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TARGETING PLAQUES, TREATING PATIENTS, 
OR TWEAKING THE POPULATION?

NO DISCLOSURES



CAD is Bad 

Progressive Atheroma 

Significant Stenosis

Reduces Flow [so, Ischemia]

Causes Events

[It causes hard events] 

Find Ischemia
Since it Causes Events

Treat Stenosis
This Will Reduce Ischemia 

Improve Outcomes
Fixing Stenosis & Reducing Ischemia will
automatically mean less MI & Deaths

Find Coronary Stenosis
Since it Causes Ischemia

Managing CCS:

DOGMA (noun) [ˈdȯg-mə]
• Statement of ideas accepted uncritically.
• A doctrine authoritatively affirmed.
• Doctrines, tenets, or beliefs, collectively.
• Rules that cannot be questioned.



PROSPECTIVE RANDOMISED STUDY OF 
CABG IN STABLE ANGINA PECTORIS
The European Coronary Surgery Study Group

Lancet, 6 Sep.1980

Were the lesions
different in those times?
High-Risk; ready to pop?
And we did not have statins!





COURAGE: Treatment effect on primary outcome

Boden WE et al. NEJM. 2007;356:1503-16.
Bruyne et al. NEJM 2012;367:991-1001
Maron et al. NEJM 2020; 382:1395-1407

HR 1.05 (0.87-1.27)
Unadjusted P = 0.62
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HR 0.32 (0.19-0.53)
Unadjusted P = 0.001

FAME 2: FFR-Guided PCI vs. OMT in Stable CAD 
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ISCHEMIA: PRIMARY OUTCOME: CV DEATH, MI, hUA, hHF or rCA



FAME 2: 
FFR-Guided PCI vs 
OMT in CAD 

Bruyne et al. NEJM 2012;367:991-1001

Do we need ischemia 
producing lesions to succeed 
with revascularization?



COURAGE vs. ISCHEMIA

Spontaneous MI rate: Conservative (5.8%); Invasive (2.8%); ARR (3%), RRR (52%)
DID ISCHEMIA DEMONSTRATE FAILURE OF REVASCULARIZATION TO REDOCE MI,
OR FAILURE OF ISCHEMIA TESTING TO GUIDE REVASCULARIZATION

Spontaneous MI Types 1, 2, 4b, or 4c
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5 Year, PCI is Superior to OMT for FFR+ Lesions  

All ischemic lesions may not 
require revascularization. So, 
how can we identify 
ischemic or FFR+ lesions that 
are safe to defer to OMT? 

Xaplanteris et al. NEJM 2018;379:250-259



Kumar, Bruyne, Samady et al. JACC 2018

WSSprox
>4.71Pa

WSSprox
<4.71Pa

Stratified 
Logrank
p= 0.01

FFR+
WSSp

FFR

P= 0.045
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High Coronary WSS in Patients with Stable CAD Predicts MI
A FAME-2 Sub-Study

In significantly ischemic 
lesions, lack of plaque 
vulnerability probably 
predicts safe deferral!



Ahmadi, Narula. JACC 2019

FFR+, HRP-
?Safe to Defer

100% of Anatomically          
Significant Lesions be          

Revascularized

FFR assessment 
of functional 
significance

All FFR+ Lesions to     
be Revascularized

FFR- Lesions   
are Safe to   
Defer

What We Thought? What We Think? What Should We Think?

CT assessment 
of HRP 
characteristics

FFR+, 
HRP+
Need Revasc

FFR- Lesions   
are Safe to   
Defer

But COURAGE suggested 
revascularization based 
on anatomical stenosis  
alone is not indicated

SECO
N

D Deferral: FFR+ but H
RP-

FAME Trial demonstrated  
safety of deferral of FFR-
lesion, regardless of the     
degree of luminal stenosis 

FAME-2: 50% of FFR+ on OMT  
remain event-free with no       
difference in rate of death and 
MI, revascularization, angina

FIRST Deferral: FFR-lesions 

EVOLVING PARADIGMS

Should the 
algorithm change?



The Plaques that Matter…

Narula et al. Nature Rev Cardiol 2015
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Recursive Partitioning Analyses Post-mortem

Narula et al. JACC 2013

FCT is the most
effective determinant
of vulnerability



CTA [HU]

NC
11±12
-15-33

FIB
78±21
32-130

LUMEN
258±43
174-384

CALCIUM
516±198
221-1134

<0.0001, Nonparametric Kruskal-Wallis Tests

CT Angiographic Characteristics, and
Intravascular Ultrasound

CT Angiography & Plaque Characterization

Motoyama, Narula et al. Circulation J 2007
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Narula et al. JACC 2013

IVUS CT: X-sectional CT: Curved MPR
a

Motoyama, Narula et al. JACC 2007



ACS & PLAQUE MORPHOLOGY

Observational study
ACS 38

Stable CAD 33

Motoyama, Narula et al. JACC 2007

LAP 
<30HU

2-Feature Positive Plaque 2-Feature Negative Plaque



CT-Verified Coronary Inflammation and Prediction of Residual CV Risk 
(CRISP-CT Study) 

Oikonomou, Achenbach, Antonides et al. Lancet 2018; 392: 929-39

Fluidity of perivascular 
fat determines the 
extent of intra-plaque 
inflammation. 



APC Dose Matters

Motoyama, Narula et al. JACC 2009

APC Predict Outcome

• None (0.5%)
• PR or LAP (3.7%)
• PR and LAP (22.2%)

Recognition of HRP and Adverse Outcome?
Longitudinal Follow up; N=1059, 27 mos; Endpoint: MACE

Lee et al. JACC 2019

Number of APCs?

High-risk lesions can be noninvasively recognized; 
morphology determines likelihood, time to event! 
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HRP PROGRESSION

Motoyama, Narula JACC 2015

ACS, PLAQUE MORPHOLOGY & APC
Prospective Single Center; N=3000+, up to 10 years; Endpoint: MACE

Plaque progression 
is a prelude to 
spontaneous MI!
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Lesion based analysis: number of ACS 
based on plaque characteristics



Plaque progression is an essential step?

Natural History of 
Coronary Artery 

Disease

Proposed approach 
aimed at halting 

plaque progression

Primary and 
Secondary 
Prevention

Primary Prevention
Based Solely on Risk Assessment 

Secondary 
Prevention

No atherosclerosis Subclinical 
atherosclerosis

Plaque 
Progression

Rapid 
Progression

10 20 30 40 50

BIRTH

BIRTH

ASCVD
EVENT

Phenotypically-Driven Secondary Prevention

Ahmadi, Narula et al. JACC 2019



Glagovian hypothesis, positive remodeling, and 
deceptive lack of luminal encroachment…



Effect
Model: All Vessels

Estimate SE P

Intercept 1.044 0.020 <0.0001

QCA -0.002 0.0002 <0.0001

LAP Volume -0.001 0.0003 0.0006

Vessel Territory (LAD vs. RCA/LCX) -0.065 0.011 <0.0001

Lesion Location (Proximal vs. Mid/Distal) -0.024 0.010 0.0174

Number of segments -0.019 0.006 0.0020

Lesion Length (mm) 0.0002 0.001 <0.7762

FFR: 
Lesion-Specific and Vessel-Related Determinants

Ahmadi, Narula et al. JACC Imaging 2018
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Lesions categorized based on Degree of 
Luminal Stenosis

LAP<10 mm3 LAP: 10-25 mm3 LAP>25mm3

Lesions categorized based on    Low-Attenuation 
Plaque volume 

In addition to luminal 
stenosis, FFR is also 
attributed to positively-
remodeled, lipid-rich 
plaques.



# Ischemia-Predicting Features

Prognostic Implications of Selected Plaque Features

Ischemia-Predicting 
Plaque Features

MLA, PAV, NCV, PV, pLAD, RI
OMT GROUP

Automated, quantitative 
assessment of plaque 
morphology is possible!

Yang, Koo, Narula et al. JACC Imaging 2021

Yang, Koo, Narula et al. JACC Imaging 2021



FFR+ FFR-

HRP+

HRP- CR<OMT
[III]

CR>>OMT
[I]

Lesion-level plaque parameters
Lesion-level hemodynamic parameters

Vessel-level plaque parameters
Vessel-level hemodynamic parameters

0,00 0,02 0,04 0,06 0,08 0,10

NCvessel

FFR

PAVvessel

PVvessel

Information Gain

TPV (vessel)
≥174.7mm3

PAV (vessel)
≥15.9%

FFRCT ≤0.80

LAPV (vessel)
≥1.5 mm3

0,00 0,02 0,04 0,06 0,08 0,10

PVlesion

PAVlesion

dFFR

NClesion

WSS

Information Gain

WSS ≥284.5
dyne/cm2

ΔFFRCT ≥0.06

PAV (lesion)
≥31.2%

TPV (lesion)
≥30.1mm3

LAPV (lesion)
≥1.3 mm3

10-year Target Vessel Failure 10-year Target Lesion Failure

CR>OMT
NS [IIA]

CR=OMT
[IIB]

Motoyama, Ahmadi, Narula et al. 
JACC Imaging 2022 (in press)

Yang, Naula, Koo et al. 
JACC Imaging 2022 (in press)

DISCOVER-FLOW 10Y F-U
136 lesions from 78 deferred vessels
Lesion and hemodynamic characterization

745 patients, CTA ☞ ICA ☞ Rx
Post-hoc HRP and FFR characterization



FFR+/HRP-
Safe to Defer

OMT

FFR+/HRP+
Intervention

Needed

Forget Anatomy?
Forget Physiology??

FFR+ FFR-

HRP+ FFR+HRP+ FFR-HRP+

HRP- FFR+HRP- FFR-HRP-

FORECAST-FLOWER MI-FUTURE-RIPCORD-2

STENOSIS+ STENOSIS-

HRP+ S+HRP+ S-HRP+

HRP- S+HRP- S-HRP-

FFR-/HRP-
Safe to Defer

OMT

?? FFR-/HRP+



PROSPECT II Study: PROSPECT ABSORB RCT

Stone et al. JACC 2020



6 mo. Follow Up CT-FFR Q-PLAQUE CHARACTERISTICS

Ahmadi, Leipsic, Narula et al. 
JACC Imaging [in press]

PLAQUE PROGRESSION IS A MODIFIABLE STEP



HUYGENS STUDY 
AT ESC 2021

LDL lowering also helps 
increase FCT! Nicholls et al. JACC 2010;55:2399-2407



Ahmadi & Narula, JACC 2019; Puri et al. JACC 2015;65:1273-1282; Nicholls et al. JACC 2010;55:2399-2407

Plaque Progression is Modifiable?

LLRx halts progression
and even allow regression!
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2016 LDL-C goals 2019 LDL-C goals

Low risk <115 mg/dL

Moderate risk <115 mg/dL <100 mg/dL

High risk 50% reduction OR <100 mg/dL 50% reduction AND <70 mg/dL

Very high risk 50% reduction OR <70 mg/dL 50% reduction AND <55 mg/dL

Second CV event within 2 yrs NA* 50% reduction AND <40 mg/dL

*Not applicable, extreme high risk patients did not have a specific LDL-C goal in the 2016 guidelines 

CV, cardiovascular; EAS, European Atherosclerosis Society; ESC, European Society of Cardiology; LDL-C, low-density lipoprotein 
cholesterol; NA, not applicable. 1. Catapano AL, et al. Eur Heart J 2016;37:2999–3058. 2. Mach F, et al. Eur Heart J 2019;41:111–88.

2019 ESC/EAS risk-based LDL-C goals have became more aggressive 



LDL-C goal attainment by LLT in patients with established ASCVD

2016/2019 goal attainment in ASCVD patients 

Low intensity 
statin mono 

(n = 47)

Moderate 
intensity statin 

mono 
(n = 887)

High intensity 
statin mono 

(n = 764)

Ezetimibe 
combo 

(n = 189)

PCSK9i 
(n = 24)

Other LLT
(n = 128) 8%

58%

21%

22%

16%

13%

18%

15%

67%

54%

45%

35%

19%

30%Overall 
(n = 2039)

39%

18%
Overall

(n = 2039)

% patients achieving 2016 (solid) and 2019 (hashed) LDL-C goals
Ray K- Da Vinci Registry.

Likelihood of reaching LDL-C thresholds at Day 510 with Inclisiran
Ray K, Orion-13 

Likelihood of achieving specific LDL-C thresholds
with Inclisiran



>51% reduction in LDL cholesterol over 24 weeks by PCSK9 
antisense- inclisiran, ie. equivalent to antibody-based 
inhibition with evolocumab, or alirocumab. 

Threshold for 
ASCVD

Cumulative LDL-C 
Burden = 
[LDL-C] x Age



- INCLISIRAN
Brandts & Ray. Circ 2020



Allam et al. JAMA 2009;302:2091-2094
Thomas, Narula, Wann et al. Glob. Heart 2014

Hatiay, male scribe, died 45-50 yrs.
New Kingdom, 1570–1293 BCE

Ruffer 1911 [1580BC-525AD]

*Beef, wildfowl-goose, bread, fruit, vegetables, cake, wine, beer



Vascular Calcification and Atherosclerosis, PERU 1000 AD

Lima, Peru, May 2012
Thompson, Narula, Thomas et al. Lancet 2013



The Unangan Hunter Gatherers 
Aleutian Island, 1756-1930 CE

Thompson, Narula, Thomas et al. Lancet 2013



Wann, Narula, Thomas et al. JAMA 2019

Greenlandic Inuit Mummies, 16th Century



F, 47-51 Yeras

Anasazi Puebloans
SE Utah, NE Arizona, NW New Mexico and SW Colorado

Thompson, Narula, Thomas et al. 
Lancet 2013



Ötzi the Iceman’s Last Meal 
Included Goat Bacon

5,300-year-old mummy’s stomach contents shows he 
ate dry-cured meat from a mountain ibex

https://www.smithsonianmag.com/smart-news/otzi-

Courtesy: Albert Zink

Murphy WA, et al. Radiology 2003;226:614-629



Seeking Living Population with Low Atherosclerotic Burden
Bolivian Amazon…



LDL 70
BP 116/73
FBS ≈79, BMI 24

No or minimal CAC
throughout life 

Very low sat fat, No trans fats
Minimal added sugar

15,000 steps/day
<10% sedentary time

No air pollution

C50

P16

F34

C72%

P16%

10%

4 Tsimane

USA

CAN CORONARY ARTERY DISEASE 
BE ELIMINATED IN OUR LIFETIME?

Kaplan et al. Lancet 2017

However, they do 
know how to live 
better than us!



Narrowed, aging blood vessels, which put most older American 
adults at risk for heart disease and strokes, are not inevitable. This 
fact was underscored by a newly published study of a population in 
the Bolivian Amazon. Among these indigenous South Americans, 
known as the Tsimane (pronounced chee-MAH-nay), coronary 
atherosclerosis was found to be one-fifth as common than in the 
United States. CT scans of the hearts of 705 Tsimane adults aged 40 
to 94 revealed that nearly nine in 10 had clean coronary arteries and 
faced no risk of heart disease. The research team estimated that an 
80-year-old in the Tsimane group has the same vascular age as an 
American in his mid-50s.

How to maintain a healthy heart is a 
surprisingly contentious question. Diet and 
exercise are crucial, everyone agrees — but the 
ideal specifics and the relationships among 
them remain mysterious. Some experts 
recommend avoiding dietary fats; others 
endorse fat and low carbohydrates. The impact 
of the high levels of inflammation on heart 
disease is disputed. And almost no one can 
agree about how much or what type of exercise 
is optimal.
But a study published last month in The Lancet 
points the way to resolving some of these 
issues by focusing on the Tsimane, a group of 
subsistence farmers and hunters living in 
Bolivia along a tributary of the Amazon River.



Is plaque progression an essential step?

Natural History of 
Coronary Artery 

Disease

Proposed approach 
aimed at halting 

plaque progression

Primary and 
Secondary 
Prevention

Primary Prevention
Based Solely on Risk Assessment 

Secondary 
Prevention

No atherosclerosis Subclinical 
atherosclerosis

Plaque 
Progression

Rapid 
Progression

10 20 30 40 50

BIRTH

BIRTH

ASCVD
EVENT

Phenotypically-Driven Secondary Prevention

Ahmadi, Narula et al. JACC 2019

Wiping our sins 
away!



Kaabia Z et al. Sci Rep 2018;8:15893

Lipoprotein profile of Humans 
and selected animals by FPLC

WHAT IS THE IDEAL CHOLESTEROL 
LEVEL?

James H. O’Keefe Jr, Robert Vogel et al. JACC 2004;43:2142-2146



Evolution of LDL Cholesterol 
Levels

Zubin, Hill, Luscher, Narula, EHJ 2021

Courtesy: 
Sonia Anand MD, Hamilton, ON

N      682       682                     270       48

0,0
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FAMILY Study
Mean LDL-C  at birth, 
1, 3 and 5 years

Courtesy: S. Anand & S. Yusuf, PHRI, Canada

What LDL did God 
give us!



Arun Narula Johnson
Born: December 10, 2019



National Dutch Television; Alain deLevita

Hofstra & Narula, Lancet 2021



He says to Brutus: 
“Men at sometime were 
masters of their fates. 
The fault, dear Brutus, is not 
in our stars, but in ourselves…” 

(I. ii. 140–142)



…eliminate, eradicate, rule out, annihilate, exclude, wipe out, remove, liquidate, get rid of, reject, do away with… 

The Death of Diseases

That our grand children will not know what CVD is 
and ask us … “Granpa or Granma… it must have 
been a terrible time when there were all those 
nasty diseases….plague, smallpox, polio and heart 
disease…Why did those diseases die?”

- Salim Yusuf 2012



The Journey of 30 Years in 
Cardiovascular Research



Pathology

CT Angiography

Mummies +

Media, Entertainment
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