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Vaduganathan M, Venkataramini AS, Bhatt DL. JACC. 2015.

Primordial, Primary, Secondary Prevention



IMPROVE-IT: Primary Results
18,144 ACS pat ients randomized to simvastat in alone or

ezet imibe (EZ)/simvastat in,  6-year median fol low up

*Primary endpoint (cardiovascular death, MI, UA, coronary revascularization, or stroke).
Cannon CP, Blazing MA, Giugliano RP, et al…. Braunwald E, Califf RM. N Engl J Med. 2015;372(25):2387–2397.
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Sabatine MS et al. N Engl J Med. 2017;376:1713-22.

Residual risk 
despite statin 
and PCSK9 
therapy
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Evolocumab
(median 30 mg/dl, IQR 19-46 mg/dl)

Placebo

59% mean reduction (95%CI 58-60), P<0.00001

Absolute reduction: 56 mg/dl (95%CI 55-57)

FOURIER

59% mean reduction (95% CI 58-60), P<0.000001
Absolute reduction: 56 mg/dL (95% CI 55-57)

Evolocumab (median 30 mg/dL, IQR 19-46 mg/dL)
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ODYSSEY OUTCOMES: 
LDL-C On-Treatment Analysis

Placebo

Alirocumab

Excludes LDL-C values after premature treatment discontinuation or blinded switch to placebo. Approximately 75% of months of active treatment were at 
the 75 mg dose.
Schwartz GG, Steg PG, et al. NEJM Nov 7, 2018 doi: 10.1056/NEJMoa1801174. Steg PG, ACC 2018, Orlando, FL. 



Primary Efficacy Endpoint: MACE

NNT 49 for 4 years

MACE: CHD death, 
non-fatal MI, 
ischemic stroke, or 
unstable angina requiring 
hospitalization

Schwartz GG, Steg PG, et al. NEJM 2018 doi: 10.1056/NEJMoa1801174. Steg PG, ACC 2018, Orlando, FL. 
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All-cause Death



ARR*
1.7%

Steg PG, Szarek M, Bhatt DL, et al., Circulation 2019.

*Absolute risk reduction: Interaction P=0.005 
Post hoc analysis

All-cause Death in 3 Predefined Categories of Baseline LDL-C

ARR*
-0.1%

ARR*
0.4%
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Annual cost of Alirocumab

≥100 mg/dL

$2,100 at 
$100k/WTP 
Threshold

<100 mg/dL

$13,400 at 
$100k/WTP 
Threshold

All patients

$6,300 at 
$100k/WTP 
Threshold

At any level of willingness to pay, cost-effectiveness is lesser in patients with baseline LDL-
C values <100 mg/dL relative to the overall ITT population 

Varying the Cost of Alirocumab

Bhatt DL, Briggs AH, Reed SD, et al., Steg PG. JACC. 2020; 75:2297–308.



Shapiro MD, Bhatt DL. JACC. 2020.

“Cholesterol-Years” for CV Risk Prediction 
and Treatment



Ganda OP, Bhatt DL, Mason RP, Miller M, Boden WE. J Am Coll Cardiol. 2018;72:330-343.

Residual risk 
after low-density

lipoprotein cholesterol
(LDL-C) goal
achievement

LDL-C goal suboptimal or
unachievable

despite intensive
treatment

Triglyceride-rich
remnant particles, small

very-low-density lipoprotein
or intermediate-density

lipoprotein
(pro-atherogenic,
pro-inflammatory,

pro-thrombotic
effects)Novel approaches in

trials:
- Novel fibrates

- Omega-3 fatty acids at
higher dose and with

pleiotropic effects
- Other early-stage

approaches, e.g.,
antibody-based,

antisense
oligonucleotides, small

interfering ribonucleic acid

Promising Therapies for Hypertriglyceridemia



Targeting RNA to Lower Triglycerides: 
Long Strides from Short Molecules

Qamar A, Libby P, Bhatt DL. Targeting RNA to lower triglycerides: long strides from short molecules. Eur Heart J. 2019; 40(33):2797-2800.



Bhatt DL, Budoff MJ, Mason RP. JACC. 2020.

A Revolution in Omega-3 Fatty Acid Research



Bhatt DL. N Engl J Med 2007;357:2078-81.

Role of Platelet Activation and Aggregation



The Rise and Fall of Aspirin in Primary Prevention

1974
First trial showing
trend of reduced 

mortality after acute MI

1988
ISIS-2. Only definitively 

positive trial of secondary 
prevention aspirin 
(given for 28 days)

1989
FDA does not 

recommend aspirin 
for primary prevention

1998
FDA does not 

recommend aspirin 
for primary prevention

2003
FDA does not 

recommend aspirin 
for primary prevention

2002
USPSTF and AHA 2002

guidelines

2007
ESC 2007
guidelines 

2009
USPSTF 2009

guidelines 

2015
AHA/ADA 2015

guideline 

2016
ESC and USPSTF 2016

guidelines

2019
ACC/ADA 2019

primary prevention
guideline 

1985
FDA approves aspirin for 

secondary prevention based  on 
a metaanalysis of individually 

Inconclusive trials

2014
FDA does not 

recommend aspirin 
for primary prevention

1900 1970 1980 1990 2000 2010 2020

1897
First production 

of aspirin

1988
BMD

N=5139

1989
PHS

N=22071

1998
TPT

N=2540

HOT
N=2540

2001
PPP

N=4495

2005
WHS

N=39876

2010
AAA

N=3350

2014
JPPP

N=14464

2018
ARRIVE
N=12546
ASCEND
N=15480

ASPREE
N=19114

2008
POPADAD

N=1276

JPAD
N=2539

Raber I, et al. Lancet. 2019;393:2155-2167



Aspirin for Primary Prevention of CV Events

Abdelaziz HK, et al.  J Am Coll Cardiol. 2019;73:2915-2929. 

SafetyEfficacy

Major bleeding
NNH = 222

Intracranial bleeding
NNH  = 1000

Bleeding risk

GI bleeding
NNH = 385

Atherosclerotic CV risk

MACE
NNT = 263

IS
NNT = 500

TIA
NNT = 370

MI 
NTT = 357 

Aspirin



ADP Receptors
Receptor
subtype

Molecular
structure

Intrinsic
ion channel

GPCR
Gq

GPCR
Gi

Secondary
messenger

system
↑[Na+/Ca2+]i ↑PLC/IP3

↑[Ca2+]i

↓AC
↓[cAMP]

Functional
response

Shape change
aggregation

Shape change 
transient aggregation

Sustained 
aggregation 

secretion

G protein G protein

P2Y1

Clopidogrel

P2Y12 Active
metabolite

AR–C69931MX

Bhatt DL et al. Nat Rev Drug Discov. 2003;2:15-28.

P2X1



Bhatt DL. N Engl J Med 2007;357:2078-81.



Mechanism of Action of Ticagrelor

Bhatt DL. Nature Reviews Cardiology. 2009;6:737-38.



Primary Composite Endpoint
Cardiovascular death/MI/stroke
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HR 0.90 (95% CI 0.81–0.99)
P=0.038

CI=confidence interval; HR=hazard ratio; KM=Kaplan-Meier; MI=myocardial infarction; N=number of patients 

Steg PG, Bhatt DL, et al. NEJM 2019 DOI: 10.1056/NEJMoa1908077.



Permanent Treatment Discontinuation

Number at risk
Ticagrelor 9562 7904 7316 6831 6414 6029 4105 2483 1172 173

Placebo9531 8660 8179 7772 7367 6974 4786 2959 1362 218
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KM estimates at 36 months
33.8%

24.1%

Months from Randomization

Placebo

Ticagrelor

Discontinuation due to dyspnea 6.9% on ticagrelor vs. 0.8% on placebo (HR 9.27 [7.30-11.77] p <0.001); due to bleeding 4.9% vs 1.3% (HR 4.04 
[3.32-4.92] p<0.001). CI=confidence interval; HR=hazard ratio; KM=Kaplan-Meier

9.7%
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9.7% Excess in Discontinuation 
~2/3 due to dyspnea
~1/3 due to bleeding

Steg PG, Bhatt DL, et al. NEJM 2019 DOI: 10.1056/NEJMoa1908077.



Primary Composite Endpoint
Cardiovascular death/MI/stroke – on treatment*

Cu
m

ul
at

iv
e

%

14
13
12
11
10

9
8
7
6
5
4
3
2
1

7891
8639

7291
8136

6799
7702

6343
7373

5962
6875

4040
4712

2431
2904

1137
1333

168
213

Months from Randomization
9562
9531

Number at Risk
Ticagrelor

Placebo

KM estimates 
at 36 months

6.4%

5.2%

Placebo

Ticagrelor

HR 0.81 (95% CI 0.71–0.92)
P=0.001

*Prespecified analysis with patients censored 3 days after the last dose; CI=confidence interval; HR=hazard ratio; KM=Kaplan-Meier; MI=myocardial 
infarction; N=number of patients 

0           6           12      18           24          30              36             42           48             54

Steg PG, Bhatt DL, et al. NEJM 2019 DOI: 10.1056/NEJMoa1908077.



Benefit of Ticagrelor vs Placebo 
as a Function of Time between PCI and randomization

Dotted lines signify 95% confidence interval; HR=hazard ratio; PCI=percutaneous coronary intervention
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Bhatt DL, Steg PG, et al. Lancet 2019 http://dx.doi.org/10.1016/ S0140-6736(19)31887-2. 



Optimal Duration of DAPT?

Eisen A, Bhatt DL. Nature Reviews Cardiology 2015.



Breaking Update: US FDA Approval

Steg PG, Bhatt DL et al. N Engl J Med 2019. Bhatt DL, Steg PG, et al. Lancet 2019. 

Agent ACS + PCI ACS (Medical) Prior MI CAD (No Event)

Clopidogrel

Ticagrelor

Prasugrel

Current FDA Approvals



Breaking Update: US FDA Approval
Ticagrelor approved by FDA June 1, 2020 “to reduce 

the risk of a first MI or stroke in patients with coronary 
artery disease at high risk for such events”

Steg PG, Bhatt DL et al. N Engl J Med 2019. Bhatt DL, Steg PG, et al. Lancet 2019. 

Agent ACS + PCI ACS (Medical) Prior MI CAD (No Event)

Clopidogrel

Ticagrelor

Prasugrel





Bhatt DL. Nat. Rev. Cardiol. doi:10.1038/nrcardio.2017.212. 2018. Nature Reviews | Cardiology

Dual Pathway Inhibition:
Antiplatelet plus Anticoagulant



www.phri.ca
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Bhatt DL, Eikelboom JW, Connolly SJ, et al, Yusuf S. Circulation. 2020.



The Evolution of SGLT2i in HF Management
Diabetes

Window of opportunity for treatment

Normal
Ventricular
Function

End-stage
Heart Failure

0 years 10 years 18-20 years

Pre-clinical
(subclinical) stage
of the disease

Clinical stage
of the disease

Detectable 
cardiac 
involvement

DAPA-HF
DELIVER HFpEF
EMPEROR-Preserved
EMPEROR-Reduced
SOLOIST-WHF

CANVAS Program

DECLARE-TIMI 58
EMPA-REG OUTCOME

Diabetes and No Diabetes

Adapted from Bhatt DL, Verma S, Braunwald E. Cell Metabolism. 2019;30:847-849.

VERTIS CV

CREDENCE
DAPA-CKD

SCORED



Primary Efficacy: Total CV Death, HHF,
and Urgent HF Visit

Bhatt DL, Szarek M, Steg PG, et al., and Pitt B. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Primary Efficacy: Total CV Death, HHF,
and Urgent HF Visit – Significant by 28 Days

Very early effect
Significant by 28 Days:
HR=0.61, P=0.035

Bhatt DL, Szarek M, Steg PG, et al., and Pitt B. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Improvement in KCCQ-12 to Month 4

Bhatt DL, Szarek M, Steg PG, et al., and Pitt B. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Primary Efficacy: Total CV Death, HHF,
and Urgent HF Visit

Bhatt DL, Szarek M, Pitt B, et al., and Steg PG. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Primary Efficacy: Total CV Death, HHF,
and Urgent HF Visit – Significant by 95 Days

Very early effect
Significant by 95 days:
HR=0.70, P=0.038

Bhatt DL, Szarek M, Pitt B, et al., and Steg PG. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Total CV Death, Non-Fatal MI, or
Non-Fatal Stroke

Bhatt DL, Szarek M, Pitt B, et al., and Steg PG. N Engl J Med. 2020. Bhatt DL. AHA 2020, virtual. 



Lawler PR, Libby P, Bhatt DL, Godoy LC, Luscher TF, Bonow RO, VermaS, Ridker PM. European Heart Journal 2020. 

Redefining Residual Risk in the Current Era



Hong KN, Fuster V, Rosenson RS, Rosendorff C, Bhatt DL. JACC 2017;70:2171-2185. 

Pyramid of Risk



www.brighamandwomens.org/heart 

Deepak L. Bhatt, MD, MPH
Executive Director,
Interventional Cardiovascular Programs, 
BWH Heart & Vascular Center;
Professor of Medicine, 
Harvard Medical School
Email: DLBhattMD@post.Harvard.edu 
Twitter: @DLBhattMD

Thank You!
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