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META-ANALYSIS
Long-term prognosis of culotte versus different crush strategies in management
of unprotected left main bifurcation coronary lesions: A meta-analysis
Huaming Mou, Li Yin, Feng Zhu, Shasha Li, Jianming Zhang, Xiaohua Pang, Jianjun Yang, Shimei Yu, Yangjun Mou, Doudou
Wang, Hailong Wang

Abstract
Objective: To assess the long-term clinical effects of Culotte and different Crush techniques in the treatment of
unprotected left main bifurcation coronary lesions to determine the best percutaneous coronary intervention
strategy.
Method: The systematic review and meta-analysis comprised search on PubMed, Embase, Cochrane Library,
WanFang Data and the China National Knowledge Infrastructure literature databases to locate randomised
controlled trials and cohort studies published in Chinese and/or English language till June 2021 and comprised
application of Culotte and Crush stenting techniques for percutaneous coronary intervention in patients with
unprotected left main bifurcation coronary lesions. The selected studies were analysed for quality, publication bias
and heterogeneity.
Results: Of the 197 studies located, 8(4.06%) were subjected to meta-analysis. The incidence of major adverse
cardiac events in the Mixed-Crush group was higher than the Culotte group (p=0.02), which, in turn, was higher than
the Double Kiss Crush group (p<0.0001), The incidence of target lesion revascularisation in the Culotte group was
significantly higher than Double Kiss Crush group (p<0.001). The incidence of myocardial infarction in the Culotte
group was higher than the Double Kiss Crush group (p=0.04). The incidence of cardiogenic death in the Double Kiss
Crush group was similar to that in the Culotte group (p=0.32).
Conclusion: Patients in the Double Kiss Crush group had the most long-term benefits, while those receiving Mixed
Crush had the least long-term benefits.
Keywords: Culotte, Crush, Unprotected left main bifurcation coronary lesion, Meta-analysis, Systemic review.
(JPMA 72: 1608; 2022) DOI: https://doi.org/10.47391/JPMA.5220

Introduction
The most serious coronary artery disease is the stenosis or
occlusion of the left main coronary artery.1 At present, a
large number of studies support coronary artery bypass
graft (CABG) as the main treatment method for
unprotected left main bifurcation coronary lesions
(UPLMBCLs), but this treatment plan can increase the
incidence of target lesion revascularisation (TLR), raising
the mortality rate.2 With the development of
percutaneous coronary intervention (PCI), especially the
widespread application of drug-eluting stents, the left
main coronary artery disease is no longer in an area
unmanageable by PCI.3-5 However, controversy remains
about single stenting or provisional stenting for left main
bifurcation lesions because the incidence of cardiogenic
death (CD) with single or provisional stenting is higher.
Therefore, a double-stent technique has emerged for
UPLMBCLs.6,7
Double-stent technology has many options, including TDepartment of Cardiology, Heart Center, Chongqing University Three Gorges
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stents, Y-stents, Crush stents, and Culotte stents.7,8
Among these, the Crush and Culotte stents are the most
common methods for managing UPLMBCLs, and many
studies have confirmed that their use is safe and
effective.9 Current Crush stents include the step-Crush,
mini-Crush, nano-Crush and the Double Kiss Crush (DKCrush) options.10,11 At present, the effect of PCI is
influenced by a variety of factors, such as plaque load,
arterial anatomical structure, branching artery, and the
surgeon's level of experience. It is still unclear which
existing technology is suitable for the treatment of
UPLMBCLs.12,13 Thus, the current systematic review and
meta-analysis was planned to study the long-term
clinical effects of Culotte and different Crush techniques
in the treatment of UPLMBCLs to determine the best PCI
strategy.

Materials and Methods
The systematic review and meta-analysis comprised
search on PubMed, Embase, Cochrane Library, WanFang
Data and the China National Knowledge Infrastructure
literature databases to locate randomised controlled trials
(RCTs) and cohort studies published in Chinese and/or
English language till June 2021 and comprised
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application of Culotte and Crush stenting techniques for
PCI in patients with UPLMBCLs. The medical subject
heading (MeSH) terms and key words included "left main",
"LM," "Crush" and "Culotte."

endpoints of interest were MACEs, CD, MI, ST, TVR and
TLR. In case of a conflict of opinion, the matter was
decided by two other reviewers.
The Newcastle-Ottawa scale (NOS) was used to assess the
quality of the cohort study,13 the Cochrane bias tool
(CBT) was used to assess the bias of RCTs, and the
RevMan software (version 5.3; Cochrane, London,
England) was used for meta-analysis.14 Values <25%
indicated low heterogeneity, and 75% indicated high
heterogeneity, while those in the middle indicated
medium heterogeneity. The Mantel-Haenszel method
was used to calculate the aggregate estimate of odd
ratios (ORs) with 95% confidence intervals (CIs). All pvalues were two-tailed, and p<0.05 was indicative of a
significant statistical difference. The included studies
used funnel plotting for bias analyses, including the
analysis of publication bias.15

The studies included were prospective or retrospective
RCTs using Crush stenting options, such as mixedCrush, mini-Crush, nano-Crush, and DK-Crush, and/or
Culotte stenting, with a follow-up time of >2 years and
having specific follow-up results, such as major adverse
cardiac events (MACEs), target lesion revascularisation
(TLR), CD, myocardial infarction (MI), stent thrombosis
(ST), and target vascular revascularisation (TVR). Those
excluded were controlled studies without Crush or
Culotte stenting, those from which follow-up results
could not be extracted, those published in languages
other than English or Chinese, and reviews or
comments.
Two researchers systematically retrieved studies based on
pre-designation strategies; screened and evaluated them
in accordance with the inclusion/exclusion criteria; and
extracted full-text internal data, including the first
author's name, basic study characteristics, study period,
PCI strategy, and follow-up period and other data. The

Results
Of the 197 studies located, 8(4.06%) were subjected to
meta-analysis (Figure-1); 5(62.5%) cohort studies and
3(37.5%) RCTs.
Of the 1,283 patients who underwent PCI, 710(55.3%)

Table-1: Characteristic of the included studies.
First author/year

Type

PCI strategy

Patients (n)

Follow-up

Primary endpoint event(s)

Kervinen 201311
Chen 20156
Maximkin 201719
Takagi17 2014
Kawamoto 201716
Pavani 201818
Rigatelli 201819
Rigatelli 201920

RCT
RCT
RCT
Cohort study
Cohort study
Cohort study
Cohort study
Cohort study

Crush vs. Culotte
DK-Crush vs. Culotte
Crush vs. Culotte
Mini-Crush vs. Culotte
Mini-Crush vs. Culotte
Mini-Crush vs. Culotte
Nano-Crush vs. Culotte
Nano-Crush vs. Culotte

41
419
140
182
225
172
39
65

3 years
3 years
5 years
3 years
5 years
2.27 years
3 years
27.4 ± 10.8 months

Secondary endpoint event(s) CBT/NOS

MACEs
MACEs
MACEs
MACEs
MACEs
MACEs
MACEs
MACEs

TLR, MI, CD
TLR, MI, CD
NA
CD
TLR, MI, CD
TLR, MI
TLR, MI
TLR, CD

High
High
Medium
7
8
8
8
8

RCT: Randomised controlled trial, MACE: Major adverse cardiovascular event, TLR: Target lesion revascularisation, MI: Myocardial infarction, CD: Cardiac death, CBT: Cochrane bias tool, NOS: Newcastle-Ottawa
scale, NA: No available data.

Table-2: Clinical baseline characteristics of the included studies (Crush versus Culotte).
First author/
year

Age
(years)

65 ± 10/65 ± 11
Kervinen 201311
64.3 ± 10.3/63.3 ± 9.2
Chen 20156
NA
Maximkin 201719
NA
Takagi 201417
Kawamoto 201716 69.9 ± 9.6/67.4 ± 11.2
Pavani 201818
71 ± 10/71 ± 9.2
61.4 ± 13.6/64.1 ± 10.5
Rigatelli 201819
Rigatelli 201920
77.1 ± 5.8/78.1 ± 6.8

Female,
%

Smoking,
%

Diabetic,
%

Hypertension,
%

Hypercholesterolemia,
%

LVEF,
%

Tri-vessel
disease

SNYTAX
score (points)

71/71
22.9/20.1
NA
NA
21.2/17.8
17.5/22
45/38.1
42.8/39.3

20/27
45.2/43.5
NA
NA
28.6/16.7
39/40
NA
37.5/27.2

13/15
31.9/30.1
NA
NA
39.1/29.4
39.7/30
30/19
25/27.2

62/60
70.5/61.2
NA
NA
84.4/76.1
81/73.5
NA
68.5/60.6

84/74
41.4/42.1
NA
NA
84.4/76.1
64.0/64.0
30/18.6
75/63.6

57 ± 11/57 ± 12
NA
NA
NA
56.9 ± 9.1/57.3 ± 8.1
54 ± 10/55 ± 9.5
47.2 ± 8.6/50.1 ± 3.3
48.1 ± 6.6/46.3 ± 7.1

NA
71.3/69.5
NA
NA
57.0/67.8
NA
56.2/42.2
NA

NA
NA
< 32
NA
30.4 ± 10.5/27.5 ± 9.4
30 ± 10.4/28 ± 9.4
36.8 ± 6.3/35.6 ± 7.7
26.3 ± 7.2/21.4 ± 4.8

LVEF: Left ventricular ejection fraction, NA: No available data.
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Figure-1: Flow diagram.

were treated using the 4 different Crush stenting
strategies, and 573(44.6%) were treated using Culotte.
The characteristics of the included studies were
compared (Table-1), while the clinical baseline
characteristics of the study participants were also
compared (Table-2).
The heterogeneity of the included studies was low, and a
fixed-effects model was chosen for analysis. The incidence
of MACEs in the Mixed-Crush group was higher than the
Open Access

Culotte group (p=0.02), which, in turn, was higher than
the DK-Crush group (p<0.0001) (Figure-2).
The incidence of TLR in the Culotte group was significantly
higher than DK-Crush group (p<0.001) (Figure-3).
The incidence of MI in the Culotte group was higher than
the DK-Crush group (p=0.04) (Figure-4).
The incidence of CD in the DK-Crush group was similar to
that in the Culotte group (p=0.32) (Figure-5).
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Figure-2: (A) Fixed-effects meta-analysis for major adverse cardiovascular events (MACEs). The figure presents the number of events, the number of patients in the Culotte and mixedCrush groups, the odds ratio (OR) and 95% confidence interval (CI) values for each trial, the overall OR estimate with 95% CI and the p-value for the association test, the p-value for the
heterogeneity test, and between-trial inconsistency (I2) measures. (B) Fixed-effects meta-analysis for MACEs in the Culotte and Double Kiss Crush (DK-Crush) groups. (C) Fixed-effects
meta-analysis for MACEs in the Culotte and mini-Crush groups.

Figure-3: (A) Fixed-effects meta-analysis for target lesion revascularisation (TLR) in the Culotte and Double Kiss Crush (DK-Crush) groups. (B) Fixed-effects meta-analysis for TLR in the
Culotte and mini-Crush groups. (C) Fixed-effects meta-analysis for TLR in the Culotte and nano-Crush groups.
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Figure-4: (A) Fixed-effects meta-analysis for myocardial infarction (MI) in the Culotte and Double Kiss Crush (DK-Crush) groups. (B) Fixed-effects meta-analysis for MI in the Culotte
and mini-Crush.

Figure-5: (A) Fixed-effects meta-analysis for cardiac death (CD) in the Culotte and Double Kiss Crush (DK-Crush) groups. (B) Fixed-effects meta-analysis for CD in the Culotte and miniCrush groups.

Discussion
reviewed,15-20

As also indicated by the studies
left main
coronary artery bifurcations are no longer a forbidden
area for PCI procedures, and available PCI strategies for
patients with UPLMBCLs include Culotte, T-stent, and
Crush techniques.9 The Culotte and Crush techniques are
common, with the Culotte operation steps being more
complicated than the Crush steps and requiring more
operation time, X-ray inspection time, and more contrast
Open Access

agent dosage during the procedure.20,21 Meanwhile, the
Crush technique can be stratified into four types: miniCrush, nano-Crush, DK-Crush and mixed-Crush.10,11 To
date, a prior meta-analysis on the selection of Culotte and
Crush techniques for PCI in patients with UPLMBCLs has
been performed,21 but the analysis method of that
previous study was errors because mini-Crush, nanoCrush, DK-Crush and mixed-Crush have very different
surgical procedures and effects and cannot be
Vol. 72, No. 8, August 2022
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summarised as a single type of Crush procedure. Such an
approach is also the reason for the high heterogeneity in
the analysis of the study results and the unreliable
conclusions. Thus, the current meta-analysis is the first to
evaluate the clinical outcomes of the Culotte and
different Crush techniques in the treatment of UPLMBCLs
in an effort to suggest the optimal PCI strategy for
UPLMBCLs.
At present, intracoronary imaging systems, like optical
coherence tomography and intravascular ultrasound, are
used to evaluate the effects of the dual-stent strategy for
the treatment of UPLMBCLs, optimise the PCI strategy,
and to obtain better PCI results, thereby reducing shortor long-term incidence rates of cardiovascular events. For
the Crush and Culotte technology of PCI strategy,
intracoronary imaging systems have also been routinely
applied during the dual-stent approach for UPLMBCLs,
which reduces the variability of PCI results caused by
many factors, including the diameters of the main
coronary artery and branch coronary arteries, the angle of
the arterial bifurcation, and the experience level of the
operator.
The current meta-analysis divided comparative studies of
the Culotte and different Crush techniques of PCI into
subgroups in detail. Our subgroup analysis showed low
heterogeneity, and the included studies were very stable
and reliable. In principle, the best solution is to rank PCI
strategies through a network meta-analysis. However, all
the included studies were RCTs, retrospective studies, or
prospective studies, and the primary endpoint events
were different, so this meta-analysis could not use the
method of network meta-analysis. Instead, a pooled
analysis of subgroups of studies was conducted. First, our
meta-analysis included controlled studies of mini-Crush
and Culotte stenting,15,17 wherein primary endpoint
events, including the incidence rates of MACEs, MI, CD
and TLR, were compared, and there was no statistical
difference found between the two groups. Therefore, the
mini-Crush strategy of PCI for UPLMBCLs showed no
advantage over the Culotte strategy in the long-term
prognosis, and there was no difference in patient benefit.
When comparing the nano-Crush group and the Culotte
group,19,20 the primary endpoint was the long-term TLR
results, and there was no significant difference in the
follow-up results. Therefore, the long-term TLR benefit of
these two groups of patients was not good. However, in
comparing the mixed-Crush and Culotte groups,18 the
former group had higher cardiovascular adverse events,
and the long-term effect of the Culotte group was better
than that of the mixed-Crush group. In the included
studies, although there was only one study performed by
J Pak Med Assoc
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Chen's team in the DK-Crush and Culotte group
comparison, it was an RCT with a large sample size, so the
results are considered reliable and stable. However,
higher, independent evaluation and analysis should still
be conducted. This single study comprehensively
analysed the incidence rates of long-term primary
endpoint events, including MACEs, MI, CD and TLR, and a
significant statistical difference in the incidence of
primary endpoint events was determined between the
DK-Crush and Culotte groups. Specifically, the DK-Crush
group experienced a more significant benefit in reducing
the incidence rates of MACEs, MI and TLR than the Culotte
group did, but in terms of CD, there was no significant
difference between the two groups.6
On the basis of the findings, the PCI strategy that had the
greatest benefit was DK-Crush, and the one with least
benefit was mixed-Crush. During a long-term follow-up
comparison of the Culotte and mini-Crush strategies,
there was no difference in the primary endpoint, while in
the long-term follow-up analysis of Culotte and nanoCrush results, there was also no statistical difference in the
primary endpoint. Therefore, it is recommended that the
DK-Crush strategy should be selected when patients with
UPLMBCLs are being treated, and the mixed-Crush
strategy should be abandoned.
The current meta-analysis had several limitations. First of
all, because of the lack of large-scale, multicentre,
randomised, double-blind, placebo-controlled trials so far,
data was only extracted from small-sample or
observational studies, and that can lead to inherent biases,
such as selection bias, design bias, treatment bias, and
publication bias. Further, it also applied the published
summary data analysis of various studies, which increased
confounding and selection bias and affected the
heterogeneity. Finally, it could not determine all study
participants' specific medical treatments. However,
despite the limitations, the meta-analysis provided a
comprehensive comparison of different PCI strategies,
which may help surgeons make informed decisions.

Conclusion
For the treatment of UPLMBCLs, the DK-Crush PCI
strategy offered the greatest long-term benefit, while the
mixed-Crush strategy had the least long-term benefit for
patients. Among the mini-Crush, nano-Crush, and Culotte
technologies, the long-term benefits were similar. As
such, patients with UPLMBCLs should be treated with the
DK-Crush stenting strategy.
Acknowledgements: We acknowledge the role of
LetPub (www.letpub.com) regarding linguistic assistance
during the preparation of the manuscript.
Open Access

1614

Long-term prognosis of culotte versus different crush strategies in management of unprotected left...

Disclaimer: None.
Conflict of Interest: None.

11.

Source of Funding: None.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

D'Ascenzo F, Chieffo A, Cerrato E, Ugo F, Pavani M, Kawamoto H,
et al. Incidence and management of restenosis after treatment of
unprotected left main disease with second-generation drugeluting stents (from failure in left main study with 2nd generation
stents-cardiogroup iii study). Am J Cardiol. 2017; 119:978-82.
Glenn N, Eric R, James C, Steven R, John A, Charles E, et al. 2015
ACC/AHA/SCAI Focused Update on Primary Percutaneous
Coronary Intervention for Patients With ST-Elevation Myocardial
Infarction: An Update of the 2011ACCF/AHA/SCAI Guideline for
Percutaneous Coronary Intervention and the 2013 ACCF/AHA
Guideline for the. J Am Coll Cardiol. 2016; 67:1235-50.
Yamamoto K, Shiomi H, Morimoto T, Kadota K, Tada T, Takeji Y, et
al. Percutaneous Coronary Intervention Versus Coronary Artery
Bypass Graftinge Among Patients with Unprotected Left Main
Coronary Artery Disease in the New-Generation Drug-Eluting
Stents Era (From the CREDO-Kyoto PCI/CABG Registry Cohort-3).
Am J Cardiol. 2021; 145: 47-57.
Lee PH, Kwon O, Ahn JM, Lee CH, Kang DY, Lee JB, et al. Safety and
Effectiveness of Second-Generation Drug-Eluting Stents in
Patients With Left Main Coronary Artery Disease. J Am Coll Cardiol.
2018; 71:832-41.
Elgendy IY, Mahmoud AN, Gad M, Elgendy AY, Bhatt DL. Longterm outcomes with drug-eluting stents or coronary artery bypass
surgery for unprotected left main coronary disease: A metaanalysis and trial sequential of randomized trials. Am J Cardiol.
2020; 126:111-2.
Chen SL, Xu B, Han YL, Sheiban I, Zhang JJ, Fei Ye, et al. Clinical
Outcome After DK Crush Versus Culotte Stenting of Distal Left
Main Bifurcation Lesions: The 3-Year Follow-Up Results of the
DKCRUSH-III Study. JACC Cardiovasc Intervent. 2015; 8:1335-42.
Wassef A, Liu S, Yanagawa B, Verma S, Cheema A. Percutaneous
management of coronary bifurcation lesions: current perspective.
Curr Opin Cardiol. 2020; 35:574-82.
Gioia G D, Sonck J, Ferenc M, Chen SL, Colaiori I, Gallinoro E, et al.
Clinical Outcomes Following Coronary Bifurcation PCI
Techniques. JACC Cardiovasc Intervent. 2020; 13:1432-44.
Blachutzik F, Achenbach S, Röther J, Tröbs M, Schneider R, Marwan
M, et al. Percutaneous coronary intervention of unprotected left
main stenoses - Procedural data and outcome depending on
SYNTAX I Score. Cardiovasc Revascular Med. 2018; 19:740-3.
Pdmab C, Goslingc AR, Rothman AA, Iqbal FJ, Chiastra CD,
Colombo MD, et al. Double-Kissing Nanocrush for Bifurcation

Open Access

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Lesions: Development, Bioengineering, Fluid Dynamics, and
Initial Clinical Testing. Can J Cardiol. 2020; 36:852-9.
Kervinen K, Niemela M, Romppanen H, Romppanen H, Erglis A,
Kumsars I, et al. Clinical Outcome After Crush Versus Culotte
Stenting of Coronary Artery Bifurcation Lesions : The Nordic Stent
Technique Study 36-Month Follow-Up Results. JACC
Cardiovascular Interventions, 2013, 6:1160-1165.
Burzotta F, Lassen JF, Banning AP, Lefèvre T, Hildick-Smith D,
Chieffo A. Percutaneous coronary intervention in left main
coronary artery disease: the 13th consensus document from the
European Bifurcation Club. EuroIntervention. 2018; 14:112-20.
Wells GA, Shea B, O'Connell D, Robertson J, Peterson J, Welch V, et
al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomized studies in meta-analyses. [Online] [Cited 2021
September 20]. Available from: URL: http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp.
Begg CB, Berlin JA. Publication bias and dissemination of clinical
research. J Natl Cancer Inst. 1989; 81:107-15.
Kawamoto H, Takagi K, Chieffo A, Ruparelia N, Colombo A. Longterm outcomes following mini-crush versus culotte stenting for
the treatment of unprotected left main disease: Insights from the
Milan and New Tokyo (MITO) registry. Catheter Cardiovasc
Intervent. 2017; 89:13-24.
Takagi K, Chieffo A, Naganuma T, Ielasi A, Fujino Y, Tahara S, et al.
The comparison between mini-crush and culotte stenting on midterm clinical outcome in patients with unprotected left main. Euro
Intervent. 2014; 128.
Pavani M, Conrotto F, Cerrato E, D'Ascenzo F, Kawamoto H,
Núñez-Gil IJ, et al. Long-Term Outcomes of Different Two-Stent
Techniques With Second-Generation Drug-Eluting Stents for
Unprotected Left Main Bifurcation Disease: Insights From the
FAILS-2 Study. J Invasive Cardiol. 2018; 30:276-81.
Maximkin DA, Shugushev Z, Goloshchapov-Aksenov R,
Chepurnoy A, Faibushevich A. Five-year results of endovascular
treatment of patients with left main coronary arteries bifurcation
lesions. Eur Heart J. 2017; 38:201-10.
Rigatelli G, Zuin M, Vassilev D, Dinh H, Giatti S, Carraro M, et al.
Culotte versus the novel nano-crush technique for unprotected
complex bifurcation left main stenting: difference in procedural
time, contrast volume and X-ray exposure and 3-years outcomes.
The Int J Cardiovasc Imaging. 2018; 35:207-14.
Rigatelli G, Zuin M, Dinh H, Giatti S, Nguyen VT, Maddali N, et al.
Long-term outcomes of left main bifurcation double stenting in
patients with STEMI and cardiogenic shock. Cardiovasc Revasc
Med. 2019; 20:663-8.
Chen XR, Cui DY, Chen YQ, Niu TS. Crush is superior to Culotte in
two-stent strategy for treatment of left main coronary artery
bifurcations: A systematic review and meta-analysis. Clin Invest
Med. 2020; 43:35-46.

Vol. 72, No. 8, August 2022

