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Background
♣ Plaque redistribution is one of  main mechanism of lumen 

enlargement after percutaneous coronary intervention. 
(Mintz et al, Am J Cardiol. 1996;77:427-30, Maehara et al, Am J Cardiol. 2000;86:1069 -72. 
Dudek et al, Am J Cardiol. 2002;90:639-41, Ahmed et al. Circulation 2000;102:7-10).

Plaque shift may impact on acute complications and long-term 
events. 

♣ Stent underexpansion (MSA< 5.0 mm2) is responsible for the 
majority of Silorimus-eluting stent (SES) restenosis. (Sonoda et al, J Am 

Coll Cardiol. 2004;43:1959-63). The importance of adequate drug-eluting 
stent (DES) expansion was confirmed in both treatment of bare 
metal stent restenosis and de novo DES implantation. (Fujii et al, 
Circulation. 2004;109:1085-8 , Kim et al, AJC 2006; 97:1292-8)

♣ Evaluate the plaque components responsible for plaque shift and 

stent underexpansion during drug-eluting stent implantation



Methods

♣ 27 pts  had 30 lesions that were amenable to VH-IVUS 

analysis before and after DES implantation. 

– Cypher stent (Cordis) in 22 cases and Taxus stent (BSC) in 8 cases

– High-pressure stent deployment (>14 atm) was performed in all pts

– Bifurcation lesions, ostial lesions, saphenous vein grafts, pre-stent 

debulking, and arteries with previous stent placement were excluded.

♣ VH-IVUS system: Volcano Corporation



Measured Parameters
Vessel area
Stent area 
Lumen area

VH Parameters

Fibrous area

Fibro-fatty area

Dense calcium area

Necrotic core area

VH-IVUS Analysis I



♣ Reproducible landmarks (usually the aorto-ostial junction, 

a large proximal side branch, and/or reference segment calcific

deposits) were used as axial reference points.

♣ Remodeling index = lesion/reference external elastic membrane  

[EEM] area 

♣ DES underexpansion= minimum stent area [MSA] < 5mm2

Well-expanded stent (n= 121), underexpanded stent (n= 27) 

♣ Stent struts and their artifacts were excluded since these have 

not been validated for VH-IVUS analysis.

VH IVUS Analysis II



2 (7)Acute MI, n(%)

14 (47)Unstable angina, n(%) 

14 (47)Stable angina, n(%)

14 (46)Family history of coronary disease, n(%)

29 (96)Hypercholesterolemia

7 (23)Current smoker 

22 (73)Hypertension

5 (17)Diabetes mellitus

Risk factors, n(%)

18 (60)Male gender, n(%) 

62.7±11.9Age (years)

Baseline Characteristics I
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0.0093.23±0.293.55±0.32Final balloon size (mm)

P-value
MSA 

<5 mm2

MSA 
>5 mm2

17.00±1.09

71±10.1

2.51±0.44

10.4±5.8

0.71±0.26

8/3/0/1

4/6/2

6/4/2

16.36±2.33

64±9.8

3.09±0.38

12.4±5.0

1.08±0.40

9/4/1/4

8/8/2

13/5/0

0.462Maximal balloon pressure (atm)

0.8Diameter stenosis (%)

0.001Reference vessel diameter (mm)

0.36Lesion length (mm)

0.004Minimal lumen diameter (mm)

0.55A/B1/B2/C

Lesion morphology, n

0.5121 / 2 / 3

Diseased vessel

0.038LAD/RCA/LCX

Vessel treated

Angiographic Characteristics



♣ Plaque Shift
♣ Stent underexpansion



Post-stent Pre-stent

Cypher stent 2.5x28 mm

VH IVUS (plaque shift)



% Changes in Plaque Area
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Changes in Fibro-fatty Plaque Area
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Changes in Dense Calcium Area

-0.5

0

0.5(mm2) P= 0.7885

Proximal 
reference 

Distal 
reference 

Distal
stent
edge

Proximal
Stent
edge



Changes in Necrotic Core Area
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♣ Plaque shift

♣Stent Underexpansion



Cypher stent 3.5x13 mmTaxus stent 2.75x24 mm

Well-expandedUnderexpanded

Minimum stent area: 3.8 mm2

Fibrous area:            6.6 mm2 (54 %)
Fibro-fatty area:        0.6 mm2 ( 5 %)
Dense calcium area:  2.0 mm2 (17 %)     
Necrotic core area:    3.0 mm2 (24 %)

Minimum stent area: 7.3 mm2

Fibrous area:            7.2 mm2 (72 %)
Fibro-fatty area:        1.6 mm2 (16 %)
Dense calcium area:  0.0 mm2 (  0 %)    
Necrotic core area:    1.1 mm2 (11 %)

PREPRE

POSTPOST



IVUS findings at the time of DES 
m

m
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Average Stent Area Plaque Area
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VH-IVUS 
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±21.7
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P=0.15
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Necrotic core area
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±13.7

P= 0.0017
(%)
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P= 0.002

VH-IVUS 

Dense calcium area



Remodeling index

MSA > 5 mm2 MSA < 5mm2

1.14
±0.49 0.91

±0.17

P=0.0002



-0.03040.901 0.928-1.0680.996 Necrotic (%)

0.37590.083 0.986-1.2541.112 Dense calcium (%)

-0.81220.205 0.736-1.0680.887 Fibro-fatty (%)

-0.04480.839 0.958-1.0350.996 Fibrous (%)

-0.69050.125 0.001-2.2530.053 Remodeling

0.86420.020 1.015-1.1991.104 Plaque burden

-0.20140.449 0.872-1.0630.962 Lesion length

-1.04480.018 0.561-0.9460.728 Distal reference EEM

Standardized
Beta

P-value95% C.I.Partial OR

Independent predictors of stent underexpansion

by multivariate analysis



dense calcium area (%)
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ROC curves showed comparison of the diagnostic value 

between dense calcium area (%) and plaque burden(%)
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Summary

♣ Stent implantation is associated with redistribution  

(extrusion) of the necrotic core out of the stent proximally 

and distally. This may impact on acute complications and 

long-term coronary events.

♣ In vivo VH-IVUS analysis indicates that stent underexpansion

occurs especially at the site of increased amounts of dense 

calcium and larger plaque burden.


