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CFR SPECT FFR FFR FFR FFR FFR SPECT FFR FFR FFR FFR FFR FFR FFR FFR

N 112 70 51 53 14 94 236 170 205 206 267 367 47 544 323 169 
LAD LAD

% abnormal 40% 65% 49% 23% 50% 40% 21% 26% 26% 44% 33% 28% 46% 31% 54% 59%
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IVUS vs FFR in LMCA Disease
•• There is more agreement between IVUS There is more agreement between IVUS 

and FFR in assessing LMCA than in and FFR in assessing LMCA than in gg
assessing nonassessing non--LMCA LMCA lesions because lesions because 
of limited variability inof limited variability in

•• LMCA LMCA lengthlength
•• LMCA LMCA sizesize

AmountAmount of suppliedof supplied myocardiummyocardium•• Amount Amount of supplied of supplied myocardiummyocardium
•• Both Both have theoretical and practical have theoretical and practical 

limitationslimitationslimitationslimitations
•• FFR: Significant LAD diseaseFFR: Significant LAD disease
•• IVUS: Need to image from both the IVUS: Need to image from both the 

LAD and LCXLAD and LCX



IVUS Determinants of LMCA FFR <0.75
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IVUS determinants of LM FFR (n=47)IVUS determinants of LM FFR (n=47)
Independent predictors for FFR (continuous 
variable)variable)
• MLA (β=0.58, 95% CI=0.02-0.04, p<0.001) 
• Plaque rupture (β=-0 24 95% CI= -0 09-0 01 p=0 036)• Plaque rupture (β=-0.24, 95% CI= -0.09-0.01, p=0.036)
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Prospective application of predefined IVUS criteria 
for revascularization of intermediate LM lesions:for revascularization of intermediate LM lesions: 

Results at 2 years from the LITRO study
354 patients354 patients

MLA MLA ≥6.0mm≥6.0mm22

(n=186)(n=186)
MLA <6.0mmMLA <6.0mm22

(n=168)(n=168)

7 revascularized7 revascularized 16 not revascularized16 not revascularized

No LMCA revascularizationNo LMCA revascularization
(n=179, 96%)(n=179, 96%)

LMCA revascularizationLMCA revascularization
(n=152, 90%)(n=152, 90%)

56% PCI of other vessels56% PCI of other vessels 55% CABG55% CABG
45% PCI (+ other vessels in 62%45% PCI (+ other vessels in 62%

De La Torre Hernandez et al. J Am De La Torre Hernandez et al. J Am CollColl CardiolCardiol 2011;58:3512011;58:351--88



Defer (n=179)
Defer

ClinicalClinical outcomeoutcome of of ptspts withwith vs vs withoutwithout revascularizationrevascularization

S i l f f di

Defer (n=179)

Revascularization (n=152)
Revascularization

Survival free of cardiac 
death, MI and any 
revascularization

P=0.22 

Survival free of cardiac 
death
P=0.20 

ClinicalClinical outcomeoutcome of of ptspts withoutwithout revascularizationrevascularization accordingaccording toto thethe MLAMLA

In the group of 16 patients with 
MLA <6mm2 who were treated

1 0 0
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Defer (medical therapy) with MLA ≥6mm2 (n=179)

Defer (medical therapy) with MLA <6mm2 (n=16) MLA <6mm2 who were treated 
medically, cardiac death-free 
survival to 2 years was 86% 

(97 7% in the deferred group;
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Survival free of cardiac death
P=0.02 (97.7% in the deferred group; 

p=0.04), and survival free of 
cardiac death, MI, and 

revascularization was 62.5%

4 0

3 0

2 0 revascularization was 62.5% 
(87.3% in the deferred group; 

p=0.02).
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De La Torre Hernandez et al. J Am De La Torre Hernandez et al. J Am CollColl CardiolCardiol 2011;58:3512011;58:351--88



•• In 25% of patients, MLA differs by 1mmIn 25% of patients, MLA differs by 1mm22 when when 
imaged from a pullback beginning in the LADimaged from a pullback beginning in the LADimaged from a pullback beginning in the LAD imaged from a pullback beginning in the LAD 
vs the LCX. vs the LCX. 

•• Since IVUS can artificially increase, but not Since IVUS can artificially increase, but not 
d l di i th ll t MLAd l di i th ll t MLA

LCXLCX

decrease lumen dimensions, the smallest MLA decrease lumen dimensions, the smallest MLA 
is always the most accurateis always the most accurate

LCXLCX

00 1.01.0 5.0mm5.0mm
LADLAD

00 1 01 0 4 0mm4 0mm00 1.01.0 4.0mm4.0mm



Evaluation of the LAD 
from the LM-LCX

Evaluation of the LCX 
from the LM-LADfrom the LM-LCX 
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Oviedo et al. Am J Cardiol 2010;105:948-54
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IVUS plaque distribution in 140 distal LMCA 
bifurcation lesions

LMCA (1/1) LMCA (1/0) LMCA (1/0)
1/1,1,1 1/0,1,1 1/0,1,0

bifurcation lesions
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Oviedo et al. Circ Cardiovasc Interv. 2010;3:105-12



OthersOthers

M di 1 1 1M di 1 1 1
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Oviedo et al. Circ Cardiovasc Interv. 2010;3:105-12
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These concepts regarding plaque 
distribution and the need fordistribution and the need for 

direct assessment of a 
sidebranch (rather than 

tangential imaging) also apply to g g g) y
non-LMCA bifurcations



“Small” LM = Diffuse LMCA disease
• Murray’s Law

• LMCAr3 = LADr3 + LCXr3

G• Fractal Geometry
• LMCAD = 0.678 (LADD + LCXD)

QCA DS (%)
70

20

Fractal QCA DS (%)
0

70

0

20

Matreff et al. Eurointervention 2010;5:709-15
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76% 74% 67%
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0 10 50mm

b
c 69%

In 884 native coronary arteries, the plaque burden in the 
angiographically “normal” reference segment was 51±13%

and 72±12% of plaque volume (range 46-86%) is in non-stenotic 
segments 

Mintz et al. J Am Coll Cardiol 1995;25:1479Mintz et al. J Am Coll Cardiol 1995;25:1479--8585



Coronary Remodeling HypothesisCoronary Remodeling Hypothesis

Glagov et al N Eng J Med 1987;316:1371-5



Association Between Baseline Plaque 
Burden and Cardiovascular EventsBurden and Cardiovascular Events

Quartiles (Q) of
percent plaque burden
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C f I tC f I tCauses of Intracoronary Causes of Intracoronary 
ThrombosisThrombosisThrombosisThrombosis

Plaque RupturePlaque Rupture
80% (80% (m) m) –– 60% (60% (ff))

Plaque ErosionPlaque Erosion
2020% (% (m) m) -- 4040% (% (f)f)

Calcified NoduleCalcified Nodule
2% 2% -- 77% (m/f)% (m/f)

thrombusthrombus
thrombusthrombus

thrombusthrombus

Farb A et al. Circulation 1995;92:1701-9.
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Culprit plaque ruptures in ACS/AMI studied 
with 3 vessel imaging

# of Culprit Secondary 

with 3 vessel imaging
# of 
pts plaque 

ruptures
plaque 

ruptures
Ri f l Ci l ti 2002 106 804 8 IVUS 24 38% 79%Riouful. Circulation 2002;106:804-8 IVUS 24 38% 79%
Hong.Hong. Circulation 2004;110:928Circulation 2004;110:928--3333 IVUS 122 66% 17%
Tanaka. J Am Tanaka. J Am CollColl CardiolCardiol 2005;45:15942005;45:1594-- IVUS 45 47% 24%99 IVUS 45 47% 24%

Fujii. J Am Coll Cardiol 2008;52:787-92 OCT 35 46% 31%
Tanaka Am J Cardiol 2008;102:975 9 OCT 43 65% 12%Tanaka. Am J Cardiol 2008;102:975-9 OCT 43 65% 12%
Kubo. Am J Cardiol 2012;105:318-22 OCT 26 77% 12%
Kukunaga Eurointervention 2012;8:955-61 OCT 70 46% 31%Kukunaga. Eurointervention 2012;8:955 61 OCT 70 46% 31%

Xie. JACC Cardiovasc Imaging, in press
IVUS 

(20MHz)
660 N/A 14%

( )

Average
IVUS 58%

17%
OCT 55%



Fate of secondary plaque ruptures
• 14 pts with 28 plaque ruptures with MLA >4.0mm2 treated with 

statins and dual antiplatelet therapy. At 22±13 months, no clinical 
events and half had healedevents and half had healed
 (Rioful et al. Circulation 2004;110:2875-80)

• 28 pts with non-culprit plaque ruptures (half treated with statins) p p p q p ( )
followed for 11.9±1.3 months. No TLR in statin-treated pts
(p=0.11).

( 200 19 10 14) (Hong et al. Atherosclerosis. 2007;19:107-14)

 The event rate in 93 pts with at least 1 secondary plaque rupture 
was the same as in 567 pts with no secondary plaque ruptureswas the same as in 567 pts with no secondary plaque ruptures.
 (Xu et al. JACC Cardiovasc Imaging, in press)

• In 142 men with sudden cardiac death, there were 44 acute rupture 
sites - 9 with 1, 9 with 2, 9 with 3, and 6 with 4 healed previous 
rupture sites.
 (Burke et al. Circulation 2001;103:934-40)



00 6mm6mm

“We present three patients with classical 
angiographic features of intracoronary 

thrombus in whom IVUS imaging showed 
that the filling defects were not thrombi, but g

calcified (presumably atherosclerotic) 
masses.”

Dussaillant et al. Am Heart J 1996;132:687-9



IVUS Validation Study
Calcific 
nodule

Non-nodular 
calcium

Compared to non-nodular calcium, 
IVUS characteristics of calcific 

nodule calcium 

nodules included
• protrusion with a convex shape of 

the luminal surface (94.1% in calcificthe luminal surface (94.1% in calcific 
nodules vs 9.7% in non-nodular 
calcium, p<0.001)

• convex shape of the luminal surface• convex shape of the luminal surface 
of calcium (100% vs 16.0%, p<0.001)

• irregular luminal surface (64.7% vs
11 6% 0 001)11.6%, p<0.001)

• irregular leading edge of calcium 
(88.2% vs 19.0%, p<0.001).

Lee et al. Am J Cardiol 2011;108:1547-51



Calcified Nodules in PROSPECT

• At least one calcified nodule was present in 16% of p
arteries and 30% of patients.

• Two or more calcified nodules were detected in 48Two or more calcified nodules were detected in 48 
coronary arteries (3%) in 76 patients (12%). 

• The angiographic appearance was severe calcium in• The angiographic appearance was severe calcium in 
3, moderate calcium in 35, hazy in 19, and normal in 
257257

• The VH-IVUS appearance was a fibroatheroma in 42% 
(116 f 276) b t l VH TCFA i 5(116 of 276) , but only a VH-TCFA in 5.

Xu et al. Circulation 2012;126:537-45



Longitudinal Distribution of 314 Calcified 
Nodules in PROSPECTNodules in PROSPECT

(%)

Distance from the 
ostium (mm)

(%)
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Di t f thDistance from the 
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Xu et al. Circulation 2012;126:537-45



Clinical Outcome of Patients with Calcified Nodules in
PROSPECT
Calcified nodule cohort
Non-calcified nodule cohort

20

Log rank P = 0 016
HR: 0.47 [95% CI: 0.25, 0.88]
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Xu et al. Circulation 2012;126:537-45
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Spontaneous Coronary Artery Dissection 
(SCAD)(SCAD)

• SCAD affects a young predominantly femaleSCAD affects a young, predominantly female 
population, frequently presenting as STEMI. 

• In-hospital mortality is low regardless of initial treatment,In hospital mortality is low regardless of initial treatment, 
and in most patients prognosis appears favorable after 
initial stabilization.
 Revascularization appears to be required in 35-45% of 

patients, remains challenging and is associated with a 
high rate of complications (especially PCI) and should behigh rate of complications (especially PCI), and should be 
restricted to patients with ongoing/recurrent ischemia and 
suitable anatomy.

• Long-term prognosis is generally favorable regardless of 
treatment although the risks of SCAD recurrence and 
MACE emphasi e the need for close follo pMACE emphasize the need for close follow-up.

Ito et al. Am J Ito et al. Am J CardiolCardiol 2011;107:15902011;107:1590--66;;
Tweet et al. Circulation 2012;126:579Tweet et al. Circulation 2012;126:579--8888

Alfonso. Circulation 2012;126:667Alfonso. Circulation 2012;126:667--7070
Alfonso et al. JACC Alfonso et al. JACC CardiovascCardiovasc IntervInterv 2012;5:10622012;5:1062--7070



Despite the fact that more than a dozen histopathologic and 
IVUS studies showed a relationship between positive 

remodeling and unstable lesion morphology neither theremodeling and unstable lesion morphology, neither the 
remodeling index nor positive remodeling were predictive of 

events in PROSPECT

70

80
ACS
Stable 70

80

50

60
Stable

P=0.001P=0.001 50

60

P 0 035P 0 035

30

40

30

40
P=0.035P=0.035

P=0.029P=0.029

10

20

10

20

0
Positive

remodeling
(RI 1 05)

Intermediate
remodeling

Negative
remodeling

(RI 0 95)

0
Positive

remodeling
(RI>1 05)

Intermediate
remodeling

Negative
remodeling
(RI<0 95)(RI>1.05) (RI<0.95)

(Schoenhagen et al. Circulation 2000;101:598(Schoenhagen et al. Circulation 2000;101:598--603)603)
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(Prati et al. Circulation 2003;107:2320(Prati et al. Circulation 2003;107:2320--5)5)
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Remodeling index that predicted MACE in 
PROSPECT (Training set: 1041 lesions in 214 pts)PROSPECT (Training set: 1041 lesions in 214 pts)

1.001.00

tiv
ity

0.75
RI= 1.00

Se
ns

it

0.50 RI= 0.88

0.25

0 000.00

1-Specificity
0.00 0.25 0.50 0.75 1.00

Inaba et al. JACC Cardiovasc Imaging, in press



Impact of Positive and Negative Remodeling in 
PROSPECT (Test set: 2182 lesions is 443 pts) 
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Inaba et al. JACC Cardiovasc Imaging, in press



Attenuated PlaqueAttenuated Plaqueqq

0 1.5 9.0mm
• Attenuated plaques were seen in 39.6-78.0% of STEMI, 17.6% of NSTEMI, and 0% of stable angina.
• Attenuate plaques were associated with more fibroatheromas and a larger necrotic core (on VH-IVUS).
• In ACS or MI pts with attenuated plaques (1) the level of CRP was higher, (2) angiographic thrombus 
and initial coronary flow <TIMI 2 were more common, and (3) no-reflow or flow deterioration post-PCI 
was also more common.was also more common. 
• In STEMI patients with attenuated plaques, the amount, not the presence, of attenuated plaque 
predicted no-reflow or MRI-derived microvascular obstruction post stent implantation
• Attenuated plaque was associated with the presence of TCFA, ruptured plaques, thrombus, and 

t li id t tgreater lipid content
• Attenuated plaques contained the highest NIRS probability of lipid core, and by VH-IVUS, 93.5% of 
attenuated plaques contained confluent necrotic core and were classified as fibroatheromas

(Lee et al. JACC Cardiovasc Interv. 2009;2:65-72)
(Wu et al, Am J Cardiol 2010;105:48-53)

(Okura et al, Circ J 2007;71:648-53)
(Wu et al. JACC Cardiovasc Interv 2011;4:495-502)
(Lee et al JACC Cardiovasc Interv. 2011;4:483-91)

(Kubo et al. Cardiol Res Pract. 2011;687515)
(Pu et al. Eur Heart J 2012;33:372-83)

(Shiono et al, JACC Cardiovasc Interv 2013;6:847-53)



Stent Expansion in Calcified Lesions
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Vavarunakis et al. Catheter Cardiovasc Interv 2001;52:164-172 
Hoffmann Hoffmann et al. et al. EurEur Heart J 1998;19:1224Heart J 1998;19:1224--3131



We all have cases like this. . . 

After 25atm

. . . however, it is hard to define a threshold of IVUS calcium 
where plaque modification is “necessary.” The missing piece 

f i f ti b l i thi kof information may be calcium thickness.

Kobayashi et al. Catheter Cardiovasc Interv 2001;52:208-11
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