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Abstract
Bifurcation lesions and bifurcation stenting have been reported to

be risk factors of stent thrombosis (ST). ST is a complex process

that may be the culmination of device, patient, lesion and

procedural factors. The strategy of provisional SB stenting is widely

accepted for suitable bifurcation lesions, and is accompanied by

low rates of ST. However, it is not applicable to all patients, and in

these clinical scenarios (approx. 10%), there is no consensus on

the best option for elective stenting with two stents regarding the

incidence of ST. Excessive metal scaffolding, such as in the

classical crush technique, should be avoided. Further

accumulation of long-term data from larger clinical registries and

randomised studies will be needed to elucidate the best technique

regarding the avoidance of ST in bifurcation treatment. Dedicated

bifurcation stents tailored for each type of lesion could resolve this

issue, especially the excess of metal protruding in the vessel lumen

or crushed onto the wall. However, they need to be tested in

upcoming and ongoing trials.

Stent thrombosis (ST) is the sudden occlusion of a stented coronary

artery due to thrombus formation. Despite major improvements of

antiplatelet therapy, thrombotic events remain the primary cause of

death after percutaneous coronary interventions (PCI).1,2 The

clinical consequences of ST are frequently catastrophic and include

death in 20% to 48% or major myocardial infarction (MI) in 60% to

70% of the cases.1-3 In the drug-eluting stent era, ST and especially

very late ST remains a concern of coronary intervention. Bifurcation

lesions and bifurcation stenting have been reported to be the risk

factors for ST.3 ST is a complex process that may be a culmination

of device, patient, lesion, and procedural factors.4 The exact cause

of the higher risk of ST in bifurcation lesions is unknown although

pathologic studies have suggested that the arterial branch points

are predisposed to development of atherosclerotic plaque,

thrombus, and inflammation because they are foci of low shear

stress.5-8

One versus two-stent techniques
There is consensus in the interventional community that the best

treatment strategy in bifurcational lesions, in the majority of cases, is

provisional stenting which consists of provisional side-branch (SB)

stenting where the main branch (MB) is stented, and the SB is

stented only if necessary.9,10 However, if the SB is large and has

disease extending beyond the vessel ostium, two stents are usually

needed, but there is no consensus on the best technique.10,11

However, the impact of the stenting strategy for bifurcation lesion on

ST remains unclear. Initial studies with two-stent techniques had

high rates of ST.12,13 However, recent randomised studies

comparing single- and two-stent techniques did not show any clear

advantage of one versus the other regarding the incidence of ST.14-

18 These findings were verified by subsequent meta-analyses of the

above studies which could not show any difference in the incidence

of ST.19,20 These results may be due to the refinement of two-stent

technique, such as high pressure ballooning, final kissing
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technique, and intravascular ultrasound (IVUS)-guided optimal

stenting at main and side branches.21-23 From another point of view,

these results could be due to certain limitations of these

randomised studies. First, the number of subjects in the previous

studies was too small to evaluate rare events such as ST. Second,

their data components were not enough to show the real-world

percutaneous coronary intervention (PCI) experience because

acute MI cases were excluded. Finally, the follow-up period of all

randomised studies (six to 14 months) was too short to evaluate late

and very late ST adequately. Thus, important complementary data

are being provided by well conducted registries. Of the 607 patients

(2,160 lesions) in the ARTS II study, 324 patients underwent

revascularisation procedures involving treatment of at least one

bifurcation (465 lesions).24,25 Three-year outcomes of the patients of

the bifurcation group were compared to the patients without

bifurcations. Despite more diffuse and complex disease in the

bifurcation group, survival free of adverse events was equivalent in

the two groups. At 3-years, there was no difference in rate of overall

major adverse cardiac events (20.2% vs. 18.5%, p=NS) or any of

the component events between the bifurcation and the non-

bifurcation group. There was a trend towards a higher rate of

definite ST in the bifurcation group (4.6 vs. 2.1%, p=0.1); however

in the multivariate analysis the CK value post procedure was the

only independent predictor of definite ST (p=0.015), with the

presence of a bifurcation lesion of borderline significance

(p=0.056).24 Similar rates of ST have been shown after DES

implantation in bifurcation lesions by Iakovou et al. The incidence of

ST according to selected patient characteristics in this study is

shown in Figure 1.26 It is of note that while bifurcational treatment

was accompanied with a higher than expected incidence of ST,

there were no significant differences between the one versus the

two-stent techniques.

On the contrary, in a sub-analysis of the j-Cypher registry for left

main disease, the prevalence of definite ST in the two-stent

technique group was higher than the single-stent technique group

(2.8% vs. 0.4%, p=0.050).27 However, the prevalence of ST was not

different between single- and two-stent techniques in the non-left

main subset. At three years, there were only nine cases of ST after

two-stent technique in all cohorts (five in the left main and four in

the non-left main subset), which was inadequate for a definitive

conclusion.28 The incidence of ST in the j-Cypher registry was lower

than that in the Bern-Rotterdam data or ESTROFA registry.29,30

Routlege et al showed that uniform provisional T stenting with DES

is applicable to over 90% of patients in the real world, with a 10%

need for repeat revascularisation in the first two years and a low

incidence of late ST (2.52%).31

Are there any differences regarding ST
between 2-stent techniques?
Although the strategy of provisional SB stenting is widely accepted

for suitable bifurcation lesions, there is no consensus on the best

option for elective stenting with two stents. The crush technique

has the potential to scaffold and apply the drug to the side-branch

ostium where restenosis is most common. However, ST by 9-

month follow-up is more frequent after classical crush stenting

than after simple stenting, and the incidence was not reduced

with 1-step kissing post-dilation.32 Classical crush stenting may

also be predisposed to ST because of the multiple layering of stent

struts. Overlapping of DES is associated with reduced

endothelialisation of struts in preclinical studies and reduced

tissue coverage in humans.33 Ormiston et al showed by his

trademark bench deployments that mini-crush variations of

classical crush, limit multiple layering of stent struts and may be

associated with more complete endothelialisation.34 Side-branch

ostial stenosis after crush stenting was minimised by mini-crush

deployment, 2-step kissing post-dilation, and the use of stents

with larger cell size. These results have been verified in clinical

studies which showed that optimising stent deployment at

bifurcation lesions with these variations will reduce clinical ST and

restenosis.35-37

Interesting information regarding the comparison between two

stent techniques comes from large registries, such as the

Kurashiki Central Hospital registry which compared the incidence

of ST after DES implantation for bifurcation treatment with the

culotte and the T stent technique (modified T or provisional T).

Culotte stent technique was used for 283 patients (follow-up

period: 2.44±1.46 years) and T stent for 285 (follow-up period:

3.30±1.79 years). The cumulative incidence curves of ST at

follow-up are shown in the Figure 2. Although no statistical

difference was seen, there seemed to be different time courses of

ST between the two techniques.

Similar with the above are the results of several published studies

which showed no significant differences in ST between various stent

techniques (Table 1). The PRECISE-SKS trial (n=100) comparing

simultaneous kissing stent with conventional technique, showed

lower SB restenosis rate using the SKS method, higher procedural

success of SB and no ST in both arms after 9-12 months on dual

antiplatelet therapy.38 In the CACTUS trial (n=350) the incidence of

ST was 1.7% in the “crush” arm (versus 1.1% for the provisional

stenting technique) with no significant difference in target lesion

revascularisation (TLR), or angiographic restenosis.14 In the BBC

ONE trial (7) (n=500) the crush and the culotte techniques were

compared to provisional stenting with a significant raise in ST (2%

vs. 0.4%) and MACE (15.2% vs. 8%) after a 9-month average

Figure 1. Rates of stent thrombosis according to selected patient

characteristics. Adapted from Iakovou et al.26
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Table 1. Rates of stent thrombosis in studies of bifurcation lesions treated with DES.

Study Technique Number (n) Mean follow-up months Stent thrombosis (%)

NORDIC18 MV+SB stent vs. MV stenting 413 6 0 vs. 0.5

CACTUS14 crush vs. provisional stenting 350 6 1.7 vs. 1.1

BBC ONE39 crush/culotte vs. provisional stenting 500 9 2.0 vs. 0.4

BBK17 T stent vs. provisional stenting 202 9 3 vs. 3

Figure 2. Cumulative incidence of definite stent thrombosis in

Kurashiki Central Hospital registry (unpublished data) in patients

treated with T-stenting vs. culotte.

10

5

0

0 1 2 43 5 6

Follow-up time (years)

T stent 285 237 187 159 113 73 2
Culotte 283 209 158 109  44 12 0

p=0.851

T

Y

Total period

follow-up period.39 In the BBK trial (n=202) T-stenting was

compared to provisional stenting. ST was similar in both groups

(3%), but there was a markedly higher angiographic restenosis in

the T-stenting arm.17 In the NORDIC II trial (n=424) culottes

technique was compared to Crush and ST occurred in 1.9% versus

1.4% respectively (P=NS).16 In addition, there were no statistically

significant differences regarding major adverse cardiac event

(cardiac death, MI, target vessel revascularisation, ST) rates during

six months follow-up (crush 4.3%, culotte 3.7%, P=0.87)

(Figure 3).

Prevention of ST in bifurcation lesions
Prevention of ST in PCI of bifurcation lesions is pivotal and must

include appropriate duration of dual antiplatelet therapy, meticulous

attention to stent deployment techniques, and, possibly, the use of

intravascular imaging in order to better guide the procedure.8,21,40,41

Kim et al evaluated 758 patients with de novo non-left main

coronary bifurcation lesions who underwent IVUS-guided stenting

and showed that IVUS guidance significantly reduced the long-term

all-cause mortality (hazard ratio [HR] 0.31, 95% confidence interval

[CI] 0.13 to 0.74, p=0.008) in the total population and in the

patients receiving DES (HR 0.24, 95% CI 0.06 to 0.86, p =0.03),

but not in the patients receiving bare metal stents. IVUS-guided

stenting had no effect on the rate of ST or target lesion

revascularisation. In patients receiving DES, however, IVUS

guidance reduced the development of very late ST (0.4% vs. 2.8%,

p=0.03).42

Figure 3. Cumulated MACE rate (cardiac death, MI, target vessel

revascularisation, stent thrombosis) during 6 months follow-up. MACE

rates after six months; crush 4.3%, culotte 3.7% (p=0.87). The log-rank

test was used. Taken from Ergils et al.1 (With kind permission from

Wolters Kluwer Health)
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Future directions and conclusions
The strategy of provisional SB stenting is widely accepted for suitable

bifurcation lesions and is accompanied by low rates of ST. However it

is not applicable to all patients and in these clinical scenarios (approx.

10%), there is no consensus on the best option for elective stenting

with two stents regarding the incidence of ST. Excessive metal

scaffolding, such as in the classical crush technique should be

avoided. Further accumulation of long-term data from larger clinical

registries and randomised studies will be needed to elucidate the best

technique regarding the avoidance of ST in bifurcation treatment.

Dedicated bifurcation stents tailored for each type of lesion could

resolve this issue, especially the excess of metal protruding in the

vessel lumen or crushed onto the wall. Some of these stents are

tested in a number of trials but have yet to establish a stable place

in the interventional cardiology arsenal.43-45

In the meantime, vigilance in maintenance of dual antiplatelet

therapy is mandatory. It is necessary for physicians and patients to

be aware not only of the risk of thrombosis, but also of the most

important contributing factor: interruption of antiplatelet therapy. For

this reason, it is imperative to avoid stopping prematurely antiplatelet

therapy. It is well known that according to the present guidelines, the

optimal duration of dual antiplatelet therapy is at least 12 months for

the use of DES. Whether there should be a modification to these

guidelines according to the level of endothelisation-strut coverage is

not determined and remains to be answered in the near future with

the upcoming and ongoing trials.
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