.69±1.72 mm² in SBBA, p=0.235) with low neo-intima area in 
both groups. In the side branch, there were also no statistical significant differences 
between both groups (3.04±1.02 in Tryton vs. 3.46±1.15 mm² in SBBA, p=0.072). On 
3D-QCA, no differences in minimal lumen diameter (MLD) and percentage diameter ste-
nosis (%DS) were observed in the proximal and distal main branches. In the side branch, 
there were also no differences found in %DS and MLD (MLD: 1.34±0.043mm [Tryton] vs 
1.45±0.31mm [SBBA], p=0.090).

Conclusions

There were no differences in 9-month luminal dimensions of the side branch between 
the Tryton Stent and Side Branch Balloon Angioplasty, as assessed with IVUS (MLA) 
and 3D QCA (MLD). Angiographic and ultrasound results of the main branch were not 
negatively influenced by the Tryton stent.
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INTRODUCTION

Bifurcation lesions are frequently encountered in the daily clinical practice of interven-
tional cardiologists, accounting for approximately 20% of all percutaneous coronary 
interventions 1. Although the provisional single stent strategy is the preferred strategy 
based on the results of multiple randomized trials 2-4, there is also a consensus that an 
elective two-stent strategy is reasonable to consider in case of large side branch in-
volvement with extensive disease in which side branch occlusion is likely and re-wiring 
foreseen to be difficult 5,6. There are many different two-stent techniques, all with their 
own technical limitations, and operators experience and skills may play an important 
role in procedural success  6. The bare-metal Tryton Side Branch Stent™ (Tryton Medi-
cal, Durham, NC) was developed to overcome some of the technical limitations of the 
two-stent approach  7-14. Recently, the device was evaluated in the randomized Tryton 
Investigational Device Exemption (IDE) trial, the first trial powered for clinical endpoints 
comparing a dedicated bifurcation stent against side branch balloon angioplasty (SBBA) 
as part of a provisional single stent strategy. In this trial, the primary non-inferiority 
endpoint of target vessel failure (TVF) was not met (17.4% in the Tryton group versus 
12.8% in the provisional group, pnon-inferiority=0.42). However, the superior acute results in 
terms of a larger acute luminal gain on angiography and less need for additional side 
branch stenting with Tryton suggested a more predictable PCI result.

Post-procedural and 9-month follow-up intravascular ultrasound (IVUS) assessment 
was performed in a predefined sub-group within the Tryton IDE trial. Furthermore, it 
is the first randomized bifurcation trial including a predefined subgroup analysis on 
three-dimensional (3D) quantitative coronary angiography (QCA) analysis. We will pres-
ent both subgroup analyses in order to get more insights into the performance of this 
device in terms of neo-intima formation and lumen loss.

METHODS

Study population

The Tryton pivotal IDE coronary bifurcation trial (ClinicalTrials.gov number NCT01258972) 
is the first randomized trial on a bifurcation stent powered on clinical endpoints and the 
first attempt for approval of a dedicated bifurcation device in the United States (US) by 
the US Food and Drug Administration (FDA). The design and main results of the Tryton 
IDE trial are discussed in detail elsewhere 15. In short, it was a prospective, single-blind, 
multicenter, randomized, controlled clinical trial. The trial enrolled 704 patients in 58 
sites in Europe and the US. Patients were randomized in a 1:1 fashion between 1) a treat-
ment strategy involving the Tryton Side Branch Stent in combination with a commer-
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cially available drug-eluting stent (DES) in the main branch and 2) a treatment strategy 
involving single DES placement in the main branch in combination with a mandatory 
SBBA 15. The current study will report the pre-specified IVUS and 3D QCA secondary end 
points from predefined sub group populations. This study protocol was approved by the 
Ethics Review Committee in each participating site, and written informed consent was 
obtained from each enrolled patient.

Study Device and procedure

The Tryton stent has been extensively described previously 7, 8. In short, it is a 5 or 6 Fr-
compatible (depending on size) balloon-expandable cobalt-chromium bare-metal stent. 
It uses a single balloon and single rapid exchange system. It consists of three zones: 1) 
a distal side branch zone, scaffolding the side branch; 2) a proximal main branch zone, 
with two ‘wedding bands’ facilitating mounting of the stent on the delivery balloon and 
a minimal amount of metal allowing easy delivery of a DES in the main branch; and 
3) a transition zone in-between, consisting of 3 panels designed to accommodate the 
wide range of carinal anatomy, covering and scaffolding the ostium of the side branch 7,8 
(Figure 1).

Before placement, guide wires were placed in both main and side branch. Pre-
dilatations were recommended for both main and side branch. The Tryton stent was 
then placed using four radio-opaque markers on the stent delivery system for optimal 
positioning, with the carina being positioned in-between the two middle markers. 
After Tryton stent deployment, post-dilation of the proximal main branch zone was 
performed to ensure adequate expansion and apposition of the two wedding bands 
by using the proximal optimization technique (POT). Then, the side branch guide wire 
was withdrawn to the Tryton transition zone and advanced into the distal main branch. 
A standard commercially available DES was then placed in the main branch, ‘jailing’ the 
SB, after which again POT was applied. The procedure was finished by advancing a guide 
wire into the side branch through the main branch DES stent struts to perform final 
kissing balloon dilatation (FKBD).

Control group strategy and procedure

Patients randomized to the control group underwent PCI according to a single stent 
strategy using a DES in the main branch only. Pre-dilations were at the discretion of 
the operator. Per protocol, it was mandated to perform SBBA after main branch DES 
placement, and to finalize the procedure with FKBD.

For both groups, additional implantation of an unplanned stent in the side branch 
(‘bail-out stenting’) was only allowed in cases of TIMI flow <3, dissection type ≥B, or 
residual stenosis >80%.
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IVUS image acquisition and off-line analyses

IVUS imaging was acquired in both main branch and side branch in a predefined IVUS 
subgroup at designated IVUS sites. The IVUS sub-study was primarily designed to 
investigate strut fractures within the Tryton treated side branch. Per protocol, it was 
planned to include the first consecutive 64 Tryton subjects and first 32 control subjects 
at the designated IVUS sites in this IVUS cohort. However, during the trial the Steering 
Committee and Sponsor decided to include additional patients in the IVUS cohort to 
compensate for cases with insufficient quality or cases in which IVUS was not possible to 
obtain in the side branch. To compensate for these losses, inclusion in the IVUS cohort 
was expanded, resulting in numbers of analysable side branch cases in the Tryton group 
(n=59) and in the SBBA group (n=35) being comparable what was projected at the 
beginning of the trial (64 and 32, respectively).

The acquisition was performed post-procedure and during the 9-month follow-up 
repeat angiography. Detailed acquisition guidelines were provided by the core labora-

Figure 1. Tryton Side Branch Stent design. Illustration of the Tryton stent design with illustrative IVUS still 
frames. Red circles indicating inter-hoop connecting links. Note that there is only one connector for most 
sizes of the Tryton stent.
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tory (lab) to the sites to secure high quality imaging acquisition. In short, intracoronary 
administration of 0.2 mg nitroglycerin was administered prior to the IVUS imaging 
procedure. The images were acquired with a mechanical IVUS catheter (either 40 or 45 
Mh) at a rate of 30 frames/s during an automated pullback of the catheter at a speed of 
0.5 mm/s using a commercially available IVUS system (Boston Scientific Corporation, 
Fremont, CA, USA, or Volcano Corporation, Rancho Cordova, CA, USA).

The DICOM imaging data were transferred for off-line analyses to a central indepen-
dent imaging core lab (Cardialysis BV, Rotterdam, The Netherlands). Quantitative analy-
sis software (Curad, The Netherlands) was used for the IVUS analyses. First, regions of 
interest (ROI) were selected as illustrated in figure 2. The main branch was subdivided in 
the following subsegments: the main branch target lesion region (stented area) and the 
proximal and distal 5mm reference regions. Within the main branch target lesion region, 
the bifurcation region was identified (see figure 2). The side branch was subdivided in 
the side branch bifurcation region (started from the first frame showing the opening of 
the sidebranch until the last frame that showed the 2 vessels completely separated [i.e. 
at the carina level]), the side branch stented/ballooned region (with a standard length of 
6mm for the SBBA group), and the distal 5mm reference region.

Main branch 
bifurcation 

region

Main branch target lesion

Distal reference 
region of side 

branch

Distal reference 
region of main 

branch

Proximal 
reference 
region of 

main branch

Side branch 
bifurcation region

Side branch 
stented/ballooned 

region

Figure 2. Regions of interest for the IVUS analysis. Illustration indicating the analyzed segments in the IVUS 
analysis.
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Stent fracture analysis was performed in the side branch segment of the Tryton group 
only, as mandated by the protocol. Complete stent fracture was defined as a complete 
separation of the stent, greater or equal to 2 mm, that had been contiguous at baseline. 
Partial strut fracture could not be assessed since the crowns of the Tryton side branch 
zone are linked by only 1 connecting strut, and therefore IVUS cross-sections with only 
1 visible strut are not per definition a sign of stent fracture.

The external elastic membrane (EEM), stent (if applicable) and lumen areas were 
semi-automatically traced at every 1 mm. Neointima area was defined as the difference 
between stent and lumen areas. Overall volumes were calculated using Simpson’s rule. 
Incomplete stent apposition (ISA) was assessed at each time point, defined as blood 
speckling behind stent struts, as previously described 16.

3D QCA acquisition and off-line analyses

Baseline, post-procedural and 9-month follow-up 3D QCA analyses were performed by 
an independent core lab (Cardialysis BV, Rotterdam, The Netherlands) in a 3D QCA sub 
group cohort (n=190).

Detailed QCA acquisition guidelines were provided by the core lab to the sites. In 
short, 50-200 mcg intracoronary nitroglycerin was administered before acquisition of 
the angiograms. At least 2 orthogonal views of the bifurcation lesions were requested, 
using the same matched views at each time point.

Three-dimensional QCA analyses were performed according to previously published 
methods using the Coronary Angiography Analysis System (CAAS, version 5.10, Pie 
Medical Imaging, Maastricht, the Netherlands) 17, 18. In short, calibration was performed 
automatically with the geometric data of acquisitions provided through the DICOM 
headers. After indicating the region of interest (proximal main branch, distal main 
branch and side branch), diameter values from the 3D QCA analysis were derived from 
the so-called “equivalent diameters”, as previously published 18. Minimal lumen diameter 
(MLD), reference vessel diameter (RVD) and percentage diameter stenosis (%DS) were 
automatically calculated for the three subsegments separately (segments 2, 3 and 5 in 
figure 3).

Statistical analysis

Continuous variables are presented as mean ± standard deviation (SD), and categori-
cal variables as percentages. Differences were provided between continuous variables 
including the 95% confidence intervals (95% CI) of the differences. Comparison was 
performed by unpaired t-test between the randomized groups. In case of skewed dis-
tribution, the same approach was used after logarithmic transformation. The current 
analysis is primarily focused on the comparison between groups during the 9-month 
follow-up. Therefore, cases will not be matched with baseline/post-procedural to 
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prevent the loss of follow-up cases (i.e. because no baseline/post-procedural data was 
available). Categorical variables were tested by Fisher’s exact test. All statistical analyses 
were performed with the SPSS software package (version 18.0, IBM, Chicago, IL, USA). All 
p-values below 0.05 were considered statistically significant.

RESULTS

The flow charts for the IVUS and 3D QCA study cohorts are shown in figure 4. At follow-up, 
IVUS analyses of the side branch could be performed in 59 subjects randomized to the 
Tryton arm and in 35 subjects randomized to the SBBA arm. 3D QCA analyses could be 
performed in 67 subjects in the Tryton arm and 73 subjects in the SBBA treatment arm. 
Baseline characteristics of the IVUS and 3D QCA subgroup cohorts were well-matched 
between the two randomization groups, except for clinical presentation (table 1).

IVUS results – main branch

IVUS follow-up results are outlined in table 2. The DES treated main branch target le-
sion length was numerically higher in the Tryton group compared to the SBBA group 
(26.62±7.85 vs 24.83±7.10 mm, p=0.242). There was a larger plaque behind the stent 
area in the Tryton group (8.59±2.40 vs 7.52±2.00 mm², p=0.021). However, there were 
no differences in the main branch IVUS parameters between both treatment groups 
with regard to the in-stent neo-intima area which was low in both groups (0.35±0.34 in 
Tryton vs. 0.28±0.27 mm² in SBBA, p=0.259) and the minimal lumen area (5.33±1.37 in 
Tryton group vs. 5.69±1.72 mm² in SBBA group, p=0.235). Finally, there was no difference 

Figure 3. Bifurcation segments 
analyzed in the 3D-QCA analysis. 
Illustration indicating the 6-seg-
ments model of CAAS 3DQCA. For 
the current analysis, the ‘in-stent/
balloon’ segments were used (2, 3, 
and 5 in the figure).
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in the rate of incomplete stent apposition in the main branch target lesion (15% in both 
groups).

IVUS results – side branch

No complete strut fractures of the Tryton stent were observed in the side branch. The 
analysed lesion length in the Tryton group (7.44±3.33mm) was longer compared to the 
pre-specified analysed length of 6mm in the SBBA group. The vessel area was almost 1 

Table 1. Baseline clinical characteristics

IVUS cohort with 
availabe follow-up side 

branch analyses p-value

3D QCA cohort with 
availabe follow-up 

analyses
p-value

Tryton SBBA Tryton SBBA

variables in no. (%), or in mean (SD) 59 35 67 73

Age, yr 62.5 ± 9.9 64.9 ± 8.0 0.23 62.7 ± 10.3 64.1 ± 7.6 0.37

Male sex 41 (69.5%) 27 (77.1%) 0.42 48 (71.6%) 49 (67.1%) 0.56

Current smoker 8 (13.6%) 7 (20.0%) 0.41 11 (16.4%) 9 (12.3%) 0.49

Diabetes mellitus 11 (18.6%) 9 (25.7%) 0.42 17 (25.4%) 19 (26.0%) 0.93

Hypertension 37 (62.7%) 21 (60.0%) 0.79 47 (70.1%) 50 (68.5%) 0.83

Hypercholesterolemia 43 (72.9%) 26 (74.3%) 0.88 53 (79.1%) 62 (86.1%)* 0.27

Premature CAD in 1st degree family 
member†

18 (36.7%)† 12 (41.4%)† 0.68 24 (42.9%)† 27 (43.5%)† 0.94

Prior myocardial infarction 19 (32.8%)* 14 (40.0%) 0.48 24 (35.8%) 21 (28.8%) 0.37

Prior PCI 22 (37.3%) 17 (48.6%) 0.28 30 (44.8%) 28 (38.4%) 0.44

Prior CABG 1 (1.7%) 1 (2.9%) 1.00 1 (1.5%) 0 (0.0%) 0.48

History of congestive heart failure 0 (0.0%) 0 (0.0%) N/A 0 (0.0%) 0 (0.0%) N/A

Prior stroke 2 (3.4%) 1 (2.9%)* 1.00 1 (1.5%) 1/71 (1.4%) 1.00

Prior transient ischemic attack 4 (6.8%) 0 (0.0%)* 0.29 4 (6.0%) 2 (2.8%)* 0.43

Renal insufficiency on dialysis 0 (0.0%) 0 (0.0%) N/A 0 (0.0%) 0 (0.0%) N/A

Atrial fibrillation 4 (6.8%) 1 (2.9%) 0.65 1 (1.5%) 5 (6.8%) 0.21

Mean Left ventricular ejection 
fraction‡, %

57.9 ± 9.2‡ 59.1 ± 9.5‡ 0.37 58.7 ± 7.8 ‡ 59.1 ± 8.2 ‡ 0.83

Angina type

Stable angina 44 (74.6%) 31 (88.6%) 0.10 53 (79.1%) 64 (87.7%) 0.17

ACS-UA 10 (16.9%) 1 (2.9%) 0.05 11 (16.4%) 5 (6.8%) 0.08

Silent ischemia 5 (8.5%) 2 (5.7%) 1.00 3 (4.5%) 3 (4.1%) 1.00

No angina 0 (0.0%) 1 (2.9%) 0.37 0 (0.0%) 1 (1.4%) 1.00

Functional test showing ischemia§ 14 (63.6%)§ 9 (64.3%)§ 0.97 22 (62.9%)§ 18 (56.3%)§ 0.58

* Missing in 1. † Missing in 10 (IVUS/Tryton), 6 (IVUS/SBBA), 11 (3DQCA/Tryton), and 11 (3DQCA/SBBA), 
respectively. ‡ Missing in 6 (IVUS/Tryton), 1 (IVUS/SBBA), 5 (3DQCA/Tryton), and 4 (3DQCA/SBBA), respec-
tively. § Functional ischemia test was performed in 22 (IVUS/Tryton), 14 (IVUS/SBBA), 35 (3DQCA/Tryton), 
and 32 (3DQCA/SBBA), respectively.
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Table 2. Follow-up IVUS results of the main and side branch

Variables Tryton SBBA Difference [95% CI] P-value

Main Branch target region 66 40

Region Length (mm) 26.62±7.85 24.83±7.10 1.79 [-1.23, 4.80] 0.242

Mean Vessel Area (mm2) 16.55±3.27 15.55±3.33 1.00 [-0.31, 2.31] 0.134

Mean Stent Area (mm2) 7.94±1.36 8.01±1.83 -0.07 [-0.69, 0.54] 0.823

Mean Lumen Area (mm2) 7.62±1.48 7.74±1.83 -0.13 [-0.77, 0.52] 0.698

Total Plaque Area (mm2) 8.94±2.33 7.80±1.92 1.13 [0.27,2.00] 0.011

Plaque behind Stent Area (mm2) 8.59±2.40 7.52±2.00 1.06 [0.16, 1.96] 0.021

In-Stent Neo-intima/mean plaque Area (mm2) 0.35±0.34 0.28±0.27 0.07 [-0.05, 0.20] 0.259

Minimum Stent Area (mm2) 5.75±1.24 6.02±1.72 -0.28 [-0.85, 0.29] 0.377

Minimum Lumen Area (mm2) 5.33±1.37 5.69±1.72 -0.36 [-0.96, 0.24] 0.235

Minimum Lumen Diameter (mm) 2.58±0.34 2.66±0.42 -0.08 [-0.23, 0.07] 0.293

Vessel Volume (mm3) 436.02±144.00 386.33±139.27 49.69 [-6.83, 106.22] 0.084

Stent Volume (mm3) 209.67±69.01 199.08±73.95 10.58 [-17.59, 38.76] 0.458

Lumen Volume (mm3) 201.23±69.83 192.52±73.04 8.71 [-19.52, 36.94] 0.542

Total Plaque Volume (mm3) 234.79±85.65 193.81±73.95 40.98 [8.61, 73.35] 0.014

Plaque behind Stent Volume (mm3) 225.48±86.12 186.82±73.70 38.66 [6.20, 71.12] 0.020

In-Stent plaque/Neo-intima Volume (mm3) 9.31±10.09 6.99±6.41 2.32 [-1.21, 5.86] 0.150

Area Stenosis (percent) 20.47±17.61 16.40±13.85 4.07 [-2.68, 10.81] 0.234

incomplete stent apposition (%) 15.2% (10) 15.0% (6) 0.2% [-13.9%, 14.2%] 0.983

Side Branch stented/balloon region 59 35

Region Length (mm) 7.44±3.33 6.08±0.68 1.36 [0.22, 2.49] 0.004

Mean Vessel Area (mm2) 8.70±1.95 7.71±2.06 0.98 [0.14, 1.83] 0.023

Mean Stent Area (mm2) 4.68±1.01 - -

Mean Lumen Area (mm2) 3.72±1.16 4.38±1.23 -0.66 [-1.16, -0.16] 0.010

Total Plaque Area (mm2) 4.98±1.60 3.33±1.63 1.64 [0.96, 2.33] <.001

Plaque behind Stent Area (mm2) 4.01±1.41 - -

In-Stent Neo-intima/mean plaque Area (mm2) 0.97±0.73 - -

Minimum Stent Area (mm2) 3.97±0.98 - -

Minimum Lumen Area (mm2) 3.04±1.02 3.46±1.15 -0.41 [-0.87, 0.04] 0.072

Minimum Lumen Diameter (mm) 1.94±0.33 2.07±0.35 -0.13 [-0.27, 0.01] 0.077

Vessel Volume (mm3) 63.76±29.98 47.38±16.44 16.39 [5.45, 27.33] <.001

Stent Volume (mm3) 34.05±14.07 - -

Lumen Volume (mm3) 27.20±13.73 26.63±7.89 0.57 [-4.48, 5.61] 0.800

Total Plaque Volume (mm3) 36.56±20.30 20.75±12.48 15.82 [8.27, 23.37] <.001

Plaque behind Stent Volume (mm3) 29.71±17.76 - -

In-Stent plaque/Neo-intima Volume (mm3) 6.86±6.27 - -

Area Stenosis (percent) 24.87±19.48 21.28±22.11 3.58 [-5.79, 12.96] 0.449

incomplete stent apposition (%) 0% (0) - -

Subjects Free of complete Stent Fracture (%) 100.0% (59/59)
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mm² larger in the Tryton group (8.70±1.95 vs. 7.71±2.06 mm², p=0.023). The side branch 
in-stent neo-intima area within Tryton was 0.97±0.73 mm². There was no statistical sig-
nificant difference in minimal lumen area between both groups (3.04±1.02 in Tryton vs. 
3.46±1.15 mm² in SBBA, p=0.072). None of the Tryton stents were incompletely apposed 
in the side branch stented region. No complete strut fractures of Tryton were observed 
in the side branch.

Post-procedure (unmatched) IVUS results of the main and side branch are displayed 
in online table 1.

3D QCA results – proximal and distal main branch segments

Table 3 shows the follow-up results of 3D QCA analyses in both treatment groups. In the 
proximal main branch, there were no differences between groups with regard to the 
RVD and MLD. As a result, percent diameter stenosis was small in both treatment arms 
and equal between groups (%DS: 9.85±7.19% vs 8.87±9.71%, p=0.497). For the distal 
main branch, there were also no differences between the treatment arms with regard 
the RVD, MLD and %DS (%DS: 13.32±12.67% vs 13.69±7.92%, p=0.839).

The proximal and distal main branch segments late lumen losses were low in both 
groups, without differences between Tryton and SBBA.

3D QCA results – side branch

In the side branch segment, there were no statistically significant differences between 
both treatment arms (table 3). The side branch RVD was 1.88±0.30mm in the Tryton 
arm and 1.96±0.30mm in the SBBA arm (p=0.099). The MLD in the side branch was 
1.34±0.043mm in the Tryton arm and 1.45±0.31mm in the SBBA arm (p=0.090). This 
resulted in a similar %DS (28.39±20.04% in the Tryton group vs. 25.90±13.24% in the 
SBBA group, p=0.388).

The late lumen loss in the side branch was significantly larger in the Tryton group than 
in the SBBA group (0.49±0.37 vs. 0.09±0.28mm, p<0.001) completely outweighing the 
superior acute result of Tryton with regard to the acute gain in the side branch (acute 
gain of 0.72±0.40mm in Tryton vs. 0.31±0.38mm in SBBA, p<0.001). Baseline and post-
procedure (unmatched) 3D QCA results of the main and side branch are displayed in 
online table 2.

DISCUSSION

The main findings of the current study are: 1) No complete strut fractures were observed 
in the Tryton treated side branch, as assessed with IVUS; 2) treatment of the side branch 
with the Tryton stent did not lead to an increased minimal lumen diameter (on 3D QCA) 
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and minimal lumen area (on IVUS) at 9 months follow-up compared to treatment with 
SBBA; 3) This was due to a larger late lumen loss on 3D QCA and a larger total plaque vol-
ume area on IVUS at 9-months in side-branches treated with Tryton compared to SBBA, 
completely outweighing the superior acute gain of Tryton on 3D QCA; 4) The overlap of 
the DES and the proximal part of the bare-metal Tryton did not negatively impact the 
results of the main branch DES: late lumen loss on 3D QCA and in-stent neo-intima area 
on IVUS were small and comparable to the DES + SBBA group.

Angiographic findings in historical perspective

Since Tryton is a bare-metal stent, we would like to put the current results in historical 
perspective. Historically, the coronary stent has been introduced to overcome the short-
comings of balloon angioplasty, such as acute vessel closure due to coronary dissections 
and restenosis due to late restrictive recoil. In the pivotal BElgian NEtherlands STENT 
study (BENESTENT) and the STent RESTenosis Study (STRESS), routine coronary stenting 
in combination with an adequate anti-coagulant regimen has been proven to be an ef-
fective treatment compared to balloon angioplasty alone for the treatment of coronary 
artery disease 19-22. However, it has to be born in mind that in the BENESTENT trial the 

Table 3. Follow-up 3D QCA results

Variables Tryton SBBA Difference [95% CI] p-value

67 73

Proximal main branch

Reference Vessel Diameter (mm) 2.96±0.38 2.89±0.38 0.07 [-0.06, 0.19] 0.297

Minimal Lumen Diameter (mm) 2.67±0.40 2.64±0.43 0.03 [-0.11, 0.17] 0.638

Diameter Stenosis (%) 9.85±7.19 8.87±9.71 0.98 [-1.90, 3.85] 0.497

Distal main branch

Reference Vessel Diameter (mm) 2.49±0.35 2.50±0.38 -0.01 [-0.13, 0.11] 0.853

Minimal Lumen Diameter (mm) 2.16±0.44 2.16±0.38 -0.00 [-0.14, 0.13] 0.971

Diameter Stenosis (%) 13.32±12.67 13.69±7.92 -0.37 [-3.86, 3.13] 0.839

Side Branch (stented/balloon)

Reference Vessel Diameter (mm) 1.88±0.30 1.96±0.30 -0.08 [-0.19, 0.02] 0.099

Minimal Lumen Diameter (mm) 1.34±0.43 1.45±0.31 -0.11 [-0.23, 0.02] 0.090

Diameter Stenosis (%) 28.39±20.04 25.90±13.24 2.49 [-3.12, 8.11] 0.388

Proximal MB to SB bifurcation angle 143.81±16.11 139.47±17.80 4.35 [-1.35, 10.04] 0.133

Distal MB to SB bifurcation angle 52.49±16.12 56.06±16.94 -3.57 [-9.11, 1.97] 0.205

Late lumen loss 43 51

Proximal main branch 0.20±0.24 0.23±0.32 -0.03 [-0.15, 0.08] 0.565

Distal main branch 0.21±0.30 0.26±0.28 -0.05 [-0.17, 0.07] 0.383

Side Branch 0.49±0.37 0.09±0.28 0.40 [0.27, 0.53] <.001
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actual differences in MLD were very small (0.09mm, p=0.09), which only became statisti-
cally significant after adjustment for pre-procedural vessel size (p=0.03)  21. Although 
the differences in MLD were somewhat larger in the STRESS trial (difference 0.18mm, 
p-value for difference between groups: 0.007), the absolute differences in percent diam-
eter stenosis were quite modest in both trials (42% vs 49%, p=0.001 in the STRESS trial, 
and 38% vs. 43%, p=0.003 in BENESTENT) 21, 22.

With the Tryton stent being a bare-metal stent, currently compared with balloon 
angioplasty as treatment of short ostial side branch lesions, we have to put our results 
into this historical perspective. Around 60% of the patients included in the Tryton IDE 
trial had a smaller than intended >2.5mm side branch reference vessel diameter  15. 
The average side branch RVD of the current 3D QCA sub cohort was only 2.23±0.30 
post-procedure in the Tryton arm, comparable with the 2D QCA results of the overall 
Tryton IDE cohort (2.31±0.33). By including such small side branches it is therefore 
not surprising that the inevitable growth of neo-intima within the bare-metal Tryton 
stent (expressed in a difference of 0.40 mm in late lumen loss in favour of SBBA) literally 
outweighs the initial superior acute results (in terms of a difference of 0.41mm in acute 
gain in favour of Tryton) leading to similar minimal lumen diameters during follow-up. 
Although speculative, it is conceivable that a future drug-eluting version of the device 
might also lead to superior long-term angiographic results.

Strut fractures of the side branch zone of the Tryton stent

Partial stent fracture was defined in previous studies as >180° disappearance of stent 
struts within the stent  23. Initially, it was also planned to perform such analysis in the 
Tryton side branch zone of the current IVUS substudy. However, the distal side branch 
zone of the Tryton stents has four crowns which are out-of-phase oriented and linked 
together by only one connecting strut in the smaller-sized Tryton stents. As a result, 
there were multiple IVUS frames in which only one strut could be observed which is 
likely to be the inter-hoop connector (figure 1). Definitions on partial stent fracture 
should be stent-specific, taken into account the design of the investigated stents, in 
particular the number of connecting struts. The majority of the newest generation DES 
for example have only 2 or 3 connecting struts which require other definitions for partial 
stent fractures than for the first generation DES Cypher® Select™ (Cordis Corp., Warren, 
NJ) which had 6 connecting struts. Total stent fracture, defined as 360° disappearance 
of the stent struts within the stent 23, in the Tryton side branch zone was not observed 
in the current study.

IVUS findings: comparison with the literature

The current IVUS analyses revealed similar minimal lumen area during follow-up be-
tween Tryton (3.04±1.02 mm²) and SBBA (3.46±1.15 mm²). In the Tryton group, it has 
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been shown that the in-stent neo-intima area was larger in the side branch (0.97±0.73 
mm²) than in the DES-treated main branch (0.35±0.34 mm²). This finding confirms which 
was found in smaller non-randomized IVUS and optical coherence tomography (OCT) 
studies showing a more pronounced neo-intima growth in the bare-metal side branch 
compared to the DES-treated main branch 24-26. Another previous OCT study suggested 
that the proximal main branch vessel healing, where Tryton overlaps with the main 
branch DES, was significantly impaired compared to the distal main branch 27. However, 
the above mentioned IVUS and OCT studies did not show this phenomenon but rather 
showed comparable healing patterns in the proximal main branch as in the distal main 
branch 24-26. The randomized comparison of the current study allows us to directly com-
pare main branch healing patterns between the Tryton treated group and the single 
stent group with SBBA, which indeed confirms that Tryton use did not negatively affect 
main branch healing patterns, as shown with IVUS and 3D QCA 15.

Limitations

As in every IVUS substudy, a selection bias may have occurred. Especially the side branch 
IVUS analysis was biased due to the fact that in very small, restenotic side branches it 
might not be possible to advance the IVUS catheter into the side branch. This might 
particular true for small side branches which were not treated with a stent at baseline 
(i.e. the SBBA group), resulting in a selection bias of Tryton patients with smaller minimal 
lumen areas during follow-up. However, the findings of the IVUS substudy are in line 
with the overall trial, further strengthens these results. A considerable proportion of the 
IVUS cases were not analysable due to insufficient quality and others were not available 
because IVUS was not performed. To compensate for these losses, inclusion in the IVUS 
cohort was expanded.

A selection bias might also have occurred for the inclusion in the 3D QCA substudy. 
For our 3D QCA analysis, we depend on technical specifications of the angiographic 
systems used. For example, automatic calibration is necessary for 3D analysis which is 
not possible in every angiographic system. Although our current 3D QCA results are 
showing a somewhat different result than the per-protocol 2D QCA analysis using 
conventional single vessel software, it confirms the post-hoc 2D QCA re-analysis using 
dedicated bifurcation QCA software 15, 28.

CONCLUSIONS

No complete strut fractures were observed in the distal side branch zone of the Tryton 
Side Branch Stent, as assessed with IVUS. Treatment of the side branch with the Tryton 
stent resulted in similar results in 9-month minimal lumen diameter (on 3D QCA) and 
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9-month minimal lumen area (on IVUS) compared to treatment with Side Branch Balloon 
Angioplasty. Late lumen loss on 3D QCA and total plaque volume (including neo-intima 
area within the Tryton stent) on IVUS of the side branch region at 9-month follow-up 
were larger in the Tryton group, completely outweighing the initial superiority of Tryton 
with regard to the acute gain in the side branch. Importantly, the overlap of the DES and 
the proximal part of the bare-metal Tryton did not negatively impact the results of the 
main branch DES.
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Online table 1. Post-procedural IVUS results from the main and side branch

Variables Tryton DES+POBA Difference [95% CI] p-value

Main Branch target region 70 47

Region Length (mm) 26.22±7.59 24.11±6.37 2.12 [-0.55, 4.78] 0.118

Mean Vessel Area (mm2) 15.79±3.34 15.14±2.99 0.64 [-0.56, 1.84] 0.292

Mean Stent Area (mm2) 7.74±1.34 7.92±1.67 -0.18 [-0.74, 0.37] 0.518

Mean Lumen Area (mm2) 7.79±1.39 7.93±1.70 -0.13 [-0.70, 0.44] 0.647

Total Plaque Area (mm2) 7.99±2.40 7.22±1.79 0.77 [-0.04, 1.58] 0.050

Plaque behind Stent Mean Area (mm2) 7.98±2.39 7.20±1.78 0.78 [-0.03, 1.59] 0.047

Minimum Stent Area (mm2) 5.54±1.23 5.95±1.56 -0.41 [-0.92, 0.10] 0.115

Minimum Lumen Area (mm2) 5.53±1.23 5.92±1.58 -0.40 [-0.92, 0.12] 0.129

Minimum Lumen Diameter (mm) 2.64±0.29 2.72±0.37 -0.09 [-0.21, 0.04] 0.166

Vessel Volume (mm3) 409.14±135.88 362.96±111.24 46.18 [-1.11, 93.47] 0.056

Stent Volume (mm3) 201.44±65.27 190.13±62.04 11.32 [-12.59, 35.22] 0.350

Lumen Volume (mm3) 202.88±66.26 190.34±62.64 12.55 [-11.67, 36.76] 0.307

Total Plaque Volume (mm3) 206.26±81.64 172.62±57.31 33.64 [6.41, 60.86] 0.010

Plaque behind Stent Volume (mm3) 205.86±81.16 172.13±57.05 33.74 [6.66, 60.81] 0.009

incomplete stent apposition (%) 18.6% (13) 19.1% (9) -0.6% [-15.1%, 13.9%] 0.938

Side Branch stented/balloon region 63 41

Region Length (mm) 6.63±2.14 5.96±0.48 0.67 [-0.01, 1.34] 0.020

Mean Vessel Area (mm2) 8.63±2.11 8.20±2.63 0.43 [-0.50, 1.36] 0.359

Mean Stent Area (mm2) 4.76±1.11 - -

Mean Lumen Area (mm2) 4.78±1.20 4.79±1.47 -0.01 [-0.53, 0.51] 0.964

Total Plaque Area (mm2) 3.84±1.42 3.41±1.79 0.43 [-0.19, 1.06] 0.173

Plaque behind Stent Mean Area (mm2) 3.83±1.39 - -

Minimum Stent Area (mm2) 3.95±1.04 - -

Minimum Lumen Area (mm2) 3.95±1.07 3.75±1.31 0.20 [-0.27, 0.67] 0.397

Minimum Lumen Diameter (mm) 2.22±0.29 2.16±0.36 0.07 [-0.06, 0.20] 0.289

Vessel Volume (mm3) 57.11±23.94 49.00±16.17 8.11 [-0.34, 16.56] 0.042

Stent Volume (mm3) 31.46±12.62 - -

Lumen Volume (mm3) 31.63±13.18 28.51±8.73 3.11 [-1.52, 7.75] 0.150

Total Plaque Volume (mm3) 25.49±13.27 20.49±11.18 4.99 [0.02, 9.97] 0.049

Plaque behind Stent Volume (mm3) 25.59±13.61 - -

incomplete stent apposition (%) 4.8% (3) - -
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Online table 2. Baseline and post-procedural 3D-QCA results

Variables Tryton DES+SBBA Difference [95% CI] p-value

Baseline 59 56

Proximal main branch

length (mm) 10.54±4.57 7.85±4.44 2.69 [1.03, 4.35] 0.002

Reference Vessel Diameter (mm) 2.72±0.54 2.69±0.47 0.02 [-0.16, 0.21] 0.810

Minimal Lumen Diameter (mm) 1.76±0.66 1.86±0.64 -0.11 [-0.34, 0.13] 0.377

Diameter Stenosis (%) 35.03±20.19 30.38±21.93 4.65 [-3.03, 12.34] 0.233

Distal main branch

length (mm) 11.37±7.04 12.03±5.98 -0.65 [-3.06, 1.75] 0.591

Reference Vessel Diameter (mm) 2.17±0.37 2.24±0.41 -0.07 [-0.21, 0.08] 0.356

Minimal Lumen Diameter (mm) 1.30±0.38 1.36±0.35 -0.05 [-0.19, 0.08] 0.438

Diameter Stenosis (%) 39.18±16.29 38.64±14.10 0.54 [-5.07, 6.16] 0.848

Side Branch (stented/balloon)

length (mm) 6.99±2.02 6.49±2.46 0.50 [-0.33, 1.33] 0.233

Reference Vessel Diameter (mm) 1.94±0.32 2.03±0.33 -0.09 [-0.21, 0.03] 0.128

Minimal Lumen Diameter (mm) 1.17±0.40 1.27±0.41 -0.10 [-0.25, 0.05] 0.173

Diameter Stenosis (%) 39.85±16.88 37.70±16.44 2.15 [-3.99, 8.28] 0.490

Proximal MB to SB bifurcation angle 136.45±18.15 137.31±17.68 -0.86 [-7.48, 5.76] 0.797

Distal MB to SB bifurcation angle 58.58±16.62 59.73±16.41 -1.14 [-7.25, 4.96] 0.711

Post-procedure 71 70

Proximal main branch

Reference Vessel Diameter (mm) 3.17±0.40 3.08±0.40 0.09 [-0.04, 0.22] 0.175

Minimal Lumen Diameter (mm) 2.93±0.37 2.86±0.39 0.08 [-0.05, 0.20] 0.240

Diameter Stenosis (%) 7.23±6.30 6.93±7.00 0.30 [-1.92, 2.52] 0.790

Distal main branch

Reference Vessel Diameter (mm) 2.67±0.32 2.68±0.34 -0.01 [-0.12, 0.09] 0.788

Minimal Lumen Diameter (mm) 2.42±0.33 2.43±0.38 -0.01 [-0.13, 0.11] 0.897

Diameter Stenosis (%) 9.24±5.81 9.63±6.60 -0.39 [-2.46, 1.68] 0.707

Side Branch

Reference Vessel Diameter (mm) 2.23±0.29 2.08±0.31 0.15 [0.05, 0.25] 0.004

Minimal Lumen Diameter (mm) 1.95±0.30 1.57±0.43 0.38 [0.26, 0.51] <.001

Diameter Stenosis (%) 12.24±7.87 24.66±15.76 -12.42 [-16.56, -8.28] <.001

Proximal MB to SB bifurcation angle 148.03±14.83 140.83±13.46 7.20 [2.50, 11.90] 0.003

Distal MB to SB bifurcation angle 49.25±14.47 52.90±13.80 -3.65 [-8.35, 1.04] 0.126

Acute gain 57 57

Proximal main branch 1.13±0.60 0.97±0.57 0.16 [-0.06, 0.37] 0.151

Distal main branch 1.07±0.44 1.09±0.40 -0.01 [-0.17, 0.14] 0.873

Side Branch 0.72±0.40 0.31±0.38 0.41 [0.27, 0.56] <.001


