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EDITORIAL COMMENT

Unmatched Results After Double Kissing
Crush Stenting Technique in Distal
Left Main Coronary Artery Treatment?*
Leif Thuesen, MD, DMSC,y Niels Ramsing Holm, MDz

I

n the past, the left main coronary artery (LMCA)

extended follow-up of >5 years are required to provide

was a no-touch zone for the interventional cardio-

deﬁnitive conclusions about the optimal LCMA treat-

logist. LMCA treatment was a surgical domain;

ment (4). Hopefully, the EXCEL (Evaluation of XIENCE

coronary artery bypass graft reduced mortality as com-

PRIME Everolimus Eluting Stent System [EECSS] or

pared with medical treatment. Experience with bail-

XIENCE V EECSS or XIENCE Xpedition EECSS or

out stenting of LMCA dissection complicating diag-

XIENCE PRO EECSS Versus Coronary Artery Bypass

nostic and interventional procedures, interventions

Surgery for Effectiveness of Left Main Revasculariza-

in acute and subacute coronary syndromes, and LMCA

tion) and the NOBLE (Nordic-Baltic-British Left Main

procedures in high operative risk patients showed

Revascularization Study) trials, which will be report-

that these lesions might be treated less invasively

ing results in the Fall of 2016, will be able to answer

with excellent immediate and longer-term results.

these questions.

Meta-analyses of percutaneous coronary interven-

Ahead of international recommendations, stenting

tion (PCI) versus coronary artery bypass graft LMCA

is the preferred primary treatment of all aspects of

studies, but ﬁrst and foremost the SYNTAX (Synergy

LMCA disease in many heart centers, and the optimal

Between Percutaneous Coronary Intervention With

LMCA stenting technique is of major clinical interest.

Taxus and Cardiac Surgery) trial (1) with 5-year data on

SEE PAGE 1335

a pre-speciﬁed subgroup of 705 LMCA patients, documenting equality between surgical and PCI in low and

In this issue of JACC: Cardiovascular Interventions,

medium SYNTAX score patient groups, have been

Chen et al. (5) convey 3-year results of the DKCRUSH-

inﬂuential in the latest European (2) and American

III (Double Kissing Crush Versus Provisional Stenting

guidelines (3) on LMCA revascularization. There are

Technique for Treatment of Coronary Bifurcation

now Class I, Level of Evidence: A (2) and Class II, Level

Lesions III) trial randomizing 415 patients with distal

of Evidence: A (3,4) recommendations for treatment of

LMCA stenosis to the double kissing crush (DK-crush)

low-risk LMCA lesions by PCI. The more complex

versus the culotte 2-stent bifurcation techniques.

lesion subset requiring a 2-stent LMCA bifurcation

Their ﬁndings were much in favor of the DK-crush

treatment holds a Class II, Level of Evidence: B

approach. The 3-year major adverse cardiac event

(3,4) recommendation for PCI. However, studies with

rates were 8.2% versus 23.7% (p < 0.001), myocardial
infarction 3.4% versus 8.2% (p ¼ 0.037), and TVR
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5.8% versus 18.8% (p < 0.001) after DK-crush and
culotte treatment, respectively. Furthermore, deﬁnite or probable stent thrombosis did not occur in
DK-crush treated patients, but it did occur in 3.9% in
the culotte group.
All patients had “true” bifurcation lesions and
about 29% of patients had increased lesion com-
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there is a risk of bias in a study-mandated angiog-

Using Drug-Eluting Stents) classiﬁcation (6). The vast

raphy and potentially a lower threshold to perform

majority of clinical events in both treatment groups

non–pre-scheduled angiographic follow-up.

occurred in the high-risk lesion subset, thereby

The DK-crush technique involves more balloon

deﬁning a high-risk population of particular interest

inﬂations, which may improve lesion preparation, fa-

and a low-risk population with excellent clinical

cilitates SB rewiring, and results in a very high success

outcome. The culotte group has a particularly high

rate of ﬁnal kissing balloon inﬂation. The high success

major adverse cardiac event rate of 51.5% versus

rate of ﬁnal kissing balloon inﬂation is a clear advan-

15.1% in the high-risk lesion subset.

tage of the DK-crush technique. Particularly, in com-

The DK-CRUSH investigators introduced the DK-

parison to mini crush, where ﬁnal kissing balloon

crush 2-stent technique for bifurcation treatment in

inﬂation success is low, the risk of leaving the cir-

2005. Basically, the technique consists of 5 steps:

cumﬂex coronary artery jailed by 2 strut layers sup-

side branch (SB) stenting; balloon-crush of the SB

ports the use of the DK-crush implantation technique.

stent; ﬁrst kissing balloon inﬂation; second crush

As compared with the culotte technique with

using the main vessel stent; and ﬁnal kissing balloon

double stent strut layers in the proximal part of the

inﬂation (7).

main vessel, the DK-crush has a single stent layer in

Early invasive imaging studies indicated that DK-

the main vessel, but potentially 3 layers of struts just

crush resulted in larger SB opening and improved

proximal to the SB ostium. Multiple strut layers may

SB stent expansion than classic crush did, and the

affect healing and increase the risk of stent throm-

initial clinical experience indicated a high success

bosis. Furthermore, the subsequent main vessel stent

rate of the ﬁnal kissing balloon inﬂation. Subse-

implantation is not restricted by the cell-opening as

quently, the DK-crush technique has been validated

in culotte, where a cigar-belt effect may be pro-

by the same investigators in 3 randomized clinical

nounced and may increase the risk of malapposition

trials showing favorable outcomes in comparison to

and insufﬁcient vessel expansion in both the ostium

classic crush (DKCRUSH-I), to provisional SB stenting

of the distal main vessel and the SB.

(DKCRUSH-II), and now superior 3-year outcome

In DK-crush, the main vessel does not require

in comparison to culotte stenting in distal LMCA

rewiring. This is an attractive feature as compared

lesions; the DKCRUSH-III (DKCrush Versus Culotte

with the culotte technique, especially in cases that

Stenting for the Treatment of Unprotected Distal

require stenting the circumﬂex artery ﬁrst and sub-

Left Main Bifurcation Lesions) study (7–9).

stantial ostial left anterior descending residual ste-

The DKCRUSH-III trial is a high-quality study, is

nosis after pre-dilation. Furthermore, the position of

well powered, has almost 100% 3-year follow-up, and

SB recrossing has been shown to affect scaffolding and

has multicenter and multicountry participation. The

degree of malapposition after kissing balloon inﬂation

3-year DKCRUSH-III results are remarkable: consid-

(10). In the DK-crush technique, only the SB may

erably lower PCI event rates than in the SYNTAX trial.

be affected by a suboptimal recrossing, whereas in

A similar pattern was seen in DKCRUSH-I and -II with

culotte, there is a risk of rewiring through a stent cell

very low event rates in the DK-crush groups as com-

opposite the carina during wiring of both vessels. On

pared with other bifurcation stent technique studies.

the other hand, the risk of abluminal rewiring of the

This raises the question whether the DK-crush tech-

SB stent during DK-crush procedures is probably not

nique is better than the prevalent culotte and mini

reduced as compared with the risk with the culotte

crush techniques and the provisional SB treatment

technique.

strategy in managing LMCA and other coronary
bifurcation lesions.

The excellent clinical results following DK-crush
bifurcation stenting of distal LMCA lesions are pro-

The DK-crush versus culotte technique superiority

mising for the interventional treatment of this im-

was primarily related to new target lesion revas-

portant lesion subset. A randomized comparison of

cularizations and myocardial infarctions. It is unclear

DK-crush and coronary artery bypass graft is prob-

to what extent these events were related to the pre-

ably wishful thinking, but it should be perfectly

scheduled 8-month angiographic control, but the

possible for other groups of investigators to conﬁrm

event curves seem to start separating after 8 months.

the results reported in DKCRUSH-III.

Furthermore, it is unclear whether the myocardial
infarctions were procedure related and speciﬁcally
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