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Abstract
Aims: Although provisional stenting with a single drug-eluting stent has proven clinical efficacy in the 
treatment of bifurcation stenosis, some patients may require two stents. We propose a novel technique, 
called “nano-crush”, which is easy to perform and can be used in all bifurcation angles.

Methods and results: The feasibility of the nano-crush technique was confirmed in an in vitro bench 
test and intravascular ultrasound (IVUS) study. Subsequently, 42 patients with de novo coronary bifurca-
tion stenosis were treated by this novel procedure using drug-eluting stents at our centre between January 
2008 and December 2015. We experienced procedural success in all (100%) patients without any compli-
cations. The primary efficacy endpoint of the one-year incidence of major adverse cardiac events (MACE) 
was noted in three (7.14%) patients, comprising one case of cardiac death at nine months post procedure 
and two cases of repeat revascularisation due to in-stent restenosis. There were no cases of periprocedural 
myocardial infarction or stent thrombosis. Angiographic follow-up at one year indicated intact stent patency 
in the remaining patients.

Conclusions: Initial experience with the nano-crush technique demonstrates that it can be performed eas-
ily without any procedural complications. Further, the angiographic and clinical follow-up indicates that the 
nano-crush technique is associated with acceptable clinical outcomes in a real-world scenario.
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Abbreviations
ACC American College of Cardiology
AHA American Heart Association
ARC Academic Research Consortium
CRF chronic renal failure
DK double-kissing
IVUS intravascular ultrasound
LAD left anterior descending artery
LCL lower confidence limit
LCx left circumflex artery
LMCA left main coronary artery
MACE major adverse cardiac events
NC non-compliant
OCT optical coherence tomography
POT proximal optimisation technique
TIMI Thrombolysis In Myocardial Infarction
UCL upper confidence limit

Introduction
In unselected coronary bifurcation lesions, the provisional stent-
ing technique with a single drug-eluting stent in the main branch 
has proven clinical efficacy1-3. However, some patients will still 
require two stents for the proper treatment of their bifurcation ste-
nosis. Various elective double-stenting techniques are available; 
some of these double-stenting strategies have undergone various 
modifications in order to make them simpler and to optimise clini-
cal outcomes. The “culotte” technique is one such long-standing 
strategy for the management of bifurcation lesions. Its efficacy has 
been documented in various trials (NORDIC I and BBC ONE)4,5, 
but has been questioned for distal left main bifurcation treatment6,7. 
Similarly, the “crush” technique has evolved over time after its 
first description by Colombo et al8. Although the short-term out-
comes with the crush technique were encouraging, the midterm or 
long-term outcomes remain not fully satisfactory due to the high 
risk of periprocedural stent thrombosis and subsequent restenosis. 
To overcome these drawbacks, the “double-kissing (DK) crush” 
technique9, and “mini-crush” technique10 were developed. Their 
clinical performance has been appraised in studies. Further modi-
fications of the crush technique have also been documented11.

In general, experts believe that an ideal crush technique should: 
(a) have a limited length of crushed segment in the main branch; 
(b) use an NC balloon in the main branch to crush the side branch 
stent; (c) push away the first layer of stent struts from the side 
branch orifice by performing a first kissing balloon inflation 
after stent crush to appose the struts fully on the carina side, thus 
increasing the success of final kissing balloon inflation8. Against 
this background, we have developed a novel technique consider-
ing all three points which are necessary for an optimum outcome 
in an elective double-stent technique for the treatment of bifurca-
tion lesions. The proposed technique is easy to perform and can be 
used in almost all bifurcation angles. We have called our technique 
“nano-crush”. A detailed description of the technique and clinical 
experience is reported here.

Methods
STUDY POPULATION
A retrospective observational single-centre study was conducted 
at our centre. Patients with de novo coronary bifurcation lesions, 
who were treated with the nano-crush stenting technique between 
January 2008 and December 2015, were analysed. Here, patients 
were treated with the nano-crush technique if they had symptomatic 
de novo coronary bifurcation lesion stenosis with (a) diameter nar-
rowing ≥50% in both main branch and side branch, (b) Medina 
class 1,1,1, and (c) vessel size ≥2.75 mm in the main branch and 
≥2.5 mm in the side branch by visual estimation on coronary angio-
graphy. Exclusion criteria were: (a) contraindications to prolonged 
use of dual antiplatelet drugs; (b) life expectancy <1 year; (c) left 
ventricular ejection fraction <30%; and (d) acute myocardial infarc-
tion and acute coronary syndrome patients before stabilisation. All 
patients provided informed consent for the procedure and subse-
quent data collection and analysis for research purposes.

NANO-CRUSH TECHNIQUE
For significant coronary bifurcation lesions (Figure 1A), the nano-
crush stenting technique can be performed with a 6 Fr guide cath-
eter, but a 7 Fr guide catheter is preferable. Proper dilatation of 
both the branches, main branch and side branch, is performed. In 
calcified vessels, plaque modification may be needed with a scor-
ing balloon, cutting balloon or rotational atherectomy. After vessel 
preparation, a stent is placed in the side branch according to the 
distal diameter and a non-compliant balloon (one size smaller than 
the distal diameter of the artery, e.g., 2.5 mm balloon in 3.5 mm 
artery) is placed in the main branch (Figure 1B). Then, the main 
branch balloon is inflated at nominal pressure and the side branch 
stent is pulled to the inflated balloon (so that some part of the side 
branch stent enters into the main branch) and the side branch stent 
is deployed at nominal pressure. Both balloons are deflated and the 
side branch balloon is pulled into the main branch so that 50% of 
it remains inside the side branch stent and is dilated at high pres-
sure to open the ostium of the side branch nicely. Subsequently, 
the side branch balloon is deflated and the main branch balloon is 
inflated at a high pressure (≥20 atm) to crush the edge of the side 
branch stent in the main branch (Figure 1C). First kissing balloon 
inflation with the side branch stent balloon (pulled inside the main 
branch) and the main branch balloon is carried out at 14-16 atm 
(Figure 1D). The side branch balloon and the wire along with the 
main branch balloon are removed. Then, the main branch stent is 
chosen according to the distal diameter of the vessel and the stent 
is placed and deployed at nominal pressure (Figure 1E). The prox-
imal optimisation technique (POT) is carried out with a 0.5 mm 
larger NC balloon in the proximal part of the main branch stent 
and the side branch is accessed trans-strut through the middle 
struts of the main branch stent overhanging the side branch ostium 
by a second wire (Figure 1F). The final kissing balloon inflation 
is performed with appropriately sized non-compliant balloons at 
a moderate 14-16 atm (Figure 1G). Post-procedural check angio-
graphy is performed to evaluate the final result (Figure 1H).
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IN VITRO BENCH TESTING AND IVUS STUDIES
Prior to evaluation in real-world patients, the feasibility of this novel 
procedure was evaluated using an in vitro bench test and IVUS study. 
The in vitro bench test was conducted using a bifurcation model by 
fusing 3.0 mm and 2.5 mm thermoplastic tubes in Y fashion accord-
ing to Finet’s model based on fractal arguments. The deployment 
of stents was carried out in the model in a water bath with all steps 
such as side branch wire access, stent deployment in the side branch 
(Figure 2A), crushing and first kissing balloon inflation (Figure 2B), 
stent deployment in the main branch (Figure 2C), final kissing bal-
loon (Figure 2D), and final result (Figure 2E), and were viewed live 
and recorded fluoroscopically. Intravascular ultrasound (Atlantis™ 
SR Pro; Boston Scientific, Marlborough, MA, USA) was also per-
formed in this model along with in vitro IVUS studies.

INTERVENTIONAL PROCEDURE IN REAL-WORLD PATIENTS
We used the femoral access in all cases. All patients were treated 
with dual antiplatelet therapy (DAPT) before the procedure, 
according to ACC/AHA guidelines12 (e.g., aspirin and either clopi-
dogrel, prasugrel or ticagrelor after a proper loading dose). During 
the intervention, heparin was given intra-arterially as anticoagu-
lant to maintain an activated coagulation time >250 seconds. The 
nano-crush technique was performed as detailed above. IVUS 
was used in cases with a significant bifurcation lesion in the left 
main coronary artery (Figure 3A, Figure 3B) and in cases which 
required rotational atherectomy. After the procedure, all patients 
were advised to maintain DAPT (i.e., aspirin and clopidogrel or 
prasugrel or ticagrelor) for at least 12 months.

DATA COLLECTION AND PATIENT FOLLOW-UP
Demographic data including age, gender, cardiovascular risk fac-
tors, medical history, and clinical presentation were collected from 
hospital records. Details of the affected lesions and implanted 
stents were obtained from angiography and angioplasty reports. 
Adverse events were monitored during hospital stay. Subsequently, 
patients were called into the out-patient department after 1 month, 
3 months, 6 months and 12 months for clinical evaluation. A man-
datory coronary angiogram was planned after one year in all cases.

STUDY ENDPOINTS
The procedural success rate was considered to be the perfor-
mance endpoint. The primary efficacy endpoint was the one-year 
incidence of major adverse cardiac events (MACE). Events of 
Academic Research Consortium (ARC)-defined stent thrombosis 
were also considered to be an additional safety endpoint12.

DEFINITIONS AND CLINICAL ENDPOINTS
Procedural success was defined as successful delivery and deploy-
ment of the coronary stents at the intended coronary bifurcation 
lesions and successful withdrawal of the stent delivery systems 
with achievement of a final diameter stenosis of <30% and TIMI 
grade 3 flow in both the main branch and side branch vessels, 
without the occurrence of death, MI, and repeat revascularisa-
tion of the treated lesions in the index hospitalisation. MACE was 
defined as a composite of cardiac death, myocardial infarction, 
and any repeat revascularisation in the target vessel. All deaths 
were considered cardiac in origin unless otherwise documented. 

Figure 1. Angiography showing the steps of the nano-crush technique. A) Vessel anatomy showing bifurcation lesion in the distal LM and the 
ostio-proximal LAD and LCx. B) Side branch stent positioning with an inflated NC balloon in the main branch. C) Balloon crushing of the 
side branch stent. D) First kissing balloon inflation with the stent balloon and an NC balloon. E) Positioning of the main branch stent after 
removing the balloon and stent from the side branch. F) Positioning NC balloons in the main branch and side branch after re-crossing the 
side branch. Arrow shows minimally crushed stent at the carina. G) Final kissing balloon inflation. H) Final result.
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Figure 2. Nano-crush bench test. A) The main branch balloon is inflated at nominal pressure and the side branch stent is pulled to the inflated 
balloon. B) First kissing balloon inflation with the side branch stent balloon (pulled inside the main branch) and main branch balloon carried 
out at 14-16 atm. C) The main branch stent is placed and deployed at nominal pressure. D) Final kissing balloon inflation is performed. 
E) Final result showing minimally crushed stent.

Figure 3. IVUS images of a patient with LMCA bifurcation stenting using the nano-crush technique. A) LAD to LMCA pullback showing full 
coverage of the LCx ostium by the stent strut. B) LCx to LMCA pullback. White arrow indicates minimally crushed stent segment in panels 
A and B.
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Myocardial infarction was defined as either development of new 
ischaemic ST-T changes or pathological Q-waves in at least 
two contiguous leads of the electrocardiogram or elevation of 
cardiac troponin >5 times the normal13. Target vessel revascu-
larisation was defined as any repeat revascularisation (either per-
cutaneous or surgical) procedure in the target vessel. Renal failure 
was defined as an estimated glomerular filtration rate (eGFR) 
<45 mL/min/1.73 m2. Stent thrombosis was defined using the 
Academic Research Consortium (ARC) definitions14. The stent 
thrombosis was considered as “definite” when it was detected 
angiographically, “probable” if the patient had a target vessel-
related myocardial infarction or died of a coronary event within 
the first 30 days, and “possible” if any unexplained death occurred 
from 30 days after the index procedure until the final follow-up.

STATISTICAL ANALYSIS
All categorical variables were expressed as counts (percentage, %) 
with number of patients (n=42) as denominator; continuous vari-
ables were expressed as mean±standard deviation (SD). Cox regres-
sion analysis was used to find the hazard ratio and identify 
predictors for the occurrence of MACE. The time-dependent 
occurrence of MACE was obtained using the Kaplan-Meier 
method with log-rank comparison. All tests were two-sided and 
a p-value less than 0.05 was considered statistically significant. 
Statistical software R was used for analysis (with the package 
“survival”), and the R statistical function used coxph and survfit 
(R Foundation for Statistical Computing, Vienna, Austria).

Results
IN VITRO BENCH TESTING
The in vitro bench test and in vitro IVUS studies showed proper 
covering of the carina and circular opening of the side branch 
stent, without any major distortion of the side branch stent at the 
ostium (Figure 4).

BASELINE DEMOGRAPHICS
Baseline clinical characteristics for the 42 patients analysed 
in the study are shown in Table 1. In brief, the mean age of 
the study population was 63.05±8.65 years; 38 (90.48%) were 
male. Hypertension was present in 39 (92.86%) patients, while 

Figure 4. IVUS pullback. A) Main branch. B) Side branch to main 
branch.

Table 1. Population characteristics (n=42).

Population characteristics 42 patients
Age (years) 63.05±8.65

Male 38 (90.48%)

Female 4 (9.52%)

Comorbidities
Hypertension 39 (92.86%)

Diabetes mellitus 33 (78.57%)

Smoking 17 (40.48%)

Chronic renal failure 4 (9.52%)

Angiographic characteristics
Distal LMCA 17 (40.48%)

LAD–diagonal 11 (26.19%)

LCx–obtuse marginal 11 (26.19%)

Distal RCA 3 (7.14%)

Calcified lesions 8 (19.05%)

type 2 diabetes mellitus was present in 33 (78.57%) patients. Four 
(9.52%) patients had chronic renal failure (CRF) and were main-
tained on haemodialysis. In addition, 17 (40.48%) patients had left 
main coronary artery (LMCA) bifurcation disease. Eight (19.05%) 
patients with calcified arteries required rotational atherectomy for 
plaque modification. Four (9.52%) patients with an LMCA bifur-
cation required rotational atherectomy.

CLINICAL OUTCOMES
The procedural success rate was 100% with no cases of peripro-
cedural myocardial infarction or other complications. All patients 
were followed up for one year and underwent follow-up angio-
graphy. The median follow-up period was 24 months (IQR: 
16-53 months). Subsequently, the primary endpoint of cumula-
tive MACE at one-year follow-up was noted in three (7.14%; 
95% confidence interval [CI]: 0-14.93) patients, which included 
one case of cardiac death due to left ventricular failure nine 
months after the index procedure and two cases of repeat revas-
cularisation due to diffuse in-stent restenosis after nine months. 
Angiographic follow-up in the remaining patients indicated 
intact stent patency at one year (Figure 5). There was no stent 
thrombosis event in any patient up to one-year follow-up. The 
detailed study outcomes are shown in Table 2. The Kaplan-
Meier MACE-free survival curve for the overall patient popula-
tion is illustrated in Figure 6A.

PREDICTORS OF ADVERSE EVENTS AFTER THE NANO-
CRUSH TECHNIQUE
The Cox regression analysis findings for the predictors of 
adverse events after the nano-crush technique are given in 
Table 3. No significant difference was reported in the occur-
rence of MACE with respect to gender (male vs. female), age 
(≤60 years vs. >60 years), type 2 diabetes mellitus, hypertension, 
and calcified lesion. However, a significant difference in MACE 
was noted with respect to LMCA lesions (17.65% vs. 0.0%, 
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Figure 5. Coronary angiography of a patient showing significant bifurcation lesion at baseline (A), good coronary flow after stenting with the 
nano-crush technique (B), and stent patency at one-year follow-up (C).
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 Months No. at No. of  Survival 95% 95%
   risk MACE  LCL UCL
Overall 
patients 9 40 3 0.925 0.847 1

 Months No. at No. of  Survival 95% 95%
   risk MACE  LCL UCL
LMCA 9 17 3 0.823 0.661 1
Non-LMCA 9 25 0 1 1 1

 Months No. at No. of  Survival 95% 95%
   risk MACE  LCL UCL
CRF with LMCA 9   2 2 0
Non-CRF LMCA 9 15 1 0.923 0.789 1

 Months No. at No. of  Survival 95% 95%
   risk MACE  LCL UCL
CRF 9   4 2 0.500 0.188 1
Non-CRF 9 38 1 0.974 0.924 1

LMCA
Non-LMCA

CRF with LMCA
Non-CRF LMCA

CRF
Non-CRF

Figure 6. Kaplan-Meier MACE-free survival curve. A) Overall patient population. B) Patients with an LMCA bifurcation lesion vs. patients 
with non-LMCA bifurcation lesions. C) Patients with CRF vs. patients without CRF. D) Patients with an LMCA bifurcation lesion with CRF 
vs. patients with LMCA bifurcation lesions without CRF.
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Table 3. Evaluation of predictors of MACE after nano-crush technique.

Characteristics MACE HR 95% CI p-value

Female (n=4) 1 (25.00%)
0.207 0.019-2.29 0.155

Male (n=38) 2 (5.26%)

Age >60 years (n=24) 3 (12.50%)
0.109

Age ≤60 years (n=18) 0 (0.00%)

Hypertension (n=39) 3 (7.69%)
0.617

Non-hypertension (n=3) 0 (0.00%)

Diabetes (n=33) 3 (9.09%)
0.343

No diabetes (n=9) 0 (0.00%)

Calcified lesion (n=8) 1 (12.50%)
2.04 0.185-22.5 0.551

Non-calcified lesion (n=34) 2 (5.88%)

Diabetes mellitus and calcified lesion 
(n=6) 1 (16.67%)

2.15 0.195-23.7 0.522
Diabetes mellitus and non-calcified 
lesion (n=27) 2 (7.41%)

LMCA bifurcation lesion (n=17) 3 (17.65%)
0.0205

Non-LMCA bifurcation lesion (n=25) 0 (0.00%)

Calcified LMCA bifurcation lesion (n=4) 1 (25.00%)

1.41 0.128-15.6 0.778Non-calcified LMCA bifurcation lesion 
(n=13) 2 (15.38%)

Diabetic LMCA bifurcation lesion (n=14) 3 (21.43%)

0.364Non-diabetic LMCA bifurcation lesion 
(n=3) 0 (0.00%)

Chronic renal failure (CRF) (n=4) 2 (50.00%)
21.8 1.96-242 0.0003

Non-CRF (n=38) 1 (2.63%)

LMCA bifurcation lesion with CRF (n=2) 2 (100%)

21.5 1.86-250 0.0006LMCA bifurcation lesion without CRF 
(n=15) 1 (6.67%)

Discussion
Bifurcations vary not only in terms of anatomy (plaque burden, 
location of the plaque, angle between the branches, diameter of 
the branches, and bifurcation site), but also in relation to dynamic 
changes in the anatomy during treatment (plaque shift, dissection). 
As a result, no two bifurcations are identical and no single strategy 
exists that can be applied to every bifurcation15.

A provisional single-stent strategy is currently regarded as the 
default strategy for the treatment of bifurcation lesions. However, 
this approach cannot be applied broadly across all bifurcation 
lesions because of the likelihood of side branch compromise in the 
presence of high-risk features (e.g., significant side branch ostial 
disease), or because the side branch has significant disease beyond 
its ostium requiring treatment. In such circumstances, a two-stent 
strategy is required in a bid to maintain optimal vessel patency and 
blood flow in both the main and side branches15.

An ideal two-stent strategy should offer: (a) optimal coverage 
of the side branch ostium, with no gaps between the main branch 
and the side branch stents; (b) minimal distortion of the side 
branch stent at the ostium; (c) minimal overlap between the main 
branch stent and the side branch stent; (d) short procedural time; 
(e) minimal requirement of additional guidewires and balloons; 
(f) the ability to maintain control of both the main branch and 
the side branch, so that there is little risk of compromised blood 
flow in either branch; (g) an easy to perform, reproducible, and 
predictable method16-19. Considering these, a number of different 
two-stent techniques have been described in an attempt to opti-
mise the immediate and long-term results of the side branch fol-
lowing treatment. To date, no single approach is able to deliver 
all the desired attributes as described and each of these strat-
egies has its own limitations, including stent distortion, inade-
quate ostial coverage and multiple stent layers that contribute to 
restenosis20,21.

The main disadvantage of T-stenting is the risk of missing the 
side branch ostium. Burzotta et al described modified T-stenting 
by intentionally protruding the side branch stent within the main 
branch stent22. Though this technique ensures that the side branch 
ostium is not missed, there is a risk of the side branch stent inad-
vertently protruding too much inside the main branch. In addition, 
access to the main branch stent struts with balloons and stents 
could be difficult in some cases such as a tortuous side branch and 
a long side branch stent.

The crush technique was the first of the elective double stent-
ing techniques introduced to ensure ostial side branch coverage, 
which was one of the limitations in the classic “T-stent” tech-
nique8. Though the crush technique yielded comparatively better 
clinical outcomes than the T-stent technique23, there were sev-
eral concerns about the original crush technique. One such con-
cern involves the 3-4 mm of drug-eluting stent overlap at the 
bifurcation. A study on long-term (nine months) follow-up with 
the crush technique for coronary bifurcation lesions has demon-
strated a stent thrombosis rate of up to 4.3%, while the restenosis 
rate, mostly at the side branch ostium, was as high as 25.3%24. 

p=0.0205) (Figure 6B) and with respect to chronic renal failure 
(50.00% vs. 2.63%; HR 21.8, p=0.0003) (Figure 6C). Further, 
a significant difference in the number of MACE was also noted 
for patients having LMCA lesions and CRF vs. patients hav-
ing LMCA lesions and no CRF (100% vs. 7.69%; HR 21.5, 
p=0.0006) (Figure 6D).

Table 2. Clinical outcomes at 1-year follow-up (n=42).

Outcomes At 1-year follow-up (n=42)

Major adverse cardiac events 3 (7.14%)

Cardiac death 1 (2.38%)

Myocardial infarction 0

Target vessel revascularisation 2 (4.76%)

Overall stent thrombosis* 0

Definite stent thrombosis 0

Probable stent thrombosis 0

Possible stent thrombosis 0

*According to the Academic Research Consortium (ARC) criteria. 
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Later, the importance of appropriate final kissing balloon infla-
tion with this technique was established25. The use of manda-
tory high-pressure dilatation of the side branch and kissing 
balloon inflation during the crush technique displayed a reduced 
restenosis rate of 8.6% in a more recent multicentre regis-
try. However, the rate of stent thrombosis with this technique 
remained unchanged at 3.3% despite the kissing inflation23. The 
subsequently developed mini-crush technique (with step balloon 
crushing)26, which calls for a reduced stent overlap of 1-2 mm, 
demonstrated improved final kissing inflation rates, low MACE 
rates, and a very low restenosis rate of 2.0% at the side branch 
ostium in a small patient cohort10.

Although the DK crush technique satisfies many of the ideal 
features for a two-stent strategy, it is complex and needs crossing 
of a crushed segment through the proximal struts, which is time-
consuming, requires more than one balloon, and is often difficult19. 
It should also be noted that the DK crush technique is essentially 
a “mini double-kissing crush” technique, where the side branch 
is stented with a 1-2 mm protrusion inside the main branch. In 
acute side branch angles (Y-shaped), the side branch ostium is 
longer, and oval-shaped. Such an anatomic configuration implies 
the need for wider protrusion of the side branch stent inside the 
main, resulting in a longer neocarina19,27. Further, the bifurcation 
angle (>50 degrees) has been noted to be an independent predic-
tor of MACE after crush stenting24. This may be due to inadequate 
expansion of the side branch stent ostium, even after kissing infla-
tion. Considering these, striving to limit protrusion while implant-
ing the side branch stent becomes vital19.

At our centre, extensive experience of treating bifurcation ste-
nosis with “crush” stenting helped us make some refinements to it. 
These include: (a) limiting the length of the crushed stent segment 
(mini/micro/nano) during stent implantation in the side branch; (b) 
use of a balloon in the main branch to crush the side branch stent 
(step crush) in place of a stent as in classic crush techniques; and 
(c) performing first kissing balloon inflation after crush in order to 
push away the first layer of stent struts from the side branch ori-
fice and to appose the stents fully on the carina side (securing wire 
re-crossing towards the side branch), thus increasing the rate and 
success of final kissing balloon inflation (DK crush).

The nano-crush technique proposed by us is much simpler and 
easy to perform. The technique is compatible with a 6 Fr guide 
catheter. In addition, the wire in the side branch is never lost 
before adequate deployment and crushing, and further optimises 
opening and apposition by the first kissing balloon inflation. Our 
method also overcomes the limitations of the DK crush technique 
as the one size smaller balloon in the main branch is inflated 
at nominal pressure (i.e., 3.0 mm balloon in a 3.5 mm vessel), 
which ensures some amount of stent strut protrusion into the main 
branch, and prevents the side branch stent protruding into the main 
branch excessively, while covering the ostium of the side branch 
completely. In high-angled (≥70˚) bifurcation lesions, the edges, 
medial and lateral parts of the side branch stent struts will protrude 
into the main branch. On the other hand, in patients with a narrow 

angle bifurcation (≤70°), the operator should be careful to ensure 
that there is minimal entry of the side branch stent into the main 
branch before deployment.

Unlike the modified T-stenting technique, there will be defi-
nite crush in this technique, though minimal, and that is why we 
call this technique nano-crush. The guidewire re-crosses easily 
through the expanded side branch ostium due to a lesser metal 
load and the first kissing balloon inflation. Further, the minimal 
amount of metal which may remain in the medial wall of the side 
branch may form a metallic neocarina after the final kissing bal-
loon, indicating that the side branch ostium is not fully covered 
by the crushed segment and the retained stent balloon comes out 
without much difficulty. The same observation was confirmed in 
the bench test and in vitro IVUS studies before performing the 
technique in real-world patients. We did not experience any dif-
ficulty in removing the side branch balloon after crushing with 
the main branch balloon in any of our cases. Here, the trick is to 
ensure minimal protrusion of the side branch stent by selecting 
the correct size of main branch balloon. Our initial experience 
of managing patients with bifurcation lesions with the nano-
crush technique suggested good immediate and long-term clini-
cal results. Further, the technique is easy to perform and can be 
used in all bifurcation angles.

One of the anticipated pitfalls of this technique is a short prox-
imal segment before bifurcation. In that case it would be dif-
ficult to wire the side branch after the stent placement in the 
main branch. Hence, it is advisable to choose stents with mini-
mal or no balloon overhang for accurate positioning of the side 
branch stent. It should also be noted that, if the operator re-
crosses the guidewire in the expanded side branch stent ostium 
and not in the crushed lateral cell, the stenting would be only 
a modification of the modified T-stenting technique. During the 
first kissing balloon inflation, the side branch stent strut near the 
carina may open towards the distal main branch or towards the 
side branch ostium, depending upon the angle of bifurcation. If 
it opens towards the distal main branch, the wire will re-cross 
through the middle strut of the main branch stent. If, due to a nar-
row angle, the side branch stent protrudes more inside the main 
branch near the carina, the struts are more likely to be displaced 
towards the side branch ostium during the first kissing balloon 
inflation. Due to the relatively lower metal load compared to the 
classic crush, re-entry will be relatively easy through the middle 
strut. Nevertheless, rewiring of the side branch through the distal 
strut should be avoided. Subsequently, high-pressure final kiss-
ing balloon inflation is recommended in all cases. IVUS could 
be helpful in identifying suboptimal opening of the stent struts at 
the side branch ostium.

In our study, we observed significantly higher MACE rates 
in patients with bifurcation lesions in the LMCA as compared 
to patients with bifurcation lesions in other vessels. The COBIS 
II registry demonstrated similar outcomes, i.e., that two-stent 
bifurcation techniques in LMCA bifurcation lesions are assoc-
iated with more target vessel failure as compared to non-LMCA 
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bifurcation lesions28. In our study, we also observed significantly 
higher MACE rates in CRF patients with bifurcation lesions as 
compared to non-CRF patients with bifurcation lesions. Further, 
the coexistence of CRF with an LMCA bifurcation lesion was 
also associated with significantly higher MACE rates. In line 
with these findings, a recent study by Cho et al also demon-
strated that CRF is an independent predictor of MACE in LMCA 
bifurcation stenting29.

Overall, our study shows that the nano-crush is an optimum 
elective double stent technique for bifurcation lesions which is 
safe and can be performed easily, does not require complex wir-
ing and ballooning, can be performed with less hardware and is 
6 Fr guide catheter-compatible. The bench test and in vitro IVUS 
examination did not show any major distortion of the side branch 
stent at the ostium and this is reflected in the actual clinical out-
come. This operator-friendly and safe technique can be adopted as 
a two-stent bifurcation strategy in a real-world scenario.

Study limitations
The major limitations of our study include its retrospective obser-
vational study design and the small number of patients. The lack of 
comparison of clinical and angiographic outcomes with the nano-
crush technique vs. other strategies could also be considered a lim-
itation of the study. In addition, although angiographic follow-up 
was mandatory in all patients at one-year follow-up, we did not 
perform IVUS, or optical coherence tomography (OCT) imaging 
in all patients. In addition, acute myocardial infarction and throm-
botic lesions were excluded from the study.

Conclusions
These results demonstrate that the nano-crush technique is assoc-
iated with acceptable clinical outcomes with no episodes of defi-
nite or probable stent thrombosis. Further studies should compare 
the nano-crush technique with other double-stent strategies in the 
management of bifurcation lesions.

Impact on daily practice
Management of coronary bifurcation lesions with a dedi-
cated two-stent technique is technically challenging. We pro-
pose a novel technique, called nano-crush, which can be 
performed easily and can be used in all bifurcation angles. 
In this technique, minimal protrusion of the proximal part of 
the side branch stent was controlled by main branch dilation 
with a small size balloon. This novel technique has the fol-
lowing advantages: (a) minimal metal overlap; (b) less metallic 
carina formation compared to other crush stenting techniques; 
and (c) less geographic miss in the side branch ostium com-
pared to T-stenting. The feasibility of this technique has been 
confirmed in bench testing. In addition, an acceptably lower 
MACE (7.14%) rate at long-term follow-up was observed in 
our initial experience in a real-world setting in patients with 
true bifurcation lesions with large side branches (>2.5 mm).
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