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IVUS Classification of Fracture/Deformation
Complete Partial Mal-alignment

Fracture with Overlap Deformation



EXCEL Trial
Evaluation of Xience versus Coronary Artery Bypass Surgery        

for  Effectiveness of Left Main Revascularization

1,905 pts with unprotected LMCAD at 126 sites in 

17 countries, were prospectively enrolled

CABG (n=957)

R
1:1

IVUS-guided LM-PCI 

(n=690)
Angio-guided LM-

PCI (n=245)

PCI with CCr-EES (n=948)

IVUS Substudy (n=556*); final IVUS available in 506 pts

1,905 pts with unprotected LMCAD at 126 sites      

in 17 countries were prospectively enrolled

Clinical FU at 30 days, 1 year, 2 years, 3 years
*134 pts in whom IVUS was performed were not in the IVUS substudy because 1) 35 pts with image issue (poor 

quality, not final, wrong format) and 2) 99 pts in whom core lab never received the IVUS images from the site.



IVUS Stent Deformation

Longitudinal stent deformation was defined as 

multiple layers of stent struts seen in any single 

cross-section within a single stent.

Inaba et al. Catheter Cardiovasc Interv. 2014;84:388-96.
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• Prevalence: 6.5% (33/506)

• Location*: 

Acute Stent Deformation

*LM bifurcation 0%; LCX: 0%

LM Ostium: 81.8%

LM Shaft: 

15.2%

LAD: 3.0%



Patient Characteristics
Stent Deformation Yes (n=33) No (n=473) P Value

Age (years) 67.9± 8.0 65.3± 9.6 0.13

Male 66.7% 74.0% 0.36

Diabetes mellitus 48.5% 27.9% 0.01

Hyperlipidemia 66.7% 72.0% 0.51

Hypertension 72.7% 73.4% 0.94

Current smoking 21.2% 25.5% 0.58

Renal insufficiency* 18.2% 16.1% 0.76

Peripheral artery 

disease
12.1% 8.9% 0.53

ACS presentation 48.5% 47.9% 0.95

Prior MI 3.0% 19.6% 0.02

Prior PCI 12.1% 19.3% 0.31

Estimated creatinine clearance <60 ml/min (Cockcroft-Gault)



Angiographic & Procedural Characteristics

Stent Deformation Yes (n=33) No (n=473) P Value

LM lesion location*

Ostium 45.5% 34.4% 0.20

Shaft 54.5% 44.2% 0.25

Distal bifurcation 78.8% 79.7% 0.90

Baseline Syntax score* 28.4±9.4 26.7±8.6 0.44

Femoral access 77.1% 69.4% 0.33

8 Fr guiding catheter used 27.3% 12.7% 0.03

Total number of lesion treated 2.9±1.2 2.4±1.2 0.01

Total number of LM stent used 1.9±0.9 1.4±0.7 0.001

Total fluoroscopy time (min) 31.5±17.5 23.5±15.1 0.003

Procedural complications 20.0% 9.1% 0.07

* Angio core lab evaluation; ostial, shaft, and distal bifurcation lesions may co-exist



Pre-PCI IVUS Findings

Stent Deformation Yes (n=16) No (n=304)
P 

Value

MLA in LM (mm2) 4.6 (3.3, 6.1) 4.4 (3.3, 5.5) 0.70

Vessel area at MLA (mm2) 16.4 (13.9, 18.0) 18.7 (15.1, 21.6) 0.02

Plaque burden at MLA (%) 72.2 (59.9, 81.7) 76.2 (69.1, 81.6) 0.51

Presence of calcified plaque 46.7% 69.1% 0.09

- Max calcium angle (°) 0 (0, 125) 70 (0, 127.5) 0.16

Presence of attenuated plaque 66.7% 61.2% 0.67

- Pre PCI IVUS was available in 63.2% (320/506) of cases -

MLA=minimum lumen area



Final IVUS Findings

Stent Deformation Yes (n=33) No (n=473)
P 

Value

MSA in LM (mm2) 8.6 (7.1, 10.9) 10.0 (8.3, 11.5) 0.06

Stent struts protruding into aorta 66.0% 54.3% 0.54

Length of protruding stent struts into aorta (mm) 3.4 (2.3, 4.2) 2.7 (1.7, 3.8) 0.35

Stent edge dissection 27.3% 11.8% 0.03

Stent malapposition 27.3% 20.3% 0.34

Stent tissue protrusion 12.1% 9.7% 0.56

MSA=minimum stent area



Stent Deformation Yes (n=33) No (n=473) P Value

MACE* 28.0% (9) 13.4% (62) 0.02

Death 15.7% (5) 9.0% (42) 0.18

Cardiac death 9.4% (3) 3.5% (16) 0.08

LM-related MI 18.9% (6) 4.6% (21) 0.0005

LM-ischemia-driven TLR 19.6% (6) 7.7% (35) 0.02

Stent thrombosis 3.1% (1) 1.1% (5) 0.29

3-Year Left Main-Related Outcomes

*Cardiac death, LM-related MI, LM-ischemia-driven TLR, LM-related definite/probable ST



3-Year Left Main-Related              

Major Adverse Cardiac Events*

*Cardiac death, LM-related MI, LM-ischemia-driven TLR, LM-related definite/probable ST
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Stent deformation 33

Number at risk:

27 26 25 24 23 23

No stent deformation 473 443 426 407 397 383 341

Time (Months)

Log Rank P-value = 0.02

Unadjusted HR: 2.32 (95% CI: 1.15, 4.68)



Predictors of LM-Related MACE

Adjusted Hazard 

Ratio (95% CI)

P-

value

Stent deformation 2.25 (1.10, 4.63) 0.03

Acute coronary syndrome presentation 0.55 (0.33, 0.93) 0.03

Male 0.62 (0.37, 1.04) 0.07

LM distal bifurcation lesion 2.12 (0.95, 4.72) 0.07

Diabetes mellitus 1.49 (0.91, 2.45) 0.12

Baseline Syntax score (core lab) 1.02 (0.99, 1.04) 0.25

Final IVUS LM MSA (mm2) 0.91 (0.82, 1.01) 0.07

- Multivariable Cox proportional hazards regression -

MSA=minimum stent area



Final IVUS Findings in the patients 

with vs without MACE 

Stent Deformation with MACE Yes (n=9) No (n=24)
P 

Value

Minimum stent area in LM (mm2) 8.1 (7.1, 9.7) 8.9 (7.3, 12.0) 0.25

Stent area at deformation (mm2) 8.6 (7.8, 9.5) 10.0 (6.7, 12.7) 0.75

Lumen area at deformation (mm2) 12.2 (8.8, 17.2) 10.3 (7.1, 13.5) 0.44

LM ostium fracture location 89% (8/9) 79% (19/24) 0.52

Floating stent in aorta 33% (2/6) 67% (16/24) 0.14



Conclusions

1. In the IVUS substudy of the EXCEL trial, 

procedural deformation of LM CoCr-EES 

was not infrequent (6.5% of 506 pts), and 

was most commonly located at the LM 

ostium (81.8% of stent deformations).

2. Stent deformation of the LM coronary artery 

detected by IVUS was strongly associated 

with LM-related MACE (in particular LM-

related MI and LM-related ischemia-driven 

TLR) during 3-year follow-up. 



J-LESSON
• J-LESSON was a prospective, multi-center registry in patients with ULMCA 

disease who underwent PCI regardless of SYNTAX score (24±9). 

• Bifurcation lesions in 85%, cross-over stenting in 89%, 2-year MACCE=3.9%

• A serial IVUS substudy (n=150) included pre-PCI, post-stent, and 10-month 

follow-up (n=108). Duration was 302±37 days.

• Stent struts protruded into the aorta (length=2.3±1.6mm) in 44.8% at BL. 

• Longitudinal stent deformation was seen in 3 pts (2.1%) at baseline with 

a 4th new stent deformation at the LM ostium at follow-up. 

Left main segment Index Post-stent FU P-value

Mean lumen area, mm3/mm 12.3±2.6 12.0±3.1 0.18

Mean stent area, mm3/mm 12.1±2.5 12.2±2.9 0.79

Neointimal volume, % NA 3.6±8.5 NA


