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EXPERT REVIEW

CORONARY INTERVENTIONS

DEFINITION criteria for left main bifurcation stenting — from
clinical need to a formula

Shao-Liang Chen*, MD, PhD

Nanjing First Hospital, Nanjing Medical University, Nanjing, China

Abstract

Percutaneous coronary intervention using drug-eluting stents for coronary bifurcation lesions is assoc-

KEYWORDS
« coronary iated with higher rates of in-stent restenosis, myocardial infarction, and revascularisation as compared with
bifurcation lesion
e drug-eluting stent
¢ lesion complexity
e risk stratification

non-coronary bifurcation lesions. The increased percentage of suboptimal results after stenting bifurcation
lesions is largely, if not always, due to the extreme complexity of the anatomy. Obviously, one weapon
(stenting technique) does not suit all enemies (bifurcation lesions with different anatomies), and it under-
scores the importance of establishing a stratification system.
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Abbreviations
CABG  coronary artery bypass graft
LMCA  left main coronary artery

Mv main vessel

PCI percutaneous coronary intervention
SB side branch

ST stent thrombosis

Introduction
BIFURCATION STRUCTURE AND THE COMPLEXITY OF
BIFURCATION LESIONS
Bifurcated vessels involve 3 segments (the proximal and distal
main vessels [MV], and the side branch [SB]), which are part of
the polygon of confluence and have an irregular contour. Vessel
diameter and lesion length are 2 key factors that influence stent
selection and predict clinical outcomes, while the impact of the
bifurcation angle on clinical results remains controversial'=. The
Medina classification was proposed as a simple, easy-to-remember
scheme that labels bifurcation lesions by plaque involvement in
3 anatomic segments®. However, this classification also has limi-
tations because it doesn’t include important descriptive features
of bifurcation lesions that could be helpful in determining the
optimum stent treatment strategy>°. Therefore, the lack of a com-
prehensive stratification system defining the complexity of bifur-
cation lesions remains an unmet clinical need.

Editorial, see page 11

“IS THE LEFT MAIN A DIFFERENT ANIMAL?""”

Compared to the non-left main coronary artery, the left main coro-
nary artery (LMCA) is characterised by a large calibre, a wide distal
bifurcation angle, and the perfusion of a large amount of myocardi-
um’. As a result, the occurrence of restenosis or stent thrombosis (ST)
in the LM can be a disaster. Coronary artery bypass grafting (CABG)
is the standard of care for LM disease!. However, because of marked
advancements in percutaneous coronary intervention (PCI) tech-
niques with stenting and CABG, as well as adjunctive pharmacologic
therapy, a new evaluation and review of the current indications for
the optimal revascularisation therapy for LM disease may be required
to determine the standard of care for these patients®. The avail-
able current evidence suggests that the only difference between PCI
with stenting and CABG is the rate of repeat revascularisation dur-
ing long-term follow-up. Whilst PCI can be successfully performed
in most LMCA lesions, the “high-risk” anatomic subsets, especially
those with distal LMCA bifurcation lesions, continue to present
interventional cardiologists with unique technical challenges’. In the
EXCEL trial, which included 342 patients with distal LM bifurcation
disease that did not involve both major side branch vessels, the 3-year
primary endpoint was found to be lower with a provisional 1-stent
versus with a planned 2-stent technique (13.8% vs 23.3%; p=0.04).
There was no notable difference in the primary endpoint present in
the 182 patients with distal LM bifurcation disease that involved both
side branch vessels (14.3% vs 19.2%; p=0.6)'°. Thus, it appears that
lesion complexity in the LM is directly correlated with clinical events.
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RISK STRATIFICATION SYSTEMS FOR LM LESIONS

The 2018 European Society of Cardiology (ESC) Guidelines on
myocardial revascularisation recommend that a planned 2-stent
approach with upfront SB stenting may be preferable in bifurca-
tion lesions with an SB >2.75 mm in diameter, an SB lesion length
>5 mm, or when difficulty in accessing the SB before stenting the
MYV is anticipated'. This stratification is not yet accepted globally.

The SYNTAX Study randomly assigned 1,800 patients with
3-vessel or LM coronary artery disease to undergo CABG or PCIL
At 12 months, the rate of major adverse cardiac or cerebrovascular
events was significantly higher in the PCI group (17.8%, vs 12.4%
for CABG; p=0.002), mostly due to an increased rate of repeat
revascularisation (13.5% vs 5.9%; p<0.001). As a result, the cri-
terion for non-inferiority was not met. The rates of mortality and
myocardial infarction (MI) were similar between the 2 groups at
12 months; however, the rate of stroke was notably increased with
CABG (2.2% vs 0.6% [with PCI]; p=0.003)"". Subsequently, the
initial anatomical-based SYNTAX score'? was further modified
to become the SYNTAX score II'%; including 8 predictors: ana-
tomical SYNTAX score, age, creatinine clearance, left ventricular
ejection fraction, presence of unprotected LM coronary artery dis-
ease, peripheral vascular disease, female sex, and chronic obstruc-
tive pulmonary disease. Farooq et al wrote, “Long-term (4-year)
mortality in patients with complex coronary artery disease can be
well predicted by a combination of anatomical and clinical factors
included in the SYNTAX score II. The SYNTAX score II can bet-
ter guide decision-making between CABG and PCI than the origi-
nal anatomical SYNTAX score”.

The New Risk Stratification Score (NERS) consists of 54 vari-
ables (17 clinical, 4 procedural, and 33 angiographic) and was
derived from 260 patients with unprotected LM stenosis who
underwent PCI; it was tested in a validation group consisting
of 337 patients with LM disease undergoing PCI in a prospec-
tive, multicentre trial. A NERS score >25 demonstrated a sensi-
tivity of 92.0% and a specificity of 74.1%, significantly higher
than SYNTAX intermediate risk (20.5% and 25.4%) or SYNTAX
highest risk (70.5% and 35.2%; p for all <0.001). At follow-up,
the rates of myocardial infarction, cardiac death, and target ves-
sel revascularisation were 3.0%, 5.6%, and 13.1%, respectively,
and the composite of major adverse cardiac events (MACE) was
26.0%". Similarly, in order to overcome the complicated calcula-
tion, the NERS score II was derived from our previous 2 stud-
ies and was externally compared with the NERS and SYNTAX
scores in 1,463 patients with unprotected LM disease who had
undergone implantation of a drug-eluting stent (DES) in a pro-
spective, multicentre registry trial. The NERS score II system con-
sists of 16 variables: 7 clinical and 9 angiographic. A NERS score
IT >19 demonstrated enhanced MACE sensitivity and specificity
of 84.0% and 76.0% (with MACE as the stated variable), respec-
tively, which were similar to the NERS scores but significantly
higher than the SYNTAX score. A NERS score II >19 was the
sole independent predictor of cumulative MACE (hazard ratio
[HR] 3.27, 95% confidence interval [CI]: 1.86-5.23; p<0.001) and
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stent thrombosis (odds ratio [OR] 22.15, 95% CI: 12.47-57.92;
p<0.001) at follow-up'.

While both the SYNTAX (II) scores and NERS (II) scores dem-
onstrated their prediction for clinical events in patients with LM
disease, a dedicated risk stratification scoring system is urgently
required for patients with LM distal bifurcation lesions.

DEFINITION CRITERIA

The DEFINITION criteria, a dedicated stratification system for
coronary bifurcation lesions, were developed from 1,550 patients
with coronary bifurcation lesions by multivariate regression and
were further validated in an external cohort of 3,660 patients with
varied bifurcated disease'’. The DEFINITION criteria aimed to
differentiate between simple and complex bifurcation lesions and
to help interventional cardiologists select an appropriate technique.
The DEFINITION criteria consist of 2 major and 6 minor angio-
graphic criteria (Table 1). The major criteria are (1) for distal LM
bifurcations, SB lesion length >10 mm and SB diameter steno-
sis >70%; and (2) for non-left main bifurcation lesions, SB lesion
length >10 mm and SB diameter stenosis >90%. The 6 minor
criteria include (1) moderate-to-severe calcification, (2) multiple
lesions, (3) bifurcation angle <45° or >70°, (4) MV reference ves-
sel diameter (RVD) <2.5 mm, (5) thrombus-containing lesions,
and (6) MV lesion length >25 mm. A bifurcation lesion is defined
as complex if it meets 1 major criterion plus any 2 minor crite-
ria. For complex bifurcation lesions, provisional stenting is associ-
ated with a higher risk of cardiac death and MACE compared with
a systematic 2-stent approach!’. On the contrary, for simple bifur-
cation lesions, a systematic 2-stent strategy results in a higher risk
of MACE compared with provisional stenting (Table 1).

Table 1. Components of the DEFINITION criteria.

Major criteria ‘ Minor criteria

For left main distal bifurcation lesions Moderate to severe calcification

1. SB lesion length =10 mm X -
AND Multiple lesions

2. SB diameter stenosis >70% Bifurcation angle <45° or >70°

For non-left main distal bifurcation lesions | Main vessel reference vessel
3. SB lesion length >10 mm diameter <2.5 mm

AND

4. SB diameter stenosis 290% Thrombus-containing lesions

Main vessel lesion length >25 mm

Complex coronary bifurcation lesions = 1 major criterion + any 2 minor criteria

SB: side branch

The DEFINITION II trial'® was the first randomised clinical
trial aimed at comparing the clinical outcomes between a system-
atic 2-stent approach and provisional stenting (PS) in 653 patients
with complex bifurcation lesions as defined by the DEFINITION
criteria!’. The primary endpoint was the composite of target lesion
failure (TLF) at 1-year follow-up, including cardiac death, target
vessel myocardial infarction (TVMI), and clinically driven target
lesion revascularisation (TLR). The safety endpoint was definite
or probable stent thrombosis. At 1-year follow-up, TLF occurred

in 37 (11.4%) and 20 (6.1%) patients in the provisional and 2-stent
groups, respectively (HR 0.52, 95% CI: 0.30-0.90; p=0.019),
largely driven by increased rates of TVMI (7.1%, HR 0.43, 95%
CI: 0.20-0.90; p=0.025) and clinically driven TLR (5.5%, HR
0.43, 95% CI: 0.19-1.00; p=0.049) in the provisional group. At
1 year after the index procedure, the incidence of cardiac death
was 2.5% in the provisional group, which was not significantly
different from the 2.1% in the 2-stent group (HR 0.86, 95% CI:
0.31-2.37; p=0.772). At 3 years, 52 (16.0%) patients in the PS
group and 34 (10.4%) patients in the 2-stent group experienced
TLF (HR 0.63, 95% CI: 0.41-0.97; p=0.035), for the most part,
driven by increased rates of TVMI (8.0% vs 3.7%, HR 0.45, 95%
CI: 0.23-0.89; p=0.022) and TLR (8.3% vs 4.3%, HR 0.50, 95%
CI: 0.26-0.96; p=0.038)". There was no difference in TLF between
year 1 and year 3 in the 2 groups. Recently, a meta-analysis further
confirmed that an SB lesion length >10 mm is a key predictor of
provisional stenting failure®. Therefore, an assessment of lesion
complexity based on an already accepted scoring system is crucial

to decision-making for bifurcation lesions.

COMPARISON OF STENTING APPROACHES FOR LM
BIFURCATIONS STRATIFIED BY RISK SCORES

The DKCRUSH-III trial®! enrolled a total of 419 patients with LM
bifurcation lesions who were randomly assigned to double kissing
(DK) or culotte treatment. The primary endpoint was the occur-
rence of MACE at 1 year, and stent thrombosis served as a safety
endpoint. Patients were stratified by SYNTAX and NERS scores.
Patients in the culotte group had a significantly higher 1-year
MACE rate (16.3%), mainly driven by increased target vessel
revascularisation (TVR; 11.0%), compared with the DK group
(6.2% and 4.3%, respectively; all p<0.05). The in-stent resteno-
sis (ISR) rate in the SB was 12.6% in the culotte group and 6.8%
in the DK group (p=0.037). The definite ST rate was 1.0% in the
culotte group and 0% in the DK group (p=0.248). Among patients
with a bifurcation angle >70°, a NERS score >20, and a SYNTAX
score >23, the 1-year MACE rate in the DK group (3.8%, 9.2%,
and 7.1%, respectively) was significantly different from those in
the culotte group (16.5%, 20.4%, and 18.9%, respectively; all
p<0.05). At 3 years, 49 patients in the culotte group and 17 patients
in the DK crush group experienced MACE (cumulative event
rates of 23.7% and 8.2%, respectively; p<0.001), largely driven
by increased rates of MI (8.2% vs 3.4%, respectively; p=0.037)
and target vessel revascularisation (18.8% vs 5.8%, respectively;
p<0.001). The rates of definite ST were 3.4% in the culotte group
and 0% in the DK crush group (p=0.007). Patients with complex
left main distal bifurcation lesions (LMDBL) were associated with
a higher rate of MACE (35.3%) at 3 years compared with patients
with simple LMDBL (8.1%) (p<0.001), with a much higher rate in
the culotte group (51.5% vs 15.1%; p<0.001)*.

Currently, only 2 randomised trials have compared provisional
stenting with the 2-stent strategy in LM bifurcation lesions: the
DKCRUSH-V and the EBC MAIN trials. The DKCRUSH-V Trial
compared the clinical outcomes of provisional stenting with the



DK crush technique for true distal LM bifurcation lesions. The
primary endpoint was target lesion failure (TLF) at 1-year follow-
up. A total of 482 patients with LM true bifurcation lesions were
randomised to either the DK crush or the PS group. At 1 year, TLF
occurred in 10.7% of the PS group versus 5.0% of the DK crush
group (p=0.02). Compared with the PS strategy, DK crush resulted
in a lower incidence of patients with target vessel myocardial
infarction (TVMI) (2.9 vs 0.4%; p=0.03) or definite or probable ST
(3.3 vs 0.4%; p=0.02). The rates of clinically driven TLR (7.9 vs
3.8%; p=0.06) and angiographic restenosis (14.6 vs 7.1%; p=0.10)
were also lower with DK crush compared with PS*?%, Notably,
DK crush stenting was associated with a further significant reduc-
tion in the primary endpoint for patients with complex LM bifur-
cation lesions, according to the DEFINITION criteria, compared
with provisional stenting. In addition, the superiority of DK crush
stenting over PS continued during the 3-year follow-up?. On the
other hand, the EBC MAIN trial enrolled 467 patients with true
distal LM bifurcation lesions who were randomly assigned to the
provisional or planned 2-stent groups. The primary endpoint was
a composite of death, MI, and TLR occurring in 14.7% of the pro-
visional group versus 17.7% of the planned 2-stent group (p=0.34)
at 1-year follow-up. Secondary endpoints included death (3.0%
vs 4.2%; p=0.48), MI (10.0% vs 10.1%; p=0.91), TLR (6.1% vs
9.3%; p=0.16), and ST (1.7% vs 1.3%; p=0.90), respectively*.

While the neutral results that came from the EBC MAIN trial
are the main concerns about its design, insightful analyses of the
comparison of the DKCRUSH-V and the EBC MAIN trials have
shown that there are many similarities but several differences
between these 2 trials: more simple lesions and low-risk patients
were included in the EBC MAIN trial, for example, with lower
SYNTAX scores, shorter SB lesion lengths, no acute myocardial
infarctions or chronic totally occluded lesions, when compared
with the DKCRUSH-V Trial.

WHY DO DEFINITION CRITERIA-DEFINED BIFURCATION
LESIONS INCREASE WORSE EVENTS?

Given the results mentioned above, it remains unclear what the
mechanisms are that underlie the increased rate of periprocedural
MI after provisional stenting for complex bifurcation lesions.
A study on OCT bifurcation prospectively analysed a total of
405 patients with 405 bifurcation lesions who underwent prepro-
cedural OCT imaging of both the MV and the SB. Using quantita-
tive analysis, patients were divided into long SB lesion (SB lesion
length >10 mm) and short SB lesion (SB lesion length <10 mm)
groups. They were also stratified by the presence of vulnerable
plaques identified by OCT. The primary endpoint was the occur-
rence of TVMI after provisional stenting at 1-year follow-up.
A total of 178 (43.9%) patients had long SB lesions. Vulnerable
plaques were found more frequently in the long SB lesion group
(42.7%) than in the short SB lesion group (24.2%; p<0.001) and
were predominantly localised in the MV. At 1-year follow-up after
PS, there were 31 (7.7%) TVMI, of which 21 (11.8%) were found
in the long SB lesion group and 10 (4.4%) were found in the short
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SB lesion group (p=0.009). Using multivariate regression analysis,
it was shown that a long SB lesion length (p=0.011), the absence
of vulnerable plaques in the polygon of confluence (p=0.001), and
true coronary bifurcation lesions (p=0.004) were the 3 independ-
ent factors of TVMI?. Coronary bifurcation lesions with a longer
SB lesion length are definitively associated with more frequent
vulnerable disease, leading to increased TVMI rates, and this find-
ing is consistent with reports by the DEFINITION II trial.

Conclusions

In conclusion, the DEFINITION criteria were formulated to help
differentiate between simple and complex coronary bifurcation
lesions, and they have a strong potential for predicting clinical
outcomes after provisional treatment. Future trials using intravas-
cular imaging to guide the stenting selection and to assess the stent

expansion are warranted.
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