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ABSTRACT

Background

To improve clinical outcomes after percutaneous coronary interventions of coronary 
bifurcation lesions, the Tryton Side Branch Stent™ (Tryton Medical, Durham) was 
developed. Registry studies evaluating the Tryton stent has shown promising clinical 
results and the stent is currently compared with the provisional single stent strategy in 
a randomized trial. However, clinical results beyond one year are lacking, and therefore, 
we investigated the one- and two-year outcomes after Tryton stent placement in a 
single-center registry study.

Methods and results

All patients in our center in whom Tryton placement was attempted between October 
2010 and December 2011 were included. Clinical outcomes were defined as cardiac 
death, any myocardial infarction (MI), target vessel revascularization (TVR), target lesion 
revascularization (TLR), stent thrombosis (ST), and target vessel failure (TVF; compos-
ite of cardiac death, MI, and TVR). Event rates were estimated using the Kaplan-Meier 
method. We included 91 patients. Almost half (42%) of the patients included had acute 
coronary syndrome (ACS) as indication for PCI (12% unstable angina, 14% NSTEMI, and 
16% STEMI). Median follow-up duration was 713 days (IQR 617–840). TVF rates were 
14.5% (one year) and 20.3% (two years). Two-year cardiac death, MI, TVR, TLR and ST 
rates were 4.4%, 10.2%, 12.7%, 9.2%, and 2.2%, respectively.

Conclusions

In this single-center registry, use of the Tryton stent was associated with acceptable 
clinical outcomes at two-year follow-up.
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INTRODUCTION

The Tryton Side Branch Stent™ (Tryton Medical, Durham, NC) has been developed to 
improve clinical outcomes after percutaneous coronary intervention (PCI) of bifurcation 
lesions 1. Previous observational studies have shown promising procedural and clinical 
results when using this device in combination with a drug-eluting stent (DES) in the 
main branch (MB) during PCI of bifurcation lesions  2-6. However, these studies have a 
limited follow-up of 6–12 months and until to date data beyond 1 year are lacking. 
Therefore, clinical outcomes at 1 and 2 years were evaluated of 91 consecutive patients 
treated with the Tryton stent in our own center 4.

METHODS

Setting

Our center, the Academic Medical Center, University of Amsterdam, is a large refer-
ral hospital with an annual PCI volume of ~2000 procedures. All PCIs and adjunctive 
pharmacological treatment were performed according to contemporary guidelines. In 
general, all patients received aspirin (500 mg), clopidogrel (300–600 mg), and unfrac-
tionated heparin (5,000 IU). Glycoprotein IIb/IIIa inhibitors were used at the discretion of 
the operator. The chosen strategy for bifurcation lesion treatment was at the discretion 
of the operator. In general, bifurcation lesions were considered suitable for Tryton im-
plantation only if the diameter of the side branch (SB) was ≥2.25 mm. Post PCI, patients 
were treated with aspirin 100 mg daily indefinitely and clopidogrel 75 mg daily for 12 
months.

Device

The Tryton stent has extensively been described elsewhere 1,7. It is a slotted-tube bare-
metal balloon-expandable stent made of cobalt chromium, with a strut thickness of 84 
micron (0.0033”). It is 5 or 6 Fr-compatible and delivered using a single rapid exchange 
system over a conventional 0.014” guidewire. The stent is mounted on a single delivery 
balloon which is either straight, with a balloon diameter of 2.5 mm, or tapered, with 
stepped diameters ranging from 2.5–3.5 mm in the SB and 3.0–4.0 mm in the main 
branch (MB). The stent length is 19 mm (18 mm for Tryton with SB diameters of 3.0 and 
3.5 mm).

The stent design consists of three zones (the Tri-ZONE™ technology): a SB zone, a 
transition zone and a MB zone (Figure 1). The distal SB zone resembles the design of a 
conventional tubular stent with four out-of-phase zigzag hoops linked together by one 
(or two, depending on the SB stent diameter) connectors. This zone acts like a regular 
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Figure 1. The Tryton Side Branch Stent design. (A) shows the relative position of the three zones when the 
stent is accurately placed. (B) shows the length of the larger-sized Tryton stent (with side branch diameters 
of 3.0 or 3.5 mm) and its three zones. *The distal zone is 1 mm longer in the smaller sized Tryton, resulting 
in a total length of the Tryton stent of 19 mm. (C) illustrates how the Tryton stent is mounted on an infl ated 
delivery balloon. Note the position of the four radio-opaque markers (indicated by orange squares) on the 
stent delivery system, with the two middle markers indicating the transition zone, whereas the proximal 
and distal markers indicating the ends of the stent. Note that the balloon is tapered to adjust to coronary 
anatomy in which daughter vessels per defi nition are smaller than the proximal main branch.
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BMS and scaff olds the SB. The central transition zone is uniquely to the Tryton technol-
ogy and consists of three panels. These panels are designed in such a way that they pro-
vide both scaff olding and coverage of the SB ostium. The panels can be independently 
deformed to allow accommodation to a wide range of SB angles. The proximal MB zone 
is composed of three undulating fronds terminating in the two proximal circumferential 
“wedding bands.” The function of the proximal zone is to anchor the stent in the proxi-
mal MB using the wedding bands, whereas the three fronds minimizing the amount of 
metal in the MB and thereby facilitating easy delivery of a MB stent.

The Tryton stent is a side branch fi rst stent and is used in combination with a DES 
in the MB and could be considered as a facilitated culotte technique. The deployment 
sequence is illustrated by Figure 2. First, both the main and side branches are wired 
(Figure 2A) and the SB is predilated (Figure 2B). MB predilation is performed according to 
the operator’s preference. Hereafter, the Tryton stent is advanced into the SB. The stent 
delivery system has four radio-opaque markers for optimal positioning of the stent: the 
distal and proximal markers indicating the distal and proximal end of the stent and the 
two middle markers indicating the transition zone (Figure 1C). The stent is positioned in 

Deployment sequence of the Tryton Side Branch Stent:

A

B

C

D

E

F

G

H

Figure 2. The deployment sequence of the Tryton Side Branch Stent. Figure illustrating the diff erent steps 
in the deployment sequence of the Tryton stent. Please see the text for detailed description.
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such way that the carina lies in-between the two middle markers, without the need for 
rotational orientation (arrows, Figure 2C). After deployment of the stent (Figure 2D), the 
guidewire in the SB is rewired into the distal MB through the Tryton fronds of the proxi-
mal MB zone (green guidewire in Figure 2E). Hereafter, the MB is pre-dilated according 
to operator’s preference to allow easy passage of the MB stent (Figure 2F). Then, after 
retracting the trapped wire that was initially placed in the MB, a regular DES is deployed 
in the MB, crossing the SB (Figure 2G). Finally, it is recommended by the instructions-for-
use to finalize the procedure with final kissing balloon inflation (Figure 2H).

Study Design

The study cohort consisted of all patients who underwent PCI in our center between 
October 2010 and December 2011, in whom an attempt was performed to use the 
Tryton stent as treatment for a bifurcation lesion. Baseline demographic variables and 
procedural information have been prospectively collected and all angiograms were 
reviewed for angiographic characteristics by visual estimate. Bifurcation lesions were 
classified according to the Medina-classification  8. Patients were contacted by phone 
in June 2013 to obtain all relevant clinical data. When the patient reported a potential 
clinical adverse event, hospital records were reviewed and, if necessary, the referring 
cardiologists or general practitioners were contacted to complete information. If a 
patient could not be contacted by phone, patient’s vital status was verified from the 
national population registry (Dutch Central Bureau of Statistics) and hospital records 
from patient’s last medical contact were obtained.

Clinical Outcomes

Clinical outcomes were reported as cardiac death, any myocardial infarction (MI), target 
vessel revascularization (TVR), target lesion revascularization (TLR), definite or prob-
able stent thrombosis (ST), and target vessel failure (TVF), defined as the composite 
of cardiac death, any MI, and TVR. All outcome definitions were similar to our previous 
publication 4, except that for the current analysis, TLR was further stratified to TLR of the 
MB and/or TLR of the SB.

Statistical Analysis

Continuous data are presented as mean (and ±standard deviation) or as median (and 
interquartile range), where appropriate. Categorical data are shown as frequencies. 
Cumulative event rates were estimated using the Kaplan–Meier estimates. Follow-up 
was censored at the last known date of follow-up or at 24 months, whichever came first.
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Table 1. Baseline characteristics

Variable

Patient characteristics (n=91)

Age 67 ±10

Male 73 80%

Diabetes mellitus 16 18%

Hypertension 42 48%

Hypercholesterolemia 35 41%

Current smoker 19 22%

Renal dysfunction 8 10%

Previous MI 29 33%

Prior revascularization 29 33%

Indication for PCI:

STEMI 14 16%

NSTEMI 13 14%

Unstable angina 11 12%

Stable angina 51 58%

other 1 1%

Multivessel disease 54 59%

Lesion characteristics (n=93)

Bifurcation Location

Left main bifurcation 3 3%

Left anterior desending/ diagonal branch 68 73%

Left circumflex/ obtuse marginal 16 17%

Posterolateral/ posterior descending 5 5%

Saphenous veinous graft/ diagonal branch 1 1%

Medina Classification

1.0.0 1 1%

1.1.0 1 1%

0.1.0 0 -

0.0.1 4 4%

1.0.1 7 8%

0.1.1 7 8%

1.1.1 69 74%

Chronic total occlusion 4 4%

In-stent restenosis 1 1%

Mean (±SD) or number (percentage). MI: myocardial infarction. PCI: percutaneous coronary intervention. 
STEMI: ST-segment elevation myocardial infarction. NSTEMI: nonST-segment elevation myocardial infarc-
tion.
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RESULTS

Baseline Patients and Angiographic Characteristics

Baseline patient and angiographic characteristics are shown in Table 1. In total, 91 
patients were included with 93 bifurcation lesions during the study period. Patients 
were on average 67 years old, and the vast majority was male (80%). A considerable pro-
portion of the population (42%) had acute coronary syndrome (ACS) as PCI indication 
(12% unstable angina pectoris, 14% NSTEMI, and 16% STEMI). One patient presented in 
cardiogenic shock. No restrictions were made concerning lesion characteristics: three 
patients were treated for left main disease, four for chronic total occlusions, one for a 
saphenous vein graft anastomosis, and one for in-stent restenosis of a failed provisional 
single stent strategy in which a bare metal stent was used.

Procedural Characteristics

Procedural characteristics are summarized in Table 2. MB and SB predilatations were 
performed in most cases (83% and 85%, respectively) and everolimus-eluting DES was 
used as MB stent in 97% of the cases. In one-third of the cases, additional MB stenting 
was performed and in 14% additional side branch stenting. Final kissing balloon infla-
tion could be performed in 71%.

Table 2. Procedural characteristics

Variable n=93

Main branch predilatation 77 83%

Side branch predilatation 79 85%

Stent type used as main branch stent

Everolimus-eluting stent 90 97%

Endothelial progenitor cell capturing stent 1 1%

none used 2 2%

Additional stent in main branch 31 33%

Additional stent in side branch 13 14%

Final kissing balloon inflation performed 65 71%

Succesfull Tryton placement at intended site 88 95%

Dissection requiring additional stenting 10 11%

Glycoprotein IIb/IIIa inhibitors used during procedure 9 10%*

Number (percentage). *Percentage based on 91 patients.
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Clinical Outcomes

One- and two-year clinical outcomes are summarized in Table 3. Median follow-up was 
713 [617–840] days. All non-deceased patients except one had at least one-year follow-
up and two-year follow-up was obtained for 42 (46%) of the patients.

Four cardiac deaths were observed at one-year and no additional cardiac deaths were 
observed from one- to two-years of follow-up, resulting in a two-year cardiac death rate 
of 4.4%. MI occurred in seven patients within 1 year of follow-up and in two additional 
patients in the second year of follow-up resulting in a one-year MI rate of 7.9% and a 
two-year MI rate of 10.2%. Fourteen revascularizations occurred until 2 years of follow-
up of which 10 involving the target vessel. Within one year, five patients underwent a 
TLR (one-year TLR rate of 5.8%), and two additional patients underwent a TLR in the 
second year of follow-up, resulting in a two-year TLR rate of 9.2%. Five of the seven TLRs 
involved restenosis of the side branch (two-year TLR rate of the SB 6.9%), whereas two 
involved in-stent restenosis of the MB stent (two-year TLR rate of the MB 2.4%). Only 
two STs were observed: one probable ST on day one and one definite after 474 days, 
resulting in a probable/definite ST rate of 2.3% at two-year follow-up. In summary, the 
one- and two-year cumulative event rates of the composite endpoint of TVF were 14.5% 
and 20.3%, respectively (Figure 3).

Table 3. one-year and two-year clinical outcomes

one-year two-year

Outcome No. Event rates* No. Event rates*

Cardiac death 4 4.4% 4 4.4%

Myocardial infarction 7 8.9% 9 10.2%

Any revascularization 8 9.3% 14 17.6%

TVR 6 6.9% 10 12.7%

TLR 5 5.8% 7 9.2%

TLR of proximal MB 2 2.4% 2 2.4%

TLR of distal MB 0 - 0 -

TLR of SB 3 3.4% 5 6.9%

Stent thrombosis: 1 1.1% 2 2.3%

Definite 0 - 1 1.2%

Probable 1 1.1% 1 1.1%

Target vessel failure¥ 13 14.5% 18 20.3%

*Kaplan-Meier estimates. ¥Target vessel failure is defined as the composite of cardiac death, any MI, and 
target vessel revascularization. TVR: target vessel revascularization. TLR: target lesion revascularization.
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DISCUSSION

Our study provides long-term clinical follow-up data from a single-center registry in-
cluding patients with a coronary bifurcation lesion treated with the Tryton dedicated 
bifurcation side branch stent. Despite a relative high-risk patient population, including 
42% patients with ACS presentation (of whom 16% with STEMI), three left main lesions, 
four CTOs, one saphenous venous graft lesion, and one ISR, the observed two-year 
target vessel failure rate was acceptable (20.3%), with low two-year TLR and definite/
probable ST rates (9.2% and 2.3%, respectively).

Comparison with Previous Bifurcation Studies

A previous Italian registry study, including 4,314 patients with bifurcation lesions 
treated with either a DES or bare-metal stent between January 2002 and December 
2006, reported a MACE rate (defined as the composite of cardiac death, any MI, CABG, 
and TLR) of 13.1% at one year and 17.7% at two years. MI, TLR, and ST-rates were 2.4%, 
10.2%, and 2.0%, respectively, at one year and 4.0%, 13.2%, and 2.9%, respectively, at 
two years 9. A large U.S. registry, including 1,650 patients with bifurcation lesions treated 
with DES between May 2003 and June 2006, showed a two-year MACE rate of 18.9%, a 
two-year MI rate of 4.9%, and a two-year ST rate of 1.9% 10. The Korean COBIS registry 
including 1,595 patients in 16 centers treated with either a sirolimus-eluting stent (SES) 
or paclitaxel-eluting stent (PES) between June 2004 and June 2006 demonstrated MACE 
rates of 8.7% (PES) and 5.0% (SES) and TLR rates of 7.1% (PES) and 3.4% (SES) at a median 
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Figure 3. Cumulative Target Vessel Failure rate up to two years. Kaplan–Meier event curve showing the 
cumulative Target Vessel Failure (TVF) rate. TVF defined as the composite of cardiac death, any myocardial 
infarction and target vessel revascularization.
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of 20 months follow-up  11. A bifurcation substudy of the j-Cypher registry, evaluating 
clinical outcomes of 2,122 patients treated with a sirolimus-eluting stent between Au-
gust 2004 and November 2006, demonstrated one- and two-year TLR rates of 11.2% and 
16.4% in the elective two stent group, and 5.6% and 7.7% for the provisional single-stent 
group. One- and two-year ST rates were 0.8% and 1.3% for the elective two-stent group, 
and 0.4% and 0.4% for the provisional single stent group  12. A smaller single-center 
registry study including 401 patients with bifurcation lesions treated with either the 
provisional single stent approach (n = 260) or two-stent strategy (n = 141) using DES in 
the period 2004–2009, showed MACE rates of 13.5% (one year) and 21.8% (two years). 
MI rates were 3.9% (one year) and 5.9% (two year). Definite ST was observed in 1.1% 
of the patient at one year and 1.7% at two years  13. In another registry, including 477 
patients with bifurcation lesions between January 2003 and December 2005 who were 
treated with the provisional single stent approach using DES, one-year MACE rate was 
10.7% (13.7% at two years). Total MI-rates were 1.0% (one year) and 1.8% (two years) 14. 
In summary, previous observational studies on bifurcation PCI demonstrated a one-year 
MACE rate of 10.5%–13.5%, a two-year MACE rate of 5.0%–22%, a one-year MI rate of 
1%–4%, a two-year MI rate of 2%–6%, a one-year TLR rate of 5.5%–10%, a two-year TLR 
rate of 3.5%–16.5%, a one-year ST rate of 0.4%–2.0%, and a two-year ST rate of 0.4%–3%. 
The clinical outcomes observed in the current study are very well comparable with 
those reported in the literature, especially when taken into account the relative higher 
patient’s risk profile, including 42% ACS, and lesion complexity, with ninety percent 
complex bifurcation lesions (i.e., Medina 0,1,1; 1,0,1; or 1,1,1), of the current study.

Target Lesion Revascularization

Previous observational studies on the Tryton stent consistently showed six- to twelve-
month TLR rates of ~4% 2-6. The current report showed that these results are sustainable 
up to two years of follow-up, TLR rate increased from 5.8% at one-year up to 9.2% at two 
years. Five from the seven TLRs were due to in-stent restenosis of the Tryton part in the 
SB, and two other TLRs due to in-stent restenosis of the proximal part of the MB zone. 
No in-stent restenoses of the distal MB part of the MB stent were observed in our patient 
population.

The surprisingly low in-stent restenosis rates of the bare-metal Tryton stent part in the 
SB might be explained by several factors. First, it is important to realize that only ~7 mm 
of the Tryton stent is positioned in the SB, whereas the incidence of in-stent restenosis 
of bare-metal stents is inversely related to lesion length, with lesions <15 mm being less 
prone to restenose after bare-metal stenting than lesions >15 mm 15. Second, one may 
speculate that the Tryton stent provide better strut apposition at the SB ostium with a 
more uniform distribution of stent struts when compared with two-stent techniques 
using conventional stents 16, resulting in less neo-intimal hyperplasia. Third, optimal SB 
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ostium scaffolding by the Tryton stent might counterbalance the occurrence of (late) 
recoil after balloon angioplasty of the SB, when the Tryton approach is compared with 
single stenting in combination with SB balloon angioplasty. Fourth, the support of 
Tryton at the SB ostium might prevent the occurrence of carina shift towards the SB, 
resulting in better acute angiographic success of the SB translating to better clinical 
outcome on the long-term.

A previous published prospective nine-month follow-up study using angiography 
and optical coherence tomography (OCT) showed a high incidence of restenosis (25%) 
of the proximal edge of the proximal part of the MB DES 17. In this study, we only ob-
served a TLR rate of the proximal MB stent part of 2.3% at two years. This difference 
might be explained by geographic miss, which occurred in half of the proximal MB 
restenosis cases in the OCT follow-up study 17. Furthermore, it is important to prevent 
recrossing the SB wire into the distal MB between the Tryton wedding bands and the 
vessel wall, otherwise the proximal Tryton zone will be crushed when the MB DES is 
inflated, most likely resulting in unfavorable results at the proximal MB zone (step “E” in 
Figure 2). Furthermore, it is important to completely cover the proximal Tryton part with 
a DES to ensure drug-elution in the entire stented area of the MB. Finally, it has to be 
borne in mind that the part of the Tryton stent between the two wedding bands and the 
transition zone panels (i.e., the part with the three fronds), does not have enough radial 
strength and therefore a regular DES is needed in the proximal MB part to adequately 
scaffold the proximal MB zone.

Tryton IDE Trial

Currently, the Tryton IDE trial is running comparing the Tryton stent with balloon angio-
plasty as SB treatment in coronary bifurcation lesion treatment, both in combination 
with MB treatment using regular DES. The primary results will be available soon and this 
trial will provide further insights whether the Tryton stent will be able to challenge to 
current dogma of provisional single stenting 18.

Study Limitations

Use of the Tryton stent was at the discretion of the operator, which introduced a selec-
tion bias. No routine angiographic follow-up, including intravascular imaging, was per-
formed that would have given us better insights in the healing response of the Tryton 
side branch stent. Cardiac biomarkers were not routinely sampled and therefore, peri-
procedural MI rate could have been underreported. Finally, data was not independently 
monitored which could have introduced inaccuracies in the data.
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CONCLUSIONS

Evaluating long-term clinical outcomes after PCI of bifurcation lesions using Tryton in 
a daily clinical setting showed acceptable clinical outcomes when compared with his-
torical data on PCI of bifurcation lesions, especially when taken into account the relative 
high-risk patient population and complexity of the lesions included. Whether the Tryton 
stent is indeed improving clinical outcomes after bifurcation stenting needs confirma-
tion from randomized data provided by the Tryton IDE trial.
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