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• What are the best criteria and the best ways to diagnose 

vulnerable plaque?

• What are the events and event rates associated with 

vulnerable plaque? What events are prevented by treating 

vulnerable plaque with PCI?

• What is optimal medical therapy – guideline directed or 

otherwise? And what % of patients in the OMT group in 

PREVENT actually took optimal medical therapy?

• What is optimal PCI in 2024?

• What clinical pathways make sense? Who should undergo IVI 

to assess and treat vulnerable plaque?



Large Plaque Burden

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI]

Schuurman, 2018 0.2852 0.188 53.9% 1.33 [0.92, 1.92]

Erlinge, 2021 1.2499 0.3294 46.1% 3.49 [1.83, 6.66]

Total (95% CI) 100.0% 2.07 [0.81, 5.32]

Heterogeneity: Tau2 =0.39; Chi2 =6.47, df =1(P =0.01); I2 =85%

Test for overall effect: Z =1.52 (P =0.13) 0.05 0.2 1 5 20

No Large PB Large PB

Small Minimal Lumen Area

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI}

Schuurman, 2018 0.3988 0.1689 44.1% 1.49 [1.07, 2.07]

Prati, 2019 0.7275 0.3226 33.9% 2.07 [1.10, 3.90]

Erlinge, 2021 1.7918 0.5308 22.0% 6.00 [2.12, 16.98]

Total (95% CI) 100.0% 2.26 [1.18, 4.34]

Heterogeneity: Tau2 =0.22; Chi2 =6.56, df =2 (P =0.04); I2 =70%

Test for overall effect: Z =2.45 (P =0.01) 0.05 0.2 1 5 20

No Small MLA Small MLA

Thin Cap Fibroatheroma (VH-IVUS/OCT)

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI}

Schuurman, 2018 0.239 0.1701 28.7% 1.27 [0.91, 1.77]

Vergallo, 2019 1.0296 0.5053 22.3% 2.80 [1.04, 7.54]

Prati, 2019 1.8764 0.3639 25.4% 6.53 [3.20, 13.32]

Kedhi, 2021 1.6332 0.4499 23.6% 5.12 [2.12, 12.37]

Total (95% CI) 100.0% 3.19 [1.25, 8.11]

Heterogeneity: Tau2 =0.76; Chi2 =22.50, df =3 (P <0.0001); I2 =87%

Test for overall effect: Z = 2.44 (P =0.01) 0.05 0.2 1 5 20

No TCFA TCFA

Large Lipid Core Burden Index

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI}

Waksman, 2019 0.6366 0.2069 68.4% 1.89 [1.26, 2.84]

Erlinge, 2021 0.8198 0.3044 31.6% 2.27 [1.25, 4.12]

Total (95% CI) 100.0% 2.00 [1.43, 2.80]

Heterogeneity: Tau2 =0.00; Chi2 =0.25, df =1(P =0.62); I2 =0%

Test for overall effect: Z = 4.06 (P <0.0001) 0.05 0.2 1 5 20

No Large LCBI  Large LCBI

Gallone et al. JACC Cardiovasc Imaging. 2023:S1936-878X(23)00389-3. doi: 10.1016/j.jcmg.2023.08.006
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Large Plaque Burden

Log [Hazard Ratio] SE Weight  Hazard Ratio [95% CI]    

Calvert, 2011 2.0122 0.5592 18.0% 7.48 [2.50, 22.38]

Stone, 2011 1.6154 0.3547 31.9% 5.03 [2.51, 10.08]

Waksman, 2019 1.3838 0.5417 18.9% 3.99 [1.38, 11.54]

Erlinge, 2021 2.5603 0.3624 31.2% 12.94 [6.36, 26.33]

Total (95% CI) 100.0% 6.95 [4.03, 11.98]

Heterogeneity: Tau2 =0.12; Chi2 =4.83, df =3 (P =0.18); I2 =38%

Test for overall effect: Z =6.97 (P <0.00001) 0.05 0.2 1 5 20

No Large PB Large PB

Small Minimal Lumen Area

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI]

Calvert, 2011 1.0682 0.1738 29.5% 2.91 [2.07, 4.09]

Stone, 2011 1.1663 0.3521 15.1% 3.21 [1.61, 6.40]

Waksman, 2019 0.5822 0.287 19.3% 1.79 [1.02, 3.14]

Erlinge, 2021 1.6034 0.3325 16.3% 4.97 [2.59, 9.54]

Kubo, 2021 1.5173 0.2808 19.8% 4.56 [2.63, 7.91]

Total (95% CI) 100.0% 3.21 [2.30, 4.48]

Heterogeneity: Tau2 =0.07; Chi2 =7.70, df =4 (P =0.10); I2 =48%

Test for overall effect: Z = 6.84 (P <0.00001) 0.05 0.2 1 5 20

No Small MLA Small MLA

Thin Cap Fibroatheroma (VH-IVUS/OCT)

Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI]

Calvert, 2011 2.0992 0.7769 13.0% 8.16 [1.78, 37.41]

Stone, 2011 1.209 0.3255 30.9% 3.35 [1.77, 6.34]

Kedhi, 2021 1.9459 0.5398 20.4% 7.00 [2.43, 20.16]

Kubo, 2021 2.3428 0.2419 35.6% 10.41 [6.48, 16.73]

Total (95% CI) 100.0% 6.55 [3.40, 12.60]

Heterogeneity: Tau2 =0.25; Chi2 =7.86, df =3 (P =0.05); I2 =62%

Test for overall effect: Z =5.63 (P <0.00001) 0.05 0.2 1 5 20

No TCFA TCFA

Large Lipid Core Burden Index

Study or Subgroup Log [Hazard Ratio] SE Weight Hazard Ratio [95% CI]

Waksman, 2019 1.2208 0.309 50.8% 3.39 [1.85, 6.21]

Erlinge, 2021 2.058 0.3276 49.2% 7.83 [4.12, 14.88]

Total (95% CI) 100.0% 5.12 [2.25, 11.62]

Heterogeneity: Tau2 =0.25; Chi2 =3.46, df =1(P =0.06); I2 =71%

Test for overall effect: Z = 3.90 (P <0.0001) 0.05 0.2 1 5 20

No Large LCBI Large LCBI

Gallone et al. JACC Cardiovasc Imaging. 2023:S1936-878X(23)00389-3. doi: 10.1016/j.jcmg.2023.08.006
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Any Significant Epicardial Coronary Stenosis >50% with 

FFR >0.80 and with TWO of the following
1. IVUS MLA <4.0mm2

2. IVUS Plaque Burden >70%

3. Lipid-Rich Plaque on NIRS (maxLCBI4mm>315)

4. TCFA by OCT or VH-IVUS

• OCT:  fibrous cap thickness <65μm and arc >90°

• VH-IVUS : ≥10% confluent NC with >30° abutting to the lumen in 3 consecutive slices

Primary endpoint: Target Lesion Failure at 2 years

(a composite of CV death, Target-vessel MI, Ischemia-driven TLR)

R

PCI + OMT

N=800

OMT

N=800

Ahn et al. Am Heart J. 2023;264:83-96

PREVENT



IVI Tools used in PREVENT

Preventive PCI (n=803) OMT (n=803)

Greyscale IVUS only 306 261

VH-IVUS 506 635

NIRS-IVUS 333 346

OCT 67 20

Park et al. Lancet 2024, in press

Cardiac death, TV-MI, ischemia-driven TVR, or hospitalization for 

unstable or progressive angina

Two Years Maximum Follow-up

Preventive PCI OMT HR (95% CI) Preventive PCI OMT HR (95% CI)

Greyscale IVUS only 1.0% 2.4% 0.41 (0.10–1.66) 3.3% 5.4% 0.50 (0.22-1.12)

VH-IVUS 0% 2.9% NC 3.0% 4.9% 0.55 (0.29-1.01)

NIRS-IVUS 0.3% 3.5% 0.09 (0.01–0.66) 4.5% 6.9% 0.63 (0.33-1.20)

OCT 1.5% 5.0% 0.30 (0.02–4.76) 7.5% 15.0% 0.41 (0.10-1.71)
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Greyscale IVUS only 306 261

VH-IVUS 506 635

NIRS-IVUS 333 346

OCT 67 20
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Cardiac death, TV-MI, ischemia-driven TVR, or hospitalization for 

unstable or progressive angina

Two Years Maximum Follow-up

Preventive PCI OMT HR (95% CI) Preventive PCI OMT HR (95% CI)

Greyscale IVUS only 1.0% 2.4% 0.41 (0.10–1.66) 3.3% 5.4% 0.50 (0.22-1.12)

VH-IVUS 0% 2.9% NC 3.0% 4.9% 0.55 (0.29-1.01)

NIRS-IVUS 0.3% 3.5% 0.09 (0.01–0.66) 4.5% 6.9% 0.63 (0.33-1.20)

OCT 1.5% 5.0% 0.30 (0.02–4.76) 7.5% 15.0% 0.41 (0.10-1.71)



AUC (95% CI) 0.84 (0.79, 0.89)

Optimal cutoff (95% CI)
69.8% 

(66.7, 70.7)

Sensitivity 0.82

Specificity 0.78

Accuracy 0.79

PROSPECT II: Spline & ROC analyses of continuous relationship 

between lesion-level plaque burden and MLA vs probability of 4 yr

NCL-MACE
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Erlinge et al. Lancet. 2021;397:985-95

AUC (95% CI) 0.72 (0.65, 0.78)

Optimal cutoff (95% CI)
4.25mm2

(3.15, 5.22)

Sensitivity 0.80

Specificity 0.59

Accuracy 0.59
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PROSPECT II: Spline & ROC analyses of continuous relationship 

between lesion-level MaxLCBI4mm  vs probability of 4 yr NCL-MACE

AUC (95% CI) 0.79 (0.72, 0.86)

Optimal cutoff (95% CI)
324.6 

(129.7, 473.6)

Sensitivity 0.70

Specificity 0.76

Accuracy 0.76

MaxLCBI4mm
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PROSPECT II: Lesion-level NCL-MACE According to 

the Presence of MaxLCBI4mm ≥324.7 and PB ≥70%

OR 11.33 [95% CI, 6.10-21.03] 

PB ≥70% and maxLCBI4mm ≥324.7 

vs. others

OR 36.73 [95% CI, 13.59-99.28] 

PB ≥70% and maxLCBI4mm ≥324.7 

vs. PB <70% and maxLCBI4mm

<324.7
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1.3%

0.2%

PB ≥70% and maxLCBI4mm ≥324.7

PB ≥70% and maxLCBI4mm <324.7

PB <70% and maxLCBI4mm ≥324.7

PB <70% and maxLCBI4mm <324.7

374

Number at risk:

368 362 271 162PB ≥70% and maxLCBI4mm ≥324.7

391 383 381 293 168PB ≥70% and maxLCBI4mm <324.7

477 469 468 350 197PB <70% and maxLCBI4mm ≥324.7

2,258 2,240 2,229 1,683 924PB <70% and maxLCBI4mm <324.7

10% of lesions

Erlinge et al. Lancet. 2021;397:985-95



Zanchin et al. Eur Heart J Cardiovasc Imaging 2021;22:824-34
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Föllmer et al. Nat Rev Cardiol. 2024;21:51-64



Artificial Intelligence and OCT Lesion Morphology

# of samples Tissue type
Ground 

truth
Findings

Shibutani. Atherosclerosis 

2021; 328: 100-105

1103 slices in 45 

autopsy

Fibroatheroma, PIT, 

fibrous, healed plaque
Pathology

AUC for 

fibroatheroma: 0.86 

PCI: 0.85

Holmberg. Frontiers in CM 

2021;8:779807

62slices in 7 

autopsy,

222 slices 51 pts

TCFA, fibroatheroma, 

PIT, fibrous, calcium

Pathology  & 

Expert 

analysis

Overall accuracy in 

clinical pts: 85.8%

Min. Eurointervention

2020;16:404-12

602 lesions in 602 

pts
TCFA

Expert 

analysis

Accuracy for TCFA: 

91.3%

Lee. Nature Research OPEN 

2020;10:2596

6556 slices in 49 

pts

Fibrolipidic, 

fibrocalcific

Expert 

analysis

Sensitivity/specificity 

for lipid:84.8%/97.8%

Chu. Eurointervention

2021;17:41-50

11673 slices in 509 

pullbacks, 300 

slices (ext)

Lipid pool, cholesterol 

crystal, macrophage 

fibrous, calcium 

Expert 

analysis

Accuracy for lipid 

90.5%

Niioka. Nature Research 

OPEN 2022;12:14067

44947 slices in 

1791 pts
TCFA

Expert 

analysis

AI TCFA predicts 

clinical outcome



Accuracy of OCT Core Labs in Compared to Pathology
7 OCT Core Labs (Vengrenyuk/Kini, Akasaka, Garcia-Garcia, Jang, Räber, Maehara, Feldman) vs 2 Pathology Sites

Gruslova et al. JACC Cardiovasc Imaging 2024;17:448-50

Plaque Type
Median

Kappa 

Fibrous 0.93

Calcium 0.83

Thick-cap fibroatheroma 0.63

Calcified nodule 0.50

Macrophage/foam cells 0.39

Lipid pools 0.35

Necrotic core 0.22

Thin-cap fibroatheroma 0.22

For each plaque component, the size of the box indicates the proportion 
of images assigned to the plaque type. The light blue area indicates the 

agreement between the panel and the pathologists.
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Jia et al. EuroIntervention 2023;19:e318-e320.

c/o Shaosong Zhang.



• What are the best criteria and the best ways to diagnose 

vulnerable plaque?

• What are the events and event rates associated with 

vulnerable plaque? What events are prevented by treating 

vulnerable plaque with PCI?

• What is optimal medical therapy – guideline directed or 

otherwise? And what % of patients in the OMT group in 

PREVENT actually took optimal medical therapy?

• What is optimal PCI in 2024?

• What clinical pathways make sense? Who should undergo IVI 

to assess and treat vulnerable plaque?
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Park et al. Lancet 2024, in press

3.4

0.4

Preventive PCI OMT
∆ 

(95% CI)

HR

(95% CI)

Cardiac death

0·87 

(0·31 to 2·39)

2 yrs 0.1% 0.8% –0·6 

(–1·3 to 0·02)

4 yrs 0.8% 0.9% –0·1 

(–1·1 to 0·9)

TV-MI

0·62 

(0·20 to 1·90)

2 yrs 0.1% 0.8% –0·6 

(–1·3 to 0·02)

4 yrs 0.6% 1.0% –0·3 

(–1·6 to 1·6)
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3.4

0.4

Preventive PCI OMT
∆ 

(95% CI)

HR

(95% CI)

Cardiac death

0·87 

(0·31 to 2·39)

2 yrs 0.1% 0.8% –0·6 

(–1·3 to 0·02)

4 yrs 0.8% 0.9% –0·1 

(–1·1 to 0·9)

TV-MI

0·62 

(0·20 to 1·90)

2 yrs 0.1% 0.8% –0·6 

(–1·3 to 0·02)

4 yrs 0.6% 1.0% –0·3 

(–1·6 to 1·6)

ID-TVR

0·44 

(0·25 to 0·77)

2 yrs 0.1% 2.4% –2·3 

(–3·4 to –1·2)

4 yrs 1.7% 4.4% –2·7 

(–4·6 to 0·8)

Rehospitalization for unstable/progressive angina

0·19 

(0·06 to 0·54)

2 yrs 0.1% 1.5% –1·4 

(–2·3 to –0·5)

4 yrs 0.7% 2.4% –1·7 

(–3·0 to –0·4)



Hard Events -- Death, Cardiac Arrest, Spontaneous MI –

Are Uncommon

PROSPECT 

(3.4 yrs)

CLIMA 

(1 yr)

LRP 

(2 yrs)

CLIMA

(1.5 yrs)

PROSPECT-II 

(4 yrs)

Harbin 

(3.3 yrs)

PREVENT 

(OMT)

(2 yrs)

[4 yrs]

Non-culprit 

lesion
Indeterminant

Non-culprit 

lesion

Non-culprit 

lesion

Non-culprit 

lesion

Non-culprit 

lesion
Indeterminant

Non-culprit 

lesion

Death from 

cardiac 

causes

0 1.8% 2.5% 2.0% 0.2% 0 1.6% 1.9%
0.8%

[0.8%]

Cardiac 

arrest
0 0.2% 0.3%

MI 1.0% 0.3% 1.3% 3.0% 3.8% 3.2% 1.6% 1.0%
1.7% 

[2.0%]

Stone et al. N Engl J Med 2011;361:226-35

Prati et al. Eur Heart J 2020;41:383-91

Waksman et al. Lancet. 2019;394:1629-37

Kedhi et al. Eur Heart J. 2021;42:4671-4679

Erlinge et al. Lancet. 2021;397:985-95

Jiang et al. J Am Coll Cardiol 2023;81:1217-30

Park et al. Lancet 2024, in press



Does it make sense to do 

803 PCIs to prevent 13 

cardiac events at 4 years of 

which 2 were cardiac deaths 

and 3 were TV-MI and the 

rest were ischemia-driven 

TVR or hospitalization for 

unstable or progressive 

angina? 

Preventive PCI: Doing PCI to Prevent PCI



The majority of TCFAs either heal, develop a thicker 

fibrous cap, remain stable, or rupture silently leading 

to disease progression and a larger plaque burden 

rather than to death/MI/cardiac arrest.

Meanwhile, new TCFAs can develop.

Therefore, it is not surprising that in PREVENT, the 

advantage of preventive PCI was limited to the first 

18 months



Serial Intravascular Imaging Studies

Lesions Pts Dx Time

TCFA

Baseline Healed Persistent New
Follow 

up

Kubo et al.  J Am Coll

Cardiol 2010;55:1590-7 VH 201 106 Stable 8 mos 20 15 5 12

Zhao et al.  JACC 

Cardiovasc Imaging 

2013;6:86-95 
VH 100 100 STEMI 13 mos 33 10 23 22

Zhang et al. 

EuroIntervention

2018;13:e2190-200
OCT 257 72 Mixed 6.5 mos 33 26 7 17

Raber et al.  JACC 

Cardiovasc Imaging 

2019;12:1518-28
OCT 191 103 STEMI 13 mos 13 9 4 2

Total
99 60 39

39 53 92



• What are the best criteria and the best ways to diagnose 

vulnerable plaque?

• What are the events and event rates associated with 

vulnerable plaque? What events are prevented by treating 

vulnerable plaque with PCI?

• What is optimal medical therapy – guideline directed or 

otherwise? And what % of patients in the OMT group in 

PREVENT actually took optimal medical therapy?

• What is optimal PCI in 2024?

• What clinical pathways make sense? Who should undergo IVI 

to assess and treat vulnerable plaque?



MACE (%)

Time (years)
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Culprit lesion 
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Stone et al. N Engl J Med 2011;361:226-35

Erlinge et al. Lancet. 2021;397:985-95

10 years



NEJM

When planning PREVENT, the 

cumulative incidence rates of 

the primary endpoint at 2 years 

were estimated to be 8.4% in 

the preventive PCI group and 

12.0% in the medical therapy 

alone group.

Yet, the actual event rates were 

0.4% in the preventive PCI 

group and 3.4% in the medical 

therapy alone group. 

• Dr. Karol E. Watson: In this trial, at 2 years of 

follow-up, serious adverse cardiovascular 

events did not differ between the “preventive 

PCI” group and the medical therapy group. 

The differences in the primary outcome were 

largely driven by fewer subsequent PCIs in 

the “preventive PCI” group, and the authors 

estimate that 45 “preventive PCI” procedures 

would need to be done to prevent one 

primary end point. But this study also 

showed the benefits of optimal guideline-

directed medical therapy (GDMT). In this 

patient population with known coronary 

artery disease and vulnerable plaques, the 

primary event rates in both arms were 

relatively low — a testament to the 

remarkable efficacy of GDMT.



In PREVENT less than 2% of patients were on a PCSK9 
inhibitor -- senior investigator Duk-Woo Park, MD, PhD (Asan 

Medical Center/University of Ulsan College of Medicine) told TCTMD.

High dose statins or moderate dose statins + ezetimibe 
were prescribed in 59.8% of OMT at 2 years and 63.1% 

at 7 years.



Ino et al. Circ J 2019;83:1765

Increase in FCT and decrease in LCBI by PCSK9i 

60µm

160µm

Baseline

8M follow-up

Rosuvastatin 
(10 mg/day)

+
Evolocumab
(140 mg every 2 weeks) 

169°

126°

maxLCBI4mm=415

maxLCBI4mm=173



Raber et al. JAMA 2022;327:1771-81

Effect of Alirocumab Added to High-Intensity Statin Therapy 

on Coronary Atherosclerosis in Pts With AMI: The PACMAN-

AMI Randomized Clinical Trial 

Baseline and 52 week follow-up NIRS-

IVUS/OCT in both non-infarct related arteries

Alirocumab

+ high 

intensity 

statins

High 

intensity 

statins

∆ P-value

n 150 150

∆ atheroma 

volume
-2.1% -0.9% -1.2% <0.001

∆MaxLCBI4mm -79.4 -37.6 -41.2 0.006

∆FCT 62.7μm 33.2μm 29.7μm 0.001



Atorvastatin 60/20mg or 

Rosuvastatin 10mg 

50.97
High dose statin

125

100

0

0

Reduction in LDL-C (mg/dL)

503010

Annualized Increase in FCT (µm)

25

50

75

Placebo

20 40

Predicted value

(95% CI)

60

≥57y (6m) 

Atorvastatin 20mg (6m) 

Pitavastatin 4mg Atorvastatin 60mg (6m) 

<57y (6m) 

Atorvastatin 5mg 

Rosuvastatin 15mg 

Atorvastatin 20mg  

Atorvastatin 20mg (12m)  

Statin≥57y (12m)  <57y (12m) 

Atorvastatin 60mg (12m)  

Low dose statin

No statin + diet

Atorvastatin 60/20mg or Rosuvastatin 10mg 

Nicholls et al. Cardiovasc Diagn Ther 2021;11:120-9 

Linear regression meta-analysis of 7 serial OCT 

studies evaluating the effects of statin therapy 

• Kataoka et al. Am J Cardiol 2014;114:549-54. 

• Dai et al. Coron Artery Dis 2017;28:209-17 

• Hattori et al. JACC Cardiovasc Imaging 

2012;5:169-77 

• Hou et al. Am J Cardiol 2016;117:800-6. 

• Komukai et al. J Am Coll Cardiol 2014;64:2207-

17 

• Nishio et al. Atherosclerosis 2014;234:114-9 

• Tarada et al. Atherosclerosis 2009;202:491-7 



• What are the best criteria and the best ways to diagnose 

vulnerable plaque?

• What are the events and event rates associated with 

vulnerable plaque? What events are prevented by treating 

vulnerable plaque with PCI?

• What is optimal medical therapy – guideline directed or 

otherwise? And what % of patients in the OMT group in 

PREVENT actually took optimal medical therapy?

• What is optimal PCI in 2024?

• What clinical pathways make sense? Who should undergo IVI 

to assess and treat vulnerable plaque?



Meta-analyses of MACE After IVI-guided DES Implantation

Included RCTs and Registries

Included only RCTs

IVUS vs Angiography-guidance

Groenland et al. 2022

Risk Reduction (95% CI)

1

Zhang et al. 2021

Pang et al. 2020

Malik et al. 2020

Gao et al. 2019

DiMario et al. 2018

Raber et al. 2018

Buccheri et al. 2017

Bavishi et al. 2017

Fan et al. 2017

Nerlekar et al. 2017

Shin et al. 2016

Elgendy et al. 2016

Steinvil et al. 2016

Zhang et al. 2015

Ahn et al. 2014

Jang et al. 2014

Klersy et al. 2013

Zhang et al. 2013

Zhang et al. 2012

0.5 1.5 2 2.5 3

Favors IVUS Favors Angiography

0

OCT vs Angiography-guidance

10 2 3 4

Pang et al. 2020

Kuku et al. 2018

Buccheri et al. 2017

Risk Reduction (95% CI)

Favors OCT Favors Angiography

OCT vs IVUS-guidance

10 2 3 4

Sattar et al. 2021

Saleh et al. 2021

Pang et al. 2020

Risk Reduction (95% CI)

Favors OCT Favors IVUS

Kuku et al. 2018

Buccheri et al. 2017

Mintz et al. JSCAI 2022;1:100413



PREVENT: All PCIs were IVI-guided and optimized

Park et al. Lancet 2024, in press
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PREVENT: All PCIs were IVI-guided and optimized

Park et al. Lancet 2024, in press
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BVS or EES vs OMT

Preventive 

PCI*
OMT

HR

(95% CI)

BVS

2 yrs 1/265

(0.4%)

12/281

(4.3%)

0·09 

(0·01–0·67)

7 yrs 12/265

(7.2%)

22/281

(7.9%)

0·89 

(0·48 to 1·65)

EES

2 yrs 2/538

(0.4%)

15/522

(2.9%)

0·13

(0·03–0·55)

7 yrs 7/538

(1.3%)

25/522

(4.8%)

0·25 

(0·11 to 0·59)



FLAVOUR: Randomized FFR vs IVUS in 1682 patients with 

intermediate lesions (angiographic DS 40-70%)

FFR IVUS

Stent implantation criteria <0.80 MLA <3mm2 (or 3-4mm2 plus plaque burden >70%)

%PCI 44.4% 65.3%

Stents per patient 0.6±0.9 0.9±1.0

Stent optimization criteria

≥0.88 or a 

difference 

<0.05 across 

the stent

MLA ≥5.5mm2 and plaque burden at stent edge ≤55% 

or in-stent MLA ≥ distal reference lumen

% optimized 50.1% 54.8%

24-month MACE 8.1% 8.6%

PCI-treated and optimized 12.3% 8.5%

Suboptimal PCI 11.8% 9.8%

Medical therapy 5.0% 5.9%

Koo et al. N Engl J Med. 2022;387:779-789



van Veelen et al. J Clin 

Med 2023;12:5807. doi: 

10.3390/jcm12185807

Zhang et al. Clin Appl Thromb

Hemost 2022 Jan-

Dec:28:10760296221130063

Preliminary studies looking at DCB to treat 

vulnerable plaques



• What are the best criteria and the best ways to diagnose 

vulnerable plaque?

• What are the events and event rates associated with 

vulnerable plaque? What events are prevented by treating 

vulnerable plaque with PCI?

• What is optimal medical therapy – guideline directed or 

otherwise? And what % of patients in the OMT group in 

PREVENT actually took optimal medical therapy?

• What is optimal PCI?

• What clinical pathways make sense? Who should 

undergo IVI to assess and treat vulnerable plaque?



CAC Screening

Navar and Lemos. JACC Cardiovasc 

Imaging 2021;14:1017-19
Cainzos-Achirica. JACC Cardiovasc 

Imaging 2021;14:1005-16

PREVENT

5627 patients with 

intermediate stenosis

1608 patients met 

imaging criteria

3562 patients with 

angiographic DS 

>50% and FFR >0.8



Dzaye et al. JACC Cardiovasc 

Imaging 2021;14:990-1002

Agha et al. JACC Cardiovasc 

Imaging 2022;15:1745-57

Winther et al. J Am Coll Cardiol

2022;80:1965-77

Nasir and Khan. J Am Coll 

Cardiol 2022;80:1978-80

Power of Coronary Artery Calcium Score of Zero



# of 
Pts

Length 
of artery 
imaged

# of NC 
events

Did baseline intravascular imaging 
identify lesions responsible for NC 

events

Yes No

PROSPECT 698 193mm 106 55 (53%) 61 (47%)

LRP 1271 96mm 73 41 (56%) 32 (44%)

PROSPECT II 898 224mm 78 44 (56%) 34 (44%)

Completeness of Intravascular Imaging Detection of 

Vulnerable Plaques

Stone et al. N Engl J Med 2011;361:226-35

Waksman et al. Lancet. 2019;394:1629-37

Erlinge et al. Lancet. 2021;397:985-95

Case et al. Cardiovasc Revasc Med. 2022;39:1-5



Positive remodeling + +++ +++ ++ + ++

Low-attenuation plaque + +++ +++ ++ + ++

Napkin-ring sign + +++ +++ ++ + ++

Spotty calcification + +++ ++ ++ + ++

Non-HRP − ++ ++ + − ++

Kinoshita et al. J Am Coll Cardiol Img. 2024;17:382–91.

Positive 

remodeling

Low-

attenuation

plaque

Napkin-ring 

sign

Spotty 

calcification

Layered 

plaque

Cholesterol

crystals

Micro-

vessels

Macro-

phages
Lipid-richTCFA

No. at risk

Yes 201 170 130 96

No 244 201 140 108

0.0

2.5

5.0

7.5

10.0

0

P = 0.010

12

Non-Target Revascularization

+ Cardiac Death (%)

Untreated HRP

No Untreated HRP

24 36
Months

Correlation of CTA High-risk Plaques with OCT



#
Ruptured 

plaques

Plaque 

erosions

Calcified 

nodules
SCAD

Other or 

Indeterminate

Guagliumi et al. JACC Cardiovasc Interv. 

2014;7:958-68
140 STEMI 69 35* 2 34

Nishiguchi, et al. Eur Heart J Acute Cardiovasc 

Care. 2016;5:263-70
326 ACS 160 153* 13

Wang et al. Eur Heart J Cardiovasc Imaging. 

2015;16:1381-9
72 STEMI 37 25* 2 8

Jia, et al. J Am Coll Cardiol 2013;62:1748-58 132 ACS 55 39 10 3 22**

Higuma et al. JACC Cardiovasc Interv

2015;8:1166-76
112 STEMI 72 30 9 1

Kajander et al. Eurointervention 2016;12:716-23 70 STEMI 34 31* 5

Kwon et al, Korean Circulation J 2016;46:499-506 133 ACS 90 43

Hansen et al. Coron Artery Dis 2020;31:671-7 75 STEMI 52 23

Ino et al. Circ J 2022;86:1388-96 141 STEMI/NSTEMI 85 45 11

Fang. JACC Cardiovasc Imaging 2022;15:672-81 464 STEMI/NSTEMI 271 117 11

Kondo et al. J Am Heart Assoc. 2023;12:e030412. 

doi: 10.1161/JAHA.123.030412
695 STEMI/NSEMI/ACS 411 178 28 1 77

Total 1896 57% 38% 5%

** included tight stenosis, 

coronary spasm, fissure, 

Takotsubos, and lesions 

without any specific 

characteristics

*included all 

plaques with 

intact fibrous 

caps

Causes of ACS (STEMI/NSTEMI) In Vivo OCT Imaging



7 months follow-upBaseline

Lipid Lipid

Lipid

Lipid

Fibrous cap

thickness = 60 µm 

Lipid arc = 360° Plaque rupture
Fibrous-cap disruption (arrow)
Cavity formation (*)

*
Thrombus

Thrombus

c/o Takashi Kubo



8 months follow-upBaseline

c/o Takashi Kubo



9 months follow-upBaseline

c/o Takashi Kubo



Statins

Statins + 

PCSK9 

Inhibitors

Greyscale IVUS, 

RF-IVUS, 

OCT, 

NIRS-IVUS

Hybrid 

Imaging,

AI
3-vessel

IVI

CTA 

Screening

BVS, DES

DES, DCB

Falling event 

rates with both 

PCI and 

GDMT

I remain skeptical. For 

many reasons, PREVENT 

has not changed my mind. 

My questions about the 

diagnosis and treatment of 

vulnerable plaque persist. 

However, it is time to re-

open the discussion to 

plan the next chapter in 

vulnerable plaque 

diagnosis and treatment, 

especially large scale 

clinical trials.
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