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and mostly due to different involvement of side bran-
ch (SB), generating a striking need for an upgrade of 
current classifi cations to a more detailed description 
of SB involvement. 

In the bifurcation settings resembling the population 
of Nordic Trial (mild SB involvement with mean lesion 
length of ~5 mm and stenosis ~50%) the provisional 
one-stent technique is recommended 4 and is the de-
fault approach supported by the current guidelines6. 
We agree with the authors of these studies, that in 
treating any kind of coronary lesion, less stent possible 
should be used to obtain a perfect result. Still, there 
are situations when one stent for a bifurcation lesion 
is not enough. The same meta-analysis that supports 
the provisional one stent approach, reports rates of 
conversion to 2 stent strategy in 18% of cases4. In our 
opinion the bail-out conversion to a 2 stent approach 
results in poorer results as compared with the up-
front 2 stent technique, where SB is adequately prepa-
red for stent implantation. Moreover, the techniques 
applied for 2 stent conversion are reverse Culotte, re-
verse T-stenting, and TAP. Among them, only Culotte 
present comparable results in terms of outcomes to 
modern Crush techniques, but situations where the SB 

It is not enough to do your best; you must know what to 
do, and then do your best. 

W. Edwards Deming.

Coronary bifurcations have fl ow patterns in the 
polygon of confl uence (POC) creating an endothelial 
shear stress environment conductive to the develop-
ment of atherosclerotic plaques opposite to the cari-
na1. Bifurcation lesions account for one-fi fth of percu-
taneous coronary interventions (PCI) and represent 
one of the most challenging lesion subsets in interven-
tional cardiology. This patient group deserves special 
attention because of the high burden of adverse events 
following treatment2. As PCI knowledge and experien-
ce have evolved, new bifurcation techniques have been 
described; nevertheless, the best one is still a matter 
of debate. The overwhelming number of studies dedi-
cated to this specifi c subset provided more questions 
than answers and the bifurcation treatment remains in 
some ways an art form3. Some meta-analyses of Ran-
domized Controlled Trials (RCTs) support a provi-
sional single stent strategy and others prioritize two 
stent approach4,5. The discrepancies are mostly due to 
different bifurcations morphologies among the RCTs 

Abstract: In simple bifurcation lesions provisional single stent strategy remains the standard of care. While complex 
bifurcations, defi ned based on the 1) Side Branch (SB) lesion length of > 10 mm and 2) SB ostial diameter stenosis of >70% 
are approached with a 2-DES strategy upfront. The Crush techniques which are composed of the classic Crush, mini-Crush 
and double kissing Crush (DK-Crush) share the core principle of protruding the SB DES within the Main Branch (MB) to 
minimize the risk of ostial SB restenosis, which remains the most prevalent etiology of stent failure during 2-stent approach 
in bifurcations. Proximal SB optimization (PSO) is an additional technical consideration to further optimize the protruding SB 
struts enabling 1) optimal SB strut accommodation to the larger MB vessel diameter, 2) strut enlargement that will further 
facilitate effortless rewiring for kissing balloon infl ation (KBI) avoiding unfavorable guide wire advancement in the peri-ostial 
SB area. 
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Zhang and Chen12 described the so-called mini-double 
kissing crush technique (DK Crush, Figure). The DK 
Crush includes the following steps: 1) stenting the SB 
(with 1 to 2 mm protrusion in the MV-the so-called 
mini-protrusion); 2) MB balloon crush; 3) wiring of 
SB through the most proximal strut of the crushed 
SB stent, and SB strut dilation; 4) fi rst KBI (KBI1); 5) 
removing the SB balloon and guiding wire; 6) stenting 
the MV; 7) POT (POT1); 8) re-SB wire access; 9) fi nal 
KBI (KBI2); and 10) fi nal re-POT (POT2). The main 
difference between classic and DK Crush consists of 
less protrusion of SB stent in the MB and the use of 
KBI1 after balloon crush of the implanted SB stent, 
which facilitates the KBI2 after MV stenting. This tech-
nique demonstrated better results in terms of a higher 
rate of KBI2, which in DK Crush trials was 100%. The 
improvements were attributed to the KBI1 that fully 
expands the orifi ce of the SB stent.

Many authors acknowledge that the DK crush te-
chnique is not simple, and the trial fi ndings may not 
be generalizable to the typical interventional cardio-
logist. In fact, in DK Crush V, the operators had to 
perform at least 300 PCI per year, for 5 consecutive 
years, to recruit patients into the study. Besides, they 
had to demonstrate profi ciency of the technique, by 
submitting 5 exemplary cases of DK crush to the in-
vestigators before taking part13.

After a thorough analysis of the steps of more than 
200 PCIs involving the crush techniques in our cen-
ter, we identifi ed several crucial passages and applied 
small modifi cations that allow a reliable and reprodu-
cible immediate optimal result. The technical diffi culty 
re lies on the suitable guidewire crossing with sub-
sequent balloon delivery to the crushed SB stent. In-

has a similar diameter as the main branch (MB) are not 
always present, while successful TAP is strongly de-
pendent on the dimensions of proximal MB and bifur-
cation angle, with non-negligible percentage (~10%) of 
the uncovered segment in coronary imaging7. Among 
the two stent techniques available for treating the 
bifurcation lesion, the DK Crush is the safest, since
while pre-treating the vessel for stent implantation the 
guiding wire is always present and rewiring is perfor-
med only after stent implantation. Even considering 
the low possibility of unsuccessful rewiring for sub-
sequent KBIs there is low risk for SB abrupt occlusion 
since the stent is already present.

In bifurcation lesions with complex and extensive 
SB involvement (>2.5 mm diameter, length of SB >70 
mm and >10 mm length of the lesion, diffi cult access, 
and ostial calcifi c pathology), the upfront 2-stent stra-
tegy resulted in improved outcomes at 5 years follow-
up8-10. The less occurrence of MACE was driven by 
signifi cantly lower rates of target lesion revasculariza-
tion (TLR), the Achilles’ heel of two stent techniques 
in coronary bifurcation, mainly due to SB stent fai-
lure10. This fi nding was confi rmed by a meta-analysis 
of twenty-one RCTs including 5.711 treated patients, 
using 5 bifurcation PCI techniques (provisional sten-
ting, T stenting/T and protrusion, Crush, Culotte, and 
DK-Crush). When all techniques were considered, 
patients treated using the DK-Crush technique had 
less occurrence of MACE5. 

DOUBLE KISSING CRUSH TECHNIQUE 
(DK CRUSH)
After its initial description11, the Crush technique 
underwent a series of iterations and modifi cations. 

Figure 1. Graphic representation of the risks of Side Branch (SB) stent crush in unpredictable fashion and subsequent guiding wire crossing under stent 
struts. A- SB stent deployed with minimal protrusion in main branch (MB) at nominal pressure (NP) with insuffi cient expansion and malapposition to the SB 
ostium due to vessel tapering phenomenon. B- SB stent crushed in unpredictable fashion. C- different possibilities of guiding wire crossing: green continuous 
line in the right way, red and purple dotted lines under the SB stent struts due to gaps in the ostial segment of the SB.
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1. SB stent positioning with the adequate protrusi-
on in MB- protrusion of the proximal stent segment 
into the MB (3-5 mm depending on bifurcation angle 
as performed in classical Crush technique)11 ensuring 
subsequent predictable crush and complete bending of 
the protruding segment in only one direction, oppo-
site to the fl ow divider, thus leaving one single layer 
of stent struts at the ostium of the SB to be further 
crossed by the guidewire, and dilated by the SB balloon 
(Figure 2). 

 2. Proximal Side Optimization Technique (PSO) – if 
a two-stent technique is applied, the bifurcation in-
volves by defi nition an important SB with extensive, 
long pathology. It should be considered that epicar-
dial vessels present a tapering phenomenon, meaning 

appropriate guidewire access may complicate balloon 
delivery with further distortion of the peri-ostial SB 
stent segment, leaving the ostium uncovered and ne-
gating any benefi t from the whole technique. The DK 
Crush procedure requires SB stent positioning with 
mini-protrusion in the MB without mentioning proxi-
mal segment optimization and, consequently, guidewi-
re crossing in the most proximal stent cell after crus-
hing: this exact passages leave space for wiring diffi cul-
ties and uncertainty with the risk for laborious guiding 
wire advancement also under the SB stent struts, due 
to unpredictable crush of the mini protruded and not 
optimized SB stent (Figure 1). 

We suggest the following steps in making the pro-
cedure more simple and effi cient. 

Figure 2. First step-SB stent positioning with adequate protrusion in MB. A- LAD-Diag MEDINA 1,1,1 bifurcation lesion treated with DK-Crush technique. 
B- SB DES positioned with suffi cient protrusion in the MB (3-5 mm) and a NC balloon is positioned in the MB. C-Angio control of the SB stent positioning. 
D- SB stent deployment.

Figure 3. Second step- Proximal Side Optimization. A- LAD-Diag MEDINA 1,1,1 bifurcation lesion treated with DK-Crush technique. B- SB stent deploy-
ment. C- The delivery balloon is pulled halfway back into the MB and second infl ation at a higher pressure (~ 4-6 atm above nominal) is performed. D- A 
non-compliant (NC) balloon, 0.25-0.5 mm bigger than stent delivery is used to post dilate the implanted stent, after which is positioned half in MB and half 
in SB, and high-pressure infl ation is performed.
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at the peri-ostial segment, avoiding wire advancement 
and balloon delivery under the malapposed struts, D- 
POT-crushing the SB with a POT balloon in a POT 
manner creates a concave orientation of the bent 
stent in the SB ostium towards the SB, thus facilitating 
the wire easy „slip” inside while re-crossing. 

Briefl y, these three steps increase the space of op-
timal wiring (SOW) of the SB stent after crushing (Fi-
gure 5)15. 

The following steps of the DK procedure are per-
formed as described above, requiring less effort, time, 
and materials and bringing more reliable procedure 
and fi nally better acute and long-term results. 

DISCUSSION
The promising results of SIRIUS and RAVEL trials16,17, 
reporting a substantial reduction in the rate of reste-
nosis with the fi rst generation of DES encouraged in-
terventional cardiologists to approach progressively 
more complex lesions. Thus, meeting this demand, 
the two stent crush technique to treat a bifurcation 
lesion was described11. The technical diffi culty relied 
on the need to cross the 2 layers of thick stent struts 
(Cypher – 135 μm) for a fi nal KBI. This technique 
followed further refi nement with the modifi cation of 
Dr. Collins – it consisted of high-pressure NC balloon 
infl ation at the ostium of the SB stent after Crush and 
before MB stent implantation18. This technique aimed 

discrepancy between distal as compared to proximal 
diameters. Since the SB stent size is based on the dis-
tal reference diameter, in long lesions there will be a 
defi nite size mismatch as compared to the ostial seg-
ment and stent deployment at nominal pressures can 
result in proximal under-expansion, leaving space for 
inadequate wire passage under the stent struts. 

To avoid this complication we apply the PSO: After 
SB stent deployment at nominal pressure (Figure 3, 
A, B), the delivery balloon is pulled halfway back into 
the MB and second infl ation at a higher pressure (~4-6 
atm above nominal) is performed (Figure 3, C). Sub-
sequently, a non-compliant (NC) balloon, 0.25-0.5 mm 
bigger than stent delivery is used to post dilate the 
implanted stent, after which is positioned half in MB 
and half in SB, and high-pressure infl ation is performed 
(Figure 3, D). 

3. Crush- we suggest to crush the SB stent using 
the Proximal Optimization Technique (POT) short 
balloon and using the POT technique14 – by infl ating 
an appropriately sized short NC balloon in the MV just 
proximal to the fl ow divider (Figure 4). 

 These three steps aim to: A - adequate protrusion- 
exclude the need to re-cross the crushed stent in the 
very proximal cell; any cell is perfect to be crossed at 
this time, B-effortless rewiring of the SB stent after 
crushing, C - PSO- proximal SB stent accommodation 
to the larger diameter with adequate strut apposition 

Figure 4. Crush the SB stent using the Proximal Optimisation Technique (POT). A- “stent boost” imaging showing the distal marker of the short Non 
Compliant (NC) balloon in the MV just proximal to the fl ow divider (red arrow). MBP- Main Branch Proximal, MBD- Main Branch Distal, SBD- Side Branch 
Distal. B- Infl ation of the short NC balloon at high pressure (20 atm). C- “stent boost” imaging after crushing of the SB stent, showing SB stent well expanded 
and is bent forming a monolayer in front of the ostium of SB in a concave shape.
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observed and reported, that by applying our modifi ca-
tions, the phenomenon of gaps in SB stent scaffolding 
was no more present20.

Our modifi cation is the only one that aims SB stent 
optimization before crush thus ensuring wide access 
to SB after crushing due to increased SOW, which 
consequently reduces substantially the risk of ina-
dequate wire passage. Therefore, it was acknowledged 
by the European Bifurcation Club and mentioned in 
the current Consensus Document white paper21. The 
modifi cation comes from an analysis of a large num-
ber of bifurcation stenting in our high volume center 
(>2300 PCI / year in 3 operators), and in our experi-
ence reduced considerably time, effort, and procedure 
costs in this complex subset of PCI (Figure 7). 

to facilitate SB access after MB stenting. Bifurcation 
stenting gained further improvement by application of 
the Proximal Optimization Technique (POT)14, two-
step KBI19 et ctr. A further modifi cation of the tech-
nique was the evolution of the mini-crush double KB- 
DK Crush12. Still, all the described optimizations were 
done after the SB stent Crush and the risk of fi rst 
rewiring remains the same. The gaps in stent scaffol-
ding occur usually on the side of the SB stent opposite 
to the crushed segment, as a consequence of balloon 
dilatation following the SB wire that exited MB stent 
and re-entered the SB stent after a course outside 
the SB stent struts. This phenomenon was observed, 
using micro-computed tomographic imaging of bench 
deployments, and reported in 2008 (Figure 6)19. We 
repeated this simulation on a silicone phantom. We 

Figure 5. The concept of the Space of Optimal Wiring (SOW). A, B, D- seen in “stent boost” showing a large space for wire crossing (yellow dotted line). 
C- IVUS image of the ostial segment of SB stent after PSO- confi rming adequate expansion and apposition to the vessel wall and large cross-sectional area. 
E- Schematic representation of the SB stent after crushing “en face”- showing the stent strut monolayer and large crossectional SOW. F- IVUS image of MV 
after SB stent crush, showing large SOW at SB ostium.
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CONCLUSION
PSO is a promising technical iteration during crush 
stenting. Further imaging studies with phantom micro-
photography and in-vivo intracoronary imaging are an-
ticipated to further enlighten on the benefi cial effects 
on SB optimization. For now, single-center experi ence 
and opinion are that PSO allows the operator to opti-
mize the SB ostium by 1) enabling suffi cient strut appo-
sition at the carina 2) eliminating the risk of SB DES 
distortion, 3) increasing the space of optimal rewiring, 
4) avoiding guidewire advancement in the peri-strut 
area. Although we describe this technical iteration 
during crush stenting, PSO can be widely applied also 
in other 2-stent techniques such as TAP and Culotte. 
The technique is adding no additional equipment and 
saves time and effort to the operator and gives better 
results.

Abbreviations 
DES, drug-eluting stent; SB, Side Branch; DK-Crush, 
double kissing Crush; MB, Main Branch; PSO, Proximal 
SB optimization; KBI, kissing balloon infl ation; POT, 
Proximal Optimization Technique; NC, Non-Compli-
ant; IVUS, intravascular ultrasound; SOW, Space of 
Optimal Wiring; TAP, T-stenting and small Protrusion.

Confl ict of interest: none declared.

Figure 6. Graphic representation of micro-computed tomographic imag-
ing of bench stents deployments using Crush technique. Arrows showing 
the risk of gaps as a consequence of SB stent distortion due to crush in 
unpredictable fashion with subsequent wire and balloon passage under SB 
stent struts.

Figure 7. Final „stent boost” imaging and angiographic results. A – „stent boost” imaging and B, C, D-fi nal angiographic results after applying the PSO 
modifi cation showing perfect stent expansion, apposition, absence of gaps.
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