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during the second half of the 5-year follow-up. In the ASCERT regis-
try of elective patients .65 years of age with two- or three-vessel
CAD, 86 244 patients underwent CABG and 103 549 patients under-
went PCI (78% with early-generation DES). Using propensity scores
and inverse probability adjustment, mortality at 4 years—but not at
1 year—was lower for CABG than for PCI (16.4% vs. 20.8%; RR
0.79; 95% CI 0.76–0.82).26 The observational nature of the studies
does not permit assessment of how each patient was selected for
each kind of treatment and, despite statistical adjustments, residual con-
founders cannot be excluded. Early-generation DES were used, which
are devoid of the advantages of the newer generation.125 –131,133

There is notable consistency in the findings on the survival advantage
of CABG over PCI for more severe three-vessel CAD.

7. Revascularization in
non-ST-segment elevation acute
coronary syndromes
Non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
is the most frequent manifestation of ACS, and mortality and morbid-
ity remain high and equivalent to those of patients with ST-segment
elevation myocardial infarction (STEMI) during long-term follow-up.
The key objectives of coronary angiography and subsequent revascu-
larization are symptom relief and improvement of prognosis. Overall
quality of life, length of hospital stay, and potential risks associated
with invasive and pharmacological treatments must also be consid-
ered when deciding on a treatment strategy.

Early risk stratification is important, in order to identify patients at
high immediate- and long-term risk for death and cardiovascular
events, in whom an early invasive strategy with adjunctive medical
therapy may reduce that risk. Patients in cardiogenic shock, or after
resuscitation, should undergo immediate angiography (within 2
hours) because of the high likelihood of critical CAD, but it is

equally important to identify patients at low risk, in whom invasive
and medical treatments provide little benefit or may even cause
harm. Details on risk stratification, particularly with respect to the in-
terpretation of troponins, are found in the ESC Guidelines on
NSTE-ACS.180

7.1 Early invasive vs. conservative strategy
A meta-analysis of seven RCTs that compared routine angiography
followed by revascularization against a selective invasive strategy,
showed reduced rates of combined death and myocardial infarction
[odds ratio (OR) 0.82; 95% CI 0.72–0.93; P ! 0.001].181 The routine
revascularization strategy was associated with a risk of early death
and myocardial infarction during the initial hospitalization;
however, four of the seven trials included in this meta-analysis
were not contemporary, due to marginal use of stents and glycopro-
tein (GP) IIb/IIIa receptor inhibitors. Another meta-analysis, covering
seven trials with more up-to-date adjunctive medication, showed a
significant reduction in risk for all-cause mortality (RR ! 0.75; 95%
CI 0.63–0.90; P , 0.001) and myocardial infarction (RR ! 0.83;
95% CI 0.72–0.96; P ! 0.012), for an early invasive vs. conservative
approach at 2 years without excess of death and myocardial infarc-
tion at 1 month.182 A further meta-analysis of eight RCTs showed a
significant lower incidence of death, myocardial infarction, or rehos-
pitalization for ACS (OR ! 0.78; 95% CI 0.61–0.98) for the invasive
strategyat 1 year.183 The benefit was carried mainly by improved out-
comes in biomarker-positive (high-risk) patients. In a gender-specific
analysis, a similar benefit was found in biomarker-positive women,
compared with biomarker-positive men. Importantly, biomarker-
negative women tended to have a higher event rate with an early in-
vasive strategy, suggesting that early invasive procedures should be
avoided in low-risk, troponin-negative, female patients. A more
recent meta-analysis, based on individual patient data from three
studies that compared a routine invasive against a selective invasive
strategy, revealed lower rates of death and myocardial infarction at

Recommendation for the type of revascularization (CABG or PCI) in patients with SCAD with suitable coronary anatomy
for both procedures and low predicted surgical mortality

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb Refc

One or two-vessel disease without proximal LAD stenosis. IIb C I C

One-vessel disease with proximal LAD stenosis. I A I A 107,108,160, 161,178,179

Two-vessel disease with proximal LAD stenosis. I B I C 108,135,137
Left main disease with a SYNTAX score 22. I B I B 17,134,170

Left main disease with a SYNTAX score 23–32. I B IIa B 17

Left main disease with a SYNTAX score >32. I B III B 17

Three-vessel disease with a SYNTAX score 22. I A I B 17,157,175,176
Three-vessel disease with a SYNTAX score 23–32. I A III B 17,157,175,176

Three-vessel disease with a SYNTAX score >32. I A III B 17,157,175,176

CABG ! coronary artery bypass grafting; LAD ! left anterior descending coronary artery; PCI ! percutaneous coronary intervention; SCAD ! stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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during the second half of the 5-year follow-up. In the ASCERT regis-
try of elective patients .65 years of age with two- or three-vessel
CAD, 86 244 patients underwent CABG and 103 549 patients under-
went PCI (78% with early-generation DES). Using propensity scores
and inverse probability adjustment, mortality at 4 years—but not at
1 year—was lower for CABG than for PCI (16.4% vs. 20.8%; RR
0.79; 95% CI 0.76–0.82).26 The observational nature of the studies
does not permit assessment of how each patient was selected for
each kind of treatment and, despite statistical adjustments, residual con-
founders cannot be excluded. Early-generation DES were used, which
are devoid of the advantages of the newer generation.125 –131,133

There is notable consistency in the findings on the survival advantage
of CABG over PCI for more severe three-vessel CAD.

7. Revascularization in
non-ST-segment elevation acute
coronary syndromes
Non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
is the most frequent manifestation of ACS, and mortality and morbid-
ity remain high and equivalent to those of patients with ST-segment
elevation myocardial infarction (STEMI) during long-term follow-up.
The key objectives of coronary angiography and subsequent revascu-
larization are symptom relief and improvement of prognosis. Overall
quality of life, length of hospital stay, and potential risks associated
with invasive and pharmacological treatments must also be consid-
ered when deciding on a treatment strategy.

Early risk stratification is important, in order to identify patients at
high immediate- and long-term risk for death and cardiovascular
events, in whom an early invasive strategy with adjunctive medical
therapy may reduce that risk. Patients in cardiogenic shock, or after
resuscitation, should undergo immediate angiography (within 2
hours) because of the high likelihood of critical CAD, but it is

equally important to identify patients at low risk, in whom invasive
and medical treatments provide little benefit or may even cause
harm. Details on risk stratification, particularly with respect to the in-
terpretation of troponins, are found in the ESC Guidelines on
NSTE-ACS.180

7.1 Early invasive vs. conservative strategy
A meta-analysis of seven RCTs that compared routine angiography
followed by revascularization against a selective invasive strategy,
showed reduced rates of combined death and myocardial infarction
[odds ratio (OR) 0.82; 95% CI 0.72–0.93; P ! 0.001].181 The routine
revascularization strategy was associated with a risk of early death
and myocardial infarction during the initial hospitalization;
however, four of the seven trials included in this meta-analysis
were not contemporary, due to marginal use of stents and glycopro-
tein (GP) IIb/IIIa receptor inhibitors. Another meta-analysis, covering
seven trials with more up-to-date adjunctive medication, showed a
significant reduction in risk for all-cause mortality (RR ! 0.75; 95%
CI 0.63–0.90; P , 0.001) and myocardial infarction (RR ! 0.83;
95% CI 0.72–0.96; P ! 0.012), for an early invasive vs. conservative
approach at 2 years without excess of death and myocardial infarc-
tion at 1 month.182 A further meta-analysis of eight RCTs showed a
significant lower incidence of death, myocardial infarction, or rehos-
pitalization for ACS (OR ! 0.78; 95% CI 0.61–0.98) for the invasive
strategyat 1 year.183 The benefit was carried mainly by improved out-
comes in biomarker-positive (high-risk) patients. In a gender-specific
analysis, a similar benefit was found in biomarker-positive women,
compared with biomarker-positive men. Importantly, biomarker-
negative women tended to have a higher event rate with an early in-
vasive strategy, suggesting that early invasive procedures should be
avoided in low-risk, troponin-negative, female patients. A more
recent meta-analysis, based on individual patient data from three
studies that compared a routine invasive against a selective invasive
strategy, revealed lower rates of death and myocardial infarction at

Recommendation for the type of revascularization (CABG or PCI) in patients with SCAD with suitable coronary anatomy
for both procedures and low predicted surgical mortality

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb Refc

One or two-vessel disease without proximal LAD stenosis. IIb C I C

One-vessel disease with proximal LAD stenosis. I A I A 107,108,160, 161,178,179

Two-vessel disease with proximal LAD stenosis. I B I C 108,135,137
Left main disease with a SYNTAX score 22. I B I B 17,134,170

Left main disease with a SYNTAX score 23–32. I B IIa B 17

Left main disease with a SYNTAX score >32. I B III B 17

Three-vessel disease with a SYNTAX score 22. I A I B 17,157,175,176
Three-vessel disease with a SYNTAX score 23–32. I A III B 17,157,175,176

Three-vessel disease with a SYNTAX score >32. I A III B 17,157,175,176

CABG ! coronary artery bypass grafting; LAD ! left anterior descending coronary artery; PCI ! percutaneous coronary intervention; SCAD ! stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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ESC guidelines Revascularisation 2014

Angioplastie du TCG dans les recommandations ESC
sur la revascularisation (2010-2018) 

Recommendation for the type of revascularization in patients with stable coronary artery disease with suitable coro-
nary anatomy for both procedures and low predicted surgical mortalityd

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb

One-vessel CAD

Without proximal LAD stenosis. IIb C I C

With proximal LAD stenosis.68,101,139–144 I A I A

Two-vessel CAD

Without proximal LAD stenosis. IIb C I C

With proximal LAD stenosis.68,70,73 I B I C

Left main CAD

Left main disease with low SYNTAX score (0 - 22).69,121,122,124,145–148 I A I A

Left main disease with intermediate SYNTAX score (23 - 32).69,121,122,124,145–148 I A IIa A

Left main disease with high SYNTAX score (>_33).c 69,121,122,124,146–148 I A III B

Three-vessel CAD without diabetes mellitus

Three-vessel disease with low SYNTAX score (0 - 22).102,105,121,123,124,135,149 I A I A

Three-vessel disease with intermediate or high SYNTAX score (>22).c 102,105,121,123,124,135,149 I A III A

Three-vessel CAD with diabetes mellitus

Three-vessel disease with low SYNTAX score 0–22.102,105,121,123,124,135,150–157 I A IIb A

Three-vessel disease with intermediate or high SYNTAX score (>22).c 102,105,121,123,124,135,150–157 I A III A

SYNTAX score calculation information is available at http://www.syntaxscore.com.
CABG = coronary artery bypass grafting; CAD = coronary artery disease; LAD = left anterior descending coronary artery; PCI = percutaneous coronary intervention;
SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.
aClass of recommendation.
bLevel of evidence.
cPCI should be considered if the Heart Team is concerned about the surgical risk or if the patient refuses CABG after adequate counselling by the Heart Team.
dFor example, absence of previous cardiac surgery, severe morbidities, frailty, or immobility precluding CABG (also see Table 5).

Recommendations on criteria for the choice between coronary artery bypass grafting and percutaneous coronary
intervention

Recommendations Classa Levelb

Assessment of surgical riskc

It is recommended that the STS score is calculated to assess in-hospital or 30 day mortality, and in-hospital morbidity

after CABG.112,114,138 I B

Calculation of the EuroSCORE II score may be considered to assess in-hospital mortality after CABG.112 IIb B

Assessment of CAD complexity

In patients with LM or multivessel disease, it is recommended that the SYNTAX score is calculated to assess the ana-

tomical complexity of CAD and the long-term risk of mortality and morbidity after PCI.117–124 I B

When considering the decision between CABG and PCI, completeness of revascularization should be prioritized.131,132,134–136 IIa B

EuroSCORE = European System for Cardiac Operative Risk Evaluation; CABG = coronary artery bypass grafting; CAD = coronary artery disease; LM = left main; PCI = percu-
taneous coronary intervention; STS = Society of Thoracic Surgeons; SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.
aClass of recommendation.
bLevel of evidence.
cLevel of evidence refers to prediction of outcomes.
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Recommendation for the type of revascularization in patients with stable coronary artery disease with suitable coro-
nary anatomy for both procedures and low predicted surgical mortalityd

Recommendations according to extent of CAD CABG PCI

Classa Levelb Classa Levelb

One-vessel CAD

Without proximal LAD stenosis. IIb C I C

With proximal LAD stenosis.68,101,139–144 I A I A

Two-vessel CAD

Without proximal LAD stenosis. IIb C I C

With proximal LAD stenosis.68,70,73 I B I C

Left main CAD

Left main disease with low SYNTAX score (0 - 22).69,121,122,124,145–148 I A I A

Left main disease with intermediate SYNTAX score (23 - 32).69,121,122,124,145–148 I A IIa A

Left main disease with high SYNTAX score (>_33).c 69,121,122,124,146–148 I A III B

Three-vessel CAD without diabetes mellitus

Three-vessel disease with low SYNTAX score (0 - 22).102,105,121,123,124,135,149 I A I A

Three-vessel disease with intermediate or high SYNTAX score (>22).c 102,105,121,123,124,135,149 I A III A

Three-vessel CAD with diabetes mellitus

Three-vessel disease with low SYNTAX score 0–22.102,105,121,123,124,135,150–157 I A IIb A

Three-vessel disease with intermediate or high SYNTAX score (>22).c 102,105,121,123,124,135,150–157 I A III A

SYNTAX score calculation information is available at http://www.syntaxscore.com.
CABG = coronary artery bypass grafting; CAD = coronary artery disease; LAD = left anterior descending coronary artery; PCI = percutaneous coronary intervention;
SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.
aClass of recommendation.
bLevel of evidence.
cPCI should be considered if the Heart Team is concerned about the surgical risk or if the patient refuses CABG after adequate counselling by the Heart Team.
dFor example, absence of previous cardiac surgery, severe morbidities, frailty, or immobility precluding CABG (also see Table 5).

Recommendations on criteria for the choice between coronary artery bypass grafting and percutaneous coronary
intervention

Recommendations Classa Levelb

Assessment of surgical riskc

It is recommended that the STS score is calculated to assess in-hospital or 30 day mortality, and in-hospital morbidity

after CABG.112,114,138 I B

Calculation of the EuroSCORE II score may be considered to assess in-hospital mortality after CABG.112 IIb B

Assessment of CAD complexity

In patients with LM or multivessel disease, it is recommended that the SYNTAX score is calculated to assess the ana-

tomical complexity of CAD and the long-term risk of mortality and morbidity after PCI.117–124 I B

When considering the decision between CABG and PCI, completeness of revascularization should be prioritized.131,132,134–136 IIa B

EuroSCORE = European System for Cardiac Operative Risk Evaluation; CABG = coronary artery bypass grafting; CAD = coronary artery disease; LM = left main; PCI = percu-
taneous coronary intervention; STS = Society of Thoracic Surgeons; SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.
aClass of recommendation.
bLevel of evidence.
cLevel of evidence refers to prediction of outcomes.
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Left main disease with low SYNTAX score (0-22)
Left main disease with intermediate. SYNTAX score (23-32)

Left main disease with high SYNTAX score (≧33)





https://www.medscape.com/viewarticle/939944

https://www.medscape.com/viewarticle/939944


restenosis [24]. Dishmon et al. reported geographic miss in 54% of
stented aorto-ostial lesions using angiographically-guided stenting
and these cases showed increased rate of target lesion revascularization
[25]. Therefore, accurate positioning is crucial.

4.3. Bifurcation

Approximately two-third or more of LM stenting involves the distal
bifurcation of the LAD and LCXwhich adds complexity to the procedure.
PCI for LM distal bifurcation is known to be associated with a higher
incidence of major adverse cardiac events as compared to isolated LM
stenting [3,27]. In our study, 6 lesions (4 lesionswith 1-stent technique,

2 lesions with 2-stent technique) showed stent thrombosis occurring
at the bifurcation. Moreover, stent struts crossing an ostial side
branchN30% was second strongest risk factor for PSF. Thus, we feel
!nal kissing ballooning make sense to decrease the proportion of struts
jailing the side branch. This is supported by the clinical study by Song
et al., which showed that such a technique has a signi!cant negative
factor for target vessel failure in the patients with LM-CAD treated
with 2-stent technique [28].

Generally, one-stent strategy is the preferred approach in bifurca-
tions because of worse clinical outcome in 2-stent strategy [3,17,18,29].
In our cohort, PSF didn't differ between these 2 strategies although the
number of stents per lesion tended to be associated with risk of PSF.

Fig. 1.Major cause for stent thrombosis by timing (A) and location (B).

12 H. Mori et al. / International Journal of Cardiology 263 (2018) 9–16

5. Conclusion

This is the !rst systematic pathological study focusing on LM
stenting. The vascular response was variable depending on the location

of the stent. The major mode of PSF was stent thrombosis (80%)
followed by restenosis and CTO with no differences in causation
between BMS, 1st-DES, and 2nd-DES. The presence of malapposition
N20% was the strongest predictor for PSF followed by the presence

Fig. 2 (continued).

14 H. Mori et al. / International Journal of Cardiology 263 (2018) 9–16

Mori H et al. , Int. Journal of Cardiology 2018,  263 :9–16 

Aspects anatomo-pathologiques des anomalies de stent du TCG
N=46 angioplasties du TCG analysées par anatomo-pathologie
N=23 anomalies de stent: N=18 thrombose de stent;  N= 4 CTO ; N=1 restenose



Placement des guides

Mise en place du stent

POT Echange des guides Dilatation SB Re-POT

(A la Rouennaise..)

L’angioplastie du TCG simplifiée  au maximum ?

• 1 seul stent (provisional) 
• POT / Side / RePOT – pas de FKbi
• 1 seul diamètre de ballon pour le POT
• RePOT en position « distale » 
• Appréciation des calibres basée sur l’angiographie/ Loi de Finet
• Position des guides basée sur l’appréciation visuelle
• Appréciation des résultats basée sur l’angiographie

Adapté de Rab T et al, JACC CV Intv 2017 , 10 (9): 849-65



TOUJOURS SI SIMPLE ?



Stratégie à 2 stents d’emblée

TCG « complexe »

ØLésion TCG distal + Sténose SB ≥ 70% 
+ longueur lésion SB ≥ 10 mm

ET

ØAu moins deux des suivants:
• Lésion thrombotique
• Calcifications modérées à sévères
• Angle de bifurcation <45° ou >70°
• Lésions multiples sur branches

Conversion vers stratégie à 2 stents

TCG « qui se complique »

• Occlusion de la SB

• Flux compromis vers la SB

• Sténose résiduelle avec FFR<0.8 dans la 
SB

DEFINITION II Trial Criteria
Zhang JJ et al EHJ (2020) 41, 2523–36 

Une stratégie à 1 stent ne suffit pas toujours…





Quels sont  les diamètres  du  TCG et de l’IVA ?
Quelle est la forme du TCG  ? 
Où sont les LZ/ zones saines ? 
Faut il faire un POT/ Side/ Re POT ? 

Prox Ref / LZ ?

Dist Ref / LZ ?



Finally, a multivariable regression model with a stepwise

exclusion method was used in order to estimate the best predictive

model.

3 | RESULTS

A total of 1197 IVUS pullbacks were performed in patients with sup-

posedly nonobstructive LMCA’s between 2010 and 2016,

946 patients were excluded because of incomplete footage of the

LMCA (n = 543) or other reasons (n = 403) (Figure 1). A total of

254 patients were used for the final analysis. The study population

consisted of 197 males (78%) and 57 females (22%), mean age was

63 ! 11 years and mean BMI was 27.27 ! 4.46 kg/m2. Baseline char-

acteristics of the study population are depicted in Table 1. The mean

length of the LMCA as measured by IVUS was 7.3 ! 4.2 mm. Mean

LA was 15.7 ! 4.7 mm2, MLA was 12.7 ! 4.6 mm2, and IVUS derived

mean LD was 4.4 ! 0.7 mm. A mean LD > 4 mm was present in

71.7% of patients, while 43% and 19% of the patients had IVUS

derived mean LD > 4.5 mm and > 5 mm, respectively. All the luminal

dimensions as measured by IVUS are depicted in Table 2. The

TABLE 2 Quantitative IVUS dimensions analysis

IVUS dimensions All patients (n = 254)

Mean LA mm2 (!SD) 15.7 ! 4.7

Mean LD mm (!SD) 4.4 ! 0.7

Mean plaque burden mm2 (!SD) 9.4 ! 3.4

Minimal LA mm2 (!SD) 12.7 ! 4.6

Mean vessel diameter mm (!SD) 5.6 ! 0.7

Minimal LD mm (!SD) 3.95 ! 0.7

Length of the LMCA mm (!SD) 7.3 ! 4.2

nTAV mm2 ! SD 62.1 ! 27.9

PAV % (!SD) 37.7 ! 10.2

Abbreviations: nTAV, normalized total atheroma volume; PAV, percent
atheroma volume.

FIGURE 2 Correlation plots of significant predictors for LMCA properties

3

percentage CV for all luminal dimension displayed in Table 2 ranged

between 12.5% and 44.9% with the exception of length of the LMCA,

which demonstrated a percentage CV of 57.5%.

Univariate analysis identified weight and BMI as positive signifi-

cant predictors for LMCA length [ß = 0.51, CI (0.017:0.085),

P = 0.003, R2 = 0.04, and ß = 0.16, CI (0.037:0.028), P = 0.011,

R2 = 0.03, respectively]. Both height and weight of the patient were

positive predictors of LMCA mean LA [ß = 0.09, CI (0.03:0.16),

P = 0.006, R2 = 0.03, and ß = 0.04, CI (0.004:0.08), P = 0.031,

R2 = 0.02, respectively) while length of the LMCA was negatively cor-

related to LMCA mean LA [ß = !0.26, CI (0.03:0.16), P = 0.006,

R2 = 0.03] (Table 3 and Figure 2).

LMCA mean LA was significantly smaller in women as compared

to men [14.1 ! 4.1 mm2 vs. 16.2 ! 4.8 mm2, respectively (P < 0.01)]

as were IVUS derived mean LD [4.2 ! 0.6 mm and 4.5 ! 0.7 mm,

respectively (P < 0.01)] (Figure 3). IVUS derived LMCA mean LD

were > 4 mm in 76% of the men, this percentage was significantly

smaller among women (56%; P = 0.003). LMCA mean LD was >5 mm

in 23% of men and 7% of women (P = 0.008). No significant differ-

ences were found in LMCA length between both sexes.

Multivariable regression analyses identified weight as the only

independent predictor of LMCA length [ß = 0.14, CI (0.017:0.085),

P = 0.003, R2 = 0.04] while patient height and length of the LMCA

were the only independent predictors of LMCA mean LA [ß = 0.20, CI

(0.04:0.17), P = 0.002, and ß = !0.25, CI (!0.41: !0.14), P < 0.001,

R2 = 0.09, respectively] (Table 3).

4 | DISCUSSION

By using quantitative IVUS analysis, we were able to assess the lumi-

nal dimension of nonobstructive LMCA in a large real world cohort.

We demonstrated for the first time how nondiseased LMCA dimen-

sions and length vary within the population and how women display

smaller luminal dimension compared to men. No clinically relevant

predictors were found for both LMCA mean LA and length as correla-

tion coefficients were low.

These findings might guide physicians in deciding on stent- and

postdilatation balloon sizing, and support the use of intravascular

imaging in LMCA stenting [19]. Given the structural undersizing

based on QCA, IVUS helps in correctly identifying the exact LMCA

length and area and thereby improves outcomes of complex LMCA

PCI [19–21]. More specifically, we demonstrated that 19% of the

patients presented with IVUS derived mean luminal dimensions of

>5 mm, requiring post dilatation with balloons up to 5 mm along

with the use of stents with sufficient post dilatation margins. In real

world clinical practice, the multicenter DELTA I registry demon-

strated that the mean diameter of stents used for LMCA stenting

was merely 3.51 mm along with a maximal post dilatation balloon

diameter of 3.88 ! 0.58 mm for mid-shaft and ostial treatment and

3.59 ! 0.54 mm for distal LMCA treatment [22]. Also in the NOBLE

trial, comparing PCI and CABG for LMCA revascularization, only half

of the LMCA stents in the PCI group were post dilated with balloons

larger than 4 mm [23]. The authors of the NOBLE trial even argued

that underexpansion and malapposition might have contributed to a

higher revascularization risk in the PCI group. Our study makes this

hypothesis even more likely since we demonstrated that IVUS

derived LMCA mean LD were 4.4 mm and 71.7% of LMCAs have a

mean LD >4 mm.

Finally, LMCA LA appeared to be significantly smaller in women

as compared to men (Figure 3). While IVUS derived LMCA mean LD

were > 4 mm in 76% of the men, this percentage was significantly

FIGURE 3 IVUS derived average LDs according to gender. Error bars:
standard error of the mean (SEM)

TABLE 3 Univariate Pearson regression analysis and multivariable regression analysis

Dependent
variable Predictors ß, CI R2 P
Univariate analysis

LMCA length Weight of the
patient

0.51, 0.017:0.085 0.04 0.003

BMI of the patient 0.16, 0.037:0.28 0.03 0.011

LMCA mean LA Height of the patient 0.09, 0.03:0.16 0.03 0.006

Length of the LMCA !0.26, !0.39: !0.12 0.05 <0.001

Weight of the patient 0.04, 0.004:0.08 0.02 0.031

Multivariable analysis

LMCA length + Weight of the patient 0.14, 0.017:0.085 0.04 0.003

LMCA mean LA + Height of the patient 0.20, 0.04:0.17 0.09 0.002

! Length of the LMCA !0.25, !0.41: !0.14 <0.001

Abbreviations: ß, correlation slope; CI, confidence interval; R2, squared Pearson correlation coefficient; LA, lumen area.

4

Van Zandvoort et al. , CCI 2018, 13 (3): 1-6

Diamètre TCG IVUS Fréquence

Diamètre luminal moyen TCG > 4 mm 71%

Diamètre luminal moyen TCG > 4.5 mm 41%

Diamètre luminal moyen TCG > 5 mm 19 %

Quelles sont les vraies dimensions du TCG ?
N=254 patients avec analyse IVUS du TCG (pas de lésion significative sous jacente)



Quelles sont les vraies dimensions du TCG ?
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Diamètre moyen TCG (en mm) 

Analyse OCT du diamètre moyen de la zone de référence proximale (TCG) / n=70

∅ moyen LZ > 4.5 mm
19% de patients (n=13)



Table 1. Baseline Clinical, Angiographic, and Procedural Characteristics

Variable
IVUS Guidance

(n!756)
Angiography Guidance

(n!219) P

Patients 756 219

Demographic characteristics

Age, y 59.7"11.5 65.4"11.1 #0.001

Male gender 522 (69.0) 159 (72.6) 0.31

Coexisting conditions

Diabetes

Any type 204 (27.0) 72 (32.9) 0.09

Insulin treated 39 (5.2) 21 (9.6) 0.02

Hypertension 360 (47.6) 120 (54.8) 0.06

Hyperlipidemia 229 (30.3) 59 (26.9) 0.34

Current smoker 191 (25.3) 49 (22.4) 0.38

Family history of coronary artery disease 58 (7.7) 11 (5.0) 0.18

Previous myocardial infarction 56 (7.4) 16 (7.3) 0.96

Previous coronary angioplasty 130 (17.2) 52 (23.7) 0.03

Previous congestive heart failure 6 (0.8) 7 (3.2) 0.006

Cerebrovascular disease 50 (6.6) 22 (10.0) 0.09

Peripheral vascular disease 9 (1.2) 7 (3.2) 0.04

Chronic lung disease 15 (2.0) 4 (1.8) 0.88

Chronic renal failure 14 (1.9) 9 (4.1) 0.05

Atrial fibrillation 9 (1.2) 6 (2.7) 0.10

Acute coronary syndrome 466 (61.6) 133 (60.7) 0.81

Left ventricular ejection fraction, % 62.7"8.5 59.4"12.2 0.001

Euro SCORE

Mean 3.4"2.2 4.4"2.4 #0.001

High score!6 124 (16.4) 71 (32.4) #0.001

Angiographic characteristics

Lesion location

Ostium or shaft 392 (51.9) 104 (47.5) 0.26

Bifurcation 364 (48.1) 115 (52.5)

Extent of diseased vessel

Left main only 227 (30.0) 31 (14.2) #0.001

Left main plus single-vessel disease 184 (24.3) 47 (21.5)

Left main plus 2-vessel disease 187 (24.7) 67 (30.6)

Left main plus 3-vessel disease 158 (20.9) 74 (33.7)

Right coronary artery disease 239 (31.6) 101 (46.1) #0.001

De novo lesions 732 (96.8) 214 (97.7) 0.49

Procedural characteristics

Use of glycoprotein IIb/IIIa inhibitors 47 (6.2) 9 (4.1) 0.24

Use of intra-aortic balloon pump 28 (3.7) 4 (1.8) 0.17

Direct stenting 155 (20.5) 36 (16.4) 0.18

No. stents implanted at left main 1.2"0.4 1.2"0.5 0.66

Total stent length at left main 27.3"20.9 30.1"20.7 0.08

Average stent diameter at left main 3.6"0.5 3.4"0.4 0.002

Bifurcation treatment

Single stenting 226 (62.1) 71 (61.7) 0.95

Complex stenting (!2 stents) 138 (37.9) 44 (38.3)

Data are mean"SD or N (%).
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associations between each categorical variable and
imaging using a chi-square test and between contin-
uous variables using 1-way analysis of variance. In-
dependent predictors of the use of intravascular
imaging were evaluated using a multivariate logistic
regression model to generate odds ratios (ORs),
95% con!dence intervals (CIs), and corresponding p
values. To select predictors to enter into the !nal
multivariate model, we used forward stepwise vari-
able selection on the data and an inclusion criterion
of p < 0.10. To correct for missing values, we imputed
missing data on baseline covariates using multiple
imputations with chained equations to adjust for
missing data (Online Table 1). Covariates included in
the model were age, sex, clinical syndrome, New York
Heart Association functional class, previous MI, hy-
pertension, diabetes, ejection fraction <30%, pe-
ripheral vascular disease, previous stroke, history of
renal disease, Q-wave on electrocardiography, previ-
ous PCI, year of PCI, baseline disease severity and
pattern, operator status, rotational atherectomy use,
ad hoc PCI, and access site.

For clinical outcomes, we initially calculated the
crude rates by imaging status. Individual logistic re-
gressions were undertaken on the imputed dataset
for each of the outcome events according to the im-
aging status to quantify the independent association
between imaging and outcomes. To adjust for base-
line characteristics that might in"uence outcomes,
we used a propensity matching technique to correct
for those imbalances (11). We !rst estimated the
probability a patient was part of the no imaging group
versus being part of the imaging group (the pro-
pensity score). The probability was estimated using
logistic regression with imaging group (yes or no) as
the dependent variable and a set of speci!ed baseline
variables. The covariates included in the model were
age, sex, clinical presentation, New York Heart As-
sociation functional class, previous MI, previous PCI,
diabetes, hypertension, peripheral vascular disease,
previous stroke, renal impairment, Q-wave on elec-
trocardiography, glycoprotein inhibitor use, and left
ventricular support use. Multiple imputation was
used to generate 10 complete datasets and 10 distinct
propensity scores from a logistic regression for all
patients, and we considered a patient’s propensity
score the average across all 10 values. We then ran a
1:1 propensity matching creating pairs of patients that
had similar propensity score. Propensity scores had to
be within a range de!ned as one-quarter the pro-
pensity score SD and we excluded the no-imaging
patients without a matching imaging patient. Of the
6,208 patients with imaging, 5,056 pairs of subjects
were created to match the original 5,056 patients

without imaging. The matched cohorts are presenting
in Online Table 2. A sensitivity analysis examining
the role of imaging in several subgroups including
operator volume, left main complexity, and clinical
presentation was also performed. Finally, we per-
formed an analysis of the predictors of 12-month
mortality using a multivariate logistic regression
model to generate ORs, 95% CIs, and corresponding
p values.

RESULTS

TEMPORAL CHANGES IN IMAGING USE FOR ULMS PCI

BETWEEN 2007 AND 2014. The study "ow is illus-
trated in Online Figure 1, with 11,264 patients who
underwent PCI to the LMS between 2007 and 2014
included in the analysis. Crude numbers of LMS PCIs
increased signi!cantly during the study period, as did
LMS PCI activity of as a proportion of the total PCI
(increasing from 2.0% to 4.1%; p for trend < 0.001)

TABLE 2 Procedural Variables by Imaging for uLMS PCI Performed in England and Wales
in From 2007 to 2014

No Imaging
(n ! 6,208)

Imaging
(n ! 5,056) p Value

Off-site surgical cover 1,813 (32.1) 2,089 (45.6) <0.001

Median operator uLMS PCI volume 10 11 0.759

Lesions attempted 2.05 " 1.01 2.06 " 1.05 0.641

Femoral access 3,510 (56.5) 2,159 (42.7) <0.001

Ad hoc PCI 2,318 (39.0) 1,790 (36.6) 0.009

Circulatory support during PCI 465 (7.7) 195 (4.0) <0.001

Fractional !ow reserve measured 542 (8.7) 455 (9.0) 0.735

Restenosis indication 366 (6.1) 333 (6.8) 0.241

Vessel attempted

Left main only 1,654 (26.6) 1,210 (23.9) 0.001

Left main # proximal LAD 2,962 (47.7) 2,873 (56.8) <0.001

Left main # proximal LAD # circum!ex 1,291 (20.8) 1,207 (23.9) <0.001

Left main # 1 vessel 2,823 (45.4) 2,335 (46.2) 0.464

Left main # 2 vessels 1,576 (25.4) 1,378 (27.3) 0.026

Left main # 3 vessels 129 (2.1) 97 (2.0) 0.594

Trainee "rst operator 1,177 (20.0) 1,270 (26.4) <0.001

Penetration catheter 33 (0.6) 8 (0.2) 0.001

Microcatheter 112 (2.2) 69 (1.7) 0.130

Rotational atherectomy 644 (12.7) 431 (10.8) 0.008

Laser atherectomy 26 (0.5) 15 (0.4) 0.431

Glycoprotein inhibitor 1,332 (22.4) 1,107 (23.0) 0.423

Largest stent, mm 3.90 " 0.67 4.30 " 0.68 <0.001

Longest stent, mm 23.3 " 9.4 24.1 " 10.2 <0.001

Second-generation drug-eluting stent 4,214 (87.4) 3,795 (88.8) 0.874

Stents used 2.08 " 1.38 2.14 " 1.46 0.040

Values are n (%) or mean " SD, unless otherwise indicated.

LAD ! left anterior descending artery; PCI ! percutaneous coronary intervention; uLMS ! unprotected left
main stem.
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Quelles sont les vraies dimensions du TCG ?
Impact sur la taille des stents implantés dans le TCG 



Quelle est la vraie forme du TCG ?
Non circulaire

Dimensions LZ proximale (OCT) N=70

Diamètre luminal minimal , mm 3.6 +/- 0.6 

Diamètre luminal maximal, mm 4.5 +/- 0.7 mm

Diamètre luminal moyen, mm 4.0 +/- 0.6 mm

Indice d’excentricité 1.3 +/-0.2

arrhythmia, acute occlusion or dissection and restenosis.
Better understanding of the 3D anatomy of the aortocor-
onary junction and knowledge of the normal anatomic
variations of the LMCA are crucial for improved short-term
and long-term vessel patency. Recently Aviram et al. [15]
described the 3D configurations of the aortocoronary
junction and the LMCA ostium in 25 patients who
underwent CCTA. In this series, all the participants
appeared to have a broad LMCA orifice base and
asymmetry of the aortocoronary junction configuration.
Our study shows similar findings regarding the broad orifice
base of the LMCA in 63/70 (90%) participants (those with
types 1–3). The anatomic variations of the entire LMCA, as
reported in our study, have never been described previously.
With the stents currently employed, the struts might
protrude into the ‘large’ LMCA orifices of types 1–3 of our
classification (Fig. 4), creating a potential nidus for
thrombosis at the aortocoronary junction, as well as possible
wire entrapment when future procedures are performed.
The recent progress in technique and equipment, includ-
ing development of newly designed stents should, there-
fore, consider the various configurations of the LMCA, to
achieve optimal stenting.

Even though the midposition and the anterior position of
the LMCA do not create any difficulties for coronary
balloon angioplasty and stenting, the posterior position
might be problematic. Morphologically, the left main in
these participants (21.4% of our study population) has an
ostial angulation (Fig. 3); such an anatomical factor might
impair interventional approaches or predispose patients to
intimal mechanical injury during PCI for ostial stenosis.

Study limitations
Our study had some limitations. Before CCTA, partici-
pants were not given sublingual nitroglycerin to prevent

coronary-artery spasms during the examination. In the
earlier studies, the degree of vasodilatation in angiogra-
phically normal left coronary arteries was 3–12% after
sublingual nitroglycerin [16,17]. Thus, nitroglycerin
would have impaired our measurements. Data from
previous studies suggested that the proximal cross-
sectional area of a coronary vessel correlates with the
myocardial volume within its territory [8,18]. This issue
was not studied in the current work.

Patient exposure to ionizing radiation represents, in fact,
a major and still debated issue of CCTA. Overall, an
effective dose can be substantially reduced by means of
technical innovations: one of these is the ‘ECG tube
current modulation’, consisting of a progressive online
reduction of tube output during the systolic phase of each
cardiac cycle [19].

Conclusion
In summary, LMCA is not a simple straight tube but
usually has various anatomical configurations: biconcave-
shaped appearance (type 1), tapering morphology
(type 2), combined morphology (type 3) and funnel-
shaped appearance (type 4). LMCA normally has variable
dimensions and two cross-sectional shapes. Ostial angula-
tion is a normal variant usually associated with the

Fig. 3
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ECG-gated coronary computed tomography (CT) angiography of a
normal participant, performed with 64-multidetector computed
tomography (MDCT). (a) Axial MDCT image obtained at the level of the
left aortic sinus showing an ostial angulation (arrow) of the left main
coronary artery (LMCA) in the participant, with posterior third position in
the aortic sinus of the left main orifice of origin. (b) Axial MDCT image
obtained at the same level as (a) shows the acute take-off angle (angle 1).
A, aorta; LAD, anterior descending artery.

Fig. 4
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Diagram showing the various anatomical configurations of the left main
coronary artery (LMCA) in normal participants (types 1–4).

Normal LMCA dimensions on MDCT Zeina et al. 481
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Biconcave:
54%

Tapered:
21%

Combined:
14 %

Funnel:
10 %

Zeina AR et al. Coronary Artery Disease. 2007;18 (6):477-82

Non cylindrique 

Plus de 33% des patients avec un 
ostium de TCG  plus large que la distalité

Amabile  N et al. Eurointervention 2021

87% des patients avec indice d’excentricité > 1.1
36% des patients avec indice d’excentricité > 1.3

Dmax

Dmin

Dmin : 3.6 mm
Dmax : 5.5 mm
Dmean: 4.5 mm

Excentricité : Dmax/Dmin =1.5
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Où implanter son stent ? Landing zone ? 
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EEL to EEL : 4.6 mm

Mean Diam: 4.2 mm

EEL to EEL : 5.1 mm

Mean Diam: 4.6 mm

MLA: 2.6 mm2

TCGIVA
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Le POT seul previent-il la malapposition ?

!

Incidence d’une malapposition significative de stent après POT



3 | RESULTS

Pooling all tested deployment strategies, performing a Final POT with

the balloon across the SB takeoff caused a reduction in SB opening

area by 43% [32%;58%] (n = 15) (Figure 3d, boxplot and Figure 4a). The

largest reduction was seen in procedures with a proximal rewiring (53%

[43%;58%] [n = 9]); whereas after distal wire recrossing with no

induced metallic carina, POT across caused a smaller reduction in SB

cell area of 34% [31%;38%] (n = 6). In POT-side-POT (rePOT) proce-

dures with distal wire crossing, the part of the MV stent overlying the

SB ostium or covering the proximal lateral wall of the SB was dragged

toward the MV lumen by Final POT across effectively rejailing the SB

(Figure 6a). In contrast, Final POT performed with the balloon proximal

to the SB takeoff for all techniques and wire positions showed a mini-

mal reduction in SB opening area of 4% [!1: !6%] (Figure 3d).

The implantation strategy with distal rewiring, KBI, and proximal

Final POT (Figure 5a marked with a green box) was used as the stan-

dard procedure to which all other one-stent implantation results pre -

and post-Final POT were compared (Figures 5 and 6 and Table 1). The

standard procedure maintained the ostial opening area, good stent

expansion, and absence of eccentricity proximally. Figures 5 and 6

also show the difference in coronal stent diameter ratio at four posi-

tions in the bifurcation core segment. In procedures with distal SB

wiring, a Final POT across dragged the rings extending farthest into

the SB toward the MV lumen, resulting in both a small SB opening

(Figure 3a,b) and a reduction in stent expansion ratio (KBI: !0.16 and

rePOT: !0.11) (Figures 5a and 6a, position 4 and Table 1). Procedures

with proximal rewiring showed the largest differences (Figures 5b and

6b and Table 1). Ellipticity index results are also shown in Figures 5

and 6 for the one-stent provisional stenting strategies. For the two-

stent culotte strategy, the difference in ellipticity index was similar

when compared to the reference strategy: before Final POT proximal:

!0.00, after Final POT proximal: !0.01, before Final POT across: 0.00,

after Final POT across it was 0.02.

4 | DISCUSSION

The main findings of this bench evaluation of bifurcation stenting

strategies in a phantom with a narrow B angle were: (a) in presence of

a metallic carina, Final POT across the SB takeoff caused a shift of the

metallic carina toward the SB ostium thereby rejailing the SB,

(b) finalizing a bifurcation stenting by Final POT with the balloon posi-

tioned across the SB takeoff reduced the largest SB cell opening area.

Area reduction was seen regardless of position for wire recrossing

before KBI, but the largest reduction was seen after proximal rewiring,

(c) procedures with distal SB wiring, KBI, and Final POT with the bal-

loon positioned proximal to the SB takeoff apparently performed well

by the selected measures. (d) The rePOT strategy requires Final POT

across the SB takeoff to alleviate stent malapposition opposite the SB

takeoff but this in turn caused renarrowing of the largest cell area in

front of the SB ostium.

4.1 | Proximal optimization technique

The advantages of POT relate to the known fractal nature of the

coronary tree and the step down in branch reference sizes at the SB

takeoff.12,13 Performing early POT after MV stenting aims to con-

form the stent to the proximal MV reference, thereby ideally cor-

recting any proximal stent under-expansion and malapposition.1,2,14

In addition, minimizing proximal malapposition reduces the risk of

accidental abluminal rewiring. Furthermore, the conformational

change at the SB takeoff may facilitate access for subsequent SB

rewiring.15

4.2 | Final POT

In 2011, a bench study concluded that POT should rather be the last

step in bifurcation stenting.3 The authors argued that Final POT

F IGURE 4 Depicted are balloon positions during Final POT.
Shown in (a) is Final POT with the balloon positioned across the SB
origin and in (b) Final POT positioned proximal to the SB after single
stent deployment and kissing balloon inflation. In A2, the metallic
carina (yellow broken line) is pushed so that the SB is rejailed.
microCT images viewed from the SB, show largest opening cell area in
yellow and the reference area measured at origin carina in red. Final
POT across the SB origin (A1 and A2) reduces SB ostial size (A3–A6)
whereas Final POT proximal to the SB ostium (B1 and B2) does not
move the metallic carina and has little of no effect on SB ostial size
(B3–B6). microCT, microcomputation tomography; POT, proximal
optimization technique; SB, side branch
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struts11 using dedicated image processing software (ImageJ 1.52a)

(Figure 2C1,C2). The difference in opening area from before Final

POT to after Final POT was calculated as a change in ratio (opening

area/reference area) (Figure 3). For the provisional stent strategies,

the stent expansion distance was measured at four different posi-

tions at the SB ostium (1: at the SB takeoff, 2: in between point

1 and 3, 3: in the mid position of the SB takeoff and the SB carina, 4:

in between point 3 and the SB carina) (Figures 2d and Figure 5a,

green box). All measurements were compared to a reference dis-

tance measured proximal to the implanted stent and the ratio was

calculated.

2.9 | Quantitative OCT analysis

For provisional stent strategies, quantitative cross-sectional OCT anal-

ysis was performed at 0.5 mm intervals using off-line semiautomated

analysis software (QCU-CMS Research, Leiden, The Netherlands).

Minimal stent area in the proximal stent segment was measured

before and after Final POT for the following parameters: maximal

stent diameter (Dmax), minimum stent diameter (Dmin), and mean stent

diameter (Dmean). The stent deformation index for ellipticity (EI) was

calculated as the ratio of the maximal-to-minimal stent diameter

(Index = Dmax/Dmin) both before and after Final POT.

F IGURE 3 Change in side branch cell opening
area. Reduction in SB cell opening area (%) by
Final POT is shown on the vertical axis for
different bifurcation stenting strategies. Final POT
across the SB is represented in blue and Final POT
proximal to the SB in red. (a) One-stent
provisional strategy with kissing balloon inflation;
(b) One-stent provisional strategy with POT-side-
POT technique; (c) Two-stent culotte technique;
(d) Pooled result. Final POT across the SB ostium
causes a marked reduction in SB ostial area (red)
in contrast to Final POT performed proximal to
the SB ostium (blue). POT, proximal optimization
technique; SB, side branch
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• Stratégie à 1 stent provisionnelle
• Stent  XIENCE 4.0 x 15 mm / 18 atm
• POT 5.0 x 8 mm
• Side dilatation 3.5 x 12 mm
• Re POT 5.0 x 8 mm



Stent area: 16.1 mm2

Malapposition distance: 860 µm
Mean ∅: 5.1 mm / Max Diam ∅ : 5.5 mm



52%48%

Impact de l’IVUS sur la stratégie d’angioplastie du TCG dans EXCEL ? 

Modification Frequence
(%)

Utilisation d’un plus gros ballon 30%

Post dilatation 29%

Inflation à plus haute pression 17%

Sous expansion de stent identifiée et corrigée 16%

Conversion statégie 2 stents > 1 stent 11%

Conversion stratégie 1 stent > 2 stents 9%

NON OUI

Maehara A et al. TCT  2016

Utilisation de l’IVUS dans EXCEL : 77% des ATC (n=722/948 pts)  



Repositionnement du guide  dans la 
bonne cellule après run#2

Optimisation de l’ATC (Post dilation, 
etc..)  après run#3

15 % 

26 % 

!

Impact de l’OCT sur la stratégie d’angioplastie? 

Amabile  N et al. Eurointervention 2021



Pourquoi (s’embêter) ? 



although OCT use increased in later study years.
Although the left main can be technically challenging
to image with OCT, several ongoing uLMS PCI trials
are using OCT in follow-up to assess stent healing
(12). However, the observation that even in the most
recent study year imaging was used in only one-half
of uLMS PCI procedures is worthy of further
comment. The most recent UK National PCI audit data
for 2017 to 2018 shows that the use of imaging seems
to have plateaued over recent years (13). This modest
uptake of intracoronary imaging may be due to
several factors. First, many operators performing
uLMS PCI may not be con!dent in the performance
and accurate interpretation of images. Second, the
added procedural time of intravascular imaging might
lead to operators feeling pressured to complete the
case and optimize lab throughput. Third, depending
on the health care system, there may be a !nancial
disincentive to perform imaging. Last, these factors
may be further compounded by the international PCI
guidelines, which do not robustly recommend such

additional imaging, perhaps re"ecting a paucity of
positive randomized trial data in its favor. For
example, the European Society of Cardiology 2018
Guidelines on myocardial revascularization state that
IVUS should be “considered to optimize treatment of
unprotected left main lesions” with a Class IIa
recommendation and Level of Evidence: B (1). The
American College of Cardiology Foundation/Society
for Cardiovascular Angiography and Interventions
Expert Consensus Document on Cardiac Catheteriza-
tion Laboratory Standards Update similarly provides
modest support (14). In contrast, a recent consensus
document from the European Bifurcation Club rec-
ommended routine use of intravascular imaging to
guide LMS intervention (15). Although the observa-
tion that a trainee !rst operator was independently
associated with an increased likelihood of imaging
use may re"ect less complex anatomy being under-
taken by a trainee, it may also be explained by a
trainee being more likely to be the primary operator
in an on-site surgery PCI center. Indeed, the

CENTRAL ILLUSTRATION Survival by Intravascular Imaging Use After uLMS PCI in England and
Wales From 2007 to 2014
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Kinnaird, T. et al. J Am Coll Cardiol Intv. 2020;13(3):346–57.

Kaplan-Meier curves of 12-month survival when intravascular imaging was used compared with when imaging was not used to guide un-
protected left main stem percutaneous coronary intervention in England and Wales in from 2007 to 2014. This illustrates a signi!cant
association between improved survival and imaging use during unprotected left main stem percutaneous coronary intervention.
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Imaging and Survival After Left Main PCI F E B R U A R Y 1 0 , 2 0 2 0 : 3 4 6 – 5 7
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Kinnaird T. et al. , JACC CV Intv 2020, 13 (3): 346-57

BCIS database registry
clinical adverse outcomes including in-hospital major
bleeding, in-hospital MACCE, and mortality after
discharge were observed less frequently in the
imaging-guided group compared with the
angiography-guided group. This was also the case
after using propensity scoring to adjust for baseline
imbalances between groups, with slow !ow (OR:
0.510; 95% CI: 0.330 to 0.770; p ! 0.001), coronary
dissection (OR: 0.820; 95% CI: 0.690 to 0.980;
p ! 0.028), any coronary complication (OR: 0.780;
95% CI: 0.330 to 0.770; p ! 0.001), in-hospital death
(OR: 0.390; 95% CI: 0.290 to 0.510; p < 0.001), in-
hospital MACCE (OR: 0.470; 95% CI: 0.380 to 0.590;
p < 0.001), 30-day mortality (OR: 0.540; 95% CI:
0.430 to 0.680; p < 0.0010), and 12-month mortality
(OR: 0.660; 95% CI: 0.570 to 0.770; p < 0.001)
observed less frequently in the imaging-guided group
(Table 5). The Central Illustration illustrates the
Kaplan-Meier plots for mortality by imaging status to
12 months, demonstrating the observation of a tem-
poral reduction in mortality when imaging was used
during uLMS PCI. An annualized survival analysis
demonstrated that the mortality reduction associated
with imaging use persisted throughout the study
period (Online Figure 3).

In a multivariable analysis of the predictors of
12-month mortality after uLMS PCI, use of intravas-
cular imaging was associated with lower mortality
(OR: 0.770; 95% CI: 0.690 to 0.860; p < 0.001). In
sensitivity analyses, there appeared to be a signi"-
cant subgroup interaction with respect to operator
volume and anatomical complexity, with greater
mortality bene"t with imaging observed with higher
operator volumes and procedures that involved
both the left main artery (p value for interaction
! 0.035) and LAD (p value for interaction ! 0.048)
(Figure 3).

Figure 4 illustrates the limitation of using angiog-
raphy only in guiding LMS PCI, with poor sensitivity
for con"rming complete stent apposition.

DISCUSSION

The "ndings of the current study can be summarized
as follows: 1) intravascular imaging rates for uLMS PCI
increased signi"cantly over the study period, with
w50% of procedures utilizing imaging in the most
contemporary study year; 2) predictors of intravas-
cular imaging use included stable angina presenta-
tion, radial access, and bifurcation disease; 3)
intravascular imaging use was observed to be asso-
ciated with a greater length of stent and a larger stent
diameter; and 4) intravascular imaging use was
observed to be associated with fewer immediate

procedural complications and improved short- and
medium-term survival.

The observed increased use of PCI to treat uLMS in
England and Wales likely re!ects the increased
enthusiasm of operators and patients to use a percu-
taneous strategy rather than CABG. In the current
study, IVUS dominates as the technology used,

TABLE 4 Unadjusted Outcomes by Imaging Status for Unprotected Left Main Stem PCI
Performed in England and Wales in From 2007 to 2014

No Imaging
(n ! 6,208)

Imaging
(n ! 5,056) p Value

Immediate procedural outcomes

Successful lesions 1.97 " 1.04 2.01 " 1.06 0.007

Residual diseased vessels 0.59 " 0.85 0.38 " 0.75 <0.001

Left main PCI success 5,530 (97.2) 4,530 (98.0) 0.017

Coronary perforation 57 (1.0) 39 (0.8) 0.433

Tamponade 18 (0.3) 6 (0.1) 0.074

Coronary dissection 334 (5.9) 240 (5.1) 0.112

Major side branch loss 70 (1.2) 45 (0.9) 0.229

Slow !ow 77 (1.4) 33 (0.7) 0.002

Coronary complications 0.10 " 0.33 0.07 " 0.29 0.002

Any coronary complication 493 (8.7) 330 (7.0) 0.003

Clinical outcomes

Transfusion 45 (0.8) 24 (0.5) 0.104

Emergency CABG 20 (0.3) 4 (0.08) 0.009

Periprocedural MI 59 (1.0) 40 (0.8) 0.388

In-hospital major bleed 85 (1.4) 44 (0.9) 0.014

In-hospital death 280 (4.6) 72 (1.5) <0.001

In-hospital MACCE 340 (5.7) 112 (2.3) <0.001

Mortality at 30 days 366 (6.6) 122 (2.9) <0.001

Mortality at 12 months 790 (15.5) 335 (9.0) <0.001

Values are mean " SD or n (%).

CABG ! coronary artery bypass grafting; MACCE ! major adverse cardiac or cerebrovascular events;
other abbreviations as in Table 1.

TABLE 5 Adjusted Clinical Outcomes by Imaging Status for uLMS PCI

OR for Imaging
vs. No Imaging 95% CI p Value

Coronary perforation 0.920 0.590–1.420 0.689

Coronary dissection 0.820 0.690–0.980 0.028

Major side branch loss 0.810 0.540–1.200 0.282

Slow !ow 0.510 0.330–0.770 0.001

Any coronary complication 0.780 0.670–0.910 0.001

Acute kidney failure 1.050 0.530–2.080 0.888

In-hospital death 0.390 0.290–0.510 <0.001

In-hospital MACCE 0.470 0.380–0.590 <0.001

In-hospital major bleed 0.890 0.590–1.340 0.565

Mortality at 30 days 0.540 0.430–0.680 <0.001

Mortality at 12 months 0.660 0.570–0.770 <0.001

Abbreviations in Tables 3 and 4.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 3 , 2 0 2 0 Kinnaird et al.
F E B R U A R Y 1 0 , 2 0 2 0 : 3 4 6 – 5 7 Imaging and Survival After Left Main PCI
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Abbreviations
CABG coronary artery bypass grafting

EEM external elastic membrane

IVUS intravascular ultrasound

LMS left main stem

MACCE major adverse cardiac and cerebrovascular events

MI myocardial infarction

MSA minimal stented area

PCI percutaneous coronary intervention

TLR target lesion revascularisation

Introduction
Percutaneous coronary intervention (PCI) of unprotected left main 

stem (LMS) coronary disease is now an acceptable treatment with 

comparable medium-term survival to coronary artery bypass graft 

surgery (CABG)1,2. It is also frequently undertaken in patients in 

whom the risks of CABG are prohibitively high3. However, com-

posites of major cardiovascular events, in particular repeat revas-

cularisation (the majority of which is target lesion revascularisation 

[TLR]1,2), are inferior in those treated by PCI relative to CABG1,2. 

Intravascular ultrasound (IVUS) measurements of stent expansion 

are predictive of restenosis and TLR4,5, a finding which appears to 

remain applicable in patients who have undergone LMS stenting6. 

The use of IVUS in LMS PCI is recommended; its use in this setting 

has been associated with improved survival at long-term follow-up7,8.

The Nordic-Baltic-British left main revascularisation study 

(NOBLE) is a prospective, randomised, open-label, non-inferior-

ity trial. It enrolled 1,201 patients with unprotected LMS disease 

and randomised them in a 1:1 fashion to PCI or CABG1. Rates of 

major adverse cardiac or cerebrovascular events (MACCE) were 

higher in the PCI arm than in the CABG arm1. IVUS was not 

used to guide all PCI procedures in NOBLE. This is a substudy 

of NOBLE with the aim of investigating (1) whether the use of 

IVUS to guide optimisation of the post-stenting result was assoc-

iated with superior clinical outcomes compared with angiographic 

guidance alone, and (2) the relationship between post-PCI IVUS 

findings, in particular stent expansion, and clinical outcomes.

Editorial, see page 189

Methods
STUDY DESIGN
The NOBLE study is a trial comparing PCI and CABG in the treat-

ment of unprotected LMS coronary disease1. The study protocol has 

been described in detail previously1. Briefly, patients were eligible 

for study enrolment if they presented with stable angina, or an acute 

coronary syndrome, and were found to have a stenosis of ≥50% 
diameter or fractional flow reserve ≤0.80 in the LMS, with no more 
than three additional non-complex lesions (lesions not involving 

chronic total occlusions, bifurcations requiring a two-stent technique 

or excessive calcification or tortuosity). Participants were excluded 
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Visual summary. Rates of MACCE (top) and left main stem target revascularisation (bottom) for patients with and without post-PCI IVUS 
assessment (left) and lower and upper LMS minimal stented area tertiles (right).
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« Le simple est toujours faux. Ce qui ne l'est pas est inutilisable »

Paul Valery,  Mauvaises pensées et autres (1941)



Conclusions

• Objectif de l’ATC du TCG : geste 
parfait !

• L’amélioration des résultats à 
moyen/ long terme reste 
toujours un défi.

• Le geste le plus simple n’est pas 
garant d’efficacité et d’absence 
de complication.

• Stratégie provisionnelle à 1 stent 
reste la 1ère option 

• Rôle de l’imagerie : essentiel !

• Utiliser l’IVUS ou l’OCT dès que 
possible (Si TCG ostial: IVUS)

• Imagerie indispensable si situation à 
risque d’ATC complexe:
• ATC à 2 stents
• Calcifications
• Discongruence de calibre
• Anatomie « tapered »
• Diabétique





Visual

Assessment

FFR measurement results

FFR > 0.80 FFR ≤ 0.80

N=23 N=28

Reviewer

A

Not sign. 14 61% 10 36%

Sign 4 17% 10 36%

Unsure 5 22% 8 28%

Reviewer

B

Not sign. 16 70% 15 54%

Sign 2 8% 12 43%

Unsure 5 22% 1 3%

Reviewer

C

Not sign. 14 61% 17 61%

Sign 9 39% 11 39%

Unsure 0 0% 0 0%

Reviewer

D

Not sign. 10 44% 14 50%

Sign 7 30% 9 32%

Unsure 6 26% 5 18%

• N=51 lésions du TCG revues par 4 opérateurs expérimentés
• Appréciation visuelle concordante dans 51% des cas 

Lindstaedt M et al., Int J Card 120 (2):254-61

Concordance Angio/ FFR: 60%
Sensibilité:38% & Spécificité:58%

Correct
Concordant

Incorrect
Concordant

Discrepant

L’angiographie est un outil imparfait pour le TCG  



Amabile  N et al. Eurointervention 2021

LEMON study

• N=71 patients avec ATC TCG non ostial
standardisée guidée par OCT

• Prospectif, multicentrique
• Analyse clinique en intention de traiter
• Critère de jugement clinique:

MACE= décès CV/ Thr. de stent/ TLR

!



ROCK II study: Propensity score matched distal LM PCI
Angio only vs. IVUS vs. OCT

Cortese B, De la Torre Hernandez JM, et al. (submitted)

TLF

ROCK-II study

Cortese et  al. Submitted  / 2020

• Etude rétrospective, multicentrique
• Interventions du TCG distal
• 3 groupes : angio-guidé , OCT-guidé 

,  IVUS-guidé
• Critère de jugement primaire : TLF 

à 1 an
• Hypothèse de non infériorité de 

l’OCT vs l’IVUS.



Gao XF et al.J Am Coll Cardiol Intv. 2021 Feb, 14 (3) 247–257
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3-Year Outcomes of the ULTIMATE
Trial Comparing Intravascular Ultrasound
Versus Angiography-Guided
Drug-Eluting Stent Implantation
Xiao-Fei Gao, MD,a,* Zhen Ge, MD,a,* Xiang-Quan Kong, PHD,a,* Jing Kan, MBBS,a Leng Han, MD,b Shu Lu, MD,c

Nai-Liang Tian, MD,a Song Lin, MD,a Qing-Hua Lu, MD,d Xiao-Yan Wang, MD,e Qi-Hua Li, MD,f Zhi-Zhong Liu, PHD,a

Yan Chen, MD,g Xue-Song Qian, MD,h Juan Wang, MD,b Da-Yang Chai, MD,c Chong-Hao Chen, MD,e Tao Pan, MBBS,a

Fei Ye, MD,a Jun-Jie Zhang, MD, PHD,a Shao-Liang Chen, MD, PHD,a for the ULTIMATE Investigators

ABSTRACT

OBJECTIVES The aim of this study was to explore the difference in target vessel failure (TVF) 3 years after intravascular

ultrasound (IVUS) guidance versus angiographic guidance among all comers undergoing second-generation drug-eluting

stent (DES) implantation.

BACKGROUND The multicenter randomized ULTIMATE (Intravascular Ultrasound Guided Drug Eluting Stents Im-

plantation in “All-Comers” Coronary Lesions) trial showed a lower incidence of 1-year TVF after IVUS-guided DES im-

plantation among all comers compared with angiographic guidance. However, the 3-year clinical outcomes of the
ULTIMATE trial remain unknown.

METHODS A total of 1,448 all comers undergoing DES implantation who were randomly assigned to either IVUS

guidance or angiographic guidance in the ULTIMATE trial were followed for 3 years. The primary endpoint was the risk for

TVF at 3 years. The safety endpoint was de!nite or probable stent thrombosis (ST).

RESULTS At 3 years, TVF occurred in 47 patients (6.6%) in the IVUS-guided group and in 76 patients (10.7%) in the
angiography-guided group (p ! 0.01), driven mainly by the decrease in clinically driven target vessel revascularization

(4.5% vs. 6.9%; p ! 0.05). The rate of de!nite or probable ST was 0.1% in the IVUS-guided group and 1.1% in the

angiography-guided group (p ! 0.02). Notably, the IVUS-de!ned optimal procedure was associated with a signi!cant

reduction in 3-year TVF relative to that with the suboptimal procedure.

CONCLUSIONS IVUS-guided DES implantation was associated with signi!cantly lower rates of TVF and ST during 3-

year follow-up among all comers, particularly those who underwent the IVUS-de!ned optimal procedure compared with

those with angiographic guidance. (Intravascular Ultrasound Guided Drug Eluting Stents Implantation in “All-Comers”
Coronary Lesions; NCT02215915) (J Am Coll Cardiol Intv 2021;14:247–57) © 2021 The Authors. Published by Elsevier

on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

ISSN 1936-8798 https://doi.org/10.1016/j.jcin.2020.10.001
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4.4 | Wire position

In SB dilatation, including with KBI, an optimal wire crossing position

into the SB is crucial. Rewiring through a proximal stent cell and

subsequent balloon dilatation resulted in less scaffolding of the proxi-

mal part of the SB takeoff and the formation of a “metal carina”

(Figures 5b and 6b).15,24 This is particularly pronounced with Y-shaped

bifurcations (narrow B angle) compared to T-shaped.25 Several

F IGURE 6 Results of MSA, EI, and stent expansion before and after Final POT in one-stent provisional stenting strategies with re-POT.
(a) Results after distal wire crossing. (b) Results after proximal wire crossings. Results are delta values for the comparison to the reference strategy
marked with green in Figure 5 (POT-Kissing-POT, distal cell SB wiring, and proximal Final POT). Red bar charts indicate smaller measurements.
Green bar charts indicate larger measurements. Bar chart to the left: Results of OCT-analyzes of the proximal stent segment. For the stent width
in the bifurcation core segment (bar chart to the right), measurements were compared as ratio calculations at four positions (indicated with 1, 2,
3, and 4) (as described in Figure 2d). EI, ellipticity index; MSA, minimal stent area (mm2); OCT, optical coherence tomography; POT, proximal
optimization technique; SB, side branch

TABLE 1 Minimal stent area (MSA) and ellipticity index (EI) for the one-stent provisional strategies

Minimal stent area (MSA) Ellipticity index (EI)

Before Final POT After Final POT Before Final POT After Final POT

Final POT
proximal

Final POT
across

Final POT
proximal

Final POT
across

Final POT
proximal

Final POT
across

Final POT
proximal

Final POT
across

Kissing balloon inflation (KBI)

Distal stent cell for
SB wiring

11.10 mm2 10.91 mm2 11.62 mm2 11.05 mm2 1.06 1.09 1.06 1.08

Proximal stent cell
for SB wiring

10.57 mm2 10.82 mm2 10.84 mm2 10.37 mm2 1.16 1.13 1.08 1.13

Side branch dilatation (re-POT strategy)

Distal stent cell for
SB wiring

11.03 mm2 11.03 mm2 11.23 mm2 11.61 mm2 1.10 1.11 1.08 1.08

Proximal stent cell
for SB wiring

10.21 mm2 10.59 mm2 10.78 mm2 11.14 mm2 1.12 1.13 1.09 1.08

Note: The italic terms correspond to green box in Figure 5a (the reference strategy: distal SB wiring, KBI, and Final POT with the balloon positioned
proximal to the SB takeoff).

ANDREASEN ET AL. 37
Le Re-POT modifie-t-il l’architecture du stent ?

Andreasen LN et al. Catheter Cardiovasc Interv. 2020;96:31–39 


