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Abstract

Objectives.—The study aim was to assess current procedural strategies and perceptions for 

percutaneous coronary intervention (PCI) involving bifurcations.

Methods.—We distributed an online survey via email (8050 invitations) and social media.

Results.—Among 440 responders, median annual PCI volumes were 15 cases (interquartile 

range [IQR], 10–29 cases) for left main (LM) and 50 cases (IQR, 27–73 cases) for non-LM 

(nLM) bifurcation lesions. Radial access use was reported in 51% of LM and 82% of nLM cases. 

An upfront 2-stent strategy, most commonly double-kissing (DK) crush, was reported in 49% 

of LM and 29% of nLM lesions. Bailout stenting during provisional stenting was reported in 

26% of LM-PCIs, usually using the T and protrusion technique. In provisional stenting cases, 

most operators (<35%) did not report predilating the side branch, but routinely postdilated after 

successful provisional stenting (>85%), most often using both kissing-balloon inflation and the 
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proximal optimization technique. Intravascular imaging was used in 80% of LM and 46% of nLM 

cases.

Conclusions.—Among the survey responders, the DK crush technique was the most frequently 

used 2-stent strategy for bifurcation PCIs. For LM lesions, bailout stenting was performed after 

provisional strategy in approximately 25% of cases. For nLM lesions, use of intravascular imaging 

and coronary physiology was lower than for LM lesions.
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The optimal percutaneous coronary intervention (PCI) strategy for bifurcation lesions 

continues to be debated.1–6 There is variability in how both provisional and 2-stent strategies 

are being performed, given the inconclusive data7–12 on various steps of each strategy and 

long-term clinical outcomes.

We created an online survey to assess real-world contemporary clinical practice patterns in 

approaching various aspects of bifurcation PCI.

Methods

The survey questions were generated through an iterative process involving feedback from 

practicing interventional cardiologists (JK, LA, BAB, YSC, ABH, JW, MNB, ESB). From 

May 8, 2020 to July 8, 2020, a 42-question online anonymous survey was distributed 

via a SurveyMonkey collector (SurveyMonkey, Inc) to 8050 email recipients from the 

Minneapolis Heart Institute Center for Coronary Artery Disease, with 2 reminders; the 

survey was also shared on Twitter.

Statistical analysis.

Categorical variables are presented as percentages and were compared with the Chi-

squared statistic. Continuous variables are summarized with mean ± standard deviation or 

median (interquartile range [IQR]) and compared with t-test or Wilcoxon rank sum test. 

Between-region 2-stent strategy use was evaluated with estimation statistics,13 using median 

difference as effect size and bias-corrected and accelerated bootstrap resampling (5000 

resamples) for the calculation of 95% confidence intervals. Results were analyzed with JMP 

(SAS Institute, Inc).

Results

Responder characteristics.

Among 8050 email recipients, a total of 421 responses were collected (5.2% response 

rate). The Twitter web-link yielded an additional 19 responses. The majority of responders 

(67%) were based in the Americas, with 63.9% based in the United States (US). European 

operators represented 16% of the survey responders, while 13% of responders were from the 

Asia-Pacific region and 4% were from Africa. Annual PCI volumes were 15 cases (IQR, 10–
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29 cases) for LM bifurcation lesions, 5 cases (IQR, 2–7 cases) for LM trifurcation lesions, 

and 50 cases (IQR, 27–73 cases) for nLM bifurcation lesions.

Left Main PCI

Stenting strategy.

Operators reported following an upfront 2-stent strategy in 50% of cases, with American 

operators having the highest reported median rate of upfront 2-stent utilization (Figure 1A). 

The primary stenting strategy was selected more frequently based on sidebranch diameter 

stenosis (73%), Medina classification (60%), and sidebranch angle (55%) (Figure 2). Bailout 

stenting after provisional stenting was reported in 26% of cases, most commonly using T 

and protrusion (TAP) (37%), culotte (25%), or T-stenting (25%). When an upfront 2-stent 

strategy was used, the most frequently reported technique was double-kissing (DK) crush 

(56%) in all geographic regions. Use of the culotte technique was higher in Europe as 

compared with other regions, and TAP was most commonly used in Africa (Figure 3A).

Access site.

For LM bifurcation PCI, femoral access was the most common access site, used by 49% of 

operators, followed by proximal radial (42%) and distal radial (8%). The most commonly 

used access site differed significantly between regions (P<.01); femoral access was the most 

used access site in America (54%) and Asia/Pacific (51%), while radial access was the most 

common access site in Europe (67%) and Africa (73%).

Hemodynamic support was used in 30% of LM cases. The single-access for hi-risk PCI 

(SHiP) technique for Impella (Abiomed) was performed by 41% of operators, in a question 

that was mainly answered by US operators (88% of responders).

Technical aspects.

For LM lesions, 25% of operators reported routine predilation of the sidebranch and 86% 

reported routine jailing of the sidebranch wire during provisional approach. Provisional 

LM-PCI is finalized with kissing-balloon inflation (KBI), proximal optimization technique 

(POT), or both by 93% of operators (Figure 4). When good results were achieved with a 

provisional approach in LM-PCI, 38% of operators stated they systematically opened the 

stent struts toward the sidebranch.

The new DEFINITION (Definitions and impact of complEx biFurcation lesIons on 

clinical outcomes after percutaNeous coronary IntervenTIOn using drug-eluting steNts) 

classification has been adopted for strategy selection in 12% of Asia/Pacific operators, 7% of 

operators in Europe, 6% of operators in Africa, and 5% of operators in America (P=.30).

The Tryton Sidebranch stent (Tryton Medical) was used in 1.7% of LM lesions and the 

Axxess stent (Biosensors Interventional Technologies) was used in 1.2% of LM lesions 

(only among non-US operators).
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Imaging and physiology use.

For LM lesions, the use of physiological characteristics to determine sidebranch stenting 

was reported in 27% of provisional cases. When physiology was used, the pressure wire was 

jailed by 30% of operators. Median reported physiology use was higher in America (24%), 

followed by Asia/Pacific (18%), Africa (ll%), and Europe (10%).

Intravascular ultrasound (IVUS) was reportedly used in 76% of PCIs and optical coherence 

tomography (OCT) was used in 11% of cases. Median reported imaging use was higher 

in America (100%), followed by Asia/Pacific (80%), Africa (67%), and Europe (55%) 

(P<.001).

Dual-antiplatelet therapy (DAPT).

After LM bifurcation PCI, 89% of operators recommended ≥12 months of DAPT.

Non-Left Main PCI

Stenting strategy.

Respondents reported following an upfront 2-stent strategy in 29% of cases (Figure 1B), 

most commonly on the basis of sidebranch diameter stenosis (80%), Medina classification 

(63%), and sidebranch angle (60%) (Figure 2). The most commonly reported 2-stent strategy 

was DK crush (42%), but regional variation was seen in our results (Figure 3B).

Access site.

For nLM bifurcation PCI, proximal radial access was the most commonly used access site 

(67% of operators), followed by femoral (17%) and distal radial (15%).

Technical aspects.

For nLM lesions, 36% of operators reported routine predilation of the sidebranch and 83% 

reported routine jailing of the sidebranch wire during provisional approach. Eighty-six 

percent of operators reported finalizing provisional nLM-PCI with KBI, POT, or both 

(Figure 4). After a good result with provisional nLM-PCI, 22% of operators reported 

systematically opening the stent struts toward the sidebranch.

The Tryton Sidebranch stent was used in 2.8% of nLM lesions. The Axxess stent was used 

in 1.2% of nLM lesions (only among non-US operators).

Imaging and physiology use.

For LM lesions, physiology use was reported in 24% of provisional cases to determine 

the need for sidebranch stenting. When physiology was used, jailing of the pressure wire 

was reported by 25% of operators. Median reported physiology use was higher in America 

(25%), followed by Africa (10%), Europe (10%), and Asia/Pacific (10%) (P<.001).

IVUS was utilized in 44% and OCT was used in 14% of cases. Median reported imaging use 

was higher in America (50%), followed by Asia/Pacific (20%), Europe (15%), and Africa 

(10%) (P<.001).
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Dual-antiplatelet therapy.

After nLM bifurcation PCI, 69% of operators recommended ≥12 months of DAPT.

Discussion

Our survey offers a sampling of contemporary practice patterns in bifurcation PCI. 

Among our survey respondents: (1) provisional stenting was the most commonly reported 

bifurcation stenting technique; (2) DK crush was the most commonly reported 2-stent 

strategy for bifurcation PCI; (3) for LM lesions, bailout stenting after an initial provisional 

strategy was reported in about 25% of cases; and (4) for nLM lesions, intravascular imaging 

and physiology utilization remained low as compared with LM bifurcations.

Stenting strategy.

Provisional stenting was the most commonly reported bifurcation PCI strategy, especially 

in nLM bifurcations. Provisional stenting is currently recommended for most bifurcation 

PCIs by the European Bifurcation Club (EBC).14 According to the DEFINITION study, a 

primary 2-stent approach may reduce the rate of target-lesion failure in complex bifurcation 

lesions.15

Of all the upfront 2-stent strategies, DK crush has the most favorable results, with most 

of them coming from a specific group of operators.1,2,4,16 Despite concerns about the 

associated technical difficulty,17,18 DK crush was the most frequently used upfront 2-stent 

technique. Although not currently recommended by the EBC,14 T-stenting was still used as 

an upfront 2-stent strategy (in <10%). The simultaneous kissing stent technique (which is 

also not recommended by the EBC) was almost never reported by the survey respondents.

Regional differences were noted; operators in America reported the highest rates of an 

upfront 2-stent strategy in LM cases and also the highest utilization rates of crush 2-stent 

techniques. European operators noted the use of culotte more often as the initial strategy. 

African operators reported the use of TAP more often as an upfront 2-stent strategy. 

Although not statistically significant, operators in Asia/Pacific had the highest adoption 

rate of the DEFINITION classification.

Access.

Radial access was the most commonly reported access site worldwide, except in America. 

The SHiP technique19 has been adopted, although adoption rates may be high only in the 

US, since few non-US operators responded to that question. To our knowledge, this is the 

first study to quantify the use of the SHiP technique.

Technical aspects.

The optimal pre- and postdilation strategies are still a matter of rigorous research.3,4,20–27 

In our group of respondents, most used KBI in tandem with POT to finalize bifurcation 

PCI. KBI alone was used in 10% of LM and 17% of nLM Global lesions. A POT-side-

POT technique without any KBI28 was used by 13% of operators. Most operators did not 

routinely predilate the sidebranch. The ongoing FLOW ISR (Effect of Local Biomechanical 
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Factors on Bifurcation Stent Restenosis and Thrombosis) study assesses the role of 

computational simulations based on imaging and procedural data toward an individualized 

management of bifurcation lesions.

Imaging use.

Despite its association with improved outcomes in bifurcations (especially in 2-stent 

techniques) and other complex lesions,29–33 the use of intracoronary imaging was low 

(<50%) in nLM-PCIs, but higher than in non-bifurcation PCIs.34 Possible reasons include 

lack of reimbursement and lack of randomized data.31 Also, using IVUS in complex PCI 

increases procedure duration,35 although this may not be true in bifurcations.32 OCT has 

higher spatial resolution and offers 3-dimensional visualization, and trials evaluating its 

usefulness are ongoing.36 The higher reported rate of IVUS utilization in America as 

compared with the Asia/Pacific region might be explained by the inclusion of countries 

in the Asia/Pacifi cregion (wit hhigh cos tan dno reimbursement for IVUS)31 along with 

countries where IVUS is reimbursed, such as Japan.37 Alternatively, this finding could be 

due to bias, considering the low overall response rate.

Dual-antiplatelet therapy.

Long-term (≥12 months) DAPT has been associated with decreased long-term thrombotic 

complications, but can increase the risk of bleeding.38,39 In our survey, recommendation for 

≥12 month DAPT duration was reported in 9 out of 10 patients after LM and 7 out of 10 

patients after nLM bifurcation PCI.

In the Korean Coronary Bifurcation Stenting (COBIS) II registry, ≥12 months DAPT was 

associated with lower rates of stent thrombosis, myocardial infarction, and cardiac death, 

suggesting that prolonged DAPT may minimize complications due to stent thrombosis 

after bifurcation PCI.38 However, all patients received first-generation drug-eluting stents, 

which are more thrombogenic than second-generation drug-eluting stent devices.38 Also, 

bleeding events were not captured and can have significant clinical consequences.38 A 

short-term DAPT strategy may not be beneficial for all comers,40 but in patients at 

high risk who receive DAPT with aspirin and ticagrelor, a 3-month DAPT followed 

by ticagrelor monotherapy can result in fewer bleeding events even in complex lesions, 

including bifurcation lesions.41 Following an individualized risk stratification strategy using 

the PRECISE-DAPT [PREdicting bleeding Complications in patients undergoing stent 

Implantation and SubsequEnt Dual AntiPlatelet Therapy] score can lead to identification 

of patients at high bleeding risk who are likely to benefit from shorter DAPT duration after 

complex PCI. Individuals with high ischemic risk, as quantified by the PARIS (Antiplatelet 

Regimens In Stented patients) score benefit from ≥12 months of DAPT.42

Study limitations.

The low response rate and unequal regional distribution of responders can lead to bias and 

limit the generalizability of our findings. Also, survey responses based on responder recall 

may not accurately reflect actual documented procedural numbers and techniques.
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Conclusion

Provisional stenting was the most common bifurcation stenting technique and DK crush 

was the most commonly reported 2-stent strategy. Intravascular imaging and physiology 

utilization remained lower in nLM lesions. Radial access was used in the majority of 

bifurcation PCIs.
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FIGURE 1. 
Regional utilization rates of an upfront 2-stent strategy in (A) left main (LM) and (B) 

non-left main (nLM) bifurcation percutaneous coronary intervention (PCI). The median 

difference for the 3 comparisons is shown in the Cumming estimation plot at the bottom of 

each figure. The raw data are plotted on the upper axes. On the lower axes, mean differences 

are plotted as bootstrap sampling distributions. Each mean difference is depicted as a dot. 

Each 95% confidence interval is indicated by the ends of the vertical error bars.
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FIGURE 2. 
Utilization rates of tools for selecting between provisional and upfront 2-stent strategy in left 

main (LM) and non-left main (nLM) bifurcation percutaneous coronary intervention (PCI). 

%FMM = % fractional myocardial mass in coronary computed tomography angiography; 

SB = sidebranch; DEFINITION = Definitions and impact of complEx biFurcation lesIons 

on clinical outcomes after percutaNeous coronary IntervenTIOn using drug-eluting steNts; 

IVUS = intravascular ultrasound; OCT = optical coherence tomography.
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FIGURE 3. 
Regional utilization rates of upfront two-stent techniques for (A) left main (LM) and (B) 

non-left main (nLM) bifurcation percutaneous coronary intervention (PCI). DK crush = 

double-kissing crush; TAP = T and protrusion; SKS = simultaneous kissing stents.
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FIGURE 4. 
Utilization rates of techniques for finalizing left main (LM) and non-left main (nLM) 

bifurcation percutaneous coronary intervention (PCI). KBI = kissing-balloon inflation; POT 

= proximal optimization technique.
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