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Your cardiology
colleague who did
not get to come to
today’s
Cardiovascular
Symposium India
meeting, asks you
the following
guestions:
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Most Common Questions:
What is CAC....and how is this test done?

When is CAC testing useful ?

How does CAC enhance risk assessment ?
What medical therapy is needed ?

When is stress testing helpful ?

What if the patient has a prior chest CT...do |
need CAC ?



Coronary Artery Calcium i1s Coronary
Plague

* Quick CT scan over heart
e Gated to ECG
 Low radiation dose
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CAC Testing Iin Guidelines

2018 Multisociety Cholesterol Guideline and 2019 ACC/AHA Prevention Guideline

Assessment of Cardiovascular Risk

COR LOE

Recommendations

In intermediate-risk or selected borderline-risk adults, if the decision

lla

about statin use remains uncertain, it is reasonable to use a CAC

score in the decision to withhold, postpone or initiate statin therapy.

2020 NLA Scientific Statement

The National Lipid Association scientific
statement on coronary artery calcium scoring to
guide preventive strategies for ASCVD risk
reduction

Carl E. Orringer”, Michael J. Blaha, Ron Blankstein, Matthew J. Budoff,
Ronald B. Goldberg, Edward A. Gill, Kevin C. Maki, Laxmi Mehta, Terry A. Jacobson

2017 SCCT Expert Consensus

2020 Endocrine Guideline

Guidelines

Clinical indications for coronary artery calcium scoring in asymptomatic
patients: Expert consensus statement from the Society of Cardiovascular
Computed Tomography

Harvey Hecht, MD, FSCCT ™, Michael J. Blaha, MD, MPH ", Daniel S, Berman, MD, FSCCT",
Khurram Nasir, MD, MPH, FSCCT “, Matthew Budoff, MD, FSCCT*,

Jonathon Leipsic, MD, FSCCT ', Ron Blankstein, MD, FSCCT ", Jagat Narula. MD, PhD ",
John Rumberger, MD, FSCCT ", Leslee ). Shaw, PhD, FSCCT

Clinical Practice Guideline

Lipid Management in Patients with Endocrine
Disorders: An Endocrine Society Clinical Practice

Guideline

Connie B. Newman,' Michael J. Blaha,? Jeffrey B. Boord,? Bertrand Cariou,*
Alan Chait® Henry G. Fein,® Henry N. Ginsberg,’ iIra J. Goldberg,’
M. Hassan Murad,® Savitha Subramanian,® and Lisa R. Tannock’




CAC Testing in Guidelines

2018 Multisociety Cholesterol Guideline and 2019 ACC/AHA Prevention Guideline

Assessment of Cardiovascular Risk

COR

LOE

Recommendations
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In intermediate-risk or selected borderline-risk adults, if the decision
about statin use remains uncertain, it is reasonable to use a CAC
score in the decision to withhold, postpone or initiate statin therapy.

Additional possible indications for CAC testing in 2023:

* Patients who require improved risk assessment
* Patients who are statin averse or statin intolerant
e Patients in whom uncertainty on intensity of therapy




CAC Testing Iin Guidelines

STATE-OF-THE-ART REVIEW JACC CV Imaglng 2022

Major Global Coronary Artery n
Calcium Guidelines

1lana S. Golub, BS, Orly G. Termeie, BS, Stephanie Kristo, BS, Lucia P. Schroeder, BS, Suvasini Lakshmanan, MD,
Ahmed M, Shafter, MD, Luay Hussein, MD, Dhiran Verghese, MD, Jairo Aldana-Bitar, MD, Venkat S. Manubolu, MD,
Matthew J. Budoff, MD

» -+ CACasan » CAC as a tool for 1 H « CAC scoring to up- » CAC as a risk
E arbitrator of adjudicating Major WOIil(!Wlde C%r(i!'lary classify or down- assessing tool,
C~eemmm—  Statin use on statin allocation. classify their risk risk
¥ % intermediate » For CAC scoring Artery ca clum GU' eunes (T1DM <35 yrs old, reclassification
risk. among all T2DM <50 yrs old), »7 and therapy
asymptomatic with diabetes 4 determinator.
patients with mellitus duration » Indicated in low
suggested ECG <10 years and risk with strong
changes for without other risk family history or
factors. other concern

ischemia. n

*«CACasan *CACasa é - Leia:‘u:;i.
arbitrator of prognostic tool in — reﬁxctant to
statin use on intermediate- to

‘ (‘ Py intermediate high-risk » CAC as an arbitrator for ascce ?;::;;T::t'
' risk. individuals. aspirin allocation. ;

» Local studies
suggested.
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Multi-Ethnic Study of Heinz Nixdorf Recall Study
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Elevated CAC =2 CAC=0
Higher Risk of Low Event
Events Rates
E—

»
Y
'

. CAC =126

* Increased risk is proportional * Concept of a “negative risk

to amount of CAC marker”
* CAC=0 not risk of zero, but risk

° R'Sk_'s_ mcremental to may be low enough that Rx can
traditional risk factors be deferred

Blaha, Blankstein, Nasir JACC 2019
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Applying the 2018 ACC/AHA cholesterol
guideline

e Calculated 10-year Uncertainty about risk

ASCVD risk :
Preference to avoid
* Consider risk statin therapy

v' If CAC=0, treatment with
statin may be withheld or
delayed, except in cigarette
smokers, strong family

history of premature ASCVD

enhancing factors
Consider CAC Scan
* Patient — Physician

Discussion on role

of statins v" If CAC 1 to 99: favors statin

therapy, especially in those
>55 years of age

v" If CAC >100 or >75th
percentile, statin therapy is
indicated




Treatment Recommendations: Severe CAC

* Aggressive LDL-C Lowering: High intensity
statin / ezetimibe / PCSK9i / (Bempedoic Changes
acid)

* Antiplatelet agents: ASA ; ? Antithrombotic

therapy — rivaroxaban 2.5mg bid

* Blood pressure lowering (<120/80)
* |If diabetes/obesity: GLP1-RA

* In selected patients: Icosapent Ethyl ; management

Jd inflammation

* Future options: J Lp(a) management
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CAC and CCTA Used to Enrich Risk

Trial Design

« At least 13,000 high-risk patients with atherosclerosis or diabetes
r but no prior Ml or stroke

» High LDL-C or non-HDL-C despite optimized lipid lowering therapy

RANDOMIZED

(e (Y1111 1. B~1 o9 DOUBLE BLIND Placebo SC
140 mg Q2W

CAC>100

Q2w

Event-driven trial
3 Minimum f/up 24 yrs

Primary Composite Endpoints:
» Coronary heart disease death, MI, or ischemic stroke
» Coronary heart disease death, Ml, ischemic stroke, or ischemia-driven revasc

vesalius-cv




LoDoCo2 Trial (NEJM 2020)

TRIAL POPULATION

Patients 35 to 82 years of age were eligible if they
had any evidence of coronary disease on invasive
coronary angiography or computed tomography
angiography or a coronary-artery calcium score

of at least 400 Agatston units on a coronary-artery

calcium scan. Patients were required to have been

20~
Hazard ratio, 0.69 (95% Cl, 0.57-0.83)
P<0.001
15 Placebo
10+
Colchicine
.
o 1 1 1 1 1
0 12 24 36 48 60

ORIGINAL ARTICLE

Colchicine in Patients
with Chronic Coronary Disease

S.M. Nidorf, A.T.L. Fiolet, A. Mosterd, ).W. Eikelboom, A. Schut, T.S.). Opstal,
S.H.K. The, X.-F. Xu, M.A. Ireland, T. Lenderink, D. Latchem, P. Hoogslag,

A. Jerzewski, P. Nierop, A. Whelan, R. Hendriks, H. Swart, J. Schaap, A.F.M. Kuijper,
M.W.). van Hessen, P. Saklani, |. Tan, A.G. Thompson, A. Morton, C. Judkins,
W.A, Bax, M. Dirksen, M. Alings, G.J. Hankey, C.A. Budgeon, ).G.P. Tijssen,

J.H. Cornel, and P.L. Thompson, for the LoDoCo2 Trial Investigators*




Identification of plaque enhances prevention!

When CAC identified:
Trate initiation/continuation of aspirin, lipid
lowering RX, blood pressure lowering RX,
INncrease In exercise, dietary changes

(Gupta et al, JACC CV Imaging, 2017)



62% of smokers continue to smoke post Ml
If quit >70% lower all-cause and cardiovascular mortality

E All-cause mortality stratified by smoking cessation within 1 y after index Ml Cardiovascular mortality stratified by smoking cessation within 1 y after index Ml
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Original Investigation | Cardiology
Association of Smoking Cessation and Survival Among Young Adults
With Myocardial Infarction in the Partners YOUNG-MI Registry

David W. Biery, AB; Adam N. Berman, MD; Avinainder Singh, MBBS, MMSc: Sanjay Divakaran, MD; Ersilia M. DeFilippis, MD: Bradiley L. Collins, MD; Ankur Gupta, MD, PhD:
Amber Fatima, MBBS; Arman Qamar, MD; Josh Kiein, BS; Jon Hainer, BS; Michael J. Blaha, MD, MPH; Marcelo F. Di Carli, MD; Khurram Nasir, MD, MPH;
Deepak L. Bhatt, MD, MPH; Ron Blankstein, MD
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Considerations for Stress Testing
1. Most Do Not Require Any Stress Testing

“There is no evidence to support the benefit of performing
stress testing, or invasive coronary arteriography in
asymptomatic individuals with high coronary calcium

)
SCores. NLA CAC Scientific Statement, 2021



Considerations for Stress Testing

1. Most Do Not Require Any Stress Testing
(No benefit of testing asymptomatic pts)

Cardiac Outcomes After Screening Effect of Screening for Coronary Artery Disease
for Asymptomatic Coronary Artery Disease Using CT Angiography on Mortality and Cardiac Events
in Patients With Type 2 Diabetes in High-Risk Patients With Diabetes
The DIAD Study: A Randomized Controlled Trial The FACTOR-64 Randomized Clinical Trial
A1 AR participama Primary intention-to-treat analysis of MACE
Screening 14
" o acmeng Cox P value=.38
12- :
> s No CCTA
g 0.04 < 10~
2 i —= K N
— —— ank F a V
i : : 0 1 2 3 4 5 6

Years of Follow-up



Considerations for Stress Testing
1. Most Do Not Require Any Stress Testing

2. If severe CAC AND unclear if symptoms, can
consider exercise treadmill testing

3. Do not send for invasive angiography

4. PET MPI most reassuring if normal



PET MPI in 63 yo F with severe CAC
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22221 Flow (MBF) Reserve:

Global Results

Flow (ml/min/g)

|
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88 % 265 0.99 267 - -
76 % 262 0.96 273 z- Low IlkeIIhOOd Of
81 % 2.1 0.79 268 =
Algorithm (MC Str): INVIA N-13 ROI 1:1
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CAC and Myocardial Blood Flow
Reserve: Complementary Role

Cardiac imaging

Prognostic Interplay of Coronary Artery P(Trend)<0.0001

Calcification and Underlying Vascular Dysfunction
in Patients With Suspected Coronary Artery Disease

Masanao Nava, MD, PuD,* Venkatesh L. Murthy, MD, PsD,*t Courtney R. Foster, RT #
Mariya Gaber, MS # Josh Klein, BAF Jon Hainer, BS # Sharmila Dorbala, MD,"§
Ron Blankstein, MD,* Marcelo F. Di Carli, MD*Y

Baston, Massachuserts; and dnn Arbor, Michigan

Coronary Flow Reserve

12% -
P=0.24, CAC
P=0.002, CFR
10% -
& o L] L) L] L) L L)
<
S 8% CACO CAC 1-399 CAC 2400
=
z
£ 6% N CFR 22.0
b B CFR <2.0 MACE:
3 9 « cardiac death
b o .
5% * myocardial infarction
° . .
» Late revascularization,
0% * hospitalization for heart failure

CACO CAC 1-399
N= 214 188 163 197




Low vyield of Detecting Ischemia in
Asymptomatic Individuals with CAC

CACS and the Frequency of Stress-Induced (!)
Myocardial Ischemia During MPI
A Meta-Analysis

Chirag Bavishi, MD, MPH, Edgar Argulian, MD, Saurav Chatterjee, MD, Alan Rozanski, MD

In asymptomatic

o patients,
6 studies ; 2123 pts ischemia < 10%

TABLE 2 Pooled Prevalence and Odds Ratio for Ischemia by CAC Categories
From 6 Major Studies*

CAC Patients Pooled Prevalence Range of Pooled Odds
Categories (n) of Ischemia (%) Ischemia (%) Ratio (95% Cl)
0 487 0.0-24.1 Reference
1-100 529 2.1-50.0 1.7 (1.04-2.2)
101-399 513 4.0-63.6 3.3(1.4-8.2)
=400 594 12.4-57.1 6.9 (3.5-13.4)

Limitation: includes both symptomatic and asymptomatic individuals



Is adding B-blockers helpful ?

Kncmwn prior M matched cohort
204

| HA, 090 85% C1,0.79-1.08) P= 14 1
184 g

|
4
2 |
10
8|

B-Blocker Use and Clinical Outcomes
in Stable Outpatients With and Without
Coronary Artery Disease

Event Asts for Prmary Outcoma, %

81
4|
(4]

Sripal Bangalore, MD, MHA Context B-Blockers remain the standard of care after a myocardial infarction (M),
Ph. Gabriel Steg, MD However, the benefit of B-blocker use in patients with coronary artery disease (CAD) o & 10 15 21 25 a0 @8 40
. but no history of M, those with a remote history of MI, and those with only risk fac- Follow-ug, mo

Prakash Decdwania, MD tors for CAD is unclear. O o awe: aws: D cmer 306
Kevin Crowley, MS Objective To assess the association of B-blocker use with cardiovascular events in S o e s o
Kim A. Eagle, MD stable patients with a prior history of MI, in those with CAD but no history of MI, and Kivrmm CAD vilthout M rsichied achirt
Shinya GOtO, MD. PhD in those with Oﬂly risk factors for CAD. Lob G R DT LR
E. Maenus Oh MD Design, Setting, and Patients Longitudinal, observational study of patients in the 2|

i oo Reduction of Atherothrombosis for Continued Health (REACH) registry who were di- o
Christopher P. Cannon, MD vided into 3 cohorts: known prior MI (n=14 043), known CAD without Ml (n=12012), ‘
Sidney C. Smith Jr, MD or those with CAD risk factors only (n=18653). Propensity score matching was used

for the primary analyses. The last follow-up data collection was April 2009.

U Zaymit, MU) Main Outcome Measures The primary outcome was a composite of cardiovas-

Evant Rate for Primary Outcoma, %

Elaine B. Hoffman, PhD cular death, nonfatal M, or nonfatal stroke, The secondary outcome was the primary

Franz H. Messerli, MD outcome plus hospitalization for atherothrombotic events or a revascularization pro- P

Deepak L. Bhatt, MD, MPH :”d“':‘ O —— : ” T s wow mow o s b

=T . z esults Among the patients, were Included in the propensity score- ow-10, Mo

for the REACH Registry Investigators ooy analysis. With a median follow-up of 44 months (interquartile range, 35-45 hsm“x'»mm a3 420 a8 =15 2w
: - T - S Blocker 35 3447 3148 H 2251

“the use of b-blockers was not associated with a

lower risk of composite cardiovascular events.”
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CAC Can Often Be Identified on Images Already Acquired

Prior chest CT can be used to estimate
presence and amount of CAC (although
this is often not reported)

Even if no score....knowing if
mild/moderate/severe amount of CAC
may be sufficient

In the future Al used detection of CAC
may enhance detection




EDITOR’S PAGE

Extensive Coronary
Artery Calcifications

No Longer Primary Prevention!

Ron Blankstein, MD,” Y. Chandrashekhar, MD"

t is well established that the overall amount of
coronary plaque—which can be estimated by
measuring the coronary artery calcium score
(CAC)—directly correlates with the risk of future car-
diovascular events, myocardial infarction, and stroke
(1,2); absence of calcium predicts very low risk and its
presence identifies a cohort with increased risk—this
holds across a multiple populations of variable risk
including FH (3), DM including the younger type I pa-
tient (4) and across a range of risk factor severity (5).
The predictive value for risk increases proportion-
ally with higher CAC scores, but where the group with
the highest risk begins is unclear - CAC =100 Agatston
units (AU) or =75th percentile (for age and sex) are
considered higher risk and might become a statin
indication in the right context, but there may some-
times be a dissociation between the 2 indices
(CAC =100 Agateton nnite (AIN or >=72th nercentila)

data that among individuals without cardiovascular
disease who have a borderline (5.0% to 7.5%) or in-
termediate (7.5% to 20%) 10-year risk of atheroscle-
rotic cardiovascular disease (ASCVD) events, the
presence of any CAC can be used to identify those who
are more likely to benefit from statin therapy (12).
However, the landscape of preventive cardiology
has changed significantly in the last several years, and
there are now several new effective pharmacological
agents that can be added on top of statin therapy,
including PCSK9 inhibitors, icosapent ethyl, low-dose
antithrombotic therapies, and new agents to treat
diabetes (13). Furthermore, current on-going clinical
trials are evaluating new therapies to lower tri-
glycerides, low-density lipoprotein cholesterol, and
lipoprotein (a). Although there is substantial excite-
ment about the resurgence of multiple new therapeu-
ticontione for the nrevention of cardiovacenlar evente




Take Home
Points:

Patients with elevated CAC have increased risk

Intensity of preventive measures based on
amount of CAC & other risk factors:

v’ Lifestyle therapies for all

v LDL lowering
v Consider ASA if severe CAC
v' GLP1RA if overweight/DM

No further testing required if asymptomatic

If uncertain regarding symptoms = ETT
If stress test - exercise preferred
(PET with quantitative MBFR if available)




ThankK You



Extra Slides: CAC in Young



Cardiovascular Risk and Statin Eligibility ®
of Young Adults After an Mi
Partners YOUNG-MI Registry

Majority of young
adults who
experienced M|
under the age of 50

Avinainder Singh, MBBS,” Bradley L. Collins, BA," Ankur Gupta, MD, PxD," Amber Fatima, MBES,’

Arman Qamar, MD,” David Blery, BS," Julio Baez,” Mary Cawley," Josh Kiein, BS," Jon Halner, BS," Jorge Plutzky, MD,
Christopher P, Cannon, MD,” Khurram Nasir, MD, MPH,” Marcelo F. Di Carli, MD,” Deepak L. Bhatt, MD, MPH,
Ron Blankstein, MD*

Statin Eligibility of Adults < 50 years...if they were evaluated beforehand

2016 USPSTF

recommendations WOUId nOt have
been eligible for

2013 ACC/AHA
guidelines

v

LDL 2 190 mg/dL - N=43(3%) STATIN N=43(3%) - wtzu'omldl.
m)ﬂﬂ;mm_ RECOMMENDED : h .
& LDL 2 70 mg/dL - N=127(9%) 31% | 189 ASCVD risk score >10% Stat|n t era rIOF
! NREUSH). - MANDKVM”;:; py p
LR CONSIDERED 10-y ASCVD risk score 7.5-10% to thelr MI
N=161(11%) AND 1 CV risk factor

10-y ASCVD risk score 5-7.5% & 18% | 11%

LDL 2 70 mg/dL

STATIN NOT

- N=269(18%)

51% | 71%

JACC 2018



Is there a role for selective CAC testing in Young Patients ?

JAMA Cardiology | Original Investigation
Association of Coronary Artery Calcium in Adults Aged 32

to 46 Years With Incident Coronary Heart Disease and Death . : :
Screening for Coronary Artery Disease at an Earlier Age
John Jeffrey Carr, MD, MSc; David R. Jacobs Jr, PhD; James G. Terry, MS; Christina M. Shay, PhD;

Stephen Sidney, MD, MPH; Kiang Liu, PhD; Pamela J. Schreiner, PhD; Cora E. Lewis, MD, MSPH; Ron Blankstein, MD; Philip Greenland, MD
James M. Shikany, DrPH; Jared P. Reis, PhD; David C. Goff Jr, MD, PhD

* Presence of any plaque = higher risk of CHD events.

* Individuals aged 32-46 in CARDIA: only 10% have CAC -2 this increases to
nearly 30% by age 42-56.

* |f use risk factors to define a high risk group—=> 45% of young individuals had
CAC (Number needed to scan to identify CAC = 2.2)




vk | Open. 5

Original Investigation | Cardiology

Association of Coronary Artery Calcium With Long-term,
Cause-Specific Mortality Among Young Adults

Michael D. Miedema, MD, MPH: Zeina A. Dardari, MS; Khurram Nasir, MD: Ron Blankstein, MD:; Thomas Knickelbine, MD; Sandra Oberembt, PA-C; Leslee Shaw, PhD;
John Rumberger, MD, PhD; Erin D. Michos, MD, MHS; Alan Rozanski, MD; Daniel S. Berman, MD; Matthew J. Budoff, MD; Michael J. Blaha, MD, MPH

PREVALENCE OF
e 22 346 adults aged 30-49 referred CAC>0 IN YOUNG

for CAC testing. ADULTS
*34% had CAC (7% with CAC>100) :

* CAC - higher risk of CHD, CVD

and all-cause death UE]

%

AGE 40-49 AGE 30-39



ASA



New Trials: Aspirin for Primary Prevention

100 15 Primary outcome 100+ .
o] Rate ratio, 0.88 (35% C1, 0.79-0.97) 6 Placebo P ‘ 13- Hazard ratio, 1,01 (95% €1, 0.92-1.11)
; P-0.0] Placebo — Aspirin > E 904 P=0.79 Aspirin .7
2 kp=0.6038 i '555 80 /" Placebo
£ Z Log-rank p=0.603  aad pos X 10+ /
.g P Sl:infmd lqu-mnk p=0-5870 // s g e
g § ] v~ ge e
3 o o o e |
s 2 _ 3 o 504 5
é é ,/;._// £ § 404
3 3 24 i £8 30 ;
3 gl S8 204 & T 2 3 & '8 g
S EY Lol g
= (V] -~ ol
0 T T T T T ] 0+ —p———— — T T T
Years of Follow-up 0 1 2 3 a g 6 0 1 2 3 4 5 6
ASCEND ARRIVE ASPREE, 2018
15,480 with diabetes and no 12,546 with Moderate CVD risk 19,114 adults > 70 yr with no
evident CVD. w/o DM or high risk of Gl bleeding cardiovascular disease.

100 mg of aspirin vs. placebo

100 mg aspirin vs. placebo

100 mg aspirin vs. placebo

Reduction in vascular events was
counterbalanced by bleeding

No difference in a composite of CV
death, MI, UA, CVA, or TIA. With
increased risk of bleeding

Aspirin did not prolong disability
free survival but increased major
hemorrhage

N Engl J Med. 2018;379:1529-39

Lancet. 2018;392:1036-46

N EnglJ Med 2018; 379:1509-1518




CAC - valuable tool for aspirin therapy allocation

Modeling Benefit and Risk of Aspirin

1200 1190
2500 1000
2 2
+ . 2000 -
5 g 800
5 !
(=]
1500 - =
23 | :
g - u CHD Risk <10% € 600
2% 000 u CHD Risk >10% “
3
5
2 500 ! 400
B ' 200
CAC=0 CAC1-99 CAC>100
* Represents number needed to harm for a major bleeding event
Miedema et al. ASA and CAC — Circ Quality 2014 0
Overall
Miedema et al ., Circ Quallty 2014 wAll WCAC=0 » CAC1-99 % CAC>=100 ® CAC >=400

Cainzos-Achirica et al, Circulation 2020



